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2: w:ga' l' UNITED STATES OF AMERICA

2 NUCLEAR REGULATORY COMMISSION

3 BEFORE THE ATOMIC SAFETY AND LICENSING BOARDf3
i )sm

4 ----------------X

5 In the matter of

6 SHOREHAM NUCLEAR POWER Mr. TION : Docket No. 50-322-OL

-7 (Long- Island Light Company 8

-8 ----------------X

9- State Office Building

10 Veterans Memorial Highway

.11 Hauppage, New York

12 Monday, September 10, 1984.

13 The hearing in the above-entitled matter was

() 14 convened * a t .10: 30 a.m. , pursuant to notice.

15 BEFORE:

J6 JUDGE LAWRENCE BRENNER,

17 Chairman , Atomic Saf ety and Li. censing Board

18 JUDGE PETER'A. MORRIS,

19 Member, Atomic Saf ety and Licensing 53ard

20 JUDGE GEORGE A. FERGUSON,

21 Member , Atomic Saf ety and Licensing Board
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:1 w;ga 1 C'O N T E N T S

2 WITNESSES DIRECT CROSS

3 ROGER MC CARTHY

'4 DAVID HARRIS

5 LEE SWANGER 21,938 21 ,950

6 . EDWARD YOUNGLING

7 FRANZ PISCHINGER |

8 CRAIG SEAMAN -
|

9 DUANE JOHNSON

10 LAY-INS FOLLOWS PAGE No.

Il i 21,950

12 (Testimony and attachment, Volume I of 2 of

13 witnesses Harris, -Johnson, McCarthy

14 Piszchinger Seaman, Swanger and Youngling

15 sIntroduction and. Testimor.y of Harris, Johnson

16 McCarty, Pischinger, Seaman, Swanger and

17 Youngling. )

18 Lunch Recess 21,985

19 P. M. R ECESS 22,048

20

21

22 *

23
'

24

25
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-l 'w;ga 1 EXHlBITS
;

2 NUMBER DESCRIPTION RECEIVED

3 P-1 Photograph of piston . skirt 21,949{)
4 with mounted crown and rings

5 P-2 Photograph of a piston 21,949

6 from a Shoreham EDG showing

7 skirt and crown

8 P-3 Cross section of crown and 21,949

.9 skirt indicating the two

10 areas of load transfer from

11 the crown to the skirt

12 P-4 Piston reassembly guidelines 21,949

13 showing measurement of cold gap
'

; 14 P-5 Gas pressure versus crank angle 21,949

15 diagram

16 P-6 Comparison of all AE and AF 21,949

17 piston skirts in the region

18 of the stud attachment bosses

- 19 P-7 Representative dlmension checks 21,949

20 .shown on Task Evaluation Reports

21 Q-338, 3.10, 194, 203 and 182'

22 P-8 Trip report on nondestructive 21,949

23 examination of AE piston skirt and.

( '24 a copy of AE piston skirt, 1.nsp e ct io n ,

25 requirements, certificates of compliance

26 and receipt inspection documentation

_ . . .. . . ~ . . . _ . - . - . - - . . _ . ._ - . . . . - . . . _ . _ , _ _ - . . - . - . - . _ . . . - . . . _ . _ ._
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i l L waga 1 E X H .I B' I T S

2 ( Continued)
.

.

'~Y 3 NUMBER DESCRIPTION RECEI VED !-(J
4: P-9 A sample preoperational test 21,949

5 procedure and Appendix F

6 showing peak firing pressures

7 taken before the crankshaf t

8 f ailure and after the crankshaf t
9 replacement

10 P-10 Strains and sigma III stress 21,949

.11 from strain gage rose.tte

12 me asure ments

13 P .li Results of templug measure- 21,949
.

\ - 14 me.nts of peak temperature as

15 a function of position on crown

16 P-12 - Location strain gage rose.ttes 21,949

17 on instrumented AE skirt

18 P-13 Summary of experimental 21,949

19 observations related to

20 crown / skirt interaction

21 P-14 Strain readings and calculated 21,949

22 stresses for AE ciston skirt

23 f or the complete stud boss

'

24 rosettes at 16.00 psig with a

12 5 conventional crown

.

.|
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'

1 - taga. I 5 X H I B I T:S
!

2 - (Continued) '

3 NUMBER DESCRIPTION RECEIVED.-

.

'

4' P-15 Comparison of experimental 21,949
~

5- and numerical values of

6 cyclic stresses f or the AE

7 piston skirt

8 P-16 Comparison of experimental 21,949

9 observations of peak stress

Jo at 1627 psig for AE piston

11 skirt with corresponding finite

12 element recnits using extremes

13 of wrist pin behavior

(()) J4' P-17 Cyclic stresses in AE piston 21.949

15 skirts under isothermal and,

I6 steady-state conditions

J7 P-18 - Comparison of peak stress in 21,949

' l8 stud boss region of AE piston
4

19 skirt for loads applied on inner

20 and outer contact rings

21 P-19 Comparison of e xperimental and 21,949

22 numerical gap closure and load

23 split,

() 24

25

.
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il - wag a - 1 EXHIBITS

2 (Con tinued)

3 NUMBER DESCRIPTION R ECEI VED} )
:4 P-20 Comparison of skirt stiffnesses 21,949

5 as evaluated from experimental

6 observation and crown / skirt.

7 Interaction model with corres-

8 ponding finite element values

9 P-21 Mean and cyclic stresses for 21,949

10 infinite f atigue life

11 P-22 Stress states for isothermal AE 21,949

12 piston skirt for various gap sizes

13 plotted on graph of allowable

() 14 stress amplitude as a function

15 of mean strass

16 P-23 Stress states for AE piston skirt 21,949

17 for various conditions plo.tted on

18 a graph of allowable stre ss

19 amplitude as a function of mean

20 stress for various gap size and

21 and for isothermal and steady-state

22 temperature conditions

23 P-24 Summary of fracture toughness data 21,949

24 from the literature for modular

25 cast iron with strength levels

26 similar to 100-70-03

)
i

j
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2 W g3 1 EXHlBITS

2 (Continued)

3 NUMBER DESCRIPTION R ECEIVED

4 P-25 Applied values of Delat K and K 21,949

5 as a function of crack depth

6 and corresponding values of

7 Delta K th

8 P-26 Liquid dye penetrant inspection 21,949

9 result af ter 100 hours operation

10 for EDG's 101,.102, 103

11 P-27 Eddy current test result af ter 21,949

12 100 hours operation for EDGs

13 101, 102, 102 Fa AA Procedure

() 14 NDE .l l '. 5, Rev. O and Rev. I

15 P-28 Iron Castings Handbook, page 34 21,949

16 P-29 Results of inspection of AE 21,949

17 pistons on the Kodiak Electric

18 Association engine and the

19 TDI R-5 prototype engine

20 P-30 Volume I, TDI owners Manual 21,949

21 (sections discussing engine

22 lubrica tion )

23 P-31 Excerpts from Diesel Engine 21.949

() 24 Design by T.D. Walshaw and by

25 V. L. Maleev
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72 ; wag'a 1 EXHIBITS

2 (Continued)

. -3 NUMBER DESCRIPTION R ECEI VED

4 P-32 Task evaluation reports and 21.949

5 LILCO deficiency reports which

6 discuss the DRQR's visual

7 inspections of AE pistons skirts

8 P-33 Liquid dye penetrant test results 21,949

9 for AF piston skirts

.10 P-34 Minimum and . maximum stresse ss in 21.949

11 AE piston skirt for various peak

|12 firing pressures for isothermal

13 and steady state operating

'OV 14 conditions : applied values of

15 Delta K and R as a function

16 of crack depth and corresponding

17 values of Delta'K th (2,200 psig)

18
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w2ga I PR0CEEDINGS

2 JUDGE BRENNER: Good morning. We are

3 prepared to begin. Somebody close the back door ,

'- 4 please.

5 Thank you.

6 Let's get the appearances of counsel

7 starting on the Board's left. Sta ff ?

8 MR. GODDARD 2 Richard J. GocBard for the

9 NRC Staff.

30 MR. ELLIS8 For the Long Island Lighting

11 Company, Tim Ellis. Judge Brenner, I also should

12 introduce ln the courtroom otlier counsel f or the.

13 Long Island Lighting Company who may also be

(]) 14 addressing points if the Board wishes, if they come

15 up. We have first on my f ar right, Milton Farley,

16 Odes Stroupe, both counsel for Long Island Lighting

17 Company who may speak this morning. Thank you.

18 MR. DYNNER8 I am Alan Dynner , counsel

19 for Suffolk County. On my right is Joe Brigati of

20 .my o ffice. On my lef t is Douglas Scheidt of my

21 o f fice .

22 MR. JOHNSON I am Adrian Johnson,

23 Attorney General co-counsel with Mr. Palomino, representing

() 24 New York State.

25 JUDGE BRENNER 8 Welcome back to some of

l

|

---. -- . . - . . _ . -- -. .... - __.... -- - _. . _ - - _ - . - - .
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waga 1 you, and nice to meet some of you I haven't met
2 before. Off the record.

~3 (discussion held off the record).,;

* 4 JUDGE BRENNER: Let the witnesses take
5 the stand now. While the witnesses are being seated.

-6 we will go back on the record. I want to confirm

7 the sequence that was agreed upon and/or directed by
8 the Board, depending on how you look at it. During

9 a conf erence call which took place this past
-10 Thursday among two of the Board members, the Staff ,

11- the Applicant and the Coun ty -- .I'm sorry. The

12 Staff was not on the call for some reason. I failed.

13 to add that. But LILCO represented that they would

(} 14 mention one or two things on behalf of the Staff. They did

15 mention them, and we did nothing about it because. the Staff was

16 unavailable on the conference call for some unexplained reason.
17 In any event, among the County and LILCO, it was agreed that

18 we would be startirn with the panel of LILCO witnesses on

19 the subject of pistons. Thereaf ter, we would proceed with

20 LILCO's panels I guess it is, on the subject of

21 crankshaf ts. 26 would be alert to the possibility of having

22 to make an adjustment to possibly star.t LILC0'stestimony on

23 crankshaf ts before completion of the testimony on pistons if

(]})_ 24 it began to look as if we would not start crankshaf ts. I

25 suppose, very early

.
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w ga 1 if- not at the beginning of the second week'.. This

~2 was for the purpose of taking LILCO's crankshaft
'

3
-

testimony to the extent feasible. So that its

- 4 witness, Dr. Pischinger, could be here , be cause Dr.

5 Pischinger it was represented to us on a conference

6 call that he would only be available this week and next

7 week. Am I correct so f ar?

8 MR. ELLIS: Yes, Judge Brenner, you are
^

9 co rrec t. I was hoping we could get to crankshaf ts

10 this w ee k'..

11 JUDGE BRENNER 8 We have had conversations

12 like this a long time ago, Mr. Ellis. You can hope

13 all you want.- Let me add on that note, we made no
'

{} 14 promises on the conference call. Ne said we would

15 use our. best e ff orts. If 'you don't make it, you

16 would have to make other adjustments.

17 MR. ELLIS: We understand, Judge Brenner.

18 We appreciate the accommodation to the extent it can -

19 be made.

20 JUDGE BRENNER: Af ter that the sequence

21 would be to take up LILCO's testimony on the heads,

22 cylinder heads , and af ter that , on the cylinder

23 blocks. Thereaf ter, we would go to the County's

(]) 24 testimony. The sequence of the County's testimony

25 has not been decided upon. The County would have
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wagp 1 its entire panel of witnesses on with respect to all

2 four subjects, in any event, and we would ask LILCO to

3.g) decide what order they wished to cross examine thee

4 County's witnesses and to discuss it with the County
'

5 and inform the Board, and the Board is on the record
,

6 so we would know well in advance when the County

7 would begin its testimony.

8 In terms of the sequence of Sta ff

9 testimony, we don't have to worry about it yet'.

10 Until somebody tells us we have to worry about it,

il we won't. The parties are going to have copies for
,

12 each of the Board members of the testimony and the.

13- e xhibi ts . The only case I am worried about
.

() 14 immediately would be the P series of exhibits on the

15 piston testimony for LILCO witnesses. If we could

16 have that up here for each of us, we would

17 appreciate it.

18 MR. ELLISs We have furnished the court
19 reporter with those three copies, Judge. Were there

20 three in addition to that?

21 JUDGE'BRENNER: Yes. You need copies for

22 the official record. The secretary had sent out a

23 memo asking for three copies aside from the o.fficial

0 24 record.

25 MR. ELLIS: That's my best understanding.

. _ . - - , - - . , - . . _ - , - , - . - . . . - - _ . - , - . - _ . . _ . . - . - - -
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:waga i Judge Brenner. Is it three for the official record

2 or just one.

3 JUDGE BRENNER: There is three if they

\~ 4 are going to be an exhibit. If it is going to be

5~ bound ln the-testimony, it is only one.

6 MR. ELLIS: We have three copies here

7 which I think should be used by the Board today.
8 Then we will furnish the court reporter with three

9 additional copies. We had brought one for the court

10 reporter for the record. We will obtain two more.

11 JUDGE BRENNER: Can we get thos e for the

.12 Board, at least the P series?.

13 MR. ELLIS: May I approach the Board?
~

14 JUDGE BRENNER: Yes. Maybe somebody else
s

15 could do it for you while you take care of starting.

16 MR. ELLIS All right, sir.

17 JUDGE BRENNER: For Judge Ferguson, you also
.

18 need a copy of the piston testimony but the rest of
'

19 ' us need only the P exhibits. Off the record.

20 (discussion held off the record).

21 JUDGE BRENNER: If there are no further-

22 preliminary matters ---

23 MR. DY.NNER8 We have, I think , two

(]) 24 matters that we ought to at least allude to. The

25 first was the subject of discussion in our telephone

!

- - - . _ . _ , _ . . . _ . . . , _ , - _ _ . - , _ _ _ _ . , . - _ . - . . _ _ , . _ . - _ _ _ _ , _ .
. . , . , _ . . . _ , . - - - _ ,
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c ga i conference regarding documents that we had requested

2 from LILCO which are referred to in the LILCO testimony.
3 Subsequent to that telephone conference LILCO informed,

k/ 4 us that in their opinion none of those documents

5 were within the Board's order, and none of them will

6 be furnished. We answered that in our opinion those

7 are documents, some of which -- those are documents

8 which LILCO's witnesses apparently are relying upon,
9 and we would request that they be furnished, that we

10 would raise the matter with the Board this morning.
.11 We requested LILCO to bring copies of those

12 documents ln the event that the Board should choose.

13 to take the matter up and order their production.

(}
14 JUDGE BRENNER: I am not going to stop

15 the proceeding now to discuss all the documents in

16 the abstract. Let me say.this You will have to
,

17 give me a list, Mr. Dynner. The key to the

18 reference in the testimony as to where you. think

19 LILCO's witnesses have relied on these documents.
20 In addition, this came up at the last moment in a

21 conference call that was requested by the parties on

22 another subject. So the Board is not prepared to go

23 into it fully at that time, nor do we know and still

f') 24 do not know which particular documents are in
v

25 dispute.

._ _ -- . _ . _ .- .. .-_ _ . _ _ _ _ _ _ - . - - - - _ - - _ - - - _ _
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-waga. I I would ref er the parties to the Illinois

2 Power Case which involved the Clinton Nuclear Plant
3 decided by the Appeal Board in approximately 1975 or

{} 4 1976. I don't have the cite. I didn't know this

5 topic would come up again. We will f ollow the

6 principles therein. They provide some guidance as

7 to the situation with respect to documents that are

8 relied upon. They are expressly referred to by the

9 witness.with regard to cross-examination, and the

10 case made some distinctions between discovery and

11 documents for the purpose of cross-examination. It

J2 also talks about a balancing test, and so on. If

13 the documents are available, lt would be the Board's <

14 desire that they be turned over because; f rankly, we
15 don't understand what the dispute is about'. If the

|
16 documents are not turned over, the party not turning

17 them over is going to suff er the potential risk of

18 delay and we could rule against them on any

19 particular document. If LILCO has not read the case,

20 they. be tter re ad it.

21 MR. ELLIS I think I am f amiliar with it.

22 There are other circumstances here and I would like

23 to addre ss thein. .

24
.

JUDGE BRENNER: I don't want to digre.ss

25 at the becinning of the he aring.

-- - - - .- -_ ___-_ - _ _
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tag 3 1 MR. ELLIS: Yes, sir.

2 JUDGE BRENNER: It would be a somewhat

3 abstract discussion. If I have the list. I will

(~/Tx- 4 know what documents the dispute centers on. If you

5 have a general principle that applies to all of them,

6 I will hear it but at least I have done sose

7 preparation. Presumably you could work around the

8 problem for today, Mr. Dy.nner.

9 MR. DYNNER 8 Yes, sir. The second issue

10 which I wanted to raise relates to the Board's order
.Il - striking certain portions of the County's direct

12 testimony. I assume -- and you can tell me when you.

13 want me to raise issues of offers of proof , and that

14 may be more appropriate immediately preceding the

IS . County's direct testimony or af ter.

16 JUDGE BRENNER: I think in the order the

17 testimony ~ ordered struck would be in the record,

18 although delineated and indicated that it has been
,

'

19 struck. That will be your o.ffer of proof pursuant

20 to the regulation.

21 MR. DYNNER8 ok ay. The related matter
22 which I thought you might want to take up is the

23 f act that there are portions, and in particular

(} 24 there is a portion of the direct testimony

25 concerning the pistons which the Board struck.
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CCg3 1 There are portions of the LILCO testimony which we

2 did not move to strike which are directly related |
3 and cover the same subject matter as testimony that

[)ss 4 the Board struck of the County. It seemed to us

5 that It would be appropriate, perhapss, at this point

6 to raise for the Board's consideration aspects of

7 the LILCO testimony which if not stricken remain

8 standing and without the rebu.ttal of the County's

9 direct testimony which has been stricken.

10 JUDGE BRENNER: Depending on which

11 portion of the order you are talking about, I

12 thought I covered that eventuality.

13 MR. DY.NNER: I am speaking specifically
.

I4(} now about the portions of the County direct

15 testimony --

16 JUDGE BRENNER: Tell me which portion of
,

17 our order striking your testimony you think is

18 related to LILCO testimony. '

19 MR. DYNNER: Okay. It covers Page 42,

20 and the firs t paragraph on Page 43 of the County's

21 direct testimony.

22 MR. ELLIS: Judge Brenner --

23 JUDGE BRENNER: Walt a minute. I don't

(]} 24 know about that eventuality with respect to their

25 part. As of now the testimony has not been timely

'
. - - . - - - . - - . . .
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cag3 I objected to which would get to it. You can cross-examine
2 if you wish as long as it is in the record. We will

3 make our judgment as to whether it is material or

4 not. We did not sua sponte, go through the testimony to
5 determine whether it all was material and
6 notwithstanding the fact that no one objected. As

7 always happens in the hearings, if we begin
8 cross-examination in areas that we believe is not
9 material, we will f eel frae to point that out.

10 Depending on the extent as applied to a particular
11 situation and not an abstract discussion, depending
12 on the extent to which we think questioning is going
13 to be material, the questioner might point out it is

14} in the testimony and we could make a judgment by it.
15 I want to deal with it as applied to a particular

16 situation rather than the abstract.

17. An additional reason for doing it that

18 way is, it seems to me, that that would be to the

19 best advantage of your client, also, Mr. Dynner,

20 rather than accept a general argument which would be

21 quid pro quo to strike something that the County

22 believes is related subject matter and also believes

23 to be material. You will now have an opportunity to |

{ 24 do something with it, however, rather than just

25 taking it out completely. As,you get into it, if we

|

.- . . - - - - - - - .. __. . . - - . - - . . - - - . - _ - -
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w:ga 1 believe it is in f act immaterial, we will say so on

2 our own or perhaps somebody will object.

_
3 I want to get to the witnesses, as you

k' - 4 may sense.

5 MR. DYNNER: I have that impression. I

6 would like to get to them, also.

7 MR. ELLIS: We may be able to help. If

8 Mr. Dynner tells us what sections, and what his

9 views on what he has in mind, and then we will be

10 better prepared to deal with them as they arise in

11 the context of the examination.

12 JUDGE BRENNER: That's something I had

13 assumed, perhaps e.rroneously, but has been done

(" 14 already. Perhaps it wasn't timely in this instance.
*

%

15 That's a good suggestion, and in the f uture and in

16 al.1 similar instances that should be done.

17 MR. ELLIS: I am r.eady for the panel,

18 Judge.

19 JUDGE BRENNER: Why don't you introduce

20 them first and then we wi.11 swear them in.

21 MR. ELLIS: All right. I would ask each

22 of them to give their names beginning with Dr.

23 McCarthy. Please state your names, your business

(]) 24 addresses, your busine ss affiliations, please.

25 DR. MC CARTHY: My name is Roger

- - _-_. ._ _ . _ _ . . . . _ - - _ . . . _ _ . _ . _ _ _ _ _ ._.-
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tag 3- 1 Mc Carthy. I am with Failure Analysis Associates,

2' 2225 East Bay Shore Road, Palo Alto, Calif ornia.

.

3 DR. HARRIS: My name is David Harris. I(~g .

\/ 4 am a _ managing engineer at Failure Analysis

5 Associates. The address there is 2225 East Bay
6 Shore Road, Palo Alto, California.

7 DR. SWANGER: My name is Lee Swanger, an

8 engineer with Failure Analysis Associates at 2225

9 East Bay Shore Road, Palo Alto, Calif ornia'.

10 MR. YOUNGLING: My name is Edward

|| Young 11ng, Manager of Nuclear Engineering with the

12 Long Island Lighting Company, Shoreham Nuclear Power

13 Station, Wading River, New York.

14 DR. PISCHINGER: My name is Franz)
15 Pischinger, president and owner of the FEV Company

16 in Aachen, West Germany, and at the same time, full

17 professor at the Aachen Technical University,

18 address Aadien.

19 JUDGE BRENNER: 5110 Aachen West Germany.

20 MR. ELLIS: I will furnish that for the

21 court reporter's convenience. It is in the

22 a t tachme nt s.

23 MR. SEAMAN My name is Craig Seaman,

24.{ } project engineer, Shoreham Nuclear Power Station,

25 Wading River, New York.

I
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wCg3 i MR. JOHNSON: .My name is Duane Johnson,

2' managing engineer of Failure Analysis Associates,

3 2225 East Bay Shore Road, Palo Alto, California.

4 MR. ELLIS: Dr. McCarthy, I think you

5 were the only one. who didn't give your position.

6- You gave your business affiliation.
4

7 DR. MC CARTHY: Yes. I am the president

8 of Failure Analysis Associates.

9 JUDGE BRENNER: Gen tlem en , could you each.

10 please, all of you please stand and raise your right

'

- Il hand.

12 Whereupon,
'

13' ROGER MC CARTHY,

; - 14 DAVID HARRIS,
.

-

15 ' LEE SWANGER,

16 EDWARD YOUNGLING,

17 FRANZ PISCHINGER,
.

18 CRAIG SEAMAN,

19 and
' '

20 DUANE JOHNSON

21 were called as witnesses on behalf of the Applicant

.22 and, having been first duly sworn, were exanined and

23 testified as follows:

Q . 24 DIRECT EX AMINATION

25,

:

i

i

t

-r---s+,w.--m--.,-e . +n-,-we,,+-.,am-e--=,- .--m- .-m---p..w. ,e ,m.mg, , ,,,__ _,wm , m , ,-,w,--,-_myyvw,,,,e
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c ga i BY MR. ELLIS:

2 Q. Mr. Young 11ng, le t me addre ss t he f.irst

3 question to you, chairman of the panel. Do you have,- .
'# 4 before you the testimony entitled "Te stimony of'-

5 David O. Harris, Duane P. Johnson, Roger McCarthy,
6 Lee Swanger, Franz Pischinger, and Craig Seaman on
7 behalf of the Long Island Lighting Company of
8 Suffolk County contention regarding AF piston
9 . skirts on diesel generators at Shoreham, Volumes I,

10 with attachment, testimony of attachment, and Volume

il 2, Exhibits I through 34"?

12 MR. YOUNGLING: Mr. Ellis, in reading the

13 title you ref erred to it sa an AF piston. It is an AE

(]}
'

14 piston.
.

15 O. Thank you for the correction.

16 MR. YOUNGLING: Yes, I have that

17 testimony in front of me.

18 Q. Do you also have Volume 2 entitled, the

_19 same title, rather than repeat it, and this is the

20 Exhibits I through 34?

21 MR. YOUNGLING: Yes, I do.

22 0. Are there any corrections to this

23 testimony?

({} 24 MR. YOUNGLING: Yes, there are. I have

25 an errata sheet.

.
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wcgo 1 JUDGE BRENNER : Are all these corrections

2 the ones in the errata sheet that were previously

3 received?

4 VR. ELLIS: These are in addition to,

5 Judge Brenner.

6 JUDGE BRENNER : Are you going to bind in

7 the earlier errata sheet?

8 MR. ELLIS: Yes , we are , Judge Bre nner.

9 This one we did for the convenience of the court
10 reporter, we included those in these so that these

11 that I am now handing to the -- to counsel and to

12 the Board and the court reporter will be both the

13 errata, the original errata and the latest.

({} I4 JUDGE BRENNER: How many are there, the

15 ones that have to be orally in addition?

16 MR. ELLIS: There are ten. Two were done

17 originally. So eight would have to be done in

18 addition. This venture with the Xerox machine, the

19 backs of two of the qualification sheets were not

20 copied. So they are a ttached with the bac ks copied.

21 JUDGE BRENNER: Of the errata how many

22 are substantive that you have to make orally or

23 otherwise not be mislead as to the meaning? Why

(]) 24 don't you just give those. The others were done in

25 pen and ink changes in the testimony which were

.
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wCg3 l copied and bound in. Ne will also bind in the

2 cumulative errata sheet.

3 MR. ELLIS: Fine. There are three that
4 should be done orally.

5 JUDGE BRENNER: Do them now.

6 Q. Mr. Youngling, will you read the

7 corrections numbers 3, 4 and 6 from the pleading
8 entitled " Errata to Testimony on Behalf of Long .

.9 Island Lighting Company Regarding AE Piston

10 Skirts", please.

11 MR. YOUNGLING: Yes. Errata Number 3

12 re ads , Page 54. Answer 85, line 2. Insert

'
13 '" greater than or- equal to" before "100 percent load."

r~N 14 Errata 4 Page 55, question 87, line 1,
(_)

I 15 insert " greater than or equal to" bef ore "100 percent

16 l o ad. "

17 Errata number 6, page 69, answer, 11 0.

18 Lines 6 through 7, change "which" to "and." Change

19 " allowing" to " experiencing', and change " cylinder

20 liners" to " piston crown."

21 JUDGE BRENNER: Why don't you read that

.22 sentence as it should read as co.rrected.

23 MR. YOUNGLING: "In 1983 the S5creham

(~)T
24 7DG's had Koppers piston rings and were experiencing an

\- -

25 excessive amount of carbon build-up on the piston

- _ _ - _ - _ . _ _ __ --_,_._, . . _ _ _ . - - _ - _ - _ . _ _ . _ _ _ - _ _ . . . _ .-
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-tzga I crown."

2' MR. ELLIS: Judge , there are also two
ff

3 corrections to exhibits, just two that I think would

4 be - worth reading in, if 'we may.

"
i5 Q. + Would you also read numbers 9 and 10,

6. please_, Mr. Youngling.

7# ; MR. YOUNGLING s Exhibit P-16, add a

8 minus sign before the numbers not having a minus
. ,

9 sign in the last column. Errata number 10, ' Exhibit

10 P-29, delete the 12th through 16th pages.

11 0. Mr. Young 11ng, are those the substantive

'i2 ; corrections of the list 1 through to on the heading
13 '? entitled " Errata of Testimony on behalf of Long

"
14

.O' '
Island Light ing Company," the .most important

15 correc tions?

16 MR. YOUNGLINGS Yes, they are.

17 . JUDGE BRENNER: One moment. P-29, the

b 18 pages are ,not numbered, unfortunately. I assume you
.

19 removed ,those pages from the exhibits and will
20 rett,ove the incorrect exhibits. Are they removed?

21' MR. ELLIS: Not yet.

22 " JUDGE BRENNER: W1.11 you do that?
,

23 MR. ELLIS Yes, Judge.

/d '24 JUDGE BRENNER s For the o.f ficla1 copy, f*- 7

25 number the pages P-29-l . For now is it the page

,:'
m.

Gf

[ 4' <

'"'
___ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __.
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wcgo I that starts with the examination report?
2: MR. ELLIS: That's correct , Judge Brenner.

3 Those are . sheets that apply- to Shoreham. The part
- 4 deleted begins af ter the memo that is, dated

5 February 3, 1984.' -

6 JUDGE BRENNER: The memo is deleted, also?

7 MR. ELLIS: N. o, sir, the memo is not.

8 JUDGE BRENNER: That was page 167

9 MR. ELLIS: Yes.

10 JUDGE BRENNER: So it should be pages 12

11 through 15?

12 MR. ELLIS: Yes. I thought I counted.

13 JUDGE BRENNER: There is no reason for
.

14 counting lt.

15- MR. ELLIS: I 'still count 16 but your
.

16 suggestion has. not lost its force and they will be

17 numbered, b'y all maans.

18 - JUDGE BRENNER: Any examination report

19 cover sheet? That's Page 12, reading .11.1..!!, is

20 that correct?

21 MR'. ELLIS : .11.1.10.

- 22 JUDGE BRENNER: I counted wrong ~. The-

23 exhibit is not in order because I have .10 following.

24 That e xplains it. So as another suggestion, you{)
25 better take a look before you put the exhibits

.

I

!

. . - - _ - . . - . _ . . - . . - _ . . . _ _ - , - . . . . . . - ~ . _ - . , _ _ _ - . . . . _ . . . , - - - - - - - - , _ . - -
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wdgi I together.

2 MR. ELLIS I will do that.

3 JUDGE BRENNER8 It is in reverse order.
y
(/ 4 I have i I - before '10. So the pagination was

5 di ff eren t.

6- MR. ELLIS: We will look at them.

7 JUDGE BRENNER: Number the other exhibits,

8 too. So it will ref er to it and we don't have to

9 sit and count towL many.pages, particularly on P-29;
*

-10 For the future, if there is gol.ng to be .

11 an errata in ' addition to the ones. introduced by the

12 parties. I want them written out in a cumulative

13 list and given to the Board and the parties in

14 advance of the day of the testimony it is going to

15' be moved in. That way we will have all . mack it, the

16 changes will be made by the parties sponsoring the

17 evidence,ln pen and ink being moved in, and the

18 - errata w'11 be moved in, also. Mr. Ellis.4

19 MR. ELLIS: Also a.ttached to the arrata,

20 . were the complete resumes of Doctors Harris and |

21 Swanger because the rear or the reverse side had

: 22 - inadvertently not been' copied.

23 JUDGE BRENNER: All right.

(~' 24 BY MR. ELLIS:

25 Q. Let me ask each of you, beginning with

, ,.

.

-w-- - --% e r-w,-,,,--,-, ,-,-wayw. ..,,,~w,- .,-,,-trw,.-g..--=-,.----.vw.re w-,-w--,----we.m,- , . - . w.-,.w ----.m. *.=w.w---- .-.
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w2g2 1 Dr. McCarthy, with the corrections that are stated

2 in the pleading entitled, " Errata of Testimony on

_
3 Behalf of Long Island Lighting Company Regarding AE

kJ 4 Piston Skirts" including those attachments, is the

5 testim'ony of Volumes I and 2 together with

6 attachments of exhibits true and correct to the best
7 of your knowledge and belief ?

8 DR. MC CARTHY: It is.

9 Q. Dr. Harris.

10 DR. HARRIS: Ye s , Mr. E lli s , it i s .

11 Q. Let me ask each of you to save time. Do

12 you adopt it as your testimony in this proceeding?

13 Dr. McCarthy.

(^T 14 DR. MC CARTHY: Yes.*

V
15 Q. Dr. Harris.

16 DR. HARRIS: Yes, I do.

17 Q. Dr. Swanger, is the testimony wlth the

18 corrections in the errata true and correct to the

19 best of your knowledge and belief Jncluding the
'

20 attachments and the exhibits?

21 DR. SWANGER : Yes, it is.

.22 Q. Do you adopt it as your testimony?

23 DR. SWANGER: Yes, I do.

(~T 24 Q. Mr. Youngling, is the testimony that I
\J~

25 have described, Volumes 1 and 2, together with

_,_ ._._ . . _ - - . _ _ __ ~_. __ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ ._ __
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wcg2 I attachments and exhibits, given the corrections that

2 are in the errata, true and correct to the best of your

3 knowledge and belief ?

( 4 MR. YOUNGLING: Yes, it is.

5 Q. Do you adopt it as your testimony?
i

6 MR. YOUN3 LING: Yes.

7 Q. Dr. Pischinger, Is the testimony and the

8 corrections including the attachments and exhibits

9 true and correct to the best of your knowledge and

10 belief?

11 DR. PISCHINGER: Yes, it is.

12 Q. Do you adopt it as your testimony?

13 DR. PISCHINGER: Yes, I do.

(~N 14 Q. Thank you. Mr. Seaman, is the testimony
(_)

15 with the corrections including the attachments and
'

16 the exhibits true and correct to the best of your
,

17 knowledge and belief ?

18 MR. SEAMAN: Yes, it is.

19 Q. Do you adopt it as your testimony in this

20 proceeding?

21 MR. SEAMANs Yes, I do.
!

.22 Q. Dr. Johnson, is the testimony, given the

23 corrections on the errata, true including exhibits

/~'N 24 and attachments, true and correct to the best of
.V

25 your knowledge and belief?

'

l

. - - . .. -. - -__ . _ _ - _ . - . . _
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wega 1 DR. JOHNSON: Yes, it is.

2 .Q. Do you adopt it as your testimony in ,this
1

JF proceeding?
|

) 4 DR. JOHNSONs Yes. |

5 MR. ELLIS: We would o'ffer into evidence

6 in the record of this proceeding volumes I and 2

7 entitled " Testimony of David O. Harris, Roger

8 McCarthy.. Lee Swanger Edward Youngling, Franz

19 Pischinger, Craig Seaman, and Duane Johnson on

10 behalf of Long Island Lighting Company on Suffolk

11 County- Contention Regarding AE piston skirts on Diesel

12. Generators At Shoreham , Volumes I with att achments , and

13 Volume -2, Exhibits I through 34, to be bound in, and

- 14 included with that exhlbit we would ask that the errata to
.{~}

15 the testimony on behalf of Long Island Lighting Company

16 regarding AE piston skirts and its attachments be included

17' with those exhibits as evidence in this proceeding.

18 JUDGE BRENNER : I asked this. I'm so rry. I don't,

19 recall the answer. Is the testimony marked up as to the

20 e.rrata changes?
.

21 MR. ELLIS : It will be , Judge . The testimony

22 that you have, we will take at the break and mark it up.

23 JUDGE BRENNER: Do the reporter's copy.

,y 24:-

%/
25

a-

., . ;, . ~ c- - , . . . , , , , . , . , . . - - . . . - - . - . . . - , - . . . , . , - - , , . - , . . - . . . . . . . , , - , - . - . , , , - . - - .
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wcga i MR. ELLIS: We will do it for the

2 reporter'.s copy as well.

3 JUDGE BRENNER: Keep that in mind. Therep

k- 4 are comments on my copy that I don't want you to see. I

5 will do it myself.

6 MR. ELLIS : You have to be charitable.
7 JUDGE BRENNER: All right. We will admit the

8 evidence just offered into evidence. Mechanically I would

9 suggest we could handle it like this subject to the court

10 reporter, unless he has a be tter suggestion. Let's take the

1 1 -- errata sheet and with the attached two pages from the

12 professional qualifications and bind that into the record as

13 If read. Follow that also bound into the record as ifread
r~N 14 with pen and ink changes .made by Volume 1, which would be
'V

-15 the written direct testimony and the attachments which are

16 the profe ssional qualifications. Do that at this point. We

17 will thereaf ter handle the exhibits as exhibits ratherthan

18 binding them ln, since they are thick and pre-numbereo. Is

19 that all right?

20 THE REPORTER: Yes, sir.

21 JUDGE BRENNER: Bind in Volume 1 of 2 at this

22 point and move it into evidence.

23 ( Exhibits P-1 through P-34 are received.)

'( )
25

-- . . ._ - ... _ - - _ - - . - - - . - _ . . . - . . - - - , , , . . -
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LILCO, September 10, 1984'

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

.

Before the Atomic Safety and Licensing Board
'

'

_

In the Matter of )
)

LONG ISLAND LIGHTING COMPANY ) Docket No. 50-322-OL
*

)
(Shoreham Nuclear Power Station, )

Unit 1) )

. .

ERkATA TO TESTIMONY ON BEHALF
*

OF LONG ISLAND LIGHTING COMPANY
REGARDING AE PISTON SKIRTS .

The following are changes to LILCO,s testimony'

. - ~regarding AE piston skirts:
1

1.- Page 23, answer 33, line 2 - change "P-9" to

' "P-10". ,

.

2. Page 31, answer 47, last line - change "P-9" to

.
.

"P-10".

3. Page 54, answer 85, line 2 - insprt " greater than

or equal to" before "100% load". .

4. Page 55, question 87, line 1 - insert " greater
~

.

(])
J than or equal to" before "100% load".

5. Page 55, answer 87, second to last line - change

"P-29" to "P-28".

. . . - . . . . - . . . . - ......- - ....- - - -- . . .- . - . . - . - . . - - - -
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|

|

|
; 6. Page 69, answer 110, lines 6-7 - change "which" co

"and"; change " allowing" to " experiencing" and change " cylinder
'

liners" to " piston crown".

7. Page 69, answer 110, line 18 - change " coat" to

" coke". ~

:

'8. Attachments 1 and 6 - the resumes of Dr. Harris

and'Dr. Swanger include two pa'ges. A complete resume for each

is attached.

3

9. Exhibit P-16 - add a minus sign before all numbers

not having a minus sign in the last column.

i- 10. Exhibit P-29 - delete the twelfth through
,

sixteenth pages..

Respectfully submitted,
'

..

LONG ISLAND LIGHTING COMPANY ,

I

M
f/

E. Milton Farley, III
John Jay Range

Hunton & Williams.
.P. O. Box 19230
Washington, D.C. 20036 ,

- .

i

<_. . _ _ _ . __ ___ __. _. _ . . .- ..__. ~.m. - . . , , _ , , . . . _ . _ , , _ _ , ,.,,..,.._,___,_--,..-.....--,,-,_3-.- , _ _
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T. S. Ellis, III

-/'] Darla B. Tarletz^ Hunton & Williams
P. O. Box 1535
Richmond, Virginia 23212

Odes L. Stroupe
David Dreifus

Hunton & Williams
P. O. Box 109
Raleigh, North Carolina 27602

.

DATED: September 10, 1984
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LILCO, August 14, 1984

O- UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of I )
.

)
LONG ISLAND LIGHTING COMPANY ) Docket No.-50-322 (OL)

.

,

)(Shoreham Nuclear Power Station, )
. Unit 1) )

.

TESTIMONY OF DAVID O. HARRIS, DUANE P. JOHNSON,
t ((]jf ROGER L. McCARTHY, FRANZ F. PISCHINGER,

CRAIG K. SEAMAN, LEE A. SWANGER AND
-

~' '

EDWARD J. YOUNGLING ON BEHALF OF LONG ISLAND LIGHTING
: COMPANY 'OF SUFFOLK COUNTY CONTENTION REGARDING

AE PISTON SKIRTS ON DIESEL GENERATORS AT SHOREHAM
1

*

.

Testimony and Attachments

Volume 1 of 2
.

O
'

.-

9- .
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LILCO, August 14, 1984

.

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of )
)

LONG ISLAND LIGHTING COMPANY ) Docket No. 50-322 (OL)
)(Shoreham Nuclear Power Station, -)Unit 1) )

..

.

.

TESTIMONY OF DAVID O. HARRIS, DUANE P. JOHNSON,
ROGER L. McCARTHY,-FRANZ F. PISCHINGER,

.

CRAIG K. SEAMAN, LEE A..SWANGER AND
EDWARD J. YOUNGLING ON BEHALF OF'LONG ISLAND LIGHTING

COMPANY ON SUFFOLK COUNTY CONTENTION REGARDING
,-

!

AE PISTON SKIRTS ON DIESEL GENERATORS'AT SHOREHAM

iIr . -

I. Introduction of Witnessesp~.
,

:

| ' l. Please state your names, employers and business ad-
dresses.

,

A. (Harris) My name is Dr. David O. Harris. I am em-

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

(Johnson) My name is Dr. Duane P. Johnson. I am
-

,

|

also employed by FaAA, 2225 East Bayshore Road, Palo Alto,,

California 94303.
1

L (McCarthy) My name is Dr. Roger L. McCarthy. I am

. -b] President of FaAA, 2225 East Bayshore Road, Palo Alto,v|

California 94303.
1

.

,-,_ ..- __,. , _ _ . , _ , . - , . , _ , _ , , _ , . , , ,,-_,.,...,,,_,,,m.,,,,. . _ _ , . . . - . . - ,___.---_..m,_,, p. , .--.,.yi , , , , , . . , , - - - , . - - - , , - ------ -
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.

(Pischinger) My name is Dr. Franz F. Pischinger. I

am President of FEV (Research Society for Energy, Technology() and Internal Combustion Engines) and full professor at the Uni-
versity of Aachen, Institute of Applied Thermodynamics. My ad-

L dress is Erkfeld 4, Aachen, West Germany.
!

(Seaman) My name is Craig K. Seaman. I am employed

by Long Island Lighting Company (LILCO), North Country Road,
Wading River, New York 11792.L

.

(Swanger) My name is Dr. Lee %. Swanger. I am also

employed by FaAA, 2225 East Bayshore Road, Palo Alto,
!~ California 94303.

(Youngling), My name is Edward J. Youngling. I amt

|~ ) also employed by LILCO, North Country Road, Wading River, New
'

| York 11792.

2. Please state your responsibilities in your current.

employment relevant to the AE pistons at Shoreham and your edu-:

i cational and professional backgrounds.
; A. (Harris) I am a Managing Engineer and manager of thej '

| fracture mechanics section of FaAA. I am responsible for the!.

|. stress analysis and fracture mechanics analysis of various me-
'

chanical components. I am the principal investigator in a num-
. ber of fracture mechanics contracts in which FaAA is involved,

I
'

'

including one analysis of cracking in nuelear reactor piping( ,s

Lg/ that is being funded by the Nuclear Regulatory Commission.
i

FaAA has also recently begun work on development of a computer

.
.

- --, ,,,.e ------w-- ,..-,-,.,,-,,.._,.n,._,, , _ - - en,.,.,, v.,n,.._-- ,,,,,-r,-n-a.--.-.....,,--,-. - - - , , , .
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"

code for NASA'that will predict crack growth under a very wide
variety of conditions. I have been involved in fracture me-
chanics analysis of crack growth for many years and,

'( )' as can be*

-

seen from my resume (Attachment 1), have numerous technical
publications in this area. I am the task leader for pistons
for the TDI owners Group. I am responsible for the stress and
fracture mechanics of TDI pistons. My educational and profes-
sional backgrounds are detailed in my resume, Attachment 1 to

.
'

.

this testimony.;

(Johnson) I am nondestructive testing manager for.

