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waga I UNITED STATES OF AMERICA
2 NUCLEAR REGULATORY COMMISSION
3 BEFORE THE ATOMIC SAFETY & LICENSING BOARD
‘l’ 4 . o - > S B o et X
5 In the matter ofs ?
6 '
7 SHOREHAM NUCLEAR POWER STATION ¢ Docket No.50-322-0L
8 :
9 (Long Island Lighting Company) :
10 :
1 - - ———— - X
12 State Office Building
13 Veterans Memorial Highway
‘ 14 Hauppauge, New .York
15 Thursday, September 13, 1984
16 Hearing in the ahove-entitled matter was
17 convened at $:00 a.m., pursuant to notice.

18 3EFORE?®

19 JUDGE LAWNRENCE BRENNER,
20 Chairman, Atomic Safety A Licensing Bnard
21 JUDGE PETER A. MORRIS.,
22 Memher, Atomic Safety & Licensing 3oard
23 JUDGE GEORG= A. FERGUSON,

‘ 24 Memher, Atomic Safety & Licensing Board
25
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Kirkpatrick, Lockhart, Hill,
Christopher R Phillips

1900 M Street, N.W,

Nashington, D.C. 272036



0020 01 224117
waga 1 Septembher 13, 1934, Whereupon,

DAVID 0. HARRIS,

DUANE P. JOHNSON,

ROGER L. McCARTHY,

FRANZ F. PISCHINGZR,

CRAIG K. SEAMAN,

LEE A, SWANGER,

@ N O U s WwWwoN

and
v EDNARD J. YOUNGLING
10 were called as witnesses on behalf of the Aoplicant

11 and, having been previousiy dulv sworn, were

12 examined and testified as follows:

13 ; JUDGE BRENNER: Good morning. Yesterday,
. 14 Mr. Goddard, you had wanted to raise a matter with

15 us, and I asked you to hold it until today. Do you

) still want to raise that matter?

17 MR. GODDARD: Yes, I do, Judge gsrenner.
18 It concerns the availahility of one of the staff

19 witnesses who will he testifying on the shot peening
20 of the crank shafts, and the acceptahility cf the

21 cylinder hlocks. That’s NDr. Spencer and 3ush.

22 Recause of prior commitments, Dr. Bush is
23 joing to be available for only a limited period of

time prior to the 8th of October. The days that he

". 24

25 woiuld be availahle are the 20th, which is 3 week
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from today, next Thursday.

JUDGE BRENNER: You’re going to tell me
he is available one davy here and one day there?

MR. GODDARD:t No, he will be available
the 20th through the 25th only because of prior
commitments. However he may well he availahle after
the 24th of Octoher, if it lnoks as though we are
going to be in heariny at that time.

Accordingly, the NRC staff would reguest
that the NRC witnesses be impaneled during that
neriod for purposes of cross examining Mr. Bush
alone on the issues of shot peening, and ajeguacy of

the cylinder blocks.

JUDGE BRENNER?® have you discussed this
with the other narties?

UR. GODDARD: I have not had a chance t9
do so at this time. [ will do that.

JUNGE BRENNER:t Go ahead and do that., I
don’t want to take it up now.

MR. GODDARD: [ just wanted to notify the
3vard of your prohlem,

YR. ELLIS: Judge Brenner, he has
discussed it with '1s and we are hanoy to accommodate
it.

JUDGE BXENNZR: Wajit a minute, “r. Elliss
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waga 1 3ive a chance to the Staff, please.
2 MR. ELLIS: Sure.
3 JUDGE BRENNER: Welcome bhack.
. 4 MR. ELLIS: Thank you.
5 JUDGE BRENNERS 1 see potential problenms,
6 Mr. Goddard, with taking subjects totally out of
7 order, especially since it involves two suhjects,
8 not just one subject. I have already expressed
9 concern in that regard.
10 The Staff’s panel would be coming on last.
11 4hen will he he availahle heyond that time?
12 de know that he is not availahle until after the
13 22nd=24th of (October, in that time frame, We do not
. 14 know his exact schedule after that period of time,
15 MR. GODDARD: The Staff would not make
16 this request if it did not fesl there was any other
17 way to accommodate it. We do feel of course, that
18 this information is highly orobhative,
19 JUDGE BRENNER: Well, it blocks the total
20 subject on one part of the contention. I can see
21 the possihility of mayhe takingc something like the
22 shot peening out of order as an isolated sub ject.
23 3ut yousre asking us to take two suhjects nut »f
. 24 order. It jets very difficult to keep the subiect

25 matter in mind as it is.
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It was not my poreference to proceed the
way we are going in any event, but at least we have
the subject matter together from the witnesses for
one party in the sense that all parties can ask
their cross-examination, and can get direct and
follow=up on the subject.

This hearing has been scheduled for a
long time. One thing I helieve the Board can take
credit for, and maybe in your view it’s the only
thing, is that we scheduled this hearing with great
oredictability.

We scheduled it »ack in June, We know
there are a lot of people involved and a lot of
schedules involved. The Board’s schedule also has
nean involved. And we scheduled it back in June.
Everyone knew then when the hearing was 20ing to
start.

As it turned out we unfortunately had to
make a last-minute adjustment, and start later,
because >f the Staffs’s scheduling.

This nas been known for a lon3 time, and
now you are t2lling me a witness whn you’rs
jepending on is not available for anproximately a
month.

MR. GODDARD: That is correct, Judje

22430
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3renner. The Staff will not apologize for failinj

to schedule Mr. 3ush earlier. He .as added to the
NRC Staff’s panel because of relatively unexpected
new material introduced by Lilco with regard to the
metallurgy of the blocks. He is also the witness
who by virtue of his qualifications and expertise we
have used for the preparation of the shot neening
testimony.

At the time this hearing was scheduled
and for some time thereafter we d4id not know that
Jr. Bush would be a memher of the NRC Staff opanel.

JUDGE BRENNZR: Well you want us tn take
him next week., [“m sorry, the week after next,

’ MR. GODDARDt Monday and Tuesday of the
following week and possibly next Thursday an the
issue of shot peening, since we expect we will he nn
the crankshafts at that time.

If thare’s some assurance, and [ think we
can find out further information on Dr. Bush’s
Netoher and pnssibly November sche-dule.

JUDGE BRENNER: [ don’t want to talk
ahout it any longer.,

YR, GODDARD: Okay. It wasn’t my

favorite sub ject.

At this point I would just like to alert
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waga 1 the Board to the serinus possibility that this will
he discussed with the parties and [ will get back to
you, Judje Brenner,

JUDGE BRENNER: He is availahle the week
nf the 24ths is that what you’re sayino?

MR, GODDARD: The 24th and 25th only.

~N O J s WwoN

He is leaving for turope on the 25th.

3 JUDGE BRENNER: I don’t think it’s qoinj
9 to be workahle Mr., God4ard, my personal opininn.
10 fou better find out how important his opinions are.
1 I think we can take care of shot peening along the
12 lines you sugjest, but | have great douhts as to

13 anything beyond that.

14 But {f you can present me with a concrete
15 nroposal agreed upon hbv the other parties, or at
15 least with the other parties’ views, we will

17 consider it.

18 MR. GODDARD: Thank you Judge Brenner.
19 That’s all I nave at this time.

20 JUDGE BRENNERe: If there are no other
21 oreliminary matters =— did yosu have something Mr,
22 cllis?

23 MR, ELLIS: I think there was a matter
24 or question pendings Yr. Youniling is nrenared tn

25 address that.
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JUDGE BRENN:zZR: The pending questinn was
whether someone on the panel could inform us as to
the planned inspections of the pistons for the
oro jected operational life of the diesels, if in
fact there’s any operational life. Mr. Youn3ling.

MR. YOUNGLING: Judge Ferguson, the TDI
instruction manual in the maintenance se~tion
requires that at each refueling nutage that we
perform cold compression readings on the engines and
assess firing pressures. Based on those readings,
we would then make a Jecision to inspect the 2iston
rings and cylinder liner, based nn those results.

The DR0OR program in Volume ¥ Anpendix 3 =
Appendix 2, I’m sorry, Maintenance Review, reguires
that a five-year inspection he perfcrmed on the
pistons, mainly dealiny with dimensional areas,
d4imensional checks.

The: company feels very confident in the
results of our analysis that the pistons have
indefinite life. However, to address your concerns
the company will, at the first refueling o'1taoce,
inspect the piston boss areas on all 24 pistons, hy
addy current and DP examination.

JUDGE FERGUS/ Nt Was that the end af yoiur

answer?
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MR. YOUNGLING: Yes, sir.

JUDGE FERGUSNON: 1 want to thank you for
that, Mr. Youngling. I think that’s very heloful.
[ don’t want to get too deeply into this s'hject,
hut [ hope you understand my concern, that althoujh
many of us have Jreat respect for many of the
mathematical techniques that are used to predict
avents, it’s always reassuring from an engineerinjy
noint of view to be sure that the measurements track
the data., At the aporopriate time

Based on what | have just heard from Vr,
Youngling, Or. Swanger, you remember the testimony
you read yesterday, the last statement that [ was
concerned ah»out, do you feel that you want tn sav
anything further that might clarify what you meant
ny "No further operational inspections are regquired"?

DR. SWANGER: Yes. That statement
refarred to the fact that there have already heen
two sets of inspections on the AZ pistons in the
shoreham engines.

All of the pistons were given a thoroauin
inspection prior to opesration by e‘dy current, by
dye penetrant, tn demonstrate thal there wzre no

reportable indications in the hijhly stressed stud

"0s5s area,
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wiaga | In addition, after 17 hours of operatinn,
at or ahbove the 3500 kilowatt level, 10 of these
pistons, 10 out of 24, were disassemhled for post-
operational inspections, and as we have exolained
earlier, we looked at all of the stud boss regions,

in all of these pistons, the total of 80 highly=-

~N O s WwoN

stressed areas, and 42 stud hosses, and found no

8 operationally-induced flaws there.

Y This, of course, fits right in line with

10 our prediction that nothing would happen in these

Ll pistons.

12 Thus we fee]l that we have demonstrated,

13 through the application of very standard engineering

14 fatique principles, that these pistons are onerating
‘ 15 helow their endurance limit and with no

16 oreexisting flaws, and with no patential for any

17 flaws which might be there tn propagate anyhow, that

13 the discipline of fracture mechanics as anplied to

19 many engineering and transportation studies,

20 conservatively, in this case, tells us that further

21 routine nariodic inspections in the stud hnss ares

22 for cracking are not warranted.

23 JUDGE FERGUSNON: Is what you == you just

24 seemed to indicate that all of the measurements that

. 25 Yr. Younzling s2id he is noinj to take are reallv



22454

Is that what you’re saying?
The routine maintenance

0020 01
waga | unnecessary?
DR. SANANGEnN:®
Youngling discussed are those
performance attributes of the piston, othar than
The measurzment

%
cracking in the stud hnss reginn,
the tin on the nutside nof the

6
nf the normal wear of
The measurement of the side clearancz2 of
These are tyoical

inspections that Mr,
recommended by TDl to assess a number of the

s 0w

piston.
the piston rings to the piston.

measurements that should be taken nn a neriodic

to assess the tntal performance of the piston,

in the engine.

the

oiston,

»asis,
including the AE piston skirt,
we fee]l confident that in

12
However,
area of cracking of the stud bHosses in the A:

that the conservative anplication of proven fracture
mechanics technijuss does recommend that no further

16
inspections are required.,
JUNGE FERGU3ON: I’m really trvina to 2ot
Ur. Younnlin:

across a very simple-minded concept.
4id you say that during these routine (nspections

13
19
2
21 you would, in fact, do 3 thornugh inspactinn of the
22 niston, looking for cracks as well as siins of wear
that Dr. Swanger just mentioned? Let rme hz very
Nill vou lnank for rracks during vour

23
24 specific.
rostine inspections?
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waga | MR. YOUNGLIN3s During the inspzction of
2 any piece of apoaratus, the inspector is aiwavs
3 looking for unusual =signs. Cracking would certainlyv

»

e nne of the signs that he wonuld be looking at, ves.

5 JUNGE FERGUSON: So you will be sensitive
6 to the fact that there may he cracks and you will ne
7 looking to se2 {f there are, in fact, Aany cracks, is
8 that correct?
9 MR. YOUNGLINGs Judce Ferguson, we dno nnt
10 feel that there will be cracks, hut we will he
R looking at it as a part of our normal rnutine
12 oractice.
13 JUNGE FERGUSMN: Fine. That’s, I think,
14 a very good idea, .

. 15 Sut, Or. Swanger, is your testimony that
16 that is a waste of time or it’s unnecessary? Dr.
17 Swanger, [“’m asking a»out his testimonvy.
18 NR. SAANGER: I fee]l that it is very
1y prudent and very very cautionus and verv very
20 conservative to 1o these insnections, Fron mv
21 standpoint, with 3 reasonahle dejree of enqineerin:
22 certainty, I do fee]l that such insoectinns are
23 UNNeCcessSary.
24 JUDGE FERGBUSHN: All right., Nell the

II 25 soint I hope that we leave this with, and [ “don’t
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want to spend any more time on it, is that we Aare
not lead to a2 feeling of 3reat comfort in our
calculations such that we don’t 4o things that
normal engineering practice suagaests we do. It is
important to have confidence, 1’m sure, in our
calculations, but those calculations should always
e verified by inspection. I did not want the
record to indicate that snomehnw FatA or Failure Analvsis
Associates had led Lilco to a feeling that the
calculations say that there are no flaws there, there
are no cracks.

We didn’t sea any when w~e were inspecting
these pistons hefore, these skirts hefore, they went
into the engine, and therefonre you’re wasting your
time to look for such cracks.

Just one final point, and [ want to leave
this, and that is the testimnony 3s [ understand it
has indicated, »ased on the analysis that was
nerformed, if a crack is less than a half inch, it
#ill not propagate. [s that the testimnny?

NR. SAANGER: That’= part of the
testimony. As we alsn indicated with respeect tn 210
of our exhibits, if you give me tne time tn loncate
it.

The analysis did say that cracks one=half
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inch deep will not propagate.

But as we also just storped our analysis
at that point, we feel that we could have carried it
even further than half an inch, and cracks larger
than half an inch also will noat oropagate.

Sut we felt that half an inch was such 3
conservative numher to chnose, and [ am referringy to
exhibit P=-25 in Lilco’s exhihits which indicates
that the analysis was merely terminated at half an
inch, as a very conservative place to terminate it.

3ut we feel that cracks even “Jagper than
half an inch als»s will not prosajate, were they to
he there. We also feel that there’s no way to
instantaneously jenerate any kind of flaw, crack or
Jefect half an inch deep.

JUDGE FERGUSONt That’s heen very helnfil,
Jr. Swangjer, | have no further questions.

JUDGE BRENNER: Mr, Younaling, [ have 3
followup. You saio vou were j0ing to nerfarm an
insnection on the siston which yosu dascrihed at the
first refueling outage. [ thought that the TDI
4iesels were J0ing to »e removed froam any service 3s
emergency standby diesels for Choreham at the first
refualing outage.

Mo, YOUNGLING: Judce Brenner, Hased on
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our total analvsis of the diesel aznerators, lnoking
at our overall effort, not onlvy in these four
components, but the remainder of the engines, LilecH
is extremely confident that we will be abhle to
Jualify these enjines.

Consequently, we are planning as 3nod
orudent managament to insure that thess enjines are
available not only for the first cycle, hut future
cycles. And the Colt diesel engines will he used to
complement the T)! diesels. Ard the Shorehan plant
will be one of the most unusual plants in the United
States, in that we will have six gqualifie. '"2sel
generators to suoport plant oneration.

