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Vehicle parameter identification based on complex mode analysis
and parallel genetic algorithm
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Abstract; Accurate vehicle dynamic parameter identification is a prerequisite for vehicle-bridge coupling vibration
analysis and bridge health monitoring. This study proposes a rapid identification method for the vehicle dynamic
parameters based on complex modal analysis and multi-core parallel genetic algorithm. Firstly, an algorithm
combining the complex modal theory with the finite element method is improved to calculate the natural frequencies,
damping ratios, and modal shapes of vehicles. Subsequently, a multi-core parallel genetic algorithm for the vehicle
dynamic parameter identification is proposed, in which the fitness evaluation of multiple objectives including natural
frequencies, damping ratios and mode shapes is adopted, and the dynamic parameters including stiffness
coefficient, damping coefficients and moments of inertia of the vehicle model can be rapidly and accurately
identified. Finally, the wheel-drop-vibration experiment and ambient-excitation peak method are used in modal
analysis of practical vehicle to obtain the measured natural frequencies, damping ratios and vibration modes, which
are used in the fitness evaluation. The above methods have been validated by the dynamic parameters identification
of the practical light car and heavy truck, and the results show that: vehicle vibration modes calculated with the
identified vehicle dynamics parameters are in good agreement with the measured vibration modes, in which the
maximum error of the first three natural frequency is 0. 8% , the maximum error of the damping ratio is 1.3% , and
the cosines of the angle between the calculated and measured vibration mode vectors are close to 1; incorporating
body torsional damping is critical to accurately capture the torsional vibration characteristics of real vehicles; the
multi-core parallel algorithm greatly accelerates the identification process. The acceleration ratio of 16-core CPU
reaches the maximum value of 12.5 when 15 cores are in parallel. Therefore, the multi-core parallel algorithm is
very effective in multi-objective and multi-parameter identification of complex vehicles.
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Fig. 1 3D Finite element model of light car
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Fig.4 Accelerations in left-wheel-drop test of light car
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Tab.1 Results of left-wheel-drop test of light car
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Tab.2 The measured modal parameters of light car
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Fig.7 Measured modes of light car
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Fig.9 Measured modes of heavy truck
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Tab.3 The measured modal parameters of heavy truck
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3.2.1 BENRAEM ) SEUN S

Bl 1 R B0R %, & PS80 O 45 51 n
T AHEWIRE 335.6 kKN/m B EZENIRE 49.56 kN/m | J&
EIENIEE 25. 60 kN/m  ZE4EFHJE 0. 164 4 kN -s/m |
BZEFHJE 1.105 kN-s/m JEEZEBHJE 0.998 5 kN+s/m |
HEARFHERLIE 0.584 3 kN-s/m ZEMAFiHE 1 311 kg,
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Tab.4 Dynamic identification precision of light car

i PR Ha AR/ % Hlett BUR AR /% 4R 05 A A% cos 61
= o 52 P

1 1.25 1.26 0.8 0.192 0.190 -1.0 0.972

2 1.56 1.55 -0.6 0. 160 0.162 1.3 0.995

3 1.88 1.87 -0.5 0.134 0.135 0.8 0.986

4 10.94 12.07 10.3 0.126 0.128 1.6 0.996

5 12.50 12.48 -0.2 0.139 0.136 -2.2 0.995

6 13.75 12.51 -9.0 0.133 0.132 -0.8 0.983
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K2 iR R R4 & S B0 R 25 S

T RIFCHIREC 1 724 kKN/m T EZERIE 1 680 kN/m .
HUSFENIEE 3 279 kN/m  FPEEZENIEE 2 200 kN/m | Hif
4PHJE 5.486 kN-s/m HiEZEFH)E 19.10 kN-s/m HJ5
REBHJE 11.44 kN-s/m HE22420H)E 56. 14 kN-s/m %
IRRTEBHHEE B E 24. 45 kN -s/m  ZEAK 5 FF 155 BE R
32.24 kN -s/m, 4K 5 it 34 650 kg, 455 M B
241.5 kg HiFE i 324. 8 kg . PG i HE 649. 5 kg,
x5

15 85 150 kg-m” JEMi%e « LB 29. 71 kg-m’,
FRAE R 25 R A5 B A AR S8 5 S Y A an
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A% RS H i KR 250 0. 6% , P Y ) &t 1Y 2 f
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BTG (o vy ) 5 PRI 235 SR 40 e iy 2 W T 444 1Y
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Tab.5 Dynamic identification precision of heavy truck

FHRAR/ Ha

FHJE LE

G FARIHRARNT 2222/ % FEJE LEARO 22/ % HREL I e F AR 5K | cos 6
Bl HE RSl i
1 1.28 1.28 0 0.131 0.131 0 0.935
2 2.24 2.24 0 0.093 0.093 0 0.956
3 2.88 2.89 0.4 0.088 0.088 0 0.971
4 10. 88 10.95 0.6 0.121 0.121 0 1.000
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Fig. 10 Relationship between the minimum combined error of

samples, R;, and the number of genetic generations
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Fig. 11
parallel genetic computation
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Fig. 12 Parallel speedup factor versus the number of cores in
parallel genetic computation
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genetic computation
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