FaAA responsible for all of its nondestructive testing. I am a
.

qualified Level III inspector in eddy current and ultrasonic
| test methods. I supervised the eddy-current inspections of the

. D{ J ' AE pistons.at TDI before shipment to LILCO and the inspections
>

of the AE piston skirts after operation. My educational and
, -professional backgrounds are detailed in my resume, Attachment

2 to this testimony.

| (McCarthy) I am a registered professional engineer
|

'

' '
-specializing in mechanical design. I am principal design engi-
neer at FaAA. I have five degrees, culminating in a Ph.D. in!

~

i Mechanical Engineering from MIT. My specialization and Ph.D.t

'~

thesis was in mechanical and thermal design. My role in the

- piston program was to personally inspect various pisten types
(Q, at FaAA. I had executive oversight responsibility for FaAA's

performance and performed final technical review of all the

*
.

,

s
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P
reports. I have ultimate management responsibility for the
quality and caliber of FaAA's technical product. My education-

(g) al and professional backgrounds are detailed in my resume, At-
tachment 3 to this testimony.

(Pischinger) I am familiar with the design, function

and operation of pistons as a result of 26 years of experience
in diesel engine design and testing. Specifically, FEV re-

viewed the pistons, cylinder liners and pisten rings in the
,

EDGs at Shoreham as a part of Phase II of*the TDI Owners Group
Design Review Quality Revalidation (DRQR) program. My educa-

tional and professional backgrounds are detailed in my resume,
Attachment 4 to this testimony.

:

g-q (Seaman) I am the Project Engineer with the Shoreham,

. )
Nuclear Power Station. As Program Manager for the TDI Owners

Group Program my responsibilities for the AE pistons included:

review and approval of the quality revalidation task descrip-
tiens and Phase I and Phase II reports; review of component (AE

i' piston) reports both for Phase I and thase II reports; chairing
the Component Selection Committee charged with the respcnsibil-,

,

ity for selecting the piston.m for inclusion into the DRQR Pro-
.

gram and establishing minimum review requirements; and managing
the overall program which included the design review and ir-

([]) spections on the AE pistons. My educational and professional
J

backgrounds are detailed in my resume, Attachment 5 to this
| testimony.
1

.

.



- . ._._ _ ._ _

'

-5-

(Swanger) I am a Managing Engineer for FaAA spe-
cializing in materials science. My responsibilities in re-

1
j-)3 . viewing the AE piston skirts included, to some extent, evalua-u

tion of ~stallurgical aspects, evaluation of manufacturing
techniques, assessment of. interaction with other components,

specifically piston rings, cylinder liners, piston pin and pis-
ton pin bushing and the influence of-diesel engine operation on
the pistons. My educational and professional backgrounds are

'

detailed in my resume, Attachment 6 to this testimony.
(Youngling) I aun Manager of the Nuclear Engineering

Department for LILCo. Since May 1984,'I have h' eld the position

of Manager of the Nuclear Engineering Department reporting to,

th,e Vice President, Nuclear Operations. In this capacity, I am
,

-

responsible'for engineering support of the Shoreham station,~
including the three TDI Emergency Diesel Generators. From 1981

through .1984 as Startup Manager, I was responsible for imple-

menti.ng the preoperational test program for the Shoreham sta-
tien. In.particular, I was responsible for implementing ini-
tial operation and check out and subsequent preoperational
testing of the "DI diesel generators. After the failure of the
EDG 102 crankshaft, I was designated as the Recovery Manager

for the repair and requalific,ation of the diesel generators. My

educational and professional backgrounds are detailed in my:u
ts resume, Attachment 7 to this testimony.

t
.
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b 3. What issues have you been asked to address in yourtestimony?

A. (Harris, Johnson, McCarthy, Pischinger, Seaman,
Swanger, Youngling) We have been asked to address the specific
contentions admitted by the Board's July 17, 1984 Memorandum

.and Order regarding the AE piston skirts on the emergency die-
4

sel generators (EDGs) at Shoreham Nuclear Power Station
(Shoreham):

All AF piston skirts in.the EDGs were replaced.

with TDI model AE piston skirts. The replace-
ment AE pistons are of inadequate design and
manufacturing quality to satisfactorily with-
stand ~ operating conditions, because:

(a) the FaAA report conclusion that
cracks may occur but will not propagate im-'

i properly depends on a fracture mechanics anal-'

ysis of an ideal situation which is not valid.

;- { } -

for the actual conditions which may be experi-
enced by the Shoreham diesels,

I

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

.' been considered adequately, and

(c) the analysis does not adequately con-7

i

| sider that the tin-placed design of the pis-
tons could lead to scoring causing excessive

| gas blow-by, and thereby causing a failure of
proper operation..

.

Our tc. timony, in summary, is that:
.

(1) The FaAA conclusion that cracks may or
may not initiate in the AE piston
skirts, but if initiated, will not ,

grow, is based on crack initiation and
(' growth analyses considering the impor-

tant loads and displacements reflected''

in the actual operating conditions to
be experienced by the Shoreham EDGs.

-

.

|

|

. . _ _ _ . , . , , , , . - . . . _ - . - - - - - - - - - * " ' - ' ~ ' ~ ~ ~ ~ ~
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(2) Actual operating experience shows no
relevant indications-in AE piston
skirts.

s (3) The. side thrust load on the AE pistonfdJ skirts is not excessive. Side thrust
load-is not a design or operation
problem with the AE piston skirt.

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

| caused by tin plating..

.

4. Are you familiar with the testimony filed by the County
on July 31, 1984 in support of its contentions regarding the
pistons in this proceeding?

i A. (Harris, Johnson, McCarthy, Pischinger, Seaman,
Swanger, Youngling) Yes. '

j II. Background

| 5. . Before proceeding to the specific points to be dis-
L cussed in your testimony, please describe the AE piston skirts.

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

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

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

The piston skirt fits within the cylinder and transmits the-

,

| loads resulting from the combustion cycle of the EDG to the k

wrist pin and connecting. rod, thereby exerting loads that pro-
i duce torque to drive the crankshaft. The mechanical link be-v

tween the crankshaft and the piston are the connecting rod and
the wrist pin (connected to the piston skirt).

I

-'

- - - - - - - - - . , . - . . _ , , , - . - , , - , , . , _ _ _ . . _ _ . , _ -.__.-___._,.._.m... _ ._. . . - _ -- - _ . . - , . _ _ _ , , _ . - . - - . . - . . . . - _
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The complete piston consists of the piston skirt and a

piston crown. . Exhibit P-2 shows the top of the skirt and crown

C.J)-
with studs.that extend through the skirt to attach the crown to
the. skirt. Exhibit P-3 shows the crown to skirt mounting. At

room temperature when no pressure is applied, the crown con-

tacts the skirt only over an inner ring located just inside the
stud bolt circle. To compensate partially for normal thermal

-distortion of the crown due to temperature differential, the
-

crown is manufactured so that there is a cold clearance or gap
between 0.007 and 0.011 inch between the outer contact rings on
the crown and the skirt. The gap at the outer ring will close

under certain pressure and temperature conditions thereby
i transmitting a portion of the load from the piston crown to the
g(o'

-
, -

.piston skirt through the outer contact ring. This provides a

corresponding reduction in the load on the inner contact ring.
| In turn,.this results in a reduction in the stresses in the
i

stud boss region of'the skirt where the stresses are the high-
est.

'

6. Were the gap sizes between the outer contact ring on
the crown and skirt in the AE pistons at Shoreham measured?

A. (Seaman, Youngling) Yes. The gap size is measured

as a standard practice pursuant to piston reassembly
guidelines. For instance, gap sizes were measured when the AE

'(j piston skirts were installed in November 1983. More recently,m

the gaps in the ten pistons inspected during the DRQR program

.

. .~ ,.-. ,, _,----~__----_--.._-___...-..-..-_..._--..m___.-...... _ - _ _ _ _ , . . . - ..
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were measured during reassembly and were determined to be with-
in the 0.007 and 0.Oll inch range. Documentation of those mea-

() surements is included in Exhibit P-4.
'

7. Please describe the critical stresses on the pistonskirts.

A. (Harris, McCarthy, Swanger) The pistens experience

1.35 million cycles of stress every 100 hours of engine op-
eration. Therefore, cyclic stress levels that may produce

! crack initiation under high cycle fatigue conditions are of,

primary concern in evaluating a piston's ability to withstand
operating stresses. The fatigue failure of metals, which in-
volves the initiation of cracks, has been experimentally ob-

Os served to occur as the result of repeated cycling between dif-'

forent stress levels. Therefore, the maximum and minimum
.

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

:
t

S. Please describe the factors that deter =ine the minimumand maximum stresses in the Shoreham piston skirts.
A. (Harris, McCarthy, Swanger) Stresses in pistons are

-

produced by various loads. The loading on the piston consists,

of pressure in the combustion chamber, friction and inertia.

The largest loads that the piston sees occur at the top and,

..

'( / bottom dead center. At top dead center and bottom dead center
|

there is no relative motion between the piston and cylinder

v
,

m

, , - . _ , , . , _ . - _ , , , - _ . . , , . ,,n.,...,--,. ,,...,..,_,,y,..-.w_.w.,___...,,<_.. ..m-.__.. . . . . , , _ _ , - _ , ~ . , _ _ _ _ . - . . . , _ . ,
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liner. Frictional forces are very smtll at these positions,
and. frictional loads are, therefore, not considered in analy:-

f( ). ing minimum and maximum stresses. The minimum stress-(largest
-

negative or compressive stress) in the skirt is caused by the
firing. pressure, which occurs close to top dead center of the,

-

. power stroke. The maximum stress (largest positive or tensile

stress) occurs due to inertia at top dead center of the exhaust
stroke. The stresses dut to inertia at top dead center of the
exhaust stroke are insignificant in the analysis of crack
initiation, but do serve to define the opposite end of the
stress cycle, i.e., the maximum stresses. Other factors such
as thermal distortion, gap size and inertia loading also influ-

() ence the minimum stress. The most influential factor, however,,

''

is the peak firing pressure. Gap size, thermal distortion,

stud pre-load and the influence of these parameters on the pos-,

sibility'of momentary lift-of.f of the crown from the skirt are

; also other factors influencing the maximum stress, but the most
,

influential factor is the inertia loading.;

!

L -

9. How did FaAA determine that peak firing pressure oc-! curred at top dead center of the power stroke?
A. (Harris, Swanger) FaAA developed a pressure / crank

angle diagram that shows the firing pressure for various crank,

D),( angles. The largest firing pressure occurs close to top deada

center of the power stroke, which corresponds to zero degree of
'

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

, '

y -- e- . - . - , - - , ~ . . ~ . , , _ . . , , , . . . , - ~ , - - , , , _ - . - - - - - . . , - , _ - _ m _-- , - - - , _ , _ _ _
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L 10. .How was it determined that the maximum inertia load-ing on the piston occurs at the top dead center position?
A. (Harris) A kinematic analysis of the piston, con-

{) necting rod, and'erankshaft assembly revealed that the maximum

piston acceleration occurs at the top dead center position.

The top dead center position at exhaust is of primary interest
only because this .is one of the loadings that influences the
cyclic stresses.

%

-

11. Why did LILCO replace the AF design piston skirts with
AE design piston skirts?

A.. (Seaman, Youngling) In November 1983, LILCO replaced
the AF skirts with the AE skirts. At that time, the Owners

t

| Group analysis of the AF piston skirt to determine the,possible

) extent of crack propagation which could . result from continued
operation had not been performed. Although cracking had been

observed 'in the AF skirts, no failures had been experienced in
the Shoreham type AF skirts in nuclear operation. LILCO, how-

in consideration of its engine rebuild schedule and theever,

* ~

~ time reqdired to complete the AF analysis, decided to replace
L the AF skirts with the improved AE design. The analysis (which

-

r

, was ccmpleted later) verified through optical metallography,
scanning electron microscopy and fracture mechanics analysis! '

[ that-the cracks in~the AF. skirt had arrested..

) -(
ss 12. What are'the major differences in the design between

the AE piston skirt now in the EDGs at Shoreham and the AF de-sign originally in place at Shoreham?

.

|

.
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A. (Harris, Seaman, Swanger) The major differences be-

tween the AF and AE designs are in the boss regions through
'

. which studs extend to attach the crown to the skirt. The stud

attachment bosses are considerably enlarged in the AE design.

The thickness of the material around the stud hole for the AE
design was increased by ~ 82% over the AF design. The extent of-

.the' thickened area around the stud hole was also increased. In
-

addition to the modificat, ions to enlarge the stud attachment
bosses, the following changes were made:

(1) Thickening of the walls of a cavity that
extends from the top of the wrist pin
boss to the top of the skirt.

,

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

I' ~

A '
(3) Thickening and tapering of-the circumfer-

- ential rib that runs between the wrist
pin bosses.

The major' differences between the AF and AE designs are shown
on Exhibit P-6.

.

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

-

A. (Harris, McCarthy, Seaman) Yes. Even though the AE

skirts had not demonstrated design or operational problems, the

owners Group decided to verify that the AE skirt design was, in
fact, an improvement over the AF skirt design. The analyses

C showed that cracks in the AE skirt might not even initiate, but
if they did, they would not propagate.

.

- - - - , , . . - . . . . _ . _ . . . _ _ _ . . , , . _ _ _ , , _ . _ _ _ - . . _ . , _ _ . . . . . . . . _ _ _ . , , _ , , _ , . _ . . - _ _ .
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III. FaAA's Crack Initiation And
Growth Analyses Show Cracks In The AE-

i+

Piston Skirts Might Initiate, But Will Not Grow
(0

A. General Aceroach And Assumotions
-

14.. .Please describe the FaAA analyses of crack initiationand growth in the AE piston skirt.
A.- (Harris, .McCarthy) The analyses included basically

three steps. First, the minimum and maximum stresses in the
.-

stud boss region of. the AE piston skirts were evaluated by both
experimental procedures (strain gage measurements) and numeri-

cal proce.dures (finite element analysis). 'The stresses were

determined for peak firing pressure and inertia at top dead

center of the power stroke and for inertia loading at top dead
. (O
-

j eenter of the exhaust stroke. These two loading conditions

provide.the maxinum and minimum stresses in the stud boss re-

gion and, therefore, serve fully to define the cyclic stress
levels. The second step w'as to input these two sets of

stresses into the fatigue analysis using a " modified Goodman
!, diagrr.m." The use of the experimental stresses, in combination
!

'with the modified Goodman diagram, predicted that cracks would
. ,

t

not initiate in the piston skirt. Similar peccedures using the,

numerical stresses, however, predicted that cracks could

) possibly initiate in the stud boss region. Therefore, a third

(_j. step was necessary, i.e., a fracture mechanics analysis, to de-4

,

termine the growth behavior of the hypothesized initiated |

,

'
.

. - - . - . . - . , - - . . _ , , _ - - . . . . , . -.m-_,,_... .__,._,-,.,,mm., , . ..._.-.v_.,%.. . _ , - - _ _ , . . , - . . . - , , - - , , - - _ , , - -



r-
.

..

-14-

cracks. Fracture mechanics analysis would also determine

growth behavior from any possible initial imperfections in the

hL
skirt. The growth behavior of the hypothesized cracks was

evaluated from information on stresses in the uncracked piston
j skirt in combination with fracture mechanics procedures. The

analysis.showed that any cracks that could possibly initiate in
| the stud boss' region would not grow.
i

;. 15. Why were both experimental and numerical procedures
used to evaluate the stresses in the stud boss region?

. A. (Harris, McCarthy) The experimental observations
O

provided checks on the accuracy of the idealizations of the fi-
nite element analyses and verified that they provided conserva--

s tive results. The use of the two approaches provided(j d-y .

P ''
cross-checks and, therefore, provided results in which we'have

i

p more confidence. Furthermore, a combination of experimental
'

! and numerical procedures was believed to be necessary to pro-
! ' vide a complete understanding of the stresses in the critical

regions of the skirt and to provide information on the ecmbined
behavior of the crown / skirt. assembly.

9

16. -Please describe why stresses in the stud boss region; ,

L were considered as opposed to other areas of the piston skirt.
!

A. (Harris, McCarthy, Swanger) The numerical analysis
,() did consider stresses in the entire piston skirt, but the anal-
V

i ysis was concentrated in the stud boss region. The stresses

derived from the experimental procedures also considered,

|

!

(. .

,

!

!

l
'
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several regions of-the skirt, but also concentrated on the stud
4

boss region. The stud boss region was emphasized for two rea-

First, inspection of all of the AF piston skirts origi-sons.

nally installed in the Shoreham EDGs disclosed linear indica-
~

.

tions in one or more of the skirt-to-crown stud attachment
bosses in.each of these skirts. Second, a stress coat test ,

f

performed on the AE skirt identified precisely this region as
the most highly stressed , area of the AE skirt.

.

17. -Please describe the stress coat test. ~

'A . (Harris, Swanger) The stress coat test consisted of
applying a brittle lacquer on the inside of the pisten skirt,
stressing the skirt with hydraulic pressure and looking for

((~])
cracks in the lacquer. The lacquer used is commercially avail-i

.

able and is specifically intended for experimental determina-

tion of the location of maximum stresses. The regions where

the lacqEer first cracks as pressure is applied are the regions
of highest stress. The piston was subjected to hydraulic pres-
sures as high as 2,000 psig, well above any reported for the

j 'Shoreham EDGs. Only the lacquer in the stud boss region
, cracked, thereby indicating this region'to be the most highly '

L
*

l stressed.

.

: 18. What is wrong with the County's five criticisms of,

the assumptions it alleged FaAA made in its fracture mechanics
analysis?

-

!

! -
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,

A. (Harris, McCarthy, Swanger) The Countyji:riticized
FaAA's fracture mechanics analysis because it assumed (1) "com-

{{}' plate < adherence to TDI drawing dimensions;" (2) AE piston mate-
~

~; rial free from imperfections; (3) "a non-corrosive operating
I environment free of gasses, water or vapor;" (4) a maximum peak

firing pressure of 1,670 psi; and (5) a uniform skirt tempera-
~ture. First, FaAA did not make the assumptions alleged by the
County in (1) and (2). Second, the assumptions in (3) through

r.

'T (5) are reasonable.
_

-

,

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

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

!.

g d. (Harris, McCarthy, Swanger) FaAA made measurements
'

f om an actual AE piston skirt in addition to rev'iewing dimen- !
,

~

sions on TDI~ drawings. Furthermore, FaAA verified some of the

dimensions used in its~ analysis with actual field measurements
1 .

of AE. piston'rkirts made during the engine rebuild program and
| the DRQR program. Representative measurements taken by these
|. :
'

programs are included'in Ekhibit P-7.
. ;

20. Why is the County's allegation incorrect that FaAA4

'

. - assumed the AE piston material was free from any small imper-.

.

:++ factions? a

j . li * A. (Harris, Johnson, McCarthy, Seaman, Swanger) Fracture

.

. mechanics analysis will actually show what level of imperfec-
.

"'
tion can be tolerated in the material. The FaAA fracture me-
chanics analysis ~of the AE piston skirt, which will bet *

n
,

f

f
. J"

'

.
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:

discussed in detail below, showed that a crack up to 1/2 inch
deep would not propagate. This also means that cracks would

.( )' not grow.from any possible initial imperfection under 1/2 inch
'in size. In addition, to preclude any significant imperfec-
tions, all-AE piston skirts were inspected by liquid dye
penetrant and addy-current at the TDI factory in Oakland prior
to shipment to LILCO. TDI performed the liquid dye penetrant
inspections which were witnessed by LILCO and Stone & Webster.

FaAA performed the addy-current testing. Piston skirts were

rejected, prior to shipment to Shoreham, for any linear indica-
tions-for which the liquid dye penetrant exceeded 1/32 inch in
length. Exhibit P-8 includes documentation regarding the liq-

p/~T uid dye p'enetrant testing, the certificates of compliance and
~~

the receipt inspections for the AE piston skirts at Shoreham.

12 1 . , 'i d FaAA consider the effect of cerrosion in the op-
i- erating env2ronment in its fracture mechanics analysis?

-A. (Harris, McCarthy, Suanger) Yes, and FaAA concluded
*

that the. environmental conditions inside the crankcase are not.

expected to have an influence on the crack growth characteris-,

tics of the piston skirt material. The vapors present in the
.

crankcase are not the type that are commonly observed to accel-
erate crack growth. Furthermore, environmental enhancement of

)'

crack growth is not expected at the higher frequency (225 c'y-
cles per minute) experienced by'the Shorehan EDGs.

,

O

T

4
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22. Does LILCO have procedures to control the environ-
mental conditions in the crankcase that might lead to corro-sion?

.

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

23. Did the AFany signs of corrosi' piston skirts in the Shoreham EDGs showon? -

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

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

.

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

A. (Harris, Youngling) Yes. The 1,670 psig peak firing

O. pressure is reasonable based on independent FaAA and Stone.&,

^

Webster measurements, TDI factory tests and the preoperational
qualification test proceduren.~

*

.

i25. Please describe the FaAA and Stone & Webster; measure-ments of the peak firing pressures.
! A. (Swanger) FaAA and Stone & Webster conducted a joint

test to measure the pressure versus crank angle relationship
wh4,,ch included measuring the peak firing pressure. A-

,!
.

piezo-electric transducer was used directly to measure the
pressure inside the combustion chamber. The an'gle of the

-

j([) crankshaft was recorded simultaneously on a separate channel ofv
the instrumentation recording the firing pressures. The posi-

. tion at top dead center was recorded for every revolution.

,
*

4

J \
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?

Measurements were also takes simultaneously at the pressure

cocks;on the side of the cylinder using a Kiene gage to measure
qO ~the cylinder firing pressure. Exhibit P-5 is the pres-m)

sure/ crank angle diagram developed by FaAA.

26. What peak firing pressures did TDI measure in their
factory tests as reported to LILCO in the TDI instruction manu-
al?.

A. (Seaman,. Youngling) The County's Exhibit 46, Document
No. 6- (DSR-48, EngineNo[74011)detailsthesemeasurements.

During actual operatio~n of an engine, peak firing pressure was
measured at 25%, 50%, 75%, 100%, and 110% of rated power.

_

These measurements were made for each cylinder and provided to

LILCO as a part of the TDI instruction ' manuals supplied with.

, the engiries. The maximum pressure shova on Document No. 6 for
100% is 1,650 psig. The County incorrectly characterized some

TDI measurements as high as 1,750.for 100%. As shown on the
iCounty s Exhibit 46, Document No. 6, the 1,750 psig value was

actually taken at 110%. The County used this erroneous inter-

pretation of the TDI measurements to help support its conclu-

sion that the Shoreham EDG peak firing pressure was as high as
1,750 to 1,800 psig.

27. Please describe the measurement of peak firing pres-
. sure in the preoperational qualification test procedures.

.

( ,. A. (Youngling) During the preoperational qualification

test, the engine was run at 3,500 kW, and a full set of firing

.
4
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pressures was taken at each of the eight cylinders using a
Kiene gage. Exhibit P-9 includes the peak firing pressures
measured before and after the crankshaft replacement. Exhibit

,s
a
"

P-9 also. includes an example of the preoperational test proca-
dures. ~These recorded data indicate a range of average firing
pressures between 1,522.5 psig and 1,671 psig.

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

A. (Harris, Swanger) The static experimental procedures

considered pressures as high as 2,000 psig, which is well,in
excess of reported peak firing pressure. Contrary to the Coun-

ty's understanding, strain gage measurements were not limited

to a. maximum of 1,600 psig and strains corresponding up to
7. *

i 2,000 psig were reported on Figures 3-5 through 3-8 of the FaAA,

i

Pisten Report. These figures are included in Exhibit P-lO. In

its numerical procedures, FaAA did not consider peak firing

pressure at overload because the engine operates a relatively
small amount of time under overload conditions and, therefore,

l

would have little effect on the initiation and growth ofo

cracks.
.

Subsequent analyses, using the crown / skirt interaction

model described below, were performed on the cracking behavior

of AE piston skirts subjected to higher hypothesized firing,_g
V''

s, pressures. It was found that pressures above 2,200 psig ares

required before possible initiated cracks could grow.

$.
'

.
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Therefore, the conclusion drawn in the initial analysis that
-

employed a peak firing pressure of 1,670 psig is valid for

[(]) ' pressures up to 2,200 psig, which is well above any reported
peak firing pressures in TDI R-4 engines, even under overload

'

conditions.

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

A. (Harris, McCarthy,.Swanger) Temperatures measured by
TDI, and independently verified by FaAA as being reasonable,

indicate temperatures on the bottom of the crown are nearly
constant suui equal to about 200* F. This suggests the piston
skirt is nearly isothermal under steady-state operating condi-

.

.

tions where the surroun, ding cooling water and oil range in tem-g
- perature between 190* F and 160* F. ,

30. How were the temperatures measured by TDI indepen-dently verified by FaAA?
A. (Harris, Swanger) TDI measured peak temperatures in

the crown and furnished those temperatures to FaAA in the
- fo.m

! Lshown on Exhibit P-11. FaAA made independent calculations,

- using transient radiative and convective heat transfer analysis
to verify these measurements.i

,

The analysis utilized reasonablel-

values for coolant temperatures, convective heat transfer coef-
'("5. % ). ficients and combustion gas temperatures derived from the pres-

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

calculated temperature field, including peak temperature and

. .

!

.
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temperature gradient through the central portion of the crown,
were in agreement with TDI measurements of temperature. -

'()
_

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

A. (Harris, McCarthy, Swanger) Yes. FaAA determined

the critical loads and areas to be studied and applied the
analyses and procedures to predict and evaluate the stresses in
these areas. The FaAA analyses contain assumptions that

closely approximate the key factors concerned with the op-
erating conditions at Shoreham relevant to a determination of
cyclic stress levels and cracking behavior. As the procedures

and analyses are described below, it will become clear that the
factors considered produced a realistic evaluation of the. -

k7 stresses experienced under operating c'onditions.

B. Experimental Procedures
.

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

4

A. (Harris, Swanger) Foil resistance strain gage ro-
-

,

settes were mounted on the piston skirts in several areas,'
. .

. including those of highest stress reflected by the stress coat
test described above. Exhibit P-12 shows the location of the
strain gages. The gages were connected to data acquisition andO

kb> recording equipment. An actual cylinder liner was used in the

test with two opposing pistons placed crown-to-crown within the

.

i
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j
-liner. - The region between the crowns was pressurized with a

hydraulic pump to as high a pressure as 2,000 psig. '

The pres-

}- sure load on the instrumented skirt was reacted through the

wrist pin and a short piece of connecting rod to a support
plate. The connecting rod was in a vertical position,i thereby

r

simulating the top dead center position of the piston.!

!

Two separate test series were conducted using this proce-
I dure. One series was conducted with a conventional crown, and

one series was conducted with a crown that was modified to
widen the _ gap at the outer ring between the crcwn and the skirt

so that it would not close under the applied maximum pressure.

of 2,000 psig.

|

_ (( ) 33.' What conclusions did you draw from a comparison of,

the experimental results from the conventional and modified_j.

crown?

A. (Harris) A comparison of the strains observed at one
/oof the stud bosses in the piston shown in Exhibit P-8 indicates

. that the crown-skirt gap closes at approximately 1,'000 psig and
distributes about 12% of the load at peak firing pressure on

'

the outer ring. Strain gage measurements at numerous locations
! on the AE skirt also shows that the gap closed nearly simulta-

neously around the circumference of the piston, because the in-

flection point in the strain-pressure results always occurred
at about 1,000 psig. This measured information showed gap clo-.s

sure at pressures below tne 1,670 psig peak firing pressure

.

.
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"

: measured for Shoreham and showed simultaneous-closure around
.

the ring. These experimentally observed results-provided guid-

ance in the construction of the crown / skirt interaction model7

discussed below. Exhibit P-13 summarizes the experimental ob-

servations related to the closure of the gap due to pressure
and stress reduction due to gap closure in the AE piston skirt.

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

A. (Harris) The experimental procedures were conducted

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

..

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

.

.
.

-(]7/ A. (Harris, McCarthy) Apart from contributing to the

closure of the gap and consequent redistribution of the gas
!, firing pressure load, temperature gradients play a relatively
|

minor role in the analysis because they do not contribute to
the cyclic stress range. At operating temperatures, the top of,

the crown is hotter than the underride of the crown, thereby.

producing thermal distortion that will tend to close the gap.
~

This results in~more load being transmitted through the outer

ring as is seen by the comparison of the modified and normal
crown experimental results. Since the stress on the stud at-

(;6 tachment boss is governed by the load applied to the inner con-

tact ring, thermal distortion reduces the peak stresses due to
!

|.

I'
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' firing pressure at the critical point (the stud boss region).
A numerical analysis of thermal distortion of the crown dis-

4} cussed below confirmed that thermal distortion decreases the
portion of the firing load carried on the inner ring and,
therefore, reduces the cyclic stresses in the stud boss region. 4

~'
36. What were the results of the experimental testing?
A. (Harris, Swanger) Exhibit P-14 summarizes the strain

4

'

readings and calculated stresses for the complete stud boss
gage rosettes. The princf' pal strains and stresses were calcu-

lated from the rosette strain readings using the conventional
'

equations for rectangular rosettes specified in Excerimental
.

Stress Analysis and Motion Measurement by R. C. Dove and P. H.
{ ) Adams. Exhibit P-14 describes the significant stress value,

the sigma III or the third (algebraic minimum) principal;

stress. The fracture initiation analysis showed that the ex-
perimentally derived stress would not cause cracks to initiate.

:

C. Numerical Procedure

37. Please describe the numerical procedure used to de-
termine the maximum and minimum stresses in the stud boss re-

!

,
gion.

A. (Harris, McCarthy) The numerical analysis consisted

of three-dimensional finite element calculations. The finitei

L'

(J.- element method is an approximate technique to apply the theory

of elasticity to determine how a body will perform in response
.

% e
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>-
to specific loads or displacements applied to it. Those loads

~-

or displacements are termed " boundary conditions" and they de-

;O' fine what factors come into play on the boundary of the piston.

skirt.

38. Please give some examples of the use of finite ele-
ment analysis.

A. (Harris, McCarthy) Finite element analysis has been
.used in the design of a very wide range of structures such as

the New York World Trade Center, the space shuttle, various
,

commercial aircraft and nuclear reactor pressure vessels and
piping.

39. Please describe the finite element analyses of the AEpiston skirts.
.

) A. (Harris)- The finite element analyses of the piston.-

skirt were composed of the following two parts:
Part 1. Isothermal Analysis: An isothermal analysis )

.

of.a piston skirt with a crown mounted on it was performed.

Closure of the gap at the outer contact ring and thermal dis-
tortion were not considered. This part of the analysis provid-.

ed base line stresses for a skirt with a pressurized crovn.
' '

These stresses were adjusted for gap closure and thermal dis-

tortion by use of a crown / skirt interaction model described in

.O -
Part 2.

u
!

*

:s
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Part 2. Crown / Skirt Interaction Model: The second

part of the finite elemen: analysis provided a means of ac-

-j{~ p . counting for thermal distortion, gap closure and possible me-
mentary lift-off of the crown from the skirt. This part of the

analysis consisted of the following steps:

Construction of a crown / skirt interactiona.

model to provide a means of calculating cyclic

stresses in the .tud boss region from information on
.

'

the crown and skirt stiffnesses. This model consid-
ered.the cr'own and skirt as coupled elastic springs,
whose stiffnesses were evaluated by the finite ele-
ment analyses described in tu below.

*

b. Evaluation of the stiffnesses used as in-(, ,

- ,s puts to the crown / skirt interaction model. This pro-

cess involved

i. Evaluation of the relevant stiffnesses
; of the skirt.
t

| ii. Evaluation of the stiffnesses and|-

thermal distortion of the crown when subjected

!
to steady-state operation temperature.i

i

Evaluation of the peak atress when momen-c.

y tary lift-off of the crown from the skirt occurs.
|
'

(] The crown / skirt interaction model of Part 2 used the stress in-
*#

formation from Part 1 to provide cyclic stresses under,

steady-state operating conditions.
J

e
!

i

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

A. (Harris, McCarthy) The major value of the
.

r~3(_j crown / skirt interaction model is its ability to predict cyclic
stresses in a piston skirt at operating temperatures.

1. Isothermal Analvsis

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

A. (Harris) The following boundary conditions were as-
sumed:

(1) a rigid wrist pin;

(2) displacement on the inner contact ring
between the skirt and the crown varying
linearly with the radial position at any*

. value of angular coordinates;
,

(3) fricti'onless interface between the top of
the skirt and the crown; and

(4) frictionless interface between the pisten-

assembly and cylinder wall.

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

- A. (Harris, Swanger) A rigid wrist pin exhibits no de-

formation. The wrist pin in actual operation is elastic and,
'

therefore, exhibits some deformaticn thereby redistributing
stresses in the stud boss area. A rigid wrist p.in is actually,n() conservative in the pres-nt case, because it assumes that the_

's

deformation will occur in the pisten and not in the wrist pin.
'

,

.
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Furthermore, the wrist pin in reality is actually thicker than
the piston and, therefore, more resistant to deformation than

i-
-

the piston.

.O~
Modeling an elastic wrist pin in finite element analysis

results in a more complicated model. Therefore, FaAA made the

conservative rigid wrist pin assumption initially based on con-
structing a tractable, but reasonable finite element model. A

subseqyent analysis assuming a soft wrist pin confirmed that
this assumption is conservative. The soft wrist pin analysis

showed that peak stresses in the stud boss of the piston skirt'

assuming a soft wri,st pin are decreased in comparison to the !

| stresses assuming a rigid wrist pin.

.

-

;(., 43. * Please describe the co=parative analysis performed '

;(, using the assumed types of wrist pins..

| A. (Harris) In the original analysis with a rigid wrist
|

| pin, the boundary condition in the area of contact between the

{ wrist. pin and the piston skirt was a uniform displacement
|

(i.e., a rigid wrist pin). In order to estimate the influence
of elasticity of the wrist pin, another analysis was performed.

in which the boundary condition in the area of contact between
~

the wrist pin and the piston skirt was a uniform pressure.

This is the opposite extreme frem a rigid wrist pin and repre-
| 'sents a soft wrist pin. The calculated peak stud boss stresses
! .O
| ;, in the AE pisten skirt were reduced by 39% when a soft wrist
:

_

pin was used. This demonstrates the conservative nature of the
l

assumption of a rigid wrist pin.
,

!'
1

i

!
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[".h 44.
that the displacement on the inner contact ring between thePlease decribe the reasonableness of the assumption
crown and the skirt varies linearly with the radial position at-any value of the angular coordinate.

-[]) _ A. (Harris) This assumption provides a simplification

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

.

~

! 45. Please discuss why the assumption of a frictionless
interface between the piston skirt and crown and the piston as-'

sembly and cylinder wall is reasonable.
A. (Harris) .The inner contact ring between the crown

and skirt is-clean upon' assembly of the piston,i

and the regionf

j is well lubricated during operation of the engine.
)-

Therefore,

the assumption of no friction at the crown-skirt interface is,

; reasonable. Assuming no friction between the pisten and cylin-
der wall is also reasonable because the relative velocity be-

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

~

i position of interest.

f

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

, -

| ment procedure?
I

-

A. (Harris) The magnitude of the pressure load (379,000

. pounds) created by the peak firing pressure was considered. ' At
j

top dead center of the power stroke, this pressure load is
! (<(j)

somewhat offset by the inertia load (9,727 pounds), iwhich is
exerted by the crown on the top of the skirt. The inertia

% .
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force, therefore, was subtracted from the magnitude of the gas

pressure load to determine a maximum net force on the top of
gg the skirt of 369,300 pounds, which corresponds to an effective.y

pressure of 1,627 psig.

47. What were the major results of of the isothermal fi-
nite element analysis using the boundary conditions described
above?

A. (Harris) The peak stress (sigma III) in the. stud
boss region of the AE piston skirt at top dead center of the
power stroke for a rigid wrist pin was cal'eulated to be -68.1
kai. The corresponding cyclic stress was evaluated by de-

-

,

-termining the stress at top dead center of the exhaust stroke
|

and accounting for gap closure during the power stroke. The,
'

{ stress at top dead center of the exhaust stroke was determined
,

j by multiplying the top dead center power stroke stress value by| 'l

the ratio of the inertia load to the pressure-minus-inertia
dap closure was accounted for by multiplying the finiteload.

/Celement stress value by 88% (in accordance with Exhibit P-4). ''

*

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

.A.- (Harris) The cyclic stress levels under isothermal.

conditions in the AE piston skirt that were estimated from the
'

experimental and numerical results are presented in Exhibit *

() P-lS. As you can see, the numerical values are. higher than the,

i
~

experimental values and, therefore, more conservative.
t

a

9. -
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49. Can you explain why there is a difference, albeit on
the conservative side, between the numerical and experimental
results?

} A. (Harris) The assumption of a rigid wrist pin is the
main reason for the variance. As was described above, this as-

sumption is conservative because an elastic or soft wrist pin
would result in decreasing the stresses in the stud boss re-
gion.- In fact, .aus shown ' in Exhibit P-16, the assumption of a

soft wrist pin results in numerical stresses smaller than those
experimentally measured. *

2. Crown / Skirt Interaction Model

50. Please describe the crown / skirt interaction model.,

A. (Harris) The numerical procedures that were de-O
- scribed above analyzed stress levels under isothermal condi-

,

k.-

tions. Load transfer between the-skirt and the crown is influ-
enced by thermal distortion of the crown and the initial size
of the gap between the crown and the skirt. FaAA directly mea-

sured the effect of the gap on piston stresses in its experi-
mental work, and used the experimental results on gap closure.

to adjust the numerical results to reflect gap closure. These

were considered reasonable assumptions to evaluate the
,

stresses, erring, if at all, to overestimate the stresses.

() As time permitted, the crown / skirt analysis was conducted
- #

to consider directly the influence of thermal distortion and

initial gap on cyclic stress levels and the possibility of
i

.
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momentary lift-off of the crown from the skirt. These factors
were estimated by combining the results of the isothermal fi-

.r-
| nite' element stress analysis with a crown / skirt interaction

model.

51. 'Please describe the crown / skirt interaction model
used to determine the influence of thermal distortion on theload split between the loading rings and the possibility of mo-
mentary lift-off of the crown from the skirt during the exhaust
stroke.

A. (Harris) The crown skirt interaction model is a sim-
'

pie engineering model that accounts for all the factors

influencing the maximum and minimum stresses such as initial

outer ring gap, therral distortion of the crown, pressure load-
ing, inertia loading, stud preloads and possible momentary

() lift-offlof the crown f rom the skirt during the exhaust stroke.
'

Finite element results alone do not directly provide this in-
formation. Thermal distortion was included as a thermally-
induced displacement or boundary condition that was calculated

by finite elements using a steady-state temperature field in
the piston assembly based on experimental measurements.;

The|

interaction model treated the crown and the skirt as springs
j whose stiffness was estimated by finite element

~

techniques

based on the assumption that the loading rings on the crown and
,

j q skirt remain parallel to one another. The stiffnesses and
i sJ

crown thermal distortion result from the finite element analy-, my
!

ses provided the necessary inputs to the crown / skirt
interaction model.

.

. . - . _ . . . - . . _ . . . _ , _ _ _ _ . _ _ _ _ _ . _ _
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52.
teraction model?What were the basic conditions in the crown / skirt in-

A. (Harris)
Two basic conditions were considered in theA(]) interaction model:

(1)-

top' dead center of the compression
stroke (or beginning of the power
stroke) where the maximum compressive *

stresses in the piston skirt occur;and

(2) top dead center of the exhaust strokewhere momentary lift-off of the crownmay occur.

Isothermal and steady-state operating temperatures were con ids -

ered for both of these load cases.
.

53.

the finite elementssteps in the crown / skirt interaction an lPlease describe the boundary conditions employed insis of the skirt..(.
. '

* a y-

{)
.

-

A. '(Harris .

This analysis of the skirt utilized the
following three sets of boundary conditions:

'

(1) Uniform vertical displacement on the2

inner crown / skirt contact ring of a
'

magnitude to react the load corre-.

spending to 1627 ps
sure on the crown; ig effective pres-

(2) Uniform vertical displacement on the
outer crown /skira contact ring of a
magnitude to react the load corre-
spending to 1627 psig effective pres -sure on the crown; and

(3) A stud lor.d applied on the stud washer.
landing area and reacting on thd outer

|([) loading ring which is constrained to
'

have a uniform vertical displacement.
The . results of the analyses using boundary conditions (1) and

, ,

e

a
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1
- (2) above provided estimates of the skirt spring constants or

stiffnesses that were required for the crown / skirt interaction
7 s. model.

' \~j; Boundary condition (3) provided the stress levels due

to inertia at top dead center of the exhaust stroke appropriate
for crown / skirt lift-off. In the isothermal analysis no lift-
off between the crown and skirt was considered. Therefore, the

peak stress due to inertia could be obtained from the peak

stress due to firing pressure simply by multiplying by the
ratio of the inertia force to the peak pressure-minus-inertia
force (changing the sign to account for the different direction
of the loads). -

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

'A. (Harris) A uniform vertical displacement boundary
.

condition is simply a convenience for calculating the

stiffnesses of the skirt, and this assumption is not key to the
FaAA evaluation of stresses. Comparison with finite element

calculations where the displacement was not required to remain
uniform provides similar results. In addition, the experimen-.

tal results shown in Exhibit P-10 indicate that gap closure
.

will occur uniformly around the circumference of the pis-
ton / skirt.

l'(h
>

'

> 55. In addition to the three sets of boundary conditions,'s

were any other factors considered in the expanded finite ele-
ment analysis of the skirt?

!

!

(s. .

!

t
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A. (Harris) . There were basically three other factors.
First, a rigid wrist pin was-assumed in the first and second

dres sets of boundary conditions.Q No wrist pin was utilized for the
. third' set, i.e., stress when momentary lift-off occurs. Sec-
ond,

all of the finite element runs on the skirt models were
performed for uniform temperature, reflecting the true op-
erating condition of the skirt. Third, a stud preload of 6,600
pounds was.used based on strain gage measurements obtained by

. measuring the strain in a stud when a crown was mounted on a

skirt in accordance with manufacturer's specifications. This

measurement was made by FaAA using strain gages.

56. Please describe the finite element analysis of the
crown performed'as a portion of the development of the{ crown / skirt interaction model. .

A. (Harris) Three parameters related to the crown were

of interest in the crown / skirt interaction model. These were
the stiffness of the crown when subjected to pressure on the
combustion side, stiffness c the crown when subjected to a

load on the outer contact ring and thermal distortion of the
b

' crown when subjected to steady-state operating temperature..

The stiffnesses of the crown were evaluated by finite elements
by subjecting the crown to the load of interest (pressure or

!

load on the outer ring)
)

and calculating the resulting movement
i

of the outer contact ring relative to the inner contact,

ring.!

The stiffness (or spring constant) is then equal to the load
divided by the corresponding displacement.

