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Abstract. This paper proposes the introduction of a stabilizing bar in a full-car model with nonlinear suspension. The
majority of mathematical models proposed in the literature ignore the influence of the stabilizer bar, in the vehicle
dynamics. The analysis of the influence of the addition of the stabilizer bar and the torsional rigidity in the vehicle
dynamics is carried out with the aim of finding comfort and safety of passengers. Numerical simulations show that the
stabilizer bar has influence on the dynamics of the vehicle and ignore it in the mathematical model can affect the
results in the suspension control projects.
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1. INTRODUCTION

To improve the ride quality, adding to the comfort of the passengers, the vibrations of a vehicle body should be
reduced. In recent years, much attention has been given to design control techniques of the vehicle suspension systems
in order to reduce the vibrations (Liu et al., 2008; Silva et al., 2013; Tusset et al., 2014). Three types of vibration control
methods have been proposed and implemented successfully, namely, the passive, the active and the semi-active method
for control suspension systems (Sun et al., 2005). However the mathematical models that represent the vehicle systems
in the literature are usually based on models that do not take into account the stabilizer bar related to the vertical
dynamics. On the other hand, the main studies on the stabilizer bar are connected to fatigue and the vehicle dynamics in
curves. This paper proposes and analysis the introduction of a stabilizing bar in a full-car model with nonlinear
suspension. The analysis of the influence of the addition of the stabilizer bar and the torsional rigidity in the vehicle
dynamics is carried with the aim of exploring comfort and safety of passengers.

The addition of the stabilizer bar in a full car model can be seen in figure 1.

Figure 1. Full car model with stabilizer bar
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Figure 1 shows the nonlinear full-vehicle model used in this work: the vehicle body is represented by a seven
degree-of-freedom rigid body with mass ms. The heave, pitch and roll motions of the sprung mass are considered. The
four unsprung masses (front-left, front-right, rear-left and rear-right) are connected to each corner of the rigid body and
by a stabilizing bar. A stabilizer bar is modeled as a torsional spring, the suspensions between the sprung mass and
unsprung masses are modeled as nonlinear springs and nonlinear dampers elements, while the tires as modeled as linear

springs.

2. MATEMATICAL MODEL

The nonlinear spring forces of front and rear suspensions are given by (Gaspar et al., 2003):
FSom = Kr|1munm + Kr?rln(unm)3 (1)

where K/ is the linear coefficient stiffness, K is the nonlinear coefficient stiffness, u,, is the deformation of the

spring, and (n = front or rear, m=right or left).
The nonlinear damping forces of front and rear suspensions are given by (Gaspar et al., 2003):

FCom = Cr|1munm _Cr¥m|unm| +Cr?rln |unm| Sgn(unm) 2

where U, is the relative velocity between the extremes of the damper, C|, is the coefficient that determines the

effects of the linear damper force while Cr’,‘,'n has nonlinear impact on the damping characteristics, C>, describes the
asymmetric behavior of the characteristic and sgn(unm) is the signal function.
The tire stiffness can be considered as a linear spring, so the tire force is:

I:tnm = Krt1mVnm (3)

where v, is the deformation of the tire and K is the linear coefficient stiffness.

The stabilizer bar works with the movement of the wheels is given by equation (4) (Jazer, 2008). Equation (4)
relates the angle of the body and the relative displacements of the unsprung masses. Thus, when the car passes through
an irregularity in only one wheel, influence occurs in the stabilizer bar and consequently in the body structure.

M :—Kt(go—%) 4

Considering the vertical force, pitching force and roll force acting on sprung mass, moreover the force acting on
unsprung masses, and using the nonlinear characteristics of springs and dampers, the force balance equations acting on
suspension, and the accelerations are formalized in the following.

