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PROCEEDINGS
JUDGE BRENNERt Gnod morning. #“r. Dynner,
If there are no preliminary matters, you may
continue your cross—examination. Are there any

preliminary matters?

MR. FARLEY: May we approach the hench?

JUDGE BRENNERt [ would rather have
things on the record unless there is a gnod reason
not to. If you feel strongly about it, we will go
off the record.

MR. FARLEY: 1 would prefer off the

record.
JUDGE BRENNERs All right.

(Side bar conference held out of the
presence of the public).

JUDGE BRENNER: All right, Mr. Dynner.
We discussed yesterday our desire that you finish

cross-examination by the lunch break.

MR. FARLEY: Judge Brenner, [ think "r.

Johnson is prepared now to talk about the Kodiak

thing that we ended up with yesterday, {f 'r. Jynnar

would like to pursue that.
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Nhereupon,
DAVID 0. HARRIS,
DUANE P. JOHNSON,
ROGER L. MC CARTHY
FRANZ F. PISCHINGER,
CRAIG K. SEAMAN,
LEE A. SWANGEH,
and
EDWNARD J. YOUNGLING
were called as witnesses on behalf of the Applicant
and, having been previously duly sworn, were
examined and testified as follows!
CONTINUED CrOSS=EXAMINATION
BY MR. DYNNER?:
JUDGE BRENNER: All right.
DR. JOHNSON: [7d like to clarify the
Kodiak results. Two pistons were removei from the
Kodiak engine number 4. The two pistons that wers
removed, and if we refer to the third page of
Exhibit 29 -
JUDGE BRENNER$ This is LILCO Exhibit ¢=29?
DR, JOHNSON: Yes, sir. The two pistons
that were removed are the nnes labeled on that page

as IR and IL. The stud hoss area of both »f those
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pistons was examined by both PT and ET. No
indications were detected by either method.

In addition, the rib near the wrist pin
boss area was inspected with PT, penetrant inspection. No
linear penetrant indications were ohserved in the
piston which we are calling IR, a three-guarter inch
linear penetrant indication was observed in the
piston we are referrinj to as IL. The rejion in the
vicinity of the penefrant indication ohserved in IL
was inspected with eddy current and no linear
indication was found.

The IL piston, that is the piston that
had the three-quarter inch linear penetrant
indication, was shipped to FaAA laboratory. The
other piston, IR, 1 understand, was shipped to TDI1.
In the Failure Analysis laboratory we reinspected
piston IL using hoth penetrant and eddy current
technique, and no linear indications were observed
with either method. We conclude that there were no
relevant indications ohserved in either piston.

DR. SAANGER: 14d like to add to that
answer if | might, The ET that Dr. Jornson referred
to is abbreviation for eddy current testinj; which
has been discussed earlier. Also | think nart of

the pending question was, what was the load on the
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piston that was removed from these engines. Our
hasis for evaluating this piston or assigaing it a
load of 1200 pounds per square inch peak firing
pressure is based on the information that we
received from the Kodiak Electric Association, that
over the 6000 hours of exposure that all of these
pistons had had, the engine had operated at an
average load of 30 percent of its nameplate ratinj.

The data shown on this page, taken on
March 2, 1982, at 5600 kilowatts, is pressure data
taken with the Kiene type gaje at 80 percent load.
The 5600 kilowatts is 80 percent. We thought Jiven
the questioris of the accuracy of the Kiene gage and
to be conservative in the credit that we wzre goinj
to take for the exposure of the Ac piston in the
Kodiak engine, that we did not want to claim that i
saw a load of more than 1200 psi, peak firinj
pressure.

AS you can see from the tahle, hased on
the Kiene gage, every piston in that engine
experienced loads above 1200, from 1240 up to 134).

Qe Dr. Swanger, to follow up on that, could
you explain on the chart we are speaking ahout,
which is the third page of Exhibit P=2y, the first

part of the chart says WMarch 31, 1983, 4000 Kn,

27238
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71200 hours.*

Does that reflect the peak pressures of
all of the cylinders during the period ended March
31, 19837

DR. SNANGERt Etach of the sets of data on
Page 3 of P=2" represents the results of a test at
one point in time at one particular load taken by
the Kodiak Electric Associatinn for diagnostic
purposes, taken with the Kiene gage. Une of the
purposes of having both LILCO and FaAA engineers o
to Kodiak A'aska, was to gather information from the
Kodiak Electric Association on the operation of
their engine with the AE pistons in it. ‘

As 1 had said earlier, Kodiak Electric |
told us that the engine had heen operated at an
average load of 80 percent of its nameplate for the
4000 hours preceding the inspection, which is the
time that ic had AE piston{ in {t. The hours
referred to in these two charts are the total enjine
hours from the time that it was new,.

JUDGE BRENNER: [ think that completed
the answer.,

Q. Dr. Swanger, do you know what the peak
firing pressure of the cylinders on the average is

for the 80 percent load?
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I1’m confused because if you

look at the page we have been looking at, one set of
data for, apparently as you testified, the tests
done on March 2, 1982, shows a significantly higher
average peak firing pressure than shown at March 31,
1983, Is that Hecause the March 31, 1983 test was
taken at 4000 KW?

DR. SWANGER: Yes, it is. There i(s a
direct correlation between the peak firing pressure
and the total output of the engine. The data taken
on March 2, 1982, at 5600 kilowatts is, at 30
percent of the nameplate output of this, which is
7000 kilowatts, and the peak firing pressures
reported there from 1240 to 1340 psi represent the
peak firing pressures associated with operation at
80 percent of the nameplate load.

Q. Since the information that you received
as a result of the February |7 trip, which is
reported in the document in Exhibit P-29, and the
data associated with the peak firing pressure, have

you done anything to update that information?

DR. SWANGER: I’m not certain that [ know

what you mean by "update the information", Mr.
Dynner. Specifically what are you referring to?

Qe All right. Have you had any
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communications with the Kodiak Electric Association
since the timeframe of February to March of this
year concerning their AE pistons?

MR. SEAMAN: Mr, Dynner, we have spoken
to Kodiak since February, and asked them if they had
any new information to report on the At pistons. |
don’t recall the precise date but they did report
that they had had no problems with the AE pistons at
that time.

Q. Do you recall the approximate date?

MR. FARLEY: Approximate date of the
conversation? The question is not clear.

JUDGE BRENNER: Is that what you meant,
ur. Dynner?

MR. DYNNER: Yes, of course.

MR, SEAMAN: To the best of my
recollaction, it was the May to June timeframe.

Q. You said that during this conversation
you asked them whether they had any prohblems, or
they indicated they had no problems with the AL
pistons. Could you further describe the
conversation.

MR. SEAMAN: The actual conversation that

ncecurred occurred with a memher »f my staff, not

myself, who reported to me that the pistons were
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still operating satisfactorily. That’s why [ don’t
recall the details of the conversation except that
they were still operating satisfactorily.

JUDGE BRENNER: We are going to get a
little remote in terms of what this witness will
tell us, Mr. Dynner, a conversation with somebody
else about a conversation.

MR. DYNNER: Yes, I am moving on.

Q. Gentlemen, if you turn to page 56 »f your
testimony.

Dr. Johnson, you testified in answer 83
that FaAA inspected two AE pistons from the TDI R5
prototype engine after approximately 622 hours of
operation at 2000 psi.

Would you identify the type of engine
that is designated as the TDI R5 prototype engine.
R5, two separate things =-- excuse me.

Dr. Johnson, this {s your testimony {n
answer to 88, Do you know what the IDI RS engine is?

DR. JOHNSON: The inspection we performned
was on two pistons. That information was taken off
the box that the two pistons were in, That’s what
we were told »hy TDI.

JUDGE BRENNER®T What was the designation

of the engine? You personally don’t know what the TDI
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RS engine is3 is that correct?

DR. JOHNSON: Yes.

Q. Then anyone can please describe {t, the
TDI RS engine.

JUDGE BRENNERt Mr. Dynner, ! think it
would be more efficient if you could have them focus
in on any point of similarity or differences you
want them to focus in on instead of hearing a
recitation by the witnesses on what -—

MR. DYNNER: All right. I will rephrase
the question then.

Q. 1s the TDI R5 prototype engine the same
type engine as the EDG’s at Shoreham?

DR. SNANGER: The TDI R5 engine is an
evolutionary development of the R4 type enjgine which
is in use at Shoreham. The key dimensions
describing the engine, the hore of 17 inches and the
stroke of 2! inches are identical to the engines at
Shoreham,

This is borne out by the fact that the
same piston, the At piston can be used
interchangeably in the R4 or the R5 engine. The RY
engine has been developed by TDl to provide a higher

specific output. I think the nominal rating is 275
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psi, brake mean effective pressure compared to the
225 psi brake mean effective pressure in Shoreham.
So it is more highly stressed both from a mechanical
load standpoint and from a thermal load standpoint.

In addition, the testing that was done by
TD with these AE pistons, was accelerated testing,
even for the R5, and that for the 522 hours of
operation, the brake mean effective pressure was a
figure of 304 psi, which is substantially above the
275 psi rating of the R5. The R5 is a3 large medium
speed turbo charged diesel engine of very similar
type to those employed at Shoreham.

Q. It is a VI6 engine as opposed to a
straight 8 engine that we have at Shorehan, {sn’t {t?

DR. SWANGER:t The 5 designation, just
like the R4 designation, applies to a family of
diesel engines.

Q. 1 am talking about this particular engine
identified ir the testimony as the R5 prototype
engine. That’s a V16 engine rather than a straight
3 engine as we have at Shoreham, isn’t {t?

DR. SWANGER:t No, you are wrong, Mr.
Dynner. It happens to he a Vi2 engine.

Q. All right.

DR. SAANGER: However, as | was trying to
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explain in the answer, that doesn’t make any

waga 1

2 di fference to the testing of the individual
. 3 components and what’s referred to -

4 Q. 1 didn’t ask you whether -
S MR. FARLEY: [ object. He is
6 interrupting the witness.
7 MR. DYNNER: I would like an answer to
8 the gquestion.
9 JUDGE BRENNERt In this case he answered
10 it. I think what we are getting is fair explanation
R in addition to the answer.
12 DR. SWANGER: The reason the testing was
13 significant to FaAA i{s that the components of the

»

power cylinder, namely the cylinder head, the piston

15 and the liner, the valves, the fuel injection

16 equipment, are identical for any R4 engine. Also

17 they are identical for any R5 engine independent of

18 the number of cylinders in that engine. And,

19 therefore, testing of a component. specifically

20 testing of an AE piston would bhe independent of

21 whether it was in a 6, an 8, a 16 or even a 20

22 cylinder engine.

23 Q. You said the cylinder head (s the same in
‘ 24 the RS V12 as in the EDG’s?

25 DR. SWANGER: 1 did not say that. [ said
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components are the same, and separately within the
R5 family the power cylinder components are the same,

Q. Could you describe the differences, if
any, betwean the AE piston skirts you examined in
the RS engine and the AE piston skirts in the EDG’s
at Shoreham?

DR. SWANGER: The differences hatween the

AE pistons at Kodiak Electric Association which are

O ©V ©» N O U > W N

the same as the AE pistons in the Shoreham EDG’s,

and the AE pistons that were tested in the R5 are

-
-
-

referred to in our direct testimony at question

n

number 89 at page 56. 1 can expand a little bit on

w

R

that answer by referring to LILCO’s exhibit P=29.

15 On Page 10 of that exhibit there are photngraphs of
16 the interior of the AE pistons at the Kodiak

17 Electric Association which are the same as the

18 pistons at Shoreham, and on Page 23 of exhibit P=2v
19 there are photographs of the i{nterior of the AL

20 piston that was testecd in the R5 development area.
21 By comparing those two pictures, the

22 differences in the evolution of the Ac design can he
23 seen, and they are in two areass One (s {n the

L
5

wrist pin boss area, the area of the casting in

which the 6 and three-guarter inch diameter wrist

~N
wm
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pin goes through the casting, and the difference is
that the earlier version of the AE, the one that was
tested in the RS, is similar to the AF piston in
that the wrist pin boss has a reinforcing ribh around
it, and also has some longitudinal reenforcing ribs.

’n the more advanced AE design as shown
on Page 10, that wrist pin boss has additional
material added to it to stiffen it and strengthen {t.

The other difference is that the
circumferential rib part way up the skirt of the
piston which connects the wrist pin bosses together
has been enlarged, tapered, and the radii made more
gentle and more blended in the advanced AE design,
the one at Kodiak and the one at Shoreham.

The R5 engine had the AE piston with a
narrower rib which is similar to the ribs in the
original AF pistons at Shoreham, .

The NRC Staff has addressed these
differences in its testimony and has said that In
their opinion the RS piston, the earlier version was
improved when the changes were made to generate the
AE pistons that were provided for Kodiak and for
Shoreham, and that they had no douht that these
changes made an improvement to the AE piston.,

We think this makes the experience with
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the RS test engine even more valid because thre

waga
pistons which are at Shoreham are actually stronger

than the AE pistons tested in the R5 engine at 2070
pounds per square .nch for essentially ten to the /
cycles. Therefore, we think that experience with
the RS is very strong and our conclusion that the AE
pistons at Shoreham are adequate for their purpose,
will not initiate and will not propagate any cracks.

Q. Are the differences that you described

O ¢ O 94 O U » W N

the only differences between the R5 AE piston and

the AE pistons in Shoreham?
JUDGE BRENNER: While thaey are conferring,

n

I assume Exhibit P=29 is one of the exhibits where

W

-

the pages will be numbered for the version that joes

15 as the official sxhinit?

16 MR. FARLEYs Yes, Your Honor.

17 DR. SWANGERt The differences in design
18 that I just discussed are the only ones | am aware
19 of.

20 Qe Or. Swanger, ! didn“t ask you about

21 differences {n design. | sajd, are those the only
22 4i{fferences. S0 ] would like to know, aside from

23 design differences, are there any other differences?

N
&

JUDGE BRENNERt WMr, Dynner, (s there a

r
o

reason why under cross-examination you cannot \just




0010 01 22299

point to whatever difference you have in mind and
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| say, what about this, isn’t that a difference? So

we can get quick answers,

MR, DYNNERt If | knew all the answers,
that would be the approach | might take, but [ don’t
know all the answers. | have reasons to believe
that there may be other differences, but | don’t
know the answers, That’s why [ am asking the

questions, sir.
JUDGE BRENNER® Not the typical aoproach

O © O 9 o UV a2 W wN

to cross-examination.
MR. DYNNER: Sometimes we don’t always

N -

know the answers to questions that we ask, as you

w

have noted during this examination.

»

15 DR. SWANGERt There are some other

16 differences which are contained {n the memo by

17 Donald 0., Johnson dated February 3, 1984, which is
18 {neluded in the middle of LILCO’s axhinhit P=29, [7d
19 like to explain those differences, but before | do |
20 think it (s important to know while you Are

21 listening to the explanation of the differences,

22 that they have no effact on the conclusions drawn

from the FaAA report. My explanation of the answer

N
-~

will make it clear why thay have no effect on the

N
-

conclusions, namely that the AE pistons at Shorehan

~n
(S
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will not initiate or propagate cracks.

The differences that | am referring to
are those that were noted by Donald Johnson during
his inspection of the RS pistons. The first one is
in the fourth paragraph of the memo, and (s as
followss ®Dur.ny the inspection | observed there
was a layer of plating on the (nside of the skirt
and that the casting was very smooth, different from
general production runs of cast material. The
inside of the skirt was clean and all the flash was
removed., The boss area was very smooth as |(f
polished by Cratex and all the ground areas were
very carefully polished witn smooth radius in the
hoss."

Then the plating is explained (n the
following paragraph where it says, "There was
avidence of plating on the (nside helow Normal areas,
The plating was very thin, aoproximately .0005 {ner
to L0001 fneh.”

| can commant on the measurement of the
plating, It was done with the eddy current
technique. One of the features of the eddy current
technique 18 that the signal that (s developed on
the osclilloscope during testing Ls oropartional to

the lift=off of the eddy current probe from the cast
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iron surface heing examined, and by calibrating the
eddy current nrohe on known thicknesses of tin
plating in the laboratory, we were able to use {t to
demonstrate that this plating which is between
17/15th and 1/3rd of the nominal plating on the
piston probably resulted from some leakage current
to the inside of the piston due to this not heing a
production piston but being a test piston at TDI.
The other more important area or the one
that might seem more important is the polishing of
the boss areas on the inside of the piston. Since
this was a test piston at TDI, they used techniques
which are standard in evaluating the design of a
component. In development of compcnents such as
pistons, the manufacturer wants to be certain that
he separates the effect of the various variables on
the performance of a component, and in this case TDI
was being careful to separate the effect of
manufacturing from the effect of design of the
component, and took normal precautions which woulAd
he taken during a test program to make sure that
they were testingy features of the design by being
sure that the area in the boss area was smooth.
What FaAA has shown with its more

detailed and more exhaustive design analysis is that
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the precautions that TDI took in their test actually
were unnecessary. We have demonstrated that it is
highly unlikely that any fatigue cracks would
initiate in that area. We have also demonstrated
that fatigue cracks will not propagate. We have
been mentioning in these hearings that fatigue
cracks up to =—— excuse me — that cracks or
preexisting defects up to half an inch deep will not
propagate. But 1/d like to clarify that by saying —
144 like to continue by referring to LILCO’s Exhibit
p-25, which is a plot of the stress intensity factor
range versus hypothetical crack depth compared to
the threshold stress intensity factor range.

By looking at this chart, it goes out to.5
inches, half an inch on the right, but even at that
point the actual delta K working on the defect is
well below the delta K threshold. It is just that
half an inch was such a ridiculously large feature
to presume being in these pistons that we stopped
the analysis at that point.

I1f we had gone on, it might turn out the
Jefects three guarters of an inch, an inch, maybe an
inch and a half may be demonstrated by fracture
mechanics to be nonpropagating in AE pistons.

Q. Are you through?
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if I may, that it is because of the experience in
the RS engine at 2000 psi for enough cycles to
demonstrate that it was operating below its
endurance ratio for a condition which the AE pistons
at Shoreham, I don’t think, even could reach. That
is the 2000 psi peax firing pressure, that we are
extremely confident that the AE design as

demonstrated by TDI“/s test and by FaAA analysis is

O © O 94 o v s W N

very conservative.

Q. Now, -r. Swanger, let’s go back to your

—
—_—

initial answers to my guestion which is about the

]

differences between the AE piston and the 25 engine

w

F N

and that in the Shoreham EDG’c as stated in Donald

15 Johnson’s memorandum. The first thing it notes

16 there is that there was a layer of plating on the

17 inside of the skirt.

18 Is there a layer of plating on the inside
19 of the skirt of the AZ pistons at Shoreham?

20 DR. SAANGER: In my own visual inspection
21 of the AE pistons at Shoreham, I have seen some

22 evidence of very minimal amounts of tin due to stray
23 electroplating currents which will get inside the

no
E N

niston and deposit a little hit of tin in some areas.

It is extremely innocuous and has no effect on the

25
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piston one way or the other.

DR. MC CARTHY Could we
have a moment on this?