'

,, .

b
*
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The thermal distortion (as measured by the thermally in-
.

duced relative displacement of the two concentric load rings)

n{); was calculated to be 0.0106 inch. This value was obtained by

using the experimentally determined crown surface temperature

measurements as boundary conditions for a steady-state heat

. conduction analysis of the temperatures in the interior of the.

These tempera'ures were then used in a finite elementcrown. t

thermoelastic calculation of the thermally induced displacement
.

-in the crown.

57. What were the major results drawn from the
crown / skirt interaction model? *

A. (Harris) The major results drawn from the
! '

crown / skirt intereaction model were the cyclic stress levels in
,

[ a piston skirt at isothermal and steady-state operating temper-
atures considering the influences of the initial gap and the
possibility of momentary lift-off of the crown from the skirt.

Exhibit P-17 summarizes the isothermal and steady-state op-

erating temperature cyclic stresses for an AE piston skirt with-

various initial gap sizes. Results are presented for several

sets of estimated skirt stiffnesses.

58. How do the cyclic stresses under isothermal and
' steady-state operating temperatures compare?

,

( (~J')
A. (Harris) The results presented in Exhibit P-17 show

'

'#' that the cyclic stresses are less severe under steady-state op-
erating conditions, because the minimum stresses are increased

\ .
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L (less compressive) without a corresponding increase in the max-
b imum stress. Therefore, the cyclic stresses are actually,

-(]) largest under. isothermal conditions.

-59. How do the gap closure pressures and load splits
evaluated for the crown / skirt interaction model compare to
those observed experimentally as a result of the strain gage
measurements?_

A. (Harris) The gap closure pressure and load split be-
tween the rings were calculated from the crown / skirt interac-

. tion results by an equation that assumes the peak stress is
governed by_the load on the inner ring. Exhibit P-18'shows

j that this assumption is a good approximation because the

-stresses-for a given load that are app' lied by a uniform dis-

| - (V placement on the inner ring are much higher than the corre-
I(-'Sl- spending values for the loading en the outer ring. Exhibit

P-19 summarizes the calculated gap closure pressure and load

split at' nominal, minimum and maximum values in comparison to
the experimental observations. The nominal, minimum, and maxi-

; mum values in the column of experimental results provide the
l

|

range of values actually observed. The corresponding values in

the column of calculated values were calculated using the nomi-

nal, minimum, and maximum values of the initial gap. The com-
! parison between the experimental and numerical results can also|

-(]) be made by estimating skirt stiffness from experimentally ob-
'

served load splits and gap closure pressures by using equations
developed for the crown / skirt interaction model. Exhibit P-20|

3
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,

6

compares the results of the estimated skirt stiffness from ex-
.

perimentally observed results with the finite element
stiffnesses. ~

h. Experimental values of the outer s'kirt stiffness
are generally lower than the numerical value. overall, the

agreement between the experimental and numerical sets of data

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

o

I -

60. How do the different sets of stiffnesses affect theimportant results drawn from the crown / skirt interactien model?
A. (Harris) The calculated cyclic stresses, which are

the'most important results of the crown / skirt interaction
; model, are not strongly dependent on the values of the skirtI .

!. stiffnesses. .This can be seen from Exhibit P-17 which presents
h) calculated cyclic stresses in the stud boss region for various

initial gap sizes and loading conditions that were calculated
using different sets of skirt stiffnesses. For a given gap and
loading condition, the cyclic stresses are nearly the same for
each of the sets of stiffnesses.

,

!

D. Fatique Crack Initiation Analysis
,

61. What was the next step in the evaluation of the in-
tegrity of the piston once the cyclic stresses had been de-
fined?,

A. (Harris, McCarthy) The next step was to determine if
j A(-
i

cracks can initiate when the material is subjected to these
| cyclic stresses.

|'

l
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6:2. Please describe the analysis you performed to deter-

mine whether cracks would initiate in the AE piston skirts.
A. (Harris, McCarthy) As noted, the pistons experienced

,

.

$ ) 1.35 million stress cycles every 100 hours of operation.

Therefore, crack initiation under high cycle fatigue conditions
is the main consideration. The fatigue property called the en-

: durance limit of the material is of primary interest. The Iron

Castinos Handbook, edited by C. F. Walton and T. J. Omyer, in-
'

-dicates~that the endurance limit of ductile cast iron with the
properties of the 100-70-03 material used in the AE piston
skirt is. conservatively 30 ksi. Comparison of this fatigue

property of the skirt material with the cyclic stresses evalu-

ated from experimental measurements and finite element calcula- '
e t

{ ' tions allowed us to predict whether cracks would or would not

initiate. i

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

|

.
A. (Harris, McCarthy) The endurance limit of a material

! -is, directly applicable to the case where the mean stress is

zero and the stress system is uniaxial. In order to perform

the analysis on the AE piston skirt, procedures to account for

a non-zero mean stress were ,tmployed. Non-zero mean stress was

( treated in the standard manner using a modified Goodman dia-

) gram. The Goodman diagram is the means by which the allowable;

i

cyclic stress for infinite life (or no crack initiation) for a

p.
|

_ _ _ . . . _ _ _ __



_ _ _ _ _ . . _

,

-41-2

given mean stress can be plotted. These conditions are summa-
rized in Exhibit P-21. The results in Exhibit P-21 are for
uniaxial stress, and are directly applicable to the current. . ,

1()~ problem because the experimental results discussed above show

that stresses are nearly uniaxial in the highly stressed region
of the stud boss area. The crack initiation criterion was used
in combination with the cyclic stresses shown on Exhibit P-17

to evaluate the possibility.of crack initiation for various gap
4

sizes. The mean stress and stress amplitude for a given condi-

tion were plotted on a figure such as the one shown in Exhibit
P-21. If the plotted point falls inside the solid lines
(stress envelope) then crack initiation will not occur. An en-

durance limit of 30 ksi was used, and a modified Goodman dia-
Y.

\ ({{ gram was used to adapt this endurance limit for cases other
'

than zero mean stress. This same procedure was utilized in

evaluating crack initiation from the experimental measurements
.

and finite element results from both the isothermal and
crown / skirt interaction calculations. s

i

64. Please describe the modified Goodman diagram?s
I-

'

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

plot defining the relationship of mean stress and cyclic stress
for an infinite life. It is primarily based on experimental

.

) observations of the failure of fatigue specimens that were sub-
jected to a given cyclic and mean stress. A considerable

>
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.

amount of experimental data has been generated over the last

several' decades that provides the basis for using the modified

Goodman diagram for analysis of fatigue with non-zero mean(
stress. In developing the modified Goodsan diagram, failure

(or crack initiation) was considered to occur if the material
permanently deforms (plastically deforms or yields) as opposed
to actually breaking.

~

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

A. (Harris) Exhibit P-22 is a plot of the allowable

stress envelope for infinite life with the stresses at various
. gap sizes indicated. The stresses for isothermal conditions
are shown. Exhibit P-22 shows that cracks are predicted not to

,

"

initiate in AE skirts under cyclic stresses corresponding to

the experimental results for any cap size and that cracks may
or may not initiate under cyclic stresses corresponding to the

I finite element results dependicq en the yield strengths and gap
|

size. The modified Goodman diagram is drawn for the range of

values of yield strength from 63.5 to 70.5 ksi that bound the

results of measurements of the yield strength of material taken

from an AE skirt drawn from the lot of skirts now in use at:

Shoreham.

,O,(_ 66. Did the results of the fatigue analysis using the
stresses evaluated from the crown / skirt interaction model con-;

; firm that isothermal conditions are more severe thansteady-state operating conditions?
.

.,

.
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A. '(Harris) Yes. Exhibit P-23 shows the r,esults for
0.007 and 0.011 inch initial gaps for isothermal and steady-

~

> state temperature distribution conditions. The results on Ex-1

O
hibit P-23 show that conditions for crack initiation are more
severe under isothermal conditions. Therefore, cracks are more

likely to initiate under isothermal than steady-state condi- ,

s

.tions. Exhibit F-23 also shows that cracks might initiate in
the AE skirts under certain conditions, such as under iso-

thermal conditions with a 0.011 inch gap in a piston of rela- - .

_

tively low yield strength. A smaller initial gap is beneficial

in reducing the cyclic stress under isothermal conditions, but
icontributes to the possibility of momentary crown lift-off.

Such lift-off is not detrimental, however, because it does not
b:

, y_ have an adverse influence on the operation of the AE piston
I
i skirt at Shoreham and does not increase the cyclic stress.
!

.

. 67. Do the results of the finite element analyses showing
L that. isothermal conditions are more severe than steady-state
! op,erating conditions support a conclusion that the experimental
| results are applicable to operating temperature con'ditions?
,

A.- (Harris) Yes. The overall conclusion based on the
l experimental measurements is that cracks will not initiate in

.the stud boss region of the AE pisten skirt. The fact that the
,

crown / skirt interaction model predicted lower cyclic strasses
i

under steady-state temperatures supports a conclusion that the
\- experimental results showing no cracks under isothermal condi--

tions also applies to operating temperature conditions.
|

%

_--_
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E. 'Fatique Crack Growth Analysisy

.;

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

,D.
A. (Harris, McCarthy,-Swanger) No. The initiated crack

may or may not grow. Even if it does grow,'it may do so only
i

,

'

for awhile and then arrest before growing to,,the Toint where
the piston would fail. Fracture mechanics analysis is commonly

a
employed to make this determ$ nation. Fracture mechanics is the()

body of engineerEng knowledge that is applicable to the analy-.,

! , ,
,' sly of the growth and stability of cracks in solids.

;'
.

/

69. What is-the purpose of fracture mechanics analysis?r .

w A. (Harris, McCarthy) Modern design ane. lysis is able to,

( insure the safe operation of such structures as aircraft
'

'

-
,

t spacecraft, pipelines and turbines, etc. through the applica-
tion of engineering fracture mechanics. It is now common to' ,

,

design and operate critical structural components in such a
manner that the initial presence of crack-like defects is as-

'
,

i

sumed, and the possible growth of the defects due to fatique is
'

e, calculated. For example, even the. highly-st$tessed rotating

parts of military aircraft gas turbine engines are designed as-
suming the presence of small cracks tha, drew in fatigue. In

'

fact, the dnited States Air Force has'a formal procedure that
! expressly requires the manufacturer to adopt this design ap-

proach. Many other structures, i.e., civil, mechanical and
i .

'

; ,

,

A,-
4

<I ',[ ,,
,..

,

*
B

| i:
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marine, are designed with the same philosophy. This philosophy
,

merely. reflects the fact that all materials and structures

contain crack-like defects on some scale and that the primary
. ,

. objective of design analysis is, therefore, not to prevent
--

initiation but to assure that such cracks cannot grow to sig-
nificant size. Fracture mechanics analysis provides this as-
surance.

.

'

70. Please describe the methodology FaAA employed to de-
termine whether cracks would grow in AE piston skirts.

A. (Harris) Because the crack initiation analysis using
'

the conservative numerical finite element results predicted
,

that crack initiation could possi' ly occur, a fracture mechan-e,

_ ics analysis of the growth (and possible arrest) behavior of
(() the hypothesized initiated cracks was performed. Not all crack

tips are unstable., contrary to the County's testimony, and
f.acture' mechanics provides the means of analyzing the stabili-
ty and possible growth of cracks in solids. In the case of the
AE' piston skirt, the solid was considered as an elastic body.
Standard linear elastic fracture mechanics procedures were used

to evaluate the stresses near the tip of the crack from infor-
mation on stresses in the uncracked skirt. The stress intensi-
ty factor provided the measure of the stresses near the crack
tip.

O Elastic-plastic _ behavior of the material in the highly
C

stressed region of the stud boss was accounted for by appropri-
.ita' procedures. The fracture mechanics properties of the AE

i

.
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'
.

piston material were compared with the fracture mechanics
|

parameters computed by the finite element analyses, stress and !

.

) fracture mechanics evaluation.

'71. What wera the fracture mechanics propertiss requiredin this analysis?

A. (Harris, McCarthy) Two fracture mechanics properties
were neceasary for this analysis: the fracture toughness of

the material and the fatigue growth crack characteriscies of
the material.

72. Please describe the fracture toughness property uti-
lized in this analysis?

A. (Harris) Exhibit P-24 summarizes some relevant frac-
.

. ture' toughness data from the literature. A fracture toughness

h' of KIC of 40 kri-in 1/2 was considered a reasonable, but con-
servative, value of fracture toughness. This value is conser-

'

vative b'ecause it represents a temperature of 70*F. Fracture

- toughness of cast iron is influenced by temperature within a

range (room temperature to approximately 3OO'F) . As tempera-

ture increases, the fracture toughness increases. As noted
'

.

above, actual measurements of temperature during operation in-

dicated that the temperature of the pisten skirt is a uniform
2OO*F. Therefore, the use of a value measured at 70*F is con-

,

- servative.

xs.

. .

>

.

f

.
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73. Please describe the fatigue crack growth characteris-
ties used in this analysis.

A. (Harris) For a given material operating in a given
r/^g
EU environment, the rate at which a fatigue crack will grow is de- '

pendent mainly on the cyclic value of the stress intensity fac-

tor (Delta K = Kmax - Kmin). Other factors, such as the mean

value of the stress intensity factor (represented as R =

Kmin/Kmax) also influence, to a lesser degree, the rate at

which a fatigue crack grows. The threshold cyclic stress in-

'

tensity factor below which cracks will net propagate is ex-

pressed as Delta Kth. The Delta Kth of a particular material
,

'

is a function of the R-value. The Foreman relation for crack

growdh (which 1.s a widely used relationship in fracture mechan-

(]) ics analysis) was combined with the treatment of the influence
~

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

A. Yuen,.S. W. Hopkins, G. R. Leverante and C. A. Rau, to de-

termine the influence of R on Delta Kth. Cracks are considered

not to propagate for a given Delta K and R if Delta K is less

than the Delta Kth at the given R-value.

'

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

A. (Harris) The fracture mechanics properties described

above and the calculated stress intensity factors'from the'fi-

J nite element stresses were used in this analysis. The finite
,

element results represented elastically calculated stresses,

a

.. - . - - - - . . . . - - . , , - . . . . _ _ - , . . . - . , , , - . - - . . . , . . . - , . . , - . - - - - - . .
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7

The plastically redistributed stresses corresponding both to
i

the isothermal and steady-state operation were analyzed. Two

) sets of calculations were performed, one for nominal tensile-

properties and one for poorer case tensile properties bound
i

from the measurements of tensile strengths of the AE skirt

drawn from-the lot of skirts now at Shoreham. The BIGIF frac-
ture mechanics code was used to obtain the elastic-plastic re-
distributed stress fields that exist after yielding. Residual

tensile stresses were predicted by the use of BIGIF in the lo-
:

calized region where the cracks could possibly initiate. The

BIGIF calculations accounted for the variation in Delta Kth
with the stress ratio, the R-value. BIGIF was also used to
calculate the stress intensity factor range, Delta K.

75. What is the BIGIF fracture mechanics code?
A.., (Harris, McCarthy) BIGIF is a general purpose frac-

ture mechanics code that is used in the analysis of crack sta-
bility and fatigue crack growth. It is based on linear elastic
fracture mechanics, but does contain capabilities for treating
contained plastic deformation. BIGIF is used by many different

' organizations on a wide variety of problems. In addition to |

!

!its use on pistons and crankshafts of the TDI engines, it has i

been applied to cracking problems in pressure vessels, pipes, |

( steam turbine and generator rotors, spacecraft components and i
gear teeth. Its great versatility makes it applicable to a l

1

very wide range of problems. !
!

4

.

=--,er. , , ,-m.., .--.m...,m--..-w.-,r--,. --- , _ _ ,,,-.w,..,# .,v,e.,%,w,,- _e-.m-,e---3,..m-w,--,#,--,,..w...,,,--.e-,.,,, __r... w,,,,,,..,



__ ._
_ __

_

-49-

76. Did the fractura mechanics calculations show that the
cracks that could possibly initiate in the AE piston skirts
would not grow?

A. (Harris) Yes. For the AE skirt, the fracture me- )()
I

chanics calculations revealed that the Delta K and R values for l

l
all crack depths do not exceed the threshold conditions.

Therefore, the cracks in the AE skirt that were predicted
possibly to initiate based on the conservative finite element

results were shown not to grow under isothermal or steady-state
!

conditions. Exhibit P-25 shows the representative values of R
|and Delta K for various hypothesized crack depths for an AE |

!piston skirt with a 0.007 inch gap operating under steady-state
temperature conditions. This is the most severe condition from,

. a crack propagation standpoint. Exhibit P-25 also shows the

corresponding threshold condition for crack growth. It is seen

that the operating conditions are always below the threshold
condition. Therefore, any cracks that may initiate will never

grow, even if they were as deep'as 1/2 inch. Furthermore, con-

trary to the County's erroneous hypothesis, any imperfections
introduced during fabrication of the piston also would not

grow, even if they were as deep as 1/2 inch. |

77. Do you consider your analytical results to reflect
the possibility of crack growth under actual operating condi-
tions?

.

|
7 A. (Harris, McCarthy, Swanger) Yes. The stresses upon l

|

,

which the fracture mechanics analysis was based considered the

major: loads and displacements actually influencing the piston

1

--.|
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I

skirts under operating conditions. Assumptions required in the

analytical process were conservative and resulted in over- '

() estimating the stresses. Those assumptions have been discussed

above and include, for instance, the use of a rigid wrist pin.
The conservative nature of the assumptions can be seen by

comparing the experimental results with the finite element re-
suits. The finite element stresses were invariably higher.,

Even the use of these conservative stresses indicated that
cracks will not grow in the AE piston skirt. FaAA also consid-
ered the operating environmental conditions inside of the

crankcase of the Shoreham EDGs and concluded that they would

not be expected to have an influence on the crack growth char-
.

) acteristics of the pisten skirt material.

IV. Operating Experience

78. Are you aware of any failures of AE piston skirts in
operation?

,A. (Harris, Seaman, Swanger) No. The DRQR created a

computerized component tracking system to gather nuclear and

non-nuclear experience on TDI R-4 engines, as well as addition-

al information en other EDGs in nuclear service. No AE piston

failures were reported in the component tracking system.
.

1() 79. Have inspections of AE piston skirts after operation'

been conducted?,

A. (Johnson, 3eaman, Swanger, Youngling) Yes.

__ _ _ . _ _ - - _ _ _ _ _ . _ . _ _ _ _ _ . - - _ _ _ . . _.-_...-_ _ . - _ _ _ _ _ . . . . _ _ . _ _ _ _ _ _
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. Inspections using eddy-current and liquid dye penetrant were

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

non-nuclear installations.

80. What was the significance of these inspections? ,

-

A. (Harris, McCarthy) Each inspection added an addi-,

tional piece of information that the AE piston skirts are suc-
,

cessfully operating without developing cracks. These inspec-
tions are merely data points and are not used to prove, but do

serve to confirm, the validity of the fatigue crack initiation
or fracture mechanics analyses. Conclusions from these analy-
ses stand on their own.

- 81. What is a liquid dye penetrant inspection?
A. (Johnson, Swanger) Liquid dye penetrant inspection

is a method of nondestructive testing used to detect and indi-
cate- discontinuities that are open to the surface. It can be

~

used for the inspection of most structural materials. Examina-
'

tion by liquid penetrant testing is accomplished in five ' basic
steps:

'

1) Precleaning. Each -item to be inspected must have,

contaminants, such as dirt and oil, removed form the surface to I

(] be inspected.
%w/

4

I

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

3) Removing the penetrant quickly after it is set.

Penetrant will be left within the discontinuities for lack of
time to escape.

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

,

5) Visual examination and interpretation. Qualified in-

spectors can tell whether an indication is from a crack,
lamination, lack of fusion, porosity, etc.

This test method is sensitive to imperfections such as.

cracks, shrinkage cracks, surface porosity, cold shuts,
. . grinding and heat-treat cracks, seams, forging laps and bursts,

( . cold lap, lack of fusion, etc.

82 . , What is an eddy-current inspection? 4

A. (Johnson, Swanger) Eddy-current tssts are high-

resolution NDE procedures that were used on the AE piston to

determine if a' liquid dye penetrant ind'ication corresponded to
a significant size crack-like defect or not. FaAA used its

,

Procedure NDE 11.5, Rev. O in its inspection of the EDG 102 '

pistons and NDE 11.5, Rev. 1 in its inspections of the EDG 101 !

~

l
.and 103 pistons. Because of the purpose of eddy-current tests,

) its use was limited to portions of the skirt where liquid dye
penetrant had revealed'an indication that needed further

.

+
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examination. In this case, a penetrant indication 1/32 inch or

lo.nger required eddy-current examination.

f{} The eddy-current test itself involved scanning a coil over

the test area and monitoring the electrical impedence of the
coil. Material defects cause a change in the coil impedence

'

which generates a signal. A signal generated from a crack or a

simulated crack was used as the crack standard. When the mate-,

rial at issue was scanned, all addy-current crack indications

exceeding a specified fraction of the crack standard were

recorded.
_

83. Why it is reasonable to apply the 1/32 inch length
criteria to determine what indications shown from the liquid

. dye. penetrant will be subjected to further analysis?

() A. -(Harris, Johnson, Swanger) The presence of small im-

perfactions in any cast material is normal. Centrary to the

County's. assertion, indications smaller than 1/32 inch in

length cannot contribute significantly to the possibility of
crack initiation and propagation. This is supported by the re-

suits of the fracture mechanics analysis of crack growth, which

predicted that cracks less than 1/2 inch-deep would not grow.

Cracks of 1/2 inch depth would be expected to be at least 1
inch in surface length.

('\ 84. Please describe why it is reasonable to record sig-(V, . nals exceeding a certain fraction of the signal from the crack
standard.

A. (Harris, Johnson) For instance, the crack standard

4

.

.
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for piston skirt inspection per NDE 11.5, Rev. 1 is 1/16 inch
in length by 1/32 inch in depth. At the rejection level of !

(() fifty percent of the signal from the standard specified in Rev.
1, suberitical defects (1/2 inch deep by 1 inch long) '

are easi-
ly detected. The Rev. O inspection was approximately a factor
.of two more sensitive than the Rev. 1 inspections.

85. Please describe the inspections of the ten AE pistenskirts from Shoreham. '

A. (Johnson, Seaman, Youngling) After 300 hours total
.

. .

operation, including 100 hours at'100% load, liquid dye
-. ..

pinatrant and eddy-current inspections were conducted of the

stud boss region of AE piston skirts from EDGs 101, 102 and
'

. : 103.
'

LILCO . and Stone, and Webster performed the liquid dye
penetrant test at the stud boss attachment

areas for all three

engines utilizing approved LILCO procedures. The results of
those 1n"spections are included in Exhibit P-26. FaAA conducted

the eddy-current inspections which were observed by representa-
tives from.LILCO. The results of these inspections for all
three engines and the FaAA eddy-current procedures are included
in Exhibit P-27. The inspections revealed no relevast indica-
tions.

86. Describe the characterization of a nonrelevant indi-h . cation.;

.V
A. (Harris, Johnson, McCarthy) It is important to re-

j. member.that some surface liquid dye penetrant indications are
i
N
1
I
t

|
-
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i

common in all iron castings. They can result from superficial
- features such as tool marks, pits, inclusions and other irregu-,.

m| larities in the surface of the casting. These indications do

not have any effect on fatigue behavior of an AE piston at

Shoreham due to their bluntness and/or small depth.
... 3<. '.'.,3 a. ..c :..
'

..

87. Why are inspection results after 100 hours at' 100% ii
load meaningful in assessing the reliability of the AE piston
skirts?

'

A. (Harris, McCarthy, Swanger) Each AE piston skirt in-

corporates'8 individual highly-stressed fillets in the inter-
t

sections of the four stud attachment bosses with the wrist pin
;

bosses. There are,. as in all cast articles, minor variations

in material composition, dimensions and physical properties as

[ F well as minor differences in str, esses that result from the ex-
,

pected variations in temperature and pressure in the cylinders,
,

stud preload and machining toler'ances. Thus the 192
'

,

|highly-stressed areas (24 piston skirts x 8 boss fillets) in
the 3 Shoreham EDGs represent a population of similar fatigue
samples with a distribution of endurance limits. i.e., stress

levels below which the samples exhibit infinite fatigue life-
time. Conventionally, the endurance limit is accepted to be
the-stress level corresponding to 10 million stress reversals.

Information contained in the Iron Castings Handbook, by Walton

Q)}-
. . W/

and.01 par, 1961, (p. 341) (Exhibit P-29) shows that the cyclic

stress for. cracking in 10 million cycles is 93% of the cyclic

;.
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stress for cracking in 1.35 million cycles. Scatter of 7% on
stress is commonly observed in fatigue data. Therefore, it is

- ]) likely'that cracking indications would be observed in the popu-
lation of inspected stud bosses if they had been operated for
1.35 million cycles at stresses above the endurance limit.

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

e
A. (Johnson) FaAA inspected two AE skirts from a RV-16-

4 engine at Kodiak Electric Association in Alaska. This engine

had experienced over 6,000 hours of service at an average peak,

firing pressure reported by the utility to be approximately
1,200 psi. FaAA also inspected two_AE piston skirts from the

TDI R-5 prototype engine after approximately 622 hours of op---

^

eration at 2,000 psi. Neither the Kodiak nor the R-5 prototype
engine inspections revealed any relevant indications. These

'

inspection reports are included in Exhibit F-29.

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

A. (Harris, Johnson, Swanger) No. There are variations

reflecting design evolution between the R-5 AE piston skirts
and the Shoreham piston skirts. These variations involve an
area that is irrelevant to the analysis of crack initiatica in

4

*
,
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' '

fact that the R-5 engine has an operating speed of 514 RPM

while the operating speed of the Shoreham EDG's is 450 RPM.

i
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The increased inertia associated with the increased RPM reduces
the effective peak fir,ing pressure. For the R-5 engine, the

effective peak firing pressure at 450 RPM would be 1,957 psigc

as opposed to *,ts actual value of 1,944 psig at 514 RPM. The

effective peak firing pressure on the R-5 engine at 450 RPM is

still approximately 20% higher than the Shoreham peak firing i

pressure. The County ignored the more important point, i e.,.

1

the fact that the R-5 has operated successfully for over 622 !

' hours at 2,000 psig. The fact that an AE piston skirt in the

R-5, which represents an earlier stage in the evolution of the
|
!design, withstood that operation without relevant indications |

.
,

1s the more persuasive point about the integrity of the AE pis-
ton skirts at Shoreham.

. h ;

90. Please describe why the Kodiak operating experience
is meaningful in evaluating the suitablity of the AE piston
skirt for safe operation at Shoreham.

I

A. (Harris, McCarthy) As mentioned above, the Kodiak

experience with AE piston skirts involved 6,000 hours at a re-

ported average peak firing pressure of 1,200 psi. In spite of
'

the lower peak firing pressure, this experience is relevant be-

cause it involves a large number of stress cycles (about 80 |' -

|
million). The fact that no indications of excessive wear or
latigue cracking were observed after so many cycles provides

'

( additional evidence of the integrity of the AE piston skirt.

'
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V. Side Thrust Load-
Is Not A Design or Operation

Preblem With The AE Pistons At Shoreham.

) A. 'Shoreham AE Piston Skirt
.

91. Please describe side thrust load.
A. (Pischinger, Swanger) All piston engines generate a

side thrust load between the pisten and the cylinder as the re-
i

sult of the balance of forces between the piston, the con-
necting rod and the cylinder wall. During the power stroke, as

i

the piston descends in the cylinder from the top dead center
{

position, the motion of the connecting rod ca'uses it to assume

an increasing angle greater than zero degrees with respect to
the axis of the cylinder. The longitudinal force in the con-1~0
necting rod is resolved into axial-and transverse components in
the piston. The axial component is generated by the net pres-
sure force a'cting on the piston. The transverse component is

the geometric result and is manifested as a force between the
.t

piston and the cylinder wall. This latter force, which varies

with cylinder gas pressure, speed of the engine and the crank-
shaft angle, is the piston side thrust.

.

92. Is side thrust load a significant consideration in' the design of a di-sel engine?

b}-)( A. (Pischinger) No. In current diesel engine design,

side thrust, much less the excessive side thrust alleged by the
.

County, is simply-not a consideration. Proper lubrication

.4-

a
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incorporated in the piston design makes side thrust load a
nonissue. With adequate lubrication, the consequences'of side

h- thrust load will never reach the level described by the County.
Pistons, including the AE pistons, are designed to lubricate
the skirt to reduce friction. Exhibit P-30 details the lubri-
cation system on the Shoreham EDGs.

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

A. (Pischinger, Swanger) With an adequately lubricated
o

piston, side thrust will not create a dramatic temperature dif-
ferential. In order to create the temperature effect described
by the County, the piston and skirt would have to come into

I

q unlubricated contact. Lubrication minimizes the piston

skirt / cylinder contact and facilitates heat flow from the pis-
ton to the liner.

.

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

A. (Harris, McCarthy, Seaman, Swanger) Yes. The compo-

nent tracking system does not indicate adverse consequences
from side thrust on any pistons in nuclear service. Further-

the component tracking system does not indicate any fail-more,

ure on R-4 engines in either nuclear or no,n-nuclear service.
>

This R-4 experience is helpful because the factors influencinge~
,

5 /

side thrust load, crank angle, reciprocating piston weight and
connecting rods, are the same on all R-4 engines and are not

;w affected by individual piston designs.

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

A. (Pischinger, Swanger) As described above, current

design experience has indicated that side thrust is not a prob-
lem. The County characterizes the side thrust as excessive
based on an outdated standard. Most modern engines would ex-
coed this outdated standard. It has no meaning to current en-

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

Design by T.D. Walshaw, 1949 (County's testimony, p. 48, foot-
note 60). The dated value of this 35 year old source is

exemplified by various information drawn from.the reference.

For example, for a roughly 17 inch bore four stroke diesel, a

peak firing pressure of 700 psig .(p. 80) and BMEP of 70 psig

([ (p. 71).are given. The County's ref'erence also states that two

stroke diesels are "used universally for the higher powers, say

above 3000 BHP per unit" (p. 47). These statements are at odds,

with more modern design practices and show the dated nature of
the 85 psi limit on unital side thrust loads. Similar problems

are found in the County's other reference on side thrust,
Internal Combustion Engine by V. L. Maleev, 1945 (County's tes-

timony, p. 49, footnote 61) when the reported EMIPs (pp. 352,

353, 355) and peak firing pressure (op. 206, 207, 355) are com-
pared with modern practice. Improved materials in more modern- f% -1

(h7) engines allow higher operating pressures to be attained. For

instance, Maleev describes cast iron piston material with a
!

I

l

s'

|

I

i

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

~ iron in TDI engines is approaching 100 ksi in tensile strength.

} The textual references noted from both references are included
in Exhibit P-31.

In summary, the 35-40 year old material from which the,

County obtained its values of recommended side thrust does not
reflect modern design practices. As noted above, design and

operating experience indicates that side thrust load is simply
not a consideration.

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

A. (Seaman, Swanger) No. The County cited several re-
'

ports by the DRQR of scuffing on the AE piston skirts. These
(S-p .eports, however, include not only a report of scuf ing, in

some cases, but a conclusion that it was acceptable or normal
wear. C'opies of tne reports cited by the County are attached

.

to this testimony as Exhibit P-32. Furthermore, as the County

pointed out, DRQR personnel visually inspected the AE skirts at

Shoreham and did not observe excessive side load wear.

'

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

A. (Seaman, Swanger) The County stated that during its

June.1984 inspection the' County's consultants noticed a " heavy:

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

noticed that the tinplated area showed indications of " abraded

s. ,
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surfaces and evidence of debris that had been previously im-
bedded in the plating, but since removed." As will be dis-

( ) cussed'below, the purpose of the tinplating is to capture and
absorb minute particulate material from the combustion chamber

so that it will not harm the cylinder liner.
-

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

|
|LA. (Seaman, Youngling) The only reason the County of- 1
|fered in support of it.s belief is that its consultants "sur-
1

mised" that deglazing observed was necessitated by the side
tthrust markings. The County went on to describe deglazing as

"a maintenance. operation in which the cylinder liner surface is
honed." The County's June 1984 inspection was of EDG 103 dur-.,

r ing the block replacement. The cylinder liners had just been
,

rehoned at TDI as a part of that engine rebuild. This is nor-

mal practice in an engine rebuild and has no relationship to
the piston skirt performance prior to the rebuild. The

,

rehoning certainly does not support a conclusion that there

have been adverse consequences of" side thrust on the AE piston
,

skirt at Shoreham.

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

. A. (Johnson, Swanger) FaAA observed no evidence of ex-
cessive side thrust during the inspections of the Kodiak skirts
after more.than 6,000 hours of operation.

'

p.

.
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100. Would you anticipate that adverse effects of side
thrust would evidence themselves on the Kodiak engine even at1,200 psi?

A. (Harris, Swanger) According to the County's standard:

for acceptable unital side thrust, the Kodiak engine should

have experienced excessive side thrust even at 1,200 psi. As-
{

suming the County's calculation of the side thrust lead at |
'

Shoreham is correct, the side thrust for Kodiak can be derived
!by multiplying the County's side thrust result times the ratio

of the Kodiak and Shoreham peak firing pressures. As noted,

Kodiak had not evidenced any symptoms of excessive side thrust.
,

101. Did inspections of the modified AF piston skirts re-
moved from Shoreham after 600 - 800 hours of operat$on revealany indication of excessive side thrust?

) A. -(Harri s , Johnson, Swanger, Youngling) No. Both vi-

sual and nondestructive examination revealed no signs of the
County's. alleged excessive side thrust. The nondestructive
evaluation (liquid dye penetrant and eddy current testing)

showed that th,e cracks in the modified AF skirts were randomly

distributed on all sides of the skirt in the boss area. The

liquid dye penetrant test results are included in Exhibit P-33.
If there had been excessive side thrust, the cracks would have

shown some side to side variation indicating adverse effects of
'

side thrust load. The same side loads were experienced on the
( pJ AF piston skirts as the AE pistons skirts because the factorss-
s-

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

%

i

<

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

skirts.

!
|

(( ) 102. Is the side thrust lead on the Shoreham piston ac-
captable? ,

, '

i

A. (Pischinger) Yes. Based upon the dimensions of the ;
tpiston skirt,--crank radius and the connecting rod length, I

. conclude that the Shoreham piston is an extremely low side-load
piston. Moreover, based on current design practice, side

thrust should not even be an issue in this proceeding.

B. FaAA Analysis

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

{t/~3 A. (Harris, McCarthy) No. As discusscd,above, cyclic.

stresses were the key factor FaAA considered in analyzing crack
initiati.on in the AE piston skirts. The cyclic stresses are

the differences.in the minimum and maximum, stresses. Pressure

and stress have a linear relationship. Side thrust load is

produced when the connecting rod angle varies from zero de-
grees. In this case, a portion of the load due to pressure on
the piston is reacted through the wrist pin at an angle as con-
trasted to directly through the connecting rod to the crank-
shaft as would occur at top dead center. The pressure / crank

{( ) angle diagram that FaAA developed (Exhibit P-5) shows that peak'a
firing pressure during the power stroke occurs near the.

1
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position when the connecting rod is vertical and parallel to
the cylinder axis, a position corresponding to top dead center.

E(]) The minimum load (inertia) is exerted when the piston is at top
dead. center of the exhaust stroke, which also corresponds to a

zero degree angle between the connecting rod and crankshaft.

104. Would side thrust load change the cyclic stress am-
plitude?

A. (Harris, McCarthy, Swanger) No, not significantly.

The pressure / crank angle diagram shows that the pressure drops

off rapidly as the piston moves away from top dead center.

Therefore, the forces on the piston decrease rapidly away from
.

top dead center, and consequently the stresses in the stud! boss *

- region decrease. The side thrust load is zero at top dead cen-
-(- ter, which is close to where the peak pressure loading occurs.

By the time the crank angle has increased to the point where
'

the side component of the load is appreciable, the pressure has
decreased to the point where the tctal pressure load has
greatly descreased.

105. Would the FaAA conclusi_ons that cracks in the AE pis-
ton skirts at Shoreham may initiate, but would not grow under
operating conditions, be changed if side thrust load were con-
sidered a significant contributor to cyclic stresses?

A. (Harris) No. In the unlikely event that side thrust

) loads were determined to be a significant contributor to cyclic
stresses in the stud boss region, such increases would not

.

alter the FaAA conclusions. This is borne out by calculations

%:
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made by FaAA on cracking of the AE skirt when subjected to peak
. firing pressure as large as 2,400 psig. These calculations,

,{} performed using the methodology described above, revealed that

crack growth would not occur even at pressures of 2,200 psig.

The maximum and minimum stresses and fracture mechanics analy-

sis results from these calculations are shown on Exhibit P-34.

The small increases in estimates of cyclic stresses that
may possibly occur if side thrust loads were included in the

analysis would certainly be insufficient to increase the cyclic
stresses to levels corresponding to 2,200 psig. Therefore, ex-

plicit consideration of side thrust loads would not alter our
conclusions regarding the possibility of crack initiation but
no growth of cracks in the AE piston skirt.

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

.

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

A. (Pischinger, Swanger) Tin is a soft, low-friction

material electroplated on piston skirts to facilitate a
smoother break-in period for an engine. During break-in, pis-

ton rings and skirt surfaces are required to adapt themselves
to new and non-broken-in cylinder liner and bore surfaces.

(} Soft tin plating provides a low friction run-in surface similar
v

to that provided by the overlay on the connecting rod bearing
|

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

t

I
,

!. |
l
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plating provides a running-in surface between the.new skirt and
the new liner. In addition, due to its soft quality, the tin

-{) plating captures. minute particulates created by the running-in
process and absorbs these materials. This process, therefore,

protects the honed cylinder liner. In summary, the purpose of

the tin plating is to provide a smooth break-in period and to
protect the cylinder liner and the piston skirt. Contrary to

the County's allegation, the purpose of the tin plating on the
skirt is not to offset the assumed bad effects of alleged ex-
cessive piston side thrust. In fact, the County's own refer-

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

iron pistons produce less cylinder liner wear than aluminum
ones, especially if they are tin plated. "40 ,

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

A. (Seaman, Swanger) The component tracking system

contained no evidence of any failures or adverse operational

problems resulting from tin plating of piston skirts in nuclear
or non-nuclear service. Furthermore, the County did not docue

any actual failures or operational problems caused by tinment

- plating. The County was merely theorizing based on incorrect

L} assumptions as to the purpose of tin plating.f

s

*

!
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108. The County alleged that the scoring it observed can |
result.in gas blow-by and, therefore, perhaps eventual piston '

seizure. Has excessive gas blow-by ever been experienced in )the EDGs at Shoreham? ;

s A. (Seaman, Youngling) No. LILCO monitors crank case i

pressure which would increase if gas blow-by were experienced.

If excessive blow-by were to occur, the pressure sensor would |

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

to-excessive gas blow-by.
.

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

,
A. (Pischinger, Swanger) The County stated its concern

about failure because of enbrittlement. caused by hydrogen

{(O
escaping into the metal during the electroplating. The County

~

stated that hydrogen embrittlement has been responsible "for

many dramatic failures of' ferrous metals" and is a problem in
'

"all plated metal components." This is incorrect. Hydrogen

enbrittlement is not'a concern in relatively mild nodular cast

iron which had relatively low ultimate tensile strengths as

compared to steel. It is.a consideration only in high strength

steel with ultimate tensile strength in excess of 150,000 psi.

The tensile strength values of the AE piston skirt measured by3

'
FaAA were 85,360 psi to 90,210 psi. Furthermore, any

~'T
t (u)

cathodically charged hydrogen in the piston would diffuse outL
;

''

of the iron matrix in less than 100 hours at the operating tem-

perature of the AE piston at Shoreham.

N
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!110. The County seemed concerned about tin plating because :of scoring it observed in several cylinders during the County's |trips to Shoreham in 1983 and 1984. Was this scoring due to
the tin plating?

|

() .A. (Seaman, Youngling) No. The County hypothesized,

based on its 1983 observations, that the scoring was caused by

an accumulation of imhedded material in the tin plated surface
of the skirt. The accumulation of material, however, was not
caused by the tin plating.. In 1983, the Shoreham EDGs had

. n.:'

. .

Koppers piston rings which were allowing an excessive amount of
. n.. . .

carbon build-up on the cylinder liners. As the result of a

recommendation of the DRQR program, those rings have been re-

placed, however, with Muskegon piston rings. The Phase II DRQR

f.
of the piston rings concluded the Muskegon rings were appropri-

{} ate for the intended use at Shoreham and that minor scuffing

score marks on the cylinder liners were within an acceptable
range indicating acceptable performance. In addition to

replacing the Koppers piston rings with Muskegon piston rings

to assure freedom from unacceptable scuffing, LILCO has adopted
"

the following practices:

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

L %g
|

2. Use of a high detergent oil.

,3. Use of 135' fuel injection tips.

(() 111. Who performed the review of the Muskegon piston
rings.

1

!

v i
|

|

|
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'
A. (Pischinger, Seaman) FEV performed the Phase II re-

!view which included an evaluation of the service conditions
' f, versus the ring design specification and an analysis of the ac-
'

.V
tual . performance of the rings, pistons and liners.

i

112. How was this review performed?
--|

A. (Pischinger, Seaman) FEV considered the results of
quality revalidation inspe,ctions and numerous task evaluation '

reports. Furthermore, FEV performed detailed engineering in-

spections at Shoreham, and more general inspections at Catawba,
the TDI Manuf,acturing Plant in Oakland, California and the

Muskegon Piston Ring (MPR) Manufacturing Plant in Muskegon
,

Michigan.

(( .
~

113. Please describe the inspections performed of the
Shoreham pistons, rings and liners.

A. -(Pischinger, Seaman, Youngling) The Shoreham rings,.

pistons and liners were inspected following a 24-hour test run

and a 7-day' test run and after about 100 hours at greater than
or equal to full load. In addition, the components on EDG 102
were reinspected following a 100 start test.

114. What were the results of the FEV evaluation of theservice conditions against the ring design specifications?
A. (Pischinger)- FEV concluded that the design specifi-

1 ) cations for the MPR piston rings used on the Shoreham engines

are typical of industry practice and conservatively rated for
.,

=

9
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.turbocharged and aftercooled medium speed diesel engines and

are, therefore, appropriate for the intended use at Shoreham.

) 115. What were the results of the FEV inspection of theShoreham pistons, rings and liners?

A. (Pischinger) Buildup of coke in the upper area of
the liner and pisten down to the second compression ring was
noted. The coke buildup resulted in wear on the ring and the
liner, and minor scuffing' score marks were observed on them.

Linear wear was also present, as well as some mirror-like~

bright areas on a high percentage of the cylinder liners. The

magnitude and types of wear observed on the rings and liners,

however, are within acceptable ranges, indicating acceptable
performance.

116. Based.upon the FEV review, do you conclude that the
MPR piston rings are adequate for their intended function at
Shoreham?

