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Abstract This study presents a model to minimize vibration and noise of powertrain mount on a compact car
which has the application of Stop & Go performance, in order to reduce CO2 and achieve better fuel-efficiency
in accordance with the environmental regulations in automotive industries. In the first step, we analyze the
powertrain mount system of the automobile “A” and present variables about rubber stiffness applied on
powetrain mount using the Taguchi method. In the next step, we verify the optimization of vibration and noise
which meet Stop & Go performance using the AHP(Analytic Hierarchy Process) method on the proto products
for each variable. Using this validation system on the initial stage of the powertrain mount design, it is
expected that we can grasp vibration and noise problems caused by engine movements and control them
effectively without engineering know-how about powertrain mount rubber stiffness.

Key Words : Powertrain mount, Stop&Go performance, Rubber stiffness, 6DOF(degree of freedom) simulation,
Taguchi method, AHP
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[Table 1] Powertrain & PT Mount Isolation Parameter
from Noise & Vibration

Isolation Parameter from Noise& Vibration

PT Mount

Powertrain

Powertrain Mass Mount Quantity

Mount Location

Rubber Stiffness

Center of Gravity

Mass Moment

Direction of principle inertia axis
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[Fig. 1] Powertrain Mount System
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[Table 2] Powertrain Rigid Body Mode in Low Amplitude

Low Amplitude(General road & Idle condition) - 0.Imm peak to peak(+0.5mm) PT Rigid Body Mode Allocation
Mode Frequency Range (to ground) (from%allljeoct:;fljr(liodes) Max Z:I»a}c:ouplmg with s;ez:;:cn;nn(::e
Bounce 6.7 - 84 Hz 95% 5 Pitch
Fore/Aft 75 - 92 Hz 80% 3 Pitch
Lateral 58 - 75 Hz 60% N/A N/A
Pitch 5 Bounce
(Engine Roll) § - M Hz 90% 3 Fore/Aft
Roll 12 - 16 Hz 80% N/A N/A
Yaw 12 - 16 Hz 60% N/A N/A

g0 AR X Wk 232]9] (Fore/Aft & Pitch)
of Tiat Zoj AeS ® 23} 2ol 7|2 aTEA %

oA, Zt(Max) 3% olalz WALt o] Aek 2]
P el et AES wrh Ads Belal]
litolck #7128 2 3 29) ol 57 94l

dgele] 6 AgEolAel &

Bounce
z
0. Yaw
Roll
-
Y Lateral
&,
A
Fore - Aft Pitch

[O8 2] FHE=IS] 6 A= AH
[Fig. 2] Powertrain 6 DOF Mode
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Control factor Noises
-RH KKz (dynamic stiffness ratio) -Dynanmic stiffness variation by temperature
-RH install height (mm)

Input

Within operationrange © -20'c ~80'c
-LH Kx/Kz (dynamic stiffness ratio)

L st hight (o) -Dynamic stiffness varation by aging

-RR Kx (dynamic stiffness, N/mm)® Allowable aging change 0%~ +5%

-Dynamic stiffness variation by tolerance

Allowable tolerance - -20%~ +20%
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[Fig. 3] P-Diagram
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[Fig. 4] Dynamic stiffness directions of Powertrain mount
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[Table 3] Control factors and their levels
Level
Control Factor 1 > 3
Engine mount Kx /Kz
B (dynamic stiffness ratio) L5 12 09
Engine mount Kz
D (dynamic stiffness, N/mm) 195 144 127
Trans mount Kx/Kz
E (dynamic stiffness ratio) 12 09 04
Trans mount Kz
G (dynamic stiffness, N/mm) 154 128 110
Strut mount Kx
H (dynamic stiffness, N/mm) 163 137 111
“A” Z}Fo] EA ZEA 45 : Level 2
[ 4] F=3xet 1 2
[Table 4] Noise factors and their levels
. Dynamic Stiffness Variation
Noise — . T
factors Variation Variation By | Variation By
By Aging Tolerance Temp
N1 (low) 0 % -20% -4.6%
N2 (high) 5% 20 % 14.8 %
[# 5] HREQ vE 2% wE FE4Hst 37}
[Table 5] Static stiffness change by Temp.
g Nd A | | Bz
2w #1 #2 o ks
23T 21.34 21.11 21.22
-20C 20.39 20.11 20.25 -4.6%
0C 20.81 20.22 20.51 -3.3%
40C 22.17 21.84 22.00 3.7%
80T 24.33 24.42 24.37 14.8%
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[Table 6] Matrix for Control factors

