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A Study on the Axial Vibration Exciting Force of

Marine Diesel Engine Crankshaft

Kim Yungjoo

Abstract

B has a anique working component, named crankshaft, which converts the

The diesel enging

+he axial

to propulsive rotating motion,  Fapecially in the

S T
atind mouon ¢

e has been reduced due to increased cutput per cylinder by & St
o ion modification of exbausting, cooling passaces and elongation of workin. stroke.
woos these weonts, the axial vibration probiem of crankshar o3 well as torsioral vibraiion
RER T
relore, HaTLO LA ey ongine manufactures and designers are urced 19 iav

crankshafz, Buat there has not appeared until today any conclusive

ey onrobiems of

the axial vibration of crankshafy, and caloulaiion

sadod

cine nanuiacturers and investigators are different from each other,

force 1o awial

ai calculating formula that converts the radial

is derived and the harmenics of radial gas {orce iz also siudied,

measired vnes and manufacturer’s ascumed ones,  and
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Nomenclature

: Mean effective pressure, Kg.Cm
: Combustion gas force in cylinder, Kg.
: Radial force, Kg.
: Angle of crankshaft, Rad.
: Angle between cylinder centerline and connecting rod, Rad
: Ratio of crank radius and connecting rod (i=R/L)
: Mass of reciprocating parts, Kg.Sec*.Cm-!
: Inertia force of reciprocating parts, Kg.
: Axial force of Crankshaft, Kg.
: Acceleration of reciprocating parts. Cm. Sec-?
: Reactive moment of axial force, Cm.Kg.
: Reactive moment of radial force, Cm.Kg.
: Sectional moment of inertia of crank journal, Cm¢
: Sectional moment of interia of crank pin, Cm!
: Sectional moment of inertia of crank arm, Cm*
: Modulus of elasticity, Kg.Cm™?
: Modulus of rigidity, Kg.Cm™
: Length of crank journal, Cm
: Length of crank pin, Cm
: Width of crank arm, Cm
: Thickness of crank arm, Cm
: Outside diameter of crank journal, Cm
: Outside diameter of crank pin, Cm
: Inside diameter of crank journal, Cm
: Inside diameter of crank pin, Cm
: Distance between cylinders, Cm
: Crank radius, Cm
: Axial displacement by radial force, Cm
: Axial displacement by axial force, Cm
: Influence number of radial force, Cm Kg-!
: Influence number of axial force, Cm.Kg-!
: Left side crank angle to adjacent crank, Rad,
: Right side crank angle to adjacent crank, Rad.
: Left side reactive moment of axial force, Cm.Kg
: Right side reactive moment of axial force, Cm.Kg
: Left side reactive moment of radial force, Cm.Kg
: Right side reactive moment of radial force, Cm.Kg
t Radial component of inertia force, Kg
: Radial component of gas pressure, Kg.Cm=?
: Integrated radial Pressure, Kg.Cm™?
: Travelling distance of piston, Cm
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: Fourier coefficent of mean value
* Fourier coefficent of cosine component at Nth order
: Fourier coefficent of sine component at Nth order

: Fourier coefficent of integrated component at Nth order

287



288 HEABEASE N3t AR H48

1. ## o

MRSEREN o 2 A AR HEERRENG] b whel WHIE L & ool WAL HEIERS mETE
2R wTASE aY2HMIL KBS Dl BEY o o) AR BFBA-E KK M AT
Al sh MEERES WAV Qa8 BHARAL EEBH D FT S LEGRE AA st MK
e B Fo=A KEY IS ZA BmAY L ek Table 114 e bk o] A
10% Ftoll FHHPENL 130%, SIAE {7R2-L 120%, FEE H7e 110~140%2 #Fid]
S g4 bBRStw e 2@y oleig EREL adasifd oA TR, I ERBE B
EADE 7R AENE 2AGE adawd] FRAREERS F5E FERc Hd sHR® BEd
feittA 71 = #RE ksl Q.