MR. DYNNER: Is the answer complete,

DR. SNANGERt I don’t think I have
anything to add to that.

Q. Do you mean to suggest, Dr. Swanger, that
any tin plating that was found by FaAA, not just
yourself, or LILCO, on the inside of the A:Z skirts at
Shoreham was there inadvertently and unintentionally,
or is it there by design?

DR. SAANGER: | have discussed the tin
plating of pistons with design engineers from TDI,
and I know that the tin plating is on the outside of
the pistons by design, on the inside of the pistons
inadvertently as a result of the electroplating
process to put one and one half mil of tin on the
outside of the piston to protect it during break-=in
and to protect the outside of the piston during
storage.

Q. And tne plating that was observed on the
inside of the skirts in the two AE pistons from the
RS enyine are the ones that were plated very thin as
described in the penultimate paragraph in the first

page of Dr. Donald Johnson’s report, is that correct?
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waga i DR. SNANGER: [ apologize.
2 Q. The next to the last paragraph where f{t

‘ 3 says the plating is very thin.

4 DR. SWANGER: | was going to ask you to
s define penultimate. Does that mean next to the last?
6 Qe 1 was getting even with you. You used a
7 lot of words that I don”’t know.
8 JUDGE BRENNER: Why it doesn’t mean fifth from

9 to the last? I don’t know. But it does mean fifth from
10 to the last.
B DR. SWANGERt Thank you, Judge gdrenner.
12 Could you rephrase the gquestion for me. 1 lost the
13 trend of thought. °
14 Q. Is the plating that was observed on the
15 inside of the AE skirts in the R5 engine the tin
16 plating referred to in the last sentence of the next
17 to the last paragraph in Donald Johnson’s nemorandum,
18 which says, "The plating was very thin,
19 approximately .0205 inch to.020l inch"?
20 DR. SAANGER: I still didn’/t understand
21 that question. I just heard, does the tin, 3and then
22 you went on to describe it. [ didn’t detect it.
‘ 23 Please help me.

24 Q. I will say it for the third time. 1Is the

25 tin plating where it says there was a layer of
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waga ] plating on the inside of the skirt of the AE pistons

in the RS engines, is that layer of tin plating the

plating which is descrihed as being .0005 inch to .07017?
MR. FARLEY: I still ohject to the form

of the question. He hasn’t said whether by design

or inadvertence, which is what we are talking about.

N OO U A W

JUDGE BRENNER: He doesn’t have to say
8 that in the guestion.
9 DR. SAANGER: [In the paragraph preceding
0 the penultimate paragraph, there is the statement
B that, "1 observed that there was a layer of plating
12 on the inside of the skirt.”
13 Then in the following paragraph he goes
14 on to quantify that plating by saying, "The plating
15 was very thin, approximately .0005 inch to +O0N0 1) "
16 Soth sentences refer to the same

17 electroplating on the inside of the piston skirt.

18 Q. All right. Now, in the same next to the
19 last paragraph, Mr. Johnson also says the plating

20 inside and out. Do you know whether his description
21 of the thickness of the plating also refers to the

22 plating on the outside of the skirt?

. 23 DR. SAANGERs Donald Johnson reports
24 directly to Dr. Duane Johnson and in addition to

25 this memo has had conversations with his supervisor.
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I believe Dr. Jonnson is better able to answer this

specific question.
Q. Go ahead.

DR. JOHNSON: The measurement .0005 to .000l
was the measure obtained on the inside of the piston

skirt.

Q. Dr. Johnson or anyone, did he take the
measurements of the thickness of the tin plating the
outside of the skirt as well?

DR. JOHNSON: He checked the plating
measurements on the outside and they were equal to
the standard which he had set up on, whirh was a
piston containing — excuse me, the nodular {ron
oiston skirt with a normal plating on the outside,
which, as I recall, was on the order of 1.5 mils,
which is, in materials we have here, 0,715,

Q. And i{s the tin plating on the outside of
the AE skirts in the RS engine the same thickness 3s
the tin plating on the outside of the AE skirts in
the Shoreham EDG’s?

DR. SYANGER: The only data we have for
skirts in the R5 engine are the two that we
inspected. We don’/t know what they are in the rest
of the R5 engine. But the two that we inspected

were similar to the plating thicknesses on the AE
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skirts at Shoreham.

Q. When you say they are similar, what were
the precise differences in the thickness of the tin
plating of the AZ skirts at Shoreham and the two AZ
skirts in the R5 engine?

DR. SWANGER: FaAA has made no
measurement of thickness of the tin on the outside
of the AE piston skirts at Shoreham. However, we
have reviewed the engineering drawing for the AE
skirt which specifies a thickness of tin on those
skirts of.0015 inches. Our measurement of the tin
thickness on the RS AE pistons as discussed by Dr.
Johnson showed that its thickness was nominal. That
is, it was within the expected range hased onr
calibration standard taken from a nodular iron
piston which was made by TDI and passed all of the
manufacturing and accegtance inspections that would
have been given to it by the manufacturer and by
LILCO, the customer.

This is significant to us because we
think that the successful operation of the normally
tin plated AE skirt in the R5 engine demonstrates
that certainly there was no adverse effect of the
tin plating on the outside of the skirt, and in fact

it was probably a3 benefit of the tin plating the
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outside of the skirt even in an accelerated high
load test in the RS engine.

Further, we think that the test in the r5
demonstrated that the flash-over or inadvertent
amount of tin which may be present on the inside
certainly has no effect on the fatigue performance
of those pistons because no indications were found
in the critical high stress areas of thnse pistons.
The memo we have been discussing, February 3, 1984,
5y Don Johnson, does in its last paragraph. discuss
three eddy current indications —

MR. DYNNER: | move to strike everything
he said after ?hat he told me that the tin plating
is the same after what is normally called for in the
drawings. This witness is not being responsive to
my guestion. He is giving speeches based upon what
he thinks I will ask in the future.

JUDGE BRENNER: I will not go back and
strike it. The comment is correct. He has the
facts on the record. Let’s leave it there for a
couple of reasons, including efficiency. Let’s get
the answers more directly to the guestion and hold
the rest of what you might want to say. [ am goin3
to become more ajgressive in insisting that that’s

done now. | think we have given you fair leeway and
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waga 1 it takes witnesses a while to adjust being in this,
2 what I am sure, is an unusual situation for most
‘ 3 people.
4 1 have been a witness myself and it is
2 stressful and unusual even when you =re used to
6 proceedings, than to certainly sit in a2 witness
7 stand. Nevertheless, you have had a few days to
8 acclimate yourself. The object is to answer the
- question and not just to fill in on all other things
10 that you believe might be of interest within the
11 same or related subject matter.
12 All right, ¥r. Dynner.
13 Q. Dr. Pischinger, do you know what the
. 14 purpose was of tin plating the inside of a skirt as

15 in the R5 AE skirts?
16 DR. PISCHINGER: As was mentioned bhefore,

17 the tin plating on the inside of the skirt was

18 unintentional. That means it was usually 2 stray of

19 tin plating which is occurring to tin plates of the

20 piston on the outside. That’s what I heard.

21 Q. I am talking, Dr. Pischinger, ahout the

22 tin plating, the layer of tin plating on the inside

23 of the skirts in the R5 engine that are .07°05 to .0l
‘ 24 in thickness. I believe what you are referring to

25 is the inadvertent tin plating on the inside of tne
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waga 1 AE skirts at the Shoreham facility, the Shoreham
engines.

DR. PISCHINGER: 1 can only suoppose that

w N

tin plating on the R5, the AE pistons used on the 15
engine is also to a little higher degree

unintentional.

B S L

Q. Does anyone on the panel know whether or
8 not the tin plating layer on the inside of the
9 pisten skirts, of the two piston skirts in the RS
0 engine was intentional or unintentional?

1l DR. SNANGER: Yes. I have had 2

12 discussion with engineers from TDI and learned from
13 them that the tin plating the inside of the AE

‘ 14 skirts in the R5 engine was unintentional.
15 Q. Did you ask them how they could make that
16 kind of unintentiona’ tin plating in an engine,
17 experimental prototype engine used for testing that
18 particular component?
19 DR. SWANGER: No, I did not ask them that

20 question.

21 e Thank you.

22 Dr. Pischinger, can you tell me what the

23 effect would »e, if any, of having this thin layer
. 24 of tin plating on the inside of the AE piston skirt?

25 DR. PISCHINGER® None.
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Qe You also testified that on the %5 AE

skirts that we are referring to, Mr. Johnson
reported that the casting was very smooth, different
from general production runs of cast material.

Was the smooth casting different from tne
casting on the AZ pistons in the Shoreham EDG’s?

DR. JOHNSON: Yes, The condition was
smoother than the surfaces which we generally
observed on the Shoreham pistons on the inside. Uf
course, that also made it easier to inspect.

Q. Would the smoothness result from a
polishing of the boss area of the skirt? I will
direct your attention, for your convenience, to the
third from the last paragraph of Mr. Johnson’s
memorar. ‘'um.

MR. JOHNSON: It could have resulted from
polishing, but we don’t know that it was the result
of polishing.

Q. Has anyone =-- Dr. Swanger, when you
testified previously, vou said that TD was being
very careful to he sure that the area and boss is
smooth. How did you find that out?

Dr. Swanger, can | have vyour answer

sefore you confer with your colleagues because I an

asking you a guestion about your prior testimonv.
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DR. SWANGER: My answer was based on my
years as director of product develooment for
Imperial Clevite, Incorporated, Engine Parts
Division, and our standard procedures used in
development of componsnts. It is typical to use a
smooth surface to test for the design of a comoonent
as opposed to its manufacture, and to make it easier
to detect any indications which might develop on it.

Q. And the polishing and smoothing out of
these hoss arzas and the ground areas would also
eliminate or reduce any stress areas in those riser
areas, wouldn’t it, Dr. Pischinger?

DR. PISCHINGER: Could you please repeat
the question.

Qe Yes. The polishing and grinding == the
oolishing of the boss areas and the ground areas of
the AE skirt would als» reduce or eliminate stress
risers in the skirt, isn’t that so?

DR. PISCHINGER: I wouldn’t put it that
way. [ want to point out that it is very often used
and practiced in engine development and develooment
of such parts that if you run such a piston
prototype for stress evaluatior, you try to get 3
clean, smooth surface so you Aare s'ire you have no

erack initiation afterwards, and that it is easier
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to detect crack initiation.

DR. SNANGER: You acsked about --

Q. The effect also is, Dr. Pischinger, an
effect would also be that it would reduce or
aliminate any potential stress risers in that areai
isn’t that true?

DR. PISCHINGER: It gives == such a
surface gives evidence of the property of the effect
of crack initiation. You want to see if such 2
piston is prone to crack initiation. Usually in
such a run it is not the intention to watch crack
oropagation of a prefabricated crack. It is to see
crack initiation.

JR. SWNANGERs 17d like to augment
Professor Pischinger’/s answer.

MR. DYNNER: 174 like Dr. Pischinger to
answer the gquestion. I don‘t think he understnod
the gquestion.

JUDGE BRENNERt Yes. I think he
misunderstood the guestion.

Qs Let me try to exnlain once more the
juestion. Or. Pischinger, do yo' know what A stress
risar is? Do you know what that term means in

English?

DR. PISCHINGER: Mayhe you think of any
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2 crack.

' 3 Q. Or an area where the stress concentrations
< could cause a defect?
5 JUDGE BRENNERs: [ haven’t heard the tern
o) stress riser, Mayhe | don’t know what it means in
7 Snglish either. In any event, that’s not the
3 question you are trying to get at. We don’t have to
9 start with overall definitions. [ think what he is
10 trying to ask you is whether the process of taking
11 special care to oolish the surface would leave the
12 situation such that there would be no areas
13 conducive to flaw or crack initiation. We

. 14 understand in your answer that it also makes i¢
15 easier to observe any later indications.
16 Mr. Dynner is asking you whether or not
17 it would also remove any flaws, if you will, of an
18 incipient nature, and it would he more conducive to
19 the development of indications during test runs.
20 DR. PISCHINGER: I think it has to be
21 hroken down in two parts. If surface treatment or
22 polishing is going to such an extent that vou really
23 change the shape of the region, then, of course, vyou

‘ 24 influence the whole stress fatigue and the result of

25 the experiments with such a piston would not be



representative.

If you clean or smooth the surface, you,
of course, will not have the effect of a casting
flaw — | hope this is the right expression. In
this respect, of course, you remove, if you call it
that way, a potential crack initiation, or if you
call it that way, a stress riser. But I think there
are two different questions to address. One is,
will a crack initiate, which has not been there, and
the smooth surface gives you hetter evidence of that.

The other question is, will a crack. a
flaw, be the first step of a crack, propagate, and
to this purpose, of course, you should not clean the
surface.

DR. SNANGER: I think it would he helpful
if 1 explain the concept of stress riser just a
little bit.

JUDGE BRENNERs Just a little hit.

DR. SYANGER: Certainly there is a3

concept of a stress riser, that is a geometric

deviation in the surface which causes the tensile
stress or the apnlied stress at that area (o

increase. There is also the effect of the stress
riser, whether or not it would potentizlly cause a

crack or cause a crack to grow. That is directly
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what the fracture mechanics calculations of Dr.
Harris have addressed.

Nhat they have shown is that stress
risers, even as deep ur deeper than one half inch in
the surface, will not propagate. Certainly by
polishing the surface, we have not removed stress
risers half an inch deep.

Qe It is true, isn’t it, that the radius
into the boss area of the AE skirt is the area of
higher stress in the AZ skirt?

DR. HARRIS: To 3 large extent, Mr.
Dynner, your statement is correct. However, the
geometry in the stud hoss region of the At piston
skirt was quite complex. So it is difficult to put
in the words where the maximum stress occurred. In
the Failure Analysis Associates piston report which
has been entered as County Exhibit 8 ==

JUDGE BRENNEx: Not yet, hut it has been
identified. [ said that for counsel’s henefit.
There is some discussion that has to go on witn
counsel regardiny some of these reports,

Go ahead, [’m sorry.

DR. HARRISt As indicated in at least two
nlaces in the renort that [ just mentioned, there

are pictures and photographs of models that indicate
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where the highest stresses occurred,

On page = on figure 3-3 of that report
there is a photograph of the stud boss region of the
AE piston skirt. This is the skirt to which stress
coat was applied in order to identify the rejion of
highest stress.

In this figure, if you look carefully, it
is possible to see the small cracks runninz in the
high stress.region. There is a white circle on the
figure that surrounds the region where the cracks
were. So this, in a photo, shows the location of
the maximum stress.

DR. MC CARTHY: I might add, these were
eracks in the stress coat which is a brittle lacquer,
not the metal itself.

DR. HARRIS: Then on figure 4-5, there is
a photograph of the results in the finite element
model in the stud boss region, and the different
colors in this photograph depict different stress
levels. The red, deep red stresses, the deep red
areas in the photograph are the rezions in which the
stresses were the highest.

Q. Gentlemen, on page 57 of your testimonv,
you state that the R5 has operated successfully, and

I underline "successfully” for over 622 hours at
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2000 psig. What do you mean by “guccessfully"?

DR. SWANGER: This statement refers to
the fact that the two AE pistons in the R5 engine
had operated successfully for the time at the
pressure indicated, and by "successfully”, we mean
that there were no propagating cracks in that pistons
that there was no adverse wear in this piston.

In fact from a friction wear and
lubrication standooint, it had operated very
successfully. Also, furthe: evidence of that is
that in the inspection done by Don Johnson in LILCO’s
Exhibit 29, it refers to three small eddy current
indications that were found. X

5 1 We are going toc get to those. My
juestion, and I am interrupting you because yo' are
joing heyond the question.

The question referred to your statement
that the R5 is operating successfull}. not that the
AE piston skirts in the R5 were operating
successfully. 1 asked you what 4id you mean by
"syccessfully.”

JUDGE BRENNZRt I think he is answerin;
that gquestion, Mr. Dynner, as long as he is talking
about the pistons operating in the R5 engine. Don’t

you think so?
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MR. DYNNER: My question, or the
statement in the testimony is not that the —

JUDGE BRENNER: You asked him what he
thought the statement?

WR. DYNNER: What he meant by "successfully".

JUDGE BRENNERs He is telling you. Let’s
not go overboard the other way, either.

DR. SAANGER: Continuing with my answer,
what we meant was that the three eddy current
indications that were found, which happened to be
found in low stress areas of the piston, namely on
the lip adjacent to the washer landing oonosite from
the highly stressed area in the stud boss had no
evidence of having been propagatinji. They were
similar in nature to the kinds of manufacturing
induced indications that were removed from the AE
piston. that Shoreham purchased from TDI.

Q. Dr. Swanger, you are referring. 1 take it,
to the pages that are attached to Donald Johnson’s
memorandum, which is part of exhibit P-29, and
referrecd to pistorn C=31 as far as the eddy current
test is concerned, is that correct? 'v cooy, for
the convenience of the parties, are the two paces
fnllowing Mr. Donald Johnson’s memorandum.

JUDGE BRENNEZ3: The Fehruary 3rd
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cha 1 memorandum?

2 MR. FARLEY: Yes.
’ 3 MR. DYNNER: That“s correct.

4 JUDGE BRENNER: What’/s your question
- about that pagje which contains certain drawings?
6 MR. DYNNER: Are those the indications
7 that he was referring to in his orior answer?
3 DR. SANANGER: Yes. The three indizations
9 I referred to are discussed in the attachments to
10 the trip report of Donald Johnson dated February 3,
1 1934,
12 Q. If we look at the second pace, which on
13 the corner of my copy, it says Page 3 of 3., it shows

H

some, ] suppose you would call them simolified

15 drawings of a piston skirt. There is 2 notation on

16 aumber 2. It shows the line in the lower left hand

17 corner and under that it says, one, it looks like D.

18 JUDGE BRENNERs 1DIV at 1.5, and to the

19 right of that it says 25 percent. Will you exnlain

20 what that line and what that notation means.

21 MR, JOHNSON: This page which vou are

22 referring to says Page 3 of 3, and these simolified

23 jrawings are, of course, two views of the same crack
‘ 24 area, The comment that says — and {t i{s there to

25 illustrate with the lines that you will see on 2, 4
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and 3, and they are to indicate where the indication
was observed, and the comment | division at 25
percent, for example, is a notation recording the
magnitude of the eddy current indication, and the
percent is the percent of the standard signal that
we use in this calibration.

Q. Could you tell me, Dr. Johnson == and we
are looking now at the number 2 drawing. labeled
number 2. How can you tell what the size of that
indication is?

DR. JOHNSON: The number indicates the

size.
Q. Which numbey?

DR. JOHNSON: Either the | division had a
certain position on the screen or the 25 percent,
those two numbers that correspond.

Q. What does the 1.5 mean?

DR. JOHNS”.,: The eddy cu.rrent test is
done by observing an oscilloscope screen, and the .5
refers to — it is an oscilloscope screen and a two
dimensional display of the information. The 1.5
simply is saying where on that screen it is locatad,
The | division is indicating the magnitude of the -

Q. What is the magnitude of this indicatinn,

if you could put it into inches or fraction of
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inches or in terms of length and deoth?