A d W5} ARpHjA| 37
mz | Al B[ c[ p| e[| ¥ 6] H| noB
1 1 1 1 1 1 1 1 1 nl
2 1 1 20 2| 2| 2 21 2 n2
3 1 1 3 3 3 3 3 3 n3
4 1 2 1 1 2 2 3 3 n4
5 1 20 2| 2| 3| 3 1 1 ns
6 1 2 3 3 1 1 2 2 noé
7 1 3 1 2 1 31 21 3 n7
8 1 3 2 3 2 1 3 1 n8
9 1 31 3 1 31 2 1 2 no
10 2 1 1 31 31 2| 2 1 nlo
11 2 1 2 1 1 3 3 2 nll
12 2 1 31 2 2 1 1 3 nl2
13 2 2 1 2 3 1 3 2 nl3
14 20 2| 21 3 1 2 1 3 nl4
15 2 2 3 1 2 3 2 1 nls
16 2 3 1 3 2 3 1 2 nlé
17 20 3| 2 1 3 11 2| 3 nl7
18 2 3 3 2 1 2 3 1 nl8
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[Table 7] Orthogonal Array for L18_1

N1

N2

B D E G H|B

D E G H

B

D

E G H

S/N |Mean

1.5
1.5
1.5

195
144
127

12
0.9
0.4

154
128
110

163223
137|165
111145

149 141 118 124
110 88 98 105
97 34 84 85

423
312
276

282
208
184

267 223 236
167 185 198
64 159 161

-29.8 | 30.7
-23.8|15.1
-23.4| 14.8

1.2
1.2
1.2

195
144
127

0.9
0.4
1.2

110
154
128

111|179
163|132
137|116

149 76 84 85
110 47 118 124
97 117 98 105

338
250
220

282
208
184

143 159 161
89 223 236
222 185 198

-29.4| 295
-23.8| 155
-12.4| 3.9

o X I R W N -

0.9
0.9
0.9

144
127
195

12
0.9
0.4

128
110
154

111} 99
163| 87
137|134

110 117 98 85
97 76 84 124
149 47 118 105

187
165
254

208
184
282

222 185 161
143 159 236
89 223 198

-17.5| 7.4
-152] 5.8
-20.2| 10.3

p—
[ S

L5
L5
1.5

127
195
144

0.4
1.2
0.9

128
110
154

163|145
137]223
111|165

97 39 98 124
149 101 84 105
110 106 118 85

276
423
312

184
282
208

74 185 236
191 159 198
200 223 161

-26.5|21.2
-30.5| 334
-30.2| 32.4

p—
[V I SV

1.2
1.2
1.2

144
127
195

0.4
1.2
0.9

110
154
128

137|132
111]116
163|179

110 34 84 105
97 141 118 85
149 88 98 124

250
220
338

208
184
282

64 159 198
267 223 161
167 185 236

-25.4 | 18.7
-25.3| 183
-15.8| 5.7

P
N

18

0.9
0.9
0.9

127
195
144

0.9
0.4
1.2

154
128
110

137| 87
111|134
163| 99

97 106 118 105
149 39 98 85
110 101 84 124

165
254
187

184
282
208

200 223 198
74 185 161
191 159 236

73 | 04
-20.1| 10.1
-43 | 1.6
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12
0.9

144
127

0.9
0.9

128
128

137|132
137| 87

110 88 98 105
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250
165

208
184

167 185 198
167 185 198

-18.8| 10.6
-3.5 | 3.1
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[Table 8] Orthogonal Array for L18_2
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N1
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SN

Mean
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15

-29.71
2377
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30.70
15.05
14.80
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54

-29.41
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15.50
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[Table 9] Improved value of Optimum

9.6
12

733
-20.10
435

0.35
10.10
1.60

S/N(DB)

N1

N2

Predicted

Actual

(by graph analysis)

(Simulation result)