JUDGE BRENNZR: Actually it will only h=
unusual by that number, bacause there are nther
nlants with snaller 4dicsels and a laraer numbher,

[ guess it would help me some time when
it’s convenient, not tnis week, for Lileco to give ne
a3 hrief oral rendition of what findings Lilen is
asking us (o make with respect to the time frame
Juestion on the diesels, hecause there’s tastimony
that relates to that, oartiecularly the 5taff’s, ani
[ thought it was an official nronosal that Lileo was

anly relyving nn these diesels until the first

refueling cvele.
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I don’t know if that matters to anv of
our findingss let me say that at the ontset, bHut it
might. And if I could get that explanation in the
near future in this proceeding, we will hear it.

MR. ELLIS: Yes, sir, we will do that.

JUDGE MORRISt: Gentleman, I have A few
areas of inguirvy.

First to Vr. Youngling. Coming hack to
the pressure measurements that you would nake
neriodically, what was the freguency?

MR, YOUNGLING: The TDI manual snecifies
that we take those readinns at each annual outage,

or each refuelinj outaje.

BUUGE MORRISs Each refueling ontage.

YR. YOUNGLING: Yes, and that will
normally occur each 18 months.

JUDGE MORRIS: And these wonld be made
with the Kiene instrument?

MR YOUNGLING: Yes, they would he nade
with the Kiene gage, As | testified earlizr, the
Xiene gane is a sattsfactory gauje for discerning
trends. That’s what we are lookina for, is trends.

JUDGE MORRISt And if vou saw a change in

the peak firing oressure outside of the TDI limits,

yo's would then reatune the enjine, is that the ==
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MR. YOUNGLING: We wo'lld take tne
appropriate steps. [t could e a tuning, »r it
could also require that we go into the engine and
look at the rings or the valves, vyes,

JUDGE MORRIS: Dr. Pisechinger, [/d like
to understand a little more anout 'he hehavinr of
the peak firing oressure as 3 function of time.

Nith the ascurate measurements ynJ cAan
follow the pressure thrnughout the cvcle, and you
7et, | oresums, something like a sinusnidal wave, is
that corract?

DR. PISCHINGERt The last word hut one |
couldn’t --

JUNGE MORRISs If you plotted the
pressure versus time, it would be somethiny like 23
sinusoidal wave?

NDR. PISCHINGER: In a very rougn sens=,
Of course if you analyze it, this is, As it is shown
in Exhibit No. 5, it is == well deviates a little
from ==

JUDCE MORRISs Let’s call it oscillatorv.

JHe PISCHINGERe: [ beg your parion.

JUDGE MORRISt 0Oseillatory. so we won’t
try to define the shape,

DR. PISCHINGER: Yecs, it will »e a
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JUDSGE MORRISt: For a single cvlinder,
looking at each neak, over a period of say a minutz,
what variation in the peaks would ynu anticinate?

DR. PISCHINGZRt As measurements indicace,
well in agreement with my experience, this will he -
I give you the percentage in ijust 3 moment.

JUDGE MNORRIS: Fine.

NDR. PISCHINGER s The scatter of the p23k
values will be in the range of ahout /.

JUNDGE MORRIS: That’s a total ranye of /%?

DR. PISCHINGZR: This i{s a total range.

JUDGE MORRIS: Yes.

DR. PISCHINGZR: The hand within the
nrassure of this, the oeak pressures, will varv.

JUDGE MORRIS: And if vou were to take an
average peak pressure for that one minute, and then
come back, Say a month later, after continuous
speratinn, what kind of differences wouli vou exsect
at that time in the averaje neak nressure?

IR. PISCHINGER: This mav denend an how
much the enjine was opsrated im this time, If you
relate to runninj hours =

JUNGE MORRISs Let’s assume continusus

1%

steady state oreration at 1724 of let’s call i
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qualified power level.

DR. PISCHINGERt And ynu said one month?

JUDGE MORRIS: Yes.

JR. PISCHINGER: According to my
experience, if the engyine stavs untouched, that
means nohody interferes by let’s say resetting of
the fuel pump, it will not vary == it will — within
ly 2 or 3% {s maximum, the maximum this mean value
will change.

JUDGE MORRIS: If nver some lona period
af time you noticed some Adifference in the enaine
performance, what symptoms would indicate that the
firing pressure was changing?

DR. PISCHINGER: | ==

JUDGE MORRIS: For example, would it
cause an increas2 in fuel consumption to maintain
the same output? I’m just makinjy this up as an
example.

DR. PISCHINGER: I understand. Yes, you
mean what symntoms == symptoms left aside --= savy,
checking with noressure measurements,

JUDGE "“ORRISt: Correct.

NR. PISCHINGER: Yes. For instance,
increase of fuel consumption at the same oultput,

that will bhe, that ecoulid be an indication.



waga ] JUDGE MORRISt So would it he your
2 opinion that if the peak firing pressure chanjed
3 substantially, let’s say 10%, that that wold be
. 4 noticeahble in the engine’s operation?
5 DR. PISCHINGEZR: By measuring the fuel
6 consumpt ion, and control, close control of the load,
17 this certainly would »e measurad,
3 JUDGE MORRISt Yesterday Judge Ferauson
Y was examining the peak firing pressures of different
10 engines before and after replacement of the
1 crankshaft. Would the increase in the diameter of
12 the crank pin affect the firino oressure?
13 DR. PISCHINGER: HNo. DNefinitely not tn a
14 noticeable degree, if all other engine setting
. 15 parameler's stay exactly the same.
16 JUDGE MORRIS: Thank you,
17 Dr. MeCarthy, | can’t see you sver thersz,
18 hecause of the strange tonograchy we have in this
19 bench. You mentioned early in this procesding the
20 quality assurance that FaAA anplied to this orofects
21 in our husiness we ar= usually focusinzc on guality
22 assurance of hardware, that is to say structures,
23 systems and components.
24 So 174 like to learn a little hHit about

ll 25 how DA is applied to the activities of this oroject,
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For example, is there a permanent guality assuranc=2
organization within FaAA?

Are there porocedures that are aoplied
more or less in a standard fashion to the many
4i fferent types of assignments that yon have? And
I“11 stop with those two guestions. [ have some
more, but so we don’t lose track, can ynu resonnd,

DR. McCARTAY: Yes, Judje Morris. The
answer is yes, to all of your guestions.

First of all, Aopendix 3 of Code 10 CFR
Part 50 spells out quality assurance procedures for
work in = relating to engineering of nuclear-felated
activities.

Our company has a designated guality
3ssurance Manager who reports directly tn ne, who is
Or. Johnson. Dr. Swanger is an assistant Juality
assurance Manager in the company, also in that
capacity reporting directly to me.

Qur quality assurance procedures, and |
have with me a copy of our quality assurance and
operating procedures manuals, are a standard hnok
that’s maintained within the various szctinns of the
company, is continuously updated when required in
sccordance with sur ooarating procedures. They 9>

spell out Hoth the true procedure and the correct
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waga nethods for assembling support packages to sur
technical work poroduct, which includes sncnh standard
features as all calculations hejng independently
checked by another enjineer different from the one
who performed the orizinal inspection, the levels »f
management sign=off, and things of that nature.
JUDGE MORRIS: It wasn’t clear tn me

whether those persons, for example Dr. Swanger who

performed QA functions, are conpletely independent

Q € W N O U 2 W wN

of those who Ao the initial work, nr does that

—_—
—

change with time, or how does that work?

no

DR. McCARTHY: I“m sorry. Perhaps |

W

incorrectly characterized their role. Dr. Jshnson
14 or Dr. Swanger’s recsponsibility to me in their
quality assurance role is that the nrocredure is

16 followed, They, especially with 2 firm of our sizs,

17 could not hope to audit the technical product of tnhe
13 whole firm, nor is their expertise appropriate for
19 that audit in all areas.,

20 Their respnnsihilitv is to make sure that
21 when a report is generated, let’s sav hy somenne in
22 aur instrumentation group, that somenne inijependent
23 also with appronriate instrument expertise, audits

24 that report, and that the procedure is followed,

I 25 Wwho performs the audit nas to he snmeon=2
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independant of the orijinal oerformer of the work,
who also has the approoriate expertise.

JUDGE MORRISt So that would change witn
the nature of the particular iohs that you were
performing?

DR. McCARTHY: Yes. And the reviewer {5
sarticular reviewer in a particular joh is selected
hy & corporate officer, and indeed reviewers
throughout the company can he == the role of worker
and reviewer, individuals on the Staff will do bhoth
roles on different johs, and of course all our worx
has had, it’s my understandinj;, an independent Lilc
auiit in addition to our own QA procedures.

JUDGE MORRISt As an example, could you
tell me how you would perform a JA function on a
finite 2lement analysis of, for example, a piston
skirt?

DR. McCARTHY: Okay. In the particular
finite elament analysis that we discussed here tods
of course NDr. Harris was the Task Manacer «#ho
assemhled with the help of Yr., Sire and VUr, Muir th
analysis that’s reported,

The reviewer on that orogram was 0Or.
5raham Fowler, ?”nD in applied mechanics from Cal

Tech, with extensive finite element experience, i

22498
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review is reflected in the sign=nffs on the sunport
package. He is not, however, here today.

Qe Do you accomplish something like a
qualification of the computer programs?

DR. McCARTHY: Yes. As part of the
procedure, there is a qualification reguirement for
computer programs, and also in assembhling the
supoport packagje hacking up a report, the version and
copy of the program actually used in analysis has to
he appended as part of the sunport packaje.
Programs, especially commercially-used finite
element programs, will occasionally be updated and
axpanded by their supolier, but we also track which
oarticular version was used for which particular
analysis.

JUNGE MORRIS: Dr. Pischinger, 3id you
want to say something?

DR. PISCHINGERt Nno, I ijust wanted to
follow.

JUDGE MORRIS: So. with respect to

Jualification of computer programs, [ helieve vou

howrs yaemAan~Aacd alanAa with ths Aaranmram nnec the
1A W e I ) - - e - - L e o - > o i -

boundary conditinons or the assumptions which have to

he stated to solve the prohlem. What guality

agsurance is made nn the correctness or adaquacy of
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those houndary conditions?

DR. McCARTHY: The revizwer not only, of
course, must have the appropriate expertises to
evaluate assumptions made in boundary ronditions,
but in addition to the printout, which will have the
inputs to the computer program, it is required that
the engineering assumptions invnlved he stated so
that the reviewer can make an evaluation »f hoth the
assumptions made for input, as well as the numerical
inout itself.

JUDGE MORRISt Thank you. That’s all I
have at this time.

JUDGE BRENNER: Gentlemen, I wanted to
try and clarify sqme basic terms that are used in
your testimony and in the exhibits. Some »f theses
have been alluded to earlier, but I want to try to
get it clarified and also get it all in ons place.

Can you explain to me what is denominated
by the use of the positive and negative siins in
relation to the values for stress and strain? If it
helps you to refer to some of your exhihits, such 3s
18 2y 17, vau zan da that, VYou miqght want ta
explain it in context of what you mean by minimum
stress or strain and maximum stress or strain.

DR. HARRIS: In order to simplifv the
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discussion of stress, let’s concentrate on normal
stress and for the moment, hopefully for the whole
morning, not consider shear stresses.

All of the tabulations in our reports
have to do with normal stresses, and a normal stress
is much like a pressure., It’s just a force per unit
area. And has, therefore, the units such as pounds
per square inch.

A positive value of a normal stress for

mechanical engineers pertains to the situation whzre

you ares you’re puiling on a hody, when you out it

in tension you have positive normal stress. If you
put it in compression, that is if vou’re pushing on
it, then you would have negative normal stress.

As 1 mentioned briefly, the shear
stresses are also another important comoonent of the
problem. So that stress {s actually, has six
components to it. It’s a fairly complex thing. dit
hopufully the discussion ! just gave on normal
stress will be sufficient for the current discussion.

JUDGE BRENNZ3: I can ask a follow=up and
mavhe that will heln eclarifv it. unless vou want to5
add something to that, Dr. Swanger.

DR. SNANGER: [ bhelieve vour 3uestion

also asks for clarification of minimum stresses ani
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22502
maximum stresses.

JUDGE BRENNER: Yes, and my follow-up was
going to be either Dr. Swanger or Dr, Harris the
other day stated that all the minimum stresses were
nejative, and I was wondering whether you meant that
totally or just with respect to a particular exhibit
that you had in mind. And it was in the context of
Dr. Swanger warning us not to confuse that with the
algebraic use of positive and negative.

DR. SWANGER: Minimum stresses and
maximum stresses only have meaning due to their
comonarative nature. In looking at a set of stresses,
that stress which would be the algehraically lowest
stress would be the minimum stress. That stress
which would be the aljehbraically largest stress
would be the maximum stress.

In general, depending on the orohlem
being solved, both minimum stresses and maximum
stresses could be eithar negative or positive. Bit
we helieve that in the stud hoss region of the AE
siston, the minimum stresses are always nejative,

JUDGE BRENNER? And the maximum stree<ses
could be negative or positive, correct?

DR. HARRIS: Yes, Judge Brenner, that is

correct.
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If you look at exhibit P=17, that’s your table where
you present the cyclic stresses. Now am | correct
that in order to get the cyclic stress you have to
subtract the minimum stress from the maxinm stress?

YR. ELLIS: Which numher again, please,
Judje Brenner?

JUDGE BRENNZR: P-=l17.

MR. ELLIS: Thank you.

JUDGE BRENNER: Let’s take an example in
that exhibit. Could you, using let’s say the ll=inch,
I[“m sorry, the Il mil gap under the steady state
condition example, could you tell me what the cyclic
stress would be under the finite element analysis
for that example?

DR. HARRIS: Referring to the streass
levels under the column that has Ftc at the top,
referring to finite elaments, under steady state
conditions with an Il mil gap, the maximum stress
would be 1,57 ksi. The minimum stress would bhe
minus 42,2 ksi.

Th1s means that the maximum Stress 1is
tensile, and the minimum stress is compressive,

The cyclic stress would be the maximum

stress, minus the minimum stress, which is, "1sing
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the numbers | provided you,
the cyclic stress is 43.97 ksi.

There’s a closely-related stress
parameter that is also of interest called Sigma Sub
A for the cyclic stress amplitude. That is equal to
one-~half of the value that I just cited.

JUDGE BRENNER: Thank you.

You discussed in some of your exhibits a
comparison in what you have laheled steady state
conditions in contrast to isothermal conditions,
For example, the triangle presentation in exhibit
P=23 does that, and your testimony does that also.

Am [ correct that when you say steady
state conditions you mean the conditions in an
operating diesel, is that right?

DR. HARRIS: Yes, Judge Brenner.

JUDGE BRENNER: And when you say
isothermal conditions you mean the conditions in
your experiments, is that correct?

DR« HARRIS: 1 mean the conditions in my
experiments and also the conditions in an operating

- . Lo o - 1 4
i 1100 a8 LU hidge

. . TR £ 2 on e A - - Lo o - -
engine wnen 1e°d 11150 SLar Led L1 Q

non=-operating condition. As when you start an
engine that has heen in the stand=by condition, it

will be under isothermal conditions. When vou first
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start the engine it takes a while for the
temperatures in the piston crown, and elsewhere in
the enoine, to ra2ach the steady state condition, so
there’s a transition oeriod in there, and the
isothermal condition and steady state conditions
provide the two extremes of the heginning and the
end of this transient or time-varying condition.