A. (Pischinger) Yes.

117. Does the tin plating in any way reflect a design de-
ficiency?

A. (Pischinger, Swanger) No. The tin plating is an ac-

capted mechanism to facilitate engine break-in and to protect
the piston and cylinder liner from scoring from minute
pa'rticulates escaping from the combustion chamber. There is

h)'

simply no support for the allegation that tin plating has ever

led to scoring, much less that it has caused excessive blow-by
, affecting the operation of the pisten.

s
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4 y ,- ,, VII. Conclusion"
s.
*~i. .,

" Tr -118. In light of the County's piston contentions, is it
. (d; < -

S your conclusion that the AE piston skirps are safe and reliable
!for their intended service?'

'

//

9 A. (Harris, McCarthy, Swanger) Yes." The analysis of AE
'

r :/_>

'

piston-skirts using the higher, more conservative stresses pre-
~

is- .

.

.

dicted that fatigue craiks could possibly initiate. The analy-

sis by 3'ngineering fracture mechanics predicted that these
cracks cannot grow in the Shorehan EDGs. These same design

analysis-procedures have been successfully applied in other

industries, including highly sophisticated aircraft gas turbine
engines, as well as to other critical components of nuclear
. power plants.

.

]J/ 119. Is it unusual to operate structural components where
the presence of fatigue cracks is assumed?-

A.. (Harris, McCarthy) It is now common to design and op-
erste critical structural components.such chat the initial

presence of crack-like defects is assumed and tie growth of
.these defects in fatigue is calculated. The possibility of fa-

( tigue crack initiation in the <.*,tud attachment bosses of piston
skirts poses no new or unusual problems when compared to common

design practice in other industries, such as aerospace. For
.

: . example, even the highly-stressed rotating parts of military
.

f{", ,
. t

. aircraft gas turbine engines are designed assuming the presence
,.

A of small cracks'that c.an grow in fatigue. As noted above, the
:
t

'.
,

1

!-,.
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United States Air Force has a formal procedure that expressly I

requires-the manufacturer to adopt this design approach. Many

other structures - civil, mechanical, marine - are designed !
!-

- with the same philosophy. This philosophy merely reflects the

fact that all materials and structures contain crack-like de-
facts on some scale and that the primary objective of design
analysis is there' fore not'to prevent " initiation" but to ensure
that such cracks cannot! grow to a significant size. It is im-

portant to appreciate the fact that all critical structural
components in our common experience, such as aircraft, bridges,

i

pipelines, tanks--even elevator cables--contain such defects. *

Modern design analysis is able to ensure the safe operatH n of

- all these structures through the applicatio.7 of engineering
h fracture mechanics. Contrary to the county's contention, the

- fracture mechanics analysis of AE piston skirts showed that
they are safe and reliable.

!
I-

i

j. *

!
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presented at 14th Nitional Symoosium on Fracture Mech nics. Los Ang:les. Califomia (June 1981)
- (with D. D. Dedhia and E.Y. Lim).

" Stress Intensity Factors for Complete Circumferential Interior Surface Cracks in Hollow Cylinders
.

Fracture Mechanics: Thirteenth Conference ASTM Soecial Technical Publication No. 743.'.

pp. 375-386. Philadelphia. Pennsylvania (1981)(with E. Y. Lim).
" Probability of Pipe Fracture in the Primary Loop of a PWR Plant. Vol. 5: Probabilistic Fracture

Mechanics Ar.alysis: Report NUREG/CR 2189. Vol. 5, U.S. Nuclear Regulatory Commission.
Washington D.C. (1981)(with E. Y. Lim and D. D. Dedhia).

p 'On Line Acoustic Emission Monitoring of Fossil Steam Power PIants: A Critical Assessment" Electric |
'

v Power Research Institute Report CS-1896 (June 1981)(with D. E. Leaver).
" Acoustic Emission Leak Detection and Location Systems Technology Review?' Electric Power

Resear ch Institute Report NP-80-7-LD (December 1980)(with R. G. Brown. D. D. Dedhia and
D. E. Leaver).

~The influence of Crack Growth Kinetics and Inspection on the integrity of Sensitized BWR Piping
Welds." Report EPRI NP-1163. Electric Power Research Institute. Palo Alto. Califomia (Seotember
1979). . .

"A Means of Assessing the Effects of Periodic Proof Testing and NDE on the Reliability of Cyclically
Loaded Structures" Joumal of Pressure Vessel Technology Vol.100 (7) pp.150-157 (May 1978). !

'A Means of Assessing the Effects of NDE on the Reliability of Cyclically Loaded Structures: Materials
Evaluation. Vol. 35 (7) pp. 57-65 (July 1977)..

*
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DUANE R JOHNSON

: Specialized Professional Competence

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

. 1Background and Professional Honors
|

B.S. (Electncal Engineering). University of Minnesota. with High Distinction 1

M.S. (Physics). University of Washington
Ph.D. (Physics). University of Washington

'

Managet Nondestructive Evaluation and Monitoring.
Failure Analysis Associates

President and Co-Founder.
Reluxtrol. Inc.

1

Supervisoc Nondestructive inspection. |

Pratt & Whitney Aircraft '

Associate Professor of Physics.
American University. Cairo. Egypt *

Membet American Society for Nondestructive Testing

f. Membec American Physical Societyh MembecInstituteof ElectricalandElectronics Engineers

Selected Publications

" Review of State of the Art inspectens of Steam Turbine Blades" EPRI Steam Turbine Blade Reliability
Wo-kshop (1982)(with E. K. Kietzman).

<

" Electromagnetic Testing of Cerame Materials." EPRI Report (1981)(with L Y. L Shen). !
Controlled Reluctance Eddy Current Inspection of Steam Turbine Components: EPRI Workshop on

;
NDE of Steam Turbine and Electncal Generator Components (1980)(with S. Sarian and E. K. I

Kietzman). !
" Assessment of Current NDI Technicues for Determining the Type. Location and Extent of Fossil- !

Fired Boiler Tut.e Damage EPRI Report (1980)(with E. R. Reinhart and S. Sarian). :

' Production Line Nondestructive Evaluation of Continuous Formed Metal Parts Using Controlled |

Reluctance Eddy Current Probes ASNT Spring Conference (1979)(with S. Sarian).
Reliability of Flaw Detection by Nondestructive Inspection." Metals Handbook Vol.11 (with several

authors).
Economics and Managerial Aspects of tendestructive Testing Evaluation and Inspection in Aero-

space Manufacture.' Appendix C. National Academy of Science Publication NRAB-337 (with
T L Toomay).

Determination of Nondestructive inspection Reliability Using Field or Production Data" Matenals
;

Evaluation. Vol.36 (1978).O Estimatica of Defact oeteaioa Probaeiiiiv usia9 ^ sue Section xi ur Tests ca Thicx Sectica Steei
Weidments" ASM/ ASTM /ASNT/ANS International Conference NDE in Nuclear Industry (1978) ;

-

(with T. L Toommy and C. S. Davis). I l

"A Workable Approach for Extending the Life of Turbine Rotors. Fatigue Life Technology. ASME j
Symposium (1977)(with P M. Besuner). 1

Octimizing NDI Sensitivity ~ Metals Progress. Vol.112 (1977). I
( " Inspection Uncertainty The Key Element in Nondestructive inspection: Materials Evaluation. Vol 39

(1976).

.. - _ _ . . _ _ - - - - _ _ . - - _ - _ - . . . - - - - - . - .
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ROGER L McCARTHY

Specialized Professions! Competence

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

polymer composite design analysis, including tires. Patent analysis relating to mechanical design.

Background and Professional Honors

A.B. (Philosophy). University of Michigan,with High Distinction
B.S.E. (Mechanical Engineering). University of Michigan. summa cum laude
S.M. (Mechanical Engineering). Massachusetts Institute of Technology
Mech.E. (Mechanical Engineering). Massachusetts institute of Technology !Ph.D. (Mechanical Engineering). Massachusetts Institute of Technology '

President,
iFailure Analysis Associates

, Principal Design Engineer ,

r0 F=iiur ^a iv=i= ^==ociat = I

v Program Manager. Special Machinery Group,
Foster-Miller Associates. Inc. i

Project Engineet Machine Design and Development Engineering. Engineering Development Division.
Proctor & Gamble Company. Inc.

Registered Professional Mechanical Engineer. California, #M20040
Registered Professional Mechanical Engineer. Arizona. #13684
Phi Beta Kappa. Sigma Xi James B. Angell Scholar
National Science Foundation Fellow
Outstanding Undergraduate in Mechanical Engineering. University of Michigan

'

Member. American Society of Metals. American Society of Mechanical Engineers. Society of
Automotive Engi.wers. American Welding Society, National Safety Council. American Society
forTesting and Materials

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

Selected Publications

O " School Bus Wheel Rim Safety-Multiciece vs. Single Piece National School Bus Report. Springfield,j iVirginia (December 1982) (with G. E. McCarthy).
|

" Warnings on Consumer Products: Objective Critena For Their Use" 26th Annual Meeting of the Human |
Factors Society. Seattle. Washirigton (October 25-29,1982)(with J. N. Robinson, J. R Finnegan I

and R. K. Taylor).

' " Average Operator inaction Characteristics with Lever Controls-Study of the Column Mounted
Gear Selector Lever 726th Annual Meeting of the Human Factors Society. Seattle. Washington
(October 25-29.1982)(with J. R Finnegan. G. E Fowler and S. B. Brown). |

" Catastrophic Events: Actual Risk versus Societal Impact:1982 Proceedings. Annual Reliability and |

Maintainability Syr.nosium. Les Angeles. California (January 26-28.1982)(with J. R Finnegan
|and R. K. Taylor). '



.

.
.

" Product Recall Decision Mahing: Valid Product Safsty Indicators." Proceedings of the Fourth Inter-
national System Safety Conference. San Francisco. Califomia (July 9-13.1979). Published
by Professional Engineer Magazine (March 1981).'

"Lt.rge Vehicle Wheel Servicing: Reduction of Risk Through implementation of An OSHA Standard
Goveming Multipiece and Single Piece Rims: Phase IV" Published by the National Wheel and Rim
Association (March 1981) (with J. R Finnegan).

" Program to improve Down Hole Drilling Motors: Task 2. Up Seal Design." Failure Analysis Associates
Report FAA-81-7-8 to Sandia National Laboratories (October 1980)(with V. Pedotto).

"A Safety and Fracture Mechanics Analysis of the Pneumatic Tire: A Perspective on the Firestone
.s-

500 RadialTire" Presented at the Intemational Conference on Reliability Stress Analysis
t

and Failure Prevntion. of the American Society of Mechanical Engmeers. San Francisco. Califomia
(August 18-21.1oso) (with W. G. Knauss).

"Multipiece and Single Piece Rims: The Risk Associated with Their Unicue Design Characteristics:
Phase ill" Published by the National Wheel and Rim Association (June 1980)(with J. R Finnegan).

"An Engineering Safety Analysis of the Steel Belted Radial Tire." Society of Automotive Engineers,

Pacer w800840(June 9-13.1980).
"A Simple Technique to improve the Allocation of Safety inspection Resources" Proceedings of the

Fourth Intemational System Safety Conference. San Francisco. Califomia (July 9-13.1979) .

(with R M. Besuner).
"An Engineering Analysis of the Risk Associate' with Multipiece Wheels." National Highway Trafficd

Safety Administration. ANPR Docket No. 71-19. Number 7 (June 1979)(with J. R Finnegan).
" Planar Thermic Elements for Thermal Control Systems" Joumal of Dynamic Systems. Measurement

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

.
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CURRICULUM VITAE

!
_

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

.

-1948 to 1952 studies and graduation in mechanical engineering
at Grat Technical University. From 1953 to 1958 (1954 doctors

;
degree) technical assistant at Graz Technical University. Then
Head of Research Department of AVL (Institute for Internal,

Combustion Engines, Professor List, Graz). 1958 habilitation.
, 1962.to 1970 leading positions in research and development at

K16ckner-Humboldt-Deutz AG, K61n (last position: Director
of Research and Development Department) . Since 1970 Director
of the Institute for Applied Thermodynamics at Aachen Technical
University. Supervising Research and Teaching in the field of

'

, internal combustionengines and thermodynamics of combustion..

Also (1978) president of the FEV Forschungsgesellschaft.
fur Energiatechnik und Verbrennungsmotoren mbH, Anchen.

'
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CRAIG E. SEAMAN
358 CLUBHOUSE CT.
CORAM, N.Y. 11727

(516) 929-6050 BUSINESS
(516) 698-0$03 HOME

SUlefARY

An aggressive, results-oriented engineer with extensive background in engineering
/~~ * supervision, mechanical and structural engineering, and construction. Most recent I

' - assignment requires management of 150 engineering, professional and technical
personnel assigned to resolve design and quality concerns with a nuclear standby
. diesel ge'nerator manufacturer.

,

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

|

-AS PROGRAM MANAGER ,

. Established a program to provide an in-depth design review and quality *

revalidation of Transamerica Delaval diesel scnerators to qualify these
units for nuclear emergency standby power. This program was required as
a result of numerous engine failures and negative NRC audits of the vendor.

. Responsible for presentations to utility executives to enlist participation
in the program - results: 11 of 11 utilities with operating licenses or +

active construction programs are contributing and participating..

. . Managed the program utilizing a team concept involving over 150 personnel
including engineers, scientists, diesel consultants, quaJity control'

- inspectors and clerical support.
'

.

AS SENIOR PROJECT ENGINEER
'

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

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

. Supervised an engineering section responsible for all mechanical engineering,
power systems, structural engineering, piping (including ASME) and pipe.

supports engineering.

AS ASSISTANT PROJECT ENGINEER

. Responsible for plant betterment program - one example is a radwaste system
modification to back flushable etched disc filters which resulted in an
over $200,000 savings.

~

. Assisted in development of the first domestic Induction Heating Stress-

Improvement Program for mitigation of stress corrosion cracking in
Reactor Recire System piping including coordination with NRC, G.E.
and international firms..

Engineering responsibilities included NSSS systems, radwaste systems,.

ASME piping and supports, and structural disciplines.
1

-n - -~ - . . _. - - - , - , , . - _ . . - _ _ , , . , . . . - - _ _ _ _ __.--_,____-m,--v,---,,--.__-.m__.-, -
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DANIEL INTERNATIONAL CORPORATION
ENRICO FERMI UNIT II
(1978 - 1979)

AS PROJECT ENGINEER

. Assigned to the Walbridge Aldinger Company (WACo) to establish the firm's
ability to perform piping and mechanical installations. As a direct result,

eO == w^c * w i=== * too: * **o ooo.ooo-..

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

. .

AS CONSTRUCTION ENGINEER

. Assigned to a task force established to review three quality assurance manuals,

and 40 construction procedures for effectiveness and efficiency - this effort
resulted in a 20% increase in productivity in the field.

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

LONG ISLAND LIGHTING COMPANY
SHORENAM NUCLEAR POWER STATION -

(1975 - 1978)

AS CONSTRUCTION SUPERVISOR *

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

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

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

AS CONSTRUCTION COORDINATOR

. Provided a recommendation to purchase previously rented heavy construction
equipment which resulted in a savings of over $500,000.

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

.. EDUCATION

Cornell University B.S. Engineering

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

. PERSONAL -

Age - 31 Height - 5'9" Weight - 160
Married - 1 Child Health - Excellent
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LEE A.SWANGER-

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

Background and Professional Honors j
- Ph.D. (Materials Science and Engineering), Stanford University, with Distinction

M.B.A. (Marketing / Finance), Cleveland State University
M.S.(Materials Science and Engineering) Sta-ford University
B.S. (Metallurgy), Case institute of Technology. with Highest Honors

Managing Engineet
Failure Analysis Associates

Director, Research and Development,
Imperial Clovite Inc.

Associate Directoc Product Deveicoment,
Gould inc., Engine Parts Division

j b) ManagetTribologyand Bearing Research,Q_ Gould Laboratories, Materials Research .

Associate Senior Research Metallurgist,
General Motors Research Laboratories

Lecturet Metallurgical Engineering,
Cleveland State. University

Visiting Research Associate, Metallurgical Engineering,
Ohio State University

Registered Professional Engineec State of Ohio, #44024
Membec Tau Beta Pi, Engineerirg Honorary Fratemity
Member Sigma XI. Scientific Research Honorary Fratemity
Membec Beta Gamma Sigma, Graduate Business Honorary Fratemity
National Merit Foundation Scholarship ;

'

Xerox Corporation Fellowship
IBM Corporation Fellowship
Hertz Foundation Fellowship
Membec American Society for Metals
Membec Society of Automotive Engineers
Interviewec Hertz Foundation Fellowship Project

p Selected Publications

b U.S. Patent No. 4.333.215:" Bearing Material and Method of Making: issued June 8,1982.
" Compacted Graphic Cast Iron Components for improved Thermal Fatigue Resistance',* Imperial

,

Clevite Inc., Intemal Report (January 1982).
" Marketing Strategies to Achieve Cash Flow Objectives: M.B.A. thesis, Cleveland State University

(June 1982).
"Soueeze-Cast Pistons for Heavy-Duty Applications: Gould inc. Intemal Report (February 1981).
" Evaluation of Graphite-Epoxy and Graphite-Babbitt Composite Sleeve Beanngs: Gould Laboratories..

Phase Repoet(October 1977).
"Environmentallyinduced Blistering of Aluminum P/M Components:Gould Laboratories, Project

Completion Report (December 1976).

. . .- _ _ - . - - . - - - _ -_ - - - - _- . --
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"Inhomogeneous Th:rmodynamics and Spinodal Decomcosition: Ph.D. diss rtation. Stanford
University (August 1972).

"On the Necessary Conditiens for Homogeneous Nucleation of Gas Subbles in Licuids? Joumal of
Crystal Growth, pp. 323-326 (1972) (with W. C. Rhines).

"The Elastic Energy of a Straight Dislocation in an Infinite Anisotropic Elastic Medium: Physica Status \ .

Solidi (B) pp. 419-428 (1971)(with D. M. Samett).
" Computer Simulation of One-Dimensional Soinodal Decomposition'' Acta Metallurgica. pp. 9-14,

(1970)(with R K. Gupta and A. R. Cooper. Jr.).

P.*nvited Lectures |
_

V" Bearing Materials Updater presented to SAE Off-Highway Conference. Milwaukee September 1981.
" Developments in Bearings and Pistons" presented at O Motor no Futuro (7he Engine of the Future).

Sao Paulo, Brazil (September 1980).
" Selection of Crankshaft Materials for Optimum Bearing Performance" presented to Society of

Manufacturing Engineers Cc nference. Los Angeles. CM80-392 (June 1980).
" Heavy Duty Beanngs: Materials and Process presented at Camegie-Mellon University (March 1980).
"The Linear Team and Spinodal Decomposition: presented at the University of Florida (February 1978).

.
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Edward J. Youngling
Manager, Inaclear Engineering Departnant

.

'

Assigned as Manager, Nuclear Dugineering Depa.-d. in May 1984. % u.T. to
the Vice President, thaclear. % .sible for the overall operation of the
14aclear Engineering Departnant. The Nuclear Engineering Departnant is
charged with providing the technical directim for engineering, fuel

' management, and radiaticrt ?.wi.Erden for the purpose of maintaining the
design basis of the Shoreham 14aclear .%er Station.

P-=ihle for the organizational development of the Nuclear Engineering
Department and the -definition of functims and responsibilities of the
Nuclear Systes Engineering,14aclear Fuel, Itaclear Project . Dqineering,

p Dqineering Assurance and Radiatica Protection Divisicms,

a- Provide timely technical ern to Shcreham plant operating staff for
routine and abnormal operaticris in areas of nuclear engineering,
core analysis, radiation rMdcm, health physics, chemistry and

~

radicchemistry. Administar programs - and. approve r - - tms to providec
engineering and engineering managea nt for plant sc$ificaticms and

) engineering studies. Establish reliability and risk assessment capability
aimed at improving plant safety and availmhi H ty. Provide engineering

T, h- v n to Shoreham in the d4=M pH nes of tb. mal-hydraulics, heat
'-- transfer, stress analysis, systems engineeri.ng, instnmentation and

controls, notarials engineering, nuclear _ fuel design, ccre physics, safety
: and reliability analysis, risk ==-===1t, radiation ruh, shielding,

health physics, radiatica chemistry, ncm-destructive examination, corrosicri i,- analysis, and rnwfaar wasta technology. Direct engineering wczk to the
office of Duyineering cm matters erw-p= ==i ng the ,H =M plines of
electrical, civil, power and envirtzimental engineering for projects related

!- to Shoreham. Direct activities related to nuclear fuel cycle management
and establish nuclear nuterial acco rtability. Establish core analysis i

systens to provide core follcw support and advice cm control red withdrawal |
pattarns. Provide technical direction for the Ccupany's Radiolcgical 1

'

i Divirtrsnantal Itrtitoring Am - Provide radiaticri p.Mdcm engineering
and health physics technology ame emments for ir % raticri in the'

6Wy's AIARA radiation done reductica program. W isible for the
! - Cwy's AIARA radiation dose reduction program. Participate with Nuclear
i Cperations 9p and Plant Operating Staff in the dev=1 p t and

implementation of the Corporata Licensing Policy. *

- - ~
. . . .-

O' >==e == aa Pr=v-
,

11 *=a *= = 2 *oa == a e --e 1 ceiviti -: e
L necessary to ernply with Corporata requi. M s. Prepare testinony and'

Per+ 4-4-Nta in appearances before federal, state and local hearing boards,

as required (PSC Prudency, PSC Rata Case, NIC Hearings, etc.). Administer,

i R&D efforts within the Departnant in F M of the Corporata R&D p w am.

;,
>
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E&mrd J. Yo m gling*

V Responsible for the finalhaticm of the Shoreham Delaval Diesel Generator
Design Review / Quality Bevalidation P.4-.

Graduated fra Imhigh University in 1966 with a Bachelor of Science Degree
in Nechanical Engineering. Frm .A:na 1966 to March 1968 attanded Union
College and achieved credits towards a Masters of Science Degree in n2 clear
Ehgineering. n=== fully ccmpleted the following training courses:

"Introducticm to Nuclear Power" by NUS Corp. , . Ally 1970
* Boiler Centrol Fundamentals" by General Electric 03., January 1972
'Fundanentals of BWR Cperation" by General Electric Co. at the GE Dresden
Sinulater, August 1972

,

" Process Computer Car @ and Practices" by General Electric 03.,
February 1973

"Shoreh m Research Reactor Training Pr v " at Brookhaven National -

Laboratory Medical Research Beactor (NBC SICC License candidata research
reactor training requirement), May 1975

" Planning for Nuclear Dnergencies" by Harvard School of Public Health,
May 1976

"Intaragency Course in Radiological Ezi v.cy Respense Planning in Support,

of Fixed Nuclear Facilities * by Melaar Regulatory Ctanni.esion,
Sep>='e 1978 -

{ Custmer Engineer Training Pa+ in the Methods used to conduct Maximum .

Turbine e==-ity hsts and Analyze Results to Detmet and correct Cycle
Iceses" by the General Electric Cb., Iarge Steam hziiine Divisico,
September 1979

"Shoreham Nuclear Power Staticm On-Site Training Paws " (NRC SPOC license
candidate plant systems training requi. d.), January - April 1979

'LIICO Advanced Supervisory Workshop", April 1979
" Assertiveness Training h k. Q ", November 1980
"LIIID Management Workshop", December 1980
"Shoreham General Drployee Training",1983

Achieved a Senior Operator Certificaticm frm the General Electric Ccupany
m the Duane Arnold Energy Centar Boiling Water Reactor.,

p .

March 1981 - May 1984

, Assigned as Startup Manager in March 1981. L- Jihle for the' Preoperational test activities for the Shoreham Nuclear Power Station.
*

Report to the Vice President-P r h . Respcmsible for coordinating all
,,O Checkout and Initial operaticms and Pr y.rs.icmal Testing. Set initial
y ccmstructice *prioritios by system /subsysten and armitar construction

progress as it relates to the startup schedule. Had the authority to
modify ccmstruction schedule as ceniiticms demand. Chaired constructica
release ametings at which status of constructicn, as it relates to systams,

'

schedulai tc, ce released, was M =1= sed. Musber of the Joint Test Group.
l* Ihaured that the established pac- -Ws of M ="ntation centrol were

followed. Responsible for the review, acnitoring, supervision and approval

Page 2
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F&ard J. Youngling

of checkout and Initial operations Tests, Pr v aticnal 'Dests, and
wm 'msts, review of all test results a nnaries and recamand

_pd accepcance, rejectica or modificatica by the JIU @ to results.
Responsible for the productica of all the software required for testig of>

Shoreham. Certifind Invel III per ANSI N45.2.6 - 1978.

In August 1983 named as Manager for the Shoreham Delaval Dnergency Diesel
Generator Crankshaft Failure Recovery Prww .t W aible forcoordinating the failure analysis, W ildig , ratesting and
requalifietica of the three diesel generator units.

Prepared testimony, was depositicned and testified before the Atcmic Safety
3 and Licensing Board regarding 15horehan ccatantions dealing with quality

assurance, startup testing and emergency diesel generators. Prepared
testiscmy and testified before the New York State Public Tarvice
Q:mnission. Respcmsible for direct interface with NRC Resident, Regional
and Staff perm..sl for matters related to the preoperational test pre ..nvapd emergency diesel generators recovery effort.

May 1979 - March 1981

Assigned.as Maclear Services Supervisor in May 1979, .ww.4 to th
{ pU - Manager, Nuclear operaticms support Divisicn. Respcnsible for the

management and coordination of those en services required by LII4D-

Melmar Power Staticms. '!hese support services incha$ed coordination of
major station undifir-ations, performance of w ..i.icral design reviews,
coordinating the resources of other LIIro Depa .-As and cutside
consultants to achieve a desired result assigned to the Division,
coordinating long-range planning activities associated with plant,

maintenance, fuel cycle strategy and budget and czast crmtrol, acnitoring
overall plant and-individual equipment performance, maintaining a current
knculedge of federal regulations, industry codes and standards, and changes

; thereto applicable to the facility.

Participated on the LIIII) Osrycrate Task Mrces assessing Shoreham design
and operaticms, corporate cczmunicaticms, crisis management and overall
ocupany amargency preparedness folicwing the '!hree Mile Island Unit 2
amident. c=i==n of the Shoreham Review Task Group, respcnsible for
developing acticn plans for inplementing post 'IMI rect m andations.
Responsible for the Shcroham Ccatrol Roca human factors design review.

- Dev=1 W the cm. r te policy manual defining interdepartmentala
respcmsibilities for the LIII:0 Nuclear Pigs-u.

.

4
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F& ard J. Ycungling
,

:

hhruary 1975 - May 1979

?_--f emad as Chief Technical Egineer of the Shoreham Nuclear Power Staticri
thit 1 -in January 1975. % w eible for the activities of the

'-

Instrunantation and Centrol, Health Physics, Radiochemistry and Reactor i
Engineering Sections of the plant staff, inelnding the development of- ,

administrative and technical programs and r - Sm to rreet regulatory, |-

ocupany and industry requirenants; and the training of professienal.

%.el and technicians to satisfy qualification standards. Served en
the plant Review of operaticns ccamittee (ROC) and when designated acted as |

O mirman of the ICC in the Plant Manager's absence. Served as a morter of
the plant Licensed Source User's Ccumittaa as sei y1=ted in NRC Nuclear
Material License No. 31-17432-01, February 1977.

_

Auaust 1974 - January 1975

Reassigned to the plant staff as the Instrunentation and Control Engineer,
than Acti:xJ Chief Engineer-Technical. Respcmsible ,for manpower planning
and the develcqunent of the technical training programs for subordinate
personnel. . Participated in generating portions of the Shoreham Safety
Analysis Wu, arvi in the review and w.1 of plant operatingw
r- = Sw, lessen plans and system L1ptiens.

i.{
_

*
- July 1973 - M y 1974

Mused the Instnmentation and Centrol hgineer for Shcreham melaar Powez
Station and assigned to the General Electric C+y Startup, hst and
operations (SIC) organization at the Duane Arnold Ehergy Center in Cedar
Rapids, Icue. Par +1e4pted in the preoperaticmal test program in the areas
of in-asre nuclear process radiaticm and reacter vessel (pressure, level

. and tauperature) instnmentation. Acted as G.E. shift engineer during fuel
loading operations and as assistant to G.E. shift engineer during sta.m.ip

,

testing and power ascension program. Participated in the G.E. shift i

engineer training program and sat for the G.E. Certification Examination
for DMC.

.

Aucrust 1972 - June 1973
|

Reassigned to Shcroham Nucisar Power Station Project as the Assistant !

Project DxJineer, than Project Engineer. Respcnsible fcr overall plant,

design control. Coordinated design effort between LIIco, Stcne and Webster
Engineering Corporaticn, General Electric Co. Nuclear Energy Divisien,tO various mejor*=;aimt sugliers and regulatory agencies.

; everber 1971 - My 1972

Reassigned to the Northport Power Station to participate in the startup of
'

nn.4i. t.%it No. 3. Diructly responsible for the startup of the boilerm ~

for this 380Pti unit including the fuel safety systam, the ev'*2-tion arxi

Page 4
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' RSword J. Youngling
,

fascheter corttrol systems and associated mechan _4e=1 equiprent. Assurred
n overall plant shift operatims respertsibility Mag the lattar stages of
V startup. Was an instructor in the Unit No. 3 systens training program

given to plant mip-svisors, operators, technicians, and mechanics.

Novenbar 1969 - October 1971
i

Assigned to the Shoreham Nuclear Power Station Project in the P_e1==*
'Ihgineering Depa - d.. Participated in the engineering review of the
Shorehas plant design in the following areas: plant equignant layout,
equipment v4 4'4e=*4m.s, ' aquimurst selection, main.ccritrol board design, |
plant operaticris logic, plant instrumentation, plant ccrrputers. 1%rview 1

included contacts with the A-E, Stone and Webstar, NSSS supplier, Ganaral
Electric G.giy, various vwi.L.e and visits to several nuclear stations.

April 1968 - October 1969

Brployed by the Iang Island Lighting Ccupany and assigned to the Nor* @
Power Station. During the period, assistad in the startup of Nort2;crt
Unit 2, assisted in the station maintenance secticri supervising route and
stutdown maintenance activities and acted as the staticri Results Engineer
responsible for the repair and calibration of the staticri instrununt and

f. ccmtrol systams and for monitoring station performance.

June 1966 - March 1968

_ Biployed by the General Electric C:xrpany at the Knolls Atmic Power
Laboratory. Stationed at the West Milters Sita as a Mechanical 'mst

! mgineer cat the 53G F.wid.jpe "USS Tritm" sul:snarine. While at the 53G
plant my r + mibilitias were to prepare pac- -Nats for tests and
operaticris which were not in accordance with normal plant operations;i

supervise .the actual tests, analyze the results and issue reports to the
AB:. The following specific activities we.ca engaged in: cczrpleted

! selected sessicms of the Engineering Officer of the Watch Training Course,
l partietm. tad in razur.rous plant tests including routing low power physics

testing including directing reactor certtrol rod moverrents thrcugh Navy
reacter operators, maneuvering transients, main c:clant punp tests, power
runs, various engine rocm tests and ultrasenic testing to trend pipeline
d.vi.daticut. Participated in the Advanced Reactor Control Fi%smu as Imad
Shift Test Ihgineer, including ccurpleticrt of required training pigi.h, ard
psfA pracparational tests and int-wi.ted plant acceptance testing.

i

,O American Nuclear Society. Held a Guest .h =~4mte EngineerMaiber -
,

i appointment in the Reactor Division at. Brookhaven Naticrial Laboratcry.
| Mauber - Pi Tau Sigua. Hold an Engineer in Training Certificate - State of
j Pennsylvania (State Registration Board for Ppfessicmal Engineers).
|

|

| Page 5
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Analysis

Associmes
'

.O o^vio o s^aais

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

Background and Professional Honors
Ph.D. (Applied Mechanics). Stanford University
M.S. (Mechanical Engineering). University of Washington
B.S. (Mechanical Engineering). University of Washington

Managing Engineer, Fracture Mechanics Group.
Failure Analysis Associates -

Division Manager.
Science Applications. Inc.

Director of Research.
Dunegan/Endevco

Mechanical Engineer.
Lawrence Radiation Laboratory .

'

Member. American Society of Mechanical Engineers
Member. American Society forTesting and Materials
Member. Acoustic Emission Working Group *

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

Selected Publications
" Characterization of Acoustic Emission from Crack Growth in Steam Turbine Rotor Steels" to appear

as Electric Power Research Institute Report. Palo Alto. Califomia (with D. D. Dedhia and T. C.
Mamaros).

" Stress Intensity Factors for Surface Cracks in Pipes: A Computer Code for Evaluation by use of
Influence Functions: Electric Power Research Institute Report NP-2425. Palo Alto Califomia

(June 1982)(with D. D. Dedhia).
" Stress Corrosion Crack Growth in the Presence of Residual Stresses" Residual Stress and Stress

Relaxation. 28th Sagamore Army Materials Research Conference. Plenum Press (1982).
"Probabilistic Analysis of the influence of Vibratory Stresses on Piping Reliability." Reliability and

Safety of Pressure Components, pp.17-34. PVP-Vol. 62. American Society of Mechanical
Engineers. New York (1982)(with E. Y. Lim).

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

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

"The influence of Nondestructive Inspection on the Reliability of Pressurized Components" FractureA
Tolerance Evaluation. Proceedings of U.S.-Japan Joint Symposium on Fracture Tolerance

"

Evaluation. Honolulu, Hawaii (December 1981) pp. 257-265.J
" Applications of a Probabilistic Fracture Mechanics Model to the influence of In Service inspection

on Structural Reliability." to appear in the Proceedings of ASTM Symposium on Probabilistic
Methods for Design and Maintenance of Structures (with E. Y. Um).

" Approximate influence Functions for Part-Circumferential Interior Surface Cracks in Pipes'| presented
at 14th National Symposium on Fracture Mechanics. Los Angeles Califomia (June 1981)(with

'' - E.Y. Lim and D. D. Dedhia).

- - . . . - _ . . - - _ _ . _ _ _ _ _ _ _ . .



:' Crack Growth Trajectcries for Fatigua of Part-Circumf;rential Int :ricr Sudaca Cracks in Pipes *|
presented at 14th National Symposium on Fracture Mechrnics. Les Angsi:;s. Califomia (Juna 1981)

. (with D. D. Dedhia and E. Y. Lim).
" Stress Intensity Factors for Complete Circumferential Interior Surface Cracks in Hollow Cylinders'|

Fracture Mechanics: Thirteenth Conference. ASTM Special Technical Publication No. 743.
pp. 375-386. Philadelphia. Pennsylvania (1981) (with E. Y. Lim).

" Probability of Pipe Fracture in the Primary Loop of a PWR Plant. Vol. 5: Probabilistic Fracture
Mechanics Analysis. Report NUREG/CR 2189. Vol. 5. U.S. Nuclear Regulatory Commission.'

_
Washington D.C. (1981)(with E. Y. Lim and D. D. Dedhia).

J(7-On-Line Acoustic Emission Monitoring of Fossil Steam Power P! ants: A Critical Assessment;' Electnc
U Power Research Institute Report CS-1896 (June 1981)(with D. E. Leaver).

Acoustic Emission Leak Detection and Location Systems Technology Review |' Electric Power
Research Institute Report NP 80-7-LD (December 1980)(with R. G. Brown. D. D. Dedhia and
D. E. Leaver).

"The influence of Crack Growth Kinetics and Inspection on the Integrity of Sensitized BWR Piping
Welds'| Report EPRI NP-1163. Electric Power Rosearch Institute. Palo Alto. Califomia (September
1979).

'A Means of Assessing the Effects of Periodic Proof Testing and NDE on the Reliability of Cyclically
Loaded Structures | Journal of Pressure Vessel Technology. Vct.100 (7) pp.150-157 (May 1978).

'A Means of Assessing the Effects of NDE on.the Reliability of Cychcally Leaded Structures'| Materials
Evaluation. Vol. 35 (7) pp. 57-65 (July 1977).'

.:
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Fai ure-

Anaysis
Associates'

.

p LEE A.SWANGER
G

Specialized Professional Competence
Failure analysis of materials; metallurgical engineering, physical and mechanical metallurgy and
thermodynamics: foundry process development including ferrous and non-ferrous castings powder
metallurgy and powder rolling; electrochemistry, including electroplating and corrosion; matenals
testing, fatigue, and fracture; metal matnx and polymer matrix composites: tnbology. fnction, weat and
luorication; intemal combustion engine and compressor component design and testing: sleeve bearing
design manufacture,and failure analysis.

Background and Professional Honors !

Ph.D. (Materials Science and Engineering), Sta'nford University, with Distinction i
M.B.A. (Marketing / Finance), Cleveland State University

'

M.S. (Materials Science and Engineenng), Stanford University
B.S. (Metallurgy). Case Institute of Technology, with Highest Honors

Managing Engineer.
Failure Analysis Associates

Directet Research and Development.
Imperial Clevite Inc.

Associate Directot Product Development.
Gould inc., Engine Parts Division

k O)b'
Managet Tribology and Bearing Research,

Gould Laboratories Materials Research
-

Associate Senior Research Metallurgist.
General Motors Research Laboratories

Lecturet Metallurgical Engineering,
Cleveland State University

Visiting Research Associate, Metallurgical Engineering,
Ohio State University

Registered Professional Engineer. State of Ohio. 44024
Membec Tau Beta Pi, Engineering Honorary Fratemity
Member, Sigma Xi, Scientific Research Honorary Fratemity
Member. Beta Gamma Sigma, Graduate Business Honorary Fratemity
National Ment Foundation Scholarship
Xerox Corporation Fellowship
18M Corporation Fellowship
Hert: Foundation Fellowshio
Member. American Society for Metals
Membet Society of Automotive Engineers
Interviewet Hertz Foundation Fellowship Project |

Selected Publications
U.S. Patent No. 4.335.215:" Bearing Material and Method of Making'| issued June 8.1982.''
" Compacted Graphic Cast Iron Components for improved Thermal Fatigue Resistance.' imperial

Clevite Inc., Internal Report (January 1982). ,

" Marketing Strategies to Achieve Cash Flow Objectives' M.B.A. thesis. Cleveland State University
'

|
(June 1982). ;

"Soueeze-Cast Pistons for Heavy-Duty Applications" Gould Inc., Intemal Report (February 1981). '

. , ' .

" Evaluation of Graphite-Epoxy and Graphite-Babbitt Composite Sleeve Bearings | Gould Laboratones.
Phase Report (October 1977).

" Environmentally Induced Blistering of Aluminum P/M Ccmponents? Gould Laboratories. Project
Completion Report (December 1976). -

. .- . .. . _ . _ _ - _ - - _ ~ _ _ - - - . _ _ - - _ -



" Inn:mog:neous Thtrmodynamics and Spinocal Decomposition Ph.D. disstriation. Stanford
University (August 1972).

"On the Necessary Ccnditions for Homogeneous Nucleation of Gas Bubbles in Licuids" Joumal of
3 Crystal Growth, po. 323-326 (1972) (with W. C. Rhines). |

The Elastic Energy of a Straight Dislocation in an infinite Anisotropic Elastic Medium? Physica Status
Solici (B). pp. 419-428 (1971) (with D. M. Barnett).

" Computer Simulation of One-Dimensional Spinodal Decomposition? Acta Metallurgica, pp. 9-14
(1970)(with R K.Gupta and A. R.Coopec Jr.). |

'

.n
' CrWited Lectures

|

- Bearing Materials Update? presented to SAE Off-Highway Conference. Milwaukee. September 1981.
" Developments in Bearings and Pistons" presented at O Motorno Futuro (The Engine of the Future). .

'

Sao Paulo, Brazil (September 1980).
" Selection of Crankshaft Materials for Optimum Bearing Performance: presented to Society of

Manufacturing Engineers Conference. Los Angeles. CM80-392 (June 1980). ;

Heavy Duty Seanngs: Materials and Process? presented at Carnegie-Mellon University (March 1980).
"The Linear Team and Spinodal Decomposition? presented at the University of Florida (February 1978).

*
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::cga- 1 JUDGE BRENNB18 With respect to exhibits,

2 let's ' call them LILCO diesel exhibits, P-1 througn
3 . P- 34 , and we will refer to all exhibits with the

(3
-( / 4 prefix " diesel" so we could start a new numbering

.5. system. Whnn you reference these in your findings,

.6 though, you can leave out the word " diesel" sinct
.

7 that encompasses all of them.

8 There is an index of the exhibits
'

9 starting at the beginning of Volume 2. As I say,

10 you have at least one copy for the court reporter

.l 1 now, I believe. The court reporter, in the index,*

12 " can simply copy the designations given in this index
-r-

i,.

' - 3 and we will for all future exhibits for parties,

e-) 14 also need a typed out list of the exhibits so thej

L./ '

.15 court reporter can do exactly as he is going to do's

16 now. .
.

'17 MR. ELLIS: Judge Brenner, with the'

#
18 admission of the test 1 mony and the attachments, the

19 panel is now ready for cross-examination.
.

20 JUDGE BRENNER: All right. Mr. Dynner,

21 we alluded tc this on the conf erence call. You may.

y; 22 tell me it is premature to ask you. If so, we will
'i..,

23 accept that as an answer. We are going to have to

24(} decide what adjustments we may have to make, as -

25 indicated at the outset. Do you have an educated
,

,

- , ~, , ~ - - -
'
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wago I guess as to how long your cross-examination of LILCO's

2 panel on pistons wil1 take?

3 MR. DYNNERs No, str.
: r'$ .

vJ/ 4 JUDGE BRENNER: I will ask you again andx

5 insist on en answer probably later in the week, as

6 to how long.

7 MR. DYNNER: Ye s, sir.

8 JUDGE BRENNER: At this time you may

9 begin your cross-examination.

10 Cross-e xamination

.11 BY MR. DYNNER :

12 0. Dr. McCarthy, what experience have you
13 had, if any, in the design of diesel engines?

14 DR. MC CARTHY I have not designed a

15 diesel engine. I have had a substantial background

16 1.n mechanical design. Which part is your question

17 related to?

18 Q. You have answered the question. Thank

19 you.

20 Dr. Harris, do you have any experience in

21 the actual design of diesel engines?

22 DR. HARRIS 8 Mr. Dynner , my background in

23 design goes back to my undergraduate years in

-24 training as a mechanical engineer. I do h ave

25 trcining in the design of mechanical components. I

.. _ . _ . _ . _ . _ _ . , . _ _. _. . - _ . - _ . _ - - . _ _ - _ . _ _ _ _ _ . _ _ _ _ _ . . _ _ _ _ _ _ , _ - -



.

. .

.

9990 01 21953

wCga .I don't have any specific design experience with
.

2 diesel engine components.
I

s Q. Dr. Harris, do you have any experience in

l 4 the manuf acture of diesel engines?o

I'
5 DR. HARRIS: No , Mr. Dynner I don't. |

6 Q. Do you have any experience -- when I ask I

.7 these questions, ' gentlemen, to the entire panol. I

8 am excluding experience you have had working on the
,

19 Shoreham emerger.cy diesels.
_

JO 'Have you had any experience in operating

.11 a diosel'enginc?

12 DR. HARRIS 8 I of course have

13 considerable experience in operating internal

14
[ combustion engines. I have no experience on diesel

15' engines.