BINS REE HMOE et ERM EHE AR & WY REBEHS Mo BE
HE BHATE Bl oAt AR WIKE HREE BR SR fn BE R
BEtE %9 Rl =2 R,

IRl A adamR ) EQEBS o FiFE EREAA HEH AL BR 2 BT
e W GHRE 5 AT olv] HAML Bl 3o RHEEIMET BER FE Bk Bl
v STl SRS T WEREEY BEREMReG 2 ERSE b Bl 9 Ze=
ohA7bA] TAML BHEel Eol7tA Xstn dvh. aY bR HEBMEE #ix ZBER S o
famell ol 2@ ARAAA BB BEE R & MRHE N PIREEE MUBEEA A MR
¥ ZAIWR R SRS (FRE EXRT Ao, BN AT EELELS o)n] 50%0
FLESHT ol Sl MY ZY2@R RIRH AL AT BR L HlFI #azst ol % LAY
o] wl¢ bty ¥4 glvh

No. 1Cvl, No.2Ceyl.  No.3Cyl. No. 4Cyl. No. 5Cvl, Thrust Block Propelley

Flywheel
T
T

L
U é
Fig.1. Equivalent mass-spring system of marine diesel engine shafting.
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Fig.2. Equivalent mass system of marine diesel engine shaiting

Table 1. Increasing trends of cutput

Kngine type Poe (ixg/Cm™) Output (BHP/Cyl)
Sulzer RND ' 10.8 2900
RNDAM W, 3350
RLA 13.7 3350
RLB 14.3 4000
Increasing rate{ %) (1325 (138)
B&W  KGF 11.8 3410
.GFC 11.8 3410
LGFCA 13.2 3945
Increasing rate( %) (112) (115,
MAN  KSZA 11.6 3210
KSZBL 14.8 3670
KSZCL 1 3740
Increasing rate( %) (124 (117
UEC UECD 11.9 1033
UECDS 13.6 1200
UECE 15.4 1333

{ncreasing rated %) (129 (129
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Fig.5. Crank redudion by axial force. Fig.6. Reactive moment by axial force
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Table.2. Dimensions of model crank throws
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Fig.11. Photo. of displacement test for Model-B
Table 3. Conversion factor of radial force to axial force
Measuredv alue Calculated value
Crankthrow Meas. /Cal. | Diff (%)
frx 107} fax107? fr/fa frx1073 frRX 1073 fr/fa
Model(A) 0.35 1.35 0.259 0.35 1.29 0.271 1.046 +4.6
Model(B) 0.06 0.165 0.363 0.05 0.14 0.357 0.982 -~1.7
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o EEEB Wl Tktkel = HAEI(B)Y B RET Mol w2 5t 2s] o Folf o}
o] A ol Aol A BT WAIR-E EMS AE 4+ Jdevl AR Aoz HEso

3.4 HEHBRE FHNH

Y RN HOHBIREL BTN A det 24 gekxlz gtd AHdela
Be fEESe] Rt dEE 2 Sulzerib®] 438 0.15~0.4%, B & W9} MANjit: 0.2~0.3
o2 RHEEIY iﬁuufz}oﬂ wtet v Aokl gl 2 v o] B MM HEM o BE &
S0 o4t HeElfio] o, Table 4ol Mol: Hfie] Mm&iﬁfa BIARE @AY SHER o2 Rk
g} Table 5, 63} zrc},

AHE A& 5, 2da Aoldelyt A hLRE dhisilo s I 24222977 42
+5 IS MRMEE SOl IR MEBESY % A4 dendz 94,
Table. 4. Crankshaft dimensions of various types engine
~ Engine,”Symbol K75Z70/125BL K8SZ70/125BL K9SZ70/125BL K10SZ70/125BL 7L$7GFCA
Firing order 16345 18264 17528 110472 15342
27 537 4639 -9-5386 -6
Length between cylinder 1 13)cm 130cm 130cm 130cm 114cm
Journal Out. diameter dijo 55 55 55 55 63
Journal In, diameter di 7.2 7.2 7.2 7.2 11.5
Pin Out. dia. dpo 55 55 55 55 63
Pin In. Dia. dpi 12 12 12 12 18.7(#1)
29.2(#3,4)
Length of journal a 34 34 34 34 28
Length of pin 2b 62 62 62 62 58
Thick. of arm h 31 31 31 31 28
Width of arm w 70 70 70 70 127.5
Crank radius R 62.5 62.5 62.5 62.5 85
Sect. moment of n 4.49x10°cm! 4.49x10%cm!  4.49x10%cm!  4.49x10%m* 7.72x 10%cm!
inertia(journal)
" (pin) J2 4.48 " 4.48 " 4.48 " 4.48 n 7.67(#1),7.73
(#2,5,6),7.38
(#3.4) n