JUDGE BRENNER: All right. I will keep
the distinction you have in mind by those labels.
The reason | askad is that, now to make sure [ have
got that correct, you also testified that in your
opinion, under normal operating conditions that you
relate to under steady state conditions, the
temperature of the piston skirts were, I believe,
expressed as relatively isothermal.

DR. HARRIS: Yes, I bhelieve that’s
correct. Or it’s a characterization that [ guoted.

JUDGE BRENNERt We have discussad several
times again this morning your'testimony with respect
to the fact that you can state that cracks up to 3
half inch, in your opinion, would not propagate.
and I understand Dr. Swanger?s expianation that (hat
was conveniently as far as vou went,

Does the length »f that crack matter at

ali to your analysis or conclusions? You have
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always discussed it only in terms of the deoth of
the crack. In other words, if you had a longer
shallower crack, might we expect different
propagation than a shorter crack?

DR. HARRIS: Everything else heing equal
the crack growth rate would depend on the surface
length of the crack in addition to only its depth.

As 1 recall, the fracture mechanics
analysis in the AE piston skirt took the
conservative approach of assuming that the surface
length of the crack was infinite, very., very, very
very long relative to its depth.

JUDGE BRENNERs: All right. You
anticipated my next question.

Dr. McCartny, you discussed the concept,
I guess I could call it the knee effect, if you
would, in relation to your answer 87 in your
testimoeny, and by resoonding to ¥r. Dynner’s
questions it was your testimony that the situation
with the crankshafts supported your testimany, and I
4idn’t understand the »ases for your point, and I
want to come hack to it now., For the sake of the
record that discussion with Mr. Dynner was
approximately transcript page 22,354, sni thereafter,

although I don’t know that we have to refer to {t in
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terns of reading it now.

As | understand the testimony in your
direct testimony, it is that once you get nver the
particular beginning of the knee in the case of tnh=
piston, you believe that to be 1.35 million cvcles,
approximately, that you would expect that 93% of
anything that would fajil up to 10 million cyrles
would have failed by that 1.35 million cycle point.
Am I correct?

DR. McCARTHY: No. If I left that
impression, my explanation was not then clear,

The knee occurs on ferritic materials at
10 to the 7 cycles. Which means that anything that
makes it to 10 to the 7th should run forever, for
ferritic materials. That’s the infinite life point.
Tf it’s run at that rate for the remainder of its
cycles.

In other words, if it lasts 10 million
cycles it will exhibit infinite life,

Now, if you have a part that makes it >
1.3 million cycles, the stress level of that part
can only be 7% ahove the endurance limit at 2
maximum, or you should have nnserved failures. In
other words, 1.3 million, 3 part designed to last

only 1.3 million eycles can only have a scress 7%
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above the endurance limit

Now the key factor in that, of course, is
we have a large numbher of parts whose statistical
variation of stress and strength would he, one would
expect the scatter to be substantially greater than
7%, and as we ohserved in the crankshafts, all three
of them developed cracks or failuras, because they
were in this range of one million to 10 million, and
indeed one broke, and the other two had sunhstantial
crack growth., Whereas when we looked at |) pistons,
40 bosses and 80 fillets, we saw not a sinjle
indication,

And therefore, since we went to 1.36
million cycles on the ten pistons, which means their
stress level could at most have heen 7% ahove the
endurance limit, and we got no indications, we hava
concluded, in fact, that the stress level is
substantially below the endurance limit, hacause ot
even'the weakest material in the most hizhly
stressed stud hoss developed a sinjle indizcation

after 100 hours.

JUDGE BRENNZRt Sorry, you have have lost
me again and I’m sure it’s my fault. If you testel

them, the pistons, that is, to the 1,35 =million

cycles, correct?
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DR. McCARTHYs Yes.

JUDGE BRENNERt The crankshafts, orior to
the time any defects was noted in them, were
past 1.3 million cycles, I helieve somebody
testified that the 102 crankshaft was ahout 3.4

million cycles.

DR. McCARTHY: 3.4 or 4 million, I don’t
know whether that 3.4 reflects the preoperational
testing of TDI or not.

JUDGE BRENNZR: Somewhere hetween the one
and 10 million.

DR. McCARTHY: Yes, rignt.

JUDGE BRENNERt And you’re asking us t»n
say that that’s of course the fact that if you l9ok
at the pistons at 1.35 million cycles, we can assune
that thay will not fail beyond that.

DR. McCARTHY: That i{s correct, bhecause
had you opened up, just like what haopened when we
opened up 3 blocks, we saw, in fact, nne of the
parts had failed, and the other two had cracks. In
other words we looked at three and they all ha
extremely large relative indiéations that they were
above their endurance limit, all three, the nsne that
failed, of course, told us that, And tha nther twn,

even though they hadn’t failed yet, had clearly very
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larje indications, cracks that were visihle to the
naked eye.

JUDGE BRENNZRs You fjust said blockss
maybe it’s true for the bhlocks tno. But didn’t you
mean the crankshafts?

DR. McCARTHY: The == we had three
crankshafts, one of which had failed, two of which
had very large crack=like indications, that could he
seen with the naked eye. All three crankshafts were
operating above their -=— of the old type == were
operating above their endurance linit, and in the
range from one million to 10 million cycles
developed cracks.

Now, let’s take =— let’s go l»mok at our
pistons, if they’re operating in that same range,
that is above their endurance limit, and we lnaok at
not three samples, indeed not 20 samples, hut in
fact 40 bosses and 80 fillets, we see not a single
indication. And the crankshafts have taught us that
all the parts operating in that range are, {f
they’re above their endurance limit ar: either n0ing
to fail or develop cracks. In fact none of the
pistons developed relevant {ndications or cracks.

JUNGE BRENNER: Well, here’s my nronhlem,

| take it people assume that the crankshafts were
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not operating above their endurance limits until
they learned otherwise.

And would have arqued that since the
crankshafts made it past one million cycles, which

is about the pcint of vour testing of the pistons,

that therefore that proves thes fact that they won’c¢
fail after that., In fact, they did fail at around
three or four million cycles.

DR. McCARTHY: We would not have accepted
the argument that the crankshaft, that the fact that
the crankshafts made it 1.3 million cycles. they
were not going to fail.

Now had someone opened up the blocks at
that point, pulled the crankshafts, very ascurately
inspected them with eddy current and dye penetrant
and found no indications in any of the fillets, we
would have heen much more moved by the experience »f
three crankshafts.

If you had done 80 crankshafts., ran then
to 1.3, 5 million cycles, pulled them from 397 “locks,
inspected them all with dye penetrant and fornd trz
relevant indications, vou wo'ild have made (t, your
crankshafts would havs survived,

In point of fact had we run 30

crankshafts to 1.35 million cycles vnu wnuld have
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found many relevant large indications on that flest
of 80 crankshafts.

JUDGE BRENNZER: And citing the experience
with just the three crankshafts, in support of your
view, in answer 37 of your testimony, are you
implying that if the crankshafts had been inspected
at the one million or 1,35 million cycles, that the
indications would have heen apparent? [s that a
necessary element in your reliance on the crankshaft
experience for support?

DR. McCARTHY: If you had 30 of them ynu
definitely would have found some of them cracking.
I[“m just == the guestion on the three, I fist have
to consult with my panel here én the crack growth
rate to answer that guestion.

JUDGE BRENWERt Maybe this will help, Or.
McZarthy. My question isn’/t whether you can tell ne
that those three cracks and in one case fajlure »of
the crankshaft in fact would have heen avajlahle atl
one million or 1.35 million cycles. I’m asking yal
whether it was a nz2cessary elenent of your testimony
on which you relied on the crankshaft experience
that that be the case, [ think you are telliny me

No.

NR. McCARTHYs Let me understani the



waga question. [’m sorry.

JUDGE BRENNZR?@ Let me hack up.

Mr, Dynner asked you wasn’t the
crankshaft experience inconsistent with your
testimony in answer 87, and you said no. In fact
the experience with those three crankshafts, you
weren’t talking about 30, you were talking about

those three, supported strongly your testimany.

I am trying to understand a little hetter

©C OV @ ~N~ O U s W N

—

why it supports your testimony strongly, since the

crankshaft failures, and nrohlems, were not noted at

—
—

the one million cycle range, Hut rather were not

w N

apparent until the tnree or four millinn cycle range.

»

And {f I in my own simplistic way aoply that to

wm

piston experience, 1 would say, well, I d9n’t care

o 3

that you haven’t seen any prohlems at one nillion

-~

cycles., If the crankshaft experience is rzlevant,

maybe there will be failures at 3 to 4 million

© @

cycles.

DR. McCARTAYt The answer to vour

NN
we O

question is yes, But there are a3 couple nf things

that don’t make the analogy hetween cranksnafts 2n!

o
o

pistons exact. And that {s the crack agrowth r=te,

N
L

That’s one other parameter you have to ennsider ¢5

nNo
(o

know that., for instance, 1,35 rillinn cyclaes is
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sufficient on, let’s say pistons, which it is,
whereas on crankshafts you might have needed 2.5
million because of the different in the crack growth
rate.

When Yr. Dynner mentioned the crankshaft
experience, I thought that was an 2xcellent
illustrative example of how, if you park an
operating stress level above the knee of the curve
cr the infinite life, =2ven though you make it int> 3
million cycles, all of the parts that yvou have
parked in there, if they’re operating in that, ahove
their endurance limit, will exhihit ejther
indications or failure hefore they get t» 0 million
cycles.

The piston crack growth rate is faster
than the crankshafts, and there --

(Discussion off the record amany the
witnesses.)

DR, McCARTHYs As one of my enjinears
observed, we nredict no crack. If the pistons wers
operating in a range, 3 stress level, whare they
were =— jet me start again. Cracks do naotl propag:te
in the piston. 30 there isn’t a piston crack agrowth
rate to discuss here. 3ut in the crankshafts, hal

they been insnected at the same noint in their
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operational service as the pistons were, and this is
the key, not that they operated successfully, hut
they were inspected hefore failure, with the
techniques to find incipient cracks, you would have
expected to find these cracks hefore the fajlure of
the crankshaft, »efore the failure of any one of
them, And in fact after nne fajled, two others w:zre
found with cracks.

Given our analysis of the piston, we are
hi~hly confident that were the pistnns operating
above their endurance limit at 1,35 millisn cycles,
we would have found many relevant indicatinns were
cracks initiatinj and growing in the pistons. An+ |
think.the analogy hetween the crankshafts and the
pistor ; relative to are they nperating ahnve their
endurance limit is a good one. That w=s the reasnn
for my answer to Mr, Dynner”/s guestion.

JUDGE MORRISs Just so the reconrd is
clear, Dr. “eCarthy, could you define for us right
here what endurance limit means?

DR. McCARTHYs Endurance limit (s the

.z 3 o
LS L

-

stress level in 3 part, cveclic stress leve
which the part will endure, though cyeclirs stress
levels, forevar, that is, exhihit infinite life,

DR« SYVANGERS I ¢can also refer vo'l to



22514

Lilco’s exhibit P=28, which is a selection from the
iron castings handbook. (n the second page of that
exhibit is a definition of thez endurance limit. It
states, discussing fatijue performance {t savs, "As
the maximum stress is reduced, the numher »f cyclas
necessary to produce a failure bhecomes much larger.
The highest stress at which the numher of cycles for
failure approaches infinity, generally {n axcess »f
10 million cycies, is called the endurance limit."

JUDGE MORRISt Thank you.

JUNGE BRENNZRt: All rignht, getting bhack
to the theme of some hasic terms.

This morning you gave s the dJefinitinn
of stress. While we are at it could you aive us the
definition of strain?

DR, HARHISt Strain, like stress, is 3

fairly complex coancept of solid mechanies, There

are shear strains and narmal strains. Ani for our

ourposes we can concentrate on normal strains.
Strains has to do with how much a hndy

4eforms when suhjected to a stress, [f you out 3

wody in tension, that is vou pull »n ity it will =t

longer, and that will be a tansile strain, which

{s trken to he a nnsitive strain,

And the strain itself is definei as th:
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change in length of the body divided by its initiasl
length. [t’s especially illustrative to think in
terms of what is called uniaxial tension, where y»5u
have a slender har on which ynu can pull and push on
the »ar. If you pull on the har, the chanje in
length of the har divided by its initizl lenjth is
the strain, the normal strain.

Since it’s a change in length divided Hy
the length, the units are dimensionless, hut guite
often you see strains given in inches per inch or
millimeters per millimeter, which is really
dimensionless.

JUDGE BRENNER: Right. In fact one of
your exhipits gives the unitss at least was f{t micro
inches per inch?

DR. HARRISt Sometimes micro inches per
inch, so you jet numhers you feel more confortable
with, because in fairly stiff bodies, like hodies
composed of iron and steel, as you know from zvery=
4ay experience, you pull on 3 plece of stes] it
Joesn’t jet much loanger. You nead very seisitive
instrumentatisn in order to detect this.

[f ynu push nn the slender hody, it will
jet shorter, and this is, vou’re aonlyinj 2

compressive stress, anJj vau jet a comsressive normil
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strain. A~ comoressive normal strains ars
nejative as the chang2 in the Delta L hy
mathematical convention is nejative,

JUDGE BRENNZR: Thank you.

JUDGE BRENWZ3t Thank you, gentlemen, «=
can go to Lilco for ite redirect.

REDIRECT EXAMINATION 3Y MR, ELLIS:

Q. Or. YcCarthy, in resnonse to snne of 'r,
Dynner“s questinns you were asked ahout =--

JUDGE BRENNZRs Mr, Ellis, I’m sorry, the
fan is going overhead. I“’m having difficulty
hearing.

MR, ELLIS: 1Is this hatter?

Q. Dr. McCarthy, in response to Yr. Dyrner’s
juestions about whether you have dasigned a dicsa]
engine, I“/d like to rzfer you, if I may, tn your
resume, which is an attachment to the Lilco
testimony. Do ynu have that in frant of vou?

DR. MeCARTAY: Yes., Yes.

MR, ELLIS: For the hanefit of the linari,

this is the first page in the attachments,

- wies ®

0 Dr. MeCarthy, again, waitld vau tel]l tha
3o0ard, please, the ways in whirh == te]l us whether
your background is reflected in vour resima there as

relates to experience nr familiarity with the desin
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or manufacture of diesel engines such as those at
Shoreham?

NRe McCARTHY: Well, ves. As [ indicated
in my previous examination, I performed failure
analyses in the nast that dealt with large medium
speed diesel engines in nuclear hackup service. |
have also worked on large medium spee’ diesel
engines in non=nuclear hackus service.

The ma jor service which I, and
oersonally the firm as a3 whole, is called upnn to
deliver, is failure analysis, o deteruine why 3
oarticular part failed.

You cannot answer guestinns with regard
to why failure onccurred withosut analyzing the <desin
aspects, material asperts, the service, the us=, »r
of misuse, and analyze the contributions of those

various factors to determine why failure neceirred,

My background has heen involved {n
analyzing design contribution to engine failure for
large medjum speed dizsels, as well as many other
ma jor propulsion engine enerjy cnnversion »r
jeneration systems, both for engines and Lurhines
and large industrial ejyuioment of numernus tynes.

Q. Is your academic training also {nvnlved

with experience in mechanical desin related to
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diesel engines siich as those at Shoreham?