16 Q. Dr. McCarthy, do you have any direct

17 experience in either the manuf acturing or operation

18 of diesel engines?
,

1

19 DR. MC CARTHYS The operation , yes , s ir.
'

20 3. But not the manuf acture of a diesel

21 engine, is that correct?

22 DR. MC CARTHY: Well, no. I have had

23 substantial experience in analyzing -- I have had

24 some experience analyzing past f ailures of diesel
7{ )

,

25 engines of this size that have been

1

-- . - - - , . _ . . , , _ . . . - _ - . . - . . . - . . _ ~ , . - . ~ ~ - - - - - - . -- - - - - - - - - - - - - -
-
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wCg3 I related to manuf acturing errors.

2 Q. Would you briefly describe that

3 e xperien ce .

4 DR. MC CARTHY Well, confining it to

5 back-up diesel generators .in nuclear power plants

6 for the moment. I have worked on failure analysis

7 programs for Fairbanks Morse diesels, Arkansas

8 Nuclear 1, and currently working on a failure of a

9 back-up diesel generator at the #PPS system.

10 Q. What kind of diesel was that?

.11 DR. MC CARTHY: Stewart Stevensen.

12 Q. What exactly did you do in connection

13 with the Fairbanks Morse diesel issue?
14(]. DR. MC CARTHY : We ll, the first

v
15 Fairbanks. Morse f ailure I looked at was a combined

,

16 crankshaf t connec. ting rod failure, in a 12 cylinder
.

17 crank. This was a 24 piston two opposed crankshaf t

18 system and essentially involved a complete tear down

19 of the diesel, laser alignment check of the bearing

20 saddles, a complete journal orbit analysis of the

21 piston loading on the connecting rod and crankshaf t.

22 lubrication film thickness, and numerous other

23 incidental inspection tasks of varlous manuf acturing

(~T 24 aspects of the diesels.
U-

25- The second Fairbanks '4orse diesel f ailure

. - _- - . - ~ , - . - . - . _ . . . . _ . - - . - . . . - - .
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wcga i I looked at involved a mai.n bearing f ailure of the

2 coupling between the EDG and the generator .

. 3 Q. By EDG you are ref erring to emergency
.

_).' 4 diesel generators, is that correct? |

5 DR. MC CARTHY: That is correct. |

.6 Q. Did you ever work for a diesel

7 manufacturer?

8 DR. MC CARTHY: No.

-9- Q. . Did you ever operate a large medium speed
~

10 diesel of the type found at Shoreham?

.11 DR. MC CARTHY: Close , not identical.
.

] 12 0. . I'm sorry?

13 DR. MC CARTHY: Close , not iden ti cal. I

.(]) .14 used to be heavy maintenance platoon ' leader. in my.

15 ordinance service, and ws generally had
~

- 16. responsibility for operation of a.11 fixed diesel

17 generators for battalion or br.ig ade size operation.

18 It. was my responsibility for overs eeing the .

19 maintenance.
1

20 Q. How big were those diesels?

21'- DR. MC CARTHY: The biggest were 1(xx) to

22 .2000.

23' O. 1,000 to 2000 what?

( ). 24 DR. MC CARTHY: Horsepower. I'm sorry.
;r -

25 0; Do you know what the horsepower is rated

3

,--~-,--._,...--.._,._,.-._._~...,.-._..-._....-..._....---...._m.. . . - _ , - _ _ . . . . . . _ . - _ _ _



9990 01 21956

w ga i for the EDG's at Shoreham?

2 DR. MC CARTFNs I read lt on the name
3 plate. It is approximately 5. It is 4 and some

() 4 change. I would have to check the name plate.
5 Q. When you said 5 you meant 3000 horsepower,

6 is that correct?

7 DR. MC CARTHY: Yes. I t i s a --- I do n ' t
8 recall the specific number. I have to look at my

9 pictures.
,

10 0. You consider yourself an expert on large
.11 medium speed diesel engines of this size and type at
12 Shoreham?

13 DR. MC CARTHY: I have expertise

14 relating to some. Perhaps one could say manyO
15 aspects of it. I would not say I was an expert in

16 certainly every phase of such a large engine design.
17 Q. It is true, isn't it, Dr. McCarthy, that

18 when FaAA got this job it decided it had to retain

19 the services of a diesel engine expert, and that's

20 why you retained FEV, isn't that true? 1

21 DR. MC CARTHY: As the questions that

22 were asked expanded into questions that the client

23 had about design and design practice, we f elt that

24 to provide the caliber of service that our firm is,- 3

(_)
25 noted for, we had to retain an expert, to ask an

|

:
I

.
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wegd I expert to give us the benefit of his opinion of a

2 design caliber that was consistent with our failure

3 analysis e xpertise. We felt it nece ssary to ask Mr.

(_/ 4 Pischinger's aid in that event.

5 Q. You don't have anyone on the Fa AA staff

6 that worked on this problem that has the kind of

7 diesel expertise that Dr. Pischinger has, do you?

8 MR. ELLIS May we have some definition

9 of what he means by diesel expertise? I think it is

Jo excess.1vely vague. We will object to it on that

.11 basi s. That can cover a wlde range of f ailure

12 an alys is .

13 JUDGE BRENNER: I think an expert witness

14 can handle something like that. If there is an

15 ambiguity, we can clear it up later.

16 DR. MC CARTHY: We have no one on the

17 staff with Dr. Pischinger's extensive background in

18 terms of experience in design practices throughout

19 the industry. The questions that we required his

20 input for related extensively to that subject.

21 There is a rare number of people with that

22 e xperi en c e . I seriously doubt we will have been

23 able to find one.

(J~T-
24 Q. It is true , isn't it, Dr. McCar thy, that

25 there is no one else in the FaAA organization that

- _ _ _ . _ _ - . __ _ _ . . _ _ _ . - - _ _ - _ _ . . _ - . - - _ _ _ _ _ . - . _ _ ,._- _ - _
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-wcga 1 has the level of expertise with diesel engines

2 comparable to that of FEV7

3 DR. MC CARTHY: With regard to design
r
k- 4 experience and design practices, no one on our staff

5 has seen anything close to the number of 'dlesels

6 designed that Dr. Pischinger has. I think we

7 perhaps have seen perhaps more, if you will, of the

8 errors that can happe.n from incorrect diesel design.

9 Q. How about expartise --

10 MR. ELLIS: May I have thac last answer

.11 read back, the last sentence?

12 (read by the reporter)

13 Q. Dr. Swanger, have you had any experience

e 14 in designing diesel engines?

15 DR. SWANGER: In my past employment with

16 Imperial Clevite. Incorporated and its predecessor

17 company, Gould, Incorporated, I had experience in

18 the design of key components of a diesel engine, the
~

19 sleeve bearings, the pistons and the cylinder liners.

20 Q. Could you briefly describe your

21 experience in :onnection with the desigr. of the

22 pistons.

23 DR. SWANGER: As director of the product

.24{} development department of the engine parts division

25 of Imperial Clevite, one of the projects under my

. .- .- _ --.
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weg2 .I direction was the design of an aluminum piston f or

2 ' diesel engines of approximately 50 to 70 horsepower

3 per cylinder made by a casting technique called,_

' ' 4 squeeze casting. The design lnvolved. finite element

5 analysis of this piston to determine the state of

6 stress within various key areas of the piston and

7 was specifically aimed at metallurgical improvements

8 to solve problems that the competing piston

9 suppliers were experiencing in terns of those

10- pistons.
,

.11 In addition, the product line included

12 cast iron pistons for customers such as Cooper,

13 Be ss emer . These cast iron' pistons were as large as,
14 I believe, 15 to 16 inches in diameter, and perhaps)
15 20 to 22 inches high.

16 Q. Dr. Swanger, you refer to the f act that

17- the aluminan piston was for an engine of
.,

18 approximately 50 to 70 horsepower per cylinder.

19 dhat is the rated - horsepower per cylinder of the

20 EDG's at Shoreham?

21 DR . S WANGER : The name plate rating at

22 1.00 percent load is 610 horsepower per cylinder.

23 Q. What size speeo with respect to
i

(])~ 24 horsepower engine were the cast iron pistons to be

25 used in?

- . - - . .- _ _ _ , _ - , _ . _ . _ _ _ _ _ . . _ _ . _ _ . _-_ _ ____ _. _ _ _ _ . .
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wag 2 i DR. SWANGER: I don't know the specific

2 horsepower rating of the engine for the cast iron

3 pistons. But based on my recollection of that time

( 4 and my knowledge of the general size dependence of

5 diesel engines, I think it would be on the order of

6 400 to 500 horsepower per cylinder ~.

7 0. Specifically what did you do with respect

8 to the design of these cast iron pistons?

9 DR. SWANGER: These pistons were provided

10 to Cooper Bessemer f or original equipment and

.11 were sold into the aftermarket to owners of Cooper

12 Bessemer engines.

13 In the case of the OEM piston, the bulk
'

14 of the design would be provided by the engine7s
V

15 manuf acturer, Cooper Besserer, and would be

16 manuf actured to their specifications. For other

17 engines or other pistons which wou'1d be sold for

18 engines in the af termarket, Clevite would have to

19 engineer that piston in terms primarily of

20 developing what the proper tolerances would be on

21 such key dimensions as the OD of the piston, the

22 dimensions of the piston grooves, the dimensions of

23 the wrlst pin bore so that it would work properly in
2,

24 the engine.

25 The other key f actor would be the

. . - . . . . _ . ..- ____ _ . _ . . . , . _ . - . _ . . . . . . . . . . _ . . . _ - -. . . _ .
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.weg2 I me tallurgical aspects of cast iron pistons. This is

2 where my particular expertise would lie, in the

3 me tallurgy. Colleagues of mine that I would be

(,) 4 . working with would hav.e done the design work in

5 terms of the tolerances.

6 Also, Clevite was continually working to

7 improve its processes ln terms of its founcey and
,

l

8 casting processes that were used in order to improve |

9 the quality and yield of 'the esst iron pistons that

10 they manuf acture .in their foundry.

.11 Q. Dr. Swanger, my question to you was
..

12 specifically what did you do concerning the design

13 of the piston, the cast iron piston. Specifically

14 what did you personally do?

15 DR. SWANGER: I provided input on to the

16 selection, into the selection of the iron from which

17 the piston should be made and also provided advice

18 on improvenents in the f oundry processes.

19 Q. So your input was confined to

20 metallurgical matters, is that correct?

21 DR. SWANGF9 I 'm s orry . Could you

22 repeat the question for me, please.

23 Q. Your input was confined to metallurgical

($ 24 matters, is that correct?
U

25 DR. SWANGER: My input was confined to

-.. . .. - . . . - -- _ . . . . . __ _ - - ... - - - - .. _ . - .. .
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waga i two areass The metallurgical matters that I

2- discussed in terms of the selection of the proper

3 materials and the manufacturing process as well as
'(~\(_/ 4 the area known as tribology, friction wear and

5 lubrication, in terms of the specification of

6. coatings for the pistons, either tin plating or

7 manganese and zinc phosphates.

8 Q. When did you have this experience with

9 the selection of materials coating for the cast iron

10 piston?

.11 DR. SWANGER8 Gould merged two divisions

12 in June of 1980. I was head of product development

13 f or the engine parts division and became director of

14 product development for the surviving _ combined

15 division. So my experience with pistons would have

16 been between June of 1980 and the time I joined

17 f ailure analysis in June of 1983.

18 Specifically with respect to the cost
.

19 Iron pistons for the Cooper Bessemer, I believe that

20 would have been about 1981.
1

21 Q. Dr. McCarthy, when did you perf orm the
-

22 work that you described on Arkansas Nuclear EDG7

23 DR. MC CARTHY The work at Ark ansas was

rm 24 two separate EDG f ailures. The first occurred in
| 0

25 January of 1980. The second occurred, I belie ve , in

I

i

. - - - _ - - . - - . . _ _ . . . . . . _ . , _ _ _ , . . _ _ , - _ , , . . . - . , , _ _ . _ . . _ , - _ . . - - _ . - - - -
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w;ga i the spring of 1980. The work involved stretched
2 over the first three quarters of 1980.

3 Q. Dr. Johnson, have you had any experience

4 in designing a diesel engine?

5 OR. JOHNSON: No, I have not. My area of

6 expertise -- I have not had any experience in

7 designing diesel engines. My area of expertise is

8 in the area of non-destructive evaluation.

9 Q. So you haven't had any experience in

10 manuf acturing diesel engines either is that right?

.11 DR. JOHNSON: That is correct.

12- Q. Or in operating them, is that correct?

13 DR. JOHNSON: Yes.

(] 14 Q. Yes, you have had no experience ?

15 DR. JOHNSON: I have no experience in

16 operating diesel engines.
,

17 Q. Mr. Seaman, have you had any experience

18 in designing a diesel engine? That is other than

19 your experience in connection with the Shoreham

20 EDG's.

21 MR. SEAMANs No, I have not had direct

22 experience designing diesel engines, but I have been

23 Involved in the design of other components that are

Q 24 similar which I believe are relevant to diesel

25 engines.

. . . - . - - - . . - . . . - , _ . . . - - - - . . - ~ . .. . - - - - - , . - - - .
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w2gG. I Q. What would Ugey be?

2 MR. SEAMAN: Well, as you know, we have

-3 relied upon finite element analysis and fatigue,

"d' 4 analysis, and a lot of our design reviews of the TDI

5 engines have been involved in _that type of

6 calculation in the past. I have supervised and
4

'7 performed those type of calculations.

'8 Additionally, I have been involved in

9 material and metallurgical evaluations and

10 investigations in .the past. I have supervised the

.11 |large NDE programs such as the pre-service

12 inspection program at Shoreham, which is directly
.

13 related to design review .and evaluation of the

14 components in the diesel engine. I have been
l'15 involved in mechanical equipment design for

16 approximately ten years.

17 Q. Mr. Seaman, what specific component have

18 you worked on the design of that goes into a diesel
_

19 engine of comparable size to those at the Shoreham |
~

20 plant?

21 MR. SEAMAN 8 I have not worked on a

22 comparable size diesel engine component prior to the

23 Shoreham e xperience.

_{); 24 Q. Have you ever had any experience in the

25 manuf acture of diesel engines?

- - :_ , . _ . _ _ . _ _ . . _ _ . . _ . _ . - _ . _ _ _ _ . _ _ _ _ . . _ _ _ ~ . _ - _ . . _ _ . . . _ _ . _ . -
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waga 1 MR. SEAMAN Again ,. while I have not had

2 , experience directly -with the f abrication of diesel

3
_

engines outside of Shoreham. I have been involved in

4 other mechanical equipment that is similar.

5 Q. What mechanical equipment are you

6 . referring .to that's similar?

7 MR. SEAMAN There are various . mechanical
,

8- equipment that would be similar that use a lot of

9 cast products. For exanple, such as valves, pumps

10 where lubrication is also important. Ag ain, it is

.11 not directly applicable but the general principles

12 involved are similar.

13 Q. What experience have you had in

' '

{}
14 manuf acturing valves?

15 MR. SEAMANs While I have never directly

I-6 manuf actured a valve or been involved, in the

17 manuf acture of a valve , there are many instances

18 where we have had problems with valves that require
i ,

19 evaluations . investigations into those designs and;

20 manuf acturing processes that I have been involved

21- with.i

22 Q. What experience have you had in

23 'manuf acturlng pumps?

(}- 24 MR . SEAMAN 8 Again, the answer would be

25 essentially the same.

- - . . . _ . _ _ _ _ . _. . _ _ . - . _ , _ ,____ _._,. ___.._._ ~._ ..___._. _ - , . _ _ _ _
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-waga. 1 Q. No experience in manufacturing those

2 components, in f act, but you have had, as I

,
3- understand your testimony, experience in reviewing

() 4 failures of those items, is that correct?

5 MR. SEAMAN: Again, in order to

6 understand a f ailure adequately, it is very

7 - im por tan t that you understand the manufacturing

-8 proce ss, particularly if a manuf acturing,

9 characteristic , is critical' to the f ailure of that

10 component. . So that would require the knowledge of

.11 the manuf acturing process in order to . evaluate those

12 instances.

13' O. Is that knowledge a prerequisite to doing

14 an adequate job of analyzing the f ailure?
O-

IS MR. SEAMAN: While that knowledge can be

16 Important, it certainly is not the only important

17 attribute when you perform such an investigation.

18 Q. If you didn't have any experience at all

19 with respect ~ to that component or machine, would

20 that be significant?

21 MR. ELLIS: I object to the question. I

22 . don't see its relevance. You are not talking about

23
:.

any specifle component. He is just saying, if you

24 don't have any knowledge, would that be relevant. Ii g-)
V

25 don't think that's sufficiently specific to permit

,

i

, _ _ _ , . ._ ._ ._ _ . _ - - , , _ , _ , , _ . , , , . _ , _ , . . - . , . _ _,.._.-....,_,~_,.,_g., ___.m._ _..,,.c._. , .y_ _ .,



. _ _ _ _ _

9990'01 21967

wnga i the witness to answer with any precision.

2 JUDGE BRENNER: Objection sustained. It

3 is too. abstract to be helpful. I em going to

() 4 confine you. Unless you get to it with more

5 precision, we are going to spend time on things that

6 .are a little too abstract, some of. which time has

7 been spent already, I think.

8 Q. Mr. Youngling, do you have any experience

9 in designing diesel engines?

'10 MR. YOUNGLING: Mr. Dynner, my experience

.Il is in the area of operation, maintenance and repair

12 of rotating equipment which has included dlesel

,

13 engines. As part of that process we have worked

14 with design personnel and I have worked with design

15 | personnel in implementing those repairs and

16 providing the necessary f eedback to them on the

17 adequacy of_the design changes.
,

18 Q. Are you . talking about the Shoreham EDG's,

19 now?

20 MR. YOUNGLING: This relates to prior

21 experience at other f acilities within LILCo.

22 Q. With diesel engines of the size we are
|

23 talking about at Shoreham in the EDG's?
i

! -rw. 24 MR'. YOUNGLING: The particular diesel we
L \_)

25 worked on was not as large as the Shoreham diesel

:

__ - . _. _ . _ . _ . _ _ _ _ _ _ _ _ _ _ . . _ _ . - _ _ _ _ - _ _ _ . . _ _ _ . . .
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waga: I but operated on the same principles.

2 Q. What did you do with respect to designing

3 that diesel engine?

Ib 4 MR. YOUNGLINGS As I said, I related to

5 the repair and testing of diesel, and worklng with

6 the design personnel to. provide the nece ssary

7 f eedback as to the adequacy of the design changes.

8' O. So you personally-have no experience in

9 designing the diesel engine, is that correct?

10 MR. _ YOU NGLI NG As I said, my area of

.11 e xpertise is in the operation, maintenance and
I

12 repair and providing the f eedback to the design

4 13 personnel on the adequacy and . making suggestions.
,

14 Q. So _you persona ~11y have had no experienceh
15 in designing a diesel engine, is that co.rrect?

'16 - MR. ELLIS: I object. That was asked and

17 answered.
|

18 MR. DYNNERt He hasn't answered.
_ ,

19 JUDGE BRENNER: You may answer.

20 Otherwise you ars just talking to each o'.her.

21 There was no answer to the question. You may recall,

22 he is entitled to a direct answer, es direct an

23 answer as you can give at the outset, Then you can

24 give the rest of your explanation if you f eel it is
-

25 necessary. Let's get a yes or a no and then

. .., - - - - - - _-_ - ,. - .- - - - - ___ - - _ .- - .. - _ . . - - _ . _ .
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w;g2 1 understand the answer you previourly gave to be your

2 explanation.

3 MR. YOUNGLING I have not perf ormed

4. design. work. 'However, I have participated in the

5 design feedback with the design engineers through my
.

6 operating, testing and maintenance expertise.

7 In addition. I. think that any problem

8 such as the problem of dealing with any piece of

9 rotating machinery which has suff ared a failure or

10 suffered a design problem requires that you bring in

.11 place various expertise. That . expertise needs to

12 complement one another.

13 I think what you see before you is a
.

14 panel which has and does complement one another in

15 bringing specific expertise to solving the problem.

16 0. Have you had any direct experience, Mr.

17 . Youngling, in manufacturing a diesel engine?

18 MR. YOUNGLING: No, I have no experience

19 in manuf acturing a diesel engine. However, I have

20 worked with manuf acturing personnel to provide

21 f eedback to them on the adequacy of the

.22 manuf acturing process or problems that have occurred

23 as a result of the manuf acturing process.

L 24 0. Dr. Pischinger, what direct experience{-
25 have you had, sir, in designing diesel engines?

I

.

|

. . . _ __ _, , , _ _ . - - _ - . . - - _ - . - - - . - . . . - . . - , _ - . . _ . , - . _ . .. _ _.- - - - . . _ . - _ . . ~ _ _ _-
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wega 1 DR. PISCHINGER 8 I have been working-in

2 the field of diesel engines since 1958, and my wor k
3

.

was always related with defining the shape, the make-up
s/ 4 of the engines, and as f ar as I am aware , to define

5 how a component or an engine is built, what shape,
6 and is called design.

'7 So I was from the beginning of my career,

8 1958 until now, always involved and also responsible
9 of a longer period for the design of diesel engines.

JO Q. Dr. Pischinger, can you tell us what size

.11 diesel engines that you have designed or
'

12 participated in the design of?

13
, DR. PISCHINGER A large range, f rom

,f-e 14 small, very small diesel engines for cars up to
\

15- diesel engines of about 6000 kilowatt.

16 Q. Dr. Pischinger, starting with 1958, would

17 you describe what was your employment in 19537

18 DP P ISCHINGER: From 1958 to 1962 I was

19 - with the AVL Company in Graz, Austria. This is a

20 company which is designing engines, mainly diesel

21 engines, but also gas engines, but mainly diesel

22 engines for industry. In .this connection I was

23 responsible for the research department.

24 Q. Specifically what did you do in the

25 research department during those years?

!

. ~ . _ _ . . - . -._m .-__,_. _ .. . _ _ - _ , . . _ . . . _ . , , _ . - _ . _ , . . , _ . . . _ , , _ . , _ _ . . _ , _ . _ . _ _
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waga 1 DR. PISCHINGER: de took, or we did basic

2 wock in order to design the combustion system and
,

- 3b; the mechanical system of the engines, which were

4 under design of this company. That means as well as

5 en the process side of the engine, the process of

6 the engine , combustion proce ss, as we ll as

7 mechanical behavior of the engine. We had to solve

8 problems which could not be addressed so easy.

9 There have been in depth investigations where

10 nece ssary to address these problems, solve it, and

.11 by this, input into the design.

12 . Q. Were those diesel engines, sir?

13 DR. PISCHINGER: Yes.

(_) 14- Q. What size engines were they?

15 DR. PISCHINGER: I cannot tell to the

16 millimeter, but roughly a little above 200

17 millimeter diameter was the largest.

18 Q. What. horsepower were they, sir?

19 DR. PISCHINGER: I cannot tell.

20 Q. Approximate horsepower rating.
'

21 DR. PISCH1aGER: About 300 per cylinder ~.

22 0. What speed were those engines,

23 approximately?

( 24 DR. PISCHINGER: 600 rpm up to 1,000 rpm.

25 O. Was that range generally considered to be

. - . .- - . . _ - . . _ - . . - - - - -.. - - - - - - - - - - - -
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- w;gn I at a high speed diesel engine rather than medium

2 sp eed?

,g 3 DR. PISCHINGER: No. This is medium-

-(_)
4 speed diesel engine.

5 Q. How do you define a high speed diesel

6 engine?

7 DR. PISCHINGER: The high speed diesel
-

.

8 engine is al engine with high piston velocity, and

9 is, by definition, at least, if I translate it into

10 the German definition, the only thing which I can do.

11 an engine in the field of application up to of.

12 highway transportation, the largest of highway

| 13 transportation vehicles from application side, and

() 14 at the same size for smaller generator sets.

.35 O. Arproximately how many rpm would a high

16 speed engine be, in your definition?

17 DR. PISCHINGER: Usually the range of
,

18 above 1,000 rpm.

19 Q. In 1962 did you leave that employment

i - ' 20' that you had from 1958 in Graz?

21 DR. PISCHINGER: Yes.

.22 Q. What did you do then?

23 DR. PISCHINGER: I then was employed by

() 24 - KHD, German, the abbreviation for

25 Klockner-Humboldt-Deutz, AG

|

|

|
!
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wega I which is a major German dies:1

2 manufacturer in Koln, and I stayed from 1962 to the

.O 3 ead or '97o ten tht= co a av-
-4 Q. What was your specific position in 1962?

5 DR. PISCHINGER: The specific position in

6 1962, starting position was a manager of a

7 department of re search .and development , development,

8 and then I, about two years af ter joining this

9 comp any, I ' advanced and became head of the so-ca lled ,

10 pre-development department, which was dealing with

.1 1 - the new or preparing the new designs. Aga.in , three

12 years later I was appointed head of the engineering

13 development of this company.

14 Q. So your work -there was principally in the
:
o 15 design area for diesel engines, is that correct?

16 DR. PISCHINGER: I worked in the whole

17 development field. That means not only being

18 responsible for correct design but also for testing

19 the engine , and being responsible for, in

20 cooperation with the production department f or the

21 quality of the product of .the customer.
.

22 Q. What was the horsepower of that engine

23 per cylinder that you worked on during those years?
' (_)
|

24 DR. PISCHINGER: Again, the range of the

25 diesel engine of this company is a wide range. It

|
|

|
.

.- - - .- -- . _. .. - - - _ - _ - . . . . _ - .. -. . - - _ . .
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waga 1 .was about to horsepower per cylinder up to --- just a
.

2 moment --- about 500 horspowers. That's the number.

3 Q. How many engines that you worked on were
~

4 in the range of .500 horsepower?

~5 DR. PISCHINGER: It was mainly- ene engine

6 family. That means an engine f amily ' from 6 cylinder

7 up to.16 cylinder. 6 cylinder , 8 cylinder ,12

8 cylinder, 16 cylinder.

9 JUDGE BRENNER: Excuse me, Dr. Pischinger.
.

10' Can you bring your microphone a little bit closer,

.!! .perhaps in a straight line the way you are f aced.
,

. 12 DR. PISCHINGER: Sorry.

13 JUDGE BRENNER: Thank you.

( ). 14 Q. Perhaps you didn't understand my question.<

,

15 My question i.s. of the engines you worked on from

I6 1962 to 1970 at KHD --

17. DR. PISCHINGER: Yes.

18 Q. -- how many of those types of engines

'

19 had a horsepower in the range of 500 horsepower per

.
20 cylinder?

|
21 DR. PISCHINGER: Of course, at one time'

22 only one because a company never designs its own

23 compe tition.
[

1(I 24- Q. And this single engine fesig1 or type --

L 25 DR. PISCHINGER: It changed, of course,
l~

|
t

p
'
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wng: 1 in the years.

2 0. The design evolved, is that what you mean?

3 DR. PISCHINGER: Yes. An engine being in

4 existence was replaced by new engine of about the

5 same size, a little larger size.

6 Q. What was the speed in rpm of that engine?

7 DR. PISCHINGER: 600 rpm. That means

-8 maximum speed. Of course, the engine was also rated

9 at lower speeds. So --- i t was ope ra ted and sold ,

10 also, at lower speeds.

11 Q. In 1970 you became director of The

12 Institute for Applied Thermodynamics at the

13 Technical University, is that correct?

() 14 DR. PISCHINGER: That's true.

15 Q. And your particular responsibilities at

16 the institute were involved with internal combustion

17 engines and thermodynamics of combustion, according

18 to your resume'.

19 How much of that experience was directed

20 with diesel engines?

21 DR. PISCHINGER: I have to mention, in
.

22 order to answer your question, that this institute

23 in the Aachen University is the largest engine institute

(3
's / 24 in European universities , and, of course , I had to

25 cover both fields of diesel engines and the spark

_ _ _ -- _ -,_.- _ - _ - _ _ _ . . _ _ _ _ _ . . _ _ _ . __ _ _ . . _ _ _
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waga- 1 engine. The field was, of course, divided up

2 between these two types.

3 Q. Specifically what work did you do on-sU
4 -diesel engines during your time at Aache, Technical

5 University?

6 MR. ELLIS: Judge Bre nner. I will have to

7 object to that. He is asking this gentleman what he

8 did during an eight-year period when he already said

9 he worked on diesel engines and the spark engines.

10 If he would like to give that answer in advance, I'm

.11 sure this gentleman, as we a'11 have over an eight

12 year period, done a substantial amount of work..

13 That's not a f air question.

([) 14 JUDGE BRENNER: That's a parade of

15 horribles objection. I don't think the question

16 calls for a day-by-day recitation of Dr. Pischinger's

17 diary, if that's what you are implying. I think

18 there is room for Dr. Pischinger to state his answer.

19 He can tell him a little more about what he did with

20 respect to the diesels without going to the extreme

; 21 as your objection suggests. We will overrule the

i 22 objection and take my comment as advice, Dr.

23 Dischinger. See if you can provide a little more

() 24 specificity without going into the unnecessary.

25 DR. PISCHINGER: Thank you. I will try

|

|
1
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4Lwag I to do it. Of course , the work in these ye ars, since

2 .1970, the Aachen Institute, was very manif old. I

3 was permanent consultant at the same time for my

'( s_)~

4 former company. So I was permanently involved in

5- the further development of these diesel engines just

6 . me ntioned. In a'ddition. I have to lead the whole
7 laboratory with 20 engine test benches for engine

8 testing. Of course, I was responsible for the

9 education of the students, and giving lectures in

-10 this fis1d, passing my experience to young people.

.11 This work related to, as it was expected

12 in the university, about half , or let's say a little

13 more than half , to diesel engines. My p ar t was not

.O 14 diesel engines , but I may me.ntien that even in thea

15 large engine fields, engines which can be operated

16 as diesel and at the same time spark engines, those
,

17 are . mechanics of the engines to be completely the

18 s a me .

19 Q. Dr. Pischinger, is most of your time at

20 the university spent teaching?

21 DR. PISCHINGER8 No.-

15! Q. Well, approximately what percentage of

23 your time is spent teaching?

(). 24 MR. ELLIS: Objection to the relevance of

25 that unless he is talking about teaching other than

_. .. - . _ . . - _ _ . . _ _ . _ . . _ _ _ . . _ _ _ _ . _ _ . _ _ . _ _ _ _ _ _ _ _ _ . . _ __
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wags- 1 in internal combustion and diesel engines.

2 JUDGE BRENNER: .I will allow him to

/- 3 answer. Mr. Dynner, it could have been posed more'

(~)
4 specifically. I mean not to stop you, but to ge t

5 you moving a little bit. Your que stions o f Dr.

6; Pischinger s eem inconsistent with point one of your

7 cross plan. Bring out his expertise as well as the

8 others.
,

9. MR. DYNNER: There is an exception in my

10 cross plan point 1, sir. I am moving now, so you

.! ! can follow it, I am on Page 2 point 7.

12 DR. PISCHINGER: So you want an answer to

13 my question? /

([ 14 JUDGE BRENNER: Let's do it this way.

- 15 Why don't you rephrase it, Mr. Dynner'. You want to
:

16' know whether he teaches at all?

17 Q. Aside from your teaching duties at the

18 university, did you also engage ,in research?j

19 DR. P ISCHINGER: Yes. Let's say the

[ 20 major part. My teaching duty is about, during

21 lecture time , like an American university, two parts

i 22 of the year during lecture time, and about six hours ;

23 a week.

() 24 Q. What was the research that you were

25 involved in?

|

1
i-

<

^
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waga- 1 DR. PISCHINGER: All types connected with

2 ' engines. I think the research lis t would . cover from

_ (^- 3 mechanical problems to combustion problems to
'v'

4 acoustics problems, all problems which are connected

5 with developmental phase of the diesel engines. I

6 think I am proud to state the there is nearly no

7 topic lef t out in my research.

8 JUDGE BRENNER: Dr. Pischinger, while Mr.

9 Dynner is considering his next question, give the

10 English translation, what it would be for the full

.11 name of your firm.

12 DR. P ISCHINGER: Yes. This is research.

. 13 society, or if you want a better translation,

[)_ 14 limited company, for energy research and internal'

-15 combustion engines.

16 JUDGE BRENNER: Thank you. Also in your

-17 curriculum vitae, you indicated habilitation 1958. Can you

18 explain that to me?

.19 DR. PfSCHINGER: I beg your pardon?

20 JUDGE BRENNER: I am lookino at your

21 curriculum vitae.

22 DR. PISCHINGER: Yes. This is the right

23 to lecture at a university.

() 24 JUDGE BRENNER: Go ahead.

25 Q. Dr. Harris, could you briefly describe to

.

d

.. .--.-e . - - - - - . _ , . - . - , . - - . . - - - ----m. --.-,--w, v . - - - - . , y. - - - - - -, - , , . - - , - - . - - - ~ - - - . - - - , , . - . -.
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aw ga I us what is fracture mechanics.
,

2 .DR. HARRIS: Fracture mechanics is the

;(] 3 field of solid mechanics that's involved with the
s_/

4 analysis of the stability and growth of cracks in solids.

5 Q. Were fracture mechanics techniques used

6 in connection with tne FaAA analysis of the AE

7 piston?

8 DR. HARRIS . Yes, fracture mechanics

9 techniques were employed in the analysis of the AE

10 piston analysis in order to determine the

.11 oossible growth and instability of hypothesized

. 12 defects in the AE piston skirt.

13 Q. Is frccture mechanics used to predict the
ry..(_j: 14 initiation of cracks in metal?

*

,

15 DR. HARRIS: To my way of thinking.

16 fracture mechanics is not involved in the prediction of

17 the initiation of cracks. Fracture mechanics is

18 Involved with anelysis of cracks once they are

19 formed,

p 20 JUDGE BRENNER: Mr. Dynner. I wanted to
:.

21 find a convenient stopping point and we will adjourn

!. 22 for lunch.
t-

[ 23 MR. DYNNER: If that's a clue , we could

I) 24 .stop now or I could ask a few more questions on this!

25 general. area if the Board wants me to for five
,

!

|

|

, - f
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wcgs I . minutes.. Otherwise we _ could stop now.
.

2 JUDGE BRENNER: Why don 't you r un f cr
& - -

-(]J 3 another flve minutes and stop at a convenient

4 - stopping point.

5 Q. Dr. Harris, I notice _ -- Dr. Swa nger , if

6' you want to add anything after Dr. Harris answers a

-7 question specifically, please feel free to add your

8 thoughts as well.

9 Dr. Harris, speaking generally about the<

10 science of fracture mechanics, is it a science which

.11 can have 100 percent accuracy in its prediction of crack

. 12 behavior? Dr. McCarthy, if I could interj ect. I

,
..

13 think that we have followed the practice here-- and |

} -14 it is up to the Board how they want to proceed -- if

15 I direct _ a question to a particular_ witness, he '

16 - should respond and then you can consult and add

17 something or you can add something. I would like to
.

18 get the wi tne ss' answer be fore. he consults .

19 JUDGE BRENNER: Since I interrupted, let

L 20 me stop your questioning at this point. After my next

~

21' statement, it woul'd be tlme for lunch. I was
.

22' hoping no.t to have to repeat the panel procedure.

'2:3 There are as many pages as we have had in different-

. _ .&
-\/ 24- phases of the proceed 1.ng. I don't know how the other

25 boards have run it. But the parties know how this.

.

% rw >,pg -ac,,,,--g ,,.,w, -, ~ -v e e m m er ,,+ n.,ww.w----- ,a,w-w w,,- ,,v, e.,,w,,,,-, - , , . ,-+-,-,,,-nw~ ave- e a,or-we+, , - - , , , . , -
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' wa ga 1 Board'has run it. Use the lunch break to tell the

2 witnesses , and I'm sure you have told them, but

rN 3 ' remind them again as to how the panel procedure
V-

4 works. If there is any need f or clarification, I

5 will go over it again when we come back.

6 MR. ELLIS: I think, sir, unless he

7 indicates that he wants that particular witne ss'

8 answer, they are entitled to consult. In this

9 instance , where more than one --

10 JUDGE BRENNER: He did direct the

.11 question to Mr. Harris.

12 MR. ELLIS: Yes , but in any event , this

13 is a situation where more than one witness

1(') -14 participated in fracture analysis. -

15 JUDGE BRENNER: I think Mr. Dynner took

16 care of that by indicating that another wi tness

17 could add af ter. I will go over this and po in t it

18 up.

19 The questioner can direct a question to a

20 witness as he sees fit, within reason. We will allow
~

'21 him to state the answer to that question and f o.11ow

22 up. Nat to go too f ar in time if another witness wants

23 to add something on the subject because we know it

() '24 is difficult to keep the point in mind. So be

.25 reasonably aggre ssive af ter it has gone on for some-

~ -

_ .-_. . - - - . - ..
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wnga I time and work out the dynamics of ho*e you want to do
,

12 it . if someone else wants to add something on the

. , '. ~ - 3 subject. _ and the witness wants to add some thing to(
.

4 it themselves. If there is no identification by the

5L questioner on asking the question of a particular

~6 wi tne ss, the panel is fr ee to consult before the

7- answer and to .give the ' answer through one or two

8 witnesses, whatever the panel desires. We recognize

9 when -you have a large panel, it is difficult for the

10 witnesses on the panel. de will try to be flexible

'

.11 within limits to allow the questioner to get the

12 answer he wants from a particular witness or.

13 witnesses. if he has a limitation in mind. On the

() .I4 other hand, we ask your indulgence in the fact that

: 15 it is' difficult for a questioner, also, when there

16 - is a panel this large. So you have to try to work

17 i t _.out that way.

18 I hope that explanation helps. I

19 understand that as- f ar as a particular situation
.

20 sometimes .it becomes difficult. You will have to

21 help , Mr. Dy nner. As a courtesy, you use the witness'

12 name when you have a witness ir mind. You can drop

23

n\d:-

that courtesy if you don't intend that as a

24 limitation. Keep that in mind, also.
.

__ 25 Mh. DYNNER: I am going to try in an

;

.. -
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waga I 'e ffort to ' deal with these panels, to indicate the

2 witness- toat I'd like to respond to the particular
.

3 question. If another. witne.ss who has . work ed in that
'

<4 area or wants to add something then wants to answer,

5 at that point he can answer. But I am following the

6 . procedure- of . addressing the question to a particular

7 . witness if I- want that witness to answer initially.

18 ~ JUDGE BRENNEN Counsel, in my broad

9' st at em ent , it is . permissible. What I am asking to

10 you to do_ is bear in mind whether it makes sense

'11 from the point of view of efficiency to do that for.
,

12 each and every question. The questions, as you know,.

13 cut across areas of different witnesses. We know we

\( )' 14' will allow them to add when they want to and when it

15 is likely for another witness to add, you may

16 findicate that flexibility. Another way to do that ;
-

'17 is- not indicate the witness' name by limitation..

-18 Those questions will be directed to the whole panel

19 - will come a li ttle later. I know at the beginningu,

20 you wsnt- to establish for our benefit and for your,

21' oan benefit just what each witness has done and how

22 ' adept they are at explaining it. So we will look at
,

23 the witness' flexibility and the attorney's

(X-
..

flexibility,~also. We recognize nothing untoward(,.,/ J24

25 -was intended' by the witnesses consult ing because it

,

t

.g,

t

e ,:'.,, , -...n.. . . . .-,.._,e .- , , , - ;.. ..,,,.-,,,e, ,e .,.en-,,,y,e mm._g,,nn,.. m m , .m _ n,w , ,m , cw ,.,w ww y,, n w _ . , , , , , , ,
'
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. aga I is normal for them to consult and in f actw

2 permissible at some point, sometimes before the

:3 answer, and sometimes after the first answer or two.
)

4- MR. DY.NNER: All right.

-5 JUDGE BRENNER: Why don't we break at

6 this point.

7 MR. DYNNER: There is a pending question.

8 Can we get an answer?
-

9 JUDGE BRENNER: You will have to repeat

10 the question anyway. Why don't we just break and

.1 1 - repeat the question af ter lunch. . At least I would

12 .need the question ' repeated. We will break until 1:35..

'

13 I would appreciate it'if at some point

)[ ) 14 during the lunch break the Board members could get -

15 the copy of the cumulative errata of LILCO because

16 we haven't received our personal copies of - that.

17 de will be back at 1835.

18 (Whereupon, a t 12:05 p.m., the hearing

-19 was'racessed, to reconvene at 1:35 p.m., this same

20 day.)

21

2

23 .

l) 24'

.25
,

.- . - .- ... , , , , . _ - -. .. -... -..-...,.- -.-. ._ -_.....- - ..-
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w;gn i AFTERNOON SESSION. 1:35
.

2 JUDGE BRENNER : -Continue your cross at

3 this point.(3v .

4 MR. DYNNER: Judge Bre nne r , as a

5 convenience to the witne ss panel, we are going to

6 .make available to them two copies, bound copies of

7; the Suffolk County's direct testimony. Ne may from

8- time to time be referring to those exhibits and it

9 will be for everybody's convenience if they can have

10 them handy, so we can place them over wherever

.11 they're convenient on the witness table.

12 JUDGE BRENNER: Give us our copy of your

'13 exhibit.

[() 14 MR. DY.NNER: You don't have them yet?

15 JUDGE BRENNER: You were going to have

16 three copies available f or us in the hearing room.

17 MR . DY.NNER : They're on their w ay.

18 MR. ELLIS: Also in keeping with past

19 practice, if some particular exhibit is voluminous

20 or something with .no advance notice what is in an

21 area as we did with the QA and other proceedings, it

22 might helpful saving . time to have the witness review

23 an entire document when asked a question about it.

() 24 JUDGE BRENNER : It .seems diff erent. If

'25 you can get a focus among yourselves, fine , but

E

.

e
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w;ga- I we are dealing with a population here only of the

.2 Coun ty ' a xhibits.-

'(yT -3 MR. BRIGATI: Okay.- May I approach the
^

-

s

4 witn e.sse s?

5 JUDGE BRENNER Sure.

6 lT. . As we proceed it may Help to refer to

7- your own copy of your own direct testimony because

8 in the course of the cro ss-examination I'.11 be

9 asking you questions about your direct testimony.

10 You may want to have copies in f ront of you.

- .1 1 JUDGE BRENNER . What are we waiting for

12 now?.

13 MR. DY.NNER: I'm sorry. I was waiting

b 14 f or you. I thought you were reading something.

15 JUDGE .BRENNER : Okay.

16 MR. DYNNER: I'll proceed.

17. CONTINUED CROSS-EXAMINATION

18 Q. Dr. Harris, will you please look at pages

19 2 and 3 of LILCO's direct testimony..

,.
20 On page 3 you state that-you were the

L

21 task leader for the pistons for the TDI owner's
i

|
ju- Gr oup. Please briefly describe your

,
.

'23 responsibilities in that . position.

L ~ p)1
-.

A- 24 JUDGE BRENNER: We've been through this

25 before lunch. He wants Dr. Harris' answer , what he'

L
t

L

l-
i
l

*
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w2g2 .I' did now and not anyone else's yet.

'2 DR. HARRIS: My responsibilities as task

3 -leader for pistons for the TDI engine Owner's Groupft
L)

4 consisted of supervising and participating in the
s

5 finite _ element analysis of the AE and AF piston skirts.

