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Analysis and Optimization of Suspension Layout for a Light Commercial
Vehicle Based on Response Surface Methodology
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Abstract ; This research addresses the significant nonlinear variation in the toe angle during parallel wheel
travel of a MacPherson front suspension in a light commercial vehicle. It proposes a collaborative optimiza-
tion method that integrates response surface methodology ( RSM) and modified particle swarm optimization
(MPSO). First, the method defines the experimental plan using a central composite design and obtains
sample data through multi—body dynamics simulations. Subsequently, it utilizes the spatial coordinates of
the inner and outer hardpoints of the tie rod as design variables to establish predictive models for the varia-
tion in toe angle, camber angle, and the gradient of toe angle change during jounce travel. Then, the meth-
od performs a significance analysis on these models. Next, it employs these predictive models with the MP-
SO algorithm to optimize suspension performance, ultimately selecting the optimal solution from the Pareto
solution set. The optimization results demonstrate that the toe angle variation decreases from 0.724° to
0.493°, and the toe angle change gradient during jounce travel improves from —8.78 (°)/m to —4. 11
(°)/m. Consequently, the toe angle change curve becomes smoother, and its variation range narrows sig-
nificantly. This research provides an effective solution for suspension system design and performance en-
hancement, offering valuable guidance for engineering practice.

Key words: RSM; MPSO; MacPherson suspension; toe angle; hardpoint optimization; central composite
design
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hpl_subframe_rear 367.721 -421.782 -348.901
hpl_subframe_front -301. 848 —-422.728 -333.901
hpl_wheel_center -3.764 ~790. 000 -287.567
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4 -140 -326 -337 -88 -686 -356 0.332 1.330 4.150
5 -190 -376 -287 -138 -736 -306 0.711 1.296 -3.980
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7 -240 -426 -337 -188 -686 —-256 16.998 2.163 109.360
8 -140 -426 -237 -188 -686 —-256 2.026 1.247 13.300
9 -190 -376 -287 -138 -636 -306 3.781 1.434 12.150
10 -140 -326 -237 -88 -786 —356 23.268 1.252 -165.390
11 -140 -426 -337 —188 -786 -256 13.507 1.997 92.820
12 -140 -426 -337 -88 -686 —-256 40.736 3.043 339.980
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22 -240 -426 -337 —188 —786 —356 0.296 1.319 1.640
23 -240 -426 -237 -188 -786 —-256 0.918 1.286 2.290
24 -240 -426 -337 -88 -786 -256 19.926 2.369 135.820
25 -290 -376 -287 -138 -736 -306 1.226 1.268 -1.011
26 -140 -326 -337 -188 -686 -256 12.485 1.945 87.400
27 -190 -376 -287 -138 -736 -306 0.679 1.298 2.130
28 -240 -326 -237 -188 -686 —256 0.833 1.289 2.430
29 -240 -426 -337 -88 -686 -356 13.198 0.869 14.440
30 -190 -376 —287 —138 —736 -306 0.711 1.296 2.260
31 -240 -326 -337 -188 -786 -256 9.858 1.820 62.520
32 —140 -326 —-237 —188 —786 —256 0.372 1.347 1.640
33 -190 -376 -387 -138 -736 -306 17.603 2.239 120.080
34 -190 -376 —287 —138 =736 -306 0.711 1.296 2.260
35 -240 -326 -237 -88 -786 —-256 0.493 1.314 -4.110
36 -190 -376 —-187 -138 -736 -306 21.007 0.860 —119.670
37 -190 -376 —-287 —138 =736 -306 0.711 1.296 2.260
38 -—140 -326 —-337 —188 —786 —-356 1.113 1.393 1.830
39 -140 -426 —-337 —188 —686 —356 1.298 1.286 13.490
40 -190 -376 -287 -138 -736 -306 0.711 1.296 2.260
41 -240 -326 -337 -188 -686 —-356 0.141 1.326 1.730
42 -190 -276 -287 -138 -736 -306 0.631 1.361 -2.490
43 -90 -376 -287 -138 -736 -306 0.837 1.334 9.020
44  -190 -476 -287 -138 -736 —-306 0.680 1.333 8.900
45 -190 -376 -287 -138 -736 -206 15.780 2.121 112.100
46 -240 -426 -237 -188 -686 —356 34.047 0.871 -120.170
47 -140 -426 -237 -88 -686 —-356 47.289 2.478 -270.100
48 -140 -426 -237 -188 -786 —356 15.172 0.859 -91.340
49  -240 -326 -337 -88 -686 —256 33.216 2.881 206. 140
50 -140 -326 -237 -188 -686 —-356 13.842 0.882 -82.430
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