Average

Initial 2 2

2.5

6.4

-18.8

-13.7

-16.3

Optimum 3 3

1.43

0.67

-3.5

-1

-2.3

Gain

15.3

12.7

14

972
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[Table 10] Optimized design parameter
Level
Control  Fact
ontro actor 1 ) 3
B Engine mount Kx /Kz(dynamic stiffness ratio) 1.5 1.2 0.9
D Engine mount Kz(dynamic stiffness, N/mm) 195 144 127
E Trans mount Kx/Kz(dynamic stiffness ratio) 1.2 0.9 0.4
G Trans mount Kz(dynamic stiffness, N/mm) 154 128 110
H Strut mount Kx(dynamic stiffness, N/mm) 163 137 111
[(# 11] 2713 622 AlEdlold At
[Table 11] Initial condition by 6DOF
N1 Decoupling (%) . -
(Lower) Fore/Aft Lateral Bounce Roll Pitch Yaw tequency (Hz)
Fore/Aft 96.2 0.0 0.1 0.0 2.5 0.6 7.4
Lateral 0.0 99.6 0.0 0.3 0.0 0.0 3.6
Bounce 0.1 0.1 99.1 0.3 0.4 0.0 6.0
Roll 0.0 0.3 0.4 97.1 0.1 1.1 12.8
Pitch 2.2 0.0 0.3 0.7 91.6 0.6 8.8
Yaw 0.4 0.0 0.0 1.6 0.6 94.2 13.8
Decoupling (%)
Normal Fore/Aft Lateral Bounce Roll Pitch Yaw Frequency (Hz)
Fore/Aft 94.7 0.0 0.1 0.0 3.9 0.6 8.4
Lateral 0.0 99.6 0.0 0.3 0.0 0.0 4.0
Bounce 0.0 0.0 99.1 0.3 0.4 0.0 6.8
Roll 0.0 0.3 0.4 97.3 0.1 0.9 14.7
Pitch 3.4 0.0 0.3 0.7 90.6 0.6 10.0
Yaw 0.3 0.0 0.0 1.4 0.7 94.5 15.8
N2 Decoupling (%) E -
(High) Forc/Aft Lateral Bounce Roll Pitch Yaw requency (Hz)
Fore/Aft 92.0 0.0 0.1 0.1 6.4 0.6 10.1
Lateral 0.0 99.6 0.0 0.3 0.0 0.0 4.8
Bounce 0.0 0.0 99.2 0.3 0.3 0.0 8.2
Roll 0.0 0.3 0.4 97.4 0.1 0.8 17.6
Pitch 5.6 0.0 0.3 0.7 89.0 0.5 11.9
Yaw 0.3 0.0 0.0 1.3 0.7 94.3 19.0
[# 12] 43} 39 6= Alggold dat
[Table 12] Optimized condition by 6DOF
N1 Decoupling (%) E -
(Lower) Fore/Aft Lateral Bounce Roll Pitch Yaw tequency (Hz)
Fore/Aft 94.5 0.0 0.0 0.0 1.4 33 6.6
Lateral 0.0 99.7 0.1 0.2 0.0 0.0 32
Bounce 0.0 0.1 98.6 0.8 04 0.0 5.7
Roll 0.2 0.2 0.9 96.6 0.0 5.1 12.5
Pitch 2.0 0.0 0.4 0.9 93.6 0.1 8.5
Yaw 2.6 0.0 0.0 5.9 2.7 82.2 13.0
Decoupling (%)
Normal Fore/Aft Lateral Bounce Roll Pitch Yaw Frequency (Hz)
Fore/Aft 94.9 0.0 0.0 0.0 1.1 33 7.5
Lateral 0.0 99.8 0.0 0.2 0.0 0.0 34
Bounce 0.0 0.1 98.6 0.8 0.3 0.0 6.5
Roll 0.2 0.2 0.9 93.7 0.0 4.2 14.3
Pitch 1.7 0.0 0.3 0.8 94.2 0.0 9.6
Yaw 2.6 0.0 0.0 5.0 2.8 83.1 14.9
N2 Decoupling (%)
(High) Fore/Aft Lateral Bounce Roll Pitch Yaw Frequency (Hz)
Fore/Aft 95.5 0.0 0.0 0.0 0.7 33 9.0
Lateral 0.0 99.8 0.0 0.2 0.0 0.0 4.1
Bounce 0.0 0.1 98.7 0.8 0.3 0.0 7.9
Roll 0.2 0.2 0.9 94.3 0.0 3.7 17.2
Pitch 1.2 0.0 0.3 0.8 95.0 0.0 114
Yaw 2.6 0.0 0.0 4.5 2.9 834 18.0
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[Table 13] Adaption procedure of Absolute Measurement

in AHP
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[Table 15] Pairwise Comparison and relative importance
for NVH evaluation standards

Ignition Drive Aol &
On/Off ldie away Sum >9E
Ignition
On/Off 1 3 4 8 0.575
Idle 13 1 3 | 413 | 0311
Drive 1/4 1/3 1| 147 | 0114
away
Sum 1 4/7 4 1/3 8 139 1.000
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[Table 171

Relative importance of the levels modified in

Qwe e} ideal mode
At At At
Ignition 3=l Idle Sl Drive Sl
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[Table 16] Pairwise Comparison and relative importance -9 1 o9 1 o9 ]
for the levels of NVH evaluation standards o5 o5 o2
Ignition | ®i> | H¢ | B | B | & | AdF Bt Bt Ht
On/Off o o)Ak = ola} = | 2% ol 0.628 oAk 0.441 oAk 0.572
by 1 5 3| a4 s | o419 W | 0382 | WF | 0201 | B | 0302
Bt B B
B i 0.232 i 0.179 i 0.213
olat 12 1 2 3 4 | 0263 o5} o3} o3}
(e}
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e 0 " ! 5 016 o= 0148 | ¥% | 0122 | 95 | 0133
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