DR. McCARTAY: Yes, First of all ny
Doctorate is in mechanical Adesign, and in studying
for that Doctorate at MIT some of my course work
involved design and control of larje rotating
machinery explicitly as the course title, and the
whole term of study with regard to thoce courses.
This not only involved study of the desijn
techniques for large rntating machinery, hiut the
195196 analysis with the monst currznt and nowerfnl
analytical techniques to he called upon by 3
sophisticated manufacturer or ser of s'ch ejuipnent
for design analysis inout.

You cannot »hring merely the convention=zl
and accepted and long ajo learned technijues and
methods of analysis to the nroblem. An individual
called in as an nutside consultant must hring what
is the state of the art in tha design analysis are:
to provide indeed an aconomically viahle sarvice.

My testing and professional wor< has hean
Jedicated to that, esnecially with raegard to
mechanical design and machine and machanisn N285173N
during my entire career,

Q. r. “eCarthy as President of Faild dn vou

consider that FaAA with the excertise it assanhlad
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with respect to Shoreham was expert in matters

involving the manufacture and design of diesel
engine components, such as oistons?

DR. McCARTHY: Yes., As | think that’s
wecome apparent Jurinj the last few days »f
testimonys all the memhers of my Staff hring
substantial experience gained not anly within
Failure Analysis, but onutside of Failure Analysis in
the design and davelopmant nf meas'ires anij
mechanisms and parts that ara either directly
applicable or very closely alllied to the desian
oroblems and analyses guestions that are invalved in
large medium speed diesel enjines.

The design ;nalysis that oceurrad nn tha
Shoreham diesels reflects the inout ancd direct
participation ¢f more than 40 very senjor scientists
on the Staff, a fraction of which have heen part of
this panel, and more members of which will bhecome
and will appear as memhars of follow=on panels,

These individuals’ rnllective expertis=,
and the collective expertise of Failure Analysis,
nas made us the largest and [ helicve rartajnly tnsz
most widely recojnized engineering firm in the
nation devoted primarily to the analysis and

orevention of enjineering fajlures,
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waaga | Qe Dr. Pischinger, you testified as to ynur
2 experience in design. Have you ha+ exnerisnce in
3 assemhling design teams to concider either the
. 4 design or the review of a desicn for Jizse]l enqines
5 or diesel comnonants?
6 DR. PISCHINGER: Certainly I have heen
7 involved through my professional life until now, =
8 lot of years, nearly 3) years, in dealing with teams
9 working in desian.
10 3ut mayhe [ should define 2 little 3gain
1 what this design of the diesel engine == the Jiesel
12 anjine process i{s already an old process, and the
13 arinciple hasn’t chanjed since its inventinn, Whag
14 changed, the designs. S50 in princiole all ~lusel
. 15 desiqgns Aare redesigns. It’s a steady state
16 redesigning involving the modern and the achievenant,
17 new achievements of different =i{zes,
18 And 8o today’s desian has to {nvolve th2
19 sciences which are known taday., aAni of cnurse has to
20 rely on experience with failure evaluatinn of
21 orevious diesel angines, nf runninn di-ses] aniines=,
2e aN7 1N TNiS Seinsa [ may stress Li=e Lais o=l 10 9
23 ideal == jdeally == very very cond sense comhines
24 the input for such a desizn for redesinon of Jiese]

. 25 anjine comnonents, for {nstance s'uch =23 3 ~{2ton,
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2 analysis.
3 We have prz:sant material scientists ani
. 4 all these people not the first time in touch with
5 component design, or even diesel design.
6 Ne have maintenance exparience. WNe have
7 experience for very thorough evaluation of testiny |
8 and failures. And this is just what is ne:ded tn
9 make a design. 1
10 I want to express trat in the ohlic most
i people think a design, a man who is designing, or
12 lady, is:just drawing lines out of his exoeriernce.
13
14 today.

wm

|
|
This is not true, and this is esnecially not true
The design is hbringing together all the

16 experience of the different, of the inout from the
17 Jifferent special knowledje, and tn ¢omhine {t for
18 defining th~ shaoe of a part.

19 And o'ir exnariencae in the wnark done in
20 cemhination with the Shoreham problem that those

21 neople woarkingy in this 3rsup, each for himeelf, ht
22 to a2 larjger extent all together, resrezsant a vary

23 very strong power in Jesianing engine ramnonant,
24 especially a diesel enjine ecoamnonent,

. 25 Q. When you Say ==
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waga | JUDGE BRENNER: Mr, Ellis, I’711 give you th2
same sujgestion I have given to Mr. Dynner along the
way, I think you’d hetter focus your anestions, +»

the extent you can, in order to get mora faecused,
shorter answers,

MR, ELLISt Thank you, iudge.

~N O O A WM

Q. When you said "these penple" in your

8 answers, were you referring tn the nanel?

- DR« PISCHI‘JGE;“ Tn the peoplz 5n the

10 panel, yes.

i MR. ELLISt Thank you.

12 Q. Or. Swanger, you indicated that you wer=s

13 a director of procduct development for 3 Ji:sel

14 component manufacturer., Would you tell s, nlease,
' i what your resnonsinilities were, how they relate to

16 experience that s relevant tn Shoreham,

17 DR. SH¥ANGER:t Yes, As Directnr of

18 Product Davelnpment for the engine parts division »f

19 Imperial Clevive [ had renortirg to me managers of

20 mechanical enjineering, metallurjical engineering

21 ani product analvs:s,

22 Reporting t»n those manajers were

23 metallurgical enjineers, mechanical ennainears,

24 alectrochemists and sinnorting technicians, for a

. 25 total Staff of anoroximately 30 nesnle,
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I was persanally involved in a3 number »f

the technical aspects of the design and dzvelorment
work on pistons, cylinder liners and engine sleev>
hearings that went on in this group, as well as
heing responsible for the administrative aspaects.

Q. I think you testified in reenonse to '‘r.
Dynner’s questions ahout your exnerienre in design
of pistons and aotter =— strike that. In relationn ==
you testified in response to Yr, Dynner ahHut your
experience in design of dies2l engine romponents at
Conper Bessemer. #wWould you tell us what nther
Jesign expnerisnce you had,

DR. SAANGER: Yes. In addition to that
one specific example of a large cast iron oiston |
4iscussed, | was involved {n the designr evnlution Hf
other pistons for other diesel engines, with whiech I
worked closely with penple, enplaying finite zlament
analysis, for stress analvsis, and alsc ennloving
thermal ‘analysis ror temparature profiles, ana using
these inputs to help selert the materials and the
aracesses necessary tn jenerate thnse materiale,

in ad41ti1on, I workesd extensively nn (12
Jesign of engine hearings, whirh have, as one ~f
their key featurass, the thin slectrnaolate Bahnitt

laver. And {n the work onr elactraonlating »f the
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hearings, | daveloped an expertise on ths theory and
apolication of the plating of thin layers of nmatals
on to components.

JUNGE BRENNERs Excuse me, did vou sav
3abhitt layver?

TRe SAANGER: Yes, Bea=heh=-{-t=-t, [t’s
3 lead or tin=hased alloy used foar good lunricatinn
and resistance to wear and scuffing.

Q. Or. Swanger, let me rafer you tn your
resume as well, which [ heliave is attsched as
number 6 to the Lilco tastimany. DJn ynv nivae that
in front of you?

NR. SHANGER: Yes, ! Ao.

Qe Nas your work at Stanford in a*taining
the PhD and MS degrees also pertinent tn your
exnerience at Shoreham?

DR« SNANGER: Certajinly {t is. Thi= {s '
in the area of materials science and anginaering,
which is the apnlication of materials, such as
nodular iron, for withstanding operation 'inder
states of streass or temperatures as definai hy th=
the condition unier whiesh those narts nnerats,

0. Nr. Harris and Dr, Swanjar, [ think in
his gquestions, Mr, DyAaner askerd a "uymher of *times

anout percentane Jiffarences hetwssn aypnarimental
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and finite element analysis results, Dii these
nercent differences affect your conclusions? The
fact that there are two perrentage Jdifferances, [
think it was 28% and 33%.

DR. SYANGER: No, the conclusin.s are not
sensitive to that small difference of 3% nr 2°%.

The conclusinn that the pisrons at
Shoreham will rot have any patential for crack
oropagation stands with either one of thnse,

Q. Did the experimental resulte chanje at
all in these two figures, 3342 and 2347

JR. SHANGExt The comparison was to on=
set of experiments, values of which nzver chanzed,

The 33% or 28% refars tn the dejres of
conservatism in the finite element analysis relative
to the experimental analysis.

I pelieve that Dr. Harris can tell us
about the evolution of the finite z2lenent model and
as it hecame more accurate how it clnsely anoraachead
the experimental results

DR. HAERIS: I would like tn reiterate
)r. Swanjer’/s statement that the exnerimantal
resulrs did not change. hat {31 shanze, antd what
was responsihle for the changes in the nercentanas

of accuracy that were gquoted, were the finite
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2lement results,

As we started out on our finite element
analysis in pistons, we were using more simplified
houndary conditions., Those more simplified houniary
conditions led to less acrcurate stress levals,

As we hecame awars of the influyenca of
the simplified houndary conditinns we deciied to
continue refininy the finite elenent 2nalysis., t»
make the houndary conditinns more represencative of
reaiity.

As we refined the finite element analy=is
and as we refined the statement of the houndary
conditions, the stresses continuosusly deerzased,
and became more and more closer to the excariﬂent;l
obhservations.

At ona point = a%t varinus ooints ~e wara
quoting different nercentage arccuracies.

Howevar, since the final QA reonort has
appeared, the quated aareement hatween the finite
alement and the experiments har not changed,

Anothar recant develooment was the ri~ild
versus the soft wrist nin. That’s annther
nercentage change in stre<ses that has crooned un in
our discussions., [ believe the imnortant onoints are

that the exnerimantal results have not changed.
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That’s been our you might say hedroack result. And
in no case has our conclusion regardinc the

initiation and propagation of cracks or th=s lark nf
propagation of cracks in the niston skirts changed,

Tha hottom line {s independent »f those

W

intermediate results that were obhtained in the
process of cominjy to nur final set of results.

MR. ELLISt And the final results, is
that the May report? Are you referring to the MYay
reoort?

DR. HARxISt The ¥ay report as was
supolemented by the thermal distortion rensrt in
June,

Q. Nould you expect that there would he
refinements in finite zlement analysis heitween th=
oreliminary and the final report, so that the extent
to which there is agresment with the experimantal
results would chanjge from preliminary tn final
report?

DR. HARRIS: Yes, | rcertainiv would
expect that. In fact that was the orimary
motivation for continuing our finite =zlanent
analysis of pistons. The motivatinn was t> imorova
the statement of the houndary coniditions, ani imnrova

the agreement with the experimental] ohservatinns,

g
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waga | Q. Cr. Swanger and Dr. McCarthy, [ bhelieve
2 yesterday there was soma2 discuesion with Judje
‘ 3 Ferguson, concerning measurement of peak firing
- pressure., Do you have some 43ta hefore yo1 that yon
5 were looking at Juring the period of time that you
6 wers answerinj those gqrastions? Let me show ynu =
7 sheet and see if this is the data yonu were referring
8 to. If it is, Judge 3renner, I4d like to hava {t
Q marked and give copies to the Hoard and the »sarties,
10 DR. McCARTAY: On the bhack sheat »of this
11 handout is the data [ showed to Judge Fer<ison
12 yesterday, and the front sheet is a dicitized == is
13 the digital data tnat is the sourcez of the coinnsite
. 14 ressure curve referenced earlier in the testimonv,
15 I helieve, by several of us. P=5,
16 Q. Is this the data that was ohtajned in tnhe
i7 testing of one of the engines with the Piezo =zlectric
13 transducer?
19 JR. SNANGEx* Yes, this is data that was
20 taken with the Piezo electric transducer in th= air
21 start valve of 1)3, takan at neak lnad, 3570

22 kilowatts.

23 Q. Were these sheets orepared hy FaAA froo

. 24 data preoared by FaAA?

25 A, These sheets wers nrenaren hy Fatt, from dats
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N

the DG 103 crankshaft torsional test.

. 3 MR. ELLIS: Judye 3renner, we’d like t»
- have this marked as a Lilco exhihit, a4 I am coinj
> to offer it into the record.

6 JUDGE BRENNERs Is there a title al the
7 top? | have somethinj that’s cractically
8 obliterated at the top of the first page. [ can’t
~ read it. Mayhe the witnesses can heln us. Or.
10 deCarthy, do you know what it’s supnosed ts say? .
(B DR. McCARTHY: Yes, what the title savs,
12 is oressure in psi at one dejree increments
13 hejinning at top =-— at center.
. 14 For the puroos.e of the 3o0arc¢’s reading of
15 this numerical sheet, vou will note that there are 9
16 columns and a total of 30 rows down the paje., If
17 you can think of the first column on the l2ft hand
13 side as column one over to column ¥, a2nd the rows
19 starting at the 'ipper left hand corner as row |
20 through row 80, ¥ times 30 is 720, for two
21 revolution of the crank, which is what’s ragiired %o
22 jet from one firing to one firinj. If vou take “.ta
23 at one degree increments you get 720 data onintss 4
‘ 24 times 80 is 720.

25 The way thz tahle is read {5 starting at
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the upper left hand entry, which is row one, cnlunn

one, you read across the paje to get consscutive
data pt "nts, and then start down at row 2, column
one, and read across, and so on.

So it reads like a conventional printed
nage, not down the column and then the too of the
next column,

JUDGE BRENNER: fGive me a3 handv title for
exhinit purposes of these two pajes, YWr., =llis.

MR, ELLISs Yes, sir. [ think it zan he
entitled average peak firing pressiire meas'urements
on diesel generator 103.

JUDGE BRENNERs All right, why don’t we
mark it as Lilco Diesel exhihit P=35 for
identification sno far. Is it ckay to oive it =3
numerical designation, 35.

MR. ELLIS: Yes, sir, that’s rijht.

JUNGE BRENNZR: The motion is also to
move it into evidence. Do ynu have any o»jection!?

MR, DYNNERt No., bt we woiild, perhaps,
like just to check on whether this ic in
average peak firing pressures #2s the statement
implies.

YR, ZLLISt 1 think that’s =2 354

question. Perhanos 711 just ask the witness to give
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their label to that. rather than for me to give my
lahel. I think “r. Dynner {i{s correct.

Q. Dr. McCarthy, would you give us an
appropriate labhel for this exhihit P=357,

DR. McCARTHY: P=35 is the curvs
digitized sheet,

JUDGE BRENNZRt: 3Both of them?

MR. ELLISt 3Soth tozether.

(Curve digitized dita sheet and
attachment marked Lilco Diesel Exhihit P=35.)

DR. McCARTHYs Right. The complete title
of the digitized sheet, actually the top was cut off
is Lilco 13 by 12 test data from air start valve and
in cylinder 7 at 100% load,

These digitized values are average valnes
at this cylinder onerating poirt for a larje numhar
of cycles. And that’s the sheet of digitized data,
In other words, for the presstire ohserverd at any
given crank angle, in a large numher of cycles.

DR, 2 CARTHY: At 17045 load, the
dijitized data represents a cnmonsite,

The other sheet, which is a graph, vers's
time, is true peak firing pressure. In otner words,
the link that looks like a squiaggyly line, sort of

like an EKG or changing voltaje level, earn little
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kink in the curve is nne peak firing pressursa
measured on one cycle. You notice the time axis has
increments of 50, 100, 150, 200, and 250, Those are
seconds. And of course the engine is operating at
450 rpm.

So there’s a number of cycles hatween
each of those major divisions.

