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Abstract

This study is focused on simulation-based dimensional tolerance optimization process (DTOP) to minimize

vehicle pulls by reduction of dimensional variation in front suspension system. In previous studies, the effect of tires

and wheel alignment sensitivity have mainly been investigated to eliminate vehicle pulls in nominal design condition

without allocating optimal tolerance level for selected components, among various factors regarding vehicle pulls

such as vehicle design parameters, vehicle weight balance, tires, and environmental factors. Unfortunately, there are

wide variations in the real vehicle, and these have impacted actual vehicle pulls, especially wheel alignment effects

from suspension geometry variation has not been considered in the previous studies. In the tolerance design of

suspension, tolerance variables with the uncertainty such as parts dimensional variation, assembly process, datum

position and direction, and assembly tool tolerance has a great influence on the variation of the suspension

dimensional performances. This study introduces total vehicle pull prediction model in considering major key factors

for vehicle pull sensitivity. The Monte Carlo-based tolerance analysis model using Taguchi robust method is

developed to optimize dimensional tolerance parameters, satisfying on the target variation level.
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Table 1 Target of vehicle pull factors and total SWT

prediction
Total Steering Wheel Torque
Predicted
Steering Torgue Contributors | Mean | sd{c) ! Sensitivity Warranty
Mean 30 +30¢ | sd{o) IPTV
Cross Caster (Deg) 032 . 0.167 0.154
Cross Camber (Deg) 023 0.167 0.282
Road Slope( Deg) 0.60 0500 0241 | 0127 ;. 06541 02864 : 0.138 1.67
Plysteer RAT (Nm) 006 0424 0.048
Conicity (N) 0.00  16.640 0.002
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Table 4 Selected control factors and level
IUnderline ¢ Initial Condition
Part Name
Control Factars| 1 Level 2 Level 3 Level

Laower Cantral Arm A LCA1 0.a0 075 150
B fC4 1.00 2.00 3.00
Crozs Member o fC8 1.00 2.00 3.00
D fCB 0.50 1.00 2.00
E B2 0.50 1.00 2.00

Body-In-vWhite
F B3 050 1.00 2.00

Contrel Factors

= PartTolerance

- Lower Contral Arm
Knuckle attach position (LCAL)

- Cross member
: LCA attach position front side (fC4)
LG attach profile frant side (fC5)
+LCA attach position rear side (fCs)

- Body-In-white
+ Cradle attach position (B2)
+ Shock cap attach position (B3) N N L

QOutput Signal (Quality Characteristics)

Smaller the Better
Front Suspension System

(Wheel Alignment)

-+ Difference of X-Caster Yariation from
Target 3
V= (7 i)

Symptoms
* Uneven Tire VWear
*Vehicle Pulls

Noise Factors
-Actual Part Variation : applied into simulation

*Actual AssemblyVariation : applied into simulation

« Driver Fatigue

Fig.13 P-diagram for front wheel alignment
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Table 7 ANOVA result [ (2, 6:0.05) = 5.14]

Factor 535 DF W F
A 2038776 2 1.019388 5.627571"
B 19.68942 2 9.844712 54348117
C 13.11687 2 5.558487 36.20838%
D 5.619344 2 2.759922 16.29626%
E G.775834 2 3.287317 18.70313
F 1.189413 2 0.594706 3.283099
] 1 086851 f 0181142 1

Total 18

Table 8 Average S/N by control factor

S/H A B C D E F
1 228 220 222 227 226 23.0
2 232 23.1 23.2 23.1 23.0 232
3 237 248 243 240 24.1 238

Table 9 Gain analysis between predicted and simulation

SIN Mean
Predicted Actual Predicted Actual
FHA Simulation FHR Simulation
Baseline Design 2266 22.04 0.06 0.07
Optimized Design 2765 26.61 0.02 0.04
Gain 4.99dB 457dB -0.04 -0.03
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Fig. 15 Optimized combination of tolerance level
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Table 10 DTOP result (6=0.15)

Total Steering Wheel Torque

Steering Torque Contributors | Mean : sd{e) . Sensitivity Warranty,
Mean | 30 430 sdio) | IPTV

Cross Caster (Deg) 032 0150 0.154

Cross Camber (Deg) 023: 0167 0.282

Road Slope( Deg) 060 0500 0241|0127 05396 0285 0137 | 163

Plysteer RAT (Nm) 006: 0424 0.048

Conicity (N) 0.00; 16.640 0.002
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