6' The finite _ element analysis was completed, the

7. stresses that were derived therefrom were used as

8 inputs to the fracture mechanics analysis of the possibility4

9' of crack growth in both of these piston types.

10 I was involved intimately in the fr acture

.11 mechanics analysis and the modeling of the crack

.- .32 growth in the piston skirt.

13 The finite elements stress results were also

-() 14 ~ used in the analysis of crack initiation in the

15 piston sk.irts were chiefly involved in that work
i

16 also.

17- As another part of my responcibilities I

L 18 participated directly in the experiments
L

l 19 that'were performed to determine by strain gage
!
L 20 techniques, what stresses and strains were both in AE

21. and AF 'pis ton skirts , . and the actual testing i tsel f,

22 which consisted of handling these pistons, spending

L
23 a fair . amount of time at the TDI f actory in Oakland

() 24 in assembling the test fixtures, in inserting pistons

25 in the cylinder liners and, running the tests.

I
|

i

!
.
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w ga i Then, of course , I was also involved in
,

2 they analysis of the experimental test re su lt s .

:(N 3 Another part of my responsibilities
V

.4 included reviewing TER's and the results of

5 inspections at both the Shoreham Nuclear Power Plant

6 and.other power plants involved in the TDI engine .

7 _0wner's Group, TER's that were relevant to the

8 piston. skirts in the nuclear power plants.

9 JUDGE BRENNER: Was that technical

-10 evaluation , TER?

.11 DR. HARRIS 8 I believe the TER is -

12 technical evaluation.

13 MR. YOUNGLING: Technical evaluation.

( I4 MR. SEAMAN Task evaluation report, in

15 .e.sse nc e. What it did transfer --

16 JUDGE BRENNER: You've answered my

. 17 question. Watch .ttw jargon the first time it comes

IS up in the hearing. Af ter that we'll be keyed in on

19 the' record.

- 20- DR. MC CARTHY: One thing I would like

21 to add to Dr. Harris, lest there be any confusion,

22 his responsibilities for modeling the crack growth

23 in _the piston, all models even for the AF or AE

) 24. design, the AF design did not predict crack

25

.
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wa ga - I growth and AE marginal. Whether cracks were

2 initiated, they certainly will not grow .in both designs.

r 3_ 3 Fracture mechanics was merely an analysis of
V

-4 the possibility in prediction if there would be

5 crack growth.

6 Q. Dr. Harris, I would like to get a little

7 more specific if I may with you. in your de scription

8 of what you did with regard to the finite element

9 analysis of the AE piston skirt.

10 Did you yourself perform that analysis or

.11 any part thereof ?

12- DR. HARRIS: All of the finite element

13 analysis on the AE piston skirt was performed under

f() 14 my supervision. Due to the_ magnitude of the task I

15 did not do all.of the work on that particular aspect
4

16 of - the problems solely by myself. I participated in

17 certain aspects of the finite element analysis and

18 all of the analysis was performed under my

19 supervision.

20 0. Who did you supervise?

21 DR. HARRIS: You want specific names?

22 Q. Yes.

23 MR. HARRIS: The primary people who

'( ) 24 assisted me in the finite element analysis of the AE

25 piston skirt were David Mulr and Robert Sire. Otner



0990 01 21991

w;ga i personnel at Failure Analysis Associates
,

2 participated in the finite element analysis of the

3
.

piston. skirt on a periodic basis.

- 4 Q. Messrs. Muir and Sire are both en?'oyees

5 of FAA is that correct?

6 DR. HARRIS: Yes, that is correct.

7 Q. Dr. Harris, are you yourself an expert in

8 finite elament analysis in terms of their

9 preparation?

10 DR. HARRIS: Yes, I consider myself to be

.11 an expert in finite element analysis and in the

12 preparation of the analysis. In my background in

13 solid mechanics, my educational training. I had a

(])- 14 number of courses in solid mechanics, the

15 application of these disciplines to stre ss analysis

16 of various mechanical components and the process of

17 learning finite element analysis. I personally

18 wrote a computer code that was suited for the finite

19 element analysis of linearly elastic bodies. Thes e

20 days I'm not all that initimately involved in the

21 ar.nlysis itself because of the magnitude of the work

22 involved in se tting up these complex thr ee

23 dimensional models applied to the piston TDI. It's

({} ' 24 much more than what one person can do.

25 O. The work you did or supervised in

%- _ _ _ _ _ . - - - _ . ,. . _ _ _ _ _ _ _ _ . . _ . . _ .- .. _ _ _ ._ _ _. _ . , . _ _ .--
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w 7,ga : I connection with the fini te ei~:3ent analysis of the

2 AE piston skirt reported in the Fa AA report on the

./ y :3 AE piston skirt which is set forth in Suff olk County's
V

4 Exhibit 8 dated June, 1984 -- I beg your p ardon.

5 The date I believe is May 23rd,1984 and not June as

6 I origina'11y said.

7 DR. HARRIS: Yec. Mr. Dynner, the report

8_ that's included as -the County Exhibit 8 is the

9 report of the finite element analysis perf ormed on

10 the AE and AF piston skirts.

[.11 : Q. Dr. Harri;, are there other finite

12 element analyses that were performed on the AE skirt

13 that are not reported in this May 23rd piston report?

()- 14 DR. HARRIS: In the process of assembling

15 the work that is reported in the County Exhibit 8,

16 additional finite element runs were perf ormed that

17 were not included as part of this exhibit. We also

18 have performed finite elemant analysis runs since this report

19 came out. So the results that are reported in this

20 Exhibit 8 are not the sum total of all the finite

21 element analyses f ailure performed in this area.

22 For instance, in LILCO's exhibits there has been an

23 analysis performed on the, what we ca.11 soft wrist

() 24 pin, the results of finite element analysis

25 performed since this particular report was written.

I
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-waga l Q. Nots, was there an earlier report issued

2 by-FaAA on the AE piston skirt that refe rred to the

3 finite element analysis, Dr. Harris?7-)v
4 DR. HARRIS: There was an earlier version

5- of the finite element analysis. It was reported in

6' a preliminary report dated February 27, 1984. As

7 stated on the cover of that report it was not a

8 final report.. It was issued pending confirmatory
,

9 reviews by Failure Analysis Associates OA operating

10 procedures. Therefore, there is only one final piston report

.11 reporting the result of the finite element analysis.
.

12 I might also add in thinking back that.

13 there was another report that has been put out, a

() 14 final report on finito element analysis that

15 addresses the thermal distort. ion aspect of the

16 problem. That is the sec.ond report that I'm sure

17 you're aware of, Mr. Dynner, that is dated June,

18 1984 and discusses the influence of thermal

19 distortion on fatigue performance of AE piston

20 skirts.
i

21 Q. Are the conclusions of the February

! 22 piston report that you ref erred to as preliminary,

23 different from the conclusions of the final AE

! - (~N
(_) 24 piston report of May 23rd, 19847

.

L 25 DR. HARRIS: Anybody?
!

!

|
;
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: w gn 1 Q. Any body.
,

-2 DR. HARRI.S The substantial conclusions

3- that are contained in the May .1984 report are
,

4 -unchanged from the conclusions that were obtained in

5 the Fe bruary . report.

6 The conclusions are that the cracks may

7 -well initiate and will propagate in the AF piston

8 skirts , but will arrest at f airly sha.11ow depths.

-9 The conclusion regarding the AE piston

10 skirt is, that cracks may initiate but will not

.11 propagate in the AE piston skirt.

12 Th' Ire might be some small differences '

.

13 between the conclusions on the AE piston f rom

-( )) 14 these two reports, but the substantial bottom line

15 is cracks are not going to grow to a critical point
|

16 in' the AE piston skirt. That conclusion which is

17 the important conclusion remains unchangcd.

18 DR. SWANGER: If I might enswer the

L 19 question?

20 - The conclusion that Dr. Harris discussed

21 in terms. of the finite element analysis combined

22 with his fracture mechanics analysis are confirmed
d

23 by other work that Failure Analysis has done that

( )I '24- . includes the experimental stress analysis that Dr. .

25 Harris did and also includes the 100 percent

j
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.waga 1 pre-operational inspection of the pistons followed

2 by a confirmatory examination of ten of the pistons

3 af ter 100 hours of operation at or above full load.

4 In addition, the design concept of the AE

5 piston was proven in tests in the R-5 test engine

6 run for- almost ten to the seven cycles at high brake

7 mean effective pressure which we call BMEP of abotst

8 305 pounds per square inch as compared to the 225 BMEP that

9 the Shoreham engines develop as a nameplate rating.

10 We feel that all of these demonstrate to

.11 a high degree of engineering certainty our

. 12 conclusions that the AE skirts will not experience

i 13 any crack propagation or any crack growth in their

h :14 intended uso at Shoreham.

15 Q. I.s the percentage of disagreement between

16 the finite element analysis reported in the February

17 report dif ferent from the disagreement between the

; 18 . finite element analysis and the strain gage

19 experiments reported in the May piston report?
|

20 MR. ELLIS: May I have question read back,

21 pl ease ?

22 (Read by the reporter. )

23 DR. HARRIS: Could we please have the
.

() 24 question repeated?

25 MR. DY.NNER: I'll rephrase the question

L

i

k
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w:gi I and that will make it easier.

2 Q. Was there a difference between the
|
|

3 results of the finite element analysis in the May(~3
%-)

4 piston report and in the results from the strain

5 gage experiments insof ar as the initiation of cracks

6 in the AE piston skirt is concerned?

7 DR. HARRIS: A.s stated in LILCO's
'

8 testimony and as stated in the report that has been
.

9 entered as Exhibit 8 of the County's exhibits, there

10 is a difference between the finite eleme.nt analysis

.11 and experimental results on the AE piston skirt of as I

12 reca.11, 28 percent. And we feel that.this.

13 agreement of 28 percent is adequate in applying.a

() 14 complex three dimensional finite element analysis to

15 a body as complex as an AE piston skirt.

16 The bottom line conclusion that the

17 cracks will not grow in the AE piston skirt is

18 independent of whether you use the finite element

19 stress results or the experimental stress results.

20 Furthermore, since this report was

21 originally written and issued in May 1984, and as I

22 pointed out a few . moments ago we have done

23 subsequent analysis that changes one of the boundary

() 24 conditions in the finite element analysis and the

25 boundary condition that was changed was to alter the

. -- . - _ _ - - . . . . . - . - - - - - - _ . - . - - . . . - -._ - , _- . - -- , - -
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waga I assumption of a rigid wrist pin.

2 We went to the other extreme of what we

3 call a sof t wrist pin which assumes tnat the loadx
A

4 reacted in the top of the wrist pin is reacted as a

5 uniform pressure in the wrist pin bushing rather

6 than a uniform displacement which is what you get

7 when you assume a rigid wrist pin.

8 When you perform the finite element

9 analysis using the sof t wrist pin results, you

'Jo obtain a peak stress in the stud boss region that

.11 are lower than the experimentally observed value.

12 We feel that this demonstrates that the

13 assumption of a rigid wrist pin is one of the major

() 14 contributors to the 28 percent disagreement between

15 the rigid wrist pin finite element analysis results

16 and the experimental results. I think it's

17 important to again emphasize, however, that the

18 final conclusions obtained regarding the integrity
,

19 of the AE skirt are the same regardless of which of

20 these sets of stresses are used. I think this is

21 very convincl.ng evidenca of the conservative nature

22 of the boundary conditions and assumptions that were

23 used in the finite element analysis of the AE piston

() 24 skirt.

25 Q. So in your original part of your answer ,

l

, _ . _ - . . . _ , _ _____ _-, _ _ _ _ . , _ . . _ _ - _ _ . . . _ , _ _ _ _ . _ . . _ _ . _ _ _ _ _ _ _ _ _ , , _ _ , _
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wcga 1 Ih . Harris, you indicated that the difference

2 between the finite element analysis result and the

3
7- experimental strain gage result was 28 percent and

'' 4. in f act the diff erence between the finite element

5 analysis result reported in the February FaAA report

6 in- the strain gage experiments, was 33 percent.

'7 wasn't it?

8 MR. ELLIS: I haven't raised this before

9 because I didn't think it was going to be nece ssary.

JO If he is questioning on preliminary, we

.11 would object because I think it was the Board's

12 prev'.ous indication or ruling that litigation would

13 proceed on final reports. not on preliminary reports

() J4 even though prelimlnary reports were made available

15 to the County.

16 JUDGE BRENNER: That point was made in

17 your motion to strike. A raport is available for

18 use in terms of what it tells us as to validity and

; 19 certainty of the results. The analyses done by Fa AA,

20 and it's useful to both in the County's testimony,
i

21 which we lef t it, that was not withstanding the

22 point in the motion to strike and also useful for

23 the same or similar purposes under cross-e xamination.

() 24 I think to accept your argument di sports that

25 particular context of our previous ruling on

._ _ . - , . _ -____,. _ ___ . . - - . _ _ _ . _ - _ . - _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _
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w;ga I di scovery to which you're referring for support. So

-2 we understand your argument, but we do not accept it.

e 3 Q. Can you answer the question? The

4 question was that the disagreement in the February
,

S report was 33 percent, wasn't it ?

6 DR.. HARRIS: If you give me a moment.

7 please, I'd like to check the February report to

8 refresh my memory. I've been dealing with the more
,

9 recent results for the last four months a,d the

10 earlier report is somewhat stale in my memory.

Il MR. DY.NNER: Page 5-7 of the February

12 report, gentlemen, i.f it helps you.

13 DR. PISCHINGER: May I add something to

-( ) 14 this very point?

15 JUDGE BRENNER: Let 's s ee i f we c an ge t a

16 particular answer to the que.ition. Are you going to

17 answer that question or point?

| 18 DR. PISCHINGER: Yes, it is related to
,

19 this question.

20 JUDGE BRENNER: But the particular answer

21 that is being sought at this point I want to get

22 that first.

23 DR. PISCHINGER: It's related to it.
!

' ((~h,! '24 JUDGE BRENNER: But let's see if we can

25 nail down the answer first, 33 percent dif ference,

,

I

l

. . - . - - _ . - . - . . . - . . . . . - . . . - - . . - . - , - . . _ . .- - . - - --.-.._-..- -.-..-
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w:g2 -1 and it .you. could I'll ask you to hold your point and

2 we'll get to it.

) 3- DR. HARRIS: Thank you for poin ting me to

4 the relevarit page here.

5 Yes, the disagreement was 33 percent at

6 that time.-

7 JUDGE BRENNER: Now, le t's le t Dr.

8 Pischinger answer.

9 DR. PISCHINGER: I want to point out

10 regarding the reality the wrist pin is not rigid.

.11 Very conservative model. This is we ll kno wn

12 in engine industry. Models have been employed since.

13 years 'by piston manuf acturers for instance in
-O
'- 14 Germany. He have two we ll known and a -- it is well

15 known if you apply rigid wrist pin you get a very
,.

16 conservative answer. Frequently stre.sses are higher and,
'

17 therefore, I myself am in favor to use the

18 conservative model and to that means there must be a

19 diff erence with experimental results because

20 conservative higher stresses predicted by the model

21 is just a -- in f act , it is quite reasonable.

22 I wanted to point out there is no;

23 contradiction between measurement and calculation.r

) 24 I t has to be e xpected when you use these boundary

25 conditions.

t

|

r

. . - _- ._ ~ . . _ , , _ _ , , , m___,,.. -_ _ . . , _ . - - - - - - , _ _ . . - . _ , . . , . - _ , - - - - . . - - - - . . , _ _ , _
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wzg3 i MR. DY.NNER: Dr. Pischinger, when dealing

2 with the reliability of a diesel engine which is to

|r-'T 3 be.used for emergency power nuclear, power plant, do
.V

4 you.think that it is appropriate to use a

5 conservative approach as you've describecR

6 May I have this answer without Mr. Se aman

7 commenting, please.

8 DR. PISCHINGER: In this case, I think it

9 is for saf ety reasons appropriate to use a

10 conservative approach because if this conservative

11 approach predicts, as it does in this case , growth and

12 reality, predicts no cracks or no growths of cracks,.

13 then you are on the safe side. I In f avor , .just

f
\ 14 inclination, with this matter, yes.

15 O. Dr. Harris, was the difference between

16 .the 33 percent disagreement and the 28 percent

17 disagreement the result of using a di fferent model

18 for the wrist pin?

19 OR. H ARRIS: Please clarify what 28
|

20 percent disagreement it is you're ref erring to.

21 Q. You testified in the May piston report

22 this agreement was 28 percent. February report it

23 was 33 percent. Is that difference attributed to

f) 24 the f act that you used a different finite element

25 analysis of the wrist pin and that you did not use a

- _ _ _ . - . _ _ _ . . . _ . _ , . _ _ _ _ _ _ . . _ _-._. _ _ _. _- _ _ _ , _
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rgga l' : rigid wrist pin in the second analysis?

2. DR. HARRIS 4 No, that's not true. In

.
3 .both cases we used a rigid wrist pin.

- 4' Q.- Would you explain why when you got the 33

5 percent disagreement in the first- piston report you

6 'went back and did another finite element analysis?

7 DR. HARRIS: A.fter performing the finite

-8' element analysis reported in the earlier results, ,

9 looking at the results , comparing them with the

10 experimental observations and looking back on the

.11 boundary condi.tions that we assumed in doing the

12 earlier analysis, we f elt we wanted to refine the.

13 earlier analysis and f urther expand our finite

(]) 14. element models to produce a set of results

15 in which we have even more confidence than the

16 earlier reports.

17 Q. Did anybody at LILCO or TDI Owner's Group

18 suggest maybe you ought to redo the finite element

19 analysis to get a little bit closer agreement?

20 Anybody from Fa AA can answer that.

21 DR. HARRIS: Absolutely not. Not to my --

22 this was a decision made within Failure Analysis

23 A sso ci ate s.

(]) 24 Q. Everybody with Fa AA agree?

25 DR. SWANGER : Yes , yes, everybody at Fa AA

_ -. __ _ _ _ _ . _ . _ _ . _ . . . _ _ . _ . _ _ . _ _ _ _ _ . . _ _ _ _ . .. _ _ . _
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w g7 1 does agree and as Dr. Harris testified it was

2 earl.ler when the original report was still in draf t

r' 3
. V)

form and was subjected to Failure Analysis / quality

,4 assurance procedures that U1e decision was made that

5 a better calculation could be done.

6- Q. Can you in layman's terms describe what

7 you did to make the calculation better?

8 DR. HARRIS: The second version of the

9 finite eleme.nt analysis calculations that were

!O performed on the piston skirts utilized an actual

.11 elastic crown placed upon top of the skirt. This

12 was the primary difference.

13 In the earller analysis we used

n-u 14 engineering simplifications of the boundary

15 conditions that accounted for the contact between
; 16 the crown and the skirt.

17 In applying these boundary

18 conditions we were not satisfied with the result s

19 we obtained and decided that we wanted to take analysis the

20 one step further and place an elastic crown on top
i

21 of the skirt. In actuality .the two-piece piston

22 used in TDI engines has two pieces. There's a

23 piston skirt and piston crown. Both of these bodies

24 are elastic and they interact with one another and

| 25 the elastic interaction be tween these two bodies
!
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w::g3 -l .became apparent to be an important part of the
,

2 problem.
'

!
3f-) That's the major modification that we

\_/
. 4 made in our analysis and the major expansion we

5 made to further enhance the accuraIcy of the results.

6' In the process of constructing to improve

7 the finite element model that included the elastic

8 crown, we took advantage of that time in order to

9 further refine the finite element model in the

10 region of the stud bass which is the region in which

11 cracks were observed to occur .in the AF piston.

12 skirts. So we did do some refinement of the skirt

13 model itself.

() 14 DR. MC CARTHY I perhaps should add for-

15 clarification of nontechnical people, refinement of

16 the finite element upon which Dr. Harris just spoke,

17 it means adding' more detailed calculation points,

18 not in the sense of refinement as removing
i
! 19 impurities like you would implement, refine, you add

20 more in more calculation points and areas where you
:

21 have greater interest and as you work more with the

22 model this is a common result as you get the whole

.

model working at increments of precision of the finite23
I A( ,) 24 el emen ts.'

25 Q. Now, af ter you came up with the initial
s

!

|

.
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wago; I finite elemant analysis disagreement of 33 percent,
|

. I

2 and before you came up with the final report number

3 of 28 percent, you reported much lower disagreement_,3,

6 :
'~' 4 to a TDI owner's Group meeting s do you rec all that?

5' By you I:mean FaAA.

6 DR. HARRIS: I personally cannot comment

7 on any numbers that were given at TDI owner's Group

8 meetings. I did not participate in them. Any body

9 else care to comment on that?
,

10 JUDGE BRENNER: Excuse me. Here again

.11 you can be more precise with the opening question

12 instead of taking thr.ee questions to get to it.

13 Q. In fact, at -TDI Owner's Group on March

() 14 22nd 1984, Dr. Wells of Fa AA reported that F,aAA has
s

15 now completed its own quality assurance check of all

16 the numbers in the finite element calculations and

17 in the difference between the experimentally

16 determined stresses and the predicted stresses under

19 the imposed uniform displacement between the crack

20 and the skirt now is J I percent. I think it was 30

21 percent in the initial analysis, so it's better and

22 probably within reasonable agreement.

23 Are you aware of the report that Dr.

(]) 24 dells of FaAA made that I just quoted from?

25 MR. ELLIS: For my bene fit , Mr. Dynner.

- . - - - - - . - - - . - - - - - -
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-wngo I . te ll me what you're re ading from.

2 MR. DY.NNE9 8 Reading from a transcript of

,
. 3 the Thursday, March 22, 1984, TDI owner's Group

4 meeting, pages 87 ' and 68.

5 48. SEAMANs Could he see a copy of those
.

6 transcripts?

'7 JUDGE BRENNER : Wait a minute. See if

8 you can answer the question. He's ' given you this

9 information. If you need more, we'll see. I don' t

10 want to stop here and read. documents unnecessarily.

Il The question is addressed to witne sses who are

12 f amiliar, employees of the same company to which the
13 representatives of --- if you don't know anything |

-( ) 14 about it, take it from there. Let's see what you

15 can do. i

16 JUDGE BRENNER 8 Dr. Harris , do you know

17- anything about that?

18 DR. HARRIS: Those numbers don't sound

19 f amiliar to me at all.
'

20 JUDGE BRENNER: All right. They don't

21 know anything about it.

22 Anybody else?

23 MR. SEAMAN We ll, Judge, the reason I

) 24 asked to look at the transcripts is we had talked

25 about various designs of pistons and it would be
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wago I important to know exactly which one.- I guess it

2 wasn't cle ar f rom what was read.

3 JUDGE BRENNER: All right. Mr. Dynner,

.O 4 zero in.
).

5 Q. Mr. Seaman, were you at the mee ting on

6 March 22nd, 1984?

7 MR. SEAMAN: I don't recall that specific

8 meeting but I was at a majority of the owner's Group

9 meetings.

10 Q. You don't remember anything about anybody

11 repor ting 11 percent disagreements is that correct?

12 MR. SEAMAN: No. I don't recall that

13 ' figure.

(]) 14 . JUDGE BRENNER: That's as f ar as we're

15 going with this witness until you give them an

16 opportunity to look at the transcript. I'm not

17 going to stop now while they're reading the

18 transcript.

19 MR. DYNNER: Okay.

20 JUDGE BRENNER: If you intend to pursue

21 it, tell their counsel and during the next break

22 they can have time to, between now and the next

23 session, to take a look at it.

(]) 24 MR. DYNNER: Ok ay .

25 Q. Do any of you remember a figure of 18'
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t aga 1 percent disagreement that was used in an interim
_

2 report on the piston skirt issue by Fa AA?

3 DR. HARRIS: I know of no Failure.O.
\~

.4 Analysis report that reports 18 percent disagreement.
5 At least a t this . point I don't recall any report

6 that has that number in it.

7 Q. Anybody else?

8 JUDGE BRENNER: Mr. Dynner, the ref erence

9 to the meeting does fall under Mr. Ellis' comment.

10 - If you're going to be cross-examining from documents

. 11 like that, there are many documents in this case,

12 unless you are worried about the surprise element --
13 I certainly didn't perceive that in the last

't

(} 14 series -- let them know in advance so they wi,11 have

15 time to look at the documents.
16 You knew of this many, many weeks in

'

17 advance- of this hearing and I am going to weigh that
18 .in terms of time spent in delay to allow witnesses

19 to look at things to refr.esh their recollection.

20 It's different than what I said before about a

21 limited population of proposed County exhibits.
_

22 MR . D Y.NNER : I'm not -- I wasn' t

23 questioning about --

I fl 24 JUDGE BRENNER 8 I don't want to debate it.%)
25 MR. DYNNER: All right.

.
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.. - -

:

9990 01 22DO9

w ga 1 Q. Now Dr. Harris, in connection with the

2 fracture mechanics analysis, you said you personally

3 were involved in performing some of those analyses.

4 Is that correct?

5- DR. HARRIS: I was personally involved in

6 performing the f racture mechanics analysis in the

7 piston skirts yes. ,

8 Q. Anybody else in FaAA assist you in the

9 fracture mechanics analysis?

10 DR. HARRIS: Yes. Once again , the

11 magnieude of the analysis required more than one

12 person to be involved. In this I was assisted by a
,

13 -number of other persons within Failure Analysis

| (])= 14 Associates.

15 O. Who were the principal people that

16 assisted you In that analysis?

11 DR. HARRIS: The principal person who

18 assisted me In that analysis is Robert Sire.

19 JUDGE BRENNER: Spell his name, please.

20 DR. HARRIS: SIRE.

21 Q. Would you briefly describe personally

22 what. you did in connection with the strain gage

23 me asuremen ts ?

(]) 24 DR. HARRIS: I supervised the p'lacement

'MF and selectlon, the placement of the strain gages on

. --.. .- . . . - . - _ - . . . . . . . . . . . . ... -. , ,.. . - . . - . . - - . -._. - - - - . _ .
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< tzga 'l the piston s kirts. I was involved in selecting |

2 where to place the gages, how to perform the tests
. 3- and what instrumentation to use. The strain gages

4 themselves' were then applied by people under my
5 supervision. We then took the piston skirt to the test

6 fixture and I assisted in ' installing the piston in the test

7 fixture and wiring up the strain gages and gathering of the.

8 data. Af ter the data was gathered we took the raw databack

9 to our facility where I participated in the analysis of the

10 data, ' plotting of the data and interpreting of the data.
II As f ar as the experimental program went. I also

12 participated in the stress coat test performed on the AE

13 piston skirt, the test that was used to precisely determine

(~T 14 the location of the . maximum stresses in the AE piston skirt.
V

15 O. Dr. Harris, were you responsible for writing any

16 portion of the piston report? When I say piston report, I'm

17 going to be referring to the final May 1984 piston. report by

18 Fa AA .

19 DR. HARRIS: Is the question was I responsible

20 for writing the report?

21 Q. Did you write any portion?

.22 DR. HARRIS: I wrote the major portions. Once

23 again, it was. a group offort and several people

(} 24-

25

: -
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wngJ I participated in the writing. I was the major author

2 of that report.

rS 3 Q. Who else participated in writing the
(_)

4 report?

5 DR. HARRIS: I might point out that many

6 people can make contributions to a report without

7 actually writing the words in a report. And if you

8 ' expand the definition of people that participated in

9 the preparation of the report to include the people

10 that read the report, made comments, sugge.stions or

.11 revisions, there were a great number of people

12 involved .in both writing the report and in processes

13 of proofing it within Failure Analysis Associates,

() 14 also outside Failure Analysis Associates.

15 Q. My question goes to who else wrote it *

16 rather than who was involved in editing or doing

17 background material or parts of the tests. Who else

18 wrote the report besides yourssif?-

19 DR. HARRIS 8 Robert Sire, Cliff Wells ,

20 Harry Wachob, John Shyne. Those were just the

21 people that put words down on paper and there may

22 have been more , but those are the names that

23 immediately come to mind.

() 24 Q. Dr. Johnson, on page 3 of your direct

25 testimony you state that you supervised the

.

O

9
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~ waga' i eddy-current inspections of the AE piston at TDI

2- before shipment to LILCO.

3 Who actually conducted the eddy-current

4 inspections that you supervised?

5 DR. JOHNSON: Don Johnson conducted.the
,

6 inspection at LILCO under my supervision using a
7 procedure developed by me and I also gave him

8 training on the use of this procedure and also reviewed

9 the results of that inspection.

10 Q. You said Don Johnson?'

.11 DR. JOHNSON: Yes.
'

12 Q. Who did he work for?.

13 DR. JOHNSON: Mr. Johnson works for me.

Q 14 Q. An Fa AA employ.ee?

15 DR. JOHNSON: Yes.

16 Q. Is it correct that you performed the

17 eddy-current inspections on all of the AE pistons

18 before they were shipped to LILCo?
,

19 DR. JOHNSON: Excuse me?
,

20 Q. Is it correct you performed, you meaning

21 Fa AA under your supervision, performed eddy-current

22 inspections on all of the AE pistons before they

23 were shipped to Shoreham?

(]} 24 DR. JOHNSON: That is correct.

25 Q. Was Mr. Don Johnson a qualified

_ _ . . . - _ _ _ . _ . . _ . _ _ _ . . - _ _ - - - - _ - - _ _ . - _ _ _ . . , . . _ - - _ . _ . . - . _ _ _ _ _ _ _ _
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w;ga i eddy-current inspector, was he qualified to perform

-2 e ddy-current inspections?

3 DR. JOHNSON: Yes. He's qualified7_s
( )
' ' ' 4- according to the American Society for Non-Destructive

5 Testing, level two eddy-current inspector.

6 Q. Is he qualified to perform this in
.

7 accordance with an FaAA quality assurance program?

8 DR. JOHNSON: Yes, he is.

9 Q. What procedure , what written procedure.

10 if any, was used to conduct the eddy-current

.11 in spec tions?

12 DR. JOHNSON: The procedure that was used

13 was Fa AA Failure Analysis Associates NDE

(] 14 procedure 11.5.
,

15 Q. What does that procedure define as a

16 non-relevant indication? What doesn't have to be

17 re ported? Is there a size indication that you don't

18 have to bother reporting?

19 DR. JOHNSON: The acceptance'

20 criteria in that procedure is such that crack like

21 indications greater than 1/16th inch long by I /32nd

22 inch deep would be reported. That's a factor of 16

23 less than the size which has been, which

.(]) 24 calculations say will not grow.

25 Q. Did you know that at the time that you

- . .-...- - -, - . _ . , _ . . - - _ _ - - - - . . - . - _ - _ . - _ . - _ . . - . . . - .
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w ga-- 'l conducted these eddy-current inspections, that is,
,

2 did .you know that this was much smaller than the

3 size crack that's predicted not to grow?

4 - DR. JOHNSON: I think at that time we did

5- not- have - a number for the actual size, but it was --

6 we felt it was much smaller than the flaw size
7 predicted to grow.

8 Q. You f elt it was much smaller? What's the

9 basis for feeling that at the time?

10 DR. JOHNSON: The precalculations in the

.11 process, the f eedback I was getting was that the

12 flaw size of concern was quite large.

13 MR'. SEAMAN If I can add?

~ {) That point in time we had had an14

' 15 opportunity to evaluate the indications in the AF

16 piston and our judgment based on the observations of

17 the metallurgical Investigations that we conducted

18 on the AF piston indicated that those cracks were

19 not growing. Therefore, we knew what size those

20 cracks were.
,

21 We had sorae judgment as to what size

22 cracks in the improved AE piston design would be

23 relevant indications that we would be concerned with.

(]) 24 So we did have some f eel for what that number was at

25 that time.

.
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waga 1 MR. DY.NNER: When you s ay we, Mr. Seaman,

2 who are you referring to?

n 3 MR. SEAMAN: I'd be ref erring to the
V :

4 Owner's Group as a whole, which would include

5 obviously Failure Analysis as well as LILCO and the

6 inspectors that were out there.

7 Q. Dr. Johnson , when did you perform these

8 eddy-current or supervise these eddy-current

9 inspections at TDI? Approximately what month? I

10 do.n't mean the exact day.

.11 DR. JOHNSON: Exactly the piston, which

12 piston are you referring to?

13 Q. The AE piston skirts that you said you

O i4 supervised the eddy-current inspections of at auf

15 before-shipping to LILCO.

16 DR. JOHNSON: I think November of 1983.

17 DR. HARRIS If I can add something?

18 MR. DYNNER: Yes.

19 DR. HARRIS: It 's possi ble to m ake a

20 fairly simple fracture mechanics calculation as to

21 what size of a crack will be of concern in a

22 structure from knowledge of what an estimate of what

23 the stre.sses are, what the cylinder test model is
,

O 24 for fet1gue crack, in simpler terms, some threshold

25 condition for crack growth. It's possible to make a

. , . - _ . - - - - _ - . - _ _ . . - _ - -.-__-.- -- -
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wiga I conservative estimate what size crack would be

2 required in order to grow in the structure.

,e 3 In making the conservative assumption the
\ _m -)'s

4 cyclic test is unequal. tn the ultimate strength of

.5 the material, you can then make a conservative

6 estimate of the initial crack size required for

7- crack growth.

8 If you use a delta-K threshold condition

9 for technique, crack growth of six ksi root inch

10 somewhat below the value we used in our subsequent

11 analysis, you can determine that the crack size for

12 crack growth for the threshold conditions of crack

13 is well in excess of 32nd of an inch. So I believe

-( ). 14 the original estimate of the crack depth th:t would

15 have to be reported was based on some of these

16 conservative simple fracture mechanics

17 considerations.

18 Q. Did you make that calculation, Dr. Harris?

19 DR. HARRIS: As I recall, we did.

20 Q. When?

21 DR. HARRIS: Roughly November.

22 Q. Did you write it down?

23 DR. HARRIS: I may have written it down

() 24 but I doubt if it any longer exists. It 's a t yp e of

25 three lines.

.
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wega .l~ 0. Somebody ask you to do that calcu1ation?

2 DR. HARRIS Just a type of calculation

, 3 you would normally do in selecting a reportable size
" (s

~4 for your NDE procedure.

5 Q. Did you te.11 Dr. Johnson about it?
. ,

6 DR. HARRIS 8 I cannot reca.Il specifica.11y

7 whether or not I told Dr. Johnson about it, but

.8 there was a number of failure analyses involved in

9 such analysis and decisions. I'm sure I didn't make
,

10 calculations and throw it away without telling

11 anybody.

12 Q. Why did you make that calculation in
;

.

13 November?

O i4 oa wraarS' ro o8t ta a et e or
.

15- what size cracks would be required in order for a

16 . crack to grow within the piston skirt.
'

-

17 Q. Mr. Johnson , when was the procedure .II .5

18 with the 1/32nd inch deep acceptance criteria

19 written?

20 DR. JOHNSON The NDE procede: e .II .5
,

21 revision I was written on 1-31-84. The revision 0

22 which is the precursor to it and one used at that

23 time was written November 2nd, '83, signed o ff a

h 24 li ttle later.

25 Q. Do do you know who wrote it?

.

$

-w- ,~ . - - , , - -----e-,,-,,,,-w,-..- ,-,,-,-,.-,,,.,e--,m, ,---,-,,,m n- ,,w ,m ,,,,,,,,nancm-,,,.,,,,,,v,v m en,,we , ,,e--, .a--
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wag 3 - I DR . ' JOHNSON : Yes, I know who wro te i t.

'2 I wrote it.

3 Q. Before you wrote that procedure, did Dr.

g/ .k- 4 Harris tell you about his calculations concerning

5 crack initiation in the AE pistons?

6 JUDGE BRENNER: Excuse me , Mr . Dy.nner .

7 Can I ask the materiality of this line of

8 questioning?

9 MR. DYNNER: Materiality of this question?

10 JUDGE BRENNER: Yes.

Il MR. DYNNER: It goes to a couple of
.

12 things. Credibility, number one , and goes into the

13 terms of the FaAA procedures followed. And it goes

14 to the issue of the size of these crack initiations

15 and the numbers of flaws which could now be relevant
16 which may be in those pistons that were accepted
17 because of a procedure that was written without any

18 relevancy to studies that were later made.

19 JUDGE BRENNER: I don't understand,+

20 though, any of your questions.

-21 They've testified that if you have a

22 crack of 1/32nd of an inch or less it is not going

23 to propagate in their opinion, whether it occurred

(~$ 24 af ter or preexisted. If you're going to controvert
v

25 either that through your own testimony and get your

._ . - _ _ _ - . _ - . . - . - . _ . . -._- -. -. -__.--_ _ . , , - , _ - . - . -
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'w::gd" I turn on that or through cross-examinetion, you're

2 going to have to challenge them on the basis of
,

I

~. .3' their conclusion and in that regard and it is not
>

'

'

4 going to be material whether or not they've got

5 cracks under 1/32nd of a" inch which passed the

6 eddy-current inspect. ions and it doesn't matter if

7 they have on pure luck or whether they did it

8 knowingly.

9 The point we're going to have to decide

10- is whether flaws of that size or less, either

il preexisting or which may occur later, are going to

'!2. make a dif.ference in the fracture mechanics

13 analysis.

() 14 I don't want to sit here for il more

15 minutes on something that is a lot of glorious

16 ' detail with the witness until you make a decision on

17 the materials of .this as opposed to glorious ' detail on

18 material points, which I will be pleased to listen to if

19 it's going to ma tter.

20 MR. DYNNER: I'll be happy to, later on. We're

21 going to raise the issue of --

22 JUDGE BRENNER: Wait a second. Unless you can

23 tell me where I'm terribly wrong in my last point, I'd like

() 24 to have you move on to another point.
;

25 MR. DYNNER: Numbers and proximity of |
|

|

1

1

|
*

j
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'waga 1 cracks.

2 JUDGE BRENNER: You're going to

3 have to challenge both by cross-examination and in
fy

V 4 .your own testimony their assumption to the bonigness.
_

5 if you will, of cracks 1/32nd of an inch or le ss.

6 MR. DY.NNER: Sure.

7 JUDGE BRENNER : Unless you do that, all
,

8 this other questhning as to whether they had their

9 cr.iterion for the eddy-current inspections k10wingly
10 or by dumb luck or based on our rough calculation 'or
|| detailed calculation and what sequence they arrived

,

'12 at all this isn't going to matter. It's a lot of

13 de tail taking .a lot of time which isn't at the

14 moment helping me.

15 MR. DYNNER: Ok ay .

16 JUDGE BRENNER: I don't think it helps

17 Su ff olk Coun ty.

18 MR. DYNNER: Aside from the correct point

19 going to go into numbers and proximity of cracks,

20 our . testimony, and we'll show this and it's been

21 raised already, is that it may we.11 be relevant. We
'

22 raise this in connection with the fracture mechanics
23 approach to whether it takes in consideration the

p 24 real world or not that the number of very small
v

25 cracks may we.11 have a . bearing on crack propagation

|
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'

fw:ga l if there1are numbers of small cracks within close
.2 proximity. That's one of the reasons why this

,- 3 acceptance criteria is material aside from the

4 credibility issue.

5 JUDGE BRENNER: You know, you're using a

6 lot of words, Mr. Dynner , but not addressing the

7 central point in my view. I understand that the

8 criteria may be relevant. In fact, I started out.

9. pointing out in what light it might be relevant, but

10 you've got an agreement that their eddy-current

11 procedure would permit cracks or indications ,

12 whatever you want to call them,1/32nd of an inch or

13 less to get by using my layman's description, if you

(]) 14 wijl. So you got that as a starting point.

15 Take it from there as opposed to saying,
,

16 well, when did you say 1/32nd would be okay

17 and so on. The rest of it doesn't matter. You have
,

y 18 an agreement that's the criterion.

19 Now af ter cross-examination you can try

20 to challenge why they should have had a diff erent

21 criterion and we know as a given there could be

22 indications smaller than that they're not reporting

23 in the results of the eddy-current. You can have

(]) 24 your own witnesses te.11 us why that's a terrible

25 thing. All of that is relevant.

. _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - - _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - _ - _ - - _ _ _ . _ _ _ - _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ - _ - _ _ _ _ _ - - - _
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.t:::ga i Any of your questions on who shot who

2 when does not bear on any of those material points.
3 MR. DYNNER: From long experience I have

(~h
(/ 4 learned that when you're not interested in something

5 I should move on, so I will.

6- JUDGE BRENNER: I resent your remark that

7 I'm no t interested. I'm interested in anything

8 that's material.

9 MR. DY.NNER: That statement was made in a
10 semi-humorous way certainly. I certainly didn't

11 mean to suggest you're not interested in all of the

12 testimony of these witne.sses, but I am going to move.

13 on that.

3 14 JUDGE BRENNER: I am very interested in
(G

15 the testimony and unless you help me focus on that

16 which is important, you're going to lose the forest

17 because of all the trees.

18 MR. DYNNER: Ok ay .

19 Q. Dr. Johnson, did you write any portion of

20 the piston report?
i

21 DR. Jr1HNSON: No, I didn't.

22 0. Dr. Swanger, on page 5 of the direct

23 testimony you state what your responsibilities were

24 with respect to the AE piston skirts. I'd lik e to
(~]N%

25 ask you to develop a little more detail what you did.

I
l

)



?

9990 01 22023

(ccg2 1 Specifically, _what did you do in terms laf the

2 evaluation of the metallurgical aspects of the AE
,

3 piston skirt?

'1 4 DR. SNANGER: I.think there are two major

5 areas that I was directly involved in on the

6 -metallurgical aspect of the AE skirts in addition to

7 the other work. I contributed to the two specific

8 areas in the characteristics of the nodular iron
..

-9 material from. which these skirts were made.
,

10 Under my supervision laboratory tests

11 were done to completely characterize the nodular

12 1ron actually in an AE piston from the lot of piston.

13 delivered to Shoreham. We did independent chemical

{}} 14 analysis of the nodular iron, we did metallographic

15 ' analysis to characterize the nodularity of the iron

16 and the nature of the pear 11 tic, mostly perlitic

17 matrix of the iron.

18 We also did make tensile testings which

19 determined the ultimate tensile strength, the yield

20 strength, the elongation of the iron which was

21 actually in the pistons.

22 This complete characterization of nodular

23 iron allowed Dr. Harris then to go to the scientific

({)' 24 literature on the fracture mechanics of cast irons

- 25 and in a conservative manner to select the proper

.
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wcg2 i fracture mechanics parameters, the threshold, the

2 stress intensity factor for evalua ting whe ther or

3 not hypothesized cracks would grow and also the

(^J
T

i- 4 growth kenetics themselves referred to as DA/DN

5 properties for the cast iron.

6 In addition. I was involved in the

7 comparative analysis. between the AE and the AF

8 piston skirts and in particular the analysis of the

9 cracks that were found in the AF skirts to establish
10 that the cracks which were found in the AF skirts

.11 had arrested. Careful metallographic work , and I

12 think the best way to show that is to refer to the.

13 piston report that was done, County Exhibit 8,

,w 14 figure 2-15 on page 2-16. .Tbis is an example of the,

(-)
15 scanning electron microscopy work done to the

16 striations, the approximate growth of the cracks

17 found in the AF skirts per each stre.ss cycle. As

18 stated there the growth rate was approximately ten

19 to the minus fif th inches per cycle.