The upper voltage level, the i.14, it
looks like on your copy it’s 1683, That should »e
1638. The Xerox =-

JUDGE RRENNER: Why don’t yoir read the rest
of that term. [ was going to a2sk you the other two
terms that are also difficult to read.

4 NR. McCARTHY: There?s 15633 psi peak to
peak. That’s the upper left hand corner oppnsite
the 1.14,

The lower value ==

JUDGE BRENNER: [t“’s 3 difficult exhihit t»
read, Mr. Ellis.

MR. ELLISt Yes, sir. [ wish I could
have made it bhetter, Ut we were forced to work with
what we had.

JUDGE BRENNZR: I think vou could have

made it hetter.

DR, McCARTHY: The bhottom pressure is
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1523, The one over at the right-hand side through
the mean line there is 1574,

Now all thzse pressures, the 1538, the
1523, and the 1574, one has to add the turhocharger
hoost, which is approximately 30 osi.

Tharefore, the |.14 line is in fact 1453
osi.

Q. Is the dats in fact data at a hundred
percent?

DR. McCARTHY: Yes.

MR. ELLIS: Judge Brenner, we can and
will do better, and will give the record and get tne
parties better exhibits as snorn 3s we get hold of
the original.

JUDGE BRENNER: It’s not 32ing tn bhe
today, I take it.

MR. ELLIS: No sir, it can’t — [ don’t
think it can he today, hHecause we are -—

JUDGE BARENNz=Rt All right.

It’s admitted into evidence as Lilco
exhibit P=35, consistinj of two najes. Ws can
call it simply Lilco £0G 103 cyliinder / pressure
4data. [s that generic enough to cover hoth sheets!?

MR. ELLIS: Yes, sir, it is.

MR. DYNNER: I can do this later, o1t it
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waga 1 might be aprropriate tn do it now.
2 Mr. Ellis might wance to clarify whether
. 3 or not this dicitalized data is in fact the data
< that we spoke ahout during th2 cross-examination as
5 relating to exhibit P-5,
6 MR. ELLISt Yes, this is part of the data
7 which we gave you, I helieve, yestarday or whatevar
8 we gave you in response to t-v to accommodate your
9 request for data.
10 JUDGE BRENNER: All right.
B (Discussion off the record.)
12 Q. Dr. Swanger and Dr, McCarthy, At
13 cross—-examination you were asked a numher of
‘ 14 questions about the firing pressure of 1570 psig
L that was employed by FaAA in connection with some of
16 its analysis on the piston. #what is the
17 significance of this data with respect to that
18 number? )
19 DR. SWANGER: The significance of this

20 data is twofold.

! One is that this data, alona with its

22 graphic representation in Lilco’s exhihit P=5, shn4s
23 that the peak firing pressure does indeed occur vary
' 24 close to the top dead ~center position at 7 dejrees

25 after top dead center
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The other significance of this data is
taking the second sheet of Lilco’s exhihit P=35,
shows that in excess of 870 individual cycles of the
engine, taken with the accurate gquartz Piezo
electric transcducer, that the highest peak firing
pressure obtained during thess experiments at 100:
was 1668 psi, including the correction for the inlat
manifold pressure,

This is very close to the 1570 psi that
was used in the piston analysis center.

Q. Dr. Swanger, there was also testimony
during your cross—examination concerning the
examination of two pistons from the Kondiak engine.
Was the examination of two nistons rather than the
entire 16 pistons adeqitate in ynur opinion?

DR. SWANGER: Because the Kodiak engine
had experienced 6000 hours of operation at 2 pea?

firing pressure of at least on an average 127 psi

and a brake mean effective pressure of ahout 185 »nsi,

that is about 80% of load, we feel that this large
number of cycles, aoproaching 10 tn the 3th cyeles
on these pistons, made it perfectly apnropriate only
to look at two of the nistons.

The inspections of both of thes2 pistons

showed that there were ahsoliutely no
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waga | operationally=induced indications in them,
2 Qe Or. Swanger, with respect to tin plating
. 3 and the questions you were asked on that suhject, is

4 it your opinion, or do you have an opinion whether

5 polishing and tin plating of two pistons from the r5
6 discussed in P=29 was done before nr after oneratinn
7 of those pistons in that engine?

8 DR. SAANGER: Yes. [ think there had

Y heen some confusion about that point, and

10 consideration of the evidence will clear this up.

1 The examinatinon of the pistons clearly

12 showed that they had bheen opera2ted in 2 enjine after

13 the tin plating operation, and that no tin platinz
. 14 had been done after the pistons came nut of the
19 engine.
16 Also, as you recall, there was some
17 leakage current or is there any current, which
18 deposited tin on th2 inside of the niston, and in
19 fact deposited scme tin over the areas of the stuad
20 h»oss region, which were of interest.
21 Since that tin was still there, that
22 clearly demonstrates that if polishing opsration
23 took place before the tin plating. hence that
. 24 polishing operation tnok place prior to insertion »f

25 these pistons into the R5 enjine and prior to the
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waga 622 hours of operation at a peak firing oressiure »f
2000 psi.
‘ Q. Thank you.

Dr. Swanger, one more question on the
previous sub ject.

You testified ahout 15670 peak firing
pressures. Just so that the record is clear, the
2270 psig that was used in some of FadA’s analysis,

is that an assumed number, or was that a number that

O v O ~N O U & W N

had some basis in experimental data?

—
—

DR. SNANGERt The highest valuz of

n

experimental data that we have is 2000 psi. Bnath in

w

the RS engine tests and in the strain gaujze test.

F-N

The 2,200 was an extreme assumed pressire to

15 demonstrate the zconservatism of FAaAA’s analysis.

16 Q. The 2700 psi from the R5 engine, is that
17 a firing pressure that you would expect in the

186 Shoreham engines?

19 DR. SAANGER: The Shoreham engines are

20 incapable of reaching a peak firiny pressure as hijh
21 as 2000 psi.

22 MR. ELLIS: Yes, Dr. Pischinger, did vyou
23 want to add something? That should he a question.

DR. PISCHINGER: Based on the

n
n

measurements on the engines in Shoreham, it is guite

(%]
w
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impossible with the load given, if the load range is
observed, that you arrive at 2000 psi.

Q. And would it then follow, of course, a
fortiori, that 2200 would not be possible in the
Shoreham engines?

DR. SWANGERt That is correct. 270 psi
is an upper bound and certainly no number abliove it,
that upper bound could he achieved.

Q. But the pistons themselves, are they
suitable for service at 2000 or 2270 psi?

DR. SNANGERt The pistons have
demonstrated by testing in the R5 engine that they
are suitable for service at 2070 psi. This is
further confirmed by our analysis which demonstrates
that based on the fracture mechanics considerations
they are suitable for service at 2,27 psi.

JUDGE BRENNERs Mr. Ellis, I am going to
take the morning break about this time. If you want
to ask a few more questions and break, we can. |
leave it up to yorur,

MR. ELLIS: If we could take the break I
may be able to come back and wrap it all up. very
quickly.

JUNDGE BRENNER: All right. We will taxe

a break in a moment.
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Let me mention something we can add to
the crankshaft testimony by Lilco, so that Lilco can
consider this. [ believe 7 asked during the
conference call last week whether Lilco intended to
put all of its crankshaft testimony on together.

And I believe the indication on that that call was
yes., If that’s still the answer [’d like to ask
Lilcc to reconsider.

MR. ELLIS: I think the answer was yes.
But we did not mean to include shot peening in that.

JUDGE BRENNER: All right. Even
subtracting shot peening, that helps, hecause that
cuts the panel down from 12 to 6.

MR. ELLIS: That’s right, Judge.

JUDGE BRENNER: You have y»sur other
concern with Dr. Pischinger, and I don’t understani
why, if you continue to have that concern, you don’t
put the rather slim volume, at least in terms of
numher of pages, of testimony sponsored by Dr.
Pischinger and Mr. Youngling, on separately, and
first. We have heen hearing every other day about 23
scheduling problem and that seems to me an easy
solution,

MR. ELLIS: Well, let’s discuss that on

the break.
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JUDGE BRENNER: That’s the only reason
I“m raising it.

MR. ELLIS: Yes, sir.

JUDGE BRENNER: So you can consider that.
If we did that, we could go through all the parties’
questions on each piece of testimony.

MR. ELLISs Yes, sir.

JUDGE BRENNER: If vou don’t want to do
that, fine, but don’t talk to me ahout scheduling
problems later on.

MR. ELLIS: I think we have got that
message.

JUDGE BRENNER: Maybe there’s some
relationship in the suhject matter so that you don’t
want to make that division, although the exact
testimony was able to be prepared with that division
in mind which might undercut that.

MR. ELLIS: I think, without discussing =--
I think theie’s such a connection and I think we do
want a panel of six.

JUDGE BRENNZR: 1711 let you do that. If
that“’s what you want to do.

MR. ELLIS: Thank you, judge.

JUDGE BRENNER: Let’s break until 1i

o’clock.
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(Brief recess.)
8Y MR. ELLIS:

Q. Dr. Swanger, you were asked a number of
questions yesterday concerning the thickness or
concerning the tin plating on the AE pistons. Do
you have an opinion regarding the thickness of the
tin plating or the AE pistons at Shoreham?

A, Yes, ] do have such an opinion. My opinion is
based on inspection of the AE pistons at Shoreham
after running the engine, as well as inspection

of other pistons, which I will relate.

My opinion is that I saw no performance
or operational problems with the tin, and therefore
conclude that the tin on the Shoreham pistons is not
applied in a layer that is tno thick. But there was
no evidence of tin migration on the AE pistons after
100 hours of operation at or above full load.

Also, 1 believe that the tin plating
process as done by DelLaval is the same for all of
the A series pistons, and therefore my ooinion is
based on my inspection of more than just the Ac
pistons. My opinion is that the uniformity of the
application of tin on a large population of At
pistons and other pistons that I have inspected hAas

shown me no performance prohlems. That includes



0020 01

waga

O ¥V @ N4 O U & W N

G)\JO«U'#LJ;—

19
20
21
22
23
24
25

22544
inspection of 32 pistons at the Catawba Nuclear
Station after operation, seeing no tin migration, no
performance problems associated with tin, an. by
inspection of 32 pistons at the Grand Gulf Nuclear
Station.

And ajain these were AE pi:ilons after
approximately 200 hours of operation, with no
operational or performance problems related to the
tin.

It’s on this broad population of At
pistons that have run in engines and nuclear service
that I have personally inspected that I conclude
that there’s not a problem with the tin plating on
an AE skirts at Shoreham.

Q. Dr. Swanger or others, in
cross—examination and in examination by the Board
you have used the term isothermal. What 1o you mean
by isothermal in the context of the analysis of the
AE pistons at Shoreham? '

DR. SAANGER: We have used the term
isothermal in two distinct instances.

The first »f these instances is in the
finite element analysis. There we used the term
isothermal to apply to the entire piston assembly,

tnat is the piston and the crown, and the important
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waga portion of the analysis there is that the crown is
at the same rate of speed as the skirt, and
furthermore that the crown itself has no thermal
gradients in it and hence no thermal distortion. As
one use of the isothermal, which is a conservative
assumption, that maximizes cyclic stresses in the AE
skirts.

The other use of the term isothermal is

when we restrict it just to the Ac skirt in

O Vv 0 &4 O U & W N

—

operation in the engine.

In that context we referred to isothermal

as the fact that even in an operating engine at full

n

rated output, it is our opinion that the skirt

W

itself is essentially isothermal. That is, it is

PN

15 not subject to any thermal distortions.

16 JUDGE BRENNEZR: Do you have anything

17 further, Mr. E11is? |

18 MR. ELLIS: Yes, I was waiting for -

19 that completes Lilco’s redirect examination.

20 JUDGE BRENNER: Mr. Dynner, do you have
2! any questions?

22 MR. DYNNER: Yes, Judge Brenner. [ have
23 3 few questions.

3Y MR. DYNNER:

o
H

Q. Dr. Swanger, tin plating, that is the

n
wn
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thickness of the tin plating on an AE piston, can be
accurately measured by use of eddy current
measurements, can’t it?

A. Yes it can. As was demonstrated on the
examination of the R5 piston, with a calibration of
tin on nodular iron, which was done microscopically
and metallographically by FaAA, an accurate
measurement of tin thickness can be done by eddy
current.

Q. And did FaAA or Lilco or the owner’s
group measure the thickness of the tin olating by
eddy current measurements on the AE pistons that
were installed at Shoreham?

DR. SAANGER?® Since our inspection
showed that there were no operational or performance
problems associated with the tin on the pistons, we
felt it was unnecessary, and therefore did no
measurements of the tin thickness.

Q. As 1 understand your testimony, in answer
to one of Mr. Goddard’s guestions, given the maximum
variations on the thickness of tin plating for the
AE skirt, one could have as little as one mil on one
side of the piston theoretically and as many as 8
mil thickness on the other side, is that correct?

DR. SAANGER: I don’t think that that
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accurately reflects my testimony.

What I was discussing was the maximum
theoretical amount of tin which could be applied
around a piston, just based on the examination of
the dimensional tolerences as shown on the print.

However, in actual practice, as I had
discussed at length, tin plating is very easy to put
on in a uniform, circumferentially and
longitudinally uniform, layer on the piston.

The variation in the tclerance on both,
hefore plating and after plating, is four hundred
thousandths of an inch in both cases. And that just
demonstrates that the tolerance on the diameter is
unchanged by the plating process. Therefore, this
requires that a very uniform and precise layer of
tin be applied.

Q. Perhaps you misunderstood my question,
hecause my question was a theoretical one and not
what the actual might be. Once you =— if you ever
measured by eddy current. My question is given the
tolerances, couldn’t you have one mii on one side of
the piston skirt, and as many as 7 or 8 mils on the

other?
MR. ELLIS: Judge Brenner [ may need to

have the guestion read »ack, because ] am not sure
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there’s any foundation for what the tolerances in
fact are.

JUDGE BRENNER: Well we had testimony the
other day, Mr. Ellis, that relates to this. The
question is whether or not you could theoretically
have as much as one mil of tin on the inside and 7
mils of tin on the outside of the piston skirt.

JUDGE MORRIS: No.

MR. DYNNERt No, I think we are assuming
that as per the design that the tin plating is only
on the outside of the skirt. The question is on one
side of the skirt could you have one mil and on the
other side, opposite it, could you have as many as 7
or 8 mils thickness.

MR. ELLISs And my concern was that he
said within the tolerances, and I am not sure there
was a foundation laid as to the tolerances.

JUDGE BRENNER: That we have on record.
Ne can, I’m sure we will get it as part of the
answer now. If not, we will allow you to jet it
right now.

MR. ELLIS: Thank you.

DR. SWANGERt The amount of tin build-
up that could in theory, fjust based on the

dimensional, the diametrical dimensions of the



waga

—

O Vv 0 44 O L® LU S 7 B ¥

~N O N AW -

18
19
20
21
22
23
24

pistons, be applied to the entire outside surface on
an diametrical basis is just 7 mils. Therefore if
you take this abstract hypothesis that in spite of
the high flowing power of a tin bath, due to its
high conductivity, and in spite of the fact that
electrodes are easily placed around the tin, that
somehow you could get one mil on one side, you could
only get 6 mils on the other side.

However, there’s an additional tolerance
specified on the print, that says that 5 key
diameters of the piston must all be concentric to
each other within one thousanith of an inch.

This additional tolerance on the orint
for concentricity of 5 key diameters prevents a
variation in thickness of tin around the piston of
more, in my opinion, ahout half a thousandth of an
inch.

MR. DYNNER:t Was that dimension, in fact,
measu.ed with respect to all of the AE pistons
installad at Shoreham?

