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Abstract. Suspension system is one of the key parts of vehicle, the performance of suspension
system has great influence on vehicle handling stability and safety. In order to improve the
performance of suspension system, the Macpherson suspension of a vehicle is taken as the
research object, the suspension model is established by ADAMS/Car, and carried out parallel
wheel travel simulation to analyze the key parameters variation of camber angle, toe angle, caster
angle, kingpin inclination angle and scrub radius. Simulation results show that camber angle and
scrub radius are beyond normal design range and require optimization. Wheel alignment
parameters are determined by sensitivity analysis, and optimized by ADAMS/Insight. Then
carried out simulation to analyze the performance of optimized suspension system. Results show
that optimized suspension system satisfies the requirements of vehicle stability and safety.

Keywords: micro electric vehicle, suspension system, simulation analysis, optimized design.
1. Introduction

Suspension system is an elastic device connecting frame and axle of vehicle, which transfer
the force or torque between wheel and axle, cushion vibration and impact from ground to the
vehicle body, and ensure vehicle normal running [1]. Wheel alignment parameters will change
during the up-down movement of wheels, and too large variation range of wheel alignment
parameters will adversely affect vehicle handling stability and safety.

The key parameters of suspension system include camber angle, toe angle, kingpin inclination
angle, caster angle and scrub radius [2]. Liang et al. [3] determined hard point coordinates which
have great influence on the front wheel alignment parameters by sensitivity analysis, and
optimized the McPherson front suspension system by genetic algorithm, but it has not analyzed
whether the optimized parameters of front suspension system meet the design requirements. Shi
et al. [4] fitted wheel alignment parameters and tire radius by DOE Response Surface, optimized
suspension alignment parameters by genetic algorithm toolbox, and results shows that this method
enables suspension system has better performance. Trabelsi et al. [5] proposed a new design
method to satisfy the static and dynamic design requirements of suspension system, and
consideration of static and dynamic requirements globally in the preliminary design stage. Lu et
al. [6] established the McPherson front suspension model of a vehicle by ADAMS/Car, and
optimized the front suspension structure by Insight module, but hasn’t analyzed the variables
which have great influence on wheel alignment parameters. Lee et al. [7] established a set of
constraint equations for the joints constituting the suspension, and obtained the desired kinematic
characteristics of the suspension by ADS, but that method only considered the camber angle and
roll center height. Bhargav et al. [8] studied on the most widely used multi-objective evolutionary
algorithms, such as NSGA-II, SPEA2 and PESA-II, and the advantages and disadvantages of the
three algorithms are analyzed.

The McPherson suspension system simulation model of a micro electric vehicle is established

ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460, KAUNAS, LITHUANIA 923


https://crossmark.crossref.org/dialog/?doi=10.21595/jve.2020.20522&domain=pdf&date_stamp=2020-06-30

RESEARCH ON MODELING AND OPTIMIZATION SIMULATION ANALYSIS OF MICRO ELECTRIC VEHICLE SUSPENSION.
QIPING CHEN, SHENG KANG, XIANGQIN LI, MINGMING WU, JIACHENG WEI, YU LIU

by ADAMS/Car, the parallel wheel travel simulation analysis is carried out, the variation of
camber angle, toe angle, caster angle, kingpin inclination angle and scrub radius are analyzed, and
the wheel alignment parameters are determined by sensitivity analysis to optimized suspension
system parameters.

2. Establishment of suspension model

The front wheel of micro electric vehicle researched in this paper adopts McPherson
independent suspension, when the suspension is working, the shock absorber and the coil spring
are assembled into one, which has good motion characteristics, strong handling stability and riding
comfortability [9].

2.1. Determination of spatial topology

The spatial topology of McPherson suspension is shown in Fig. 1, where Fig.1, 1 is the left
and right lower swing arm, 2 is the steering knuckle, 3 is the hub bearing, 4 is the wheel, 5 is the
absorber,6 is the coil spring, 7 is the vehicle body, 8 is the steering tie rod, 9 is the steering gear
rack, A is the upper fulcrum of the piston pole, B is the lower fulcrum of the piston pole, C is the
center of steering knuckle, D is the wheel center, E is the joint of steering knuckle and lower swing
arm, F is the joint of steering knuckle and steering tie rod, and G is the joint of steering tie rod end
and hinged of steering gear rack.
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Fig. 1. Spatial topology of McPherson independent suspension

As shown in Fig. 1, the shock absorber consists of upper and lower piston pole, left and right
lower swing arm 1 is connected with the center of steering knuckle 2, the lower fulcrum of the
piston pole and vehicle body 7 through spherical pair. The upper fulcrum of the piston pole A is
connected with vehicle body 7 through spherical pair, and the lower fulcrum of the piston pole is
connected with steering knuckle 2 through spherical pair, which can only move and rotate along
the axis. The outer end of steering tie rod 8 is connected with the steering knuckle arm through
spherical pair, and the inner end of steering tie rod 8 is connected with the subframe through
revolute pair [10].

