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ind ica ted.

o 487%?

BITNESS WOYTCWICH: Yes.

I den*t have a calculatcr tc ccnvert
that ¢ kilcwatts for youe.

c That is all right.

I refer you tc 34.3.Z of the rules, 1¢84
rules. What is meant ty the first phrase cf that firse
sertence ir theée cvaragragh, that the design eguaticrs
don 't take intc ccnsideraticn the pessibility cf
darcercus tccsional vitraticn stresses?

Which decign egraticns dces the phrase

WITNESS CIUFERE: Fcr example, the racsic
crankshaf+s diameter formula, 34.17.1. That would
assumé trat “*he stress values ace lcwer than thcse
appearing in the later table or the fcrmulas in tne
1684 rules.

€0 +hat you sculd-=-ycu wculd aggrcve the
design with that ccnsideration. If the stress va.
are higher, we have tc g¢ irtc a further detail in ccT

review of the design.

ALDERSON REPORTING COMPANY, INC.
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(o In this case, were the tcresicrnal
vibrat ion stresces higher than those indicated in the
taktle?

WITNESS GIUOFEFA: Yes.
Q They were higher?
BITNESS SCYICHRICH: Yese.

C Did the existence of thcse values as
peing higher than this allcwable limit cr limits Rave
any effect on vyour gricr calculations as to whether tne
design equatisns had been zet fcr thkis crarkshafe?

WITNESS GIUFFRA: Gh;n we ccrsidered the
vitraticr aralysis itself, as part cf trat
consideraticn, on the acceptability fcr marine service,
we went back and re-examined the crankshaft for that
pacticular applicaticn cr irpstallaticn.

Q Were thcse higher vibratery st:essés?

WITNESS GIUFEEA: Yecs.

> What vere yvycur conclusicns?

WITNESS CICUCFEER: We fcund them tc t

acceptatle, in conjunction with the total suktmittal.
Tctal sutmittal cf Celaval.

> What 4o ycu mean?

ALDERSON REPORTING COMPANY, INC.
20 F ST. N.W., WASHINGTON, D.C. 20001 (202) 628-9300



10

1"

12

13

14

15

16

17

18

19

21

WITNESS CIUFERR: Well, it means that ve
vent back and did scme additiomal calculaticns. We
reviewed their strain-gauge meacsurements as well acs
torsicgraph measurements and locked a+t the service
deccumerntaticn they had giver tc us, which is availatle
here.

We used those in conjuncticn with cur
cwe check calculaticns tc determine that it was
acceptable for a mar--for a nen-marine calculaticn.

C Are thcse contained in Exhikit Noc. 27

WITNESS WCYTCWICH: VYes.

Q Can you poizt thcse cut to re?

WITNESS WCYTCWICH: First page cf
Exhidit 3 is a--I have it as ¢he £irst page. [c ycu
have that?

| c No.
| RITBESS WCYTCWICE: All zight. You

start at *he frent. T will state tha% %he first thing

"

ve have here i: a check cf the raticpal freguercy
calculations discussed this morning.
Q All cight.

RITMNESS WCYTCWICH:s Fcllcwing that,

ALDERSON REFORTING COMPANY, INC.
20 F ST. N.W., WASHINGTON, D.C. 20001 (202) 628-9300
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there it the discussicr ¢r the check calculaticns
pertaining tc the tcrsicnal vilration stress levels.
(8] Are those the handwritten cr typed cnes?

BITNESS WOYTCWICH: Handwritten. We
cevered this morning as far as sheet §c. 3 cf =ix. I
asstme ycu will want tc come back later tc the
remainder of that.

Thern, after the handwricter calctlaticn
that is mark2d4 "Sheet £ ¢f €," there are twC pages
which ccnsist cr three pages which censist cf cories of
calculater grintouts. Thecse were the cafety facticr
calculaticns which we made accerding tc our meodified
version ¢f the CIMAC draft rethcd.

Then, £ollowing thate-

c I£ I can stog ycu there, vhat is "S1%?
A Systemr Internaticnal, intecnaticnal
system cf units.

Fcllcwing that, there shculd te scre--a
sheet indicating safecy factcrs., We calculated the
safety factcrs in several ways. ©we tezan with the
fatigue stress, which we cttained from the calculatcr

printout marked “"Sheet 3 c¢f 3" Dy RJD/=TH .

ALDFRSON REPORTING COMPANY, INC.
20 F ST, NW., WASHINGTON, D.C. 20001 (202) 628-9300
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There is a--the fcurth grintout line tp
£rop the bo*tom gives the stress in Newton's per square
millimeter, converted tc psi.

g What is that figure?
WITHESS WOYTCSICH:s 29,940 rsi.

