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Development of Software of Design and Analysis in Powertrain
Mounting System

PAN Dao-yuan,ZHANG Qing-long,XU Yang
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Abstract; Applying the multi—dynamic theory,a dynamic model of the powertrain mounting system of motor vehicles is established. An
optimization model for the powertrain mounting system is constructed ,in which decoupling efficiency of six freedom vibrations is selected
as object function, and stiffness radio and inherent frequency distribution as constraint conditions, the stiffness, installation positions and
angles of the mounts as design variables of optimization. The software of design and analysis in powertrain mounting system is developed
by Matlab in Windows platform. The software mainly realizes performance analysis, mechanical analysis, optimal design and generating a-
nalysis report of powertrain mounting system. Based on the software,as an example, powertrain mounting system of a truck is designed

and analyzed. The optimization results show that the decoupling rate is obviously improved and the inherent frequency distribution more

reasonable.

Key words : powertrain mounting system;energy decoupling ;inherent frequency ; optimal design

0 51 &

B E RGN R R A A R
TR G5, HCR B 0 1 o B T Ak 73 K 42 NVH
PEREA AR BRI, 4 B Y R B R R
HEASH T BRI K S HLIG B AR S 1 S
O TR AR 2 4208 30 B 5 420 P 45 A M T R B M,
TS E TR ] ADAMS #kBY [ R & K
AT R BT, T 3 PR AL B R B L B
(9 REREAAE 2T Bt AR 3 4 1 S A
{1 o1 2 H B 2 T 1 5 F % 2 PR AR TR e g
B AR R B E A 2 AR

75 B H#3:2013-03-25 f&[E H#3.2013-06-27

BT AR R A AR RIS 2 | A7 0 BEAR B BE S 20 A T A
FAEBL B AR BT I R
i1 B BE B ARG TR RE A
Bl TR AR ST o A4 o5, AT RS A 258 5 i
L)1 B R E R R BT,

1 HWNERBERGENFEE
ORI AR AR I A G A2 T Bl 1 0, X Rl
SHALH A RZ T ), FEIE T 4 ) A ShALAT T Y B
PP A0, b A 22 (N A STLUR SR WIRT A ) 2
b e A T SRR E AR E TR O = 1 A L

[ 2& H kiR A 18] :2013-11-12

BHETE 7L E BRI H (SBY201220101 ) ; VLI BFSE A= B 35 015 TR H ( CXZZ11_0578)
YEE B IREIE (1982-) , B IR WA L F9E 4, CCF & 50, iF e T M N G B RS SN K FEB T,
[ & tH AR b IE - http : //www. enki. net/kems/detail/61. 1450. TP. 20131112. 1636. 027. html



552 1]

WH L AT : 3 71 B B RGBS T AT K <213 -

L 3 5 R PERRJE T, R A AR R O-uvw 3
B F B B AR R, B SRR E RS
T LR AR BR RN B 25 [ 75 [ fy R AR an e 1 pie
/jf\‘o

Y%
O \1/7):

&ﬁ
i e

\4
A1l ShhEREE RGN FER

TETCHN RIS BL T, 25 [E 75 B i B IR 8 R GE R
RN T REN

Mg + Cq + Kqg =0 (1)
e [M" 0 ] (2)
0 M,
M, = diag([m,m,m]) (3)
Jo -J, -
M,=|\-J, J, -1 (4)
e |
C= Z B'T!c.TB, (5)
=
K=Y B'T'kTB, 6)
lﬁ 00 0 =z -y
B.=|0 1 0 -z 0 «x (7)
10 01 y -« O
[cos(a,) cos(B,) cos(y,)
T, =|cos(a,) cos(B,) cos(y,) (8)
Lcos(e,;) cos(B,,) cos(y,,)

K, M R GEBVERE ;€ iy RSB HE K
HNERGW RS ;q RS XM sm J i ;M A
A AR S RS . K, = diag( [k kK, ])
N R W Rk, kR kS E N e, =
diag([c, ¢, c,.]) M= i W ¢, c, Flc, N
FRJE; B, HEE | WAL EEBIEE, (x,,y,,2,) HE
BHimAR, TOREE AR R 0, — uw,w, 7 UEIAR
PR G —xyz P I AREZHE R, J, =0, .. =]..]. =
I

M (1), A Runge—Kutta B yE 5 A1 1530 )
RSN AN N K e L ) VA ZNA Y 2 T N = R S
152 J1 BAi ¥