DR. JOHNSON: Mayhe it would be best to
express it in terms of the standard we use and then
the fact that this signal is a quarter of a sianal
we get. The standards that we use are such that -—
the standard will give a signal not greater than a
siynal one obtains from a 1/16th inch long hy i1/32nd
inch deep crack-like defect in the material. This
is one quarter of such a signal.

Qe A 1/32nd inch would he the lenjth or the
depth?

DR. JOHNSONs Depth.

Q. What would the length he?

DR. JOHNSONs 1/16th.

Q. One quarter that size? [ can’t tell from
this drawing but what ic the precise location of the
crack-like indication on numter 2?

DR. JOHNSON: Well, there are two views
of that indication. So you have to look, also, at
the second figure. It is on the same page but vou
have a circle and once again, the numbers I, 2, 3. 4
repeated. We are looking at that figure and we are
looking down, and in fact I can orobahly give vou an
example an the photograohs if that will helo.

Q. Before we jet to the nhotographs — that
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might be helpful if | could decipher mine which are
Xerox copies. Perhaps you can describe it with

words.

MR. JOHNSON: We are looking down in the
figure which is right helow the diesel engine piston.
You will see number 2. TInat’s lnoking down on the
hoss number 2. If we go to the numher 2 which is in
the upper left hand corner of Page 3 of 3, that’s a
blow=up or expanded view of that boss area. But now
not looking down on it but at right angles.

Q. So this is a crack-like indication in the

-

hoss 2 “2a of the piston?

DR. JOHNSON: A crack-like indication on
the washer landing area adjacent to the washer
landing area away from the high stress area noted

earlier.

Q. [ see. This is in an area which is not
as high as the highest stress area identified in the
reports is that correct?

DR. SVANGER: We can he quantitative
about the location and the stress at that location
by referring to County’s Exhibit 8 and some of the
photographs depicted in it. Looking first at
photograph of figure 3-3, which is an actual

ohotograph of the inside of an AZ piston, we can see ==
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2 record, we can identify that the County’s zZxhibit 3
' 3 is in fact the FaAA piston report.
4 JUDGE BRENNER: We have done that seversl
5 times. So I think we have that., we will follow you
6 and let you give your description in the record., We
7 don’t have the original photogranhs in front of us.
3 That brings uo two points | wanted to raise.
9 First of all, I would like for some of
10 these exhibits, before they are put in — we will
11 have to hack up on at least one, I think. Before
12 they are put in, even if it is just marked for
13 ! ldentification, to get the original versions in and
‘ 14 the three copies that are going to hecome part of
15 the official record. It is clear to me already that
16 regardless of hnw m'ich of what will become County’s

17 Exhibit 8 will be in evidence or for Identification,

18 it is going to bhe marked for Identification. These

9 witnesses have referred tn it numerous times already

20 in the nature of identification, namely the

21 shotograph as well as some other things. 30 1’d

22 like the County to, hefore we put it in, to get

23 original copies in there for 8. If you don’t have
. 24 enough, we will direct LILCO to assist you in

25 jetting the three copies.
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8 is the example | have in mind. But
think ahead and for any others that you are going to
out in that have photogranhs, the witnesses may end
up wanting to refer to, and do the same thing. Rehind
the hooks so we have it done easily for the record
and for the court reporter.

MR. DYNNER: We never got any copies of
the original photograohs.

JUDGE BRENNER: It is going to be taken
care of now. You got copies. We have the reports
along the way,

MR. DYNNER: We have the original
photographs here that —

¥S. TARLETZs LILCO would be haooy to
cooperate with the County. [ will renew LILCO’s
offer to provide the BSoard with the originals if
you like.

JUDGE BRENNZR: If you can do that now
while we keep talking, I would appreciate it. Do
you have a copy of the photograph now?

MR. DYNNERt I now have the ohotojraph
figure 3=3 that DOr. Swanger alluded to.

JUDGE BRENNER: In terms of backing up. I
would like for LILCO exhibit P=29 to he replacad hy

a version that has the original photographs for
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ourposes of the official record cooy. If you could
discuss it with the court reporter during the break,
I“m sure he can figure it out, some logistical way
te do it so it is easiest for the court reporter and
note it on the record as to how it was done. It
would be acceptahle to me, since he has already got
a hound version, if you can have just an additional
exhibit along with that bound version also laheled P=2v.
There is no need to use a different number. [ don’t
know if there are any other LILCO exhihits or
evhibits that are likely to be referred to. But
there are, it strikes me, the exhibits in the
heginning, P=1, P=-2, perhaps just those also should
me similarly supplemented with the original
photographs for the exhibit file.

In addition, the Bozrd would like copies
of the original photographs marked P-l and P=2. You
don’t have to worry about =- and also P=29.

MS., TARLETZ: | believe the copy
originally served on the panel did have originals »f
p=] and P=2. We will supoly another copy with P=2v,

JUDGE BRENNER: You think our copy in the

office has the originals?
¥S, TARLETZ: Yes, and we will sunnlement

originals for P=29.
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JUDGE BRENNER: All right. Don’t worry
about that. [ will have that system well in order.

I“m sorry to digress. | had some concern
about our ability and the ability of the official
record to follow this through Xerox photojraphs.

DR. SNANGERt Referring to figure 3-3 of
the piston report, the location of the indication.
the lip adjacent to stud boss numher 2 can be
referenced to the center of the white circle in that
ohotograph. The location is approximately 7/3ths of
an inch to the right of tre middle of the white
circle, and aoproximately 3/8ths of an inch below
the center of the white circle. [t {s essentially
right at the bottom midile of the stack to have
3elleville washers that’s depicted in this photograph.

The Belleville washers were not there
Juring actual eddy current inspection. So that the
entire machine surface can be eramined and such
machining induced indications as this easily seen.

Also, I might point out that similar
small machining induced i{ndications were ramoved
from the AE pistons supplied to LILCO hefore they

left the TDI factory.

Dr. Harris then can refer to anather

shotograph to discuss further the nosition of this
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indication.

Q. Excuse me. You stuck something in there
that 1 hadn’t asked, about machining induced
indications. Did you conduct Any failure analysis
or studies in order to ascertain the cause of the
crack-like indications that were found in the AE
niston skirt from the R5 engine? Can | have vour
answer, Dr, Swanger.

JUDGE BRENNER: Why does that have to he
just him?

MR. DYNNER: Because he just testified.
He is the only one that talked about some kind of
machining.

JUDGE BRENNER: I understand. You are
asking now whether any testing or evaluation was
done of the cause., Why can’t you direct it to the
entire panel?

MR, DYNNER: Presumabhly if he didn’t know
he wouldn’t have said it is machining induced. I
don’t see anything wrong with getting this witness
who just made that comment to give the answer. |
don’t want to argue about it.

JUDGE BRENNERs All right. You mav

answer,

DR. SAANGER: My knowledge is hased on
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conversations with Dr. Duane Johnson, whether or not
hased on his experience he is able to recojnize such
conditions as machining induced. We did not conduct
an independent failure analysis. It was not
necessary to conduct such an independent failure
analysis since ‘'no such indications were on the
oistons supplied to LILCO.

DR. HARRIS: 1If I could proceed on.

JUDGE BRENNER: Let me inter ject. If you
could remember, Dr. Harris. We will get right to
you. I am confused on the views, and perhaps it is
my problem only. I am looking at the drawings in P=29
that we have been discussing. [ understand the overhead
view but the enlarged views state that these are
side views looking out from inside. Yet when I
compare that to the photograph, it doesn’t aoppear as
if one would be looking from the side. Would you
help me a little bit.

DR. SAANGER:t What we mean by the inside
looking out is if you were right here in the middle
of the piston looking toward the outside of the
niston, that is looking right in the same direction
this photograph was taken. Then view number 2 shows
that if indication is off to the left-hand side of

the lip, and the way we have located it on figure 3,
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it is off to the left-hand side of the exact center
of the lip if you were looking at exactly from the
center of the piston.

JUDGE BRENNER: Thank you. That helps.
Dr. Harris, please.

DR. MC CARTHY: In this picture, in our
report, figure 3-3, sometimes you see people make ashtrays
out of pistons where the head is down and the open
bottom of the piston is up. It is exactly that same
sort of view. You are standing in the center.

DR. HARRIS: Turning now briefly to the
discussion of the stress load in the area of the
machine induced indications -

Q. Before you do that, Dr. Harris, if I
could just ask a clarifying question. In figure 3-3,
the circled area there, is it specifically meant to
refer to the crack=like indications in the R5 engine
or is it meant to show where the lack of crack or
something else is? .

DR. SWANGER: VYes. The circle indicates
the area where the stress coat cracked, and then |
oriented the location of the indication on siud hoss
number 2 relative to the center of that circle. |1
indicated that the crack=like indicatinn is at

coordinates 7/8ths of an inch to the right of the
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center of the circle and 3/8ths of an inch below the
center of the circle.

Q. But this photograph is not a photograph

of the RS AE skirt, is that correct?

DR. HARRIS: That’s correct.

Q. Go ahead. | wanted to clarify that.

JUDGE MORRIS: While we are on that,
gentlemen, can you tell me the approximate diameter
of that white circle, what it represents?

DR. SWANGER: Do you mean to scale or
what it would measure on this photograph?

JUDGE MORRIS:t What it would represent in
real life.

DR. MC CARTHY: Approximately a half
inch. It is a half inch to 5/8.

JUDGE BRENNER: Dr. Harris, you may
answer. |

DR. HARRIS: Thank you, Judge Brenner.

Turning to figure 4-4 of the piston
report, this figure provides a summary of the
results of the finite element analysis on AE piston
skirt, and the different colors in this finite
element model depict different stress levels within
the skirt. Backing up for a moment, [ should point

out that this model is a 1/4th of a complete piston,
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one guadrant of a complete piston. Due to the
symmetrical nature of the piston and the symmetry of

the loading, you can break the complete piston up

into quarter segments and analyze just one quarter.

Crom the results for that one gquarter, you can determine
where the stresses are in the pistons.

The various colors on this photograph
orovide information on the stress levels. You can
see that the colors vary all the way from a fairly
dark brown to a very light blue., The stresses are
highest at the very dark hrown position as indicated
by the numbers to the right of the col!or scale on
this photograph. You can see down close to the stud
boss region but over where the stud boss meshes into
the wall by the wrist pin that the stresses are
quite high. This is where the dark brown colors are.
That point corresponds to the point at which the
stress coat crack that was shown in figure 3-=3 that
we discussed a moment 3go appears.

Hopefully it is apparent where the hole
is. There is a hole that gnes down through the ==
in this case the bottom of the skirt. That’s the
hole that the stud protrudes through. Then you can
see a horizontal landing area arou.d that hole which

is the region in which the Belleville washer is
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seated upon. You then proceed around the lip of

this horizontal surface and you can come around to
approximately the point that Dr. Swanger indicated

that the indication was, and you find that this
corresponds to the very light blue. Looking over on

to the color scale on the right-=hand side of this

figure, you can see that the very light blue is the lower
stresses of any of the stresses depicted in that

color scale.

This shows that that indication was
located in a region of relatively very low stress.

Q. Is that true, Dr. Herris, with respect to
the crack=like indications that are i{dentified as
numbers 3 and 4 as well as number 2?7

DR. HARRIS: Yes, Mr. Dynner.

Q. Was this area as depicted »efore in
figure 3-3 of the piston report, is this one of the
areas that was highly polished in the R5 skirt?

Dé. MC CARTHYs It is our understanding
that the general area was polished up. We wouldn’t
use the term "highly polished ", but it was smooth.

Q. Did you conduct == and by you I mean FaAA
or anyone on the panel, {f you know = did you
conduct a dye penetrant examination in eddy current

test of the R5 AE skirt that we are talking about
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before it ran for 622 hours?

DR. JOHWSONs No, we didn’t run any kind
of test, non-destructive examination on these areas
before they were run., Neither penetrant nor eddy
current,

Q. If you didn’t run an eddy current test
before the run and if you know that area was highly
polished, or polished, I am interested in the basis
for your conclusion that these crack-like
indications were the result of some machining error
or operation rather than the possibility that they
were the result of stress or operation of the AE
skirt in the R5 engine.

DR. HARRIS: I would like to start out
answering that question and quickly pass off to Dr.
Johnson. The results of the stress analysis
indicate that they were not meeting the crack
initiation criteria in that very low stress region based on
the stress analysis. We would not expect to see any
cracks initiated in that region. They would be
much more concentrated over where the high
stresses are.

Dr. Johnson, | believe, hes some other
words he would like to add.

Q. You understand my question. [ know you
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how you came to the conclusion that these crack-like
indications were the result of some machining or
manufacturing operation after they had been polished
and not the result of the operation of the engine?
DR. MC CARTHY: [ guess I would say I’m
extremely confident that these indications were not
the result of operation but fabrication because we

have seen very similar indications in as-fahricated

©C O O ~N &> U 2 W N

pistons. What you are looking at is a very thin

- =
-

adge that results from the way the stud boss {s

machined outboard, and it is not relevant in any way

N

to the strength of the piston, and more important,

w

F N

it is not just that we don’t expect cracks to grow

15 in this area. This is, in fact, one of the lowest

16 stressed areas in the whole piston. There is no

17 conceived indication that that could conceivahly grow.
18 Q. 1 understand you said two things there,

19 Dr. McCarthy. You said you have seen similar

20 indications in as-fabricated pistons. Which ones

21 are you talking about?

22 DR. MC CARTHY: In the ones that were

23 delivered to the Shoreham Power Station. Ahen we

no
H

inspected these at TDI, one could occasionally se=

very thin line machine-induced indications in the

N
W
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outboard area of the stud boss. Any such
indications we removed required a minimal amount of
touching up, and they were gone. They are just not
in any conceivably related structural part of the
engine. They are just an artifact of manufacture.

Q. How did you remove the indications in the
edge fabricated oistons you saw at TDI?

DR. JOHNSONs Failure Analysis Jdid not
remove those. TDI removed them under the supervision
of LILCO’s QA representative, and they used a grinder,
a surface grinder to remove the source of the
indication prior to shipment.

Q. You just polished them out?

JUDGE BRENNER: Mr. Dynner, while they
are conferring, after the answer, [ think it is
about time to take a break.

MR. YOUNGLINGs TDI used a simple pencil
grinder to grind the indications out.

Q. A pencil grinder? Do you want to pleas=
help me out with that?

MR. YOUNGLING: A small tip grinder to
get down in the area.

Qe What was the nature of the abrasive
material on the grinder, if it was abrasive?

MR. YOUNGLINGs I don’t know.
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waga | JUDGE BRENNER:t We will take a break at
this point and come back at .11:10,

2
‘ 3 (Recess taken)
4
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JUDGE BRENNER: We’re back on the record.
I1“m concerned about the time estimates. It is 11si5.
We’re going to break at noon for lunch and then come
hack at 1:30.

Are you ready at = excessive side thrust
yet?

MR. DYNNER: Almost.

JUDGE BRENNER: How long do you think it
would take you to finish the excessive side thrust
and tin plating which would be sub=-parts 3 and C of
Part 4 that you mentioned?

MR. DYNNER: If things go the way they’ve
gone this morning the rest of the day, frankly. |
don’t want to criticize the witnesses, hut as you
know there have been enumerahle conferences and
lengthy periods of time where the answer is given to
a question and I realize that the material that
we’re dealing with is complex and 1 don’t want to
eriticize the witnesses, hut it has taken 2 lot
longer than | ever anticipated.

JUDGE BRENNZRt Within reason. That’s A
fair comments however, if we’re going to be fair
there are also times when you take some detail out
of an answer either because somebody is handini you

a note and you may think it’s interesting st the
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moment or I think it’s interesting at the moment,
and it turns out to be a nonmaterial point that
you’ve been off on it for 15 minutes when if you had
more directly asked the question that you were
trying to get to, we would have found out it was
nonmaterial.

What [’m saying, Mr. Dynner, you have A
better view or are in a better position to exercis=
a decision as to what’s material to the issues
before us in controversy as distinguished from a
technical person’s point of view of something that
may be technically interesting or tachnically
inconsistent but is going to really turn out to bhe a
di fference without a distinction.

And I don’t thirk we’re orepared to give
you the rest of the day to complete your
cross-examination.

My view of reading the cross plan and
what you can more importantly cet to is that you
should be able to finish it in about two=and=a=-half
hours, so what we?]] do is we’ll == I’m allowing
about 15 minutes for you to work up to those two
topics because you said you were almosi there, SO
what | would say is we’re going to direct you to

complete your cross—examination of this panel by two
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hours after we return from lunch, which would give

waga
you a total of two—and-a-half hours, maybe a littl
more to get there sooner than 15 minutes. We’ll
re-evaluate the situation. If my present view turns
out to be wrong based on the value on efficiency on
your part of everythinj you’/ve asked up until that
point, but as of now, that’s where we’ll stop you so
you have to assume that you”’ll be stopped then. And

if there has heen a prohlem with length of answers

O v O 94 0o Vv s Ww N

and so on in the time from now on, we’ll take that

into account, but as | said, right now we will

assume that we will require you to complaete the

N

cross-examination of this panel hy two hours aftar

w

H

sur return from lunch.

Why don’t ynu proceed at this ooint.

15
16 BY MR. DYNNER:
; 17 Qe Centlemen, did TNI do an eddy current
18 examination or a liquid dye penetrant examination
19 of the AE piston skirts in the R5 engine before thsy
20 started their 622 hour run?
21 DR. SNANGER: We don’t know whethar they
22 did or not.
23 Q. How many AE oistor skirts were in the 25

n
S

Vi2 engine at the time that you selected the two AZ

skirts for examination?

N
wn
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DR. SWANGER: The pistons were already
out of the engine at the time they were made

available for our analysis.

I believe that there were only two AE
pistons in the R5 engines as part of a development

experiment.

Q. Are you aware of an incident with the RS
engine in which a portion of the cylinder liner
broke off and fell into the crank case?

MR. FARLEY: Ohjection. Irrelevant ani
immaterial.
JUDGE BRENNER:t VYou’re g0ing to have to

explain that objection to me, ¥r. Farley.

MR, FARLEY: I don’t think it’s relevant
to any of the contentions, Your Honor. Or to what’s
been discussed about the R5 engine.

JUDGE BRENNER® Wasn’/t it relevant to the
contention that the FaAA analysis depends on an
ideal situation which is not valid for the actual
conditions which may he experienced by the Shorehan

diesel?
MR, FARLEY: | think we’ve demonstrated

that wasn’t the case,

JUDGE BHENNERt | don’t understand, [’m

going to overrule the oblection.
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1211 add that | believe 1t’s apparently

relevant, at least at this point, because your

witnesses are relying on the experience with the &5
engine to justify the fact that the expected
experience in the Shoreham engine will he acceptahle
and will not be inconsistent with the assumptions in
the analyses leading to the predictions hy your
offices.

You have a guestion?

DR. SNANGER: If Mr. Dynner would re=peat
it, it would he helpful.

Q. Are you aware of an incident in which a
portion of the cylinder liner in the k5 engine broke
off and fell into the crank case?

DR. SNANGER: Yes, | have heard a little
bit about that incident.