Q Belating tc what?

WITSESS WCYTCHICH: 1That relates tc tre
equiva lent cemiinad alternating stresc ty Ven Ness'

thecry .

Going back tc the handwritten sheet, ve

ccrpgared that stress against ezch 0of +re three fa*tigue

D

streng th value:z, which we had tc consider. Cne wags th
result cf the theoretical fcramula prepcsed ty CIMAC.

That indicated 2 safety factcr cf
1.105. Then ve compared i+ tc the fatigue strength
valuve which TDI Indicated was derived frcr tests cr the
failed é:ankshaft, withcut shct peening.

And the safety factecr was fcund tc te
1.2C9.

Then we concluded the 2C percent extra
streng*h which they claimed for shet peening, and trac

increa sed safety factor %o 1.57.

ALDERSON REPORTING COMPANY, INC.
20 F ST, N.W., WASHINGTON, D.C. 20001 (202) 628-9300
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Be ther went tc dc a ccriined steady and
alternating fatigue analysis, cimilar ¢c what is shecwn
on page 27 of Exhitit Z. Ycu den’t have tc lcck
threcugh Exhibit 2. That is attached as the next gpage
of Exhilrice 3. .

ke fcund the eguivalent alternatircg
stress and the egquivalent mean stress, again, bty cur
in-house adaptaticn of the CIYAC rethcd.

We fcund a ccmbined safety facter, and
those numbers are indicated on the page, vhen comgparing
against each cf the three fatigue limits,

C Leccated where?

RITFESS WCYTICWICE: Cn the sheet marked
»Sheet 1 of 3, Safety Factors Calculations.”

That was a tit cf a--ch, that sheet that
ycu have is the tail end cf a csheet befcre it, that got
mixed ug in Yercxing. What runs off the right cf %he
gage matches up there.

c And the safety factor or that page 1 ¢f
3, 1.16643, is that ccrrect? Fage 1 cf 3?
r Nee. This ga¢e 1 cf 3, handwritten, that

I have.

ALDERSON REPORTING COMPANY, INC.
20 F ST, NW., WASHINGTON, D.C. 20001 (202) 628-9300
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 + Cne moment.

WITNESS WOYTCWICH: “ayte I could
arrange this for ycu, right here. (Indicating)

Q Thaakse.

WITNESS WCYTCWICE: Ckay.

Q lthe seccnd line of that, "Safety
Fac*ors,” underlined, with a dash, “desired minimur
equal 1.34"?

WITNRESS WCYTCWICF: Right.

e Ckaye.

WITNESS WOYTCWICH: T have discussed the
first fev lines of that. !cw we are lccking at the
next headine dcwn, "Certined Z.F. Gececdman Methcd.”

Pased on the ultimate tensile strength
of the fecrgings and on the steady and alternating
loads, we calculated ccrtined safety factcrs, cnce Ly
the Gocdman methcd, which uses reciprocal additicn cf
the steady and alternating safety factcrs, crce 'y tle
eliptical thecry fcr ccmbined lcadings, which uses the
squares of each ¢f thcse safety factcrs.

Cifferent authorities prefer diffecert

ones, sc we ran it becth vays.

ALDERSON REPORTING COMPANY, INC.
20 F ST, NW., WASHINGTON, D.C. 20001 (202) 628-9300
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The numbers are all there. As ycu cac
see, with the submitted fatigue limit estaktlished Ly
strain-gauge testirg ard nc shct peening, the safety
factors are marginal, but when we included the 20
gercent credit for shot peering, they went well cver
the desired minimum.

T might alsc add here that in this case,
thcse numbers were devermined 2+ <he 11C percent lcad
rating. we didn'st go tack and recalculate wvhen ve
decided rtct tc address that questicn in our letter,
because 4e fel: since it was accegtaltle, fcr the mcst
gart, urnder these circumstances, that ve wculd not ¢¢
back and recalculate it, £cr the maximum ccntinucus
ratinge.

We alsc ccrpared the values we fcunc
against the values submitted ®y TCI. That is the next
sheet tacke.

we marked i+ cn there, 3 ccpy =f thelir
Goodman diagram. We agreed guite ~lcsely, as ycu can
see, esgecially corsidering the fact that we were
includ ing somewhat higher lcads than TLI had inclucec.

- Were all of these calculaticns based cn

ALDERSON REPORTING COMPANY, INC
20 F ST, N.W., WASHINGTON, D.C. 20001 (202) 628-9300
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1700 psi as being the raximum £iring pressure?

