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ABSTRACT

In this paper, an integrated system for dynamic analysis and optimal 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, mounting locations with desired design targets of frequency or displacement.
A FF-engine with an automatic transmission is used to demonstrate the analysis and optimal design capabilities
of the proposed design system.
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Table 1 Torque axis and elastic center

Torque axes

cos @ cos B cos ¥
-0.97 -0.15 0.19

Elastic center (cm)

Direction cosine
-0.7542 | 05529 | 0.3543
382 1827 | -23.06 | -0.0266 | -0.5648 | 0.8248
0.6562 | 06126 | 0.4406

X y z
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Table 2 Natural frequency analysis results

Natural frequency
Mode X | Y | Z | XX|YY]|ZZ
Freq,| EMOPT [11.903| 8.043 {10.323]12,020|15.125/13.007
(Hz) |NASTRAN |11.905| 8.057 |10.338/12.020|15.130{13.008

Error(%) -0.017|-0.174|-0.145| 0.0 |-0.033|-0.008

Fig.9 Roll mode

Fig.8 Yaw mode
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Table 3 Static analysis results

Load(N, N - cm)

X Y Z XX YY 7z
0.0 0.0 -21972 | 00 0.0 0.0
Displacement of C.G.(cm, degree)

X Y z XX YY 7z
0.02179 | -0.0630 | -0.3866 |0.02254] -0.0071 | -0.0033

Mount | Displacement(cm) Forces(N)

number | Lat. | F/A {Comp.| Lat. | F/A |Comp.|MAG.
1 (FR) | 0.027 | 0.227 [-0.148| 2391 | 747.1 |-159.8{764.38
2 (RR) | 0.023 [-0.232|-0.429| 5.30 |-288.1|-180.7|340.15
3 (RH) | -0.055{-0.110{-0.425|-220.8|-120.5|-637.5|685.37
4 (LH) | 0.022 |-0.077(-0.373} 77.57|-78.12!-555.3|566.12

ehdict Table 33 MSC/NASTRANS 314 AAE H|l@
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Table 4 Dynamic analysis results

Frequency of excitation 10.0 Hz
Load (N, N -cm)

X Y Z XX YY 77
0.0 0.0 -2337.99 (11190 0.0 0.0
Motion of C.G. (cm, degree)

X Y Z XX | YY 7z
Disp. | 0.048 | 0.1497 |0.1618(0.1031| 0.0361 | 0.1745
Accel. [189.11] 591.0 |63875|4069 | 1424 | 688.68

Mount | Displacement(cm) Forces(N)

number| Lat. | F/A |Comp.| Lat. | F/A |Comp.|MAC.
1 (FR){0.1432{ 0.2140 {0.0964{227.39| 1174.3 {187.94{1210.7
2 (RR)|0.0452| 0.0607 [0.1307| 18.85 | 121.97 | 92.26 [154.03
3 (RH) [0.0540] 0.2983 }0.1660{271.25| 391.69 [316.68|580.74
4 (LH)10.0520|0.0302 {0.1390| 3430 | 64.2 |442.66|563.65
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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

Stiff. Lat. | 1587.6 | 1025.0 . 923.18

Stiff. F/A | 5488.0 | 31156 . 3534.2

Mount | Stiff. Comp. | 19502 | 77543 .| 78751
1 Angle Lat. -50 . 1251 15

(FR) | Loc. X | -1.82 . . -2.145

Loc. Y 85 . . 6.784

Loc. Z -0.5 : . 1.467

Stiff. Lat. | 417.48 | 302.91 . 275.57

Mount | Stiff. F/A | 2009.0 | 12464 . 1011.7

2 Stiff. Comp.| 705.6 | 365.17 . 322.30

(RR) | Angle Lat. | 30 : 15 | 0097

Loc. Z 4.06 . . 5.9796

Table 6 Frequency results after optimization

X Y z XX | YY | ZZ
Initial | 11.903 | 8.043 | 10.323 | 12,020 (15.125 13.007
Case 1 | 12993 | 9.895 | 8.025 | 10.961 {15178} 12.052
Case 2 | 12.066 | 8.240 | 10.329 | 11.727 {15.099| 12.856
Case 3 | 12.040 | 11.120 } 9.938 | 8.079 [15.090 12.888
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Fig. 11 Transmitted forces at the LH bushing
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