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A It may be cne of them. I dca't knrow.

3 Do you consider yourself an expert or
qualified in the mechanics cf finite dynamics?

A Finite dynamics. Yo, I seldem work in that
area.

Q Whe did ycu talk to at ANAFET?

A Gordon lLaxell, and the other name escapes me
at the mcment, but he is the Fresident cf ANANET.

Q pDid you chserve any shot peening of any of the
components of parts that you observed at the TDI
facility?

L] No, I sav no shot peening operation, nor did I
see, thcugh necessarily you wouldn't ke able =0
recognize it without careful inspection, any shot-genned
parts.,

Q Ycu don‘*t kncw whether c¢r not they dc¢ in fact

have 3 shot peening capability, process or facility at

T01?

A I 414 not see one. It ias nect inspected.

p| Now, did Schacvgi focus solely on connecting
rods?

A The bearings, yes.

ALDERSON REPORTING COMPANY ., INC.
20 F ST, N.W, WASHINGTON, D.C. 20001 (202) 628-5300
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1 Eley 166
2 Q. Is that the only -~ is what you have

3 read ibout the Holzer method in the FaAA report,

K again, the only knowledge you have about the

5 Holzer method?

6 A. That is correct.

7 Q. Do you know anything, Mr. Eley, about

8 finite element analysis?

9 A. I do not.

10 Q. Have you read anything about the finite
11 element analysis?

12 A. I have read the finite element analysis
13 reports.,

14 Q. Where did you read that, sirc?

15 A, In various reports that are being made
16 available to me.

17 Q. Do you understand finite element analysis?
18 A. I would not have the capability of

19 completing a finite element analysis myself.

20 Q. Why is that, sir?

21 A. I do not have that capability. 1 have
22 not done this task before.

213 Q. Is it because you have some limitation
24 in mathematics or physics or solid mechanics or -~
25 A. I don't ==~
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Eley 167
That makes that impossible?

1 don't really know. I have not

investigated it. [ have not researched it far

enough.

Q.

You are not saying you couldn't do it

if you spent the time to research it?

A.
Q.
A.

Q.

That's right.
You are saying you just can't do it today?
That's right.

Because you don't have a full

understanding of it?

A.
Q.
A.
Q.
A.
Q.
A.

Q.

That's correct.

Do you know what a torsiograph is?
Yes.

Have you ever seen a torsiograph?
Yes.

What is it?

Things that measure torsion,.

Have you ever had occasion to do a

torsiograph yourself?

A.
Q.
someone

A.

I have not done one myself.
Did you ever have occasion to have
do one for you?

! have seen the results of torsiograph
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duly svorn by SUSAN HARRIS, a Notary Public in and fecr
the District of Columbia, and the proceedings being
taken down by Stenomask by SUSAN HARRIS, and transcribed

under her direction.
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defect;, based cn a report?

A In general, that would be the case. FEut also
vorking with Dr. Anderscn tc analyze the various service
regperts.

Q What qualifications do you have in terms of
casting? Have you ever worked in a foundry?

) o, I have nct.

Q Have you ever studied the foundry process, the

casting prccess?

A No.

Q Co you have any background in metalurgy?

A I've taken ccurses in metalurgy?

) Do you have a degree in metalurgy? ’

A Ne, I don't.

Q A bachelor's degree in metalurgy?

A No.

Q We have identified tvo areas in wvhich you have

-= I'm not going tc use the words “"preliminary opinien®
every rore, because every time I ask ycu that ycu say

it's not really a preliminary cpinion == but areas that
you're going to examine further. Ycu indicated one vas

the DRQR and the second vas the manufacturing process.

ALDERSON REPORTING COMPANY, INC.



1 A I don't have an cginicn on that.
2 Q Do you know how to do a finite element
3  analysis, Mr. Hubbard?
4 a No.
s 3 I'd 1ike you to look at page 5-8 of the
8 repert, please. Secticn 5-3 discusses fatigue crack
7 growth analysis. The first paragraph in Section in 5-3,
8 in the middle of the paragraph s*tates, "The presence of
9 a crack in the piston skirt does not necessarily lead tc
0 ynsatisfactory performance of the piston because the
" jnitated cracks may not grcwe Even if they do grew,
12 +hey may arrest as they grow out the localized region of
high stress. The tehavior cf any cracks that do nct
initiate can be analyzed by use of" -- I'm sorry == "The
behavior of any cracks that do initiate can be analyzed
by use cf fracture mechanics principles.”
Do you agree with the statements that I just

read, sir? And ve can take them cone by one if you wvant.