RITNESS WCYTCWICE: Iet me gc back and
make sure.

o1 Take your time.

WITNESS WCYTCWICF: We reed a calculater
to te sure, decause *he maxisusz £iring pressure is
expressed in different units.,

Q Mayte we will get back ¢t the desired
minimum that ycu referred %*c, cn that iage, safety
factors-desired minimum egual 1.3G&.

Hew it the desired minimum derived?

WITNESS WCYTCWICE: That vwas the lcwest
valte fcr which we had previcusly agprcved an engire of
a different manufacturer, according tc the same methcd.

c How as that value derived?

WITNESS WOYTTWICHs:s From ccnsideraticon

cf that cther manufacturer’s sugppcerting data.

o

C What kind of calculaticns vere invelved
in reaching *hat figure?
WITNESS WCYTCWICHs Essentially the same
ones tha*t ycu s2e here, just repeated fcr the other

engine and ccmpared against sulritted resuvlte and again

ALDERSON REPORTING COMPANY, INC,
20 F ST, NW., WASHING ©N, D.C. 20001 (202) 628-9300
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comgared asainst the manufacturer's stated service
experiences with thcse engines.

Q For the Goodman method calculaticns~~

UITNESS WOYTCWICH: Yese.

c --does this doccument 1. i1icate that, fcr
the CIMAC thecretical fatigte limit and f£cr the fatigue
1imit without shot peening, that the values calculated
dc rot reet the desired minimur?

WITNESS WOYTCWICHs They dec.

c For purpcses of clarificaticr, sic, is=
it your %estimcay that thcse values do not meet the
desired minimum value? That ic, 1.34?

GITNESS ®CYTCWICEs That is ccfrect.

(o Yeu anssered the gquesticr progerly., kut

it is just that it raised scme doubts.
WITNESS WOYTCWICHs Ckaye.

.C Back to my original guesticnm, £ir, which
was, Aces the fact that ¢he vikbratory strescses exceeded
ABS allowaltle limits have ary effect on the design
eguaticns, cther than--the design equations that ycu
referred tc ccncerning ccankshafe~~

WITNESS WOYTCWICHs Bather than going

ALDERSON REPORTING COMPANY, INC.
20 F ST, N.W., WASHINGTON, D.C. 20001 (202) 628-9300



back tc the fcrmula in the bcok, we wen® tc the fatigue
metted I descrited. This is ir--this 15 used ir lieu
of the equaticns in the rule bcck, though.

BITNESS BLANDING: N¢c, it cdoesn’'t have

any effect en the eguaticns. That ie an additicnal

consideration for a complete system. The eguaticns
the dock for the crankchaf® are based ¢n the engline
itself .

Wher you add something %«c the encine
like a generatcr, ¢r these riles are directed mcre
tcvarde the main prcrulsion system, peossilbly with
redtcs icr gears and sc cn, sc it dcesn't charge tre
basic equaticn referred, but it gives ycu ancther
dimens icn.

That ie what this refers to.

With a szlcvw~-cpeed diesel engine, YcoU
will prctably exceed allowalle vi sressecs,

vhere it==in that

in this tsecticn on ma.r
have a censtant speed, necessarcily.

4 €o ycu didn't pecform any calculaticrs

ALDERSON REPORTING COMPANY, INC.
20 F ST, N.W.. WASHINGTON, D.C. 20001 (202) 628-9300
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under the fcrrulas fcr size cf the crankshaft wels,

submigsicn ry TLI?

2}

with regard %o this pacticula
BITNESS WOYTCWICHs That is wvhat these
fatigue analyses are.

Q You éidn‘'t use the formulas in the zule
becck?

WITNESS WCYTCWICHs Ne.
WITNESS GIUFEFFfs They had lteen used
wher we did the original apgroval cn the engine.

4 Refercirg tc Exhikit Nc. 3, siz, cr
rather Exhibi+ Ne. £, the second page therecf, which,
the top cf whizh is fczm Nc. ¥-341NEO=-~

RITNESS WCYTCWICF: Yers.

Q -=-dated Apcil 3, 1984,

WITNESS WCYTCWICHs All zight.

L]

Wha+ does %his page invelve?