20 de used. this information in conjunction

21 with other inf ormation to demonstrate that the

22- cracks found in the AF's had indeed arrested.

23 I c an a ddre ss a li ttle bi t how we are ,

r~ 24 certain that those cracks had arrested as follows:
(_)T

25 There were 23 AF piston skirts at Shoreha,a and
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waga 11 cracks in the stud boss ligaments were found in all 23 of '

2 the pistons.
,

3 I can ref er to another figure on this,
.

() 4 figure 2-4 on page 2-9. which shows an inspection of

5 one of the original AF skirts at Shoreham. In the

6 arrow that figure indicates the kind of arrested

7- crack we're discussing when we discuss the AF piston.

8 It's important to notice that every one of the AF

9 pistons in all three of the emergency diesel

10 generators at Shoreham had such crack-like

.11 indications in them but that we think that the

12 maximum depth of any crack-like indications was ,

13 about a quarter of an inch.,

14 Take as an assumption what I think is a |

O
15 reasonable engineering assunption that the fatiguej

16 striation shown. in figure 2-15 gives us a reasonable

17 approximation for the rate of growth of the crack.

18 Then the kinds of cracks that were f ound in all 23
19 of the pistons would have grown to the depth of one

20 quarter of an inch in about five hours of operating

21 time. These engines had various amounts of

22 operating time on them at the time they were

23 dissassembled to replace the pistons, between I think
'

- 24 600 hours and 800 hours and perhaps Mr. Youngling or

25 Mr. Seaman can confirm that.

-_ _
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wcga I In fact, we were running three entirely

2 independent tests because each one of the engines

3 had ' experienced a different histogram of load and

} 4 hours, yet by almost a remarkable coincidence five
.

5 hours before all three of these engines were taken apart

6 these cracks decided to start growing and we happen
7 to catch .all of them just at the point where they

8 were all just five hours old and just quarter of an

9 inch deep.

10 That alone with the fracture mechanics
.11 analysis that Dave Harris has done we feel

12 demonstrates certainly that the cracks in the AF's

13 had arrested and then a similar kind of analysis, a

14 comparative analysis, the same kind of analysis

15 shows the cracks in the AE's would not have
16 arrested -- would not' have propagated. I have to

17 correc.t my testimony. I misspoke. The conclusion ,

18 in using the same kind of analysis, hypothesized
19 cracks in the AE's even if they were up to a half an

20 inch deep woul.d not grow.

1!! I think that summarlzes the metallurgical

22 aspects of my involvement in the AE piston skirts. I

23 MR. DY.NNER: I want to move to strike the

)24 wi tness' answer.
1

25 My question regarded what he did on the

.

I

.-
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wtg3 l- AE piston. He gave a long answer about AF piston

2 cracks, why they won't propagate and we have no

3 testimony on that.
P
k- 4 JUDGE BRENNER : All right. I'm not going

5 to strike it because your question was quite vague

6- and you're going to learn to make your questions

7- more specific.

8 I agree with you it went beyond what I

9 . think was necessary to answer the question what you

10 did do with respect to the piston.

.11 MR. DYNNER: I didn't say that. The
.

12 question could be reread, what did you do on the AE

13 piston skirts, on the metallurgical aspects of the

~T 14 AE skirt.
(O ,

15 JUDGE BRENNER: And it was too broad.

16 I'll assume for the sake of argument

17 you've correctly given me the question just now. It's

18 a broad question. I think the answer went beyond

19 what I would have expected the answer to contain.

20 Nevertheless, I can see from the witness' point of

21 view how it was pertinent and I am going to allow it

22 to stand. Make your questions more specific if you

23 want shorter answers.

, ])( 24 If any counsel believes any of these

25 figures which are in f act photographs are pertinent

_ . . -- ______-_ _. . _ . - . _ . . _ - _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ . _ . _ _ .
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w::ga I and nece ssary, they're going to have to ma ke them
,

2 separate exhibit numbers f or the particular

(~s 3 photographs only. I'm not going to assume they're
s.J

4 pertinent. It may be for all purposes the witne ss

5 this time and in the future description will say

6 what is contained is sufficient, but Xerox copies

'7 which are certainly not accurate to see what is on

8 those figures.

9 MR. ELLIS : Un that last point I think it's

10 very difficult to tell from the copies.

.11 JUDGE BRENNER: I am not going to stop

12 the hearing now to decide whether we need the4

13 photographs. I'm giving you time to think about it

() 14 and pick out certain photographs. If you think

15 they're nece ssary, put them into evidence.

16 I'm not -- I don't believe they're

17 nece ssary right now. The witness not only ref erred

18 to the photographs but described fully his opinion

19 of what they stand for.

20 MR. ELLIS: I have them here if the Board

21 would like it for convenience. It is difficult to

22 te ll .

23 JUDGE BRENNER: We have them in our

() 24 office, too, the originals that is. You d ec ide

25 whether you want them .in the record and apprec. late

[



.
_

.

9990 01 22029

. wag 3 1 your convenience - too.

2 MR. ELLIS Okay.

- 3. JUDGE BRENNERs Go shead._Mr. Dynner.

4 MR. YOUNGLINGS Like to confirm --

5 JUDGE BRENNER: Wait. I don't think you

6 can add much to the answer about what Dr. Harris.

7 Dr. Swanger did.

8 MR. YOUN3 LINGS He asked if I would

_ 9 confirm the number of engine hours on the engine at

10 the time of the discovery of the - AF cracks, between

11 650 and 820 hours. between the three engines.

12 JUDGE BRENNER: All right. Thank you.

IJ Mr. Dynner, go ahead.

-( ) 14 Q. Dr. Swanger, could you briefly describe

15 what you did to evaluate the manuf acturing

36 techniques _of the AE piston skirts?

i 17 DR. SWANGER : Yes. My evaluation

,18 involved a number of things. For instance , I

19 performed numerous visual inspections of the piston

; 20 skirts myself at the Shoreham Nuclear Power Station.

21 both coming out of the engine and as they were

22 disassembled on the turbine deck. The purpose of my
,

23' visual inspection was to gain a f eel for the foundry
,

(f 24 practices, specifically the molding practices that

|
25 were used in conjunction with these pistons.

i

~

|
:
,

I
|

L
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waga. I Looking at the as-cast surf aces which are

2 the _ surfaces on the AE piston which the finite

; [ 3 element analysis and the strass coat test

4 demonstrated are the most highly strassed areas. I

5 felt that was. important for me to assess the

6 manufacturing techniques.

7 Also, the metallurgical aspects that I

8 described. earlier were related to that in that I

9 reviewed the heat treatment process that the AE

10 pistons are given, the normalization and the

.11 tempering treatment they were given to develop the

12 desired metallurgical properties which they have to

13 have to be suited for the purpose that they're being
'

14 used for at Shoreham.

15 Looking at the nodularity the pearlitic

16 structure with the degree of pearlite in the

17 structure and the mechanical properties, it allowed

18 me to assess the correctness of the heat treatment

19 part of the manuf acturing technique for these

!. 20 pistons.

| 21 Thirdly, I witnessed and evaluated a

22 number of the measurements of the tolerances on
.,

' 23 these pistons. The tolerances in dimensional

()!

| 24 espects of the piston are important so that they
,

25 properly f unction in conjunction with the other

i

r

!

I-

_.



_.

9990 01 22031

waga 1 components of the engine and also are indicat,1ve of
2 .the machining portion of the manuf acturing aspects

('T 3 and from the measurements that were done as part of
\v/

4 the DRQR, design review quality revalidation

5 effort at Shoreham , I reviewed a number of these

6 dimensional tolerances and found them to be

7 appropriate for pistons in a large medium speed

8 diesel.

9 The fourth thing I did was review the

10 inspection results done both by eddy-current and by

.Il dye penetrant techniques because they are a better

12 indication of the foundry practice than the initial

13 visual inspection I gave.

( 14 And agaln, with my experience in
*

15 foundry practice with my former employer who

16 manufactured, as I testified earlier, components for

17 large diesel engines of the type used at Shoreham, !

18 wanted to assure myself that the appropriate

19 techniques were in use.

20 The last thing I did was visual

21 inspection of the tin plating which is applied to

22 the piston at Shoreham by the manufacturers to

23 assist in the break-in proce ss and to protect the

f}(- 24 piscon in inventory and in storage prior to

25 installation in the engines.

.

*
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _
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waga i My previous experience also includes

2 knowledge of the electroplating process, the

{} 3 electroplating process used not only for Clevite but

4 also manuf acturers of sleeve bearings where I picked
i

5 up my particular expertise. And by recognizing the

6 uniformity of the surf ace condition of the as-plated

7 plane on the piston ! can tell from a lack of

8 nodularity or too rough surf ace tin was not too thick

9 and on the other hand from its uniform color and

10 lack or complete coverage of the modular that was

.11 pla* the tin was not too thin either. I think

12 that is a description of my evaluation of the

13 manuf acturing techniques of the AE piston.
g~
(.) 14 Q. Dr. Swanger, did you write any portion of

15 the piston report?

16 DR. SWANGER: No, I did not write a
'

17 portion of the piston report, but as Dr. Harris

'18 testified, a number of our people at FaAA

19 contributed to the thoughts and conclusions that are

20 represented in the report.

21 0. Dr. McCarthy, on page three of your

22 direct testimony you testified that you pers:nally

23 inspected various piston types at FaAA7
.o() 24 DR. MC CA9 THY: That's correct.

25 Q. What types of piston skirts did you

.
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'mege I inspect? f

'2 DR. MC CARTHYs Portions of the various

] J AF piston I inspected and also Failure Analysis

4 Asscolates was given an AE piston

5. for material evaluation which ! elso had. 1

'6 ! also had an opportunity to inspect the

7 AE -that we ultimately strain jaged and tested. [.

t

8 Q. When you say you personally inspected

9 those 'plston types , was that a visual inspection
f

10 with respect to the AE piston? I
!

.11 DR. MC CARTHY8 *Yes. Primarily involved 1

12 multiole visual inspactions because not only Failure Analysis (
'

IJ Associates inspect them when they arrived but as they were |

14 being strain geged I would drop in and perlodically
;

15 inspect the placement and the workmanship on gages

16 and wiring and things of that nature. j
'

17 Q. Do you consider yourself an export in the

18 placement of strain gages? [,

19 DR. MC CARTHYs Yes, I've done hundreds

20 and hundreds. !
,

'21 Q. Were these inspections that you carried [

22 out documented 7 !
t

. 2J DR. MC CARTHY8 No, in the sense they (
24 were not part of our procedure. They were in

25 addition to the normal QC procedure. They were not
[

26 part of our QC procedure. They were, in addition to

i
!

!

$
; i

_ . _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ . _ _ _ - _ - - _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ - _ _ _ _ _ _
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wega I all our- other quality control checks. I occasionally

2- inspect basically the operation and what's goirg on

q )
apart -from all the other checks and balances in the3

4 system.

5 Q. Dr. Mc Carthy, you testified that you're

6 responsible for the quality and caliber of- FaAA's-,

7 technical product. Is the May 1984 piston report

8 accurate in all respects?

I 9 DR. MC CARTHY: Accurate or very

10 conservative. There is a sense in which I think,

11 draws were made in this report and in another

: 12 analysis that were this- a design job for a.

|120 manuf acturer instead of a hearing on an important;

'_ 14 matter like a backup emergency diesel generator, we

15 would have been f ar less conservative in our

16 approach. I think we would have been more likely to

| 17 rely on experimental values which were clearly lower

18 because we would Judge -- just a best engineering;

19 j udgme nt. This basis would probably provide more realistic

i 20 characterizations, but recognizing the importance
|

21 and the need for conservatism in this analysis this -

22 report is more conservative than a normal effort for

23 a manufacturer would be.

p)--(_ 24 Q. Aside from the conservatism in the report,

25 are there any deficiencies in the piston report?

V
*

|

l

.

W 9
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w;gs 1 DR. MC CARTHY: I gue ss, you define what

2 you mean by. deficiency, typographical error? What

3 is a deficiency?
)

4 0. Any deficiencies in the analyses which

5 are reported in the piston report?

6 MR. ELLIS: I still don't think that's

7 adequately specific and I object to it on being

8 excessively vague. It can be a wich range and .

9 lengthy report. If he has a specific deficiency in

10 mind,' he should get at it and see what it is,

il JUDGE BRENNER: I agree with the

. 12 objection Mr. Dynner, and the context that these

13 are now followup questions you're examining. He did

( 14 have the original question as to whether he thought,

15 Dr. Mc Carthy thought, the report was accurate and

16 he gave you his answer'. Now, you're f ollowing up.

17 Given that context, you can be more specific other

18 than that it's just a repeat of your earlier

19 question.

20 MR. DYNNER: All right. Let me go beyond

21 accuracy.

22 Q. Dr. Mc Carthy , are there any omissions

23 of any f acts in the report which might have affected
(m,
"w) 24 the conclusions and recommendations of the report?

25 DR. MC CARTHY: There's no negative or I
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w ga- I would say cloudy omissions of the fact that would color the

2 conclusions of the report. I think once again in

j]j 3 .the interest of conservatism we omitted a lot of
'4 analysis and perhaps understated some values where a

5 greater nominal would have been used. I think the

6 report is too conservative , but --
*

7 DR. PISCHINGER It's conservative.

8 JUDGE BRENNER: A greater nominal did you

9 say?

10 DR. MC CARTHY Yes.
'

Il DR. HARRIS: If I could add to that.

12 further address some of the conservatisms?.

13 The ncminally used endurance limit is a
,

() 14 very important property in regards to the crack

| 15 initiation. In the f atigue crack growth analysis thresholds,

16 stre ss intensity f actor is very important as f ar as

17 the crack growth goes. Both of those values were

18 also conservatively selected in order to build

.19 conservatism into the results. Nonethel ess, we

20 still found cracks up to depths of half an inch

21 would not propagate in the AE piston skirt s

22 therefore, the use of these conservative values did

23 not have any 1.nfluence c a the final end result we
O
'\/ 24 obtained by the finite eleme.nt analysis.

25 It is important also to k.eep in mind that there were

-

,- ms -- , .>--,,-..ww. w--... ---e-,-,-r-----,-- - , - - , - - .,n--w--,,,-,,-w, - - . -n-- ,, www- ,.e,-e--
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w;ga i separate and independent e fforts going on to give us

2 additional confidence in the results that we were

(~ -3 obtaining. These include operating history of the
V)

4 AE skirt. in actual operation as well as t 4ts

5 performed on the AE skirt in an operating engine at the TDI

6 plant in Oakland, and the inspections that were made

7 on all of these skirts and also the experimental

8 analysis that was done.

9 So we have this multi-pronged approach to

10 the problem, so that the f.inal conclusion to be

.11 drawn was not dependent on any one of these

12 particular aspects of the procedure that we went.

13 through.

( )- 14 DR. MC CARTHY Probably in the repor t,

15 to label something what do I think is closest to an

16 error, we say in the report the cracks may initiate

17 in the AE. I personally don't think that's true.

18 - At best it's a border-line prediction given

19 our results. It's highly dubious to make that

20 assumption and be conservative. .

21 Q. Why didn't you, given the disagreement of

22 28 percent in the final report between your finite

23 element analysis and your experimental results, why
n(-) 24 didn't you recommend that the EDGs with the AE

25 piston be run and tested f or considerable number of

. . . . - , - . . . . - . . . - . - - . - . . .. _. .. - . . . . .
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w;ga I additicn al hours in order to find out whether,

2 -empirically, whether your finite element analysis
.

3 result was more accurate or less accurate than the
O- 4' strain gage readings?

5 DR. MC CARTHY: Because of my background

6 in design and my knowledge of testing and

7 performance of engine components, i knew that the

8 hundred hours of testing that we did was in fact the

9 substantial empirical verification that flows from

10 the character of the fatigue behavior of steel parts

.11 and don't want to extrapolate to other materials to

12' st eel . Steel has a very interesting characteristic

13 called a knee. Af ter so many cycles ass you get

{ 14 f arther and f arther out to more' and more cycles,

j 15 eventually the steel will, if the stresses are low

'

16 enough, survive essentially infinite number of

17 cycles and f atigue. After you get to one million

.18 cycles and bringing J00 hours at 1.35 million cycles

19 you - at least from my - that's only about seven

20 percent above the stress level for infinite life of

) 21 the part. Now, seven percent is a relatively small

22 amount when you figure the normal sca.tter of

| 24 strengths of parts.

O 24 rn addition, we had a population of;

25 pistons that had been carefully inspected before

. . . -
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w ga i they were put into operation. We knew the character

2 of the indications in the size of the flaws, if any.

.t'''5 3 And they were all found to be less than
V

4 accepted criteria, testified to previously. We ran

5 these piston 100 hours and took them out and

6 reinspected and again found no relevant indications.

7 By testing ten pistons you essentially

8 tested 40 bosses or 80 highly stressed regions,

9 'the statistical probability of 80 of these fillets in ten

10 different pistons all being substantially above the

.11 specified stress and therefore not cracking is so

12 vanishingly small it just didn't happen. So in fact.

13 by going to 1.35 million cycles and having not even |,.

k_) 14 an indication of crack growth, we're very confidentt

15 that ten million or 100 million cycles will achieve [
,

16 once again no indications and no crack growths. .

17 I don't believe personally they wi.11 ever

18 crack. Take the stress analysis as the least
|

| 19 conservative assumption and still they aren't going to

|
| 20 grow. ;

it

21 MR. SEAMANs If I could add one further --

22 JUDGE BRENNER: All right.

23 MR. DYNNER: Let me fo.11ow up. ;

24 Q. Are you an expert in statistics,

25 Dr. Mc Carthy? ;

!

!
I \

1

|

|
.-. . . , . - . - . . - . - . . _ - . . . .-.-- . - . , - _ . .. n . .-._
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wa ga - 1 DR. MC CARTHY I have had significant

2 formal training in statistics through various

{]} 3 statistically-related design courses. Also at

4 Failure Analysis I have assembled the largest bodp

5 of accident and f ailure statistics in the entire

6 nation, nobody of -- the government, no private

- 7 agency, no insurance company has more st at is tical

8 records than I have at Failure Analysis on f ailures

9 and _ records.which I routinely analyzed for trends

10 and indices with regard to failure. I think it is a

.11 correct . statement that in the area of statistics

12 relating to f ailure, we are the cutting edge.

13 Q. Do you have any statisticians on your

V(~% 14 staff?,

,

15 DR. MC CARTHY: Yes, several.

16 Q. Any of them look at this issue of these

17 ten pistons In order to determine whether your

18 conclusion as to what is or is not statistlcally

19 probable ls correct or not?
|

20 DR. MC CARTHY: Not as a f ormal
!

21 assignment. I'm certain I discussed it with each

! 22 one.

23 Q. Kho did you discuss it with?

ts) 24 A. Dr. Caleb Davis.
,

25 Q. When did you have that discussion? -

|

|

|

! -
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wrg2 1 DR. MC CARTHY I don't recolle ct. It

'2 was a relatively small point.

3 0. Okay. Mr. Se aman , go ahe ad(}
4 MR. SEAMAN: Well, what I wanted to point

5 out was the R5 operating experience where we had a

6 piston, actually two pistons that had been subjected

7 to. peak firing pressures even higher than the

8 Shoreham pistons would ever see, 2000, and also

9 inspected and found to be free of cracks after

10 having sustained over 600 hours of operation. So

.11 there's further justification for the conclusions

12 that Dr. Mc Carthy has elaborated on with respect

13 to the formation and propagation of cracks in AE

14 pistons.

15 Q. Dr. Mc Carthy, your testimony is that

16 the Fa AA report is not only accurate in all respects

17 but also complete in all respects: is that correct?

18 MR. ELLIS: I object to that. The

19 question has been asked and answered. The witness

20 gave several answers, gave an extensive answer on<

21 what he thought might be added in~ terms of

22 conservatisms and what he might disagree with.;

23 JUDGE BRENNER: 1 agree with the

-24 objection. Sustained.

25 Q. Dr. Mc Carthy, aside from the additional

b
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.wago I finite element analysis that was done, assumming the non-rigid

2 wrist pin that you alluded to, has any other work

'3 been done by FaAA with respect to the AE piston
b3

4 skirts that does not appear in the May piston report?
.

5 I should add to clarify my question, I

6 also mean in addition to the two other reports that

7 you talked about, the preliminary report and also

8 thermal report on pistons.

9 DR. MC CARTHY: There are some

10 additional things which I will allow Dr. Harris and

.11 Dr. Swanger to address In a moment done subsequent

12 to these reports. And there is individual work I

# 13 guess in terms of analyses, checks on my part that
,

() 14 ar.e not reported formally in the report that I did

15 as part of my general oversight of the program andy

16 I'm certain observations, checks, made by other

17- individuals in Failure Analysis in addition to all

18 those reported here that are just a normal part of

i 19 the . operation of a large and sophisticated

20 engineering firm.

21 DR. iiARRIS: I would also like to take

22 this opportunity to point out that under Exhibit P-34

'23 of the diesel exhibits there's the result of some

(~_s) 24 additional analysis on the performance of the AE

25 piston skirt at peak firing pressures greater than
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w:ga i originally considered in the earlier analysis.

2 Subsequent analyses have been performed on the crack

/~ 3
(>T

initiation and the possibility of crack propagation in the

<4 .AE pis ton ynder pressures in excess of 1670 psig used in

5 the earlier analysis. We took the opportunity af ter

6 the reports came out to look in more detail at the

7 influence of increased firing pressure. We

8 performed alalyses of crack initiation and

9 propagation for pressures up to and exceeding 2200

10 psig.

.11 Q. That's in your direct testimony?

12 DR. HARRIS: I believe it is.!

13 JUDGE BRENNER: Point Mr. Dynner to the
(~y
'w / 14 page so we don't repeat lt. That's why it's wri tten

15 direct. You have the page Mr. Dynner needs?
.

16 MR. DYNNER No. I wanted to know what

17 else was done.

18 JUDGE BRENNER: I don't know if he

19 completed his answer.

20 DR. HARRIS: Dr. Swanger pointed out this

21 is discussed in LILCO testimony question number 105.

22 DR. MC CARTHY: We apologize the

23 testimony was not cited in the things about -- in

(n/ 24 your question you asked about work not reported in

25 the various reports and the testimony is -- we

|

. - _ . . - . . _ - _ - _ _ _ . _ . _ _ . . _ _ . - . , _ . . _ . _ _ _ _ _ _ . - - . . _ _ - _ _ _ . - - . _ - - - _ - _ _ . . - _ - _ _
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wngu 1 didn't think of it as one of our reports.

2 JUDGE BRENNER: I'm not criticizing the

3 answer. You're right, he -lef t it out. It was fine-w

y)L
4 to pu.t in the answer. I'm trying to give you time

5- to reference it. Go ahead.

6 DR. SWANGER: I would like to acH that

7 question 105 is in the section which deals with the

8 alleged' effects of side thrust on the pistons.

9. JUDGE BRENNER: There was earlier

10 reference in your testimony to that, but go ahead.

.11 DR. SWANGER: I was going to point out

12 that that question contains the conclusion that peak.

13 firing pressures up to 2200 pounds per square inch .

( ). 14 did not cause cracks to propagate in the AE pistons.
I'

,

15 JUDGE BRENNER: I could not find the

I6 reference I had in mind.

17 MR . - DYNNER : I can find the ref erence
.

18 later. I wan t to --

-19 JUDGE BRENNER: Anything In the testimony

20 is in evidence also.

21 MR. DY.NNER: Sure.

22 JUDGE BRENNER: Anything else beyond the

23 testimony and the three reports Mr. Dynner is

() 24 interested in?

25 Q. Are you currently at FaAA doing any
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icge ' .I additional work regarding the AE piston skirts or
.

2 -the ' AE piston as a whole ?

3 MR. ELLIS: J udge Brenn er , I assume the

4 question refers specifica.11y to Shoreham and not

5- with respect to other nuclear stations, because if

6 - it doesn't I would object to it to the extent that>

-

7 it refers to other nuclear stations.

8 JUDGE BRENNER: We.11, we've got the

'

9 question. Ask him about the 'AE pistons. If you

I 10 want to object to that, you can.

.I l The answer and the question stands.
,

12 JUDGE BRENNER While considering that.

13 Mr. Dynner, we can take an af ternoon break whenever

-

14 you're ready.

15 / DR. MC CARTHY: One more item. To

16 conclude.now, confining ourselves to Shoreham

17 related work on AE's?

18' JUDGE BRENNER: The question was any

19- other current work on AE pistons.

20 DR.' HARRIS We do have some additional

21 work that has been performed upon AE piston skirts that

22 we have not discussed or not been reported in any

23 Failure Analysis reports. This has to do with the

~

24 estimates of the influence of side thrust on cyclic

! ' 25: stresses in the stud boss region of AE piston skirts.

,

l

,

e- -- v. .--,. , ,-e ,-w.y , , ,w w-nc--c ,mm wm ,we,-cww-_m,_ _ _ . . r y gm yw w .w. . ,.,v_my,-%-wy7,-,,.--qw,_w-~,, .--w,,-.-
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wag 9? 1 Also we have recently been looking at stresses in

2 circumferential' ribs of various design piston skirts.

-{ } .
3 0. I'm sorry. I did not hear the second

4 part of your answer. I heard you say side thrust on

5 cyclic stresses in the bosses and I didn't hear the

6 second part.

7 DR. HARRIS: We also have ongoing studies of

8 stre sses in the circumfrential rib wich goes between

9 the wrlst pin bosses in various design skirts

10 including the AE. Failure Analysis Associates works

.11 on pistons- as an ongoing effort for the TDI Owner's Group.

j. . 12 0. You have any preliminary results
-

'

13 concerning your analysis of the sich thrust on

~-( 14 cyclic stresses in the bosses?

15 DR. HARRIS 8 Yes.

16 Q. Would you briefly describe them ?

! 17 DR. HARRIS: We have found that the
|

[ 18 inclusion of the side thrust loads in the a1alysis

19 of the cyclic stresses in the stud boss region in

20 which the largest stresses occur in the AE piston

-

21 skirt has virtually no influence on the cyclic

JZ2 stre.sses themselves. This was an expected result

23 but the question had been brought up a number of

- 24 times in discussions with various other .

25 organizations and we felt it was important to get quantitative
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w;g2- I r e sul ts. I believe Professor Pischinger would like

2 to comment on that,

h 3 DR. PISCHINGER: If 'I may?

4 This is a usual e xperience , usu al

5 experience if you apply side thrust to piston

6 stresses. No influence on the peak and highest

7 stresses in this region has been experienced and

8~ documented in literature, also well known, so it's

9 not unexpected. <

-10 0. What are your preliminary conclusions, if

.11 any, or other conclusions concerning the work you're

12 doing on the circumf erential rib in the skirt, in.

13 the AE skirt?
O',-

; 14 MR. ELLIS: I object to that question on

15' the ground that's _not in the contentions so f ar as.

16 I'm aware, I may be mistaken s therefore, not

17 relevant or material.
,

r

18 JUDGE BRENNER 8 Mr. Dynner , do you want

19 to address that?

L 20- MR. DYNNER: Well, I don't re ally know
1

L 21 what work they're doing on the circumf eren tial rib

22 and how it might .be related to cracks in the AE
|

' 23 piston skirt that are part of the contention,

()r

24 I don't know anything about it. I'm

L 25 trying to find out what it is they've done and what
-

,

|
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-w2ga' I the conclusions are.
.

2 JUDGE BRENNER: You have to tell me more

'( ) 3 than that. This is the trial, not discovery. You

4 had a lot of discovery in this case where you could
,

~ 5~ have asked him anything and everything about the

6 work on circumferential rib,

.7 MR. DYNNER: We could take a break now.

8 I can discuss perhaps that question with my

9 consultants and give you an answer af ter the break.

J0 JUDGE BRENNER: If you want, you can show

.1 1 . me how it ties into any point in your testimony

12 which we had to start first and tied in with the
t

13 details within your contention. i '

'
- 14 All right. Let's break until 3:35.

#

.15 (Rece ss had at 3:20. )
! 16 JUDGE BRENNER: Mr . Dy.nne r ?

17 MR. DY.NNER: The ques tion about the

| 18 circumferential rib is directly relevant to the
!

19 contention on the side thrust. My understanding is;

20 that the circumf erential rib 1.s part of the piston

L 21 skirt design that's intended to help resist the side

22 thrust load and prevent excess deflection.

23 Therefore, the question is directly releva.nt to the.gs.
0' 24 contention.

,

25 JUDGE BRENNER: What question do you want
|

|

!
!

, - . _ _ _ _ _ . _ _ _ . _ _ . _ - - _ _ - . _ _ _ _ _ . _ . _ _ _ . _ . _ - - _ _ . . _ - _ _ _ _ _ . _ _ . _ . _ _
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wngS I to ask about it?

2 0. What are your preliminary or other

(~' 3 conclusions concerning the work you've done on the
L]

4 design of the circumferential rib of the AE piston

5 skirt?

6 MR. ELLIS: I don't know that -- I don't

7 think the witness heard the question. I assume the

8 objection has been sustained. They didn't realize

9 it was being asked again. - Is the Board going to --

10 JUDGE BRENNER: I'm going to allow it,

.11 but get it tied up sooner rather than later.

12 MR. ELLIS: May I have the question read-

13 to the panel then, please?
(S,

(_) 14 JUDGE BRENNER: Mr. Dynner, ple ase.-

15 MR. DYNNER: What are your preliminary or

16 other conclusions regarding the work that you've

17 done on the circumferential rib on the AE piston,

| 18 skirt?
i.
' 19 MR. ELLIS: Is that the AE piston?

20 JUDGE BRENNER: Yes. I'll adde in the

21 context of excessive side thrust load. That way if there is no

22 context we'll find area right away.

23 DR. PISCHINGER: Circumferential rib out,

| (3
\_/ -24 of the design keeps a connection between the

25.

|
i
I

s

|

|

t
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.wnga I .two --- two wrist pin bosses, the two wrist pin

21 bo sses . If you load wrist pin, the whole load on the

([ } 3 piston is given to the wrist pin, then two bosses

-4 tend to deviate 'and this ring gives a connection of

5 ~ two bosses. This ring is certainly not needed to

6 . counteract very' low side thrust tension.

7 JUDGE BRENNER: Dr. Pischinger, am I

8 -correct if I infer f rom your answer that the work on

9 the circumferentici rib is not being done as part of

10 any analysis of excesslve side thrust load?

.I l DR. PISCHINGER: Yes.-

12 . JUDGE BRENNER: All right..

13 Q. Dr. Pischinger, are you involved --

} 14 JUDGE BRENNER : Let me stay with it..

15 MR. DYNNER: The question was asked of

16 Fa AA.

17 JUDGE BRENNER: Let me stay with it a

18 li ttle more. I recall a reference to the

19 circumferential ribs in testimony.
:

L 20 I'll allow anybody on the panel to answer.

21 Can you tell me succinctively what work, why is some
_

| 22 analysis being done of the circumf erential rib on

)
.

23 the piston? I'm trying to get an understanding what
! (^3 's> 24 context it would have.

,

25 MR. ELLIS: Judge Brenner, your question

|

-, - , - , . - ---. . . - ,--. ,-..-.-.-.-..- -_.. ..-.-.. - .-.- .-.. . . . -
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wago I is the AE piston?

2 JUDGE BRENNER: Yes.

{} 3 MR. ELLIS: I'm not sure that's been

4 e s tablishe d.

5 JUDGE BRENNER: My question is to the AE

6 piston.

7 DR. HARRIS: The analysis on the

8 influence of side thrust load on stresses in- the

9 ribs in the AE piston has been done to allay -- to

10 provide quantitative results in regards to

.11 allegations referring to the influence of side thrust

12 loading.

13 ihe f. eel that the side loading is |

14 certainly not excessive, and the NRC staff testimony;

1

15 at Exhibit 7 further supports this, however, in ''

16 order to be. able to quantitatively address the

17 influence of side load on cyclic stresses, we have performed

18 additional supportive analysis.

19 JUDGE BRENNER: Is this analysis of the

| 20 stresses on the rib?

21 DR. HARRIS: It includes also stresses in

22 the rib in the AE piston, yes, in addition to

23 strasses up at the stud boss region which is the

| 24 region we are more concerned with because the stre ss

,25 coat testing and also the finite element results

(

- -_ - . -- - . . . - _ - . . - . - - . - -_. _.
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wdgi I tell us- the largest stresses occur up 'In the stud

2 boss region.

3 JUDGE BRENNER : Do you discuss thegg
V

4 circumferential rib in your testimony in the context

5 of the testimony on sich - thrust load in your written

6 direct testimony?

7 DR. HARRIS: As I recall we do not.''

'

8 JUDGE BRENNER: You have some reference

9 to it somewhere.

10 DR. PISCHINGER: May I add, the AE piston

.11 as a circumferential rib has been no problems at

12 Shoreham present with the thin dimension.

13 JUDGE BRENNER: Given that , Mr. Dy.nner,

({) -14 .you're going to tell me a little , bit about where you

L 15 want to go. I don't have that in front of ne in

16 cr oss .

L 17 MR. DY.NNER: I'm going to ask some
|-
L 18 questions about what the nature of the work that

19 they're doing is on the study on the cir cumf er en tial

20 rib and what they're --- whether they have

21 preliminary or other conclusions of what t ho se

22 conclusions.are.

23 With respect to the side thrust issue

-( ) 24 they testified, in f act Fa AA's I believe just

25 testified, that it does relate to the side thrust

;

i

I

I

- . - , . . - . - - - - , _ . , , . . . - - . . . . - - - . . , . - , . . , , , - - , - . - . _ - . - - - -
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wnga 1 issue.
.

2 JUDGE BRENNER: Stay wi th that subj ect,

r~x 3 not a lot of jumping around from the subject on
G.

4 questions I did not get in your cross plan. Side

5- thrust subject, stay with it.

6 MR. DYNNER: No. I can pick it up when I

7 'get to side thrust.

8 JUDGE BR2NNER: Do that. When you ge t to

9 it, ask the conclusions, not to tell me about what

10 work you've done and complain about the fact they've

.I l put too many self-serving statements in their answer.

II For example, you ask them some of the
.

13 . things you're going to ask them about side thrust
n
(-) 14 load directly in that context of a particular point.

15 Ask them what about the ef fect of the rib on that

16 kind of impact or load, instead of having an

17 abstract discussion and only come back to put it

18 together at side thrust load anyway. All right?-

19 dhere are you in your cross plan?

20 MR. DYNNER: Right now I'm at the bottom

21 of page two.

22 Q. Dr. Mc Carthy, what is the AE piston

23 skirt made out of, what material?

() 24 DR. MC CARTHY: Iron.
-

25 Q. Any par.ticular kind of iron?

.
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t w:92. I DR. MC CARTHY: I don't recall. .I'd

2 .have to look it up.

73 3- Q. Dr. Mc Carthy, given the f act that the
\_J .

4- ~ AE piston skirt is made out of iron, what was the

5~ relevance of your answer to my question about

6 testing where you talked about 100 hours of testing

7 being' substantial for a part made out of s teel?

8 DR. MC CARTHY: Both have almost

9 identical forms. I thought I used the term ferrous

10 _ ma terials. If I didn't, I meant to talk about

. 11 ferrous mater ials as opposed to other materials

12 exhibiting the knee in the endurance limit curve and

13 I meant to distinguish f errous materials, iron being

() 14' - a fe'rous material and st eel. _I probably u sed the

15 word steel. Both exhibit the phenomena, the basis

16 of the whole discussion.

17 DR. SWANGER : I can add to that'.

L 18 We specifically ref erred to the iron
|-

19 casting handbook at page 341 where the properties of

20 ductile iron are shown , that an_ endurance limit
,

|
! 21 doesn't indeed exist at ten of the seven cycles for

! .22 nodular iron and in f act it was from this reference

_23 that we determined the seven percent between the

( ), 24 indurance limit and the limit -- the stress at which

25 cracking - would be observed at 1.35 times ten to the

r

|

.
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wcga' I sixth cycles.

2 DR. HARRIS: If I could further add to

([]) ~3 that, the particular figure Dr. Swanger was

4 referring to is included as Exhibit P-28 in the LILCO

5. diesel exhibits.

6 0. Is the material of the AE piston and the

7 earlier material of the AF piston both 100-70-03 at

8 ASTM A536 duc tile iron as stated with respect to the -

9 AE skirt on page seven of your direct test imony?

10 DR. SWANGER : A536 ductile , both pistons are

11 ASTM 536. We know for certain that the AE skirts are

12 100-70-03 grade. We're not sure if the AF's

13 . that particular strength level, or , as described in A536,

14 are one of the other strength levels. We'll check *

15 for you and get back to you with that an sw er .

16 Q. If you'll turn for a moment to page 2-7

17- of the piston report , table 2-7 entitled tension

18 tests of specimens taken from pistons , in that table

19 the yield strength ksi is the range in the AF

20 pistons which were tested from 53.6 to 64.5. The

21 yield strength of the AE pistons that were tested

22 ranges somewhat higher f rom 63.5 to 70.5. Is there

23 any significance concerning those diff erences

C)N- 124 between the yield strength ranges of the AE piston
,

25 as opposed to the AF piston?

|

i

,
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.

waga I DR. SWAN 38?: In referring to the data
,

2. shown- in table 2-7, the title of that . is t ension
.. .

.-(v~') 3 tests of specimens taken from pistons. If you

4 ac'tually ref er to the ASTM standard A536, it

5 specifies that test coupons used for the

6 determination of- nominal strength properties for
|-

' iron' castings. Hence, the 70 designation7

! 8 . for 70,000 yield 1(X) designation for 100,000 ultimate and three

9 for three percent elongation, applies to a test coupon and not

10 necessarily to specimens actually taken from the

.11 . pistons.

. 12 -Due to differences in the thermal history
|

| _ .of an actual component relative to the test coupon,13

( 14- there are expected and understandable variations in

15 the metallurgic properties of certain parts. We felt it
|

16 important to take specimens from the actual pistons

17 in doing our conservat.ive fracture mechanics

18 analysis so we would have the right values of the

19 material. We characterized it properly for the

20 particular, area in the piston that we wanted to
|

| 21 model.
L
| 22 Q. Is your testimony then that there is no

23- significance -in the. f act. that the yield strength of

) 24 the AE . pistons has a somewhat higher range than the

25 yield strength of the AF specimens in .that table?
.

i

9
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1 DR. SdANGER : There is a significance towEg3 '

2 the difference and that the origin of that --

.br~< .
3 significant origination of that difference is the

4- heat treatment given to the AF pistons .was slightly

5 different than the heat treatment given to the AE

6 pistons. The AF pistons are normalized and still

7 air cooled., whereas we' believe the AE pistons were

8 normalized and force air cooled. Both pis tons

9 are subsequently tempered at 1,050 degrees for three

10 hours prior -- subsequent to that normalization.

.11 But the diff erence in the heat treatment does

12 develop the difference in the yield strength that's.

13 shown L) .the table.

n
(_) 14 Q. And what is the significance of the fact

15 that the ultimate strength numbers or range given

16 .for the AF piston specimens varies from the specimens

17 for the AE pistons?

18 DR. SWANGER: Within any given group of

19 castings we would expect some variation frcm sample

20 to sample and in my opinion these variations that

21 are shown here are reasonable for the grade of

! 22 nodular cast iron used in the AF and AE pistons. I

23 don't. think there is any substantial signi fi cance to

(k 24 the difference in the ultimate strengths.

25 Q. That wouldn't' relate to the, heat

|

[

. . + - . - , , ' - - ,
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wega ; I treatment being different s is that correct?

2 DR. SWANGER: It shows that the heat

7''y-- 3 treatment had some eff ect. I think the greater
D

4 effect of the heat treatment is shown in the l as t

5 column, the percent elongation fracturing which the

6 AE shows to have little_ more ductility than the AF.

-7 The heat treatment of nodular iron has

8 influence on its properties. Any castings are going.

9 -to have some expected variation in their properties

Jo which is why we used lower bounds on the measured

11 properties to add a degree of conservatism to the.

12 fracture mechanics analysis which concluded that the

13 AE pistons will not have propagating cracks.

( 14 Q. So that if one were to be conservative

15 when dealing with the yield strength of this

16 particular kind of nodular iron, both these pistons

17 are made of one, would take a range for yield

18 - strength 53.6 to 70.5: i s that correct?

19 DR. SWANGER: No. I don't. thin k that's

20 correct. The reason I don't think it's correct is

21 because there was an intentional change in the heat

22 treatment process going from the AF piston to the AE

23 piston. I. think to analyze the AE piston it is

) 24 appropriate to take the range of properties
,

-2S determined for it, to analyze the AF piston it is appropriate
4

=

3

e
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.w ga 1 to use the range of properties
,

2 determined for the AF pistons.
~

~

.() 3 Q. These specimens according to this table

4 were taken f rom four AE pistons, is that correct, or

5' some smaller number?

6 JUDGE BRENNER: I don't want to wait this

7 long for a point that may or may not be important.

8 At this point I don't think it's important . It may

9 later. Why don't you move on. We'll get the siswer

10 supplied later and you can have it put on the record

.11 if you need it on the record.

12 DR. SWANGER 8 I believe that we have

13 determined that the results reported in table 2-7

(m/ 14 are results of samples taken from two AF pistons and

15 two AE pistons. I refer to material which was used

16 in the support package for the piston report which I

17 believe was made available to the County f or their

18 examination.

19 Q. Does the size of the specimen taken have

20 any effect on the UTS or yield stress. calculated

21 from the specimen?

22 DR. SWANGER: The ASTM 536 specifies a

23 standard size for the sample when it's taken frem a

~

24 kael block and that is the reason it specifies,

25 for cast products, a standard size for the sample.

.
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c go i Taking a sample smaller than specified by the ASTM

2 will result in lower properties being measured which

3 is an extra degree of conservatism in the analysis.
4 ).

4 Q. Took a smaller sample than that specified,

5 is that what your testimony is?

6 JUDGE MORRIS: I'm afraid there might be

7 confusion between what we mean by sample,

8 geometrical size or the number sampled.

9 MR. DYNNER: I'm talking about I think

10 the size of the specimen f rom the --

.I l JUDGE BRENNER : Ask him.

12 Q. Which one did you mean?

13 DR. SWANGER: I was referring to the

() 14 geometrical size of the sample and we took the largest
,

15 possible sample we could from an actual manuf actured

16 piston. Due to the thickness of the walls in it

17 there's a limitation on the size of the specimen

18 you can take. We took the largest. In checking the

219 records, it was smaller than the size, geometrical

20 size of samples by the ASTM.

21 Q. Lower strengths is that co.rrect?

22 DR. SWANGER : Yes, in my experience with

2J testing of metallurgical properties over the past 15

() 24 years that would give lower numbers f or the
' ;

'

25 strengths and lower numbers for the elongation.

i

. - _ _ . _ . . - _ _..[ . . . _ , , _ _ . . . _ _ . , _ . _ , _ _ _ _ _ , . , _ _ _ _ _ _ _ , _ , , _ , _ . . , . _
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wag 3- I Q. Is the AE skirt shot peened?

2 DR. SWANGER : I believe there is a

(U
'T 3 cleaning procedure involved to remove foundry sand

4 and oxide kom the surface of the piston. It's a

5 grit blasting type of operation. I think it would

6 be unf air to characterize it as shot peening.