Q. Could you briefly descrihe == raetract
that.

Did that incident involve in any way Lhe
AE pistons in the engine or liners which were in the
cylinders that were using AE nistons?

DR. SWANGER® There were only two AL
pistons of the type similar to those delivered to
LILCO in the RS engine, and neither of these AE

nistons were involved in any incidents involving
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cylinder liners. Had they been, those nistons would

waga
have suffered extreme <distress, would not have
looked the way they did.
Qe Do you know what kind of piston was

involved in that incident?

JUDGE BREN'ER: Now, Mr. Dynner, yon’ra
going to have to tell me why it’s material.

MR. DYNNER: It might have heen an AE

piston. He said it wasn’t only the ones that he

O YV @@ N O v s W N

looked at.
JUDGE BRENNERt Maybe | can add one and

one as well as other people, but he said there were

n

two and he looked at the two. g

w

s

Maybe | can’t add,

15 MR. DYNNER: But at the time that they

16 selected those two to he tested he saild they were to
17 his knowledge two,.

18 I don’t know whether {t’s an AE piston or
19 AF piston or what but {f he doesn’t know, that may
20 be significant,

21 JUDGE BRENNZR® He said {t was not an A:
22 oiston and anything further (s going to he

23 immaterial.

N
ks

MR. DYNNERt I don’tL think he safid {t

wasn’t an AE piston, sir., I think his answer was

o
wm
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that he doesn’t think it was an At piston hecause if
it had =—— the two AE pistons they examined had no
damage and they would have had damage if they had

bheen the ones involved.

JUDGE BRENNZR: Dr. Swanger, were there
ever any other AE pistons ever run in the RS engine
from which you removed pistons or from the: enjyine in
which the cylinder liner incident occurred heyond

the two that you looked at?
DR. SWANGER: No. Those twd pistons vere

the only AE pistons ever tested in the RS
development engine.

Q. Nas any evidence of scuffing of the
skirts or fretting of the AE piston skirts from the
RS engine noted hy you?

DR. SWANGER: | bhelieve your juestion
referred just to AE pistons. Is there any specifir
AE pistons you’re interaested in?

MR DYNNER: Yes.

Q. Yes. | stated in the A5 en7jines,

DR. SAANGER: | have discussed thie p~int
with Donald Johnson who inspected the pistons and |
have reviewed the photngraphs that Con Johnsan tany
of those pistons, and | saw no .vidence of scuffing

or fretting on the AE pistons fram the RS anjine.



JUDGE BRENNER®: Dr. Swanger, could you

tell me what you mean by the term fretting on the

piston?
DR. SNANGER: Fretting is the result of

small amounts of relative motinn hetween two metal
surfaces which results in the transfer of metal from
sne metal surface to the other. [t’s recognizabl=z
by a roughenei condition of the surface relative to
its original appearance.

JUDGE BRENNZRs Could you compare that to
scuffing =— in my own mind I thought scuffingy was 3
roughened condition of the metal.

DR. SWANGER: Scuffing is the result of
large relative motions hetween two metal surface§
such as when 3 piston slides up and down 21 inches
inside the cylinder.

Fretting would refer to motions on the
order of a few thousandths of an inch relative to
each otner,

Q. Gentlemen, 4o you know whether Delaval
tested the AE piston hefore suoplying it to
customers in the field?

DR. SHANGERt Delaval conducted at least

two engine tests of the AE skirts., These were the

tests of two AE skirts in the &5 engine and also the
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placement of AE piston in the engine at Kodiak

Electric was a test of the engines conducted joinlly
between TDI and Kodiak for the purpose of evaluating
the AE piston design.
Q. Is it your testimony that that testing

was done by Delaval hefare supplying the Az niston 3
to customers in the field?

DR. SWANGER: As ] had testified earlier,
hy supplying the pistons to Kodiak we do not
consider supplying pistons to a customer in the

field., TDI has a special relatinnship with the

are designated as lead engines for the purnose of
gathering test experience for TDI.

Also, it is our information that the A:
pistons were put into the R5 engine for test
purposes about the same time that AZ pistons went
into the Kodiak engine and thay had heen
successfully tested and removed from the R5 engine
orior to the delivery of pistons to LILCO.

I nelieve Mr, Youngling can 3ives vou
further information ahout delivery of AE nistnn tno
customers.

MR DYNNERs [ don’t want further

|

Kodiak Electric Association in which their enjines
|

information. [ just want to know whether Lhat’s
|

|
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waga your answer.
JUDGE BRENNER: All right. He’s answered
the question. I/m beginning to worry about the
materiality of this line if I let it Jo too far,
unless it gets tied into something specific. We
discussed that —
MR. DYNNER: I have a few gquestions to

ask concerning their testimony regarding the

importance of the testing of the ooeration of the AE

O ¥ 0O 9 &6 U & W N

piston skirt in the R5 engine and at Delaval and

their testimony regarding it at Kodiak.

JUDGE BRENNER: Well, I know. You/ve

V]

heen asking questions about that, and you can go

W

ahead, Maybe IZ11 ask you on your cro<s plan ==

n

15 MR. DYNNERt Right now I just jumned

16 outside of the cross olan for a minute to Aask a few

17 questions and I think the pertinence will ne quickly

18 obvious.

19 JUDGE BRENNER: It’s too abstract to he helsful.
20 [ don’t want to hear ahout overall testing that was done and
21 what testing was first. Ask him ahout the = tie it 1o to
22 the particular point. For example, I don’t know if you want
23 to talk about side thrust load with that guestion or tin

e
F

alating or Part A of Part 4 of the contention, so yoi’re

going to have to be more specific in your Jquestions.

o
w
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Q. Does the testing that you alluded to give
you confidence that the AE piston will last the
lifetime == or it will have unlimited life?

DR. SNANGER: Yes. The test experience
with the pistons confirms our conclusion that cracks
will not initiate or propagate. It also adds to our
opinion that there is no prohlem associated with the
friction wear or lubrication of these skirts and we
feel very strongly that this is important evidence
and confirmatory evidence that these pistons will
fulfill their intended function at the Shorehanm
Nuclear Power Station.

DR. PISCHING?R: I think I could add to
this question.

This AE piston is from the development of
the previous AF pistons, modified AF piston, and
from a diesel engine engineering man’s noint of viaw,
this is a minor design modification which had been
taken and the design modification is in the == in
all = in each respect {n improving or in
strengthening of this piston skirt, and it is clear
that in such a case, and it’s general use and
{t’s practice in the industry that you rely nn the

orior experience with the model from which you derive |

this piston.
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That means that you have to take into

waga
account the prior experience with the AF niston, and
that very wide experience with several hundreds of
pistons have heen delivered and there’s a lot of
tens of thousands of hours that have heen run with
this AF which is the DelLaval AF pistons without, to
my knowledge, as when | visited the Delaval in
February, without to my knowledje any unfavorable

events which can be related to this AF piston.

O Vv O N O v s W N

The only reason why there was a design

change was that there could == cracks rould be sean

in the stud region, but these cracks didn’t lead t»>

w N

any consequences to the engine.

It is in = {t is common use in the

RN

15 diesel engine industries that in such a case you
16 take a further development step, hut you rely nn all
17 the other experience. The outside of the piston
18 remained completely the same, the ring portions,
19 taking into account what has hHeen investijated by
20 FaAA and the pre-experience with the AF piston that
21 there is additional evidence that this piston will
22 last and do the reguired == or fulfills the reguired
23 functions.

. 24 Q. Well, based on that testimony, 0Or.

Pischinger, evidence of failures of AF nistans world’

n
wm
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be relevant to your analysis of the guality of the
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AE pistont isn’t that true?

MR. FARLEY: Obhjection, vour Honor. It
doesn’t necessarily follow.

JUDGE BRENNER: Well, let the witness
explain why or why not.

DR. PISCHINGER: Let’s say fajilures which
couldn’t have been adiressed by this desiyn chanje.

Q. Have you done an analysis of all the

o L W N O U s WM

failures of the AF pistons in order to determine

that they have been effectively solved by the chanje

—
—_—

in the design, Dr. Pischinger?

n

DR. PISCHINGER: No. [ only have

w

knowledge that a number of enjines havé run for

o

15 thousand, tens of thousands of hours without piston
16 failure.

17 Of course, | am aware that this is only
18 information which I got from == at my visit at TDI,
19 if this is reliable, yes.

20 Q. Or. MeCarthy, would you turn, olease, 9
21 page 55 of your testimony for & moment.

22 I helieve you alluded to this earlier in
23 answer to one of my questions, and I4m referring Lo

your answer .7, particularly at the botton of page

no
b

55 eontinuing to page 56, to where yo' refer to the

25
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fact that, information contained in the Iron

Castings Handhook by Walton and Aupar, 1981 page 341,

Exhibit P=29 shows that the cyclic stress for
cracking in ten million cycles is 93 percent of the
cyclic stress for cracking in 1,35 million cycles,
scatter of seven percent on stress is commonly
observed in fatigue data. Therefore, it is likely
that cracking indications would be observed {n the
population of inspected stud hosses if thev had been
operated for a 1.35 million cycles at stresses ahnve
the endurance limit.

Now, Jdoes that statement refer to the
comment that you made earlier ahout steel, which ysu
also said applied to nodular iron?

JUDGE BRENNERs: Didn’t you ask that
yesterday and get the answer?

MR DYNNERs No, I didn’t. He made 23
comment about it. I never asked a questinn ahout it.

JUDGE BRENNER: No, I mean, did you than
follow up and ask him, make sure he was talking
ahout steel, why that referred to this question?

MR. DYNNER: Sure, | want to make sure
that this written testimony i{s what he was refarring

to yesterday.

JUDGE BHRENNERs That’s nnot what you askad,
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though.
MR. DYNNER: I think [ did.

1411 rephrase the gquestion.

JUDGE BRENNERs Why con’t you just ==
draw it up. I’m sorry, I may have lost your ooint.
You asked him yesterday why, if he was talking about
steel, we should be concerned with that and he sai3d
i{f he said steel he didn’t mean to say it. He meant
to talk about ferritic material in general and that nis
answer referred to metal.

Q. I just want to clarify, does this
statement refer to steel?

JUDGE BRENNER: What statement, answer 377

MR DYNNER:t The one that I just read in
quotation.

DR. MC CARTHY: The phenomena [ described
earlier discussing a stress level at which
ferritic materials exhibited unlimited life is
characteristic of both iron and steel. The specific
numbers and referenced exhihit on nage 55 == by tha
way, it should be Exhihbit 28, not z=xhihit 29 {s for
the iron as reflected in the iron castings handbaoi,

Qe Do you know what the cycles, the millisns
af cycles approximately would he for steel!

1,35 million cycles for cast iron. What
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would be the approximate number of cycles for steel?

DR. MC CARTHY: The difference for all
ferritic materials, the difference hetween the
stress level for failure between one million and ten
million cycles and infinite life is a few percent.
In this perticular case, it’s seven percent for this
iron., It would not be uncommon to see steels ranje
from five to less than ten. It would depend nn your
exact material, Hut it’s always a faw percent.

Q. Then it’s true, isn’t {t, that »ased unon
this testimony, it would have been highly unlikely
or unlikely for the crankshaft on 4iesel i02 to
breakt isn’t that true?

DR. MC CARTHY: Perhaps I missed
something in my previous answer. .I don’t remenmher
discussing the probahilitys however, that’s an
excellent point. We ran three crankshafts, one
hroke, the other two cracked, and they were all
within a few percent of their enfurance limit, Thay
had enough strength to get them into the one millinn
to ten million evecles, »it di4n’t have ensugh to oot
past ten million, and {t wasn’t that one
crankshaft failed and the two came nut l»oking
cherries., 0On the contrary, the physic=l laws

applying to crankshaft apoly Wist as well to nistHns.
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You found one failed crankshaft and when you pulled
the other ones out you found crack indications on
both of them.

Just a texthook example of how reliahle
this particular theory is.

Q. Yes. And you have confidence that woulf
take care of that seven percent factor {f you ran
the AE pistons in the Shoreham engines for ten
million cycles, wouldn’t you?

DR. MC CARTHYt Once again, maybe |
missed something. Not one but all three pistons
having been run into this seven percent range =
excuse me, not one but all three crankshafts run
{nto this very narrow seaven percent houndary had
cracks. Now, we have run 80 fillets, 40 piston
hosses into this same range and we got indficatione
on three of three crankshafts.,

Now, 2ne can do a probanility caleulation
of what you == what events would have had to
transpire where three of thrae crankshafts showed
cracks, indeed one failad and the sthar twy had
eracks and vet turn around and run 40 of 4) piston
hosses without a single indication., Of course, tha
odds are vanishingly small and {t’s just

sonfirmation that the piston as we’ve (ndjcated
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wefore is not going to crack or nrooajate.

Q. Would you answer my gquestion which was
that {f you ran the AZ piston skirts {n the Shoreham
engines for ten million cycles, that would give vou
the confidence to take care of the sevan percent
differential in your test that’s referred to in vour
testimony at the hottor of page 55 and the top of
page 562

DR. MC CARTHY: On the contrary hecause
we ran so many, | have high confidence that there’s
nothing in the seven percent value that neads to be
resolved,

If nothing else, the cranks have
demonstrated that, Theay ran ==

Qe I“m talkiny about piston skirts. 3Sorry.
That possibly isn’t =

JUDGE BRENNER® Let him finish nis answer
hwecause you drew an analogy, and 1 think he’s
continuing with that thinking.

DR MC CARTHY: The three cranks were run
fnto exactly this range ==

JUDGE BRENNER® Let’s say crankshafts,

DR, PISCHINGERs Crankshafts,

DR. MC CARTHY! VYes, [’m sorry. You’re

correct, (he threes crankshafts wera run {atn this
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waga | range. They all showed crack- like indications, 1In
2 fact, one fajiled.
. 3 Once again demonstrating that if you take
- a part that is above its endurance limit into this
5 one million to ten million cycle range, you would
6 expect to see some crack indications.
7 The crank — once again == the
8 crankshafts demonstrated this phenomena.
9 Now, let’s turn around, take what we’ve
10 learned from crankshafts in these engines at
11 Shoreham and apply it to pistons.
12 We now run 40 piston hHosses, 80 stressed
) 13 areas into exactly the same range and see not a
. 14 single relevant indication.
15 Q. Do you know how many millions of cvcles
16 the crankshaft on an engine 102 was run hefore it
17 broke, approximately?
18 DR. MC CARTHYs It’s a few million —
i9 it’s a few million == just one sscond.
20 Q. 1 think if it would helo you, Dr.
21 YcCarthy, as 1 recall, and anyone in the nanel ¢an
22 correct me, 1 think it was ahout 630 hours, as I
23 recall. Mr. Seaman or Yr. Youngling will pronably
‘ 24 know the exact figure.
25 DR. SVYANGER® The hours that are

B e e o
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significant to the fatigue analysis are the hours at
full load where it collects stress cycles at the
maximum cyclic stress. EDG 122 had run about 250
hours at full load, so that is the relevant number.

Q. How much is each of the piston skirts run
at full load at Shoreham?

JUDGE BRENNER: Maybe [’m wrong. I
thought they were going to coaplete their answer and
give you cycles.

Q. I“m sorry. 1 thought they had completed.
Go ahead, pleacse

JUDGE BRENNER: If you still want it.

DR. M~ CARTHYs In answer to your
question, 3.4 million cycles at full load.

Q. Thank you.

And how many hours has each of the — or
how many hours have been accumulated on the most
utilized piston skirt at Shoreham at full load, if
you know?

JUDNGE BRENNER:t On the AE piston skirts.

Q. The Az piston skirts, yes.

DR. M2 CARTHYs On EDSG 103, the most
highly utilized AE piston skirt has gone 1.35
million cycles after which it was inspected,

Additionally, and currently operated AZ piston skirt
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in EDG 103, eight of tham have gone 1.75 million

cycles and are still running, but haven’t had a
suhbsequent inspection, but are still nerforming and
service fine.

WR. DYNNER: Judge Brenner, | am ready to
jJo on to excessive side thrust if you wish to hreay
a little early for lunch and then we can go straight
through if that’s convenient for the Soard.

JUDGE BRENNER: Let me ask one clarifying
question.

Dr. McCarthy, you’ve referred to the fact
that there are eight fillets involved. I guess, on
each piston, if I“ve got it stralghg. Did you mean
welds when you said fillets or did you mean
something else?

DR. MC CARTHY: Did I say welds?

JUDGE BHENNERs No. You said fillets.
What do you mean by fillets?

DR. MC CARTHYs I“n sorry. In the ares

where the stud boss blends into the wall of the

1

niston, because of the gJeometry there, thzre are two

areas that have heen termed fillets., They’re much
less pronounced on the AE design than on the AR
design where we started talking about fillets, an i

thus I“’ve a2lways hbeen == [“ve tried to he consistant
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in distinguishing boss areas and then fillet areas.
JUDGE BRENNZR: That’s fine. It tnok me
a few days earlier in this case to know what a
welder meant by fillets and now I know what you mean
by fillets.
Let’s break until 1320,
(Whereupon, at 12320 p.m.s the hearing
was recessed, to reconvene at 1:20 p.m.,

this same day.)
AFTERNOON S=SSION

JUDGE BRENNZR:t Mr. Dynner, I juess
you’re going to pick up on page 14 of your cross
plan, excessive side thrusts.

MR. DYNNERs That’s correct.

CONTINUED CROSS=-EXAMINATION

BY MR. DYNNERs

Q. Gentlemen, please turn to page 58 of your
testimony.

Dr. Pischinger, in your answer to

question 92 at the bottom of the page, you state

that -—
"R. PISCHINGER: Conuld you give me ijust a
minute?
Q. Certainly. Page 53 of the LILC) direct

testimony.
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DR. PISCHINGER: Yes.

Q. In your answer to question 92, you state
that in current diesel engine desijn side thrust,
the excessive side thrust related by the County is
simply not a consideration.

What current diesel engine design were
you referring to in that statement?

DR. PISCHINGER: Diesel engine desiagns at
least back-dated to the mid-sixties.

Q. Would vou specify the engines, the desijn
of which you were referring to?

DR. PISCHINGERs I do not want to specify
a certain engine tc which this refers hecause [ know
in the state of the art that it refers to all
engines.

Q. So is it your testimony that since 1945
no diesel engine design considers side thrust?

DR. PISCHINGER: Yes. 3ide thrust is no
special concern. I can explain to you, if you want ,
why .

Q. Are you familiar with diesel enjines

manufactured by Sulzer?
DR. PISCHINGEZRs Yes.
Q. Is side thrust a consideration in the

Jesign of engines manufactured by Sulzer since 19457
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DR, PISCHINGER: | have to add that as we

are talking on four strokes, I only referred to four

strokes.
Q. Four stroke engines?
DR. PISCHINGER: Four stroke enjines.
Q. Are you =

JUDGE BRENNER: Are you trying to tell us
that the Sulzer enjines are not four stroke engines?

DR. PISCHINGER: They have both types.

Q. Is side thrust a consideration that tnhe
design of the four stroke Sulzer diesel engine?

DR. PISCHINGER: As is worked »nut in the
testimony, side thrust is no concern as long as
proper lubrication is provided by the design and
that is the case with modern design of diesel
engines, at least in the state when they are working
with the customers.

