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Tablel Maximum bearing force comparison of various
connecting methods(rigid connection vs flexible connection)

N
& X i Y i
o - - _ -
WE o mid wmee  TH R %
BL 32650 33062 13 8615  -9193 67
B2 63806 64791 15 11696 -10993 6.0
B3 28882 28522  -12 16291 -15025 7.8
B4 67308 64519  -4.1 15829 19803 251
B5 33497 35981 74 17217 -17493 9.8
Shol ——— k=600 N/mm
£
o
73
40000 ——— k=600 N/mm
30000 — J=8eS N/mm
£ 20000 F
%‘ 10000
e
= 0
-10000
=20000
0.11 0.12 0.13 0.14 0.15
i 5] /s

B4 %5FARKXEES (Rk, FHEET)
Fig.4 Bearing force of main bearing 5# in X-direction
(rigid connection V S flexible connection)

Bl 4 o5 5 FRhAR X a3l . il e UG
BT A IS AAL A A S, S e H S Al AR 3
il 52 R BRI SE WA ISR, 22 R S LR M i 4
CRAE G IR, TR BT S IR E N, 4%
AT R o

BN B3 B2 A 2 M T F R ) P T 3 P o 2 ¢
Jre MR R B BN Z R B, SRR
5 AR T W SEAND - DT A8 AL A4 A A 0 85 1) A2 T 22 57
WA, e A0S R AR BT AT W B2 s AR R R T



60 Rk TRE AR

2008 4F

Al S, PR T S A A AL R AR A
W 22 5, DRI R B IR 222 7 Aok 250t Jim 2 Ul AR 2
Ao Ay B R HR 20 i [ J 7 A v B AR AR

RANW LALLM FAT &, JBFMEs, m—
e & BRI A W P R e e T X, i L T
RN RE R T UF FRR B af R =R ER, B
YEH FRAHCE R NIEIERR, F 4 it &5
TV R AW T4 s HR I = B RN IR 22

gr Bk Ar, AT 2RS0T E R, 1S EIR
SEBRAHAT R LA R, DAL 2 AR ) ) 2 B A 1A
B WIBERISE PR e SRR — S
5 BRETEMXHEITEN N

G ANRIS I, A AL I R e T A DA LAHE o
H T BRI AR A, AR RE K R T A E
71 (bushing), @it AL NI, ST Bl 1 21 A5
Bho WHE THUNbRE T80 Cfeid 3200 rimin), KB
JBCE W T

k=800 N/mm, k=k~300 N/mm, c= c,=c,=0.02

RN PR P o iR R R i R L AP |
PSR, ARBTG5, X5 5 FhhiRK
PEAT A, 6 e R ST s, 2R 5
AR AT VAR A L 2.

F2 5 FHABETHIEEE GTEARERED

Table2 Maximum force comparison of main bearing 5# under
various bushings

N— K 17
N+ BN A% BN A%
k=0 15382 0 33433 0
k=100 17068 1 35373 58
k=400 15627 84 33308 58
k=1000 14764 55 33031 08

REHUR I WIE SCEEIN - B 2 AL BRI A I 2Rk
SCHERAL, BT AR S /N th B el i, Al
AR IPEA N S IR 3 990 P 22 30 B8 S AT B
FERT U SORE FEEERAN R I, ) DA IRl =7 vk = 2 1
SO, AEAE R AT SRS L B T W PR BRI,
R A (R AR 22 A6 0% 1

6 RXIEIEUE

H Tl AR A e L i, O IR TR 2 A8 )
SRR HERR I, SR RH S 2 A AH DG IR R LA R Bl gk
TR I E . Fooyikat, JERURL R BERTH—AN A,
LMSA ] [ Testlab R LIS T 1% siba s T80 R 3N T7 111K
TR E, 5 s SO g BT . B BRI,
RENHLS G 2SRRI R Bz, R SIHLAI Zh LA
FPEIERY . TEAEE N, RERESH. kekek =
865 N/mm, c= ¢, =¢=0.02, #EHZH. KEX. y. z
)R EE A [A] k=100 N/mm.,

IRy LN BE A 0y LE WIS, ) A HY ke
P A IR &, MUK ISR s) 5 T 5630 T B id
ZAKEN) I3 AR A S A R HERA I

3

=
= 2
=
E 1
L
0
0 200 400 600 800 1000
4
=1
= 3
E 2
=
0
0 200 400 600 800 1000
4
=
= 3
E 2
E
0 B
0 200 400 600 800 1000
Fi# [Hz
B5 Kk dmikshinik B
Fig.5 Comparison of engine block vibration
acceleration spectrum
17 % %

1) R (0 22 1 20 0] By 10 oF SEAT B3 15
Wi o gt 2l R SR ARG K T % Rl R AL R e 3y 22 57, %
T RN SZ 500 TMIHLAA I 2R kAL 4545 S 7K TR
e Aoy TPV AEL A8y 22 50N, D83 T Bl K I 52 0 O
SIHUAR I ZRAEAR B, ot ol 22 000 7R 2347 F) 52 70 E 2
Fo ISR GBI IE T RIS E, 5 KRR
RO, S af R i s i s o .

