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INTRODUCT I CN

This resort comsists of four sections and contains calculations,
test data and¢ cperating experience, which Transamerica Delaval Inc.
(TDI) considers relevant material to estabiish the adequacy of these
DSR-4S engine generator sets.

The application of these units are for emergency standby service in
the LILCO Shorenam Nuclear Power Plant. These units are ratec at
1500 KW and have an overload rating of 3800 Kw (111.4%) allowec twe
hours per day of twenty four hours.

Section One. Torsional Analysis.

A four page introduction is included here, explaining the methoc anc
norenclature used in the torsional critica! speed analysis.

The mass elastic system in the analysis reflects the piston skirt
which has since been superceded. The extra reciprocating weignts
due to the heavier replacement piston shirt have been evaluatec arc
the change concluded to be neg'igitle. The effect of the 111.4°
overload on torsional stress levels are shown in pages 12 tc 15.

Due to the close proximity of the calculated stresses t> the ABS
allowable stress, we elected to include Section Two.

Also included in this section are mass elastic system parareters =°
other DSR-48 engine generators of identical rating, to estazlish t-e
similarity of these units, especialiy from a torsional stancpoint.

Section Two. Torsiograch Tests.

-

Measurements by FahA/SWEC and TDI are presented here , aleng with
measurements on other DSR-LB engine generators of identical rating
and similar mass elastic system. Here again, the intent is to estazlish
the similiarity between the various DSR-4E engine generators. The
stresses evaluated from the torsiograph measurements are still in clcse
proximity to the ABS allowable and therefore in Section Three, we
present the actual strain gage measurements, taken on the subject

shaft in January, 1984,

Section Three. Strain Gace Test.

Here the measured strains are listed along with the corresponding
stresses. With the similar grade of crankshaft material, the encurance

limit of the shaft is estadlished and finally the margin of safety



determined using the Goodman diagram. A factor of safetv of the
reclacement crankshaf: is 1.48 without tne benefit of shot peenring.
The factor of safety is 1.75 as determined by FahA, when the effec:
of shot peening is taken into account and taken to increase the
endurance limit by 20%.

Section Four., (Cperating Hours Logged.

There are seventeen engine generator sets of similar configuration
an¢ identical rating in Saudi Aradbia with consideradble operating
hours . These similar units are running regularly and generating
power today. Worthy of note are the DSR-48 units at Rafha, with
5500 hours at 3200 Kw orn cne unit and 6200 hours at 330C Kw anc
8250 hours at 3200 Kw for the other two. The similarity of these
units are listed in page 17. Examination of the mass elastic cata
(1 & K) and the torsional natura! freguencies (N) listec, will show
that the-e are nc essentia! differences beiween LILCO anc the res:
of tne units. The LILCO units are uncergoing performance tests
at their Shoreham Nuclear Power Station, the total hours loggec at
loads of 3500 Kw anc¢ adcve, are shown on page 28.

Surmary.

Bases or the foregoing calculations, test cdata and cperating lcgs,
Transamerica Delaval, Inc., considers the aceguacy of these DSR-4E
engine generator sets to be established for the intendec service
a: the LILCO Shoreham Nuclear Power Station.
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TORSIONAL CRITICAL SPEZD ANALVSIS

The engine generator system is modeled as a system of moments of inertia
interconnected by torsional springs.

The standard procedure is to concentrate all the moment of inertia of

each crankthrow, including rod and pistom at the corresponding cvlincer
center position. The moment of inertia per cylinder is obtained by

summing the moment of inertias of the journal, crankpin, two crankwebs,
counterweights (if used), rotating part of connecting rod and the
equivalent inertia of the reciprocating parts, (namely the upper end weight
of the rod and the piston).

The moment of 1n¢rtiaz(1) is calculated by dividing the wxz by gravitational
acceleration (g). WK® is obtained by multiplying the weight of the part v the
square of the radius of gyration (K). Wk? therefore, would be in Lb. In.-

or L:.Fz.2 units and inertia (I) in Lb.In.Sec.2 or Lb.Ft.Sec.= units.

The inertia values, thus represent the concentrated inertia of the rmoving

par:ts at each crankthrow.

Fro= our torsional vibration analvsis daza files, we obtained the appropriate
values of inertia or stiffness to make up the model.

The procedure and notations used in this analysis are explained below.

