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Abstract - The main aim of this paper is to how
quickly set up the virtual prototyping of Double
Wishbone Suspension and Steering Model System to
check the dynamic behavior of system for a given input
signal at the center of the wheel as vertical ground load
to measure Toe angle and wheel height. For this Double
Wishbone Suspension System as an example, a Co-
simulation control method and Flexible Body
integration method is introduced to research multi -
body dynamics. Using Kinematic and Newton - Euler
and Lagrange method used to establish the Dynamics
Model of Double Wishbone Suspension. The simulation
results indicate that the Double Wishbone Suspension
and Steering Model System have preferable response
characteristics. The co - simulation method is more
effective. To establish the Dynamic behavior of the Tie
Rod of Double Wishbone Suspension system in terms of
Mode shapes.
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1. INTRODUCTION

In automobiles, Suspension system consisting of springs shock
absorbers and linkages that connect the vehicle to the wheels
and allows relative motion between the wheels and the vehicle
body. Double Wishbone independent
suspension design using two wishbone shaped arms to locate the
wheel shows in Figure 1. Each wish bone or arm has two
mounting points to the chassis and one joint at the knuckle. The
shock absorber and coil spring mount to the wishbones to
control vertical movement.

Double wishbone designs allow the engineer to carefully control
the motion of the wheel throughout the suspension travel,
controlling such parameters as camber angle, caster angle, toe
pattern, roll center height, scrub radius. The steering arm is

suspension is an

attached to the wheel. Also, the most important role played by
the suspension system is to keep the wheels in contact with the

road all the time one of the functions of the suspension system is
to maintain the wheels in proper steer and camber attitudes to
the road surface.
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Fig-1: Double Wishbone Suspension System

It should react to the various forces that act in Dynamic
condition. These forces include longitudinal (acceleration and
braking) forces, lateral forces (cornering forces) and braking and
driving torques. All the dynamic parameters are considered
while designing the suspension system, especially the behavior
of the suspension for various loading cases.

In this paper, a dynamical model of the Double wishbone
suspension system with steering model is built up in
ADAMS/view shows in Figure 2, the PID control model was built
in MATLAB/SIMULINK, and Tie Rod of Double wish bone
suspension was imported from NASTRAN-PATRAN in the form of
Flexible body file (MNF) for flexible body integration to carry
Dynamic Analysis. The Double wishbone suspension system
model and the control model are integrated through
ADAMS/Control Module, and the co-simulation carried out for
the given vertical loads at the wheel center and a measure Toe
angle and Wheel Height for an applied force input signal from
MATLAB/SIMULINK.

Fig-2: Double Wishbone Suspension Model in ADAMS
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2. KINAMATICS AND DYNAMIC MODEL OF
DOUBLE WISHBONE SUSPENSION

The topological graph of double-wishbone suspension describes
in Figure 3. The ability to adjust many aspects of its kinematics
makes the double-wishbone suspension popular on high-
performance vehicles; its load-handling capabilities also make it
suitable for use on the front axle of medium and heavy vehicles.
The upper and lower control arms are connected to the wheel
carrier with spherical joints (S), and to the chassis with revolute
joints (R). One end of the tie rod is connected to the wheel carrier
with a spherical joint; a universal joint (U) at the other end
connects it to either the rack (on the front axle) or the chassis
(on the rear axle). The system is modeled using joint coordinates
as labeled in Fig.3.

q= “6,3,n,&19,'0,0,B,s [1]

Upper Control | o
Arm
in, i 8
Wheel
carrier ° o m ° Chassis
"B
° Lower Control °
Arm

Fig-3: Double Wishbone Suspension Topological Graph

The configuration of the uni-versal joint is specified by its angles
of rotation about the global Z-axis (a) and the rotated X%-axis (f3);
{C, n, &} represents the 3-2-1 Euler angles associated with the
spherical joint between the upper control arm and the wheel
carrier. Neglecting the motion of the chassis, this system has
three degrees-of-freedom: the rotation of the wheel (¥6), the
displacement of the rack (s), and the vertical displacement of the
wheel carrier (z). Note that a rack displacement is an input to the
model, which reduces the number of degrees-of-freedom to two.

We proceed with a purely joint coordinate formulation to
minimize the number of modeling coordinates. The Multibody
library used to generate the following six constraint equations,
three for each independent kinematic loop:

P1.23 (Zt n E' ug, \6)20, P456 (Zt n E' g, a, B' S)=0 [2]

Drawing from the results of the preceding examples, we employ
the following strategy:

1. Assign one of {(, n, &} to the independent coordinate vector qi.
2. Compute the two remaining spherical joint angles iteratively
using two of the six constraint equations (2).

3. Compute the four remaining generalized coordinates u6, ‘0, a, 3
recursively by tri-angularizing the remaining constraint
equations.

