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Dynamic Modeling of Engine/ Mount System via Experimental
Modal Analysis
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ABSTRACT

The analytical model of an engine mount system with six degrees of freedom is identified
using the modal parameters obtained from the experimental modal analysis. The structural
parameters, mass moment of inertia of the engine block and stiffness of the rubber mounts, of
the engine mount system are determined by using the condition that the estimated modal para-
meters should satisfy the corresponding eigenvalue problem.

The simulated modal parameters of the identified analytical model are in good agreement
with the measured modal parameters.

I 5 M oo Kry  : AwbgES] obEubsk 73 A 4
: Kpir : ARPREES] Hutd A4 5
(A)* 138 (49 A} A3 (pseudo— Bpp o FmbgES] 4EHursr A 5
inverse matrix) Krpp : EnpeEe] Aol A7 <
a,be 1 2t vlEEO HX X9 xy,zFHE ) A=k ey
(f} : {f}9 phasor (m] : 2= A¥3Y (modal mass matrix)
{£) 7]—2]%} ol g] (@) B99e (¢} phasor
Logeidyysd,p: RS xy,2% Wike] 4 7 {e) ¥ vy
SHE W, A T B
Logidyo Loyt AR 2,23 ¥b3ke] A2 3t w : gl
AEedE xy,2 1 AT FEA g HA T
i e w(=v—1) @ c Auule Eo] M 7w
(K] 704 899 8,,0,,6,: %,y,2% o] AT
(K] :32%x 24 9% (modal stiffness @) :2$= =9 (modal matrid)
matrix) {¢) : 38/ 9F
* WFe7] ¢ JH A ALY dF4
*x  AEFFY

wax QFRAA Y AT
cexr AFAAA SR S AL}



40/@ X

1. B

o ez wasA A
o ARHozH £e SAT A 2
Sole M2 w3 ol FAS Hens o
g 29 wav Ao,

dA e WA BAS 24, A
AAHE $4 A cheEAd U =P
3959 ndo] Bedtt, ol +34 =g
& o183 A A T2E B
A AR AElAL Fo A
AFPe A S8 AN Ack
oMol ATNAE M }LEE 3 A=

2 7IF8AY (L 2], FmAR 7
F (3.4], 94 %Zﬂ—J 1P HHEFHE
o ™ st =

43 FRPent TR

B, nPeleEs) 74z B 2auE BEd
A0 Aoz TAG g A waeE

< Qlzl Bdel ¥oge) Eitsie By =odd
EE AgsA £Ash7] olEg 87 ofYs,
7}2‘_1 @U‘Oiﬂfﬂ T8 AT weEee 4
Axe] HAE A ol =2
Hegd T Al“—7\] golga Rt BFE
71 EAAE AT Ut B aTME
AuleeAdd A8z r$= 54 (Experime-
ntal Modal Analysis) %8 Z&3led 4
Al mee wARSTE FE230 olF ol

sl FA8d mUs 24

ST =

™
=
<l

M 4A AEA A1 (@S2
1714, 3FAX wleE)d FAUH nd g
dedez TG gedeME A7 u
gEdel SA% =g

o,
AgEAZ BEEE 2FIPAL FEd

= Eﬂ »101*1 ol
T A @A ( ,y,z)oﬂ U3k 3&dske] W
71‘_“‘?.-%_‘4 ALEE 2t 6 AFEAR 7

4 SkTh

aFohEEL] nuslel gloiM T e
kA okn ZHA e Fadre 2] A4
glo] A3 @42 7MAY vA848 HH@AG
BATE FASE 7 FF gikez 379
Ay 2=y (1709 &, 279 dd 2=
Do) wFrEEY BH F4e Aes 2
4 SR 2agsu® agn S2
19] AEAY nFLEZ JHF o i)
o A= ZEE dXE A5 7 IR
gakel] f§t A e T5 A R
ol @ate] AA Aoz By FE £ o
AR FEAE 1719 F9 ¥ 22 2R
29 Wz sa0 ] mael wEejela
% w BdEde SN de 2 9
off AMgE S24d7le ziekald FAEH =
9L ¥ 13 Aok

o 2 oo
LOr*‘

OE'. Hi

o

Tear meunt

tront Lefr mounc

ur Mo’

v
- /'n
; “> fromt right mount
6, b b, I

T R RS

Fig.1 Dynamic Modél of the Engine/Mount
System
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Table 1 Modal Parameters of Eigene/Mount System (Mode shape vector)
mode st 2nd 3rd 4th 5th 6th
x —0. 77 —410 0.63 0. 49 0. 04 0. 03
y 1. 65 — 1. 60 —2.34 0. 51 0. 48 — 0 00
z — 0. 52 — 220 — 4.4] — 0. 47 0. 50 0. 00
6, — 2. 47 1. 87 —1.76 4. 83 4. 53 —0. 03
o, - 0. 44 — 13 24 — 1.45 — 1 22 — 7. 33 — 0. 38
4, — 0. 53 4. 98 —1.35 1. 72 — 5. 06 — 0. 05
Natural
atura 7.99 Hz 83H | 1022H: | 1424 | 16.46Hz | 955 H:
Fregency .
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Table 2 Identified Structural Parameters of
Eegine/Mount System
Parameter unit value
. kg m 9 4627
1, kg m 3. 3818
I, kg m 13. 8691
Iy kg m — 02419~
I, kg m — 2. 0573
Iy, kg m — 3. 0323
K1, Ku1 Nfm 556787. 46
Krn, K N/m 371552, 59
K . N/m 413224, 20
Ky N/m 160827. 38
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Table 3 Mathanatical Mode! of the Engine/
Mount System

~ Mas= Matrix [M]

265.00 0.00 0.00 0.00 0.00 0.00 3

265.00 0.00 0.00 0.00 0.00

265.00 0.00 0.00 . 0.00

9.46 024 —2.05

syrm : 338 -3.03

L 13.87
Stiffness Matrix (K]

1025815.03 0.00 0.00

1156329.39

0.00 ~52217.33 B86525.66 Y
0.00 64900.78 0.00 -11447.66
1152519.83 —B1983.95 11409.9 000
96621.85 -811.19 ~642.51

symm 418%.23 6218.37
116837.43

units :(MICkg, kg -m ), (K] (N/m, N-m/rad)

Toble 4 Comparison of undamped notural
- frequencies in Modal Test and Identified Model

Undamped Natural Frequency, Herror

mode ) odal test | identified modal | %
1 7.99 8 67 135

2 8 36 8 94 6.9

3 10. 22 10.16 0.5

4 14 24 13 24 7.0

5 16. 46 17. 27 4.9

6 2551 23 67 9.2

» error — | Modal test —identified model |

0,
modal test X 100 %
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