2) KENHLEZRKI, A BB KPR SR Pl
AN 2220 T3 30 Tl A AT S A, DR 2 SR
Ty AR AR BAT VSIS, AR ORI 2 AR S)) J) A
R EMALE . WIS RSB &, 4
HEA 2 HERA 10 T Bl 28 1 LA AL

3) IBCHh AR S S T AR BT AT e . AR
SRS 52 B SRAN oy e A Y 5P PR IBCHA Y (R 45 PF T LA RG
b R IR 22, R SRORS P AT 2R e SR s A 1 M
PERECRI, e AR I 5 8

4) JHid PRSI AT EL R A9 B TR AR R 1
PRB I EEAE,  MHLAR IR desl 5 g E 1 B il 2 14 3h
T AR S R R I

(& % X ¥
[1] Turner J W G, Kalafatis A, Atkins C. The design of the
NOMAD advanced concepts research enging[J]. SAE
paper, 2006-01-0193.



12 ¥

P REAE: 2GRN RS L AR BT S 61

(2]

(3]

(4]

(9]

(6]

(8]

Prashant Ramachandra, Yeongching Lin, Junichi Yasuhara,
et a. Durability of power components under operating
conditions[J]. SAE paper, 2006-01-0650.

Yuji Aikawa, Tomoyoshi Osakabe, Yoshihiko Sunayama
Prediction of engine mount vibration using multi body
simulation with finite element model Dynamic[J]. SAE
paper. 2005-32-0006.

Matthias Schneider, Hans-Peter Lahey, Christoph Steffens, et
a. CAE process to diminate powertrain noise and
vibration[J]. SAE paper, 2002-01-0459.

H Y Isaac Du. Simulation of flexible rotating crankshaft with
flexible engine block and hydrodynamic bearings for a V6
enging[J]. SAE paper, 1999-01-1752.

ARG, SmHLE I R AR HID]. i X
PELTORSE, 2007,

& A, T ARLHLAA R R ) BB b
[J. WL KW CL2ERRD , 2007, 41(12): 2073—2076.
A MET, M B SEalblhih 5 A RS )
S EMRLY . WL RZEFR (LR 5 2007, 41(5):

(9]

(10]

(11]

(12]
(13]

(14]

(15]

780—784.

Roy R, Craig JR, Mervyn C, et al. Coupling of substructures
for dynamic analysis[J]. AIAA  Journal, 1968, 6(7): 1313
—1319.

JA#2 3 MSC.ADAMS/Flex 5 AutoFlex 5l ZfE[M]. b
e Bl HRRAE, 2006: 196—199.

HoHl, WMCE, BRERS. ADAMS 2005 BB BT RN
FEFIIM]. dbst: AU T A

AVL List GmbH. AVL EXCITE training course[Z]. 2004.
Kimura J, Shiono K, Okamura H, et al. Experiments and
analysis of crankshaft three-dimensional vibrations and
bending stressing a V-type ten-cylinder engine: influenee of
crankshaft gyroseopie motions[J]. SAE paper, 971995.
Okamura H, Morita T. Effieient modeling and analysis for
crankshaft three-dimensional  vibrations under firing
conditions[J]. Proc Instn Meeh Engrs, Part K, 1999, 213(1):
33—44.

TR, RFERL, RIKEL, 5. G RGE) I ERE T
[M]. dbat: B MR A, 1989.

I nfluence of multi-body dynamics modeling method on simulation of
engine main bearing force

Li Min, Shu Gequn, Wei Haigiao
(Sate Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract: 41000B diesel flexible multi-body dynamics model was built by employing the modal synthesis technique in
the software Adams, and the application of multi-body dynamics modeling method in simulation of engine main bearing
force was carried out. By comparing the simulation results of different models, the effects of flexibility of cylinder block
and crankshaft, installing method of engine and the elasticity of shaft coupling were also discussed. The results showed
that the flexibility of cylinder block and crankshaft, as well as the installing method of engine, played an important role
in main bearing force calculation. The influence of elastic shaft coupling was negligible in simulation of main bearing
force. Finally, the simulation result was validated by the measuring engine block vibration acceleration.

K ey words. multi-body dynamics, installation method, shaft coupling, main bearings, flexible body



