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THE AUTOMOTIVE RIDE COMFORT
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SUMMARY

College of Technology - TNU

Nowadays, automotive ride comfort is one of the most important performances of automobile, the
research of automotive ride comfort is getting more and more important. The aim of this study is
to evaluate the influence of the parameters of engine mounting system on automotive ride comfort.
To achieve this goal, a 3-D vibration model for automobile with 10 DOF is established and
Matlab/Simulink is used to simulate and calculate the impact factor. The the parameters of engine
mount system such as stiffness and damping coefficients are analyzed respectively according to
the international standard 1SO 2631-1(1997-E) for the assessment of the impact of noise and
vibration to human health. The results show that the damping coefficient of engine mount system
has the greatest influence on automotive ride comfort when engine operates at road surface
conditions in Viet Nam. This study can provide a theoretical basis for the semi-active mounting

system for engine.
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INTRODUCTION

Engine mount is purposed to control an
excessive motion generated from powertrain
system and to isolate vibration and noise to be
transmitted to main system. As vibration
design of engine mount is one of the main
items on the phase of vehicle development,
the design should be optimized considering
various design variables and uncertainties. In
recent years, in research on engine mount
system, there have been a lot of papers to
mention aspects such as application of
ANSYS, A.DAM software... etc for the
design of engine mount system with the
source of excitation by itself[3-5]. The torque
roll axis for a mounting system with non-
proportional damping (under oscillating
torque excitation) is indeed decoupled when
one of the damped modes lies in the torque
roll axis direction and the study has proposed
the design optimization for engine mounting
system[6].

Study on the effects of the vibration vehicle
on ride comfort movement of the vehicle
using a linear vibration model with 8 d.o.f. is
mentioned by references[7]. A 3-D linear
vibration vehicle model with 10 DOF was
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presented to analyze the effects of vehicle
parameters on ride comfort[8].

The major goal of this study is to improve a
3-D non-linear vibration models with 10
DOF. Matlab-simulink software is applied to
simulate the automotive vibration model
under the conditions of roads in Vietnam. The
weighted r.m.s acceleration responses of the
vertical automotive body, pitch and roll
angles of automotive body are chosen as
objective functions. The the parameters of
engine mount system such as stiffness and
damping coefficients  are analyzed
respectively according to the international
standard 1SO 2631-1(1997-E) for the
assessment of the impact of noise and
vibration to human health[9].

AUTOMOTIVE VIBRATION MODEL
Physical model

The arrangement of engine mount system is
choosed four mounts in this study, so a
vibration model engine with 6 DOF is shown
in Fig.1.

Many studies indicate that the vertical engine
body, pitch and roll angles of engine body
have the most impact on automotive ride
comfort, so a 3-D non-linear automotive
vibration model with 10 is established to
evaluate the influence of the engine mounting
system on ride comfort, as shown in Fig.2.
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In Fig. 2, K;j are the suspension stiffness
coefficients; Cj; are the suspension damping
coefficients; Ky are the stiffness coefficients
of tires; Cy;; are the damping coefficients of
tires; Kg are the stiffness coefficients of the
engine mount system; Cg are the damping
coefficients of the engine mount system; M
and M, are the sprung mass of the automobile
and engine; ma;; are the unspung mass of the
axles; Iy, ly, lex, ley are sprung moment of
inertia about X/Y-axis; L and Lg, are
wheelbase of automobile and engine; a, b are
distance between the centre gravity of
automobile body and the centre gravity of the
front/rear tires; B; and B, are distance between
the centre gravity of automobile body and the
centre gravity of the left/right tires; Be; and
B., are distance between the centre gravity of
engine and the left/right mount system of
engine; &, Zj Z and Z. are the vertical
displacements; ¢, 8 and ¢, 6. are the angle
deflection at the centre gravity of the
automobile body and engine; x;, x, are
distance between the font and rear mounting
system of engine and the centre gravity of
automobile body; ¢; are road surface
roughnesses; Vv is the speed of automobile
(i=1,2 and j=left, right; k=1+4).
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Fig 3. Diagram of forces and torques
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Fig 2. Vibration model of four — wheel vehicle
Mathematical model