A Well, ve ought to go through them one by one.
I would agree that the cracks may not grow. You have to
get into a time period and in an envircnment and lcts of

other things, and really, you know, what caused tlhe
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cracks:, vwhether they are 2 manufacturing defect or as a
result of operation. S¢ the wecrd "may"” there, ycu know,
it*s conceivable that they might not grow. They alsc
may step groving. The "may" there is also true. That
may happen. It alsc may nct hagpen, and again, it has
to do, you know, with all the things I mentiocned before,

vhat caused the cracks initially.

Q Are you familiar with fracture mechanics?
A No. I would rely on Dte. Anderson for that.
Q So then you would not be prepared to comment

on a zonclusion that vas reached in this report based on
the application of fractuve mochanics anralysis?

4 Yes. Other than that the behavior of any
cracks -- I mean it seems to me that it is an infinite
numter of types of cracks and locations, so one of the
firet questions I would have of Dr. Anderson is is it
true that this analysis would really gc to any cracks or
just some cracks.

9 Mr. Pubbard, have you done any work on push
rods that are in the TCI emergency diesel generators at
Shorehan?

A Nc, other than the general cathering of field
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\
1 torsiographs in connection witn your analysis of
2 replacement crankshafts?
3 A. I did look at them, yes.
4 Q. Do you recall what you determined, if anything,
5 from looking at them?
o A. o, I just looked at them. It was some time
7 ago now since 1 looked at them and as I had come up with
3 these values and as they lLiad shown what they had come up
9 with later on, I didn't take that thing any further. I
10 can't cxactly say how I would view that now pecause I am
11 3oing back now to the early Jdays of the receipt of the
12 first report or second report on the crankshafe.
13 Je Did you bave occasion, Professor Chriastensen,
14 to review tae FaAA finite element analysis of the
13 tegiacement crankshafts?
io A I dia look at that, yes.
i7 o I what if anything, sir, did you Jdetermine after
ly yod haed loucked at that?
12 A e will, I will be quite frank. I w~ent back to
20 @y textdooks on finite element aunalysis bLecause it is not
2l an area in which I would consider nmysclf as an exjpert,
22 not in any way.
23 Q. When you went Lack to ycur texthrooks on finite
24 element analysis ~erec you aple to jgain an understanding
29 SO that you could analyze the methodology ==
26 A. Yes.
27 Qe Let me finish the juestion.
2 A I thought you had finished,

TOOKER & AWTZ o8l Market Street San Pruncisco 94105 415/392-06S0




‘ 1 MR. DYNNER: The record should show Professor
2 Chzistensen is not attempting to interupt but because of
3 the phraseclogy of the questions from time to time it's
4 difficult to tell whether Mr. Stroupe has finished
3 phrasing the juestion.

6 MR. STROUPE: Thank you.
7 If Professor Christensen would give me ten
8 secondg or 30 after I start a question I don't think we
9 #will nave that roblem,
10 MR. DYNNER: There is, of course, no inteation
11 nere to interrupt youw, Adr, Stroupe, and it's important
12 that De on the transcript LDecause someone reading the
13 transcript cannot listen to the phrasing of yocur
L4 questions.
15 4R. STROUPE: Let me see if I can repeat the
le juestion.
17 . I Professor Christensen, after going pack to your
13 textbooks on finite element analysis, were you able to
19 331a an understanding «s to the methodology utilized by
2Q faAA in applying finite element analysis to replacement
21 cranxshafts?
22 A. Yes. I wondered -- we will, the first thing we
23 had in the book == I can't guote the book but it's from
24 the dcGraw Hill Engineers' Section, libraty books on
23 engineering, Mecnanical Engineering Series, I think the
20 first thing that nit ae there was finite == I'a not
27 condemning finite clement analysis en I say this,
28 please let me get that straigant.