Q. Is side thrust a consideration in the
design of the four stroke Sulzer diesel enjine?

DR. PISCHINGER: [ am not aware if they
have the proper lubrication system.

Q. Isn’t Sulzer one nf the largest diesel
engine manufacturers in the world?

DR. PISCHINGER: It is sne of the largest

diesel engine manufacturers.



waga

e

O © 0O 9§ 0o U » W N

L R o B S S A O Fo - -— b mes e
BN a2 W NN - O W g O L® LI Y Ww N -

Q. And do you consider Suizer to he 2
manufacturer of high reputation and quality?

DR. PISCHINGER: Yes.

Q. Are you at all familiar withk the rotating
pisten which is part of the de;iqﬁ of the Sulzer
engine?

DR. PISCHINGER: Yes.

Q. That rotating piston is a design element
which is specifically directed towards avoiding the
distortion of the piston skirt caused by side thrusti
isn’t it?

DR. PISCHINGZRt No. The rotating oistoan
is designed to distrihbute the wear of the >istan
skirt equally on the surroundings of the piston, s2
the rotating piston is a means to prolong the
lifetime of a ship engine, to prolong the lifetine
of a ship engine. Youu know, ship engines of the
Sulzer design ars expected to have the lifetimes of
ships and lifetimes of ships are updating from
50,000 to 100,000 hours.

Of course, in such an 2nolication, the
4istribution of wear around the egual == the agual
distribution of wear around the niston is == and
each moving part is wearing and, of coiurse, in this ==

in this connectisn is wearing according to sid=
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pressure. Tbis wear is quite normal. It’s not
dangerous in short running times, and to distribute
this wear equally over the skirt, the piston is
rotating.

DR. SAANGER: At this point, i would like
to add -

MR. DYNNER: Excuse me, if I may. Yes.
Im asking these questions of Dr. Pischinger because
he is the sole sponsor of (hat testimony and [“m
about to follow up on this Sulzer engine.

JUDGE BRENNER:s 1711 let you follow=up
but Dr. Swanger’s response to 91 which is the start --

4R. DYNNER: Which talks about
lubrication and 1“m really talking about the diesel
engine design issue which was raised by Dr.
Pischinger in his answer to 92.

JUDGE BRENNER: 1711 let you follow up
and then get back to Dr. Swanger.

MR. DYNNER: I’m going to distribute and
ask that there be marked for identification Suffclk
County Diesel Exhibit 49.

JUDGE BRENNERs 1“m sure you’re going to
use this one befcre I mark it.

MR. DYNNER:t Yes. Which is an article

from MOTOR SHIP TECHNICAL MAGAZINE entitled "Siylzer?’s
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Four Stroke High and Medium Speed Engine Ranga."

JUDGE BRENNER: What did you say this was

from?
MR DYNNER: Article from the MUTOR SHIP

as identified on the first page, and it’s February
1978, and as seen on page 52, which is the first
page with text on it, it is entitled, #Sulzer’/s Four
Stroke High and “Medium Speed Engin2 Range."

JUDGE BRENNER: And it runs through paje

507
MR DYNNER: And {t runs through page 60,

yes, sir.
JUDGE BRENNER: So this will be marked as

Suffolk County Diesel Exhibit 69 for identification.
(The document referrecd to was
marked Suffolk County Diesel
Exhibit No. 69 for identification.)

Q. Dr. Pischinger, 17d like you to please
turn to page 60 and in the left-hand paragraoh near
the left margin is the following statement.

"The pistons —

DR. PISCHINGER: I didn’t find {t.
Q. Yes. The last page in the left-hand
margin. It states:t "The pistons of larger engines

are more prone to piston seizure because of the
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higher deformations involved.
The risk of seizure is aggravated by the
customer’s demand for low lubricating oil
consumption — and by the requirement to burn low

quality heavy fuels.

It goes on to say: "In order-to solve
these problems and to satisfy the demands connected
with high specific output and good reliahility, the
well-known rotating design piston was adopted for
the 240/48, figure 16 left, as well as for the

larger 65/65 engine.
The advantage of such a design is that

local overheating is avoided due to the rotary
movement.”

Now, Dr. Pischinger, does this article
refresh your recollection concerning the independent

purpose of the design of the rotating piston in the

Sulzer engine?

DR. PISCHINGER: 1It’s one point to he
stated that engines of the same rating and
performing equivalent functions are workinj with an
unrotated piston, though this rotating piston is not

in general a requirement.

In this case of an engine as is stated

here which has to burn low quality heavy fuel, the
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well=known increased wear of this heavy fuel cominj
down the piston is, of course, a concérn. and a
rotating piston may help in this respect, but this
is in no contradiction, when I say, and I remain
with it, that side thrust == side thrust is not
addressed here. Side thrust is no concern in modern
design diesel engines.

JUDGE BRENWER: Mr. Dynner, mayhe I’m
totally in the dark. 11711 let you read the part and
put the question that I assumed you were going to
put to him and you didn’t disappoint me.

How is anything in what you read
inconsistent with what he said and more -- another
way of saying that is, how is anything that you read
from this exhibit remotely related to side thrust
load?

MR DYNNER: 711 explain very succinctly.

As the County’s direct testimony states:
#Sjide thrust is a factor which'causes the
temperature on the piston skirt to be asymmetrical,
so that part of the skirt is heated whereas the
other side of the skirt is not heated as much."

As the side thrust continues and as the
County”’s testimony states, "The increase temperature

nn one side of the skirt causes deformation of the
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skirt which can lead to piston seizure.”

It is precisely that issue of side thrust
as described in the County“s direct testimony which
in this article states is the == an important
purpose of the design of the rotating piston in the
Sulzer engine, The article as appeared in the
paragraph that I read also goes on to states "The
risk of seizure is aggravated hy low lubricating
oils, but the thrust of the article and statement
and testimony goes to the fact that it is a modern
current diesel engine design that is specifically
addressed to the issue of side thrust.

JUDGE BRENNER: You’ve jot to get a lot
of links in there in order to get there, and what
you just read here for identification which you’re
using for cross—examination doesn’t supply many of
those links. But as you said, we’ll have the County
witnesses and Dr. Pischinger’s testimony in answer
to your question.

DR. PISCHINGER: Judge Brenner, may [ add
something?

JUDGE BRENNER: Is it in answer to this
question? 1 didn’t really have a guestion of you.
My question to Mr. Dynner was for a different

purpose. But go ahead and add it.
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2 proper lubrication is supplied, the side thrust is

‘ ! of no concern, and in this article just given to me,

4 there is written, "With every stroke a fresh oil
5 wetted part of the skirt is turned inte load
6 carrying zones substantially reducing the danjer of
7 seizure.”
8 That means exactly that also here is one
9 technology for using — for solving this lubrication
10 problem used, but this is not the only technology in
11 light of the — that can be seen from the fact that
12 all other ergines in the world do not have this
13 rotating piston

JUDGE BRENNER: Incidentally, Mr. Dynner,

N

15 is this some independent magazine or something

16 published by the Sulzer Company?

17 MR DYNNER: Independent technical

18 magazine and it is a technical article. The authors
19 are noted as G. Luftgarten and R. Stoffel. The

20 first gentleman according to the asterisk as as

21 having development and design for four stroke

22 engines and I believe that’s for Sulzer. The other
23 gentlemen is head of development test heds according

to the double asterisk.

no
»

DR. PISCHINGERt 1 know the first

N
wm



gentleman and had a lot of discussion with him on
this business of pistons. He’s head of development
of Sulzer.

MR. DYNNER: Thank you.

JUDGE BRENNERt Maybe it doesn’t matter
but the company got quite a plug from the cover of
this magazi~n:. and it looks to be more like
advertising literature rather than trade magazine.

MR. DYNNER: I don’t helieve that’s a

O OV O ~ O U » W N

fair comment because | think it is a technical

-

article written by the people that presumably best

know the engine since it’s the head of development

n

design for the company as well as the head of

W

development test beds, so I do think that the

b

informatior in *he article is not subject to attack

wm

that it’s puffing or that it is written by the

N O

advertising department for Sul_.er.

MR. FARLEY: Judge Brenner, LILCO has an

@

entirely different position about this particular

©

article.

n
Qo

JUNDGE BRENNER: It’s not in evidence.

N
—

MR. FARLEY: Not now, The extent to

n
n

which Mr, Dynner has used it now was aopropriate, to

n
W

try to impeach the witness, which he was unable to

N
n

do.

N
wm
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JUDGE BRENNERs All right. Doctor
Swanger, you wanted to jump in before. we”’ll get
hack to you now, Only if it’s in answer to the
question that was pending, and the question was
whether side thrust load was a design concern for
the Sulzer engines, and I thought Dr. Pischinger
answered it.

Do you have something to add?

DR. SWANGER: No. My comment was not
going to directly answer that. [ was goinj to put
this hundred thousand hours into the context at
Shoreham and at the same time correct a
misconception I may have given in my earlier
testimony.

I testified that the enjines at Shorehan
would run for three thousand hours. That three
thousand hours is the amount of operation expected
after the plant Joes on line,

I neglected to include in that that the
pre-operational testing so that the total
accumulated hours on the Shoreham engines over their
entire life will be about 4,500 hours and the source
of this is from the affidavit of John Kammeayer

(phonetic) which has recently been filen,

MR. DYNNER: May I =sk what the witness
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is testifying relative to? Because I don’t
understand what he’s talking abhout.

JUDGE BRENi:_Rt Well, in the first place
he said he was correctir~ a misimpression that he
might have given and I think he == in terms of the
number of hours that the diesels were run, and I
guess he was concerned that comparing the number of
hours of shipment engines as testified to by Dr.
Pischinger would make the wrong comparison if we
went back to Dr. Swanger’s earlier testimony.

MR. DYNNERs That would be appropriate
for redirect examination, I think.

JUDGE BRENNER: Well, it would he, hut we
also give witnesses flexibility to correct something
when they may have made an error, which error may He
leading to another question on it: As to the rest
of what he had to say would have been more
appropriate for direct.

DR. MC CARTHY: May I just add -

JUDGE BRENNER: No. Let’s wait for
another question.

Q. Dr. Pischinger, in connection with your
answer to question 92, I[’d like to ask you whether
the side thrust load is an =— a critical parameter

of the Mirrlees KVi2 engine.
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DR. PISCHINGER:t You mean in light of

what has been said now, you mean if I know if the

lubrication of the Mirrlees engine piston is done
that way that, as usually, side thrust is no concern.

As far as 1 know, Mirrlees engine --
could you repeat the —

Q. The KV12 | was referring to.

There are thousands of engine
abbreviations in the world, so if I remember right
what the KV12 is, I think this engine is a gnod
engine.

Q. It’s a good s.gine?

CR. PISCHINGER: Yes.

Q. Who is Mirrlees, are they one of the
largest diesel engine manufacturers?

DR. PISCHINGER: Mirrlees is a well-known
English — British diesel engine.

Q. Do they have a high — good reputation
for quality engines?

DR. PISCHINGER: Mirrlees has, to my
knowledge ! have not been detailing the Mirrlees
en3jines, but to my knowledge Mirrlees has a gnod
reputation.

JUDGE MORRIS: Excuse me, Mr. Dynner, Dr.

Pischinger, do you know {f this is a ship engine?
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waga 1 DR. PISCHINGER: This is mainly a ship
engine, yes.

2
. 3 Q.

stationary applications, isn’t it, Dr. Pischinger,

And it’s also used extensively in

i=y

the Mirrlees diesel engine?

DR. PISCHINGER: Each ship engine could

be used if ad usted to stationery application.

5

6

7

8 MR. DYNNER: 14d like to distrihute and
9 have marked for identification Suffolk County Diesel
0

Exhibit 70.
1 MR. FARLEY: 1711 object to that because

12 I don’t even think he’s allowed == established the

13 foundation for even using it.

& 14 MR. DYNNER: You don’t know what it is
15 yet.
16 JUDGE BRENNER: Why don’t we hold off on
17 marking it if there is no foundation. Let’s see

18 what you’re going to do with it for a little bit

19 first, rather than just marking for fdentification.
20 We can do that but I don’t want to go through the

21 process and find out some of these things 30 nowhere.
22 Let’s establish what it is and we’ll bhe done with it.
23 You’ve asked your question about Mirrlees

‘ 24 and he’s answered it.

25 Q. Now, DJr. Pischinger, does Mirrlees
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consider the maximum thrust pressure on the oiston
to be a critical parameter?

DR. PISCHINGER: In that very moment when
I look at this picture without reading anything, I
would think this piston, which is not the very
latest design, could have problems besides thrust.

JUDGE BRENNER: Wait a second. You’re
anticipating them. Let him take a question at a
time. He hasn’t asked you ahout the article yet.
Although 1 hope he gets to the question gquickly.

You asked him if he’s acquainted with
Mirrlees., He said yes and in fact in answering that
he answered the juestion you should have asked him
more specifically as to lubricating oil and so on.
Now ] assume by handing up this document you want to
follow=up on his answer. So why don’t you directly
ask whatever it is you want to ask him.

¥R. DYNNER: | have a question pending.
Judge Brenner, if you want to reread the guestion.

JUDGE BRENNER: Unless it’s my fault. I
don’t recall what the question is.

MR. DYNNER:t I can repeat the giestion.

Q. Dr. Pischinger, does Mirrlees consider

the maximum thrust pressure on the piston to be a

critical parameter of their engine?
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DR. PISCHINGER: I am not in the thinking
of = or in the brains of the Mirrlees people of
1966 from which this article is stating.

So ] cannot answer your Jguestion what the
Mirrlees people considered at that time.

Q. All right. The County’s exhibit, Diesel
Sxhibit 70, which I“ve requested to be marked for
identification, is an article from the Institute of
Marine Engineers, Transactions, January 19466, Volume
78, Number One, and beginning with the first text
page, which is page 325, there is an article
entitled:s "The development of a highly rated medium
speed diesel engine of 7,000 to 38,000 horsepower for
marine propulsion.” .

JUDGE BRENNER: 9,000.

MR. DYNNER: Sorry?

JUDGE BRENNER: It’s 9,000.

MR. DYNNER: I’m sorry. 7,000 to 9.070
horsepower for marine propulsion.

The authors were shown as J. A. Pope, who
is identified as the research and technical director
of Mirrlees National Limited and W. Lowe identified
as the chief development engireer for Mirrlees

National Limited.
¥R. FARLEY: Judge Brenner, I will obhject -
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excuse me. I thought you were finished.

MR. DYNNER:s 1 was about -

JUDGE BRENNER: He thought you were
finished.

MR. DYNNER: I was about to ask a
question on this exhibit.

JUDGE BRENNER: What is your cbijection?

MR. FARLEY: 1711 wait until the gquestion.

JUDGE BRENNERt You‘re going to ask him,
I assume, whether he’s familiar with the article or
something like that, I let you slide with some of
the niceties on the other one because we got some
direct answers but from Dr. Pischinger’s previous
answer if he doesn’t know anything about this
article I’m not going to proceed very far with
taking some excerpt out and asking him what he knows
about it and so on, but mayhe I“m misguessing as to
where you’re going with this.

He offered some comment as to the
relevance of the fact that it’s a 1966 article.

Q. Are you familiar with this article at all,

Dr. Pischinger?

DR. PISCHINGER: No.

JUDGE BRENNER: Now. You can go a little

hit if you have a particular point and you want to
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know if that refreshes his recollection as to some =

MR. DYNNER: | was about to ask those
questions.

JUDGE BRENNER: Someone he knows in the
industry, but —

MR. DYNNER: Yes.

C. All right, Dr. Pischinger, if you look on
page 327, in the left-hand column entitled
reliability —

DR. PISCHINGER:s I can see.

Q. — there is a statement from the author’s
experience of continuous duty diesel engines, the
critical parameters to be carefully watched are -
and then there’s a tahle given, and on the left-~hand
column citing parameter, if one Joes down, one finds
in the one, two, three, fourth line from the bottom
maximum thrust pressure on piston pounds per square
inch.

As you see on the Mirrlees engines, those
figures are 35.8 for the KVI2 engine and then
following are fijures for 33.5, 34 and 34.3.

Does this information assist your
recollection considering whether or not the side
thrust pressure on a pisten is a critiral parameter?

DR. PISCHINGERt Yes. This helps a2 lot,
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and 1 am hopefully given the time to explain to you.

In the #50s, “740s, ’50s and early “60s,
it was usual to use an oil scrape ring down the
piston skirt. This was partially traditional,
partially due to the inferior oil scraper
technology at this time, and partially was taken
from two stroke piston, and this aggravates the
lubrication, obviously, the lubrication of the
piston skirts and, therefore, manufacturers of
modern engine design switched over beginning with ==
let’s say 1960 - well, even a little earlier, to
move up this piston ring to the upper part of the
piston skirt so that the fuel has undisturbed access
to the piston skirt.

And this, of course, improved a lot the
lubrication which is the main important factor in
the sliding of the piston on the thrust, on the
anti-thrust side, and since that time I myself was
involved in such developments. The lubrication of
the piston skirt was so much improved that side
thrust figures today are never given with engines,
to my knowledge are never given,

But in addition, 1 can say iust to say if
you calculate side thrust, you can calculate for

each of today’s engines, if you calculate side
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thrust, you can find a lot of engines whicn have

much more excessive, as you call it, side thrust as
a TDI engine, for instance, the famous MANL 32, 36
which has 36 percent higher side thrust than the TDI
R48 or the MWMD=50 which has 18 percent higher side
thrust.

All these engines are in operation on
ships for years and are at least as renowned as the
Sulzer and today’/s Yirrlees engine.

Q. Dr. Pischinger, did you personally
calculate — did you personally calculate the side
thrust pressure of the MANL 32-354 piston?

DR. PISCHINGER: Yes. '

Q. And what was the figure that you arrived
at in pounds per square inch for the side thrust for
that piston?

DR. PISCHINGER: I unfortunately have
here not an explicit figure, but you can arrive at
it if you multiply the figure for the side thrust of
the TDI engine, which is mentioned in your = how dJo
you call it, testimony or —

Qe Or. Pischinger —

DR. PISCHINGEZR: By 1.36.
Q Dr. Pischinger, do you have those

-

calculations that you made to calculate the side



0010 01 22331
thrust of the MAN engine with you?
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DR. PISCHINGER: Part of it, but

certainly I can make it available to you.
Q. When did you make those calculations, Dr.
Pischinger, approximately?
DR. PISCHINGER: Was it two or three
weeks ago? Just to address this. When I heard the
side thrust was =—— in advance of writing this

opinion involved in this testimony.

O v O 94 o v A LN

Q. And did you also personally make the

calculation as to the side thrust in the MAND=50

N -

engine?

DR. PISCHINGER: VYes.

w

And you did that about the same time?

H
o
-

15 DR. PISCHINGER: Yes.

16 Q. Do you have those calculations with you?
17 DR. PISCHINGER: Well, of course, I

18 4idn’t — I don’t have it here. I have the results
19 here, but it is alsoc possible to make it available
20 to you.