Sprung mass:

.. 1
ZS = (m—](— FS fl — FCﬂ - FSfI’ - FCfr - FSH - FC” - FSrr - FC”)

S

P

[Ii}(%cos(qﬁ)j(— Fsq —Fcq + Fsg + Feq —Fsy — Fcy + FSy + Fcrr)+|M (5)
¢ ¢

0= [Iij(acos(e)(Fsﬂ +Fcy +Fsy, + Fcf,)—bcos(e)(FsrI —Fcyy + Fs, + Fcr,))
9

Front unsprung masses:
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B 1 M
Zyg= Fsq+Fcq —Fty ——
ufl [muf J[ fl fl L. j

(6)
.. 1 M
Zie=|—| Fsg +FCgy — Fty +—
ufr [muf J[ fr fr fr s \J

Rear unsprung masses:
.. 1
ZurI = (Fsrl + I:Crl - I:trl)

o U

. 1
Zurr = (m—](FS” +FCy — I:trr)

ur

where: mg represents the sprung mass, 1, is the roll axis moment of inertia, 1, is the pitch axis moment of inertia,

M,.m i the front and rear unsprung mass, K, —and K are the front and rear suspension spring stiffness, C! ., c"

and C/,, is the front and rear suspension damping coefficient, K} is the tire spring stiffness, a is the length between
the front of vehicle and the center of gravity of sprung mass, b is the length between the rear of vehicle and the center of

gravity of sprung mass and s is the width of sprung mass.
Considering the following control parameter:

®)

where K, is the torsional rigidity coefficient of the stabilizer bar Eq. (4), K; represents the coefficient of linear
stiffness equivalent to Eq. (1), and substituting the Eq. (8) into Eq. (4) , we find the moment of the bar

M Z—OKfSZ((p—%J ©)

3. SIMULATION RESULTS
Defining the road profile as a square wave excitation given by the Eq. (10):

Z4 = hsgnsin(2zft)

Z4 =hsgnsin(2zft + )

z,) =hsgnsin(2aft + S)

Z,, = hsgnsin2aft + o + f)

(10)

For numerical simulations we used the following values of the parameters adapted: (Szaszi, 2002; Ishitobi, 2006;
Gaspar et al., 2003; Zhu and Ishitobi, 2006):

Table 1. Numerical values of the system parameters.

Sprung mass, mg 1500 [kg]
Roll axis moment of inertia, 14 460 [kg m?]
Pitch axis moment of inertia, 14 2160 [kg m?]
Front and rear unsprung mass, Mynm 40 [kg]

Front and rear suspension spring stiffness, K\, 23500; 23800 [N/m]
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Front and rear suspension spring stiffness, qurln 2350000; 2380000 [N/m]
Front and rear suspension damping coefficient, C, ; CIl :C, 700; 400; 200 [N/m/s]
Tire spring stiffness, K{, 190000 [N/m]
Length between the front of vehicle and the center of gravity of sprung mass, a 1.4 [m]
Length between the rear of vehicle and the center of gravity of sprung mass, b 1.7 [m]
S 3 [m]
2
Kgs 245000 [N/m?]
H 0.08 [m]
F 9.67 [Hz]

In figure 2 we can see the vertical chassis displacement in permanent regime, when the variation of the control
parameter (0% < o < 200%) is considered.

| 0=0% == 0=50% === 0=100% = 0=160% === 0=200% |

Figure 2. Vertical chassis displacement for & =0 and £ =180°

We can observe in figure 2 that the car has good stability region without the use of stabilizer bar. The addition of the
stabilizer bar to the parameter (6<100%) of the displacement body increases and the velocities of displacement and the
angular displacement. As can be seen, when the values of ¢ are bigger than 100% (> 100%) , the stabilizer bar was
effective in reduce the vertical displacement. Figure 3 shows the maximum displacement of the chassis considering the
variation of the parameters (0, p and o ) in permanent regime.
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Figure 3. Levels curves of the maximum chassis displacements

It is observed that for parameter (« =0), there is a dependency on the angle  to reduce the vertical displacement,
and with the introduction of the stabilizer bar is possible to reduce the chassis displacement.
In figure 3 we can see the maximum roll movement (¢ ) of the chassis considering the variation of parameters (a, 8

and o) in permanent regime.