TOOKRER & ANI3 681 Market Street San °Pranclisco 04105 415/392-0650
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; i Pirst thing it said there was it was an art and

2 not a science, and this is obvious to any engineer

3 because the locations of the various points around the

4 system would require a considerable amount of knowledge

5 to locate correctly.

6 The next thing I would comment on would be that
7 if you are using a standard computer program for this

3 analysis, tnea you would have to sce that the dimensions
9 of tne crankshaft coincided with the basic parts on what
iy tnat computer program was oased on. This is relative to
11 312e.

12 The aext thing that would be reguired (s a

13 \ncwledge of the various stresses that a crankshaft is

14 d4D)ected o Jduriny its 720 degrees of rotation., As I
15 mentioned earlier, I'm not an expert on finite element
ilv analysis, chree dirmensional finite clement analysis, but
% I tuink I xnow enougn of it to be very cautiocusz in its

1g usage., And Jiere I would comment further is it could be
13 an ideal thing perhaps to be used as a conmparitive, but
0 not something to be used to find the definite figure for
21 a streas value.
22 Q. Do you recall, Professor Christensen, the title
23 of the publications, or {f they ~ere in fact plural in
24 number, the publications that you looked at to gain an
25 understanding of finite element analysis?

26 A I again ==

217 MR. DYNNER: Let's not characterize his
28 testimony. It wasn't to jain an underscanding, was it?

TOOKER & ANTZ 681 Market Street San Jrancisco 94105 415/392-0650
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'
1 If you vant to ask him which books he was referring to,
2 if he remembers the title, fine. Let's not characterize
3 incorrectly hie testimony.

+ MR. STROUPE: I did not mean to characterize

5 your testimony. Mr. Dynner obviously has a photographic
6 memory. S50 [ do the best I can based on the memory I

7 have.

8 MR. DYNNER: Thank you.

9 R, STROU2E: Anc I will ask the questions

10 based on tne werory that I have and not !Ar. Dynner's

il menory.

12 o e And I will ask you if you can recall cthe nane
13 Of thOoGe textDOoOKs.
14 A. I think the name of tnhe series was McGraw Hill
15 lecnanical Zngineers' Series of boocks. We might call

15 then textuooks uvecause toat i1s virtually what they are.
17 The name of the book within the series, I think, was

138 Introduction to Pinite Elemeant Analysis. The preface of
19 the bouk, which is tue reason that I bcught the book, (it
29 i not a mnethodology to oe able to carcy out a finite

21 elenent analysis ol calculations, it is a book which is
22 more or legs telling you tne ways and vaerefores of it,
23 as the book says in the introduction.

24 I wanted this to review certain ideas that I
25 had aoout this from reading stuff eariier in tecnnical
26 Journais, macthematical journals and various gplace where
27 one acquires knowledge. HMHere I had wost of the things
23 together in one book, that is why I went to that book.

TOOKER & ANTZ 631 Macrket Street San francisco 94105 415/392-0650 ‘
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2. De you know the author of that book, ?rofessor
Christensen?
MR. DYNNER: Personally?

MR. STROUPE: No.

Q. Sicr, are you acquainted witn his name?

MR. DYNNBR: Thank you.

THE WITNESS: I'm not acquainted with anybody's
name. 1 cannot remember the name of the man, but I will
certainly give it to the lawyer here Lf you cesire me to
give it to hizm.

MR. STROUPE: Q. Do you recall, Professor

Christensen, the year of publication of that book?

A. It's a very, very recent publication. I

couldn't give you the exact year. I think finite element
analysis has only oeen out cver the last ten or 15 years,
and ther it was only used in very limited areas in the
first instances.

Q. Did you have occasion, P2rofessor Christensen,

to, in reviewing the FeAA report, tc compare the finite

element analysis of tocsional stress upon the crankshaft
4ith the experimentally obtained uata?

A. I don't guite understand your Juestion. I':
30Ky,

Qe Do you recall, Professor Christensen, a
teference in the FaAA report to strain gauge testing of
the replacement crankshafts?

A. I remenber reading about the strain gauqge

testing, yes.