The camber angle is the angle between the vertical axis of the wheel center plane and the
vertical of road plane[11], the caster angle is the angle between the kingpin axis and the vertical
of road plane in the Vehicle Longitudinal Plane [12], the kingpin inclination angle is the angle
between the kingpin axis and the vertical the road plane in the lateral plane of the vehicle[13] and
the scrub radius is distance between the kingpin axis and the center of the tire print on the
ground [14].
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The camber angle, caster angle, kingpin inclinational angle and scrub radius are shown in
Fig. 2.
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Fig. 2. Camber angle, caster angle, kingpin inclinational angle and scrub radius

Major constraint relations of McPherson suspension components are shown in Table 1.

Table 1. Major constraint relations of McPherson suspension components

Connector Connector Kinematic constraint
Upper end of piston pole Vehicle body Spherical pair
Steering knuckle Lower end of piston pole Cylindrical pair
Outer end of steering tie rod Steering knuckle Spherical pair
Inner end of steering tie rod Steering knuckle Spherical pair
Outer end of lower swing arm Vehicle body Revolute pair
Inner end of lower swing arm Steering knuckle Spherical pair

2.2. Parameters setting

The McPherson suspension model is obtained by modifying the hard point coordinates based
on the original model of Adams/Car. According to the parameters of micro electric vehicle, the
static load radius is set to 208.6 mm, the tire stiffness is set to 200 N/rad, the sprung mass is set to
342 Kg, the hight of mass center is set to 320 mm, the wheelbase is set to 1765 mm, and front
wheel drive. The McPherson suspension model is assembled with MDI_SDI TESTRIG test
bench, the McPherson front suspension assembly model is shown in Fig. 3, and then carried out
parallel wheel travel simulation.

?
-

Fig. 3. McPherson front suspension assembly model
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2.3. Analysis of simulation results

In order to facilitate simulation analysis, we adopt an idealized hypothesis method in this
paper. The variation of camber angle is shown in Fig. 4. As shown in Fig. 4, the value of camber
angle ranges from —1.09° to 1.42° during whole process, and the camber angle is —0.14° at static
balance. The fluctuation of camber angle is small during the upward process, and the variation
range of camber angle during the upward process is —1.09° to —0.14°. The fluctuation of camber
angle is larger during the downward process, and the maximum value is 1.42°. According to the
requirement of camber angle value —2° to 0.5°during the upward process [15], it can be known
that the suspension of micro electric vehicle does not meet the design requirement and needs to
be optimized.
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Fig. 4. Variation of camber angle

The variation of toe angle is shown in Fig. 5. As shown in Fig. 5, the value of toe angle ranges
from 0.599° to 1.684° during whole process, and the toe angle is —0.075° at static balance. The
fluctuation of toe angle is small during the upward process, and the maximum of toe angle is
—1.684°. The fluctuation of toe angle is larger during the downward process, and the maximum of
toe angle is 0.599°. According to the design requirements of vehicle suspension, the toe angle
should between 0 to 0.5°during the upward process [16], so the toe angle does not meet the design
requirements and needs to be optimized.
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Fig. 5. Variation of toe angle

The variation of caster angle is shown in Fig. 6. As shown in Fig. 6, the value of caster angle
ranges from 2.328° to 2.755° during whole process, the change amount is 0.428°, and the caster
angle is 2.673° at static balance. The fluctuation of caster angle is small during the upward process,
and the maximum of caster angle is 2.755°. The fluctuation of caster angle is larger during the
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downward process, and the minimum of caster angle is 2.328°. According to the design
requirements of vehicle suspension, the caster angle satisfies the design requirements.
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Fig. 6. Variation of caster angle

The variation of kingpin inclination angle is shown in Fig. 7. As shown in Fig. 7, the value of
kingpin inclination angle ranges from 10.257° to 13.394° during whole process, and the kingpin
inclination angle is 12.04° at static balance. The fluctuation of kingpin inclination angle is larger
during the upward process, and the maximum of kingpin inclination angle is 13.394°. The
fluctuation of caster angle is small during the downward process, and the maximum of kingpin
inclination angle is 10.257°. According to the design requirements of vehicle suspension, the
kingpin inclination angle should between 5° to 15° [17], so the kingpin inclination angle satisfies
the design requirements.
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Fig. 7. Variation of kingpin inclination angle

The variation of scrub radius is shown in Fig. 8. As shown in Fig. 8, the value of scrub radius
ranges from 20.64 mm to 31.559 mm during whole process, and the scrub radius is —22.29 mm at
static balance. The fluctuation of scrub radius is larger during the upward process, and the
maximum of scrub radius is 31.559 mm. The fluctuation of scrub radius is small during the
downward process, and the maximum of scrub radius is 20.64 mm. According to the design
requirements of vehicle suspension, the scrub radius should between —10 mm to 30 mm during
the upward process [18], so the scrub radius does not meet the design requirements and needs to
be optimized.
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3. Sensitivity analysis

After the parallel wheel travel simulation, the optimization variables of wheel alignment
parameters are determined by sensitivity analysis. Four optimization objectives are created at the
Adams/Insight, which are camber angle, caster angle, kingpin inclination angle and scrub radius.
The variation range of each value is set at —50 mm to 50 mm [17]. After sensitivity analysis, the
factors have greatest impact on optimization objectives are determined. Considering that the main
optimization parameters are camber angle and scrub radius, the optimization parameters of wheel
alignment parameters are finally determined, as shown in Table 2.