" (arm) )z 1.74 " 1.74 " 1.74 " 1.74 n o 2.45 4
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Table 5 3 Coiculation resuir of influence number(K7S87707125 Bl

T

\djacent angle(Deg ; |

Reactive moment/Cm, Kg)

[ Influence numbery

1107 Cm/Kg) i

IS FANN

He M Mg M, . fa tr +
DU _ RN S
i
1 180 102, % 0 19,07 0 751 to.5 617 0.34
I i
2 1028 154 19,07 244 7.51 0 u6 10.46 0.16  0.348
g 542 514 2,44 39.79 0.96 1547 043 0,00 0.212
1 514 Sta ) 39.79 3979 15.67 15,67 0. 28 003 {0.107
nol sla 1542 | 39.79 2,44 15.67 0 9% 10.26 0.09 10.346
6 1 1540 102 8 2.44 19.07 0.69 7.51 10.47 0.16 10.34
Toboes a0 19.07 245 7.51 a 65 0.31 0.07  0.226
Total/ | 796.8 - 706.8 7 122.6 142.1 48.28 7 57.93, [0 - .
Me:mi 113 & 101.0 171 "o 6.9 53 2.71 0 77 ;0.-8»1
Table 5 2 Calculation result of influence number(K8SZ270/125 BL)
: , b
vb Adiacent angle(Dex 1 ~ Reactive moment(Cm. Kg) Ilr(‘){[“e(‘écme/"lgg € .
N / i My Mg M’y M'r fa ir
1 ‘ 180 40 0 18.2 0 .7 0.55 0.17  0.309
Sl 90 90 18.2 18.2 i 7 7.7 0.32  0.09 [0.281
T A 90 18.2 18.2 7.7 7.7 0.32  0.09 |0.281
o 90 18.2 32.76 7.7 13.86 | 0.27  0.05 0.185
5 36. 87 9 3276 18.2 13,86 77 0.28  0.05 [0.179
6o a0 180 P82 0 77 G 0.5 0.17  10.34
H i
70 180 90 0 18.2 0 7.7 0.5  0.17  [0.333
8 90 90 18.2 18.2 7.7 7.7 0.32  0.09 {0281
Total, 846.87 ©  756.87, 123.76,7  141.96,7 52.36.7  50.06. - 0g7
Mean!  105.86 04.61  15.4 17.75 6.55 7.51] 3% 0.8 0.287
Table 5.3 Calculation result of influence number{(K9SZ70/125)
o . . } . ) ber!
S e | R momeGn e RO
No ; o Or ML Mg M. Mg fa R
1o 180 129.67 0 8.86 0 3.49 0.59 0.23  0.39
DL 129,67 152.33 8.86 2.8 3.49 1 10.55 0.21 . 0.382
30 15233 74 2.8 31.25 11 12.31 0.42 @11 0.262
1o T 132. 16 31.25 8. 06 12.31 3.17 0.36 009 1025
S 132016 162. 49 8. 06 4 3.17 045 0.58 aon 10,378
Goh 162,49 166. 34 1. 14 0.69 045 0.27 0.68 UV
P 16634 108.33 0.69 16 % .27 6.2 L0581 h18 Lo se8
A0 108.33 169.33 16.8 0.42 6.62 017 051 018 1 0.333
4 169.33 90 L 0.42 18 2 0.17 7.7 0.5 DT 0 3
Totalo | 1274.65, 1184.65.7 70.02  88.22, 27.58, 3528 1, . Ces 0153
Mean | 141.63 131.63 | 7.78 9. 80 3.06 3.29 1% i
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Table 5.4 Calculation result of influence number(K10 SZ 70/125)