7 Q. So that process would not have any impact

8 on the strength of the skirts is that correct?

9 DR. SWANGER: I'd have to disagree with

10 that statement. I. think thorough proper cleaning of

.11 the piston allows very thorough inspection of the

12 piston to be made to be certain no piston with any

13 flaw, even so -- 16 times smaller than the size or

('/ .
h

14 flaw we know is non-propagating in these skirt , iss_

15 present ir, the cast surf ace. I disagree with the
.

16 stat em en t .

17 Q. Does the process that you referred to as

18 grit blasting, aside from making the piston skirt

19 cleaner, have any impact on the yield strength or

20 ultimate strength of the skirt material?

21 DR. SWANGER: As I testified earlier, I

22 would not characterize grit blasting in the same

2J vein as shot peening because the impact energies of

f-)x(_ 24 the particles are much lower. Therefore, my opinion

25 is the effect on the properties of the skirts would

_ _ _ _ . _ . . -. _ _ . - _ _ _ _ _ _ _ _ _ , _ . - _ _ _ _ _ _ _ _ _ . _ _ __.
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:wcg2 i be very small, but I don't know what it is because

2 I've not recently reviewed it to see if there is any

3 scientific literature avai'eble on the e ffect of

4 grit blasting as opposed to shot peening.

5 Q. Mr. Seaman, on page eight of yo ur

6 . testimony you testified that the gap sizes between

7 .the ' outer contact ring on the crown and skirt in the

8 AE piston at Shoreham were measured when the piston

9 skirts-were installed in November of 1983. Who
.

10 measured those gap sizes?

.11 MR. SEAMAN Measurement of these gap

12 sizes is a study that is made during the assembling

13 of the pistons at LILCO and it is something that was

() 14 measured by the startup. Re-assembling the pi stons

15 was . verified by our operational quality assurance.

16 Q. ' What was the acceptance criteria of the
.

17 gap sizes?

18 MR. SEAMANs The acceptance criteria I

| 19 . believe was seven to li mills. , and we have'

20 documents that indicate thac the ranges were in
L
:

21 ~ between those valuas.

22 Q. So all those measurements are documented;

!

'23 as part'of LILCO's inspection processt i s that

.

24 correc t?-

25 MR. SEAMAN Yes, we have Exhibit P-5,
i.

i

% .
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w gs I ie'vs listed. those or we have -- excuse me . Talking ,

2 . about the initial inspec tions -that were perf ormed in

~-3 November 8 is that correct,?h-~

4L Q. Yes. .That's the question on the bottom4

5 of page eight tof ,your te stimony.

6 -ME'sSEAMAN: That's not what's in the
4 -

'

7 exhibit.

8 We do repair reworks that indicate th at

9 the measurements tha.t were taken during the assembly

'10 b[were between that r nge, yes. They are repair
,

.I I ' rework documents which is an RR standard .f orm that'sj
*

_

,-

12 'used out in the Shoreham site and are signed
~

,

13 ' inspection hold points that. indicate the

" , mbasurements were taken and were within these valuesIff[ 14
,-

15 and witnessed by our quality assurance department
a

.andsihnedbythemalso.[jy ? 16

17- Q. Gentlemen, could you turn-for a' moment to

,jh ~18 Exhibit P-5 which is referenced at the bottom of
y<
I j , .f. 19 page ten of your written testimony. Who prepared

.

20- this document?

;./ ' ' ~21 DR. SWANGER : That document was prepared
!-

22 by Failure Analysis Ass'ociates.

23 Q. Why was it prepared, that document?

. -( } 24 DR. SWANGER : That document was prepared
,

25 .to co,nfirm that 1670 psi is a reasonable value to
6':

'i[ ' ,

, . v:8

#

p. *

:

E _ ,

[i !. '
,
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.cago I use to the peak firing pressure in the diesels at i

|2 Shoreham at 1DO percent load.

r 3 O.
' L))

das this document prepared given a
4 particular load on the diesel engine?

5 DR. SWANGER: I believe that this

6 document presents data taken during testing of the i

7 engines for purposes of determining stre sses in the

Et crankshaft.

9 Q. Was it taken on any particular load?

10 DR. . SWANGER : We don't have backup

.11 material here to confirm the exact load it was at,

12 but I believe it was at 100 percent load.

13 0. . What engine was it taken f or?

(}- l<4 DR..YOUNGLINGJ That test was performed

15 on diesel engine J03.

16 Q. Do you agree with that, Dr. Swanger?
17 DR. SWANGER: Yes, I was present during

18 that testing and 103 was the engine tested at the

19 end of December, early January.

20 Q. Dr. Harris or Dr. Swanger, since this is

21 - your testimony on this pressure crank angle diagram,

22 could you explain to me how it was generated?

23 DR. SWANGER : It was generated by placing

i ) 24 a' pressure transducer into one of the air start

25 valves placed into the cylinder number seven during>

.

*

_%
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wngS' I the engine testing. As I had said earlier , it was

2 used -in the piston analysis just to confirm that

- {J}
3 1670 psi was a reasonable number to use for analysis.
4 As we have testified earlier today , we have subsequently
5 shown that 2,200 psi peak firing pre.ssure could be used for the

6 analysis and the conclusion would be the ame, no

7 cracks that can propagate in the AE pistons.
8 0.- What kind of pressure transducers were

9 used?
.

10 DR. SWANGER Dr. Pischinger will answer

.. .11 that because Heir Reiter from his firm came in from
12 Germany with the transducer.

13' DR. PISCHINGER: This was AVL watts
. f-) .,

l_/ 14 pressure transducer. It was one of the, I think,

15 the most used transducer in diesel engine testing in
16 the world now.

,

17 0. Would the placement of that pre ssure

18 transducer, Dr. Swanger, be import ant in the results

19 for the pressure diagram?

20 DR. SWANGER: There had been a question |
21 as ,to earlier testing if the cylinder cocks on the I

22 side of the cylinder head were a proper position

23

24,
-

25
s

e
,

- l
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wcgn- I for measuring peak pressures and because there was

2 some question as to whether they were appropriate.

: gS- - 3 then this transducer which was put right in the face
V

4 of the fire deck in the combustion chamber was used
5 to be the final adjudicating authority for

6 demonstrating that either location for measuring
7 peak pre ssures were accurate.

8. Q. The placement of _this pressure transducer

9 in the combustion chamber then would be importants

10 -is that correct?

.11 DR . S WANGER : It turned out not to be

12 important just f or the reason I told you. Pro fe ssor

13 Pischinger --- I just reiterate that there were
n

4) 14 questions as to whether the test cock on the side of

-15 the cylinder was adequate. The position within the

16 combustion chamber, there is no doubt that would

17 give a proper measure within the combustion chamber.

18 We wanted to be sure that our analysis was done

19 properly, so we did a confirmatory test with the
,

20 quartz piezo transducer right in the fire deck as

21 close to the middle of the combustion chamber as we

22 could ge t it. I'll let Professor Pischinger comment

'23 further.

.j( ) 24 DR. PISCHINGER: In some diesel engines

25 high pre ssure rise was-- pressure s ersus time can

a

_ _ _ _ - , , . _ , . . - - _ . , , _ , _ . . . . , . . - - , . . , _ . , - _ _ _ . . . _ , _ . , , . , . ,
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w;1ga 1 give rise to oscillations in pipes to the pressure

2 tranducer or to the pressure and if this is the case,
"

3 you can get wrong readings. And f or this purpose,(v~)
4 tx) compare.this AVL pressure transducer it was flush

5.. mounted, which means its surface was part of the

. 6 surf ace of the combustion chamber wall. Then the
7 generally accepted clear, you get exact reading,
8 comple te exact reading. In this c ase it was found

9 to other source of getting pressure reading, gave

10 same reading, and so this was confirmed you can use

11 either position.

12 Q. When you look at this documen't, what does

13 it tell you the peak firing pressure is?

p)(_ 14 DR. SWANGER : The curve itself cannot be

15- read exactly, but I believe it appears to indicate

16 peak pressure of about 1580 psi.

17 In addition, this curve was generated

18 from data which was recorded on magne tic tape end as

19 'part of. the further analysis for other components

20 that magnetic tape was digitized and complete charts

21 of the pressure versus crank angle were developed.

22 However , f or analysis the pis ton -- i t's

23 only important that we know what the peak prassure

( )- 24 is. And as I said earlier, we had subsequently

25 demonstrated. that it really doesn't matter for the
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wCgo I Shoreham diesels what peak pressure we use up to the

2 extremely conservative 2200 psi.

3 .Q. Are you certain that this pressure chart-

4 was taken at full 100 percent load?

5 DR. SWANGER: As I said earlier, we don't

6 have the documentation available to confirm that, so

7 I can't be certain.

8 Q. Such documentation exists?

9 DR. SWANGER: Certainly it exists within

10 Fa AA.

Il DR. PISCHINGER: I think one of the most

12 important points here is it shows peak pre ssure is

.33- .very near to the top dead center, because this

-{) 14 assumption or this f actor is needed for the

15 calculation of the forces on the piston. I think

16 this . is a most important point -here, not the figure

17 reading, but the position of the peak can read it as

18 about estimate ten degrees, but it was a higher

19 degree, ten degrees af ter the top.

20 Q. Dr. Pischinger, did your colleague

21 confirm to you that this peak pre.ssure was taken at

22 100 percent load on the diesel? '

23 DR. PISCHINGER: No. There was a complete

I). 24 series of measurements with different loads and I

25 do not know what this one is.

;

- ,_ . __- _ _ .. _ _ _ _. . . _ . . _ _ _ _ _ _ - . . . - . _ . _ _ . _ . . _ _ . . . _ - . . . - . _ . .



- - - - -.

!

:9990 01 .22069

- wago I Q. Did you have to change the cooling
i

2 arrangement for the placement of -the transducer when

ey 3 you put the transducer in the combustion chamber?()
4 DR. PISCHINGER: This is a cooled

5 transducer.

6 Q. So you did not have to change the cooling

~7 arrangement'for the engine?

8 DR. PISCHINGER: No.

9 Q. Did you change the transducer f rom one

10 which was air cooled to one which was water cooled?
.II DR. PISCHINGER: No, as f ar as I was

12 involved,no. We . only used for this purpo ses water

13 cooled transducers which are the most accurate

-( ) ,
14 measuring equipment.

15- DR . SWANGER s. To clarif y the experiments'

16 that were done as we had said earlier , this test was

17 done to assure ourselves that taking pressures from

- 18 the test cocks was also accurate and at the time we
19 had air cooled transducers on the pressure test

'

20 cocks but we also had a water cooled transducer in
21 the air start.

22 DR. PISCHINGER: Of course I only

23 referred to this transducer in answer to that

() 24 question.

'

25 Q. Did you have any f ailures on any of the

4

.v, ,-~, .- .,.,--...--,,.~,----..-n,-. , . . . ..n. , , . - - - . . . . , , . , - , . , ..,,-,,.-n-,r.__.,,-n,--._,,,-.,,---~e, -nn,-ve. ear,,,, - - ,
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tCg2 - -1 transducers during this test series?

2 DR. SWANGER: I don't recall if we did or

3 'not.

O 4 JUDGE BRENNER: Mr. Dynner , has not your

5 cross line served it's purpose in not using it? You

6 -- . can't use it to follow you?

7 MR. DYNNER: I'm about-to --

8 JUDGE BRENNER: As a re sul t I c an't use

9 it for its most important purposes that is. -in

10 evaluating where you were going as the most
il _important purpose. You asked one question on this

12- subject and that was 20 minutes ago and asked it as

13- your first one. Here we ar e. We haven't got to the,

[]}- 14' next question in the cross plan.
_

15 MR. DYNNER: I'm about to suggest that Ij

16 skip ahead to page il of the cross plan on this same
-

17 subject matter.
"

18 JUDGE BRENNER: All right. Tomorrow

19 morning if you're going to bury the cross plan as

20 much as you did today, you get me an oral outline at

21 the outset of the whole purpose of cross plan rather

~ 22 than have digressive questions of opportunity which

23 may seem inspirational to you at the moment, but the

({} 24 cold reality of analysis may turn out to be not very

25 material.

.

*
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'eago l' You should have the cross plan and

'2 usually that purpose -is for pro se questioners.
t''c 3 frankly, rather than lawyers. I want it planned. out%)

,4 . and- stay with things that develop into mat erial
-5D po in ts . Of course, you can vary it as you have to
6 adjust to en answer, but the percentage, if you will,

7 of variance versus what is in the plan varies to

8 much degree. If you want to go that way , go ahead.
9 MR. DYNNER: All right.

,

10 Q. Gentlemen, if you turn for a moment to

|| page 18 of your direct testimony. Dr. Harris, what

12- did you mean in your answer 24 by peak firing
13 pressure s?

(
.

14 Is .the peak firing pressure the highest
'

.

15 - firing pressure that particular engine sees?
~

16 DR. HARRIS: The peak firing pressure is

17 the highest pressure that the piston sees during the
18 f our strokes of the four-stroke

,

19 engine. Fbring pressure can be a function of the

20 operation of the engine and load. The peak firing

21 pressure, you have to specify more things than just
,

22 peak firing pressures. Say maximum pressure the

23 piston ever sees. For instance, in our estimation

O
N/ 24 of peak firing pressure applicable to piston

25 analysis of the Shoreham pistons, we relied in

.
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Lw ga I addition to the pressure crank angle diagram we

2
'

discussed short time ago, on independent

3 measurements supplied by the engine manufacturer andyf

A)~ 4 other measurements made by other LILCO consultants.
'

5 We have considerable amount of
6; information that is provided by the engine

7- manuf acturer in regards to peak firing pressure at

8 100 percent rated load in Shoreham engines as well

9 as other .similar . engines of the same manuf ac turer.

10 So that the 1670 psig peak firing pressure does not

11 come from any one single source. It represents what
.

12 we believe to be a reasonable and somewhat

13- conservative _value of the peak firing pressure that

(]) 14 can be used to provide representative cyclic
,

15 stresses in the operation of the Shoreham engines.

16 Once again, it's important to keep in

17 mind that sialyses were performed

18 with pressures up to 2200 psig and _ tests were

19 perf ormed toth in operating engines and in

20 static tests at pressures up to 2000 psig, each

21 at higher pressures. The bo ttomline conclusion

22 regarding the integrit'les of the AE skirt is. not

23 altereds that is, the AE skirt wi.11 not propagate

( )- 24 cracks and is suitable for infinite life in the

25 Shoreham engines.



- .. - __

,

I9990'OI 22073

w g2' 'l 'DR. PISCHINGER: May I add some thing?

2' JUDGE BRENNER: Yes.

( 3- DR. PISCHINGER: By the way, this firing<

4 pressures measured for 100 percent load or high load

' 5 is in the range of experiences of diesel engines of

6 this size.- Out of say air pressure and the

7 compression ratio and mean eff ective pressure of the engine,
8 you can:say by experience and within certain firingpressures,

9 and these measured fir.ing pressures in these range of

.30 experience s, no, I have no doubt that we are on the safe
i

11 ground.
c.

12 DR. HARRIS: If I may, I'd like to further add,,

13 the NRC staff assembled sobe information on peak firing
I} I4 pressures on other modern diesel engines similar to the TDI

15 engines -- excuse me, Exh'Ibit 7 indicates that peak firing
16 pressure in the Shoreham engines and other engines of the

17 TDI design are very much in the range of TDI peak firing
18 pressure, very much in the range of modern practice

'
_19 assembled in NRC sta f f Exhibit 7.

20 Q. Wha't I am ge'tting at, Dr. Harris, you used peak

21 firing pressures several times. You used it in 1670, is
:

22 that correct, at one point in your piston report?4

23 DR. HARRIS: Yes.

24
'

25

.. <
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caga .I Q. Would you look for a moment at LILCO's

2 Exhibit P-9 -(h the bottom of the page it says 37

I }) 3 but if you turn to the sixth page in, putting

4 together the same pages, top says FT.307.04A-2,
5 appendix F, engine cylinder pressure log. At the

6 very top it says EDG 101. Now, for e xample, that

7 which you presented shows 100 percent load of 3,500

8 KQ the firing pressure on cylinder one was 1720 psi.
9 Why wouldn't that be the peak firing pressure for

10 this. engine?

II. DR. MC CARTHY: An exce lle nt point. Let's

12 look at the preceding other engine charts. You can

13 see same cylinder on various engines being measured.p
d 14- Various times are in f act 1530 - various other

15 measurements also at Shoreham measured pre ssures 1530,

16 1550 as shown in page 19C of Exhibit 6, 1550 is

17 shown on page 19C, the 1720 just mentioned in the

18 question, 1620 on the following page, the 1620 and

19 various pages.

20 When you're doing an analysis based on a

21 long-term fatigue design related phenomena and going

22 to choose a site of stress, choose a high number

23 conservative relative to the average._,

\- 24 The various peak pressures found here

25 which are consistent with the chart you brought to
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- 6 ga I our-attentlon, 1550 peak firing 100 percen t load and .
,

2 look at all the peak measurements I think you would

-({]p 3 . agree that 1670 for your entire fatigue analysis- is

4 in ~ f act conservative and higher than the bulk of the
,

5 measurements measured for peak pressure even on the

6 test on these engines which is a number you choose

7- for f atigue analysis, ten to the sixth c yc le , higher

i8 than your average. '

9 Q. You didn't use peak firing pressure to

10 do that?
2.

11 DR. MC CARTHY: By peak firing pre.ssure ,

12 peak pre.ssure in a given cycle , any diesel engine,

13 any cylinder over a large number of cycles is not

~ ) 14 going to see precisely the same pressure each firing

15 For a number of normal operating reasons.

16 Thus, if you're going to do a f atigue

17 analysis trying to predict, if you will, the load

18 from a large number of cycles, you want to choose an

19 average loading, if you will, an average peak

20 pressure per cycle that is going to be more

21 stringent than the engine is likely to really see.

22 de believe 1670 represents that number.

23 Q. Did you make a calculation of this

24 average somewhere, of this average peak pressure?4

25 MR. ELLIS: I also have another objection

.. ,.._ _ _ _.._ _._ __ _ _._ _ _.._._.___. ___ _ ._,.___ _... -_ _ _
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taga i I'd like to state to the whole line of questioning.
2 It is irrelevant and immaterial also used 2200 and

( } 3 found the same result of no oropagation, so I don't

4 see where all of this is getting us.

5 JUDGE BRENNER : They want to strike all

6 their testimony.

7 MR. DYNNER: Concerting firing pressures

8 and what they say on the page about the 2200, they
9 can do so. O t herwis e , it seems to me we're enti tled

10 to cross-examine on this testimony.

11 - JUDGE BRENNER: That's it, th e an swer ,

12 Mr. Ellis. I cannot make a determination at least
13 on my own at this point that we should rely only on'

/

(J 14 that additional testimony as to the effect of the

15 approximately 2000, all this other testimony and for

16 the measured pre ssures and what it could withstand

17 and so on.

18 If you want to simply start with getting

19 a stipulation right now that the firing pressure

20 pertinent to our decision would be 2,000 psig, we

21 can take it from there.

22 MR. ELLIS: No, because I think that

23 would be inaccurate.

24 JUDGE BRENNER: That will be the effect

25 of my granti.ng your objection. At the moment that

-
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ragJ l is my view.

2 MR. ELLIS: I understand, Judge .

/^^; 3 JUDGE BRENNER: It's immaterial if you
v

4 allow us to base everything on the stipulation 2,000

5 psig is the material pressure.

6 MR. ELLIS: 1 understand. Judge.

7 JUDGE BRENNER: Maybe when we value the

8 whole record and put it altogether , hopefully I'll

9 be a lot smarter about it than I am at this given

10 moment while still getting the testimony in, but for

il now th e f eel in g i s --

12 Do you recall the question?

13 DR. MC CARTHY: Yes.

rJS

(- 14 The 1670 was 6 decision we made af ter it

15 was basically a number received as input f rom TDI

16 and literature with regard to a reasonable design

17 pressure for diesel engines. We, of course, did a

18 lot of instrumenting and confirmatory tests in

19 nature af ter testing and reviewing other test data.

20 We were satisfied 1670 was a conservative assumotion

21 f or a mill.lon cycle pe ak pressure. The actual

22 numbers in our measurer.ients during tests were below

23 that. !

24 So once again , if this were as a design

25 Job for a diesel manuf acturer we would have gone

|

|
.
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w g] I with the actual engine test data which would have

2 used lower peak pressure. Given the nature and

3 3 conservativism requireo we chose a number that we
* :
'~'

4 are confident that looking at all the me asurem en ts

5 is higher than the average pressure really seen by
6 the cylinder over years or any number of cycles of

7 operation.

8 JUDGE BRENNER: Dr. Mc Car thy, maybe I

9 lost something somewhere as a result of the dialogue
10 I had with Mr. Ellis. The same answer you gave

il earlier, I_ think the que stion is -- I understand y ou

12 think that that's conservative for a f atigue

13 phenomena for many cycles.

() 14 The question is, how did you arrive at
,

15 that. What's the basis for your conclusion that

16 1670 is a conservative number to use for that
17 purpose?

18 DR. MC CARTHY Because of actual

19 measurements that were made of the engine during )
20 firing and other measurements not maae by us over |

21 the engines in the past years generally cace into

22 values substantially below that.

i23 JUDGE BRENNER: Did you read all the '

h 24 numbers and say that value looks like higher ones or

25 did you do some mathematical -- did you aoply that

1

l

|

l
I

1
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waga i magical process in drswing an average or what?

2 Anybody can answer.

''

3 DR. PISCHINGER: May I clarify something?)

4 This firing pressure which' is shown here is, of

5 course, quite usual in the diesel, as great as five

6 percent. Of course, if you do calculation , f atigue

7 calculation, whatever calculation for component.
8 this mean pressure which is quite usual in the

9 industry, then you have to look for conservative

10 calculations on this component out of other sources.

11 This has been done very rigidly in this conservative

12 model. So I think 2.5 percent should not play any

13 role with such a lot of additional safety which is

14 in the model.

15 DR. MC CARTHY: In answer to your Honor's

16 question, once again the individual who did this

17 work is not here. But my recollection when we did
i

18 this work is that we did indeed mathematically
|

'9 analyze the test results that was done jointly by

20 Stone & Webster and Failure Analysis on the engine and i

21 mathematically and electronically arrived at firing

22 pressures, saw nothing as high as 1670 in either

23 basis and accepted this number that was suggested to

24 us by TDI as their design target as conservative in

25 light of our measurements.

- -. . - - . - - -
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w::ga | JUDGE BRENNER: I'm sorry. Nothing as

2 high as 1670 and what?

3 DR. MC CARTHY: In our testings.

4 JUDGE BRENNER: Whose testing shows

5 numbers higher than 1670?

6 DR. MC CARTHY: Shoreham Nuclear Power

7 Station, not by us.

8 MR. YOUNGLItG These tests are part of

9 the pre-operational testing done on the engines as ,

10 part of the recovery eff ort af ter the cran kshaf t

11 replacemen t.

12 DR. MC CARTHY: I perhaps missanswered

13 the question with regard -- we did not -- I'm sorry.

(( ) 14 We certainly add this data, it's in the

15 exhibit book and reviewed it. As Dr. Pi schinger

16 pointed out, the difference between this and 1670

17 assumptions were extremely snell and overwhelming

18 number of these are below the 1670 number.

19 Theref ore, we did a f atigue analysis based on the

20 1670. If you go to much higher pressures, the

21 conclusions are just totally insensitive to this

22 assumption.

23 JUDGE BRENNER: Is 1720 the highest

|h 24 Individual point that was seen by anybody?

25 DR. PISCHINGER: I'm sorry?
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'rga 1 JUDGE BRENNER: Is 1720 the highest

2 individual point that was seen by anybody?
,\

() 3 DR. PISCHINGER: 100 percent. yes.

4 DR. MC CARTHY: I could calculate to

5 within -- I have never s een a higher entry that I

6 can recollect.

7 MR. YOUNGLING: For the purpose of this

8 testing, to accumulate final base line data prior to

9 the conclusion of pre-operational testing these

10 three sets of data, one for each engine with last

il pieces of data taken and that is the highest number,

12 yes..

13 JUDGE BRENNER: I wasn't limiting my,_s
( )
\' 14 question to the pre-op testing performed under your

15 supervision, though. I'm not worried about 1620

16 versus 1720. I'm talk.ing about higher numbers, 1800,

17 for example.

18 DR. MC CARTHY No. That would have had

19 implications for other analyses, not the least of

20 which is the crankshaf t.

21 JUDGE BRENNER: Dr . Mc Car t hy , te ll me

22 again what the definition of peak firing pre ssure

23 was that would permit you to record 1670 in your

# 24 . testimony under that definition rather than 1720.

25 DR. MC CARTHY: Peak firing pre ssure is

.
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waga i that peak pressure that occurs during a firing cycle

2 and that is a number. Every cycle has a pre ssure

(~') 3 that is a peak value. With every firing cycle the
v

4 Individual pressure in a cylinder is not identical.

5 It always varies a 11.ttle bit, a f ew percent.

6 Now, when you do a fatigue analysis

7 you're looking at the potential damage of millions

8 of cycles of load.

9 JUDGE BRENNER: I understand that.

10 ' MR. Mc CARTHYr The question is now to

11 choose the value that's . going to be representative

12 of the millions of cycles because in real life some.

13 are going to be higher, some lower, you're request
,.
x ,J I.4 is going to de termine the target of your f atigue

15 analysis, that's your average peak pressures in

16 other words, what you might.think is average peak

17 for a large number of cycles.

18 Not every individual cycle has a peak and

19 different value, but when doing a fatigue or

20 cumulative damage or fracture mechanics analysis

21 what is the number you're going to use as the

22 long-term damage number. That's what the 1670

23 represents, a choice we believe af ter looking at the

24 data at the high end of the peak pressures that have

25 been measured in the . testing of. this engine.

|

J
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w:ga i JUDGE BRENNER: Go ahead.

2 0. Just for clarification Dr. Mc Carthy ,

3 previously in answer to one of my questions you read,

4 some numbers from engine cylinder pressure logs

5 which you said were page 19C of Exhibit P-9 that

6 were in the 1500s. It's true, isn't it,

7 Dr. Mc Carthy, that those three pages for EDG 101,

8 102 and 103 are pressure logs with the original

9 crankshaf t isn't that co.rrect?

10 DR. MC CARTHY: I believe that is

11 co rrec t. I would have to rely on that.

12 0. Turn to the page immediately preceding

13 19C which says pre-crankshaft failure. Those
,.

(_) 14 numbers for cylinder pressures are generally lower
'

15 than the numbers following f or the post-crankshaf t

16 replacement numberst isn't that true?

17 DR. MC CARTHY: I haven't conducted a

18 statistical average. If you look on page -- on this

19 particular set, pre / post, look on page 37. Again,

20 the one appendix EDG 103, 15 00 , 1550, these are the

21 new crankshaf ts.
t

22 0. In fact. on the page that you ref erred to

23 f or EDO 103 is from 1500 for peak pre ssure in

24 cylinder number four and at 3595 KW 100 over the --

25 or 95 over the rated load up to 1680?
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waga i DR. MC CARTHY: That's correct.
.

2 0. Now, you referred in answering some of

3 Judge Brenner's questions the fact that you relied4-,

'~'
4 on the actual measurements that Fa AA took of the

5 peak firing pressure. How many cylinders did Fa AA
,

6 take actual measurements in for peak firing pressure?

7 DR. SNANGER: At the time of the test on

8 -EDG 103 in late December, early January, we had the

9 instrumented air start valve in cylinder number

10 seven and we also used the pressure gage, the,

11 external pressure gage at cylinder taps of all eight

12 cylinders to demonstrate that cylinder number seven

13 was operating properly and was representative of the

i) 14 pressures of all of the cylinders.

15 O. Were the pressures of all other cylinders i

16 1580 psi or were some of them higher at full load?

17 DR. SWANGER: I don't have that , I don' t

18 think we have that data available for you right now.

19 I think it says in our testimony wo did

20 determine that all eight of the cylinders were

21 operating within the normal selected variation that

22 Dr'. Pischinger has told us about and, therefore, the

23 data f rom number seven was in our judgment

f 24 reasonable.

25 O. What is the normal variation you're

.
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"r g l I referring to?

2 I'd like first to get Dr. Swanger to

r^ 3 answer the question because it's about his testimony.^

''

4 DR. SWANGER: There are two sources f or

'5 what's considered normal variation. First is the

6 TDI specification for the normal variation in

7 measured peak firing pressures from cylinder to
_

8 cylinder and the specification that TDI provides that

9 cylinder to cylinder variations of 200 psi in peak

10 firing pressure are considered indicative of normal

11 engine operation.

12 The other indication is as Prof essor.

13 Pischinger has calculated, and I believe that he
,r m
i _j 14 would be a be tter person to determine what those are,

15 but their origin is the cycle to cycle variation

16 within one cylinder Dr. Mc Carthy has been talking

17 about earlier and I don't have a number in my mind

18 myself for that, but I believe Dr. Pischinger would

19 have.

20 0. Well, when you said normal variation in

21 your answer to my question referring to 200 psi --

22 DR. S WANGER : No, I was not.

23 In fact, in the deposition of Paul

24 Johnston, he related the procedure that was used is

25 that many, many cycles of operation of the number
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c ga 1 seven cylinder were recorded on magnetic tape as

2 Dr. Mc Carthy testified today. The data from that

3(-] tape are electronically averaged over a large number

4 .of cycles to determine the kind of an average

5 pressure that is needed for doing fatigue analysis.

6 So the normal variation that I was

7 referring to would be the cycle to cycle variations

8 and.not 200 psi cylinder to cylinder variation,

9 which is a different type of variation.

10 Q. Did the measurement that you talked about

11 using the piezo electric transducer which was

12- referred to on page 18 in enswer 25 of your direct

13 testimony, was that reading done at an average
,

14 t emper ature?

15 DR. SWANGER: I don't understand your

16 question about average temperature.

17 'Q. Nas the transducer at an average

18 temperature?

19 DR. SWANGER: The transducer was water cooled

20 with deionized water to keep it at the proper

21 temperature for the operation to be accurate and I

22 believe Dr. Pischinger can add to that.

23 DR. PISCHINGER: Of course, the question

0L J 24 is which transducers, reference AVL, watts
ss

25 transducer or air cooled transducer on the cocks.

. _ . . . _ - . - _ _ . _ . __ . _ - _ - . .-_- .- . . - . _ _ - . - _ - _ - _ . . - _ - _ , _ - .
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w ga 1 0. I am speaking about the piezo electric

2 transducer that is ref erred to in the an swer to

(' 3 question 25 on page 18.

4 MR. PISCHINGER: The cooling provides f or

3 environment which provides -- which prevents

6 shif ting of the properties of this transducer.

7 We have wide experience in this r ange.

8 Even if you change cooling temperatures from 20 or

9 30 degrees centigrade it would be no influence on
.

10 the reading of the transducer and my colleague who

11 was present, of course , is accustomed to watch that the

12 cooling temperatures stays the same. So f rom this

13 source there will be no deviation expected.

14 Q. At the top of page hP of your testimony -

15 is ref erenced to measurements that were taken

16 simultaneously at the pre.ssure cocks which I think

17 Dr. Swanger had testified to earlier.

18 MR. DYNNER: Judge Brenner, this is one

19 of the documents that is giving these measurements

20 that were simultaneously taken that we had requested

21 LILCO to produce which they've ref used to produce.

22- I don't know. I would hold this back until

23 particularly each relevant 1.ssue came up. This is

24 one of the documents that we had asked for.

25 JUDGE BRENNER: Ask the question you want

.



3990 01

r :ga 1 to ask about it and give them the ooportunity.

2 MR. DYNNER: I previously asked Dr.

3 Swanger what those measurements were and he said,s

N.)
4 there was documentation but that he did not recall.
5 Is that correct, Dr. Swanger?

6 DR. SWANGER : As I testified earlier,

7 this data was taken as part of the dynamic strain

8 gage testing of the crankshaf t and would be included

9 in the documentation associated with the testing of

10 the crankshaf t. However, I think it is important to

11 point out that FaAA did not rely on these

12 measurements of peak pre ssure to do the piston.

'

13 analysis.

() 14 We offered at this time merely as an

15 additional confirmation that the peak pressure that

16 we used was a reasonable peak pressure for the

17 analysis. We have independent sources outside of

18 the data taken during the crankshaft testing, the

19 TDI factory logs and the LILCO startup records for

20 what the ' actual peak pressures were in three diesel

21 generators used at Shoreham. Those numbers can be

22 used to substantiate the piston analysis.
'

23 0. No ll, Dr. Swanger, you tes tified

( T2-
<

'

/ 24 previously that the piezo electric transducer that
.

25 *1ed to the real pressure versus crank chart that we

,

t



r

9990 01 22089

wa ge I had looked at earlier which we asked you about,

2 Exhibit P-5, was confirmed by these other

'3 me asuremen ts. We don't know what those measurements(~)v
4 are, that's why I'm asking if you can either

5 specifically identif y what were the measurements

6 taken on- each cylinder at the pressure cock using
'

7 the Kiene gage to measure the cylinder firing

8 pressure and if you don't have that information in

9 .your head we'd like to see the documents that give
,

10 that information,

il MR. ELLIS: Judge Brenner, I think that's

12 an incorrect characterization of the testimony.

13 I've also reviewed Mr. Dynner's le tter, that is- not
fm
(j 14 the f act what he asked for. He asked for the

15 documents that were used to develop P-5. He did not

16 ask for the other.

17 JUDGE BRENNER 8 I'm going to have to wait

18 until I have the request in front of me then. Since

19 this is a dispute as to what was requested, let

20 alone what's ressonable, and I can't get you to

21 agree on what day of the waek it is.

22 Let me ask some thing of the witnesses.
'

23 l'm looking at the same question and answer, 27, Mr.

' ( }/ 24 Dynner just referred to, and it relates to the
a,

25 information that the engine was 35n0 KW and full set

!

- - - - - - _ _ _ _ _ _ _ _ - _ _ - - . _ _ ~
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w:g] 1 of firing pressures was taken at each of the eight

2 cyllnders using a Kiene gage, next sentence says

(] 3 Exhibit P-5 includes the peak firing pressures
R>

4 measured before and af ter the crankshaf t

5 replacement. In f act Exhibit P-5 did not include

6 those pressures, does it?

7 DR. HARRIS: Yes, it does

8 DR. MC CARTHY Pages we're been using

9 of discu,ssing have pressures on them.
10 JUDGE BRENNER: I know.

Il MR. YOUNGLING s 3-9 are the log sheets

12 that are ref erenced in the answer to 27, question 27.

13 Also, if memory serves me correctly of
,r3
icsj 14 the discovery with the County, I believe we agreed-

15 to give the County the results of testing and --

16 JUDGE BRENNER: I don't want to get into

17 that. I'm trying to understand what is suppose to

18 be in exhibit P-9 as at least stated in answer 27.

19 It says full set of firing pressures. Was that the

20 full set P-9 measured by the Kiene gage.

21 DR. YOUNGLING: Yes, it is. Th er e is one

22 firing pressure associated with each of the eight

23 cylinders taken at a specific load on the engine.

24 JUDGE BRENNER: One cycle? Is that the

25 peak f or all cycles?

_ _ _
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''wegn' I DR. YOUNGLI NG : That is the peak firing

* 2 pressure measured while the engine is running. The
.

w (m, 3 man has the gage on the engine and he is reading the
G

4# ' prassura''and :the pressure will peak and he is taking,

' 5 that average peak firing pressure for that
>

,

6 particular cylinder because he's got the gage on
~

7 there;and seen many, many cycles actually.
8 JUDGE BRENNER: But tha t's the peak

9 pressure only of the cycles that occurred while the

I10 man had the gage there t is that it?

[ .11 DR. YOUNGLING: On that cylinder, yes.
,

'

12 JUDGE BRENNER: All right. I anderstand
,

13 what you mean -better by full set of firing pre ssures.
f'n
(,j 14 Thank you.

'

15 MR. YOUNGLING: Also it I could comment

16 on the testing.'

17 I believe under the discovery we did
sa

jf 18 provide the County the results of strain gage tests,

19 both before and af ter crankshaf t f ailures. They'

I 20 should have the data referenced in the answer to

21- question number 25.
!

Z2 JUDGE BRENNER: All right. On that point

23 let me suggest you get together with your counsel in
,

1/ 24 case we have to hear about this again. You can
m

[ 25 remind them as to what was turned over on discovery.

!

I

!

!.

<
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wiga- I MR. DYNNER: To clarity, Judge Brenner,
,

.s .

2 if I may with the witness?
,,

i#] 3 Q. Mr. Young 11ng, the Kiene gagey.
4 measurements that are referencee5 in your answer

5. number 25 on top- of page 19 are different from the

6 Kiene gage measurements. referenced in answer 27 at "

7 the top of page 20s. isn't that correct?

8 MR. ELLIS: Judge Brenner. I would point.

9 .out that it is not Wr. Youngling's answer, it's Dr.

10 Swanger's answer.
~ t

.11 JUDGE BRENNER: Mr. Youngling just

12 referred to the previous answer 25, though, and
.

t
13 helping you out in your discovery dispute which may

.O ~

NsJ 14 or may not come. I can't believe that two parties

15 , . cannot work out this dispute. It is going to be

16 time lost talking about the dispute, let alone the

17 risk of time lost if we rule against you, Mr. Ellis.

18 MR. ELLIS: I agree.

19 JUDGE BRENNER: Stop here.

20 MR. ELLIS: I would like to point out
i

21 that the dispute came two working days bef ore this

L . 22 . hearing started.

23 ' JUDGE BRENNER : Talking about t aking it
3

! -- /N

-24 f orward f rom this point on. I said not one word

25 about the fact that it was -- had it been resolved I

I

|
,

.w-, r-- .n- - -e~ , - - - - - - , , . , - - , , , - - , , , , .c-- - - , . , . .rm---,-,---,,.c--,.,,,.-r,,-.-,,mww.,e, ,,-----,,,--,-r. . - - - , - , -
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wnga I wouldn't have said one word it was resolved at the

2 last minute. My comment is it's unresolved.

3 MR. ELLIS: We are going to review that.(m)v
4 case this evening and review the request.

5 > JUDGE BRENNER: All right.

6 I haven't read the case recently myself.

7 Af ter you come up with a sterling argument , if

8 that's necessary , I hope it's not necessary, I want

9 you to work it outt but otherwise, I'll maybe have

10 to reread the case myself.

.31 MR. ELLIS: I understand, Judge.

12 JUDGE BRENNER: I will tell you right now,.

13 my recollection of the case is in that case the<

,,

(s ) 14 cross-examiner asked for the documents for the first!

| 15 time during cross-examination as opposed to in

g 16 advance of the trial and nevertheless the appeal
,

t
-

| 17 board went through a balancing test.

18 MR. ELLIS: They did and I'm not sure he
_,

19 got the documents.

20 JUDGE BRENNER He di dn 't get t he '

f 21 - documents, I'll tell you that.

22 MR. ELLIS: I think the problem was the

23 witness couldn't answer. That's a li ttl e di ff erent.

. ,
. .

) 24 JUDGE BRENNB7: That's why I reminded you

25 about it again. We were talking about delay in the

._ _ . . . _ _ _ _ _ - _ _ . __ . _ _ . . . . _ . . . - _ . _ . _ . . _ _ _ . . _ - , _ _ _ _ _ _ _ . . . _ _
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waga 1 case as opposed to advanced notice and talking about

2 a large computer run in one case. I think you can .

3 put it together. I don't have the list of documents
(~)3

-

y
4 requested. I may agree all of Mr. Dynner's requests

5 are unreasonable and given what haopened, but I'd

6 rather you work it out instead of having to depend

7 upon a ruling from us that maybe none of you will

8 like.

9 You will have to go back to -- we'.11 get

10 to the pending question, allow the question of any

.11 witne ss, either Mr. Youngling or Dr. Swanger or

12 anyone. The question is, whether the test referred

13 to in answer 25 is the same as ref erred to in answer
c,

(,} i 14 27

15 DR. YOUNGLING: They are diff erent data.

16 JUDGE BRENNER: You wan t to break now,

17 Mr. Dynner, or do you have some questions you like

18 to ask before we adjourn?

19 MR. DY.NNER: I think we can break now.

" 20 JUDGE BRENNER : All right.

21 Let me give you some advance notice as to

22 scheduling considerations beyond what we've already

23 told you in written orders.

k 24 If this hearing is sti.11 going on by the

25 week of Oc tober 8th, we will not have a he aring

-__ _
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waga i session that week based on the way things stand now.

2 If there's a change, we'll, of course, tell you
'

3 sufficiently in advance of that week. But as of now,)
Yj

4 you can operate on the assumptlon that there will

5 not be a hearing that week. Don't ta ke that as an

6 absolute , however. If there's a change, we'll let

7 you know.

8 We also in response to repeated requests

9 during the conference call or at least one request

10 during a conf erence call, rea.11y it was the subject

.11 of a lot of conversations between counsel and among

12 the parties, as to when we would adjourn on the last

!!3 day of each week. The general plan to adjourn was

(d 14 at 12:45 p.m. on the last day of a hearing se ssion

15 for any given week. For most weeks that's Thursday.'

16 For at least one week, that's going to be Wednesday.

17 I emphasize that general plan circumstances may

18 cause us to change that on short notice.

19 As of now it's a general plan. I f we

20 change it on longer, notice, of course, we will have

21 the decent courtesy to let you know. As s oon as we

22 know you'.11 know if there's a change.

23 MR. ELLIS: Judge Bre nner , does the Board

f 24 have -- perhaps Mr. Dynner has some sense of when we

25 might get the crankshaf ts. We have a number of
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waga I wi tnes se s coming. I know it may not be possible to

2 know now given you have cross plans and we co l't --
^

(1 3 we've had a day now. Some sense of when that might
v

4 occur?

5 JUDGE BRENNER: Ask Mr. Dynner on the

6 record early tomorrow and ask Mr. Dynner to discuss

7 it with the other parties off the record before we

8 go on the record tomorrow. You've heard me on the

9 record as to comments about how unhelpful the cross ,

10 plan has been to me in terms of estimating the pace.

.11 When I put' It altogether I may be able to -

12 it may have been unf air, I wasn't able to adjust as

13 Mr. Dynner did go into a different part of his cross

(w.j 14 plan. When you jumped to the other part I thought

15 it was for a question and jump back. Sometimes he

16 stayed in the other part, sometimes he didn't. So I

17 couldn't tell. Sometimes the questions were in no

18 part.

19 So we're going to ask you f or a time

20 e s tima te . The case is going to have to improve.

21 You know what I'm talking about. Not the speed with

22 which questions are asked, but the pace at which

23 we'll get useful information per unit of time as a,3

k 24 result of the cross-examination.

- 25 MR. DYNNER: Pace of the answers, isn't
|
|

l

.-
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waga i that what you me ant?

2 JUDGE BRENNER : I g ave yo.u my lec ture .

(' 3 You got the answer you deserved to one of your

4 questions.

5 All right. We'll adjourn until 9 o' clock

6 tomorrow morning.

7 ( Adjourned at 5:03 p.m. )
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