21 Q. Could you briefly tell me the YAN engine
22 that we’re spea .n3y of, what is the approximate

23 horsepower per cylinder of that enjine?

DR. PISCHINGER: The horsepnwer per

n
H

cylinder is — of this engine is 370 kilowatts.

N
wm
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even diesel engines rating in kilowatts.
Q. And what i{s the RPM speed of that engine?
. DR. PISCHINGER:s 750 RPM,
Maybe 1 should mention another “AN engine
which is the L 52 which has ahout the same side
thrust as the TDI engine. This is an engine with

five 120 millimeter running at rpm’s of 57 or also

514, the maximum rating, and the cylinder -—— the

O ©v 0o N o U & W N

power per cylinder is 3885 kilowatts.

JUDGE BRENNER:t Mr. Dynner, are you

-
—_—

finished with the Institute of Marine Engineers

N

testimony?

w

MR DYNNERt Yes, sir.

H

15 JUDGE BRENNER: Do you see any reason to
16 mark it for identification given its limited use?
17 MR DYNNER: Yes. I would like it marked
18 as Exhibit 70, if we may.

19 YR. FARLEY: LILCO objects, Your Honor.
20 JUDGE BRENNER: It’s only going to be

21 marked for identification.

22 MR. FARLEY: I don”’t think he even laid
23 the proper foundation for it to be marked for

identification in view of Dr. Pischinger’s testimony.

no
n

JUDGE 3RENNER: You really don’t need

Y]
wn
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2 foundation to mark something for identification. The
. 3 reason | held off was because of the experience of
4 the other day. It was just a mechanical prerogative
5 on my part. [ didn’t want to start markin; things
6 and clutter up the record with exhihits marked for
7 identification if it wasn’t going to he used at all.
8 As it turned out it was used in a question. I don’t
9 know if it needs to be marke~ for identification
10 given the fact that the gquestions and answers
1 combined will give the record a picture of what was
12 there but if he still wants to mark it for
13 identification, | always hend to counsel’s view and
. 14 mark it for identification.
15 MR. FARLEY: [ understand.
16 JUDGE BRENNERt You also get in same rank.
17 We1l1 mark that for identification as

18 Suffnlk County Diesel Exhibit 70 and it was

19 oreviously describad by Mr. Dynner, | believe.
20 In any event, it’s the article entitled "The
21 Development of a Highly Rated Medium Speed Diesel
22 Engine of 7,07 to 9,000 Horsepower for Yarine
23 Propulsion," and it is taken from the Institute of
‘ 24 Marine Engineers Transactions, January 1964,

25 consists of pages from that publication 325 through



Since you were so insistant on marking it
for identification, and also asking the question you
asked about it, “r. Dynner, maybe you would like to Aask
Or. Pischinger one or two questions about the very
part that you pointed him to and also talk about the
jangers of excerpts from articles with which people
are not familiar.

(The document referred to was marked

2
3
4
5
6
7
8
9
0

Suffolk County Diesel Exhibit No. 70 for

——

identification.)

-—
-—

BY JUDGE BARENNERS

n

Q. Dr. Pischinger, do you know whether this

w

table from which you == from which Mr. Dynner in his

H

15 question directed you to the figures for maxiaum

16 thrust pressure for, [ helieve the same enjine,

17 under different power operation in those four

18 columns whether those figures are the actual

19 values that you wolL.d derive from the enjine while
20 it was operating as ocposed to parameters that were
21 warned to assure that they were not exceeded, can
22 you tell from that table?

23 DR. PISCHINGERs I“m not completely sure

if 1 understand your guestion. You are referring to

N
F

what table?

o
on
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JUDGE BRENNERs It’s the ending
publication involving the Mirrlees engine. It’s the
table that Mr. Dynner asked you about. And he
directed vou to the figures for maximum thrust
pressure on the piston, pound per square inch.

DR. PISCHINGERs Yes.

JUDGE BRENNER: I guess my first question
is whether it’s — let me change my first guestion,
is it clear to you that that means side thrust
oressure to determine maximum thrust pressure?

DR. PISCHINGER:t Yes. You are right.
This is here entitled maximum thrust pressure on
piston pounds per square inch. There is, of course,
a problem, always how you define and calculate such
a figure.

I only at the moment can guess that that
is the figure which is meant in the Suffolk County’s
testimonys but there is no completely general
definition, because the real maximum pressure on the
side of the piston can only he calculated if you
know the oil distribution, the piston distnrtion,
the oil viscosity, the piston movement, and I think
at that time when this was written, nobody could,
really could calculate this real maxiumum pressure

JUDGE BRENNER: All right. My Juestion
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was a little simpler, can you even tell whether this
is meant to be side thrust?

DR. PISCHINGERs I would have =-- it would
he necessary for me to study the whole article and
maybe to make a regquest by the authors if they mean

the same, which we are discussing.

JUDGE BRENNER: BSeyond that, there are
four columns here. Do you know whether these are
measured values for whatever that table means by
maximum thrust pressure on the piston as opposed to
something else? For example, could it be a
parameter that the authors are warning should not h»e
exceeded at that operation as opposed to maximum as
opposed to the actual measured parameter?

DR. PISCHINGERt These parameters ==
again, 1/d have to say, supposedly, are no
limitations. Furthermore, they are certainly in the
mind of the authors, I think, far below limitationss
otherwise, they wouldn’t hase put it in a scale ==
in a table of the engines whether these are critical
parameters.

JUDGE BRENNZR: Also, I guess it’s kind
of a follow=-up to the question Judge Morris asked
you about, whether the Yirrlees engines were ship

engines and also Mr. Dynner’s follow-up as to that,
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as to whether they were also used in stationary
applications.

The last sentence of the text before that
Table 1, and Mr. Dynner had asked you about reads as
follows: "From the author’s experience of
continuous duty diesel enaines, the critical
parameters to be carefully watched are..."

If you see the term continuous duty
diesel engines, what would that mean to you?

DR. PISCHINGER: Continuous duty engine
is an engine which is supposed to be continuous on
duty. That means that it”’s most of the lifetime in

motion.

JUDGE BRENNERs Would a ship enaine be 3
continuous duty diesel engine?

DR. PISCHINGER: Yes.

JUDGE BRENNER: I suppose from your
answer that a stationery application planned to run
most of the time could be so described as a -

DR. PISCHINGZR: Yes. A power generatnor
olant whiech continuously has to deliver electricity,
nf course, is a on continuous duty.

An emergency diesel engine certainly is

not on continuous duty.

JUDGE BRENNERs Okay. I guess the point
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of my concern, Mr. Dynner, we have no lack of paper
or witnesses before us in this case. And it gets
di fficult, I didn’t want to == [ did want to give
you some freedom to conduct the cross-examination
the way you see fit but it gets difficult when you
have an article, certainly more than two or three
pages in there that the witness is not familiar with
ani then to try to get some useful information based
an that article, it’s true it’s only marked for
identification and we’re not going to rely on this
for anything, but the time has pretty much been
wasted with it, I believe, in terms of tying it up,
the materiality of the point that you —— that the
County just could make with respect to side thrust.
Certainly at a minimum, something like this should
have been emphasized in reference for support in the
County testimony, if you believe that it was an
important contradiction of the view of LILCO and its
witnesses that excessive side thrust load was of no
concern, hut let’s proceed.

¥R. DYNNER: I would just like to ask »ne
follow=up to your list of questions on this document.
Or. Pischinjer, in your experience, if
you could hriefly take a moment and look down the

list of what are termed critical parameters, in
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Table 1, could you tell me whether the —— whether
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those critical parameters would be, in your judgment,
he equally applicanle to the operation of the diesel
' engine in a nuclear power plant as they would be for
4iesel engines that are continuous duty enjines?

DR. PISCHINGER: I have to reread it.

YR. DYNNER: VYes. Please take your time

and, also, if there’s some of them that you don’t

feel are or some aren’t, mayhe you can quickly

O ¥ 0 ~N O U & w N

identify them. I don’t want to take too long on

this but given Judge Brenner’s questions may be a

N -

significant one.

JUDGE BRENNERt I don’t understand the

w

significance at all. Tell me again what you’re

H

15 asking to do.

16 ¥R. DYNNER: Yes.

17 JUDGE BRENNERt 1 don’t want to take time
18 either —

19 YR. DYNNERs Okay. You asked the

20 juestion about emphasizing, I think, in your

21 question the fact that the author in his

22 introductory statements said these were critical

23 parameters for continuous duty diesel engines and |

want to see if he agress or disagrees they’re also

ro
H

critical parameters for nuclear enaines which are

n
(S}
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operating in nuclear power plants to provide on-site
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2 electrical power.
. 3 JUDGE BRENNERt You mean the actual

& numbers?
5 MR DYNNER: The parameters, that is the
6 identification of the parameters in the far left
7 column,
8 DR. MC CART:Ys Excuse me -
9 JUDGE BRENNER: [ understand your
10 question. That’s not going to be significant in
R terms of my point. [“71l1 be pleased to tell vou the'
12 conclusion I’ve reached right now on this minor
13 soint and that is that nothing you’ve asked Dr.

Pischinger from the Suffolk County Exhibit 70 for

H

15 identification to the extent we’re able to gst

16 anything intelligent out of it, given the lack of

17 knowledge of most of us as to what’s in the article
18 including the witness of whom you were inguiring,

19 that Dr. Pischinjer’s earlier answers to you with

20 respect to the Sulzer engine in terms of == that you
21 might want to worry about sids thrust load, if you
22 wanted to design an engine that would be aood for

23 ship-type applications. It’s not inconsistent with

the kind of applicatinns that apparently these

N
H

authors have in mind. And 1 emphasize it spparently

n
i



hecause | certainly haven”/t read the article, hut
that one sentence there, introducing that table, and
the only reason I looked at that table is because
you asked all of us to do so, is discussing
continuous duty parameters so I didn’t mean to imoly
that you don’t have parameters in a diesel engine,
but that you look at for all aoplications.

DR. PISCHINGER: Judge 3renner --

JUNGE BRENNERs If you still want an
answer to the question, we’ll try it, but I don‘¢
want to =

MR. DYNNER: As long as the record shows
what you just clarified, I don’t need to spend —
have Nr., Pischinger spend his time going through
either one of these.

DR. MC CARTHY: Excuse me ==

DR. PISCHINGER: Judge Brenner -

JUDGE BRENNER: Wait a second. With all
of this we haven’t moved one whatever measurement

you want to use, mil, angstrom closer towards

jetting to the merits of whether we should agree

with the County or disajree with LILCO with respect
to possihble cnncern for excessive side thrust load.
That’s what I7¢ like to get snome cross-examination

oN.
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MR. DYNNERs Okay. I’m moving on it.

DR. PISCHINGER: Judge Brenner, may I
just, it’s important for clarification, because |
now, while reading a little more in detail, I see we
all have been misled and I think it should be said,
because critical'parameters are not in Table 1. But
the critical narameters which are to be watched at
the side thrust is not on it as the parameters one
to seven on the next column., The text is going on
there, and in Table | are only the design and

performance characteristics, so this comes from

quick reading.
JUNGE BRENNERs Okay. | can understand —

let me try to give you a gquick lesson. I can
understand why you were anxious to fjump in and try
to assure that we were not misled by that.

I was not 30ing to he misled, and the
reason I was not goinjy to be misled is in my words
to Mr. Dynner I intended to let hinm kﬁow and maybe I
was too subtle that we’re not — I, at least, as one
judge am not j0ing to rely on this article for
anything, given the state of direct examination
hereof hecause of lack of familiarity and because of
lack of connection to get directly to tﬁe merits of

the issue. 1“m sure there will he a whole hunch of
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these articles 1 could misunderstand if [ sat bHack

at this hearing and read it but it is not admnitted

into evidence and one of the important reasons why

it’s not admitted into evidence is we don’t have
evidenciary foundation, as your counsel has heen

quick to point out and oproperly so, at least with
respect to this article.

DR. PISCHINGZRs Thank you, Judje.

JUDGE BRENWERt When something is marked
for identification, it doesn’t mean it’s in evidence.
Mr. Dynner.

Q. Yes. Dr. Pischinjger, in your judgment,
does the AE piston skirt have proper lubrication
incorporated in its design?

DR. PISCHINGER: Yes. In my opinion, in
consideration of the design, and although the —
watching the results of performance, I conclude that
the lubrication of the piston skirt of the R45 ig in

order.,

Also, as can he seen from the drawing,
the piston rings lubricatien, piston rings oil scrape
rings are up on this skirt and not one down, as has
heen in old desijns,
» R Is there a different numher =-—

JUDGE BRENNERs I“m sorry. 1 Jdidn’t hear
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DR. PISCHINGER: Not down on the skirt as

ro

. 3 in old designs.
< Q. Is thare a difference, DOr. Pischinger, in
5 the number of oil leak holes in the design of the AE
6 piston as opposed to the design of the AF piston?
7 DR. PISCHINGER:s 1 didn’t count the leak
8 holes. 1 just saw that the cress section is
9 sufficient to give enough back flow to the oil, but
10 I do not have the figure with me now.
11 Qe Or. Pischinger, you earlier referred to
12 two engines. The MAN and the MAN engine that you

13 said that you had calculated the side thrust on.

‘ 14 Before 1 forjet, I just wanted to ask you
15 two quick questions on the MAN engine.
16 What is the horsepower per cylinder of

17 that engine?
18 DR. PISCHINGERt Maximum horsepnwer, 3/0

19 kilowatt.

20 Qe That’s the same as the "“AN?

21 DR. PISCHINGEZRs It’s practically the
22 same,

23 Q. And what {5 the speed in rpm’s of that

. 24 nature?

25 DR. PISCHINGER: Ranging from 670 to for
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waga ] spacial application, 750.
Q. Thank you.
Now, Jr. Pischinger, you testified, I
think, that the “ANL 32-36 engine had side thrust

load 35 percent higher than that calculated for the

DelLaval AE piston skirt.

~N O U s W owN

Did you make an independent calculation

8 of the side thrust of the AE piston skirt?

9 DR. PISCHINGEZR: Yes.,

10 Q. And did your calculation agree with the
11 calculation made by Professor Christiansen, which is

12 set forth in the County’s direct testimony?

13 JUDGE BRENNERt Can you point the doctor
. 14 to the page reference, if you can.

15 Also this is the record of Dr. Pischinger.

16 ¥R, DYNNER: That would he Suffnlk County

17 Diesel Exhibit 13.
18 DR. PISCHINGER: 'avhe you could help me

19 a little, where in this text side thrusts final

20 result is defined, to speed up the situation?

21 MR DYNNERt Yes, If you turn to the last

22 page in Sxhibit 18, yau’/ll see a computer readout,

23 he nn the far left, the first grouoing of fijures
‘ 24 under the column one, you’/ll see the figqurs 123.44,

25 DR. PISCHINGER: I am still on the ==
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seeking = well, I, azain, have to ask, what is th2
unit of this == of these figures?

MR DYNNER: It’s explained on page 48 t»
49 of the County’s direct testimony, Dr. Pischinger.

It is 123 pounds per sguare inch.

JUDGE MORRISs Excuse me, %r. Dynner, I
wasn’t sure what your guestion was, whether he
agreed with the result or whether he aareed with the
methodology or narhaps both.

Q. Vy question was, did he agree with the
results of the calculation nf Professor Christianson
on the side thrust.

If you lock on page 49 of the Suffolk
County testimony, it says the calculated mean units
side thrust of the AE Piston is 123 psi, exceeded
the upper value hy 44 percent.

There’s a reference on the previous Paje
2 to Exhibit 18. Exhibit 18 contains the
calculation. The last o;ce of Exhibit 13 shows (n
the last column, that (s, in the first paragrash of
numhers, in the first column, nuaber one, you 30
down to the last numbher, It says 123,44 unit thrust =-
unital thrust, so that’s his conclusion.

DR, PISCHINGER: | == yes, [ have to Ssay

that my calculation gives a lower side thrust than
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this which is given in the == in your reference.

The calculated side trust with TDI is
78.7 psi. The calculation is done by computer
orogram using the gas pressure, using the gas
oressure and the mass forces 1n the point of maximum
side thrust. The mass forces counteract the gas
forces, and the maximum value which is calculated as
78.7 psi, which means I calculated it in bar, of
course, 5.42 bars, which is, by the way, less than
the limit of 85 psi whnich you give in your testimnny
as a3 standard design value,

2. Yes. So your figure of 73.7 is the
naximum unital side thrusts is that correct?

DR. PISCHINGER: Yes, yes.

Q. So the numbers that you gave for the YAy
engine is 36 percent higher, Was that 36 percent
higher than your numher of 78.77

DR. PISCHINGER® Yes, it is, yes.

Qe And {t’s not 36 percent higher than
Professor Christiansen’s numbhar of 123 psii isn’t
that true?

DR. PISCHINGERS Yes.

Q. And the same {& true with the numbher vou

3ave for the YAN engine, that would be 18 oercent

higher than your calculated side thrust of 18.7% is
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that correct?

DR. PISCHINGERs Yes.

MR DYNNER: | would like in view of this
testimony, if possible, to get a copy of your
calculations which show this difference of opinion
with Professor Christiansen’s calculations, if
that’s possible.

If you could state the methodolngy of f{t.

JUDGE BRENNER: Why don’t you ask him how
he did it. He’s here to give testimony.
3Y MR. DYNNER?

Qe What methodology did you use in
calculating the maximum side thrust on the AE pistan?

DR. PISCHINGERs The method {s to use the

jas pressure diagram versus crank angle to calculate

Lthe mass forces out of the acc ‘leration of the
piston to comhine these two forces, and then to
calculate the side thrust force for each crank anjle
or certain distances of crank anales which cun be
jfone geometrically by the anjgle of the connecting
rod for each position, and to use this force to
calculate a pressure and a nominal oressure which 1§
related to the orolected area of the niston skirt,
the dimensions of the niston skirt are known and hy

the side thrust., It’s a unital pressure that can He
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2 Qe Dr. Pischinger, in looking at Professor
3 Christiansen’s calculations in Exhibit 18, i{ you
‘ 4 could take == | think it might be worthwhile in tnis
5 case, if vou could take a minute or two ani nerhaos
6 tell me whethar you have, in your calculations, any
7 significant disajreemant with the figures that
8 Professor Christiansen sets forth in his
9 calculations.
10 Dr. Harris, did yvou want to add somethina?
1 DR. HARRISt If I4m permitted, [/d like
12 to confer with my fellow panel member.
13 JUDGE BRENNZRt Let me see if |
. 14 understand what you want to 4o, Mr. Dynner. In
15 effect vou want them to critigque with the proposed

16 County Exhibit 13 which are the calculations hy you!
17 to see if they ajree or, more to the point, where
13 they might disagree with figures used and the

19 methodology.

20 MR, DYNNEK® | wouldn’t say critique was
21 the word. What | was looking for was to sees whether
22 there was any == since these are not == whather
23 there was any obvious »or significant error or

. 24 4i fference {n the flgures whick would raesult in such

25 s significant difference in the result., [ don’t



0010 O: 22470

know how long it will take, If it will take too

waga
long, we obviously can’t sit here and use up hearing
time to do it but if there’s something that jumned
out at him that could account for the difference in
result, I7d like that to he f{dentified.
JUDGE BRENNERt We can try that, {f
there’s nothing that jumps out at them, we could leot
you come back to just that one point and then take a

break to give them time to look at {t although I

O € @ 9 o v > W W

don’t know if a nreak is sufficient time to do that,

How much time would you need? [ don”’t

know if they’re prepared for something like this

w N

already or not.