A . 1 b
Cyl. | Adjacent angle(Deg. ) Reactive moment(Cm. Kg) Ilr(ljf_‘u(ecnnc‘e/éx:)m €1l in
No, 6L Or ML Mg ML Mg fa fr
1 180 136.5 0 6.73 0 2.65 0.61 0.24 0.393
2 136.5 110 6.73 16.12 2.65 6.35 0.4 0.15 0.375
3 110 177.83 16.12 0.018 6.35 0.007 0.52 0.18 0.346
4 177.83 150. 17 0.018 3.25 0.007 1.28 0.66 0.2 0.379
5 150.17 102.33 3.25 19.27 1.28 7.59 0.29 0.12 0.414
6 102.33 154.67 19.27 2.36 7.59 0.93 0.46 0.16 0.348
7 154. 67 176.33 2.36 0.05 0.93 0.02 0.67 0.27 0.403
8 176.33 110.16 0.05 16.06 0.02 6.32 0.52 0.19 0.365
9 110.76 144.34 16.06 4.59 6.32 1.81 0.46 0.16 0.348
10 144.34 90 4.59 24.5 1.81 9.65 0.41 0.14 0.341
Total /| 1442.93/ 1532.33/ 97.69/ 92.95/ 26.96,/ 36.61./
Mean 144.29 135.52 9.77 9.29 2.70 3.66: 500 1.81 [0.362
Table 5.5 Calculation result of influence number(6L.67 GFCA)
Cyl. | Adjacent angle(deg. ) Reactive moment (Cm.Kg) Il'(‘)f_‘eu(%n‘fs ,?:)mbe” /in
No. 6L Or ML Mr ML M'gr fa fr
1 180 120 0 16.76 ¢ 4.54 0.82 0.18 0.220
2 120 120 16.76 16.76 4.54 4.54 0.59 0.12 0.203
3 120 90 16.84 33.68 5.55 11.07 0.57 0.08 0.14
4 90 120 33.68 16.84 11.07 5.55 0.41 0.12 0.293
5 120 120 16.76 16.76 4.54 4.54 0.59 0.12 0.203
6 120 90 16.76 33.52 4.54 9.03 0.47 0.07 0. 149
Total / 750/ 660,/ 100.8/ 134.32/ 30.24/ 39.27/
Mean 125 110 16.8 ' 29.39 5 04 6.55] 3 45  0.68  10.197
Table 6. Calculation rasults of ralial force conversion factor
Conversion Factor fr/fa
Engine )/
Calculated value (1) MAN, B&W (2)
K7 SZ 70/125 BL 0.284 0.3 1. 056
K8 SZ 70/125 BL 0.287 0.2 0.697
K9 SZ 70/125 BL 0.353 0.2 0.566
K10 SZ 70/125 BL 0.362 0.2 0.552
6. 67 GFCA 0.197 - -




s Hclol 7 B e aERe RHREEE G Y PR 303

1. JWaeh # 718l orRd

L RN A e PG
P SR S A I RN

1 ZHalzmol opsh £ENe StE= A

1 ~

AL R s T e BRE b IPes s U e R Ay sl 3 gle) ) wf el o] & Fourierit
R beoalvh 0D Prde 2] piylio] MR

Fotos Ao dicoss e A cos 204 docos 3= L cos nf 4 +B, sinf
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{
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Table 7.6 2l XTedel A #WEIS A LFEHe g EH9 RS E FtEIst ol =RH 8t
EHEWEE PR A Fvh $4 o5 HEGME 44 36%usad A MEBEHE Rt
IR WIIZ2208 Higk 3o Rol: wls} zo] fEpate}, W Zezad (FE A%
E243FEE Fig 135 23 o] 59 gksl HEKFS R otef o} Ze},