SATURAL FREOUENCY EVALUATICON

This is done by Holzer's method. In our Holzer's tabulation, the definiticn
of the notations are as follows: :
e -~

¢;2 EIGINVALLIE (Omega squared), in 10" radian/second”

NO. Mass number, counted from the free end of the engine

q
INERTIA Inertia of the various masses, in lb.in.sec.”

THETA Relative amplitude or‘angalar position, in radians.

10M2T Product of INERTIA *wi* THETA, and is the vibratory
torque due to each mass, in 106 fr.1b.

6

SICNAM Susmation of the vibratory torgques, in 10" ft.lb.

SHAFTE  Torsional stiffness of shaft, in 10° £2.1b/radian.
DTHETA Quotient of SIGCNAM divided by SHAFTK. This is the

re.ative angular displacement between masses. The
unit is radians.



ne Halzer Tadulaticn, we determine the following, which arve .ater
e SCTESS Calisuiations.
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o
- §

§IGMA I * THETA ** 2 This is the surmation of the products ef INIRTL-
ané THETA squared. The first of the two printel,
is that of the engine up to anéd including the
last crankthrow anéd the seconéd, that of the
whole system.

TIN: and T EXT These are the maxizum stresses in the shafzing
within the engine (INTemmal) ané cutside of the
engine (EXTernal). The stresses are evaluatec
for each section of shafting By this formula:

SIGNANM -%' 16
160 77D °

Only the maximums are prianted out.

STRESSED TIAZETER OF
EXTIRNAL SEATT This is the diareter of the externa. shait at
which the maximum Stress OIIuTs.

COTTYTER TV
L

AT.ITCE 1¢ the applied ané resisting torcues are asrlied
and suddenly removed, the shaft is put iate a
state of free vibration and the curve of angular
displacerent can be analvzed intc a series of nermal
elastic curves, each corresponding tc one of the
nerral modes of free vibration of which the systex
is capable. The amplitduce of anv of these modes oI
vibration under the above conditions is referves :°
as the EQUILIBRILM APLITLIL, since it is the
~slitude which is attained without anv magnificatict
due to resonance with an externmal pulsating courle.
1t is determined by:

Piston Area * Crank Radius * 180 Ty " =
w. = 16! ."aa

This is left in the form= = = = Comstant; * Ty 1S

F IN The work output into the system and is determined By
# Piston Area * Crank Radius * ¢ * ™ISy
*his is left in the form = = - =Constant 3 * Ty L=y 4

It Hvsteresis damping due tO friceion, etz. and is
determined by:
Ara gl » 10% egre? « §2
-

.




Visceus Damzer davring, from this cr'-'us..o"
2 A@J
es ©Y ’1:#1'3 - (T“. & 13507 sl .

. - .
W= oa==er Risg ' 1b.% Ssvw. =L

G * 86700000 = 30

FCR Rubber coupiing damping, and is determined By:

' Coupling Stiffness * (.00037(D=20) (D=30)) * DTHETA of c;.;-
D is the durometer of the coupling rubber.

FCs Steel coupling da=ping, and is determined by:
Da=ping coefficient * DTHETA of coupling 2

F? Prepeller damping from this expression:

-

s 12 % 1,82 % 108 # ;0" » 106 # ks # Gear Ragic * TEITA of
Harmonic » RPMD

o
b J

) o vy Static Stress INTernal, which is the produc: ef T I5% and
ECCILI .‘I'C:' APLITUDE. This is lef: in the {ors sescce«-
Ceastant 3 f:; 'tej:

F EXT Sutic Strns E)ucna.. vhich 4s the product of T ENT ané

Comstant ,* Ty -ta,‘.

Tosal dassing is tha sur S FE «TL = FCR + IFCS = I?

In the stress calculation tadulaticon we have the following sclumns,
some of which are calculated fro= the values previously determined.

ORCER Harmonic of the mode of vibration.

RPN Resonant speed of the harmenic, or critical speesd.

™ Ty, which is the harmonic component determined frem the
Fourier Analvsis of a cvlinder pressure diagranm.

VEC 20,\-. This is the vector summation of THETA ¢f the cranke-
throws, for the engine's firing order, of the parsicular
harmonic.

