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Dynamic Analysis and Optimal Design
of Engine Mount Systems

Hong Jae Yim, Sang Joon Sung, Je Hyung Lee, Eun Soo Cho, Sang Beom Lee

ABSTRACT

In this paper, an integrated system for dynamic analysxs and optlmal design of engine
mount systems is presented. The system can simulate static and dynamic behaviors
of engine mount systems and optimize design parameters such as mount stiffness,
mountu?:; locations with desired design targets of frequency or displacement. A
FF— engme with an autgmatlc transmlssmn is used to demonstirate the analysis and
optimal desngn capablhtles of the proposed design system.
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Fig. 6 Lateral mode Fig. 7 Pitch mode

Fig. 3 Enginé mount system Fig. B Yaw mode Fig. 9 Roll mode
Table 1 Torque axis and elastic center
Tarque Axes
cos a cos B coS 7
097 -015 019 3-3 HE 29 o
Elastic Center (cm) ey .
X v 2z Direction Cosine Aze AAFHE U oz 3o FH ¢
-0.7542 | 05529 0.3543 o MM B °
. 82 | -nos oo T oms T o g dMds] B Ay Table 391 9l Table 33
06562_|_061% | 04406 MSC/NASTRANS! #i4 Z#AE vlastd HY,

05% olule] 21U E zte FYANE RAZEG?

Table 2 Natural frequency analysis. results

Natural Frequency Table 3 Static Analysis Resufts
Mode X | Y]z | xx]|vw]z
Frea] EMOPT [11.903] 8043 |10323| 12.020 | 15125 | 13007 Load (N, N - cm)
: X Y z XX_| vy 7
(1| NASTRAN | 11905 8057 | 10338 12,020 | 15130 | 13008 5o T o5 T=is72 T oo T 00 =
o 71-017al-0145] 00 | -0033 ] -0008 Displacement of C.G. (cm, degree)
Emor %) |-0017|-0.174|-0.145] . . , T Tl Tl el =

- . ;
N

Comp.| Lat. | F/A {Comp.|MAG.
-0.148] 2391 | 747.1 | -150.8764.38
-0.429]: 530 {-288.11-180.7]340.15
-0.425|-220.8|-1205]-637.5]685.37
-0.373] 77.57{-78.121-555.3|566.12

Fig. 4 For/Aft Mode Fig. 5 Bounce Mode
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Table 4 Dynamic analysis results

Frequency of excitation | 100 Hz
Load (N, N - cm)

X Y 4 XX YY zz
0.0 0.0' -2337.99 |1119.0 0.0 0.0
Motion of C.G. (cm. degree)

X Y 4 XX | YY 2z
Disp. 0048 | 01497 |0.1618|0.1031[0.0361 | 01745
Accel. [189.11] 5910 [63875]4069 ] 1424 | 68868 |
Mount | Displacement (cm) Forces (N)
Number| Lat. | F/A |Comp.| Lat. | F/A |Comp.|MAG.
1 0.1432] 0.2140 |0.09641227.39] 1174.3 |187.94]1210.7
2 100452} 0.0607 |0.1307) 18.85 | 121.97 | 92.26 {154.09
3 |0.0540] 0.2083 [0.1660]271.25| 391.69 |316.68|580.74
4 [0.0520] 0.0302 {0.1390] 343.0 | _ 64.2 _|442.66!563.66

3-5 OI2E HE &N

AWokEE N2del HHAA QoM dAW
sheES] HAYA, HALGE, HEEFYE
¥ 4 3o 28R FERAL pheEY WY
Hgat%, hEE el AW, LRVEF 5

4y & 3o BARsEE RE uay
W54, SRRl dY Ahe K5
¢ 4 Al B APINE WY 1
2Agse ¥ 293, 4A¥5E @
AANNE Adsn, LAGE} FHGE
dARSE Adse AHUAE ¢ Fe9, 4A
Mad AARANA AEE FLE v
ae3, 5UE e EAA Y FEYY FYe
ge vgz WHES FANADL FYHYT A
Rel HAAANAR AART) LA ¥ o
£ ARE oA AALEAAL P Q)
W g Fo& 71oio} Hrt,

o e

E

2L RLoon B oge x>
b
‘“mﬂr‘“
ox

1o ot mo ~

Table 5ol ME #HAAA AFe dAdLs @
Bg vo Foh oz e EAEE HHE 27
e *+30%E 3, AIAAEE 157, agx
AzalYalE +3cm, +2cm F ZHAE dANHFe
Hee 3g MAZEE JHAR=7} 8Hz o}l
A ueldm, wgAz=E dal 10Hz olEtelAq
BUEE 3le Aol ey AAWMAAY uH
NEFE B9 FArsg ofAnEr} HAER
ol WlEld 1~4 Hz7l £ 248 ¢ F e
o, o]& 257 98 ARz HEARTO
LFASTE FEEE HAE AR Aot
AsA BEAo) WA & Zde Ao 9%
oz § 2oe nHNESE 2Hz BEFE
oz AAsn AHHAE FH

HAPAAL] AR viLE Axdge u{HAF
%7} Table 59 velut ol Table 501 el
LHAESY H3E 4HERE A2 =(XX)Y 9
S2RE(Z)7 HAAA Fd wEA AXHA 3l
&g ¢ F U

HALAE 59 § 44 278 B3¢ ¥
271 2t EMOPT A= dAlHsse BER§s7t
ERAg Fgo] H9e7E A £ YT
HAAE g AN viLEA Aol Al AFd o
W 4L nAEAE ¢ F Uk B dpdMe
ol HU37] Asle HAMAE £ F AFE
Hol8 &8 Figlosh ued 2dd Xt
MSC/NASTRANS 2 #j4isled HAMHA A - F
Zt RAe BoolMe AEHg Hugd ALY
& BuEE RE MadARAge] A $3 2
A3 Aeduel 4% f= Rgoln

Fig. 11€& Mamd2ze 8% BAo dAges
Adg g ved adze|ct 7)ol A Case 1&
AT YuAE A e HdE By Fr
Case 27} A& 49 HdAWTE d3te ZHEA
TS ¢ 5 o 97 ololg 9l 25Hz
A Addo] HHFsr] ojd EdAAME 474N
ol AHAHAY RdolME 2766NHEE FE
o] oF 41.7%9 &4 &7t Y. EF 56Hz: F 2
o] HIA7} 54Hz HTo g oA ZolFE

2ot =i o

-1880-



¢ # Utk 2 65~100Hz M E AL Hel A

BHos ZaPesA AF 4w ¥ 719

Table 6 Frequency results after optimization
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Fig. 10 F.E. Model
{Engine + Cradle)

Table 5 Design variables after optimization

Item

Initial

Case 1

Case 2

Case 3

Case 4

Mount

Stiff. Lat.

1587.6

1277.1

11094

11094

11364

Stiff. F/A

5488.0

44148

38348

38348

39284

Stiff. Comp.

1950.2

1362.7

1362.7

1396.0

Angle Lat.

-50

1568.8

-35

-35

Loc, X

-182

-35

-2.145

-2.324

Loc. Y

8.5

6.784.

6.973

Loc. Z

-0.5

-2.184

Mount

Stiff. Lat.

417.48

291.76

388.66

379.45

Stiff. F/A

2009.0

14040

1870.3

1826

Stiff. Comp.

705.6

493.11

656.89

641.33

Angle Lat.

30

20.165

Loc. Z

4.06

15

5.4176

- S,

Fraquency (Hz)

Fig. 11 Transmitted forces at the LH bushing
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Fig. 12 Transmitted forces at the front
pad of the center member
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