MR. YJOUNGLING: Mr, Dynner, those
measurements were made by our PQC inspection of the
pistons at the TDI facility prior to shipment to
Shoreham,

JUDGE BRENNZ=Rs Is PQC procuremant
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waga ] quality control?
2 MR. YOUNGLING: Yes, an arm of Stone &
3 Nebster Corporation.
' 4 JUDGE BRENNER? As lonj as I interrupted,
5 Dr. Swanger, what did you mean by "on the print"?
6 Is that the desiqgn drawing for the plating process?
7 You referred sometimes in your answer to the phrase
8 "on the print."
9 DR. SWANGER: Yes, I’m looking at a orint
10 for the skirt, two-piece piston 03-341-0 4-AE.
1 It has a2 complete dimensional specification of the
12 niston, hoth hefore and after tin plating.
13 Q. Mr. Youngling, these measurc¢ments, are
. 14 they documented somewhere?
15 MR. YOUNGLING: These measurements are
16 part of the total documentation package associated
37 with the release inspections on the pistons prior to
} 18 shipment.
19 Q. Was that examination a visual inspection
20 or was it measured in some more accurate way?
21 MR. YOUNGLING: No, that was 3
22 dimensional check.
23 v Now Mr. Younjling, Judge Ferquson asked
' 24 you some questions about firing oressures. 1in one

25 of your responses you mentioned the possihility that
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some of the differences betwean the cylinder
nressures shown »efore the crankshaft replacement
and after the crankshaft replacement in exhibit P-v
night have been affected by the difference in the
season,

Could you explain hriefly how the
seasonal differences would have an impact on
oressure readings for the firing pressure of the
cylinders,

YR. YOUNGLING: Mr. Dynner, sne of the
orimary effects Jue to the seasonal differences is
the air temperature. And the effect of the air
temperature will and can result in a difference in
the firing pressures measured, alheit not
necessarily a major contributor.

Q. Do the higher temperatures result --

MR, YOUNGLINGs Excuse me. Perhaps 0Or.
Pischinger can add to that.

DR. PISCHINGER: Well, usually, to put it
in general terms, in such enjines the temperature
leve]l varies to a small degree with the amhient
tenperature, ana of ecnurse each temoerature level
has an influence on the ignition lag. And the
ignition lag, which is the time hetween start of

injection and start of comhustion to initiate the
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waga | compression stroke, influences to a small degree the
2 peak pressure,
3 Q. Does 3 higher amhient temperature usually
‘ 4 result in a higher peak pressiure or a lower peak
5 pressure?
6 DR. PISCHINGER: According to this
7 explanation, too little — a higher ambjent
8 tempasrature shortens the ignition lag, and makes
9 combustion start little earlier, which leads to 2
10 little higher pressure.
11 Q. Could you gquantify —
12 MR. ELLIS Zxcuse me, may . have the last
13 of that answer read back, please,

MR. ELLIS: Thank ynu.

»

15 Q. Can you, Dr. Pischinger, quantify the

16 effects for us, in some way, that is to sav {f yo:

17 have a difference, a higher amhient temperature of

18 let us say 20 degrees, is there some way of

19 quantifying how much, what effect that would have in

20 jegrees, or in pounds ner squAare inch on the peak

21 pressure?

22 DR. PISCHINGER:t A modification is only

23 nossible if @ lot of »oundary conditions are known,
. 24 #hich I think we do not have at the moment, starting

25 with the number »f tha fuel with the injection rate,
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of the iirjection pump, actual measured injection
rate, so | cannot answer this guestion, mt I
personal.y think that the influence is very small in
this case¢. In principle, it’s an influenc», but in
this case, it is a very small influence,

Mr. Youngling described that such
influence: have »een ohserved, and there’s a
hackground for it, but in this case it will not
account fo- let’s say variation in peak pressure
compa-ed before replacement of the erankshaft and
zfi21 replazement of the crankshaft.

Q. (ne moire question on this. I just wanted
to try to se2 if you could quantify, when yon say it
will be a vary small influence, are you sa;inq less
than 1%2? Less than 2%? Given the difference
between the cr ldast winter day and the hottest
Tummer day?

DR. PISCHINGER: Everyhody who is
familiar with diesel combustion process will hack ne
up when | say such a guantification is not pnssible.

Qe Now, "r. Youngling, in answer to another
of Judge Ferguson’s s2ries of guestinns concerning
inspections of the AE piston skirts, I think you
mentioned that there would r.e, even prior to the

first refueling nutage, some inznectinns in srder to
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Jetermine whether there were cracks develoningy in
the AE skirtss would you *2]]1 us precisely what
methods of inspections you were referring to.

MR. YOUNGLIN3® First Mr, Dynner [ did
not say that there would be inepections prior to the
first refueling outage to check for cracks.

Qs Perhaps my use of the word inspection may
have led to some confusion.

It mijht have been more accurate, and
nlease tell me if [’m correct. I had thought that
mayhe the words that you used to Judge Ferjuson, was
that you be would be looking for cracks. He Aasked
you would you be looking for cracks up to this
period, and I think ynsu answered in the affirmativs,

MR. YOUNGLING: 1 mhelieve ] testified
that during the inspections which were to »e
accomplished in accordance with the TDI nwners groaiup
manual and in accordance with the DRGR orojram at
the intervals specifisd in thnase documents.

#hen ~e had to do anther inspections as
vart of those inspectinns, we would he performing
general overviews of the piston as aporopriate, and
we would bhe looking for various sians of a»normal
conditions, including crackinj.

Qe All right. Now woiuld ynu tell me in
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these overviews how precisely would you gon ahout
looking for cracks on the AE pistons?

I’m asking you “r. Youngling, because
you’re from Lilco, I think Dr. Swanger might be ahle
to give his views afterwards.

MR. YOUNGLINGs Mr. Dynner, I have
committed for the company that as part of the
inspection of the pistons at tne first refueling
outage we would inspect the piston boss areas by
addy current,

Qe 1 am going to interruot you. hecause my
question was obvioucly hefore the firs* refueling
outage.

JUDGE BRENNcR: I4m confused as to what
you are asking for Mr. Dynner, We have the

testimony already this morning, and we are 30ing to

jet it as to the inspections alee: Lhe rTeidzaing
outage and that was not my guestion. e nli- te=tifiel as to
the Kiene gage measurzments prior to tha‘'. -, are

not asking abhout that either.
MR. DYNNER: No sir. [“m askini, and
111 clarify the guestion, if there was co.afusion.

JUDGE BRENNER: You’re concerned ahsut

the time,
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MR. DYNNER: Yes, I understand.

JUDGE BRENNER: So the sooner you
communicate with each other, the better.

MR, DYNNER: 1411 do my best. That’s wny
[ interrupted hin. I didn’t mean to bhe impolite,
hut [ didn’t want you to go in on an area -

JUDGE BRENNZR: Go ahead.

Qe Before the inspections, after the first
refueling outage, you’re going to —— 1 think you
said that in the process of your normal maintenance
and overview, vou’re going to he looking for cracks
on the AZ pistons, is that correct?

MR. YOUNGLIN3t As part of the
inspections requi;ed hy the TDI Owner’s “anual, and
the DRQR program at the intervals specified in thnse
doctimente  wz 117 % g UVErview
assessments,

At tho:s+ intervals.

Qe Ncw are any of those =

MRe YOUNGLINGs Now =

MR. DYNNERs Go ahead.

MRe YOUNGLINGt Now in the TDI manual,
the first time I have to look at those pistons is at
the first refueling outage cominy un. In acecordance

with the DrR2R program, the first time [ have tn lonok
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waga 1 at those pistons is at the 5-year inspection point.

o

Conseguently, we will look at the first refueling

w

outage.

Q 4 Q. 8ut, therefore, you will not »e lnokinj
5 for cracks in the AE pistons prior to the first
8 refueling outage, isn’t that true?
7 MR. YOUNGLING: We have already lnoked it
3 the pistons as part of the DROr inspections done
9 after 100 hours of operations.
10 Q. So your answer is betwean what yo'1! have
11 already done, and the first refueling outaje, you
12 will not he looking for cracks in the Az pistons,
13 isn’t that true? May I have your answer without Or,
. 13 Swanger advising you?
15 MR. YOUNGLING: We will not »e lnoking
16 for cracks hetween those two inspections pnints, nor
17 do0 we have to look for cracks during those
I8 inspectizn zoints,
19 YR. DYNNER: Fine,
20 Q. Now when | sajd fine, I meant in the
21 context of getting my answer,
22 JUDGE BRENNZ3t Since he jnterizscted, |
23 think 711 tell you, you oot that answer 1)
. 24 minutes ago.

25 NDR. PISCHINAER: =xpressing confidence in
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JUDGE BRENNER: | have enough trouhle

with tne lawyers in this case. Give me 3 break,.

Qe Now Dr. McCarthy, Judge B8renner asked vou
some questions about the discussinn concer.ing the
crankshafts,

Dr. McCarthy, do you know precisely whan
the cracks initiated in the crankshafts in the
Shoreham £DG’s

DR. McCARTHYs Not to get hung up on tha
ohilosophical question cf when precisely any crack
initiates. There were no inspectinns done of the
Shoreham crankshaft prior, for cracks, aftzsr they
were put in operation, hut orior to the failure of
the first crankshaft.

Q. S0 yo't don’t know when those cracks first
initiated, correct?

DR. McCARTHY: No. Some estimates of the
initiation perini could bhe made, [ have not made
than, hut they could he made from 3 caleulstion of
the crack pronagation rates, which can he oredicte
reasonably well.

Q. 14 like to turn for a noment to the new

exhibit P-35

Now {t’s true, gentleman, isn’t it, that
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the data shown on exhihit P=35 is dats reflecting
the firing pressures of cylinder numbher 7 sn NG 113,
isn’t that correct.

DR. McCARTHY: That’s correct, 103 at a

hundred percent level.

Q. Cylinder number 7, corrzact?

DR. McCARTHY: Yes, sir.

0

1

D
w
N
D

Q. Now if you will turn for a noment,

to exhibit P=9, will you turn to page showvinjy the
Kiene gage, what was testified to he the Kiene gaje
engine cylinder pressure log for EDG 103 nost=crankshaft
replacament. The 8th page into the exhihit.

You will see there that the pressure
taken for cylinder number 7 at, in this case, 3,595
kw, was 130 psi less than the pressure, for examole,
taken in cylinder number 46, which was 1,437, and
numuher 3, which was also 1,680.

So there’s a variation of 130 osi.

Now given this variation, it’s true,
isn’t it, that had you taken the reading for exhinit
2-35 on another cylinder in encine 103, vou micht
have gotten a peak firing pressure nst af rouihly
1630, but in fact a peak firina oressure 170 or mayre
nsi higher, depending an the svlinder that ynsu chnse,

NDR. SAANGER: The data shown on the na:=2
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waga | in exhibit P=9 that you have reference to, was taxan
2 on April 10, 1¥84, approximately 4 months after the
3 time of the torsional teét that we described.

. < As vou will recall, we discussed that at

5 the time of the torsional test, we had two
5 additional quartz Piezo electric transiucers which
7 were fitted to the hleed norts or the test corcks osn
8 the cylinder heais, and that these two quartz Viezn
9 2lectric transducers were moved to test all S

10 cylinders.

11 Ne did this specifically for ths purnose

12 to demonstrate that at the time of torsinnal test

13 cylinder number 7 was representative of all the
. 14 cylinders, and was not reading low relativs to the

15 othar cylinders.

16 Ce And those are the measurements [ have

17 been asking for. Do y2u know what thcse

13 measurements are now?

19 JR. SYANGEX: No, we do not have thnse

20 with us now.

21 Q. Nhen vou sav representative, 45 yo hava

22 any idea whether == can you represaent now that the

23 variation hetween cylinder number 7 and any of the
. 24 ather cylinders on thz angins at that partieular

25 time was within a certain range of nsi?
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¥r. Dynner, we are going to adjourn promptly on time

w N

Jue (o flight schedules, so how much more do you

have?

MR. DYNNER: That’s it.

L LI

6 JUDCGE BRENHER: DNoes the Staff have any

7 follow=up?.

3 MR. GODDARD: Yes, just hriefly.

9 JUDGE BRENNcR:  How much, how hriefly?

10 MR, GODDARD: 5 to 10 minutes

Il (Discussion off the racord.)

12 JUDCE BRENNZRt My 2pologies. [ thought

13 it was 12245, 1It’s 11:45, Time flies when you’re
' 14 having fun,

15 JUDGE BRENN=R: All my statements about

15 the crankshaft witnesses and so nn was hased on th2

17 loss of an hour in my mind.

13 VMR. ELLIS: de haven’/t sent anvoody honz.

1y JUDGE BRENN=3s You must gave heen

20 wondering what I was talking about, ani were t»0

21 nolite to tell me. DNon’t hesitate to tell mes and I

22 can adjust to my own mistakes. Sorry.

23 JUDGE BRENNER: We are still w2itiny for
‘ 24 th2a answer. [f you don’t know, that’s the2 answer,

29 DRe SAANGER: We can’/t 3ive you any
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records and get that information far vou.

MR. DYNNERe: ANe will just renew our
. request for all of that data, and [ assume it will
e forthcoming at some point.

0. Now, jentleman, it’s true, isn’t it, that

the informatinn shown on P=9 in the enjine cylinder

W N > U, s W N

pressure log that I have referred to for EJG 1203 was
9 taken by from ths test cocks of the cvlinders, isn’t

10 that correct?

11 MR YOUNGLING: Yes, it was taken at thz

12 test cocks using a Kisne jage which had h»een
13 calibrated.
. 14 Q. And the test measurements at the test
15 cocks tend to result in lower pressure, cylinder
16 oressure readings than the measurements that w=re
17 taken with the Piezo c<lectric transducer Qithiw the

13 cylinder itself, isn’t that true?

19 YR. YOUNGLINGt No, that’s noat trus, =2,

20 [ Welisve we testified esarlier that it was hijher.

21 and I think Dr. Pischinger can 3ive ynu a fyrther

22 axplanatioan,

23 JRe PISCHII3Zks I think as {s also =
. 24 already on the racords ane of the previonus aavs |

25 axnlained that hy the existence nf a3 rather long
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connecting pine Hetwean the comhustion chanher and
the point where the Kiene gage is oositioned, it is
70ssible that by the phenomenon of nressures increasse,
ny reflection, you can 3et 3 higher readin; at the
{iene gage.

In any case, the Kiene j;age is an
apparatus which jives you the maxinum of the maxi.um
values of differant cycles.

So there’s sufficient reason for
regarding the Kiene gac2 reading as heing rather t»so
high.

Q. An1 when you say rather ton hignh, or the
nossibility is it would be somewhat hijgher, can ynui
quantify that? Are we talking about I» Jifferenca2
or more than 1%, in your experience?

A, If you ask on my experience, it can he, it can
he 3 lot. It depends an the geometry and the curve
of the comhustinn pressure versus time., But in
this case | do not, and cannot, 3ive you 2
connlecely relianle figure,

YR. DYNNER: Thank vo'.

JUNGE RHENHZ3t MYr, Goddard,
THOSS~EXAMINATION BY “R. GONDDARD:

Ce Thank you, Judge 3renner.

Dr. Pischinjer, what, in your ooiniosn.
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would ke the upper limit on 3n 3scecaptable thickness
for tin plating on ihe AZ piston skirt?
DRe PISCHINGZR: Units. Just a moment.