TSTINT Static stress INTernal and is deterzined by F INT, which
is:

Constant ,* Ty * ZON

TSTEXT Static stress EXTernal and is determined by F EXT, which is:
Constant * Iy * Ecx

PRI ¢. the front end a=plitude in degrees at resonance, and is

determined by:
F IN = Total Damping






SECTION ONE

TORSICNAL ANALYSIS







LONG ISLAND LIGHTING ''"MPANY

Delaval=Enterarise Encine Mode! DSR-4EB

3500 Kw/L8BS

8xp ar LSC RP™

225.6 BMEP

Engine Numbers 74010/12 - E s
> o » =
- — ~ -~ & w v-) ~ < E g
g 2 = - L - = = - 'i g
i . - " - - " - - - &
£ ey S S ey By S e S
-
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F el AN DA EdE T

O sl oAl R SR TR e I
Mage Elastic Svstem

Crankshaft Gear 26.52

water Fump Orive 63.10

Carms £ Idlers 119.70

Sﬁ‘f( 9-63 - -
218,65 1b.ft.” | = 6.805 15.ft.sec.”

Crankthrow No.!

As No.2 crankthrow 1541 ,8¢

Shaft Lr.81 2 "
1683.66 1b.ft. | o4§.222 Ib.ft.sec.”

Cranktnrow No. 2 to 7

Jourta! k3,13

Crankpin 202.17

Two Webs 679.81

Reciprocating Wt. 309.99

Rotating wWeight 306.75 2 a
1541.85 1Ib.ft. | wk7.822 1p.ft.sec.”

Crankthrow No.8

As No. 2 Crankthrow 1641 ,8¢

Shaf: /1.63 2 -
1613.48 1b.ft. | =«50.149 Ib.ft.sec.

Crankshaft Flange 255.08

Flywhee! 73 x 63 4764,

Generator Shaf: 174, - -

315383.08 Ib.fe. | =1100.052 1b.ft.sec.
Generator Rotor 85275 lb.ft.z | =2650.4L32 Ib.f:.;.c.z
2 2
Total Wk = 133335  Ib.fe.

NQTE

have evaluated

The reciprocating weight used above are based on 800 Ib.
The replacement '"SE'" psiton skirt is 26 1b. heavier.
the effect of this weight difference and

we

conclude that the change in natural freguencies and stresses
is less than .5% and therefcre negligible.




EQU!VALENT LENGTH O = 1V

.00C1661"

K= 58,121 x 1c6

Front Gear to Cylingcer No.! ft.ls./raz
Between Cylinders L0011384" K = 84.727 x 136 fr.i%./rac
Cylinder No. 8 to Flywhee! 0012547 K = 76.941 x 106 fr.lb./rac
Flywheel to Generator
A d «
o ’ &
7?J - -
N <s
~
- , - ‘
T T A
i »
.\,—-6---*4\ g—! Q % i # Q—-‘-
l l ' k4 4
_ Ll |
J% f’i - '.l / p- . ‘ - - 5o
. d,. Jz G} _L i:‘ll Zﬁ‘ .
I.
N 3 - .0616 x 16.25 . 055 x 16 «+ & « 03 x 16
. - -
. 20 16
o2 .03 x 16 ¢ 13.25 = .021 x 16.572 = .C21 x 16.572 « 1€.5'¢%
18" 16.872"
e« .0000132 + .0001580 « .0C01183 + .0C0553 = 0003488
K = 276.773 x \66 fe.lb./racdian
Shaft nc Diameters
Front gear ro Cylinder No. 1 g
Crankpin 12"
Cylinder No. € to Fiywheel 12"
Generator Shaft 16"
Flywhee! Weight 6535 Ib.
Gen. Rotor weight 17180 1b.
Torsional Natural Freguencies
First “ode 2323 vpm Electrical Natura!l Freguency
Seconc Mode 5575 vem . 5200 T ioC 2By AR
Thirg Moce 7900 vp= bl 1 1. T93338 = /2 V¢

Gemnerator Smaft Latera! Natural Frecuency

3191 vpm
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hl=}e] 3 )