The combined method known as the multi-
body system theory and D'Alembert's
principle are applied to set up differential
equations to describe vehicle dynamics for the
facilitate simulation where the object is
separated into subsystems linked by the force
and moment equations based on multi-body
system theory and D'Alembert's principle is
used to set up force and moment equations to
describe  automotive  dynamic  system.
Diagram of forces and torques are shown in
Fig.3.
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In Fig. 3, Fye and Fce are the spring forces
and the damping forces of the engine mount
system; Frxj; and Frcj; are the spring forces
and the damping forces of tires; Fg; and Fc;j
are the spring forces and the damping forces
of the suspension systems; F¢, Fy, and Mg,
Mei2, Mpiz, My, are forces and moments of
inertia about X/Y-axis of engine and
automotive body.

The general dynamic differential equation for
the typical four-wheel vehicle is given by
Eq.l.

A difficulty in establishing the dynamic
equations of automotive system is to find the
nonlinear properties for suspension systems
and tires which always appear two types of
the nonlinear  (nonlinear physics and
nonlinear geometry), when vehicle moves on
road surfaces. Both nonlinear geometry and
nonlinear physics are considered in this study
and these nonlinear factor could be described
by the nonlinear mathematic function and the
independent module-based programming.
Then, there will be no difficulty in finding
the solution for that.

For suspension system, the spring forces of
the suspension systems could be determined
by the following formula:

FKij = Kij (Zij _éij) (2)
The damping forces of the suspension

systems could be determined by the
following formula:

Cuy(&,-Z,) when (£,-Z,)<-03
.o .o (3)
Eo_ Cy-(&—-2Z;) when-03<(&-2i)<0
" Cyy- (£,~Z) when 0<(&,~Zy)<0.3
Chi - (f‘ij_ Z.ij) when (éij _Z‘ij) >03
Meanwhile, the dynamic reaction

forces of the suspension systems in vertical
direction is defined as follows:

Fij =Fxij+Fcij 4)
For tire, a quarter of automotive model is
selected for anlyzing the nonlinear properties

of the tire, as shown in Fig.4(a). We are
known that when vehicle moves on the
roughness road, the wheel’s motion in the
vertical direction could be described in two
stages: compression  processes  (static
compression and dynamic compression) and
rebounded processes (rebounded processes
and wheel left-off leaving processes). As is
shown in Fig.4(b) and Fig.4(c).

The radial spring force of the front right
wheel could be determined by the following
formula:

Km'(qu - §1r)

Frr =

0
(er + mAlr)'g

K 00 )
My, +my,).g
The radial damping force of the front right
wheel is determined by the following
formula:

when[g,, — (&, +

when[g,, — (&, + )1<0

(My, + My, )9

Tir

Cnr(q;ré;uJ when[q,, - (&, + )]>0 (6)

Fer = M., +m,, ).
. whenlg, -, + "1 ey g

Tir

Meanwhile, the dynamic reaction force of the
front right wheel in vertical direction is
defined as follows:

Frir=FrkartFreur (7
Eq.(4) and Eq.(7) are very important in
creating subsystems for simulating which
will be presented in the following paragraph.

Road surface roughness

Road surface roughness plays an important
role in evaluating vehcle ride comfort. In this
study, the random excitation of road surface
roughness is selected the road surface
highwayl in Hanoi-Lang Son section which
is measured by equipment laser ARRB
Profiler[8]. The measuring results are
processed by Matlab 7.0 software and the
processing results are shown in Fig.5.
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Fig. 4 Road-wheel-vehicle compled system. (a)
Quarter of automotive vibration model; (b)Wheel
moving on road;

(c) elastic properties of radial tire

Table 1. Comfort levels related to a,, threshold values

Fig 5. Random function of road surface

awz values Comfort level awz values Comfort level
Less than 0.315 m.s™ Comfortable 0.8m.s?to1.6 ms” Uncomfortable
0.315m.s?t0 0.63m.s? A little uncomfortable ~ 1.25m.s?to 25m.s?  Very uncomfortable

