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Abstract : An approximate function approach has been developed using the subsystem synthesis method for real-time
multibody vehicle dynamics models. In this approach, instead of solving loop closure constraint equations of the
suspension linkage, approximate functions are used. The approximate function represents the functional relationship
between dependent coordinates and independent coordinates of the suspension subsystem. This kinematic relationship
is also included in the suspension subsystem equations of motion. Different order of polynomial functions are tried to

find out the best candidate functions. The proposed method is also compared with the conventional subsystem synthesis
method to verify its efficiency and accuracy.
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Table 1 Coefficients of 2nd order polynomials with different

sampling time
Case | ST Coefficients of 2nd order polynomials

C C2 C3
1 5ms 1.9385 -3.5786 0
2 10ms 1.9385 -3.5786 0
3 20ms 1.8368 -3.5697 0
4 40ms 1.8452 -3.5738 0
5 80ms 1.7840 -3.5888 0

Table 2 Coefficients of 3rd order Polynomials with different
sampling time

Case | ST Coefficients of 3nd order polynomials
Ci C2 C3 Cq4

1 5ms | -7.5862 1.9385 | -3.4505 0

2 | 10ms | -7.5862 1.9385 | -3.4505 0

3 | 20ms | -7.4320 | 1.8293 | -3.4662 0
4 | 40ms | -74860 | 1.8376 | -3.4654 0

5 | 80ms | -7.3067 1.8633 | -3.4679 0
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Table 3 Coefficients of 4th order Polynomials with different
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Table 6 RMS error of polynomials with different sampling

sampling time time & different order of polynomials
Case | ST Coefficients of 4th order polynomials Case | ST Order of polynomials
C C2 C3 C4 Cs 2 3 4 5 6

1 Sms | 11.729 | -7.5862 | 1.7186 |-3.4505 0 1 Sms |4.57e-03|5.65¢-04|1.74e-043.04e-05|9.11e-06
2 10ms | 11.729 | -7.5862 | 1.7186 | -3.4505 0 2 | 10ms [4.58e-03|5.67¢-04|1.75¢-04|3.11e-05|9.06e-06
3 20ms | 13.196 |-7.4020 | 1.6107 | -3.4665 0 3 | 20ms [3.76e-03 |5.15¢-04|1.74e-04|3.09¢-0518.92e-06
4 | 40ms | 13.317 |-7.4554 | 1.6091 |-3.4660 0 4 | 40ms {3.76e-03|3.76e-04 | 1.70e-04 |3.05¢-05|9.04e-06
5 80ms | 12.225 | -7.6404 | 1.6258 | -3.4640 0 5 | 80ms [4.10e-03 [4.31e-04 |1.83¢-04{3.08e-05 [8.97e-06

Table 4 Coefficients of 5th order Polynomials with different

A Z1R] &=}, Table 6-&

sampling time3} T}3}h2] 2]

sampling time

el wpe A

25 vjelelo] g RMS(Root

Coefficients of 5th order polynomials
Case | S.T
C C2 C3
1 5ms -51.0819 11.9720 -6.1494
2 10ms -51.1007 11.9721 -6.1494
3 20ms -51.0738 12.1625 -6.1521
4 40ms -51.0802 12.4133 -6.1514
5 80ms -50.9829 11.8693 -6.1486
case | ST Coefficients of 5th order polynomials
Cs Cs Ce
1 5ms 1.7117 -3.4586 0
2 10ms 1.7111 -3.4580 0
3 20ms 1.7321 -3.4581 0
4 40ms 1.7200 -3.4584 0
5 80ms 1.7109 -3.4586 0

Table 5 Coefficients of 6th order Polynomials with different

sampling time

Coefficients of 6th order polynomials
Case S.T
Ci C2 C3
1 Sms 114.8506 -51.2818 8.0917
2 10ms 112.9901 -51.1718 8.0827
3 20ms 114.4516 -50.8318 8.1947
4 40ms 113.1203 -51.4418 8.0817
5 80ms 114.1101 -52.0918 8.0797
Case | ST Coefficients of 6th order polynomials
Cq Cs Cs C7
1 5ms -6.1494 1.7444 -3.4586 0
2 10ms | -5.8414 1.6324 -3.4587 0
3 20ms | -6.0291 1.7103 -3.4546 0
4 40ms | -6.2074 1.5993 -3.4587 0
5 80ms | -6.1171 1.8112 -3.4586 0
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Table 8 CPU time comparison

Total
St Functi i
‘ep Method untion T.otal Average CPU time Ratio
size count | time to real
time(%)
GCP 0.2105 {0.000042| 4.21 1
Ims 5004
AFM 0.1710 |10.000034| 342 |0.812
GCP 0.1247 |0.000050| 2.494 1
2ms 2505
AFM 0.0855 (0.000034| 1.71 0.686
GCP 0.0620 (0.000049| 1.24 1
4ms 1255
AFM 0.0385 10.000031| 0.77 0.62
GCP 0.0385 |0.000061| 0.77 1
8ms 629
AFM 0.0224 10.000036| 0.448 | 0.582
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