OMEGA SSUARED IN (RADIANE/SzCOND ) eei = . 2531872<
NATURARL FREQUENCY IN V., P.M, = 23:3.:9
~C. INERTIA T=ETA icmaT SIGMA m SmAFT ~
: 6.8 1.2Q222 . 423 . 433 8.
2 “3.e . 53327 2.8%82 3.2%6 8«.7
3 ©7.% . 35617 2.726 8.e22 84,7
™ “7,9 . 88233 2. 528 8.%5e8 84,7
S “7.73 . 78231 2.2e1 12. 728 84.7
[ 47.9 . 656&9 1.861 12. 539 84.7
7 “7.% . S5Q77Q 1. 442 14,232 84.7
2 47.9%9 36211 .97 15. 229 84,7
2 S2. 1 . 16507 . 430 1S5, 432 76.%
2 1192.1 -. 0268 -2. 262 13.132 /6.8
3 £650. 4 -, 083673 -13.127% L021
mCDE 1
OmMEGA SQUARRED . 09%2
NATURAL FREQUENCY £353.1992
SIGMA [eTHETReesZ izes5.78:9
SIGYA e mETReec E727. 4836
T INT 2%61.73
T EXT 341%.27
€-35355D DIAMETER OF EXTEANAL E=marT 1€.Q2
EaosloiBalu™ AMELITUDE ., O0068213.2%2
<IN 7487.33
g INT 8.15
FEAT g.31
s E 17764625,
€D Q.
s QR 2.
£ L8 a.
F R 3.
o et | ™ ™ VEC TETINT TSTExT o= TVax!
» 8 “E4B 125,88 72 889.8 3.8.¢8 . 738 72%3.
1.9 2323 34.58 . 146 11&.7 2.3 « 158 1913,
1.9 1948 1289.%& 1.3% 167..3 26,1 1,456 13326,
&.Q 1161 41.CS . 376 1288.7 5.9 672 6408,
£.35 929 7:1.71 1.394 814.6 291.3 1.9%2 19036.
3.9 774 16.16 . 146 19.3 6.9 . Qbb Lz3.
3: 9 £63 42.77 « 701 44,3 87.4 « 376 3S596.
L, %80 27.66 S.e8%5 1191.1 “2S.3 &2.066 197%2.
4, = 16 &3.786 . 701 138.7 «8.5 216 2263,
. ags 17.37 . 166 gv.7 7.4 .61 sa7.
S 9 422 12.84 1,394 145.8 2. e 433 4138.
£.Q a7 S.68 «276 17. 6 6.2 . 052 L34,
6.9 357 4,49 1.32%4 $1.9 18. & v $81 1447,
7.3 331 2.69 . 146 L, b 1.6 013 188,
7.8 9 3.29 e 702 17. 4 é.& . 052 “36,
eg.2 1 &.%52 9S.289 108, 4 28.8 382 3278,
6.2 &73 2. &6 . 701 18.9 “, 6 .08 3é¢&.
3.9 2%8 1:.97 . 146 &3 .8 . 027 67.
2.5 b 1.%53 1.394 17. 3 6.2 «0S1 492,
.2 i3d 1+47 « 376 3.9 1.4 Y- 1.2,
oS &d) 1.14 1,39 13.9 “, 8 L, Q28 368,
se &il 1.823  AeE i.2 . . . Qb 34,
P idz 8% .70 S.1 1.8 .08 Leb,
i. 33 «79 S.485 3.9 i T | . 102 8.,

DTm=e"R

20833
LR38F0
. Q7284
» 100461
. 12662
. 14859
. 16859
« 17706
«.e2132
Q4T b

TMAXE
&£S&&.
Sel.
L3372,
&232.
3589.
181,
12886,
7063,
738.
aie.
14689,
176,
517.
“©S.
176,
112,
135,
2a.
176.
37,
132,
i1e.

g1,
s,
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OMEGA SSJARED IN (RADIANS/S3liNDieez = |, 34252021

NEGTLRAL FREJLENCY IN V. F.M, = eS7S. 52

~C. INEQAT IR Tmg”T OMET g.:ama m E=iarT X
: €.8 1.2 S, 3280 g.2&e =8. 1
3 43,2 . 9€207 16.119 18,422 84.7
2 «7.% . 76287 12,131 32.56. 84.7
- «7.% 28167 €.238 36. 793 84.7
S “7.9 -, QEz6E -, 857 38, 962 84.7
€ 47,9 -, b7BE7 -7.787 €6.155 84.7
7 Q’o ’ -, '0.'. "‘030 1“ e, 93, .‘07

. “7. 3 -5 ’.53‘ '1‘- 035- =1l 157 “a 7

® 2.1 -, 97164 -.8.611 -17.768 76.9
P 110,12 -, 74272 -277.770 -29%.838 c7€.8
i 26%2. 4 . 327.0 238, 542 . Q04

»woDE &

IWMESA SQUARRED . 3629

NAT_AAL FRESUVENCY £87%.5i29

SIGVA leT=ETRee2 2S78. 9556

SIEVA [eT=ETAsec 1330€6. 1514

T AT Ea7.5: 43

T §a% 76363.22

€~ RES83D D.AMETEARA CF ExTEdVvA. SmEFT 16,22

S0 leiBRIL™ AP LITUSE . OCRR32.0373

¥ ™ 787,23

PNy .68

& ga% - 8o &

L 12673321,

- Q.