23rd ABCM International Congress of Mechanical Engineering
December 6-11, 2015, Rio de Janeiro, RJ, Brazil

0 30

a=200%

50 100 180 200 260 300

&0 100 150 200 2500 300 350
B B

Figure 4. Levels curves of the maximum roll movement

We can observe in figure 4 that the stabilizer bar shifts the regions of higher angular displacement from the center to
the extremities. It can also be viewed that occurs an increase in regions with small displacements. In figure 5 we can see

the maximum displacement both vertically chassis ( Z,) as the roll movement (¢ ), considering the case where (« =0).
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Figure 5. Influence of the angle B in the vehicle dynamics for a = 0

Figure 5 shows that the introduction of the stabilizer bar reduces the chassis displacement and decreases the
maximum displacement angle of the chassis for all spectrum B. The best relationships are in (150% < o < 200%).

In figure 6 we can see the maximum displacement of the wheels ( Z,) for the case of not having chassis stabilizer
bar with (o =0) and variation of the parameters o and p.

FL FR

Figure 6. Maximum displacements of wheels o =0

It is possible to note that there is a similarity between the wheels. You can also note that in the region close to
a = #=180° have a large displacement of the wheels region, which can cause instability of the vehicle. Figure 7 shows
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the maximum displacement of the wheels (Z,) in case the frame has stabilizer bar with (o =100%) and variation of
the parameters o and .
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Figure 7. Maximum displacements of wheels o =100%

We can see that there is a reduction of displacement and, therefore, there is an increasing to vehicle stability. In
figure 8 we can see that the maximum displacement of the wheels (Z, ) when exists a stabilizer bar with (o =150%)
and variation of parameters o and p.
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Figure 8. Maximum displacements of wheels o =150%

We can observe that in figure 8, that in general there is a reduction in the front and rear wheel displacements. In
figure 9 we can see the maximum displacements of the wheels (Z,) in case the frame has stabilizer bar with

(o =200%) and variation of the parameters o and .
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Figure 9. Maximum displacements of wheels o =200%

We can observe in figure 9 an increase of the low-dislocations regions wheels in relation to Figures 6-8. Can also be
seen that the introduction of the stabilizer bar produces antagonistic regions on wheels. Where the left wheel shows
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large displacements the right wheel presents lower amplitudes. In figure 10, we can see the influence of the parameter 8
on the displacements of the wheels in case the parameter o = 0.
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Figure 10. Influence parameter (B) on displacements of the wheels

In figure 10 we can see that the behavior of the maximum displacements of the wheels is symmetrical, and that there
are points where the wheels with stabilizer bar have larger displacements than without stabilizer bar. In figure 11 we

can observe the highest levels of acceleration of the chassis (Zs) at rms (root mean square) varying the parameters o
and p.
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Figure 11. Niveis méaximos de aceleragio no chassi ( Z,)

As can be seen in figure 11 with the introduction of the stabilizer bar the acceleration level on the chassis were
reduced, which generates passenger comfort to the passengers.

Comparing the previous results, we note that the same regions of smaller displacement are also the regions with less
acceleration.
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5. CONCLUSIONS
We can see through numerical simulations that the use of the stabilizer bar provides an increase of the vehicle

stability considering the square wave excitation, even in cases of totally alternate excitations on wheels (o and f
variations). This effect is felt in the vertical chassis displacement and movement of roll to better distribute the energy.
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By reducing the roll movement and vertical displacement, the stabilizer bar transfers power to the wheels and thus
decreases instability conditions, enabling it that there is always a wheel with ground contact, ensuring the drivability of
the vehicle.

We can also observe that the addition of the stabilizer bar provides an increased comfort level for passengers by
reducing the acceleration of the chassis.
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