Or. Pischinger, if you == or in

Py

15 conjunction with the neople on the panel, if ynu 39
16 through these calculations and the County Zxhibit 18
17 the point is if we give you a little of time vou can
18 tell us {f you disagree with what was done, We kaow
19 you disagree with the result hut whether ysu €an

20 fdentify why you do,.

21 DR, PISCHINGER® Yese, Of course, | can
22 try to follow up. [ didn’t 4o it until now, to

23 follow up the way which this was done and == hut |

cannot say how lang it was, It’s a guestinn how

N
F S

obvious, There must e a disanraezment how ohvious

25




it is and how long it takes to find.

JUDGE BRENNERs All right. Let’s pass it
for now and come back to the == and we’ll come back
to that.

Q. Dr. Pischinger, we’ll move on to
something else and then perhaps during the breask
you’/ll be able to examine that.
8Y MR. DYNNER?1

Q. Dr. Pischinger, in your jud; ment, would
oroper lubrication be capahble of handling any side
thrust load reagardless of its magnitude?

DR. PISCHINGERs If this question is &
general engineering question, [ say no.

If this question is related to standard

design, diesel enagines, | say yes.

Q, Well, if the side thrust in the AE piston

turned out to he a 123 psi instead of 78 psi, In
your judgment would the lubrication in the AE nistHn
skirt be adeguate to 2liminate any nossible adversa
results from that side thrust load of 123 psi?
A, NOe
DR. PISCHINGER® No concern ahsolutely.
JUDGE BRENNERs 1 guess someone will
remambar to ask Professor Christiansan the same

question ahout Or., Pischinger’s fijure, just in case
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wags
nobody else does which is why [ like to try a
subject together with all party witnesses but we
can’t always do what we’d like to do in this life.
Go ahead.

Q. Dr. Pischinger, if vou will nlease turn
to = if you’re not already there, to page 59, in
your question, answer to guestion 93, if, in fact, 2

temperature distorted the piston skirt so that it

QO Y @ ~N O v A Wwow

rubked on the liner, wouldn’t the frictisn of the
v skirt rubbing on the liner destroy the lubrication

12 at that point?

13 DR. PISCHINGERt The piston in this

. 14 operation cannot distort to such an amount, So I
15 find your question theoretical.
16 Q. All right., Well, let me be more orecise.
17 The first sentence of your answer is that
18 with an adenuately lubricated piston, side thrust
19 will not create a dranatic temperature differential,
20 Isn’t it true that given enough side
21 thrust pressure there wiil he = significant
22 temperature differential from one nortion »f the

23 skirt to another?
. 24 DR. PISCHINGERS The friction wnrk of 3

25 nigton is 8o low, S0 small compared with all the
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other thermal effects that there will be no
increased temperature. This has been measured in
numerous pistons -~ piston designs - also, of
similar size, anii therefore, again, I cannot see
where this distortion should come from if the
temperature distribution is quite uniform.

Q. All right. 1I’m trying to get at the
point, Dr. Pischinger, in vour answer wheres you say
that an adequately lubricated piston side thrust
will not create a dramatic temperature differential.

Is that statement true even if the side
thrust is 400 pounds per square inch?

JUNGE BRENNERt Let me interrupt, Or.
Pischinger. '

¥r. Dynner, within reason, it’s your tine,
hut you may have exceeded reason with that question.

How is that ever going to be material,
even taking the highest number helieved to bhe
accurate by your witness? WNe’re not talking about
side thrust =

VR. DYNNERs (hviously what we’re tryin,
to jget to is there is a relationshin hetwean side
thrust and the effects of side thrust which are not
always handled by adeguate luhrication, and [ think

that the witness testified == | asked him the
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waga 1 question specifically as to generally, now [’m

giving an illustration.
JUDGE BRENNERs: It’s just never going to

he material in my view., The right question to ask

him in that area you already asked, what if the

[0 5 (S LI U S )

sressures turn out out to be as high as Professor

1 Christiansen helieves, and you asked him that
8 question. You got the answer. And then you asked
9 the general guestion and he gave you the answer Aas

10 to why he thought that was theoretical or words to

1 that effect. And it’s just not going to be =

12 MR. DYNNER: It’s two entirely different

13 answers. If his answer to the theoretical question
. 14 i{s one which indicates that he does not have a3 Qrasp

15 of the technical underpinnings of how side thrust

16 affects it, then I think that that is a significant

17 {ssue to bring out in cross-examination.
18 If he’s saying = even {f you had a
19 thousand pounds of side thrust, it still wouldn/t
20 affect the temperature of this skirt, that miaht he
21 something this Board would he interested in, I
22 4on’t know., hy would I he interested in it?
23 YR DYNNER: | think {t would he ==
. 24 JUNGE BRENYSRs Are you noing to nut in

25 evidence that the side thrust at the Shoreham
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pistons is a thousand pounds per square inch?

Mk DYNNER: No.

JUDGE BRENNERt So why would I be
interested in it? I want to »e interested in thinjs
that are interesting.

MR. DYNNER: All right. We have
testimony on the record which states that there is a
relationship and that the side thrust at a certain
point will create a temperature di fferential which
will create the distortion, which will create the
rubbing on the side which will create a destruction

¢ lubrication which will lead to piston seizure.
That’s on the record and if Professor Pischinger is
testifying that isn’t the case at all from a
technical and scientific matter that it can hanpen,
I helieve that”’s useful testimony on

cross-examination.

We have other expert witnesses on the
Staff and others that == and | should think that the
Board might be interested in whether everyvhody
iisagrees with that anproach.

3ut I will move on if the Soard doesn’t
think that’s a pertinent guestion.

JUDGE BRENNER® [ think vou’re way out

there in terms of anything that’s goinj to be
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waga 1 important to the findings.
2 I understand how part of your argument
3 would relate to a view of Dr. Pischinger’s expertise,
. B although I thought we were past that on ‘“onday.
5 Nevertheless, certainly the content of the
6 substantive questions and answers can in turn bhe
7 related back to some of the prerequisites for
3 helieving testimony by his expertise and so on, but ==
9 and then ! understand, like a 7ood lawyer, you’ve
10 made an argument that shows there is some arguable
1 relevance., 1711 give you that much.
12 The scale of what’s relevant, way off in
13 the distance of the solar system of relevance, well,
. 14 you understand the difference in degrees hetween
15 things that are remotely relevant and when you’re on
16 a time limit, a time limit I thought was reasonable

17 if you had stayed with that which I thoujht was

18 important and productive.
19 MR. DYNNER: 1711 move on.
20 JUDGE BRENNERs Give me just nne moment.
21 Q. [“ve made ay point.
22 Judge Morris on his own saw that you were
23 joing to make the argument you made, He doesn’t

‘ 24 disagree with my comment as to its importance to the

25 record, hut it’s your privilege to put it in the
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record if you want to, and [“11 let you proceed with
it and then we will change our mind when we look at
it later.

Q. All right, Dr. Pischinger, taking your
statement, the first line of your answer to question
93, would it make any difference to your conclusion
if the side thrust were 470 psi or a thousand psi?

DR. PISCHINGER:s In an internal
combustion engine, the side thrust cannot exceed a
certain percentaje of the gas pressure, and,
therefore, there are natural limitations to side
thrust, so, again, 1 have to say this guestion is
totally hypothetical.

If you want to build an engine which with
ever increasing side thrust, then this engine could
not run because of too short connecting rod or the
piston would be no longer a piston but a disc,
Nithin the design, within today’s design limitations
of a diesel engine, 1 am well aware of i{t, the side
load, the side thrust which is within this
linitation will not crsate any dramatic effect given
oroper lu:rication, but maybe I could make you
available some of my == I shouldn’t say that.

DR. SNANGER: As a co=sponsor to answer

number 93, I do have some thinas that 1 would like
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to add =

JUDGE BRENNERt Even as a co=sponsor you
still have to direct yvour comments to answer the

question.

DR. SNANGER: Yes. Question was would ==
as 1 recall, and Mr. Dynner can correct me, if the
side thrust were 400 or a thousand psi, would that
make a difference in the analysis.

MR DYNNER: 'n the first sentence of your
answer, Dr. Swanger, that with an adequately
lubricated piston side thrust will not create a
dramatic temperature differential.

DR. SWANGER: Following up the answer
that Professor Pischinger gave that there are
natural limits to the side thrust, taking into
account the geometry of the components in the TDI
engine, the natural limit is that the side thrust
cannot exceed 22 percent of the Jas pressure.

22 percent of the maximum gas oressure of
one thousand = of one 1670 psi times the 227 square
inches of piston.

YR. MC CARTHY: Which parenthetically
4don’t occur at the same time, so they would be
indeed the extreme end and completely unohtainable

in conjunction with the real engine.
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waga 1 DR. SWANGER: When we do that, we get 2
2 net — an upper limit of side thrust in pounds of 31
3 thousand pounds »f force, which is about four times

‘ 4 the number that Professor Christiansen computed.

5 FaAA did do indenendent computations of
6 the side thrust taking into account the gas pressure,
T and we agree with Professor Christiansen that the
8 true maximum side thrust total in pounds in the TDI
9 engine is about 22 thousand pounds.
10 Dividing that number by just the

1 projected area of the skirt, which is {7 inches in

12 diameter, times 18 and a half inches in height or

13 314.5 square inches, dividing that number .into 22
. 14 thousand pounds gives us a unit side thrust of 7I

15 pounds per square inch.

16 Our number agrees very closely with

17 Professor Pischinger’s number, and since it uses a

13 side thrust total load at the same magnitude that

19 Professor Christiansen used, we feel that the error
20 in Professor Christiansen’s calculations must have
21 hean in the =alculation of the projected area of the
22 skirt or the use of that area in his further

23 computation?
. 24 JUNGE BRENNERt You can look at that some

25 more during the break.
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MR. DYNNER: Gentlemen, earlier we talked
about the = a bit about FaAA’s current work on the
circumferential rib as it relates to side thrust,
and | recall that we had decided that the
appropriate time to ask you without that would be
during the discussion of the excessive side thrust.

Would you briefly descrihe the work that
you’re doing on the circumferential rib of the AE
piston at FaAA as it relates to side thrust issues.

DR. HARRIS: In recent effort =— in
recent days, Failure Analysis Associates has bHeen
involved in some additional experimentation
regarding the strain levels in the ribs of AE skirts.
This was done under top dead center loading.

Ne’ve also done some finite element
calculations, stress in the ribs in the AE skirt
under side loading.

We have found that the stresses in the
circumferential rip between the wrist pin boss in
the AE skirt are lower when a maximum side load of
22,500 pou...s is applied than the corresponding
stresses at top dead center when the full pressure
loading is apolied. This leads to the conclusion
the maximum stresses that are =- that the AE

circumferential rib is subjected to and controlled
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hy the peak firing pressures rather than any side
thrust and {s further evidence of the lack of
influence of side thrust on cyclic stresses in the
AE skirt.

We’re now convinced that this is also a
conclusion that can be applied to the ribs
themselves.

Additionally, some recent inspections
have heen performed on the circumferential rib, tne
AF skirts that were removed from the diesel engines
at Shoreham. As far as [ can recall, [ have been
informed that there were no relevant indications in
the region of any of the AF skirts that were
inspected at Shoreham.

JUDGE BRENNER® Excuse me, there was a
term that | didn’t understand. You said this was
aevidence of a lack of influence of side thrust on
some type of stresses.

DR. HARRISs Cyclic stresses.

JUDGE BRENNERt Cyclic, all right.

MR. DYNNER® The cyclic stress you’re
referring to is the stress with which might cause
cracks to initiate in the boss area that you had

studied earliers isn’t that true?

2241

DR. HARRTS: No. My answer was adireesed
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to the ribs themselves, which would have to do with
the crack initiation in the ribs.

Q. But the County has not alleged that
there’s cracking in the ribs, have they?

DR. HARRISt Not that | am aware of.
However, you were asking about our studies in
regards to AE ribs.

JUNGE BRENNERt Again, Mr, Dymner, | was
going to jump in, but [ didn’t want to.

MR. DYNNER: It took only a second,

JUDGE BRENNZRt Not on that gquestion. |
was going to to jump In when you asked your openiny
question., It was a very broad guestion, and then
you wanted to know why he gave you the answer given
that question.

I think you could have hean more orecise
when you started to ask about the work on the
circumferential rih, Just take that into account In
your future questions.

BY MR. DYNNER®

Q. Gentlemen, Dr. Pischinger, and Dr,
Swanger, turning for a moment to page AD of your
testimony, you paint out in that testimony that
modern materials have a higher tensile strength than

those which may have hean availahle (n the ssurce
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authority that was listed in the County’s testimony.

Nhat would be the effect of materials in
the piston skirt having a higher tensile strength on
the issue of side thrust leading to distortion of
piston skirt, if any?

DR. SWANGER: The change in materials
going from cast iron with the modulus of elasticity
of about 15 million pounds per square inch to
nodular iron with a modulus of elasticity of
approximately 23 to 24 million pounds per square
inch would by itself increase the stiffness of the
piston and its resistance to distortion.

Q. Just to clarify, Dr. Swanger, [ was
speaking about thermal distortion.

Would your answer hHe ti.. ame with
respect to the effects of thermal distortion?

DR. PISCHINGERs Higher strength material
gives the possibility to use minor == or saaller .
dimensions for the walls of any part of the piston
skirt, and smaller dimensions mean lower temperature
differences as is well=known.

The piston is cooled from the inside with
splashed oil. The piston is cooled from the outsi ie
with — by contact with a cooled cylinder liner of

the oil film, and the thinner the wall the more ==
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the less temperature differences between the insides
of the piston and the outside of the piston skirt,
hut, of course, this temperature difference is in
this design of piston, this two part design was ==
with oil cocling of the crown and which by that
preventing of a lot of in-flow from the combhustion
chamber into the crown for such piston temperature
difference as has been already mentioned yesterday,
I think, is very small in the skirt, and with higher
strength materials this can even ba further degree
in proof.

VR. DYNNER: Dr. Swanger, I’m sorry,
thank you, Dr. Pischinger. Yy question was directed
to your testimony, is it true -- your testimony was
true with respect to thermal distortion.

DR. SWANGER: It would he true for
thermal distortion for the reasons that Professor
Pischinger gave.

MR. DYNNER: Thank you.

(There is a discussion off the record)

JUDGE BRENNERs We’re going to jo back on
the record now.

BY MR. DYNNER:

Q. Dr. Pischinger, let me go bhack just for

one second.
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The two enjine skirts and the engines ydu
referred to, the MANL 32-=36 engines what is that
piston skirt made out of?

DR. PISCHINGER: If I recall right, it is
aluminum alloy.

Q. And the MWND-5, is that aluminum also?

DR. PISCHINGERt Aluminum piston skirt.
It has no affect on the calculation, of course.

DR. SWANGER: Judge Brenner, the one
minute break we had was enough to absolutely resolve
the difference between our calculations and
Professor Christiansen’s calculations, if you would
like to know the origin of discrepancy.

JUDGE BRENNERs Is that okay with you,
Mr. Dynner?

MR DYNNER: I7d he delighted to know it.

DR. SWANGER: Referring to County Exhibit
18, on the first page of that exhibit, ooint number
five, it is writtent "Effective thrust area on
skirt equals skirt height times cylinder bhore
divided by the square root of two."

In my experience, 2ight vears with the
engine parts division of Imperial Clevite
Manufacturing sleeve bearings for such engines, 1

have dealt extensively with the concept of unital
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pressures, and the standarcd definition for unital
pressures would be strictly a height times a
diameter. The factor of square root of two is
non-standard in this type of calculation.

FaAA’s calculations and Professor Pischinjer’s
celeulations are done with the standard definition
of unital pressures, not with what we feel is the
non-standard definition in the County’s exhibit.
That factor accounts for the difference in the

numhers reported.

DR. PISCHINGER: May I add that figures
given for the other comparable engines or engines in
comparison are, of course, all calculated according
to the same definition. That means still are
comparable, that means that steel engine with at
least 36 higher side thrusts are in operation.

JUDGE BRENNERt So it would he == I want
to make sure that we’ve got all the terms equated,
Dr. Swanger, what you had calculated would be
multiplied. The way you would caluclate it would bhe
to multiply the skirt height times the cylinder hore.

DR. SWANGERt Yes. That would give you
the projected area of the skirt. 1Its diameter times
its height and that is the standard technigue for

computing unital pressures.
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8Y MR. DYNNER:
Q. Is there some textural zuthority that you
can give us for your stating is the standard

technique?
DR. SAANGER: Since we just discovered

this discrepancy in a one minute break, I can’t give
you the textural reference now, but I’m sure {f you
look in ASME wWear Control Handbook, for instance, in —

JUDGE BRENNER: I“m sorry, what was the
title?

DR. SNANGERs ASME, American Society of
Mechanical Engineers, Also =--

JUDGE BRENNZRs Yes. I knew that much.
But we’re -—

DR. SNANGER: We-~r Control Hanibook.

Also publications in the Society of Automotive
Engineers Literature about calculation of journal
hearing pressures would a2ll use the same unit
pressure definition.

JUDGE BRENNERs Do you want to = Jid vou
include Dr. Pischinger in your question, tnn, as to
whether he had a textural reference?

MR DYNNER: VYes. Do you have a textural
reference — I“ve included any one of them.

NDR. PISCHINGER: So numerous that [ hava



really difficulty now in naming them. Of course,

it’s German literature, but there are a lot of
textbooks which the unital pressure on =-— bdearing
whatsoever slightly on the surface is the projected =--
the force divided by the projected area.

Q. Dr. Swanger, doesn’t your statcment
assume that the bearing =—— that the journal sits in
a bearing and contacts the surface over 180 degre=s?

DR. SNANGER: As Professor Pischinger had

O VY O g4 0 U » W N

said, knowing the exact distribution of pressure

around the skirt, it’s a very difficult problem in

elastohydrodynamics to solves therefore, for rule of

n

thumb or design guideline calculations such as this,

w

simplifications have to be used.

H

' 15 The one that is in use in the diesel
16 engine industry is to divide unital —— is to define
17 unital pressures as projected areas, diamesters tims2s
18 lengths with no other correction factor.
19 MR. DYNNER: Judge Brenner, if you’re
20 ready, we have —
21 JUDGE BRENNER: [I’m ready.
22 MR. DYNNER: ®We have unfortunat=zly snly 2
23 limited numher of photographs. We have two copies

of the photograph, we tried to get extra copies, biit,

n
F N

unfortunately, the photographic store has not

n
n
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waga 1 cooperated and 1 don’t know where the extra copies

2 are now but they will »e furnished later.

3 We would like to distribute at least on=2
‘ 4 copy, Show the copies to counsel and the staff, an+

5 have a chance to ask the witnesses a couple of

6 questions.