F oR 2.

£ CS Q.

L 2.

CAZER Rem ™ VES TSTINT TETExT [ ¢ Tmaxl

‘9 111958 125,86 1.%28 162.7 Cwb, & + 8958 ¥4 [
e 5278 %54.358 « 293 16. 3 $S. & L Quk 937.
3.8 3717 1289.%2& 3.78% 33%5.6 1137.9 LE38 14418,
.9 2767 41.09%5 . 702 19. 7 €6.8 -0 B 1
é. 9 239 71.7% 3.789 18%.8 623. 95 LS8 12427,
3.9 1658 16.16 .33 2.8 2.9 12 g7%.
- 38 1552 «2.7% 1.508 ba, 1 149. % 130 &9%3.
L, 2 1333 27.6€ 1.2 2.9 77.6 .76 17&6.
o, S 1239 &3.76 1.%28 26,2 8z.9 7S 1654,
.9 11.8 17.37 2953 3.9 0.2 .23 203,
€9 1013 12.8« 3,789 33. 3 118. 7 108 2386,
£.9 Pi9 11.42 72 9.9 18.6 215 332.
€. % es7 9.28 3.783 £3.95 79.7 . Q686 1529,
7.9 736 7.61 « 853 P “, 9 . 004 8z.
7.9 762 6.17 1.%508 E. 4 &, .18 “Qs.
&.2 £36 - i.8%1 e, 16,9 12 2673,
é. 2 658 b, 76 L.%08 o, ? 1€. 6 013 3.
3. €.3 &, 08 ¥ & 7 .4 o2 b,
%E €3E 2.%8 3.789 £.7 2. € 032 $19.
. 327 o Y . 702 . 3.9 , 03 73.
13: 8 ¢3: 1.69 3.783 “, b 1.8 017 382,
1. 22é 1,02 . 293 o2 - LO021 &3
$:8 “de 1,58 1:.8¢8 . & o, , QS 118,
1&. @ “lé .36 i.21) .8 8.7 , RS 103,

DTmE"

L2339
23798

. 38272
42433
L

. 33230

. 17632
-. 01366
-, 23233
-1.0678¢

TMEXE
1866,
33773,
&88%1.
18474,
263,
: T3-N
1Q28.
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s73%.
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11322,
T84,
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1373.
9i1.
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1473,
17&8.
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1893,
77,
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CmEGR SSURAED In

(ARDIANS/ScliND i eez =

NETURAL FRECLENCY IN VB, ™, = 722Q. 26
NG INERT IS Tee 'R I0OmgT S:G7A
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e 3.2 . 33728 £4,787 EB. bbb
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5‘.1 -, aiQbb -310331 -6‘0’32
19 1129. 1 . 18383 112,061 €S, 129
.l 2638, 6 -, 0487} -6S. 109 Qe
*C0E 3
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NATLRAL FIREQUENCY 7292, g€
SISYA [eTmETRes2 &378. 21956
EI3¥E [eT=gTReeg £997.477
T o8 &83%72. 37
T &«T 1€9S8S. 47

§"RESSED DIAVEVER OF

“©

et PRILY AYRLITUDE
g IN 7487.33
¥ ohT &, 46
g ExT l.be
L LE2337E8.
=D Q.
g oS Q.
L= | .
: ; "
Z&RCER Ram ™ vEC
' 3 16220 155,88 « 958
e | 7002 34.%8 . 837
3¢9 “EEE 1£9.5& 3.193
2.9 TS0 #1.95 2.%5&S
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“, 179Q@ &7.66 1.7%979
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<. 1eQ0 17.37 « 8357
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€.9 166 11.42 2.52%
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8.9 7% S.22 1.972
895 8:3 b, 74 . 952
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12.2 83 .36 1.979
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36S.7
192.9
98E€. 9%
éSe, 8
Seé. 6
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The preceeding pages show the analysis basec on the nameplate rating

of the engines. To illystrate the changes in amplitudes anc stress
levels when operating at 111.4% (3300 KW) or overlocad condition allowed
for two hours per day, we supplemented the analysis with the following
pages.