TOOKER & ANTZ 681 Market Street San Francisco 94105 415/392-0650




1 Jde DO you recall having aade any comparison
2 betweea the results produced by the strain gauge testing,
3 €.9., experimental testing as opposed to the figures
. obtained through the ise of finite eclement analysis?
5 A. Yes. There was some inaccuracy there, I
6 oelieve, because Lif my memory serves me correctly there
7 was a correlation factor used which I thought introduced
8 some further douot about one or the other sets of figures.
9 Wnat tne correlation factor was, I cannot remember now.
19 I got a feeling it was in the order of maybe seven
11 percent, but again, I am using my memory which may be
12 playing tricks with me.
L3 MR. STROUPE: Let's take a break.
14 (snort break froa 5:00 until 5:20.)
15 {{R. STROUPE: Q. Professor Christensen, are
16 sjou aware cf any requirement tnat the Nuclear Regulatory
17 Comaission has wihich says that either Lloyd's rules,
id ABS's rules or DEMA's rules have to be complied with?
1) A I am not aware of anycning in their rules that
20 says that.
21 Q. Are you generally familiar with the NRC
22 regulactions as they apply to emergency Jdiescl generators
23 in nuclear service?
24 A. I won't say I know those regulations Jowpr to
25 the last cross on the *T" and dot on the "I,® but I think
26 I have a broad idea of them. One of the things that I
27 have noted is that most of those regulations are directed
28 to safety, and I thougat that they were 300d regulations

TOOKER & ANTZ 681 Market Street San Ffrancisco 94105 415/352-0650
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Q What type of work did you do for them?

A In the past, ! have worked in thc nuclear arua,
principally availability of uranium. JSome probleng on

.
extraction of uranium. New techniques for extraction of
uraniunm.

Q Extraction of material is vyour principal exuertise
in the field of metallurgy, 1isn't it?

A Chemical, temperature, chemical thermodvnanics of
metals.

4 WWere any of these publications that you list in vour
Exhibit 3 submitted for review vrior to publication or were
they just sent to particulas magazines?

A ‘iost of those that arc there were sent for nr-fes-
sional review and were accepted.

Al vhat elsc hac you done in ¢ranection with the diesel

jenerators at Shorcham nrior to the ond of 1933 that you

haven't already told me about?

-
3

I can't think of anything else.

, Eow did 1984 start out?

b It was a good vear. I yot an iavitation t0 4o £o
India and work on the Taj ‘‘ahal. And then carme bacx and

I had rnore boxes of material on this casc to read.

"o

when dida yuu cone back?

A Toward the end of February.

L

Okay. And you received this material from either
Mr. Dynner or Mr. Miller?
A or Mr. Scheidt.

Q ilave you reviewed all that nmatevial?
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received, approximately July 19th, do you know how many hours
you spent review.ng that package?

You said you received it in Hawaii?

A &ll, I did.

Again, without the notes that I have made, I may not be
exact, but it would be on the order of three or four hours.

Q@ And with respect to the final package of documents

15

that you received from Mr., Avery, can you just estimate how much

time you spent on that?

A Okay. Now this presumes that I have only -- I only
stay with the documents once and never reread them, or refresh
my memory, so that I would say on the package I received from
Mr. Avery, I believe there was about two, two and a half hours
in that package, in the initial reading.

Q@ Professor, would you consider yourself an expert in
foundry practices?

No.
Have you ever been employed by a foundry?

No.

A
e
A
Q Have you ever done any consulting work for a foundry?
A Yes,
@ And could you describe that work, please?
A Well, let's see.

There was one business that had a small casting
operation -- I mean small compared to what you have. I believe
they were in bhelt buckles, and I straightened up their

procedures, developed mold washes, and extended the life of the

molds that twney were using.

1533 Pine Street. San Francisco. CA 94109
Telephone (415) 928-8001
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I have had -- let's see -- I have had a number of
casting problems, and it's not clear to me that I was working
for the plaintiff or the defendant in those cases.