F =kTEgq +c¢TEq (9)

P.=TEq (10)

MRYEIRBN B, RGBT R w > WG MK /Y
AR AL, 100 AH O ) [0 A7 R 80 2 JE B MK R AR AR o)
LRI f = w2 TR RGEEA R £, T o
SR B0 1 e R G I A AR RIR Y

BRGSO IRSI HIZE kA A b B

FIBES B RE 5 R G0 B S RE Y L Dk R AE & A Z B S
PRFUBTEE kA~ R DR RRR
e 2 PPy
EP]‘_. _ ki _ =1 (11)

T o Mo | & &
e e 2 zgokimklsoli

KA, 0,0, A5 | HIRBLAYEE & ADSHAERS 1A
TUER m, N ARG FE IS kAT 26 15000k, 1,0
:1’2’...,60

2 HAHEREREERGMRNER
2.1 BItTE

2B B JE A AE IR 20 I8 B L 52 ) 38 498 1) g, % o
B RGN E A RN,

KT AR it var Ry 4 B B BIRIEE (kL kL k)
BRNIE (x,,y,,2,) ERAME (a,,b,,g,) , i A&
BN
2.2 fR{LBR

PAZSAS H R B - RSN Re BRI e R4k B
b pREL

minf, = Eicxl - EP)) (12)

% EP AR i 4R R v de R 1 i R R R AR B
A 87 T 5 AR S RE R 43 L e, X AR i A
IR
2.3 AREH

I RGEANTE Ty 7 e R KR A IR o, [ A R
IVEEBLis s NS EAL Y

. Sinax T Ziwin | < Bimex ~ Eimin
fi:(var) - S 2 (13)
| f.(var) - f,(var) | = diff,,i # (14)

K, var FTHAE ) i 1 (var) W RS @ By
BT g, o G H RGBT 8 A A 238 1Y T A
AME BB RAE 5 i, A 26 0 [ FIER I BT A 45 3 S i) ol
e /MH

T A RA B Rp I LR AE 7 B T AT P A 20907

kmin

K, 2 2 (15)
n,m e {x,y,z{ ,and n # m
7 T N RGBS kRS =) F N L
(EEPLER YN R ON



©214 - HEMBARS R R

%24 %

3 RHEHAE

HRAE 2 71 SR B R G AL AR A 7
Windows *F- 5 | Matlab 15 5 5% T 8l J1 6 B
RGBT IDXZ, Z AT D RE AL A5 V4 Bl ) S
BERGTERE T 15 o DL AR A i
ST . BB RS RE S O LA A R A R
A PR B TH5 s B 8 R G 1w o A B80T 1
A R R IS AR E b 5 R AL T &
BEAEJR AR AL IR R A R AR R T B A2 1 R ES s Ak
BETTREAR I S PRAF 1 , XA 22 A R o7 18 8 25 % Xl
FY Bl R AT & VA B ) B B R AT
it. #h71 BEE RGO R A E 2 R,

o S[E] =%

o 'E S B

HHERBBRGLERATER

Z] BB
:

¥

EN

HHERABRAGHETER

[ angmsnes | [ _ssssss | [ s ssemen | [ BE skt |

[ Bszmezs | [ s@szss | [ EEzenveti | [ ARduptirs |

Copyrightd 22T HAF SES TR TEF R
dht: STHEETHY MBS #héE: 212013

B2 #HAHAERBEZATHMSEEZRE

BERGIABHE SN ) SR E RGBT
W CEETR Ay, AEBI ) SR S RGPy vk
FSERN B T B MR E RS s,
A SEARUE R eR B 108 30 ) B B R A AL
A T) U A Ay TE 24 R T, SR FH PN R i e P e

B B ) MOl E R A

A BN RS B EINSH B ERH &
EXTFRE A BRI BERE B B RN B TR A
JE

LR RS R

AR .