The changes in the amplitude and stress between the twe loac conditions
are reflected in the "'T sub n" (T ) values. The following is a listirg
of the 111, 4% Tn divided by the 100% T, for the orders or harmonics
calculated. The ratios show the increase in amplitude and stress level
cue to the extra load at 111.4% load cperation.

JRCER FIRST MODE SECOND MCOE THIRD mCOE
.8 1.1040 1.1040 1.1040
1.€ 1.8777 1.6777 1.6777
1.8 1.0963 1.0963 1.0861
2.0 8877 .8877 .8877
2.8 1.0817 1.0817 1.0617
3.2 1.1733 1.1733 1.1732
1.5 1.0634 1.0684 1.0684
.0 1.9680 1 .060% 1.0600
.5 1.0668% 1.066% 1.066¢9
£.0 1.0662 1.0662 1.0662
5.5 1.0618 1.063% 1.0632
6.0 1.0370 1.0727 1.0727
6.3 1.€379 1.0727 1-0727
7.0 1.0378 1.0748 1.0748
7.5 1.0361 1.072 1.0728
8.0 1.0187 1.8700 1.0700
g.§ 1.03¢8 1.0738 1.0738
©.0 1.0L06 1.0735 1.0735
e.g 1.0196 1.0581 1.0681
10.0 1.01587 1.040) 1.0L81
10.§ 1.017% 1.0L73 1.04713
11.0 1.0088 1.0423 1.0423
11.§ 1.0112 1.0261 1.0261
12.0 1.0000 1.0313 1.0313

From the above, the increase in amplituce or stress level due to tre
fourth order at 111.4% load will be about 6% higher than that at '0C7
If we calculate the stress levels at 450 AP™ gue to the .5, 1.5, 2.5,
L.0, 4.5, 5.0, 5.5 orders ang sum these by the Sauare Roct of the Sum
of the Scuares, the overall arolitude at 111.4; (4164 psi) will pe
adout 7% nigher than that (3879 psi) at 100% loec.

12
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The nex: page (2.17) is a Tabulaticn of Mass Elastic Data showing other
,35““-8 engines of similar rating. Except for minor differences in flyuhee!
generazor, the torsional characteristic of these units are very similar, &s

indicated by the sinilarities between the torsional natural frequencies. ~

listing of operaiing hours accymulated for several of these units are inclucec

in Saction Four of this submittal.
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SECTION TWO

TORS10GRAPH TESTS
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PHYSICAL PROPERTIES OF CRANKSMAFTS

ABS REPORT ON

CASTINGS OR FORGINGS LOWER VALUE LOWER VALUE

REPORT NO. YIELD POINT - PS! TENSILE STRENGTH - PS|
LiLco

83-g5 85280-103 58291 100777

83-£5 85275-1031 §7276 101782

83-£5 86290-365 LESTE 10C77

RAFHA 70:005

79-K078165-232 505C¢C €370C
KOQUSHENG. 75006/08

55808 €300C
ss0C 93580
§7¢C28 cgcee

Crankshaft material specified is ABS Grade & which is AB6E8 - Class E.
Minimum yield point is 43000 psi and minimum tensile strength is 83000 psi.

The crankshafts for the NSR-LE carry & part or drawing number 03-310-05-AC,

and hat ABS approval stamped, cated 2-26-1976.
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ALLOWABLE TORSIONAL STRESS CALCULATION.
Based on Para. 3L .47 of 1684 ABS Rules.

$ 160

se | 18 x ¢ r

where U ® Mini=um Tensile Strength of Shaft Material 100080 PSI

Ck is .85 for progeller shafts anc crankshafts

Cc is size factor, .35 + 0.487 /,9 12 = 6463

Cr is speed ratic factor, 1.38 for 907 to 105% ratec RPM.