(1) A77 vlel¥

ARKS KW, AW FE 108 vheke] MERES, i 7o) o) 2P RN W, #
FlaRE, SEHHmEN

(2)~(3) aYakh EEHMG 108 vhche] PEER ) g RS HHE
X(D : BN EERE $RH
RAD ® Radian
(4)~(5) Y3k EEA 10 =19 Fourierikiie) cosinefX 4> FH¥E
AX : Fourier $£#(¢] cosine )%
D : Degree
(6) R vte}e) cosine j4r¢] Fourier S &ty 2141
(7 ) Fourier % ¢] sine j4 st
BX : Fourier §%#¢] sine B4y
(8) 75 K& wte}e sine K4r¢] Fourier §8 %8 S5
(9) Fourier §f#19) sine K4y5} cosine 4r9] SR8 =T
(10) FRRED), FAdol st aPapLsle] W, WHMEHE, & KU vido cosine, sine F4)
o RBGRE F ol T AR, A D BEGRHY VE HEER B
B & W TL55GF #F1S A 2BEJel & £E 7Y BRRSS HEsis PIE Tludd PELERE
i TR Fig. 150 2ol SEREZ 38 S2E% LEBS HToz s axya bEgs 4
10% =hete] RN ZBESE Table 8.5+ o] kgth. o] 54 FIfstd Ffigk 36 Bole FHHER
W73 12.2Tkg-cm™'q) 245 RABY BBEE HEYT &2 Table 9, 9 2o},

Table.7. Engine specifications for measured indicator diagrams

Engine Type BHP RPM Stroke(mm) A=R/L

Sulzer 6RND76 12, 000 122 1,550 0.267
7RND68 11, 550 150 1, 250 0.271
7RND9g 20, 300 122 1,550 0.269

B & W 7L55GF 9.380 150 1,380 0.335
VT2BF160 10, 500 119 1,600 0.25
9L67GFCA 15, 200 123 1,700 0.335
6L80GFCA 18, 400 106 1,950 0.335

MAN  K10SZ70/125BL 20, 650 145 1,250 0.278
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(6)

(7)

(8)
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Fig.14. Fourier analysis program flow chart of radial force

READ
N, TCAL, ANAME, PSM, X

!

-

DO LOOP, I=1, 2*N

; -
-

CALCULATION X(D

X(I)=X(I)*(COS(RAD) — (TCAL*
SIN (RAD)** 2/SQRT(1—-TCAL
**2 4 SIN(RAD}**2)

!
v

v

CALCULATION AX
AX=AX+(COS(D) *X(J))

!
v
SR
)

CALCULATION AI
AI=AX/FLOAT(N)

1
v

CALCULATION BX
BX=BX+ (SIN(D)* X(J))

1
v

CALCULATION BI
BI=BX/FLOAT(N)

!
~

CALCULATION C(I)
C(D)="AI)**2+B(I)**2)**0.5

!

v

WRITE
I, A(1), B(D, C(I, DH

v

( STOP )
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Fig.15 B&W 7L55GF (9380BHPx180RPM) indicator diagram
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Table 9 Calculation resal: of harmonic coefticient for B & W 7L55GEF

PSA =12, 270
TCAL=0.3350
ANAME =7L55GY

HARMONIC COEFFICIENT

OPDER CcOs

] 28.45164
21. 68690
3 11.80731
49462
5 2.27600
. 38539
7 —(.33829
.30601

o

05073
13 0.05760
4 ~. 09738

i) -=(). 20252
i6 {1, 26333
17 —0.31302
14 —1{. 38227

SIN

0.53570

2.95915

296071
C712383
42139
. 24971
31348

. 56583

i

—

[ B e

. 3286
0.03922
01944
—0.80753
—10.20818
-0). 1308¢
—4.16565
—0). 09252
0. (04057
—{.00013

1
i
=

ATAN
--1.11852
—7.76995
—14.11803
V37077
. 98520
-=72.85137

67.41970

61.59719

45.499598

30.13510

40.96809

76.26349

74.53307
~-61.70592
--39.28222
—19.35856
—7.38535

C

28.457006
21.88785
12. 17506
5.75718
2.68338
1.30779
0.88102
0.65332
0. 14942
0.07812
0.07541
0.21364
0.21600
0.20544
0.26164
0.27910
0.31564
0.38227

AU

11.41805
11.418056
11. 41805
11. 41805
11. 41805
11. 41805
11.41805
11. 41805
1141805
11.41805
11.41805
11. 41805
11. 41805
11.41805
11.41805
11.41805
11.41805
11.41805
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4.2 GEREN St2A
HRERS Bel A RRS Xe(6)Ro 2y B

Xr=E+FE,cos60+E.cos20+E. cos 36+ E, cos4f (23)
A7 A E= — (%+%22)-mm~R-w9
E1=—-2'i * Mrec* Rew?
Ei=(g + %) mu Rew (e
E,= —%Z-mm-R-w?
E,= —'%;~m,.c-12-60z