Table 2. Optimization parameters of wheel alignment parameters

Influence Camber Kingpin inclination Caster Scrub
Factor quantity angle angle angle radius
hpl_Ica_outer.z 4 A A A A
hpl_Ica_front.z 4 A A A A
hpl_lca_rear.z 4 A A A
hpl tierod_inner.z 2 A
hpl tierod outer.z 1
hpl Ica outer.y 3 A A A
hpl lca front.y 1 A

Combined with Table 2, the hard point coordinates of wheel alignment parameters affecting
vehicle handling and stability are final determined as the Y and Z coordinates of hpl Ica front,
the Z coordinates of hpl_Ica rear, the Y and Z coordinates of hpl Ica outer, the Z coordinates of
hpl tierod inner and the Y and Z coordinates of hpl tierod outer.

4. Comparative analysis of simulation

After determined the optimization objectives, then carried out optimization and obtained hard
point coordinates data after optimization. The optimization model is obtained by changed the
original suspension hard point coordinates based on optimized hard point coordinates data.
Parallel wheel travel simulation is carried out after above amendments, the wheel alignment
parameters curves before and after optimization are shown in Fig. 9 to Fig. 12.

4.1. Comparative analysis of camber angle before and after optimization

The curves of camber angle before and after optimization is shown in Fig. 9. As shown in
Fig. 9, the value of optimized camber angle ranges from —1.237° to 0.911° during whole process,
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and the camber angle is 0.075° at static balance. During the upward process, the value of camber
angle ranges from 0.075° to 0.911°, and the maximum of camber angle is 0.911°. During the
downward process, the maximum of camber angle is —1.237°, and the change amount is 2.418°.
It can be known that the optimized camber angle satisfies the design requirements.
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4.2. Comparative analysis of caster angle before and after optimization

The curves of caster angle before and after optimization is shown in Fig. 10. As shown in
Fig. 10, the value of optimized caster angle ranges from 2.336° to 2.749° during whole process,
the change amount is 0.413°, and the caster angle is 2.54° at static balance. According to the design
requirements of vehicle suspension, the caster angle changes from 1° to 7° of front-engine and
front-wheel drive layout, and generally does not exceed 3° of the vehicles [19], It can be known
that the optimized caster angle satisfy the design requirements.
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4.3. Comparative analysis of kingpin inclination angle before and after optimization

The curves of kingpin inclination angle before and after optimization is shown in Fig. 11. As
shown in Fig. 11, the value of optimized kingpin inclination angle ranges from 10.398° to 13.681°
during whole process, and the kingpin inclination angle is 12.7° at static balance.

After optimization the change range of kingpin inclination angle is further reduced, the
maximum of kingpin inclination angle is 13.681° during the upward process and 10.983° during
the downward process, and the change amount is 2.137°. According to the design requirements of
the vehicle suspension, the optimized kingpin inclination angle is more satisfy the design
requirements.
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4.4. Comparative analysis of scrub radius before and after optimization

500

The curves of scrub radius before and after optimization is shown in Fig. 12. As shown in
Fig. 12, the value of optimized scrub radius ranges from 5.82 mm to 16.66 mm during whole
process, the change amount is 10.85 mm, and the scrub radius is 7.19 mm at static balance. The
maximum of scrub radius is 16.665 mm during the upward process and 5.817 mm during the
downward process. According to the design requirements of vehicle suspension, the scrub radius
should within —10 mm to 30 mm. It can be known that optimized scrub radius satisfies the design

requirements.
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The wheel alignment parameters before and after optimization are shown in Table 3.

Table 3. Wheel alignment parameters before and after optimization

Optimizati Variation range before Change Variation range after Change
ptimization goal LS LS
optimization amount optimization amount
Camber angle [-1.09°, 1.42°] 2.51° [-1.237°,0.911°] 2.148°
Caster angle [2.328°,2.755°] 0.427° [2.336°, 2.749°] 0.413°
ngp‘g{fglf;ma“on [10.257°, 13.394°] 2.698° [10.983°, 13.681°] 3.137°
Scrub radius [20.644 mm, 31.559 mm] | 10.915 mm | [5.817 mm, 16.665 mm] | 10.848 mm
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5. Conclusions

The McPherson suspension model of a micro electric vehicle is established by Adams/Car,
and parallel wheel travel simulation is carried out to analyze wheel alignment parameters, such as
camber angle, toe angle, caster angle, kingpin inclination angle and scrub radius, which provides
a theoretical basis for further research work.

The optimization target of the McPherson suspension wheel alignment parameters is
determined through sensitivity analysis, and optimized by ADAMS/Insight. Parallel wheel travel
simulation is carried out again to analyze wheel alignment parameters before and after
optimization, the simulation results show that optimized suspension parameters are more satisfy
with the design requirements and can improve the vehicle handling stability.
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