AA & R
S« 1ooc:g 23150 ) ( .55 )( .6463 ){ 1.36 )

=3357 PSI due tc single order

Tota! Allowatle Stress = 1507 of 3357 = 5C35 PS|

ALLOWASLE TORSIONAL STRESS CALCULATION.
Based or Table 3L.3 of 1982 ABS Rules.
Eogiog.essd  ad * 45O RPM LR x LSO RPN 23.0g.0u0 X 1.
= 1!5 RPM = 360 RPM L27.5 to 450 L72.8 RrRow™

Grade 2, 60000 psi 568% psi 31556 psi 2134 psi 3556 ps
Grade 4, 100000 psi 8217 psi 5136 psi 3082 psi 5136 psi
2 100000 - 60000

Stress limit multipiier = 3 ( ) & 1 = 1. kLLL

60000
for adjustment from 60000 psi

tc 100000 psi material.
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Submittal to the American Bureau of Shipping
for the DSR-48 13-Inch by 12-Inch Replacement Crankshafts

Fatigue Analysis of the Replacement Crankshafts

The factor of safety against fatigue failure in the replacement
(lz=inch crank pins) crankshafts is calculated in this section. The stress
levels in the replacement crankshafts are computed from strain gage tes:
data, The endurance limit is first established for the failed crankshaf:s
(1l«inch crank pins) from strain gage test data. This endurance limit is then
scaled to account for the higher ultimate tensile strength of the replacemen:
cranksnaft, The effect of shot peening the reclacement crankshafis praoviges
an agaditional margin against fatigue failure,

Stresses in Replacement Crankshafts

The replacement crankshaft was instrumented with strain gages in the
fiilet locations of crank pins 5 and 7 and tested under operationa) conditions
at both 3500 kW (100% rated load) and 3800 kW (109% rated lcad), L50 RPM syncnrc=ous
speed, The highest stresse; were measured in crank pin 5§, A dynamic mode)
of the crankshaft confirms that this pin undergoes the greatest range of
torque. Three-dimensicnal finite element models of a quarter crank throw show
that the s*rain gage rosette was placed in the location of highest stress,
beth within the fillet and around the crank pin., The following strains were
‘measured at 3500 kw:

strain Gage Max i mum Minimum
S«1 (compression) -195 ue 288 uc
5«2 (bending) 695 ue «410 ue
5.3 (tension) 737 ue -610 ue

PRJ:5=03310A-c/s1w 3/27/84



To account for the simy'tanecus effects of shear and bending, the
stress state is represented by eguivalent stresses using Sine's methoad [1],
For a biaxial stress state, the equivalent alternating stress, S,,, anc equt-
valent mean stress, S.., are given by:

L

S

12
a ® (5 - Sa,5, * Sa; i

a; a; ’

and Sqm e S, 5.

m m2

where S,, and Saz are the alternating components of principal stress, and S,.
and sz are the mean components of principal stress. From the test repor:
(2], the equivalent _iternating stress, Sqa- and equivalent mean stress, S,.,

on crank pin 5 were calculated tc be:
Sqa = 2:.5 ‘s’

Sqm = 4.8 kst

Equivalent stresses, S,, and S,., are those alternating and mean umiaxial
stresses that can be expectec to cive the same 1i1f2 as the giver muitiaxial
stresses.

Endurance Limit for Failed Crankshaft

The failed crankshaft was instrumented with strain gages in the fille:
location of crank pin S, This fillet on the failed crankshaft had previcusly
experienced a fatigue crack during performance testing. After the test, the
three-gimensicnal finite element models of a quarter crank throw showed that
the strain gage Tocation on the failed crankshaft was placed close to the
location of maximum stress. The measured stress range is used to estadblish
the endurance limit in this analysis as 2 conservative assumption, although
the actual maximum stress range is revealed by the finite element model to be
about 15 percent higher at a nearby location. From the test report [3], the
following strains were measured at 3500 kW:

PRJ:S=03310A-c/slw 3/27/84




strain Gage At Maximym Torgue At Minimun Toraue

5«1 (tersion) 1118 ue «707 ue
5.2 (sen+: ng) 773 ue -433% ye
5«3 (compression) -389 ue 265 ue

The equivalent alternating stress, Sqa» 2n¢ equivalent mean stress,
Sam» were calculated to be:

Sqa * 33.7 ksi
Sem © 10.9 ksi

From the test 10¢s, it was determinec that the shaf: had experiences 272 ngours
at equal to or greater than 100% load, or about 4 x 108 cycles. 3, usir:
Miner's rule and typical slopes of SN curves, it was determined that the
engurance limit for this mean stress was 32.4 ksi, The ultimate tensile
strength for these crankshafts averaged 96 ksi. A line representing this
endurance limit is shown on the Goodman diagram [4] in Figure 3.1,

This "ine is bounded by two lines showing the endurance limis for fyli
scale crar«shafts based on other test data [5].