Units. Wdell it comes nut by 2 thonusandths nf an

inch.
Qe 2 mils you indicated?
DR. PISCHINGExR: 2 mils, yes.
Je Yesterday did you near, did Dr. Swanger

testify that if tin plating was aoplied to an AE
piston skirt, of miniaum dimension or mininum
iianeter, prior to plating, that as muech as 3.5 mils
on the radius could bhe anplied, and that the nistons
would still meet the nuter diameter check?

DR. PISCHINGZR: | have in my ramemhrance
that this was a little hynothetical, or theoretical
calculation, simnly based on the diameter comparis»on

i*hin the tolerances.

If, today, it was a — {f, or h2 said,
that if you %ake into account concentricity nf ths
4diameter this variation in thickness will Jecrease
and will not he 3 mils.

Qe That is not the way | heard his testimany,
hut [211 accent your answer for now.

Or. Pisehinger, it isn’t fuet tneosretical

if you state that you can take a minimnm diam:tar
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piston which meets tolerances rrinr to olatin; antd

then measure it to the maximum tonlerance arfter
olating. It is guite conceivable that you could
have the 3.5 mil plating equally around that piston,
is it not?

DR. PISCHINGEXR: Yes =

YR ELLIS I ohiject to the form of the
question, bec3ause he says is it conceivabla,
Anything is conceivable, and [ don’t think == 3t
least my Profassor said even a square circle ics
sonceivahle to» him. e had powers that [ Jdon’t have,
3ut 1 don’t ajree that that form of guestinsnini is
apnropriate,

JUDGE BRENNEZRs Ahy don’t you rephrase it.

. Nr. Pischinaer, hased upon the facts

shich I just nresented to you, the dimensinns with
regard to the toierances. could not, in fact, =2n A:
oiston be plated to a thickness 3.5 mils, and still
~3s5s pre=-plating and cast=plating inspection checks
for diameter,

IRe PISCHINGCERe: I wonuld ag=in check wiih
tha drawing.

Nell it is triue, if you nnly relate on
this measurement and assume thes2 widely ranje

tolarances to coincide, this enuld bhe nnesihle,
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Qe Nithout actually measuring the thickne=s
of the platiny itself then, it is nossihle you could
Jet a three point 5 mil thickness nlating »of an A:
oiston during this process, is that corract?

DRe PISCHINGERs I Agree with yonu, but I
may add that if you gat into a situation where th2
thickness is too high, one would certainly see the
smearing effect in operation, and it was testified
yesterday, and | personally have, in addition |
nersonally have seen quite a lot of thzse AZ nistons,
and 1 couldn’t watch any of this smearing.

So by that I feel gquite confident that at
least the pistons which are in the eniine wouldn’t
he affected by such an avent.

NDRe. SYANGERt Furthermore, in assessing
the likelihood or even the possihility that as mueh
as three and a half mils of tin could he put oan, you
have to consider the olating process, as w~ell. and
that the pisinns would have to he in the olating
hath with the plating current apolied for at least
two and a third times as lonjy as the s-ecifjied
amount of time nacessary to nut the prooer amount >f
tin on,

It is unlikely, in my experience, with

3lectroplating, where autnmatic timers and automatic
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controls of currants are commorly used, for such an

occurrence to exist.
Qe Or. Swanger, you don’t knov whcre thess

nistons were nlated, J1o you?

’JR. qu‘.\'\'\’;-"(s "ie k."l(‘-w tb\at ?he tiq

i

plating is suhcontracted nut a#s we testified to
yesterday, ani we had 3 lengthy dJdiscussion as to the
orinciples of electrooslating and how we can make "=e
of the knowleldge of general princisles to Uraw
reasonahle conclusions about what hanpens in a
commercial operation.

JUDGE BAENNzZR | didn’t near vyour answer
to the guestion, Dr. Swanger.

M. SIANGEH:t That’s true, wWe J0n’t know
whare they were nlated, e know that thay war:
plated by an sutside vendor to TDI.

e And your re=asonabhle conclusions are all
hased on the assumptinns that they were using
techniques ani procedures in line «#{th what yo1 ars
faniliar with in your experience, is trat not 2ls»
triia?

NRe SAANGEX: The primary hasis for my
conclusion is inspection of nistons, which have
actually operated in enjines, with no future

nserformance, whether these niztons faatnure == witns
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no indications there’s excess tin on it. [ think
that that is the bottom line conclusion, that the
pistons, the AE piston skirts at Shoreham are
operating properly, given the amount of tin that
they do have, and that discussion »f whethar or not
it’s measured is secondary to Lhe ohservation that
they have heen parforming pronerly.

MR. YOUNGLINS: Mr, Goddard, we’d like
to just caucus for a aoment.

DR SHANGERE In additinn, earlier this
morning 1 mentioned the large number of nistons that
I nersonally have insnected after ooeratinn in
nuclear plants. And that adds to the strength of ny
convictinon that there is n. prohlen with tin nlating
on AE pistons.

In addition tn that, the TDI owner’s
Jroup through its component tracking systen has
access to a mich broader data hase, and that data

hase alsn shows that there are nn nrohblems

J
Pt
n
(g
2
=

associated with tin plating »f any style nf
in TDI engines,
Qe 3ased unon onerational histories tn Adata,
ifs that correct?
JUDGE BRENNERs [ guess {t’s not hasad

nnpon future onxerational histoaries. 355 [ don’t
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understand your Juestinn,

MR. G)ODDARD: Very well, Judge Srenner.

Qe Your conclusions as hnlstered hy

experience, which you have ohserved may he sound,
hut does this give you any hasis for predicting
future results, jiven the possibility of smearing.
the possihility of plating of 3.5 mil thickness?

MR, ELLISt Juije, [71 like to register a
general ohijection to this line of juestioning. I
think {t’s immatarial. There’s never heen any
aroblem with any TDI piston and tin platinj. Here
we are talking a»out hyoothetically. Anythiny is
oossibhble in the world, hut [ haven’t seaen any hasis
for pursuing it,

JUDGE BRENNERt | have a contention in
front of me that says in part the analysis dses not
adaguately consider tin plated design of tne pistnns
could lead to scoring, causes excessive gas load and
thareby causing failure of nrover operatinn, Now it
may he, when we are through with our findings we’ll find you
jemonstrating that this tin olatin: pronlan, I’m sorry, that
this alleged tin platingy oroblem, 4, doesn’t exist, anit 3,if
it existed would have nnthing to do with scoring, "t I
san’t draw that conclision rijht now. So vour arsumant

haen’t established, in my mind, at least,
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that the questions are irrelevant to that contention.

And there’s sone 3taff testimony that
presumanly we will get hack to, not bhack tn, we will
Jet to, and you’ll have the ooportunity to
cross-examine the 5taff on the subiject, and then I
can put it all together and make a ruling. 3ut |
can’t do that right now., So the ohfjection is
sverruled.,

YR, ELLIS: Yes. I know., [ think my
ohjection really was tn the hypothetical nature,
%bt as you pointed out, the entire contention mav he
that. May I have the question read bhack for the
sanel, nlease. [ think there’s a pending juestion.

JUDGE BRENNZRs Yes, there is. Mr. ?
Soddard, can you repeat it.

MR, GONDARDs Not after this dialogue,
Judge. | prefer to have the guestion read hack.

JUDGE BRENNER: All right.

(The juestion is read by the reporter.)

DR. PISCHINGER: I think that the
axperiencas, the operatinnal axperience with the AZ
oiston skirts, tin plated, {f == as == {f thev Aare,
jive enough evidence that this very piston skirt
will safely operate also in the future as »efore

they have heen examined they have zxperianced full



load, and even overload, and they have espacially
during the hreak-in period, which '1sed to e very
critical, in these cases.

"R. GHYDDARDs Thank you, Dr. Pischinger.

Q. Just a clarifying gquestion to ysu. When

you said these pistons, do you mean the oistons

already installed in the EDG’s at Shoreham?

3 DR. PISCHINGZER: Yes.
9 - YR. GODDARDe: Thank you.
10 Qe Mr. Youngling, what if any plans does |

11 Lilco have to NA for the thickness of tin »nlating »nn

12 future AS pistons which may he used in the diesel
13 jenerators at Shoreham station?

‘ 14 MR. YOUNGLING: Based on ths exnserience
15 that we have had at Shoreham, and on tre
16 recommendations prasently in olace from the TDI
¥ ownar’s group, w2 would have no planned future
13 actions any diffarent than what we have put in place
19 now for the niurchase of any At pistons in the future
20 relative to the assessment of the tin =latina.
2l Do ¥r. Younglirg, you sav nther than what
22 vo't have in place now. Do | interpret that tn mean
23 vo't have no plans presently in place as wall to

. 24 neasure the actral thirknass nf the tin olatinc on
25 the AE nistons tn »e surechassed in the future?
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waga ] MR, YOUNGLING: The present rejuiraments
2 are that the Jdocumentation is reviewed to insure
3 that TDI has, in fact, oerformed the tin plating, 2as
' 4 indicated on their routing sheets.
S Q. When you say performed the tin olating as
5 indicated on the routing sheets, dn those routing
7 sheets give any iniication of the thickness »f tin
3 olating applied or merely that tin platinz was in
v fact performed on the skirts prisr to shiomnent?
10 MR, YOUNGLINS: It indicates that the tin
11 olating was performed orior to shioment,
12 de Perhaos | asked a compo'ind gquastion.
13 111 just clarify it. Is there any indication on

those routing sheets as to the thickness of the

15 nlating that w~as applied?

16 UR. YOUNGLING: No, there’s no indicatinn
17 3s to the thickness, However, our experienca has

13 shown, hased on not cnly the experience at Shoreham,
19 but within the overall TDI enaines, that there is

29 not a problem with the performance of the tin

21 21ating.

22 “R. GONDDARD: Thank yau., [ have no

23 further questions.

24 JUDGE MORRIS: Nr. Pisehinger,

25 NRs PISCHINGERe Yes.
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JUDGE MORRISt Let me give vou 3
hypothetical situation and then ask a guestion.

Th2 hypothetical situation would he that
excessive tin was on at least part of the 21iston
skirt at the time of start-up of the enqine, and the
areak=-in period

Can you describe to me whethar the
excessive tin would cause a prnablem during the early
period, would not cause 3 prohlem for some period of
time, or can you say anything ahnut how the problen
might arise?

DR, PISCHINCER: If one assiimes a higher
thickness of the tin nlating, excessive, as yon say,
and the piston diameter {s still within the
tolerances, you Jsually get this already mentioned
smearing appearance, which usually do not affact the
oparation of the piston, hut of of course you can
see this appearance, if you remove the niston

[ personally do not know of any case
where such a2 smearing has resulted in A catastroohic
2iston failura, Hut it is ogensrally recarded
gynfavoranbly, and it coild give rise to guicker wear
a»f the moving parts.

Of course, as ynu stated, this is, in

that resnect, 2lso the hvnothetical, 2s it -denends
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waga | on the amount of 2xcess of tin. And there’s

certainly anyway a limit which [ myself cannot give

w N

at the moment, where this excessive tin plating
. 4 could lead to troubles with the niston rinas.

5 JUDGE M0RR ISt Did you sav with the piston rings?

6 DR. PISCHINGERs Could he, yes, could b2

7 referred to the oiston ring zone,

3 JUDGE MORRISt Wonuld it be possihle to

9 sroduce the kind of scoring that the County alludes

10 to, which might lead to hlow=hy?

I DR. PISCHINGExt [ personally think that

12 3 mils of tin plating, which if — which would he

13 hypothetically possihle, if only the diameter, the .
.' 14 4iameters are measured, would not lead to such a

15 damage, or effect.

16 JUNDGE MNRRISt: Dr. Swanjer., 4o yo'1 have

17 an opinion on that?

18 NDR. SHANGER: | have an opinion nn that,

19 as well as on the earlisr hypothetical guestion that

20 you had asked, Judge ‘'orris.

21 I think that there’s a3 valid anal»say

22 hetween the hehavior of the tin layer on the 2istoin,

23 and behavior of the thin Babhitt laver on nearinas
. 24 that | had discussed earlier, As oart of nv

25 axnerience and expertice,
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It has heen my exnerience that when
engines have »een disassembled in the early part of
their life, and this is large medium speed diesel
engines, for inspection of the hearincs with a
3anhitt layer, that if the B8abbitt were anplied t"
thick that smearing of the Babhitt would occur very
early in the life of the engine. Perhans on the
first few revolutions, when the accommodation of the
various moving parts, which is the purnose of
bresk-in, is occurring.

1 think that an analojous situation would
sccur with the pistons if hyoothetically they had
too much or excessive tin, that the tin =i ration or
the smearing would oceur early in the operation, and
that this redistribution of the tin would actually
accommodate the jeometry of the piston to the liner,
and then minimize further smearing of the tin later
in its life,

As to the second guestion, about the
nossibility of this amount of tin leading to
excassive hlow=hy, it 15 my oninion that tne hlow=ov
is primarily controlled by the foaur comoressinn
rings in the crown of the piston, and that a long,
multi=step orocess wo'tld have to he hynothasized in

which any prohlem with the tin could then lead tn 2
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orohlem with the compression rinjys, eventually
jJetting to the point where you could hyoothesize
blow=by.,

Given the unlikeliness of any step in
this long chain of steons, | think that 3 nils »f tin
would not lead to excessive hlow=hy in thz enjine,

JUDGE MORRIS: Dr. Pischinper, 2i4 you
nave something else to add?

DR. PISCHINGER: I only want to stress,
or to add, 1 think I didn’t do this, that according
to my exparience, if there is tin migration or
smearing, it is in the beginning of break-in, and
first load appearance, and then it decreasas,
according to wear.

JUDGE MORRIS:s | won’t say tine, as Mr,
Dynner was careful to say. Thank you very much. I
am not commentinj nn ynur Aanswers.

JUDGE BRENNZR: I thought you ware aoini
to comment on his wanting to stress things.

Any redirect, Mr. Ellis., further redire~t?

MR, ELLIS:t Yes, I have a couple, Judje
3ranner,

REDIRECT EXAMINATION 3Y MR, EZLLISt
Qe NDr. Pischincer and Dr., Swanaer, in the

testimony that you have given a2bnout smearing, Jid
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waga I you ohserve any smearinj on the At pistons at
2 Shoreham after they had been in opsaration?
-3 DR. SAANGER: I711 go first and say that,
. 4 no, 1 did not ohserve any smearing of tin on any A:Z
> nistons at Shoreham or on any other of a large
o] number of AE or AF or other TDI nistons that [ have
7 axamined at other locations.
8 Qs Dr. Pischinger, Aid you observe any
9 smearing on the pistons at Shoreham?
10 NDR. PISCHINGER: No, I Jidn’t onhserve any
I smearing on pistons at Shoreham, [ think I stated
12 this already. And neither did those people which
13 reported to me uson heing asked see any smearing
14 effect on the pistons, .
‘ 15 V3. ELLIS: Mr. Youngling ==
16 NDR. PISCHINCER: Yes. Y“r. Younjling
17 reminded me [ should say thnse persnns who worked
13 for me did give me this information.
19 Q. Mr. Younglinj. Mr. Dynner asked ynu A
20 number of questisns following up on the inspections
21 to he done on the pistons.,
22 Let ma see if I can put that into
23 nerspective,
24 Yo's have already testified the oistons

‘ 25 vere examined by eddy current and ligquid nenetrant
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waga 1 hefore they were installed and no cracks or
indications, relevant indications were found.

tnd then the engines were run for 170

hours 1,35 =

Jooose wN

YR. DYNNER 1Is this a2 summary of prior

5 testimony?
7 MR. ELLISs 1It’s a questiont I am a0injy
8 to put {t into perspective. 1.5 million cycles anid

9 inspected again hHy ligquid penetrant.