E, E\, E, By, E= A3 2486 (FAshE: 99 Elolnz dagy MEEEE dos
el o8 RBE T o2 drolel ekt 4 Aed EEe S

HEmRe B el A RES Xet BEREHOD BES SR AE NZESHS BB 2
of HSJBMIAEL FaloF v},

s ANLEH BETA R SRERS Prt A 218 nk cosine A RE As, MAES
o aXK sine RAGY B, 40 BMEHE BEHY axk cosine A R 8 E’W2} ¥a)

Pry=Cy+C, cos (0 +¢,) +C, cos (20 +,) +C; cos (30 +¢,) + v--.
+Cx cos (nf +¢a) (25).
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T = — Ag - (ag-;—b) cx, Tlh=— A’f ca+ (dzz'b) .a,
(4 4
Ty=— Ag cx+ (a3+b) cx, T!=— Ag cxt (a’;b) cx—x+a+b,
(4
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1 j 1 (~-M'+a,+b)

(o NSRS VI W R EY. 2L 2L .al-(__al_)dy

E’—]; g E']: 0 4
1 bt (—M'+a,+b)_ x 1 (=M +a+b) |
Y ET L ¢ TE (— T)d“ E-J, LH,,{ ; -
X 1 By —(M'+a,+b) {—a
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PANATACOM UMOS/D EG0d4 FORTRAN V01,005 760101

[=N

STNO.

SCGURCE STATEMENT
HARMONIC CALCULATION
REAL:%8 ANAME
DIMENSION(36), A(36), B(36), C(36)
READ(7, 100)N
M=2#N
PAI=3.14159
Y=0.0
CONTINUE
DEG=10.0
READ(7, 201) PSM, TCAL, ANAME
READ(7, 101) (X(D), I=1, M)
RAD = (360. %PAI)/180.
STORE = X (1) % (COS(RAD) - (TCAL %SIN (RAD) % %2/SQRT (1-TCAL % % 2% SIN
(RAD)1%%2)))
DEG =20.0
DO, 51=2, M
RAD= (DEGxPAI)/180.
X (1) = X(I} % (COS(RAD) - (TCAL#SIN(RAD) % %2/SQRT (1-TCAL¥ #2%SIN
(RAD)1#%2)))
DEG=DEG+10.0
X(1)=STORE
Y=0.0
DO 10 I1=2, M
Y=Y 4N
CONTINUE
AU= Y/ FLOAT22N)
DO 57 1=1, N
AN=0.0
NO 13 J=1, M
1= FLOAT (] %180. / (FLOAT(N) %57, 29583)



314 BEABEXE BB AXE 24188

30 13 CONTINUE

31 A(D) =AX/FLOAT(N)

32 57 CONTINUE

33 DO 14 I=1, N

34 BX=0.0

35 DO 15 J=1, M

36 D=FLOAT (I3]) %180. /(FLOAT (N)57.29583)

37 SX=SIN(D)

38 BX =BX + (SX%X())

39 15 CONTINUE

40 B(I) =BX/FLOAT(N)

41 C(D = (A %2 +B(I) % %2 +B(I) %% 2% %0. 5

42 14 CONTINUE

43 WRITE(8, 105)PSM, TCAL, ANAME .

44 105 FORMAT(//, 5X, ‘PSM=’, F6.3, /, 5X, ‘TCAL=", 1F6.3, /, 5X, ‘ANAME
=’, A8)

45 WRITE(8, 102)

46 WRITE(8, 103)

47 DO16 I=1, N 48 DH=ATAN(—B(I)/A(I)) %57. 29583

49 WRITE(8, 104) I, A(D), B(I), DH, C(), AO

50 16 CONTINUE

51 100 FORMAT(15)

52 101 FORMAT (10F8. 0)

53 102 FORMAT(/////, 30X, ‘HARMONIC COEFFICIENT”’ )

54 103 FORMAT(//, 20X, ‘OPDER’, 7X, ‘COs’, 9X, ‘SIN’, 8X, ‘ATAN’, 10X, ‘C’
1, 8X, ‘A0, //)

55 104 FORMAT (20X, 15, 5(2X, F10.5))

56 201 FORMAT(2F6.3, A8)

57 GO TO 1

58 STOP

59 END