Stepl :fi AL H AR ek £ (12) th & 3 H 2 B AR
BIE ¢

Step2 : BEFE 29 H A% M4, I BC B AH IV 29 4% 140 1)
/ME e KA

Step3 : M BRI THA8 f | I e B AH N 35 178 o 19 5
/ME KA

Stepd : VRN w2k, R4 =0 (13) L (14) A1 (15) it
AR5, n S R A5, $UAT StepS, NI, $AAT
Step4 ;

StepS ARHE (12) 755 H AR pRBUE , Q1R N i

AN R A& BHAT Stepd , 5 | B4k

4 ELHIHE

BEXT L VR 4 1 B ) SR B R AT R Sy
BrARAL LT o R G DU i R A2 A X R A
B s EURER N 966 kg, FULAARR N (-30.3 mm,
-1.5 mm,100.2 mm) %% sh &R (], =68. 1 kg - m”,
J,=251.8 kg + m’,J_=224.1 kg - m’,J =0.3 kg -
m’,J.=0,].=-22 kg - m*) ; KBIHLIERECH 4, 6T %L
F 4 FHRHAFE R 1100 N+ m, B3R 700 rpm ; A8 3 2%
BIFARH LN 6,777, R Z) ) BlEE Rk

X IR R e AT AT S AR SR T 08 L S 3k
1 PR,
A1 BAREABZE) %
f/Hz 4.27 5.96 6.79 7.65 8.32 10.22
x 6.22 0 0 83.1 10.68 0
y 0 24.28 52.4 0 0.01 23.3
z 8.99 0 0.01 15.49 75.5 0.01
0, 0 0.59 36.42 0 0 62.99
6), 84.78 0 0 1.41 13.8 0
0, 0 75.12 11.17 0 0.01 13.7

B 1 R B R 2 O T RS AE A e,
] B A A Bl R G RS A HR B2 A AN L 53 )
4 KN 3 HA R EERIACE R 1, LAk Y AR W
FEAH(1142N - mm™ 724 N - mm™ ;964 N - mm™) ,J&
EEBEWE (44 N+ mm™ 479 N - mm™',463 N -
mm™) AT E LR R £7.03 deg, AT AR E
H+14.03 deg, B2 AL E X} 170 mm, Ak )5 1 E
A ARRR R 2 Pros, W ATLUE ks
(B0 7 R B R GRS F R E R T
PEE FEDE A8 F R 2 B EEM 75. 5% 12
3] 99.53% , Seh il 5% 2 A EE 0, 1 A AR R A
62.99% b F+3 68.7% , Bl B 7 X IS H B
PRBFEE UG L

&2 BRREAEIEE(2) %

Jf/Hz 5.14 7.23 7.23 8.65 9.33 10.82

x 6.23 0 0 0.34 93.42 0
¥ 0 75.46  7.68 0.01 0 16.85
z 0.22 0 0.01 99.53 0.23 0.01
0, 0 4.98 26.31 0 0 68.7
0, 93.55 0 0 0.11 6.34 0
0 0 19.56  65.99 0.01 0 14.44

FZHAE 50 A 1 f- P4 e KA B2 il 3h
AN B rbly 5 FP 00T BB AR R T A AR AR A4 Ry AR



552 1]

RTFWZ MM, N3 3 M 4 iR, A kL)
JEHE SRR = A A S, IR A5 e X
N AESFIRZHL, S FIRAZ I, AR bR ARG R [ 5 A
AR5

A3 BINTEEEAFGLA N

SE O EPPA ROKIIAE S T filzh  EE
e -3291 6265 -4381 -2650 -13 163
it -3325 -12880 -2234 -2684 —13298
Ja2e —1421 3124 -1868 -2062 -5684
Jati -1437 -5982 -990 -2077 5748

&4 BINTEEEAF @B mm
2E BT RRHE B filzh  EE
A2 -3.43  6.526 -4.43 -2.76 -13.71
GIES -3.46 -13.41 -2.45 -2.79 -13.85
Jakt -3.06 6.73 -4.05 -4.45  -12.25
Jah -3.1 -12.89  -2.11 -4.48  -12.39

5 HRIE

XFE 1 B E RGBT T 10 M S T8
TSR E RGN A h 22, ARGV RERT R
SEBT e TR F AR eR R AR R AN A
SET BN BINE B ARG RY 1S T R AR
G2 1 2 R AN A RS 4 Atk b T 4 S i) 1 2l g
IR E RGBT R R R A3
SR B R GEEAT TR, D A 25 2R e R R A
o, A R AR, R TR B ORHUE e
Sy fbily 5 A L0 T B BT R AR AL bR 2 A4 R Al
PRA T FIMOIAE LR, %A RETT 18 3 L
MF3h 71 0 B R G BOH RERE T bF o

(k&% 211 W)

e S 7805 BRE A S V H U KA 4
SPCEO61A 5 HLHEHL , 7E 8 K B 1 1 58 iU, %
FLARBEIE IR, P2 T 03 e

SEHk .