If it was the plaintiff, I was clearly working for the
company as a consultant.,

I can recall one -- there's a neat little casting firm
back East that makes the Harley-Davidson handles -- brake
handles -~ and they had a problem, and one of them broke, and
when it breaks, there's no way you can put a brake on, and it
was a fatal accident, and I had to go through their casting
procedures and characterize what they were doing compared to
all the other motorcycle castings that are currently on the
market, and that was for the manufacturar.

(Mr. Pratt entered the deposit.on room.]

MR. EARLEY: Q So let me review.

You have done consulting work for a foundry that dealt
in small castings, and you have indicated that you have been
involved in a number of casting problems.

Could you estimate the number of times you have had =--
given consulting services dealing with casting problems?

A. That's difficult,

I would say I have had over 500 cases, independently
consulting for corporations, and I just don't keep track of it.

There have been a number of casting problems.

There have been some spring hangers on trucks, White
Truck == Trucking Company =-- there was some failures there that
I had to look at, and examine the casting procedures.

@ Well, would you estimate that it is more or less than

16

1533 Pine Sireet. San Francisco. CA 94109
Telephone (415) 328-8001
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17
10 percent of those 500 cases?

A You must be reading my mind.

I was going to say it would probably, if I had to make an
estimate, éot going back through my files, 10 percent might be
reasonable of the 10 percent of the metallurgical consulting
work associated with the casting failures.

This would be ferrous base and nonferrous, too.

Q@ So have you dealt with casting problems relating to
steel castings?

A Yes.

Q Have yocu ever dealt with a case involving steel
castings of cylinder heads?

A. As represented in this case here?

Q@ This case is the limit of your experience in dealing
with steel casting -- steel cylinder heads?

AL No. I can't recall any similar case.

MR. DYNNER: Off the record.

[Discussion off the record.]

MR. EARLEY: (Q Professor, have you ever conducted a

failure analysis?

A, Failure analysis?

Q Yes.

A Yes, I have -- lots of them.

0 And have you conducted failure analysis on a steel
casting?

A Yes,

Q@ Can you estimate how many failure analyses on steel

castings you have performed?
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A Well, let's see.

If I had about 500 metallurgical cases, roughly 10
percent, my most honest guess, were castings, and if you'll
look at the market, most of the castings are, I'm afraid,
nonferrous, that have problems.

Ferrous is fairly reliable.

I would say that I would have to say -- I would say about
a third of those castings would be of ferrous material.

Q@ Do you remember the precise subject matter of any of
that -- the number of steel casting failure analyses you have
done?

A I can tell you wonderful war stories ==

@ Just == due to the lateness of the hour, can you give
me a list of those you can remember?

A I can remember Bigfoot. [phonetic]

I think I had developed a hernia carrying that casting
around.

There was a truck that was working, I believe it was a
logging truck, and it was working up in the hills, and apparently
went out of control.

It was a brake failure or something. The driver said his
brakes didn't work, but this big truck went out of control, and
I believe hit another car, innocent car, and big truck, small
car. Small car had severe injuries.

There was a failure in a very large casting associated
with the rear end of that vehicle, and there was a question,
because of its location so close to the stress point.

In other words, there is curvature problems ==
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Q If I could -- if you could just give me a list, for

example, a large casting in the rear of the truck, so we can
expedite == can you recall the -- just the general subject
without géing into the description of any others?

A Okay. There has been some -- there is a cast part
which is associated with spring hangers on large trucks, and
that failed, dropped the truck down so it went out of control,
went across the road, killed somebody.

That was ferrous base.

There has been some really -- and I believe those are
the two most recent. I just can't recall.

I do extensive aircraft, automobile investigation, and
also some nonmetallic investigation, like breast implants.

Q@ Professor, have you -- are you familiar with hot tears
in a casting?

A Yes.

Q Have you ever seen a hot tear?

A Yes.

Q@ Would it be fair to say that someone who is familiar
with hot tears and has seen a number of hot tears can recognize
a hot tear in a casting when they see one?

A Yes. I think that's a fair statement, as long =-- in
order to keep it totally fair. we say that it's a clean -- it's
close to == it has been used, in other words, it's close to the
time of manufacture, so that there is nothing obscuring the
surface.

No corrosion products, no debris of any type. If it's

on the casting floor, then certainly you should have a clear
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