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Analysis of Instantaneous Screw Axis in 5-SS Multi-link Suspensions
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Abstract

This paper presents the analysis method of the instantaneous screw axis using line geometry in bump and
rebound motion of 5-SS multi-link suspensions. Instantancous screw axis is based on screw motion, and screw
motion of zero pitch can be expressed as Pliicker line coordinates of line geometry instead of screw coordinates. In
screw coordinates, twist and wrench are described by components of instantaneous screw axis. For instantaneous
motion of wheel assembly, the principle of virtual work with twist and wrench is applied to 5-SS multi-link
suspension, and it makes 5 linear equations. Therefore, it is possible to find instantaneous screw axis by solving
these equations. This analysis by line geometry demands geometric values only, such as the locations of spherical
joints in the case of multi-link suspensions.
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Fig. 2. Displacements between 1st and i-th position
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Fig. 3. A line in the XY plane
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Fig. 6. Wrenches and twist of 5-SS multi link
suspension in bump and rebound motion
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Table 1. Initial joint positions (mm)

Joint X Y 4
a, -10.3280 | 612.2650 | 89.5560
a, 32.000 | 383.2500 | 95.2000
b, -51.4950 | 606.5270 | 92.6190
b, -127.0000 | 383.2500 | 106.2000
¢, -47.0970 | 624.9240 | -142.0130
C, -55.6500 | 323.2000 | -110.6500
d, -88.5880 | 651.0540 | -138.8340
d, [ -358.0000 | 314.7500 | -67.6000
h, [-174.1700 | 633.5100 | -88.3000
t, -158.0000 | 360.5000 | -66.6000
e, -54.14 713.98 -45
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Table 2. ISA in bump and rebound motion
for q,,=-54.14 (mm)

2% N Uy U, G, 9z h
-95 1 02207 | -0.9361 | 0.2738 | -22834.3 | 7270.81 | 2204l
-85 | 03954 | -0.8946 | 0.2083 | -10143.8 | 2831.1 186.666
<75 1 0.5029 | -0.8507 [ 0.1527 | -6523.83 | 1559.05 | 160.548
-65 |.0.5744 | -0.8117 | 0.1056 [ -4790.65 | 952.13 141.679
-55 | 0.6256 | -0.7775 | 0.6473 | -3762.3 | 595.674 127.26
-45 | 0.6644 | -0.7468 [ 0.0286 | -3073.71 | 361.028 | 117.768
-35 | 0.6953 | -0.7187 | -0.0038 | -2574.92 | 195234 | 110.024
25 ] 0.7209 | -0.6922 | -0.0331 | -2193. 72.51 104.019
-15 1 0.7428 | -0.6668 | -0.0599 | -1888.23 | -21.1972 | 99.2812
-5 |.0.7621 | -0.6419 | -0.0844 | -1637.16 | -94.2037 | 954823
s 0.7795 | -0.6173 | -0.1068 | -1425.03 | -151.75 | 923877
15 10.7953 | -0.5927 | -0.1272 | -1242.13 [ -197.306 | 89.8231
25 | 0.8101 | -0.5679 | -0.1456 | -1081.81 | -233.269 | 87.6539
35 | 0.8239 | -0.5430 | -0.1622 | -939.365 | -261.35 | 85.7722
45 1 0.8371 | -0.5177 | -0.1768 | -811.4 -282.81 | 84.0882

Table 3. ISA in bump and rebound motion
for g, = 713.8 (mm)

& u.‘( u\' uL gl ql h
-95 1 0.2207 | -0.9361 | 0.2738 | -5605.44 | 382.932 | 220.4]
-85 | 0.3954 | -0.8946 | 0.2083 | -4853.49 [ 302.322 | 186.666
-75 | 0.5029 | -0.8507 | 0.1527 | -4332.71 | 259.88 | 160.548
-65 ] 0.5744 | -0.8117 | 0.1056 | -3949.6 | 236315 | 141.679
-55 [ 0.6256 | -0.7775 | 0.6473 | -3655.77 | 223.005 127.26
45 | 0.6644 | -0.7468 | 0.0286 [ -3423.49 | 215771 | 117.768
-35 1 0.6953 { -0.7187 | -0.0038 | -3235.72 | 212398 { 110.024
-25 | 0.7209 | -0.6922 | -0.0331 | -3081.38 | 211.616 | 104.019
-15 ] 0.7428 | -0.6668 | -0.0599 [ -2953.01 | 212.648 | 99.2812
-5 [ 0.7621 | -0.6419 | -0.0844 | -2845.42 | 214.998 | 95.4823
S 107795 | -0.6173 | -0.1068 | -2754.92 ) 218.336 ; 92.3877
15 ] 0.7953 | -0.5927 | -0.1272 | -2678.84 | 222439 | 89.8231
25 1 08101 { -0.5679 | -0.1456 | -2615.25 | 227.153 | 87.6539
35 1 0.8239 | -0.5430 | -0.1622 | -2562.76 | 232372 | 85.7722
45 | 0.8371 | -0.5177 [ -0.1768 [ -2520.39 [ 238.029 | 84.0882
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