ITNESS WCYTCHICH: That is ¢the
calculater grograz which we have in-hcuse, tc percfceor
she calculaticn ¢f Z4.17.1 ¢f the rules.

e WT scuaced must be greater <har or equal
tC=-=

WITNESS WCYTCWICHs Nz, this i3 the

ALDERSON REPORTING COMPANY, INC.
20 F ST, NW., WASHINGTON, D.C. 20001 (202) 628-9300
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cratkshaft diameter formula.
e What is that?
RITNESS WCYTCWICE: The formula., I
can't tepeat lt.
Ch, here, ¢ = ¢ culke roct cf-=that
forrula.
"he wvel calculation is net shown here,

the surveyver 4i¢ make a rose, “wel ckay,” frem

)4

(5

DiDenatc, £c that T have tc acsume that he Cicd pecfcrm
that calculaticn veéery guickly en his hand calculater
and 2idn't write dcwrp all c¢f tte numlers.
Ye did make a check.
5 What ic ¢he raximur £iring pressure
indicated?
WITNESS WOYTCWICHs Cleazly shown tc le
170C pel.
! That factor dceg have an effect on the
adecguacy cr nen-adequacy of *heée pins and jecurnale?
WITNESS WOYTCWICHs Accegding %o this
fcrrula, yes, it dces.,
I might alsc gpoint out that in this

particular calculatien, the ultimate strength wvas the

ALDERSON REPORTING COMPANY, INC
20 F ST, MW, WASHINGTON, D.C. 20001 (202) 6289300
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desicn minimum specified or the drawing reviewed,
83,C00 psi.

Whereas the ergiter discussec¢ ir the T0
submit tal of torsicnal stresses were stated tc have an
cltimate s-rength cersideratly hicher than that.

o In that formila, there igf a reference to
an ! value, span betveern the bearings?

WITNESS WOYTCWICH: VYes.,

e How iz tha+ fisure derived, Lf ycu krew?

RITNESS WOYTCHICHs DMormally, it werld
Pe =aken tesveen the ends 2¢f *he wed--gerry, retveern
the ends 0f the main beazings, not fzom cente: lire 1o
center line cf the main bearing, Put frcm inner edge to
inner edge.

In this case, I would nct be adle ¢
suarantee vithout gcing beck and locking at the
drasinge, which ¢f thcrze *o¢ values wag use«c.

Fither is acceptable. We scmetimes try
¢z te a little censervative in cur apprcact and use
center line %o center line, even thcugh 4in the rule

gection it 185 quoted ag being from Learing edge t¢

bearing edge.

ALDERSON REPORTING COMPANY. INC.
20 F ST, NW., WASHINGTON, D.C. 20001 (202) 628.9300



10
1"
12
12
14
15
16
17
18

19

N

sclid crankshaft vels.
WITNESS WOYTCWICH: ARLL righte.
| Does ABS Cnly take the diagonal distance
referred to in the last sentence of the rule, when
thare ig ar overlag ¢ the pin and Zcuzral?

WITNESS WOYTCHICK: That would de out

tsual poccecdure.
¢ de yeu ever make any allovance €or the
section fcrmed by the diagcral drawirg cf the £illet
racdii?

WITNESS WCYTCWICHs 1I'm not sure how
that 41iffers.,

¢ In ycur mathematical analysis of
crankshaft vebs, wetld you treat the vebs cf the
crankshefs with a deep re-enterinc fillet the same as a
crathksheft with a normal £1illet?

WITNESS WCYTCWICH: Under the formula
given here, 1 hchestly am nct cure, tecause I haver't
done detailed plan reviev cf dlesels, and--vould ycu
knew, whether we usually take the actual retal

dimensicns c¢r the nominal dimensicns from wel tc wel?

ALDERSON REPORTING COMPANY, INC,
20 F ST, NW. WASHINGTON, D.C. 20001 (202) 6289300
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1 ¢shirk we *2ke the actusl retal
dimens lons .

WITRESS BLAMLINCGs T°'m net sure what tre
guesticn is regarding re-entrant f£ille®.

WITHBESS GCYTCWICHs An undercut intc the
veb?

T +hink wve weuld measure frcr metal t¢
metal zathe:z shan frer aziitracy line tc artitrary line.

¢ In that same rule, what is meant by the

tere, tle effect of resisting mcrent of the vel in
bendina? Can ycu.dofirc that tezr £o0r us or hat
phrase?

WITNESS WCYTCRICHs The secticnh
modulus,. Cuctient of eoment of inertia of the secticn
divided ty the distance from the neutral axis %0 the
outer fiber. |

PP, STRCUFF: Maker perfectly gccc sernse.

0 I1¢# ycu %ake intc account the actual

measurezent ¢f the re~ectering fillet ir detereirnirg
the effect ¢f moment of resistance~-

WITKESS WOYTCMICHs T relieve that cit

normal practice would be %o measure that dimensicn from

ALDERSON REPORTING COMPANY, INC.
20 F ST, MW, WASHINGTON, D.C. 20001 (202) 6289300
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