7 The photographs in cuestion, just for the

8 30ard’s information are in the first place a

Q photograph taken by Mr. Bacchi of (Ocsan Fleets and

10 during the June 1984 inspection of the AZ cylinder —

11 of the AE piston skirts at Shoreham. It is a

12 picture of the scuffing on EDG 103 piston skirt

s 13 which is referred to in the County’s direct

. 14 testimony.

15 and the other photocraph is of a piston
16 removed from EDG 103 during the same time, which
17 shows the scoring that is alluded to.
18 We do not have these photogranhs
19 available in time to attach them to the direct

20 testimony, but i think that they would aid and

21 assist the 3o0ard in understanding that testinmony 23
22 well as in eliciting some cross-examination
23 testimony from this panel about what these marks

. 24 mean.

25 JUDGE BRENNZR: All right. Well, IZ11
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let you get them marked for identificatinn, we’re

going to have to work out the logistics of locking

at it here, and we/1ll let you go with it subject to
your representation that you’re J0ing to be able to
tie them up as being what you represented them to he,
presumably, through your witnesses.

When they jet on the stand it may be vou
don’t have to do that because it may bhe thease
witnesses can do that for you, but if they can’t,
you’ll have to remember to close the looo in order
for us to use any of this.

We have only two copies.

MR. DYNNER: I“m sorry.

JUDGE BRENNZR: Why don”’/t you let us lnok
at it for a moment and then we’ll give it hack to
you, somebody else.

You have two photos.

MR. DYNNER: Yes. | want to give you the
other one, we’re goinj to try to keep thess
separate, we’re j0ing to mark them for
{dentification. It might he less confusing to o
them one at a time.

JUDGE BRENNERs Can you get it for the

renorter tomorrow, the additional copies?

MR DYNNZR: wWe’ve 3ot people trying to
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hring them up by car somewhere. We had a foul=up.

JUDGE BRENNERs See {f you can get them as snon as
possible so we can use them in as close in time when we us= ic.

MR. DYNNER: The first = [ have to reaid
it, Joe.

JUDGE BRENNER: 1711 do it. It refers ==
the first photo, Suffolk County Exhibit 71 for
identification has been laheled hy the Countv, a
photo of a piston removed from EDG 103 taken hy
Anesh Bakshi at June 1934 at SNPS.

JUDGE BRENNER: Unfortunately, as Judge
Morris points out, you’ve entitled hoth phoatonaraphs,
we didn’t get to the second one yet, exactly the
same. Can we call the first one something and the
second one something else?

What was the point of the first one,
again? One was scoring and one was scuffing.

MR. DYNNER: Yes. I think the first on=2
is scuffing. Mr., Brigati will h;lo you out there,

JUDGE BRENNERt A4d to the title scuffing
after SNPS.

(Exhibit Diesel=71 is marked for
identification.)

JUDGE BRENNEQs I hope we can zat all the

important descrintive things, both the gusstion and
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the answer in words on the transcript rather than
reliance on the photos and follow it as we’re doinj
it now since we don’t have a photec in front of us,
although we have looked at the photo prior to the
guestion.

Whenever you’re ready, Mr. Dynner,

Thank you.
3Y MR. DYNNER:

Q. Gentlemen, have you had a chance to
examine the photograph of the County Diesesl =Zxhibit
71 which purports to show scuffing of a piston skirt,
you any of you seen an AE piston skirt removed fron
EDG 103 that had this 2ppearance which, if I can
descrihe it vaguely, is an U=shaped pattern within
the sort of V or U=shaned pattern, there is 3 darkar
color material than what appears tn he the lighfer
colored material in the other portions of the skirt.

Do any of you recojnize this piston skirt?
JUDGE BREMNNER: Mr. Brigati, while
they’re doing that, you can show this -— you can
show it to the staff,
So that the guestinn is = reminds me of
some other cases that [/ve heen at bhut the gquestinn
is have you ever seen this piston?

MR. DYNNER: Yes. That was the
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gquestion.

JUDGE BRENNER: All right.

DR. PISCHINGER: une entrance remark, the picture
is out of focus which makes it very difficult to sayanything
definite.

JUDGE BRENNER: That was my = it was my onininan
that the picture appeared to be out of focus also. As to

the second part, you’/ll have to testify to that, wnhethsr ysu

can tell anything or not.

MR. YOUNGLING: Ju-dge Brenner, :.ione of us have
looked at the pistons in the 103 engine after they wer=2

removed =--

DR. PISCHINGER: Of the present.

MR. YOUNGLING: After they were removed to
replace the engine blocks howsver, the pistons wer: all
inspected as part of the DROR nrogram during that repair

process and found to be acceptable.

Perhans Dr. Pischinger could comment on the

ohoto, if he feels he can.

JUDGE MORRIS: Before he does, you said they were

inspected, Mr. Youngling, by whom?

MR. SSAMANS The pistons were inspected by JRQOR
oersonnel, quality control personnal associated with the

Owners Group.
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JUDGE BRENNER: Well, some of them may or
may not have been local people. D«QR is a
conglomerate or conglomeration. Did any LILCO

oeople look at it?

MR. YOUNGLINGs Yes. Test Engineers in
the start-up organizatinn who were supervising
rebuilding the engine looked at them, in addition
there were TDI personnel on site supervising the
rebuilding effort who also looked at them.

JUDGE BRENNEZR: I wasn’t very clear, I’n
sorry. | understand that anybndy would have used
them in the work may have seen them. [ msznt peopole
looking at them for the purposes of inspecting {t.
were there any LILCO personnel -

MR. YOUNGLING: Standard practice when
you take an engine apart.

JUDGE BRENNZR: Dr. Pischinger, you wer:
invited by one of your colleagues on the panel to
comment.further. if you thought you could,

DR. PISCHINGERs Yes., Of coursa. 1 am
willing to say something, but, of course, vith very
much precaution of the out-of=focus pictursz,.

May I say this, it reainds me, I know an
expert who had been shown a cross-section »f 2

sausage as a metallograohic structure ani ne



0010 0!

waga

N O WwN

Qo v O

13
14
15
16
17
18
19
20
21
22
23
24
25

22425
identified it as nodular cast iron.

JUDGE BRENNZRt Your point is well taken
as stated. Stated by you much better than my opoor
attempt to remind Mr. Dynner that he was having t»
tie up the pedigree of that photograph witn his own
witnesses if the witnesses here could not 3n1 he’ll
keep that in mind.

We’ll also not try to gqualify his expert
witness as an expert.

DR. PISCHINGERs 3ut, of course, [ will
do my best with all precautions.

You have to be aware, it lonks to me 2as
if the tin plating of this oiston partially is worn
in the black or dark colored area.

This would he not so unusual, hecause
with all this tin plated pistons, the tin plate is
used for break-in purpnses, during hreakiny to givs
further safety, and it usually wears after short or
longer time depending on the thickness of the layer,
and the break-in condition ohtaineds so the only
thing I can say, there is a difference in colnr, one
color, let’s say, silver shining in the photograch
seems to be tin layer which is still there or at
least partial layer and the darker colored aras

seems to be a tin layer which is already worn that
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the normal way.

As far as | can see by this focus, ther=
is no sign of scuffing nor scoring.

Qe When you testified, Dr. Pischinger, it
would be worn in the normal way, worn after how many
hours of operation, that certainly would be 3
consideration, wouldn’t it?

DR. PISCHINGERs Certainly. It depends
upon the -— again, as | say, on the thickness of the
tin layer of the way of operation of the hours. of
the lubrication oil, a lot of influences are ther=:.

It is not unusual after severe nperation ==
severe | mean parts of over load, that means higher
than the usual one hundred percent load that tin
layer is worn out earlier than i{f you have
continuous operation at lower lo3d, below the
highest load.

Q. Can anyone on the panel tell me how many
hours the ENDG 103 ran with the new AZ pistons in
them before the aengines was disassembled for the
inspection in June?

JUDGE BRENIEZRs That’s the guestion.

Just hefore that, ! want to make sure 1’m hearing

you correctly, Dr. Pischinger.

Are you saving tin laysr rather than thin
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layer?

DR. PISCHINGZRs Tin, the metal tin.

JUDGE BRENNERs That’s what it sounded
like. I just wanted to make sure,

DR. PISCHINGERt Not a thin hut a
tin. Maybe a thin tin laver.

JUDGE BRENNER: Mr, Dynner’s other
question is pending.

MR. YOUNGLING: Diesel engine 103,
operated approximately 530 hours prior to the time
that the pistons were removed in June, anid I should
also point out that after the block rehuild, theso
pistons were put hack in the engine and have
operated successfully for an additional 250 hours
aporoximately.

Q. Mr. Youngling, of the 530 hours, vou say
the AE pistons were run prior to this inspection in
SDG 103. Can you tell me how many of thos2 hours
were at or above a hundred percent load?

MR, YOUNGLING:s Between 100 and 125 hours,

Qe Nr. Pischinaer, in your experience, wolAd
you chink that the tyne of markings shown In this
shotograph on this piston skirt wo'tld he expected on
a skirt chat was run for ahout 530 hours, 109 to 125

hours of which ware at full ar ahove full load of

3,500 kw?
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DR. PISCHINGER: That’s not unusual.

May I, perhaps for understandiny it,
those engine people who are only familiar with
coated pistons of other types where the coating is
of a dark color, they are usually surprised by the
pictures because if this dark colored layer wears,
then there is no big difference in color, and it
doesn’t look so interesting.

In this case, you have the difference »f
the colors of tin and the cast iron surface which
in the first moment gives you an ooinion »f what
have we here, but all source of wear, within several

hundred hours of operation part of it beinjy full

load.

Q. Gentlemen, you have responcded in part on
page 61 in your answers 96 and 97 to the County’s
4irect testimony about their interpretation of the
scuffing on this particular piston. [ fjust want to
we sure that I understood. 1s it correct that none
of you gentlemen individually inspected ths scuffed
oiston to which the County has referred anid which
this photograoh represents, as will be estahlishe

later on?

MR, YOUNGLINS: As Dr. Pischinozr has

testified, this is not a scuffed ciston, and, yes,




you’re accurate that we have testified that
no* personally inspect them in June,

Q. All right. Did you i{nsnect this — any
of the pistons which, according to your own exhibit
32 = if you’ll turn to Exhibit P=32 for a moment,
you will see the last seven paces of that cover
inspection reports on ED3 103 and relate to what is
called here scuffing of pistons five, seven and
eight on EDG 103 during inspections that tonok nlace
apparently in March of 1934,

Now, were these piston skirts that

identified as five, seven and eight that were

inspected and then dealt with in the == thzse DRA

reports or reports that made part of the DiQ4 report,
would any of these =—— the piston skirts that were
made available from the disazssembled EDG 173 for the
County to inspect in June of 19847

JUDGE BRENNZR: While they’re considering
their answer, it’s 3:3), we’re going to brz2ak after
this answer. I nhope y»u are over in the time we have
set for you.

Ahat did yo's have left tn et to?

¥R DYUNZRet The faw quirk guestions on
the other photograph and [ suproses mavhe twentv

ninutes on the balancz of the cross=examninatinn plan,
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JUDGE BRENNERs For the life of me, 1

don’t understand with why you decided to waste your
first half hour this afternoon on lnoking 3t thosa
articles.

There are other engines that the
witnesses — the articles at least with which the
witnesses were not familiar and then wait until your
time is up to ask particular guestions ahout the
Shoreham pistons. That’s the problem you have.

MR. DYNNER: Judge Brenner, we’re goiny
to forget this other picture.

JUDGE BRENNERs They’re still preparing
the answer. This may he a good time to break,
¥e’1l]l give you fifteen more minutes after the hreak.
You can include the other picture or not. It’s uo
to you. It’s going to be your fifteen minutes.

MR. DYNNER: I think I’ve heard this
hefore in other contexts and I will do my hest to

try to speed things up as much as I can.

JUDGE BRENNERs I think ynu mav know it’s
uncharactheristic of us to = [ don’?t thint yonlve
merited the other fifteen minutes, [ want ynu tn
know that in the past there for one nr twn times

where we jave you additional time where we thought

it was merited. I don’t think it was rerited here



22431

~ waga | hecause while you may still have a few things to j2t
to we’d like to hear, you went through other thinas
first which weren’t necessary to go through to get
there.

I also took some of your time in my

questions of that article, just to. I thouzht,

N O U A WoN

emphasize to you the problems with using articles

like that when witnesses are not familiar with then,

8
9 and I take that into account, too. [ pronabhly could
0 have refrained from doing that, protected your tin=

i for that ten minutes. We/ll come back at 3850,

12 (Recess)
13 JUDGE BRENNERs All right.

' 14 Mr. Dynner, you may complete your
15 cross-examination now. It’s 3:50., Keep an eve on
16 the clock and come to a logical conclusion hefore
17 five.

.18 3Y MR. DYNNER?

19 Qe Yes., There was a pending question,

20 jentlemen, as you”/ll recall, whether any of th2

21 siston skirts that are shown on Engine 107 in

22 Exhibit P=32 are the same as the skirt with these

23 marks which was inspected in Jurie by the County. 7o
. 24 you have an answer to that question?

25 YR, YOUNGLING: Yes, Yr., Dynner-,
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As part of DRQR program, TER nunmber
0=500, a visual inspection of 211 eight of the
pistons was performed during the block renlacements
outage. That would have included this ciston.

The results of that inspection showed,
and I’m reading from the document, no unusual
scuffing or scratchinj was observed on the outhoard
portions of the oiston and piston skirts.

Q. Is that document in the group of
documents in Exhibit-327

MR. YOUNGLINGs Yes, it is. Yo should
go from the back of the exhihit, and if you 39
forward, one, two pages.

Q. Mr. Youngling, can you {dentify for me
who made the decision that this = that th2 markin)s
on these =— on the pistons shown in the photograch
that we’/ve given you to look at has no unusual

scuffing or scratchinj on it?

MR. YOUNGLINGs These inspections were
performed by members of the D.QR program in the
quality assurance arm of that program.

MR. FARLEY: Mr. Dynner, I think there’s
a failure of communication. =zither yousre waiting
for an answer or the panal is waiting foar = guestinn.

MR, DYNNER: I’m sorry. I was waiting
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for you to identify the individuals who made this
decision.

MR. YOUNGLING: I4m sorry, Mr. lynner.

MR. DYNNER: Thank you, Yr. Farley.

MR. YOUNGLING: If you look at the
exhibit on the bottom, there are sign-offs of the
signature of the individual who prepared the
inspection report, and a rev.ew by signature.

These were both Stone and aehsger emplovees
working in the DROR effort.

Q. So it’s your testimony, “r. Younglinag.
that the subiject piston shown in the photoaraoh is.
in fact, not covared by one of the inspection
reports in the earlier pages which referred to
pistons five, seven and eighti is that correct?

MR. YOUNGLING: No, that isn’t correct.

Since I don’t know what piston that is, I
can’t make a determination as to whether it was in
number five, seven or eight cylinder,

JUDGE BRENHERS Sn the sign-offs here
that you’re talking ahout are the2 ones on the secHnd
to the last page.

MR. YOUNGLINGt Yes, judge.

JUDGE BRENWER: Sign=nffs on the last

page of Exhibit 2, is that part of the sams
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MR. YOUNGLING: Yes, it is. 1It’s a
follow on document to take care of the second
paragraph of the — the concerns in the second
paragraph of the previous paje dealing with the
carbon problem,

JUDGE BRENNZR: Those sign=-nffs have
LILCO people as well as S & " people according to
the printed boxes. I don’t know if the sijnatures
are =--

MR. YOUNGLINGt Yes, there are Stone
Yebster people on there. There are start-up
personnel, and there are LILCO quality sassurance
personnel.,

If you’d like, I can identify the LILCO
amployees.

JUDGE BRENNER: I don’t need it. It’s up
to Mr. Dynner.

Q. Mr. Youngling, I just want to be sure
that I understand your testimony, hecause in the
first couple of nages nn EDG 103, there is 3
document called 2 159 followed by LDR numher 2193
that do identify scuffing on piston skirts for
aumhers five, seven and eight pistons, and attached

to that, on the »ack, there is a document that
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appears to he from DelLaval dealing with those
pistons, number five, seven and eight, that aopear
to have scuffing. I just want to he sure that
you’re certain, if you can be, that the piston skirt
shown in the photograph is not, in fact, either five,
seven or eight.

MR. YOUNGLING: Mr. Dynner, I am certain
what ] testified to.

TER-159 was an inspection performed after
the pre-operational program, hut the anproximately
100 hours on the pistons at greater than or egual to

3,500 kw.

At that time the engine was takzn down
and “disassembled.

Three of the pistons were looked at under
the program, TER?D 159 was generated.

Then in May — I’m sorry, in April of
1984 == as part of the repair of the engine to
replace the engine block, we dismantled the engin2
again and pulled out all eight of the zistons and
nerformed the inspection coveresd hy T:i=2 500,

Now, since I don’t %now what piston this

is, 1 cannot identify whether it is five, seven or

eight. So I can’t tell if it relates to the TER 139.

MR, FARLEY: And this, for the record, is
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County Exhibit 71 for identification.

Q. Gentlemen, if you turn for a minute to
page 69, if the answer to question 110, it stated
that in 1983 the Shoreham EDG’s had Knrpers piston
rings and were experiencing an excessive amount of
carbon buildup on the piston crown as a result of =
recommendation of the DRQR program, those rings have
heen replaceds however, with Yuskegan piston rings.

Nhen were those Muskegan piston rings
installed approximately?

JUDGE BRENNER: Mr, Dynner, if your
interest is in relation to some other time, maybe
they can answer that, rather than find a narticular
date. Or was it a particular date that you had t»
have?

MR DYNNER: An approximate day, {f I
could.

JUDGE BRENNZR: What [ mean is the only
significance would he whether it was before or after
something else. Why don’t you ask the» the guestisn
in that way.

MR, DYNNERs Maybe they have the answer.
Do you have tne answer?

MR. YOUNGLING: Yes, We replaced the

niston rings on each of the engines at di fferent
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times, and as | rememner, the last engine was done
by March of 1v84,

Q. Was an analysis made to find out the
source of the carbon that had become huilt up on the
piston crown?

MR. YOUNGLINGs As part of the DR
program and the LILCO a2ffort to review thes engines,

™

we saw this carbon buildup, and hoth FaAA and Dr.

Pischinger, looked at the buildup and resulted in
the recommendations that we talk about in »ur answar
to the question 110 in our testimony. [“11 ask Dr.
Pischinger to comment on his observations.

DR. PISCHINGERs Well, carbon buildup is
not unusual for =—— it’s usual in an eniine of such
type.

What we were concerned with was that
carbon buildup behind the piston rings and near the
piston rings on the crown was a2 little more than
usual, which at least could lead to engine wear in a
shorter time than usual, and we, therefore,
recommended to use in comhination with the
recommended and now used Muskeocan niston rings which
have a shape unsymmetrical bell=shaped face on tn=2
first ring, which used in comhination with this

rings, a high detergent oil which is, in janer=al,
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weneficial in reducing such coat huildup.

This detergent oils which are widely used
also in marine engines help to dissolve this carhnn
products.

It is not usual to analyze such c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>