Endurance Limit for Replacement Crankshafts

The replacement crankshafts have a minimum tested ultimate tensile
strength of 103 ksi. The endurance limit scales linearly with yltimate ten.
sile strength, On this casis, the encdurance limit for the replacement

crankshaft is shown in Figure 3.1.

The fillet regions of the replacement crankshafts have been shot
peened. The effect of shot peening may produce widely differing increases in
fatigue endurance limit; however, a conservative minimal velue ol Lhis ine
crease is 20% [6]. The endurance limit for the replacement crankshafts,
including the effect of shot peening, is shown in Figure 3,1,

PRJ:5-033104-d/s1w 3/27/84




Factor of Safety Against Fatigue Failure

The factor of safety against fatigue failure of the replacement crani.
shafts is 1,48 when the effect of shot peening is not considered, and is 1,75
when the effect of shot peening is assumed to increase the endurance limit by
20%

At 3800 kW, the strain gage test cata [1] on the replacement crankshaf:
shows that the stress level is 4% greater than it is at 3500 kW, At 3800 ki
it would be about 5% greater than it is at 3500 kW. Thus, there is an ade-
quate safety margin against fatigue failure at the specified diesel generato-
set two-hour-per-24-hour period rating of 23800 ki.

PRJ:5<03310A-a/siw 3/27/84
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EQUIVALENT ALTERNATING STRESS (ksi)

L e o Eed eSS M AR St s it

~~~~~ Endurance limit for teplacement crankshalt
without shot peening v
—Factor of salely Is .48

——Stress endurance limit from test

30 } on falled crankshalt

~
< -Slross <
fromtost on‘\\

replacement >
20 —i crankshaft ‘\\- N -
~
\x\
! ~
, Rango of fatigue test >3
data for other full scale *
crankshalts with UTS of
10 __’ 06 ksi &
I
] N
l UTS for failed crankshaflt™e
0 MRS ST _l eeiimsfatiitatr il s - __“,.A_..- . )y —
0 20 40 60 80 100 ‘\\ 120

EQUIVALENT MEAN STRESS (ksi) NUTS for replacement
cranskshall

Figuee 3-1.  Goodman diagram for rveplacement crankshaflts.
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SERIAL
NUNBER

74010
74011
74012

75005
75006
75007
75008

76010
76011
76012
76013
Jn01h

76026
16027
76028

78029
78030

7804k
JB0LS
78046

79002
79003
1900k

80001
80002
80003

— — — S — — ——— —— — —— — f—

— ——

—— —

AVATLABLE LOGGED HOURS OF OPERATION 0° OSR-hB, RATED 3500 KW © 450 RPH

LOCAT 10N

LILCO, Shoreham

KOUSHENG , TAIWAN

DHUBA, SAUDI ARABIA

ONEIZA, SAUDI ARABIA

U. OF TEXAS

WADI DAWASIR, SAUDI ARABIA

RAFY SAUDI ARABIA

RABIGH , SAUDI ARABIA

KILOWATT RATING
@ W50 RPM

3600

3500

3515

3500

3515

TOTAL HOURS

AV. 1OAD

__LOGGED _ DATE LOGGED REPORTED

——— — — ——— p—

368
hio
35

246
221
368
299

19800
23300
23800
19700
23500

1620M
12428
14978

8180
5385

10882
10832
11212

12667
11655
13186

101906
102h%
11602

L-01-84
h-01-84
h-01-84

3-15-84
3-15-84
3-15-84
1-15-84

31-17-84
i-17-84
1-17-84
i-17-8h
-17-8h

1-17-84
1-17-84
3-17-8h

1-15-84
3-01-84

3-17-8h
3-17-8h
3-17-8h

3-16-84
3-16-8k
3-16-84

3-16-8h
- 16-8h
- 16-8h

; Mostly
) 1007
)

110C KW
1100 KW

2200/3000 KW
2200/3000 KW
2200/3900 KW

2700 KW
2800 KW
2000 KM

OTHER LOADS &
HOURS REPORTED

3500 KW £ Ahove 114 Hrs.
3500 KW & Above 116 Hrs.
3500 KW & Above 110 Hrs.

3300 KW for 6200 Hrs.
3200 KW for B250 Hrs.
3200 KW for 5500 lrs.