The first objective is to derive a triangular system to solve
for qa1 = (U6, 16, o, B) recursively, given values of {§, ¢, n}. We
begin by expressing ¢1 in the following form:

A1sin'6 +B1cos 8=C1 [3]

Where: co-efficients A1, B1, and C1 are functions of {§, {, n, u6}. The
following solutions can then be obtained for sin('8) and cos(!8)
ACt By JA+E-C

A +ES [4]

sin(lg) =

—s
A:I.C:I.i By WA, +5°-C7 [5]
A+E*

cos( lgi=

only the first three of which are assumed to be known at this
stage of the solution. We obtain an expression for 16 as a function
of {§ ¢, n} by substituting (4) and (5) into ¢2 which, once
simplified, can be expressed in the following form:

Azsin(40)+Bzcos(u6)+D2sin(10)cos(6)+E2cos2uf)=Cz [6]

Where: Co-efficients are functions of {§, (, n}. Note that the
second-order trigonometric terms appear upon eliminating the
square roots introduced by (4) and (5). Although (6) can be
solved for sin (u6) and cos(u8) , the solution is quartic and would
require iteration to evaluate numerically. Instead, we note that
the coefficients in D2 and E: are significantly smaller than those
appearing elsewhere, so expect these terms to have negligible
effect on the numerical solution. Thus, we use the
approximations D2~0 and E2x0 to obtain an equation analogous
to (3), which results in solutions for 10 of the form shown in (4)
and (5). Evaluating numerically over the full range of motion of
the wheel carrier, we find that this approximation introduces an
error of less than 5.7 x 10-* [rad] (0.1%) in the solution for u8,
which is deemed to be an acceptable compromise given our real-
time intentions. A similar strategy can be employed to
triangularize @4 and @s. In particular, @4 can be expressed as
follows:

Assin (B) +Bacos (B) =Cs [7]

Where: A4, B4, and C4 are functions of {§, ¢, 1, u6, a}. Solutions for
sin(f) and cos(B) can then be obtained as before. Upon
substitution of these solutions into s, we obtain an equation of
the following form:

Assin(a)+Bscos(a)+Dssin(a)cos(a)+ Escos?(a)=Cs (5.16) [8]

Where: The solutions of the form shown in (4) and (5) are
obtained. As will be verified below, the error introduced by this
approximation—Iless than 4.5 x10-4 [rad] (1.5%) in the solution
for a—does not significantly degrade the quality of the results. In
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summary, we have generated the following triangular system to
solve for qa1 =16, 6, a, B recursively, given values of {§, {, n}:

"0 =£(§¢mn) []
6=£(5n,16) [10]
a=f(§gn,10) [11]
B=£f(& 16 ) [12]

90 = fi (L 1)

) 0=1 (&3, n,"0) g ELn9)=0
e 09070 g g q00p-0f—20a"

a=M(%4n"o)

B=fa(E L0, a)

Newton step using

symbeolic Jacobean
Triangular System Method

Fig-4: Kinematic solution flow for double-wishbone suspension

Kinematic simulations are performed by fixing the chassis to the
ground and applying motion drivers to the independent
coordinate § and rack displacement s, as shown in Figure 4. The
input applied to spherical joint angle § drives the wheel carrier
through its full range of vertical motion, as shown in Figure 4,
and compare the computational efficiency of three solution
approaches:

1. Computing qa1 and qaz using the block-triangular
solution shown in Figure 4.

2. Computing qd using Newton’s method, iterating over
the original constraint equations (1) and using
Gaussian elimination with partial pivoting to invert the
6 x 6 Jacobian matrix numerically.

3. Computing qa using Newton’s method, iterating over
the original constraint equations (1) and using a
symbolic Jacobian inverse.

2.2 LAGRANGIAN DYNAMICS FOR A MULTIBODY

SYSTEM

Newton-Euler expressed in generalized
coordinates; multibody dynamics is a straightforward extension
Of a single rigid body the kinetic and strain energies are

equations are

Kinetic Energy T = % {g17[M]{g} [13]
Strain Energy U= % {{q1 T[M]{q} [14]

The Lagrange’s equations;

s+ G =0 [15]

2.1 Toe Angle

Toe angle is the measure of how far inward or outward the
leading edge of the tire is facing, when viewed from the top. Toe
is measured in degrees and is generally a fraction of a whole
degree. It has a large effect on how the car reacts to steering
inputs as well as on tire wear. Aggressive toe angle will cause the
tire to develop “feathering” across its surface. Toe-in is when the
leading part of the tire is turned inwards towards the center of
the car shown in Figure 5. This makes the tires want to push
inward, which acts to improve straight line stability of the car as
it's traveling down the road; particularly at high speed
(highway).Toe-out is when the leading part of the tire is turned
outwards away from the center of the car. This makes the tires
want to separate from each other.