(1] FBMAR. R ZARB A # SERBFEDIREL ] . FEILIm K
2 (FESRERR) 2011 ,48(4) 72-74.

(2] BE&BKAE. LED BEBIS R HI[T]. 4T 5 6B ,2009,33(4) :24-
28.

[3] o7 MR R EHEARTE A - R AR
[J]. Hi R ,2005(3) :74-71.

(4] Bhoets AP RPLEA (], BN FITA8F,2002(9)
69-72.

[5] ZEDug % MK, 8% 15,5 %404 LED G4TMRIT 558
W) BRI TR, 2013(4) .5-7.

[3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[6]

[7]

[12]

WIE L A - 3 1 B E RGBT S T & <215 -
BE Lk
(1] A, 2= 55 BhIR0R, 45, 903 1 SOE B RS RE

SRRSO AT ()], LA K22 4R, 2008 ,42(6)
878-881.

MWLk, BARAE. R -3 SR 2 GE ik SRS ITEAN 7 120
MriJ]. TR J1%,2006,23(7) :13-18.

FEURFE. HUMER SRR B AR [ M. 13 . IRl AR SCiik
A, 1985.

Wang Ruiping. A study of vibration isolation of engine mount
system[ D ]. Concordia; Concordia University,,20035.

Jeong T. Analysis of powertrain mounts with focus on torque
roll axis decoupling and frequency dependent properties[ D].
Ohio ; Ohio State University,2000.

Hafidi A E,Martin B, Loredo A, et al. Vibration reduction on
city buses: Determination of optimal position of engine mounts
[J]. Mechanical systems and signal processing, 2010, 24 .
2198-2209.

RO RS . 377 SRR B R GO R AR R
ATk [J]. fesh 5 ik ,2012,31(4) :1-7.

e A RSO S B BEE R
XS LEBFFE )], 134 TR ,2011,33(10) :875-879.
HoOBLER W AR, BT ADAMS B R SIHLE S
RGTE 1] HEHBAR S KR ,2011,21(4) :231-
233.

FEP4, £ B R ST 2 ks 1%
BT T]. THRPL TR 5 BT, 2012,33 (7) : 2748 -
2753.
ZFOWLE VAR, S T MATLAB 98 R G0
it BARPEIT R[] KA ,2011(9) :19-23.

KB BREHL WSS, T VR A AR AR BT R R 4
MRFSE ST )] PHEAL T AR 51%01,2010,31(12) ;2861
—-28064.

SO A LED BB AR T[], I TR 4R,
2011,22(6) :51-58.

T OIF, R ET W SPCEOG1A LAk {545 1%
I, B FHA ,2009(9) :16-18.

W R S SOME Wi AR T STM8 RYLL4h 55 7 ik il R
AT T]. BFRARRHL,2011,37(9) :32-34.

HOME BRIV, XK, 2. 3T A HLAYYE BE LED T 8
HIRGE[T]. BFiif #2011 (18) :154-156.
SRURN , M, £ #. 5T % fH SPCEO61 A B ALY &
FNERBITT]. A5 BALHEE 2009 (14) . 74-78.

JU, % 4B, ZEBIE % BT Muldsim B9 7 58 B 0k 2%
RIS EAHT )], F i T/ ,2013,21(2) . 108 -
110.

B B FEF Multisim A9BSR LR 05 5 M (1] 06
A ,2008(10) :38-38.



B BB E R S AR TR [HGREE ..

{E#: WiEwe,  9kF e,  18FH,  PAN Dao-yuan, ZHANG Qing-long, XU Yang
5 FA YL K2 VR 52008 TR B, YT 08 BHIT, 212013
1147 . e N N
RS LA S RIE
ISTIC
YL Computer Technology and Development
M, 250 2014 (2)

A ICEERE: http://d. wanfangdata. com. cn/Periodical wjfz201402054. aspx



http://d.wanfangdata.com.cn/Periodical_wjfz201402054.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%bd%98%e9%81%93%e8%bf%9c%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e9%9d%92%e9%be%99%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%be%90%e9%98%b3%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22PAN+Dao-yuan%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Qing-long%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XU+Yang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e6%b1%9f%e8%8b%8f%e5%a4%a7%e5%ad%a6+%e6%b1%bd%e8%bd%a6%e4%b8%8e%e4%ba%a4%e9%80%9a%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e6%b1%9f%e8%8b%8f+%e9%95%87%e6%b1%9f%2c212013%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://d.wanfangdata.com.cn/Periodical_wjfz201402054.aspx