10 , MR. DYNNER: | object. This is a

i characterization of prior testimony, either he said
12 it or didn’t. And | don’t think a summary is called

13 for at this point.

‘ 14 JUDGE BRENNER?® Ob jection sustained,
15 Why don’t you back up and ask a guestinn, It’s also
14 an overly leading problem here at this time in the

17 proceeding.
18 MR, ELLIS: I am g0iny tn get to the

19 question. [ thought it would helo to put it into

20 oerspective,
21 JUNDGE BRENNER: Get to the guestinn nowx.
22 MR. ELLISt 711 get to the gquestini nowv,
23 I do think perspactive would help.

. 24 JUDGE BRENNZR$ Mr. Ellis, olease.

25 YR. ELLISs I will get tn the guestion.
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Yy questioning has been the shortest. | have
questioned for 30 minutes instead of 5 days.
JUDGE BRENNERt | didn’t questinn the
length. It was an ohjection to that particular

juestion, that’s all.

Q. Mr. Youngling, you testified that Lilco
has committed today to again inspect the pistons at
the first refueliny outage by liguid penetrant,
magnetic particle testing, eddy current testing.

Yow many hours of surveijllance testing do you expect
the engines to undergo hetween now and then?

MR. YOUNGLINGs Between now and then, the
engines will underjo anmproximately 120 hours of
surveillance testing.

JUDGE BRENNERs Is that for each engine?

MR. YOUNGLINGs Yes, Judge.

Q. Am | correct that a hypothesized

LOOP/ZLOCA event for 7 days wculd he annroximately

-103 hours of engine running?

MR. YOUNGLING: Yes, it would.

Q. How much total time would you expect,
aven assuming such an event that the engines would
have on them hetween now and the first refueling
outage at which time Lilco has committed to

reinspect the pistons?
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MR, YOUNGLING: At 2 maximum th: engines
would have, assuming a 7 day LOOP/LOCA, 233 hours.
MR. ELLIS: Thank you. No further
questions.
JUNDGF BRENNEZR: I was going to say. |
think we have come to the end, but Mr. Dynner says
he has just a little guestion.
RECROSS=EXAMINATION BY MR. DYNNER:
Q. Gentleman, there’s only one area [ want
to get into. You testified that with respect to the
fact that you thought there were no problems
evidenced with the tin plating and the AZ pistons.
xoulq you please turn to Lilco’s exhibit P-32, and
about the 9th paje in, you can start there. You see
it’s a page at the bottom of this particular page
there’s a number A-l,
MR. YOUNGLING: A=2, if that helps you to
find this particular paje. And the following page
is A=1,
¥R. YOUNGLINGs Yes, sir.
MR. DYNNER: Now the total of this, what thi .
Jocument is, is somewhat ohliterated. Perhaps yon could
helo me ¥r., Ysungling. At the top it says Stone andWehstsr
Enjineering Corporation. To the left mv cooy is onliterated

slightly. Do you know what that
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waga | is referring to, something it looks like report.
2 MR. YOUNCLING: Yes. The words in the
3 upper left hand corner should be guality control

. 4 inspection report.
5 Q. All right. And the date of these two
6 documents for these inspection reports {s in the
7 right hand corner February 11, 1984, {s that correct?
8 MR. YOUNGLING: Yes, it is.
9 Q. And this refers to ED3 102, at the
10 Shoreham plant, doesn’t it?
B MR. YOUNGLING: Yes, it does.
12 JUNGE BRENNZR: Why don’t you 3Jet to yosur
13 suhstantive question.
. 14 MR. DYNNERs ;es.

15 Q. Now, my question is, does the information
16 shown in the drawings on here, where it indicates in
17 places scored, in othei places it states tin flaking,
18 and then on the next paje there’/s a notation that
19 the tin surface appears to he melted, and other
<0 places it indicates where.
2' Are those indications in this insoection

wort indications that the tin plating is perfectly
w-.l?
VR. YOUNGLING: Mr. Dynner, these

(nspection renorts were associated with the review
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of the pistons in the DG 102 engine after the 170
hours of operation at greater than or egual to 3520
kw as part of the DRQR program.

The inspection findings were reviewed in
accordance with the appropriate procedures, and the
wear reported in the inspection reports was deemed
acceptable by the vendor, TDI, as dncumented by
their March |, 1982 letter from Mr. D.l. Schmitz, to
Mr. John Kammeyer.

In addition, as part of that inspectinn
process, Dr. Pischinger hhd to travel from Germany
to look at the pistons and other components in the
engine and he also looked at these pistons and he
should comment on his observation.

DR. PISCHINGER: Yes, I ce2n reunember
these pistons I saw had no smearing effect which
could be caused by too, too thick tin plating. What
could be seen, what was seen is some marks, that
means linear indications, and some wear, and {t was
also as well these pistons which had this already
mentioned carhon, carbhon reposits in the piston ani
ring gronves,

So 1 can state this is really no
indication of too thick tin layer.

And I think also they were marxs which
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2 the inspsctor show that this is true.
3 Q. Did you record any of youi results on

. 4 documents of your inspection of these particular
5 pistons, Dr. Pischinger? Do you understand the
6 guestion? Did you write down the results »f your
7 inspection when you looked at these pistons?
B DR. PISCHINGER: I think it is written
- down here, but I did not do this writing down.
10 Q. Did you personally write anything down
R about the inspections?
12 DR. PISCHINGER: N»n, no.
13 Q. Could you tell me when you looked atr the

niston that’s shown on the paje designated A-i.

E N

15 MR. YNINGIL INS: VYes. gir, what did vou ==
16 DR. PISCHINGER: WNhat == please,

17 Q. A=1,

18 MR. YOUNGLING: Yes, sir.

19 DR. PISCHINGER: Yes.

20 Q. The bottom right hand corner, it’s that
21 naje I’m speakinjy about.

22 What did you conclude ahnut the area that
23 is noted here as tin surface anpears to he melted.

Nas that perfactly normal?

N
H

DR, PISCHINCER: This is an ara23 ntsida

n
e 1
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of the running area of the piston ahove the wrist
pin, which has particular no loading contact, ana |
am not concerned on marks in this region.

Q. Did anyone make any conclusions regarding
the area of the tin surface that’s noted here as
appearing to be melted, as to the cause of that?

MR. YOUNGLINGs Mr. Dynner, if you trace

the documentation through, we will see that a LDR

number,

DR. SEAMAN: 75 was written to discuss
the problems for the, or the ohservations, nol the
problems, and that was a disposition, and 1 gquote,
.1n accordance with the attached TDI meno ==

MR. DYNNER M“r. Youngling, is this nne of
the documents in this exhibit?

YR. YOUNGLINGs Yes it is. I am trying
to detcriine the number, the page number., I“11
count the pages. Have you heen shle tn locate the
TDI memo?

JUDGE BRENNZRt Yes.

MR. YOUNGLINGs Let’s go forward from
there, 7 pages. I’m sorry, I have a prohlem.

JUNGE BRENNERs This is a 2ifficult
exhibit to work with, as we previously discovered.

MR. YOUNGLING: Let me take a faw moments.
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JUDGE BRENNERs [ didn’t mean to
interrupt your anrswer, but [ ohserved that [ *hought
you were reading from a document that if It was on2
we already nave in evidence —

MR. YOUNGLINGs Yes, it is, but it’s
improper.

JUDGE BRENNER: Well, can you answer the
question directly, I think as to whether the
observation was looked into and datermined.

MR, YOUNGLING® Yes, it was, Judge
3renner. As part or the program we consulted witn
TD1 personnel, and the ohservations were judged as
normal component wear, and were judged to be
acceptable.

The pistons were cleaned and returned to
service and have continued in service, and operated
satisfactorily.

JUJGE BRENNERs [ don’t want to get in
the way of your juestions, Yr. Dynner.

Qe So it’s your testimrny that you relied on
DelLaval to make that judgment, is that tru=?

MR, YOUNGLIN3t No sir, DelLaval
orovided us input. In addition we had the input
from the owner’s groupn, as well as the ins»sections

by Dr. Pischinger, ani hy Dr. Swanger,
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Q. Well, Dr. Pischinger just testified that
he didn’t make any conclusions concerning the melted
tin suriace. So who was the one ==

MR. ELLIS I object tn that
characterizaticn.

JUDGE BRENNER: That’s 3
mischaracterization.

MR. DYNNERs I’m sorry.

JUDGE BRENNER: Why don?t you ask Dr.
Pischinger whether he --

Q. Dr. Pischinager, did you make any
conclusions concerning ths cause of the tin surface
that apoeared to he nelted as shown on this paje
that’s designated A-1.

MR. YOUNGLING: A=3, the right hand
corner of the paje.

DR. PISCHINGERs Well, I want to state
again, this is in a not-loaded part of the piston
surface, so with regard to smearing if any s%earinj
effect snould have heen noticed it should have been
that loaded parts of the niston.

Qe Nell, Dr. Pischinjer, when ynu inspectad
this particular oiston, did you se2 it Aone ==

MR. ZLLIS I’m sorry, | don’t helizve the

witness is done., I may be mistaken,
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JUDGE BRENNERs In an effort to 3et some2
more quickly focused answers, if it’s okay with me,
I am going to let Mr., Dynner do it. He asked a
question, he waited a2 long time. We have Jotten
that part of the answers presumably Mr. Dynner is
j30ing to come back to focus on what he wanted to. I
am going to let him do it.

Q. Dr. Pischinger, let me just make it very
easy. When you examined this particular piston
personally, did you personslly ohserve this tin
surface area that appeared to he melted?

DR. PISCHINGEZEK: Well, I corcentrated on
and my main enphasis of my ohservation in the parts
of the piston which are highest loaded, and | can at
the moment not rescall this part to such an extent
that I can try to find a cause for this iniication
in this part.

Q. All right --

DR. PISCHINGER: But the only c3nclusinn
I know I have in mind that I found that at that tina,
whenever seeing it, not as critical., Otherwise !
would = otherwise I wnuld have taken actionn, I
would have taken action.

Q. All right, now Mr, Youngling, 45 ynn Know

whether anyboily else came to any conclusinns as t

(&3]
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the cause of this area of the tin nlating that is
noted as appearing to be melted, if you know? I
don’t understand why the guestion calls for a
conferance. | just asked Mr. Younsling if he knows
something.

JUDGE BRENNER: | agree with Yr. Dynner,
Do you know, ¥r. Youngling?

MR. YOUNGLIN3: No, hut perhaps nne of ny
colleagues can respond for me.

JUDGE BRENNZRs: Do you want to 3sk
somebody else? Anybody?

MR. DYNNER: Anybody, does anyhody know
whether anyhody came to any conclusions as to the
cause of the tin plating that aopezred to »e meltel
as noted on this documnent?

JUDGE BRENNER: And if you don’t know in
the next few minutes we will find out next Monday
whether you know it.

DR. SYWANGEHt As far as we know, No
analysis was made for the cause of thies cosmetic
effect on this piston. At the time it was judued to
he in a non=¢critical area of the ciston, therefor=2 a
detailed scientific analysis »f a purely cosmatic
defect was unwarranted,

Qe And it’s your testimony that ynu ¢nulAd
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tell without doing any analysis that it was juct
cosmetic, is that correct?

DR. SWANGERt We could certainly tell,
nased Bn knowledje of the design and operating
orinciples of diesel enjines and where that
indication was on the piston that it was in 3
non-critical area, and just by visual ohservation,
and rubbing fingers over it to make sure that it was
less than a thousanc .y of an inch in dimensions,
it’s purely cosmetic.

Q. Did you personally see this area that had
heen melted. You personally, net ¥r. Younzlinz, JiAd
you personally see it, run your fingers over it?

DR. SNANGER: 1 looked at an awful lot of
parts of the Shoreham diesels during this time
period when I spent weeks and months at a (ime at
the Shoreham site assisting in all of thas=
operations. A lot of the things that were
significant did stiEk in my mind. This one is
insignificant, bt in soite of that I do think that
[ have a recollection »f seeing this area on this

oiston.
JUDGE BHENNz=R: I don’t understand what

.

you meant by the term Ycosmetic." Did vou mean

implv a preexisting indication, nr what?
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DR. SAANGER: That it’s just 3 visial

contrast indication, that I don’t think that it haHt

any functional significance.

b

JUDGE BRENNZRs Well I{f this was {n such
3 henign area from the noint of view of stresses,
why would it have occurred {n that area?

DR. SWANGER: I think vou were nrobahly
on the right track, when you said it was prenably
oreexisting.

JUDGE BRENNERs I didn’t say that, but 3o
ahead,

DR. SAANGER: wWell, I think that you were
thinking along the right lines, and that as nart of
the electronlating process, it is possible that in
withdrawing parts from the solution tanks, the
soluztions can run down the side of a ciston and
leave marks such as this non a plated part. That’s
possible that that’/s what this was.

JUDGE B<ENNERS® So what vou are tellinj
me i3 that whoevar wrote the orsarvation in that
report within exhihit P=32, on that page, i=l,

MR. YOUNGLINGs &=3, In noting that tin
surface appears to be malted, was in error/?

DR. PISCHINGZR: [ think he stated it

appeared to he melted, and he didn’t say it was
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waga 1 melted. I think, I do not know how precise this, »r
2 how this, or how it is exoressed precisely, but I
3 would translate it that if it asppears to he melted,
. 4 that it had an appearance as if it had besn melted,

5 But it didn’t confirm that it was really melted,

6 JUNGE BRENNZR: [In other words, a preexisting
7 cosmetic bHlemish, if vou will, resulting from the

8 electronlating process prone heinjy with-drawn

9 appeared to be melted to scmehody who was expert

10 enough to bhe performing thes2 inspections.

1 MR. YOUNGLINGs The primnary rolz of the

12 inspectors is to go out and look at the machinery
13 and to note their obssarvation. It’s entiresly
. 14 possible that he may have chosen those woris to
15 characterize the observation. The most important --=
16 ¥R. DYNNER That wasn’/t precisely my
17 point. I“m really asking Dr. Swanjyer, whether the
18 kind of preexisting cosmetic effect from the
19 electroplating process would, in his ozininn, Aann=2ar
20 to be a melting to somebody whn was looking at it?
21 NDR. SYANGER: [ think that somebody
22 without broad expertise and exreriznce in
23 electroplating might interpret such a cosmz2tic ares
. 24 as a minor etching or something lize this, could to

25 them appear to he melted,
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wana ] JUDGE BRENNER?s Dnes that complete your
2 questions?
3 YR. DYNNERs Yes, sir.
. 4 JUDGE BRENNERs The Board has no further
5 questions. Are there any involved on the 5taff,
6 just to the last questians asked, series »f
7 questions? ,
3 MR. GODDARD: No 3uestions from the Sta“f,
9 JUDGE BRENNZR: Any redirect?
10 MR, ELLIS: No redirect.
i JUDGE BRENNERe: If | get the cast nf witnesses
12 correct in my mind, I might not have, I think only Dr.
13 4arris gets to leave permanently and sach of the rast ofydu
14 will be here again. Am [ right? So I will Hid hnn vavaje
‘ 15 to Dr. Harris, and thank you for your time, Anz tn the
16 others 1711 say joodhye until we meet again, which will b=
17 for some of us at 10:30 Monday morainy in this courtroom.
18 (Hearing recessed,)
19
20
21
22
23
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