Positive Toe Angle Forward
TOP VIEW

Ts

—

3. CO-SIMULATION BETWEEN ADAMS AND
MATLAB/SIMULINK

Positive Toe Angle

+ +

Fig-5: Toe Angle

Co-simulation between ADAMS and MATLAB /SIMULINK means
that build multi-body system in ADAMS, output parameters
related to system equation and then import information from
ADAMS into MATLAB/SIMULINK and set up control scheme in
ADAMS/CONTROL Module. During calculation process, there
exchanges data between Virtual Prototype and Control Program,
where, ADAMS solves the Mechanical System Equation and
MATLAB solves the Control System Equation. They both
complete the whole control process. The flow chart of co-
simulation described in Figure 5. In this case the vehicle is
modeled on ADAMS-View shown in Figure 10, whereas the PID
Controller was modeled in SIMULINK. The model built in ADAMS,
as a sub-system, need to be imported into MATLAB/SIMULINK,
on which SIMULINK constructs the co-simulation system shows
in Figure 7. Initially exchange data between ADAMS and
MATLAB/SIMULINK through ADAMS/CONTROL interface and
Fig.6 describes the inside of the block Adams _sub. And Figure 8,
9 show such dynamic response for a given input signal in
MATLAB/SIMULINK. Figure 11, 12 shows dynamic response in
ADAMS.
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Fig-7: Control Scheme of the Co-simulation
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Fig-8: Response of Sine signal on Wheel Centre
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Fig-9: Response of Toe Angle

Fig-10: Double Wishbone Suspension Model in ADAMS
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Fig-12: Toe Angle Result from ADAMS
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4. FLEXIBLE BODY INTEGRATION

The View Flex module in Adams/View enables users to
transform a rigid part to an MNF-based flexible body using
embedded finite element analysis where a meshing step and
linear modes analysis will be performed in MSC NASTRAN-
PATRAN of Tie Rod are shows in Figure 13, allowing one to
create flexible bodies without leaving Adams/View and without
reliance on Finite Element Analysis software. Also, it's a
streamlined process with much higher efficiency than the way
users have traditionally generated flexible bodies for Adams in
the past also convenient control over modal participation and
damping.

vt sy

Fig-13: MNF Format Tie Rod in PATRAN

4.1 Dynamic Analysis of Tie Rod

Modal analysis is usually used to determine the Natural
Frequencies and Mode shapes of a component. It can be used as
the starting point for Dynamic Analysis. The Finite Element
Analysis codes usually used several mode extraction methods.
The number of modes was extracted and used to obtain the Tie
rod stress histories, which is the most important factor in
analysis.

4.2 The Equation of Motions of the Suspension

System

Based on a Kinetic model of a vibration system, a mathematical
model can be developed to accomplish the modal analysis. It is
critical for modal analysis to develop the mathematical model.
Accuracy degree of a model should affect analysis result directly.
A general kinetic model is

[M] {X(0)}+[C] {x(©)}+[ KI{x(1)}= {F(t)} [16]

Where, [M] =Total mass matrix,
[C] = Equivalent damping matrix,
[K] = Stiffness matrix,
X (t) = Displacement,
F (t) = External load.

A model analysis equation when an external exciting force
is zero [F (t) =0].

[M] {x(O)}+[C] {x(O}+[KI{x(t)}= 0 [17]

Equation (17) shows that vibration amplitude of a Tie Rod
should be attenuated during process of vibration.

4.3 Mode Shapes

Using this method to obtain the 8 modes of the Tie Rod, which
are shown in Table.1 and the corresponding shape of the mode,
are shows in Figure 14-21.

cusp_steer Flex Body=PART_39_flex Mode=7 (1021.941116 Hz)

Fig-14: Mode-7

susp_steer Flex Body=PART_39 ode=8 (1024.949765 Hz)

Fig-15: Mode-8
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susp_steer Flex Body=PART_38_flex Mode=4 (2749.385836 Hz) susp_steer Flex Body=PART_39_flex Mode=12 (5385.643415 Hz)

Fig-16: Mode-9 Fig-19: Mode-12

susp_steer Flex Body=PART_39_flex Mode=10 (2614.034843 Hz) ksusp_steer Flex Body=PART_39_flex Mode=13 (7073307665 Hz)

Fig-17: Mode-10 Fig-20: Mode-13

lsusp_steer Flex Body=PART_38_flex Mode=11 (5203.672088 Hz) ksusp_steer Flex Body=PART_39_flex Mode=14 (8333.356549 Hz)

Fig-18: Mode-11 Fig-21: Mode-14
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Table -1: Natural Frequency of Tie Rod

Mode No. Frequency in Hz
7 1021.9
8 1024.9
9 2749.3
10 2814.0
11 5203.6
12 5305.6
13 7073.3
14 8333.3

5. CONCLUSIONS

In this study, build co-simulation model of Double Wishbone
Suspension and Steering Model System respectively in ADAMS
and MATLAB, design the interface between mechanical system
and control system and get the response performance of Double
Wishbone Suspension and Steering Model System. The system
has good tracking ability and co-simulation result verifies that.
Also, its dynamic performance meets the design requirement.
What's more, modeling in ADAMS, it is beneficial to avoid solving
dynamic equations and to observe motion process visualized.
Using MATLAB /SIMULINK toolbox, we operate the whole
process simply and program efficiently and quickly. And we get
lots of design parameters from co-simulation, which is useful for
subsequent research. Co-simulated method takes advantages
between ADAMS and MATLAB/SIMULINK software’s, with
Enhancing Dynamic Performance of Double Wishbone
Suspension and Steering Model System, improving efficiency, and
saving Time. For the complex control system, it is a good solution
to solve the problem. The Results of the Frequency from modes
shapes are used for Re-design process.
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