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Reduction of Engine Vibration by Crank Shaft with Modified Balance Weights
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This paper presents a theoretical procedure for designing of the balance weights considering the vibratory
characteristics of the crank shaft. This method consists of 3 steps: (1) Simulation analysis of main bearing impact
force induced by combustion pressure and inertia force; (2) Estimation of main bearing impact forces caused by
individual balance weight; (3) Calculation of angle of balance weights using least square method. Numerical

simulation of bearing impact force shows that the rotating speed component of a crank shaft with modified balance
weights was reduced compared with an original shaft. Also vibration reduction was confirmed in actual engine test.

m*l
M*S

.& L & (<

BfEL > 2 v TIHRE - BREME~OMNIE? 5, N, &
W2 EIRE) - (BEES 2 S0 REAEFROLNLTEY,
I - B v ERb, FEEREORBK, &
gL s 72 b uv—21bic & 2 A EAES S Tw
5, INLICHGIRE - BEENPBREE N 5205 B, 7
F v 7ENCAER T BRI & B s ES, B
EEIE DR 7 T2 7 r—2 BB RE RS (U, 1
N EGr E869) OMRRBINEEECERET AMETH 3,
FERD B 7 Z 2 JEICIZEWTIORE #HHRT 5201235
> 27z A (LUF, B/W EFT) #ESNTWE7Y,
K B/W LB L 7 T > 78hE R & R L EH L8 E W0
Ao LPEESNLTWR, LaL, UTosizk ), RiES
HE 77y 7MBERIRE SRR L, WREEND BT
T2 7y —ZERAC BT B EEXRBNAIC T 5 7 T 7
DR OB TR TEL (k> TE/,
®v> 7z te—riuick 2HITEIENMETICHEY 75727

B EFIREIENET
@ =R bz & 2 RIREE O L2

BiMEETE A EL, S v omEESs bR X
BiTiE, 77> JEMOREEFEEFEE L2, 2R B/W &t
HBEOBEFNETH L, RFTIIEMZEZENN 1N 5K
iz B/W BB FHEERFEL, B/WEEEHICLY
FEZZEND 1IN ESPERT S 2 & 28l 32—
3 > CRT EE LIS, BRFECEDNLZZ T 7EREL

FEEABRIC TR EMAEL 72,
2. B/WEBEEFE

2.1 EEB(EED

7SI A IBER X BMES, avay PR
NI AT 2 A POELAPERT 35607 T > 7Ok
B G &S IR ORE S ITE O RO D2 EET 5
BY, B LI # 1 8 RE RIS & EMRET 1N K
SN BH 77 7O EEEE— FOFSELRT, H»
bbb kolz, 77y 7omEE—F (£—FX#6
KUY osz8E T ks, oy 28 (7, 8Xk), hlth
EEIE—F (9Kk) HDFEEHIFKTH 5,

2.2 1NEDHERD=HD B/W HETDEHE & FIE

B/WEE*#%2 2 LT, FHlifgELLTr5> 75—20
IBRENGE - IRENE N2 HFEZ2 528 TE 5, ZNHEEG
EDFEIRT] & 7 B EAREN AR & L, & bICEE (R
FESI A E S TS T NWTRET 5 20, B EETO
TR E R s L TBAMET 5 & kL7,

B/W BLB#EIIC S ), FFHETIILTOEE %2 5% 72,
OB/WBAFTHEIZBRIMEL, 7T > 7B N D 2 %% THREW,
@ #it bR L& T B/WERBRUEE2RET 5720,

B/W OE & m: KU 7 F > 78 b B/W B TR

BEnER v ZBEE & Lz,

@ EEICHAHT 72 B/W 2Bz mEIc 5 2 58, =

NZI B/W OEBENFIEM LT 5.

B/W BLBZEEFIEZ LI TS AT,

L P e S —RHTER R T > UV RRETER
*2 BRI FRAHRBIAT R ZE &

3 F AR RS 7 — 7"
4 BRIGHFFER AR T8t

ZEETHEH Vol 38 No. 4 (2001-7)



0.2X10°% -
® =
= oL \%D
_ 5 | ) L ]
0.2X10°, 180 360 540 720
0.5%10% - =
o
= &
o \/\/\
P
2z}
i
—0.5X10* ' ' ' : 2
: 0 180 360 540 720

v IBEE 6 ()
(a) EHZEEH (#1)

Step 1 : B {mZE IR
B/W BRI S8 rZz I 2 5 H T 5.
Step 2 | HEHEHGTE
& m: O B/W 2Bl E8ZEZENERKD, 2oL s
DETMZFAEN O 1N B nZEfus & 8RN LT 2.
B/W i3i@%, Bftm (UVHE) WTr27> 70bbdA
fé‘% % ofﬂilﬁ FToila iz, AFETE, @2icrm-T L
WL CEFEY 272507 T2 7 L KA
E’Rﬁh‘t%n (Casel) &, ZNEBEXRTDHANCEfHTZ
Y& (Case2) O#EFE L TN FNEMICEBL, BHiE
RE®@IcED, UVENICERELEED B/W 0%
ZEN 1N B icd 2803, Casel, 2 D#EEDFE
MTRBATL I EL B8, BEMEZELIED

Casel, 2T 5EEE2ZNFN By, B2235&, B
FURE @ I & ) BA+Bh: = 1 OBRIHGLT 5.
Step 3 : B/W BT AFHE
BHEIZ BT 2688 Ba, Be % KA, £WMZOMEN1

N B OIRIE I 2 3HlBE S & LT, FHmBI% 2 N
$ 5 Ba, B (Vabb#MZLENOTRMERNET S
B/W BCiE) #KD 5.
Step 4 © S fRE N HRE :
Step 3 MEHETIF B/W B3I & 2 @RIREIFIENZAL
BEHEES N TV vz, KbbsEEicEDE B/W %
BN L 72805 E T OV OIRBRFIE £ 3R, Z OIREIRHEE

TR R EG L, HEORLYEL AT 2,

2.3 B/WOHERHE L RAFLFER

2.3.1 B/WOEHMBEENICHT 2 HEERE
E#TEE N 1N RS, 75> 7 BRI EET 2 ERH
Lih, Lk 8 2SI X B LN g X RO
Y HEIN B Y, %, 77> 7%k (KEEcs, 417
S I HBRREHIOTIRMICH DREER 75> 7Dy L
72)

N;=XP+XP V=V +i70 (1)
%W Case kb (k=1,2) ofMEIZ B/W 2FHF7-r 50
X X AR Y FEEED OB “1INEST o
RELIZEMET 5%, 2 QTW% 33T RTIN BFicBEd 5
LOETD) & Xim Yia t@“%’. B/W S Ingiofz:E 114
b0 (ERER) 13, RQ) L% 5.

W BAAREEZFEEB L TUTO LB ) BEREFRT 5.

1

199

radius=% 000 (kgf)

KIS N O AN

A

€ THD =t Y ® 19
273 \14« 5’\@\7,{@9 9 19 1142 13 14 15 16 17 18 19 20\ _ )

radius%ﬂ 000 (kgf)

/~~ / \
EITANAYN

1 3 zr 5 6‘@@3/1@11'% 73 14 15 16 17 18 19 20\( /

- KRH

(b) EMBHEBBRAINRAICHTIFEE(#1)
EEMBEESHOH] 77y IR — FOFGEFRTH DS
Earir b,

Example of main bearing impact force
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