0.5m.s?to 1 m.s? Greater than 2 m.s

Fairly uncomfortable

Extremely
uncomfortable

INTERNATIONAL STANDARD ISO 2631

The most widely used international standard
for whole-body vibration (WBV) is ISO
2631-1:1997E. This standard defines the
methods to quantify WBV in relation to
human comfort and health, perception and
motion sickness. The standard has given two
methods for evaluation human body comfort
and health. In this study is selected a methods
for evaluation human body comfort, vibration
evaluation based on the basic evaluation
method always includes measurements of the

weighted root-mean-square (r.m.s)
acceleration dened by:
1 T 1/2 8
2
a, = {Tlaw (t)dt} (8)

where, a,(t) is the weighted acceleration
(translational and rotational) as a function of
time, m/s> T is the duration of the
measurement, s.

In this way, a., aw, and a,, values can be
calculated from formula Eq.(8) and the r.m.s.
value of the vertical acceleration in vehicle
would be compared with the values in Tab 1,
for indications of likely reactions to various
magnitudes of overall vibration in the public
transport.
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SIMULATION AND ANALYSIS RESULTS

In order to solve the nonlinear differential
equations which presented in section 2 for
evaluating influence of the parameters of
engine mounting system on automotive ride
comfort, Matlab-Simulink software is used to
simulate with a specific set of parameters of a
8-seat minibus "MEFA5-Lavi-304"
manufactured in Vietnam[2], the diagram of
simulation is shown in Fig. 6.

Simulations are carried out wunder the
conditions of the different road surfaces,
vehicle speeds and structural parameters of
the vehicle to acquire the impact factors, For
example, the simulation results of the vertical
acceleration of automotive body when three
vertical damping values of engine mounting
system conditions of 0Cg, 0.5Cg, 1C are
applied and the vehicle moves on the road
surface highwayl in Hanoi-Lang Son section
condition at v=80km/h (where C is used to
designate the wvertical damping values of
engine mounting system[2]) which is shown
in Fig.7. From Fig.7 shows that the vertical
acceleration of automotive body (a,) values
increase while C, values reduce which makes
the automotive ride comfort bad.
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Fig 6. Simulation diagram
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Fig7. a, when the damping coefficients of engine
mount system change

Effects of the stiffness coefficients of the
engine mount system

The stiffness coefficients of the engine mount
system are important factor that influence the
automotive ride comfort. To analyze its effect
on a., aw, and a.e values, the stiffness
conditions of K, = [0.8+2]xK values and the
damping conditions of C.=[ 0.5 1 1.5]xCy
values have been studied when the vehicle
moves on the road surface highwayl in
Hanoi-Lang Son section condition at
v=80km/h and , where K¢ and Cg is used to
designate the stiffness and damping
coefficients of engine mounting system
shown in reference[2]. The effects of the
stiffness coefficients of the engine mount
system are shown in Fig.8. The a,, increases
as the engine mounting system stiffness
increases which makes the automotive ride
comfort bad. When the damping coefficient
increases from 0.2C, to 1.6 Cg, the a,, value
increases by 4.2 times. However, a,, and a
values increase as the K. value decreases
which is the direct cause of the growth of
pitch and roll vehicle vibration [10].

Effects of the damping coefficients of the
engine mount system

The damping coefficients of the engine mount
system are another important factor that
influence the automotive ride comfort. To
analyze its effect on a,,, aw, and a,, values,

the stiffness conditions of C, = [0.8+2.6]xCq
values and the damping conditions of K.=[1
1.5]xK values have been studied, where Cg
and K is used to designate the stiffness and
damping coefficients of engine mounting
system shown in reference[2]. Effects of the
damping coefficients of the engine mount
system are shown in Fig.9. The a,, value
decreases as the engine mounting system
stiffness  increases which makes the
automotive ride comfort good. When the
damping coefficient increases from 0.8C to
2.4Cg, the a,, value decreases by 1.4 times.
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Fig 8. Effects of stiffness
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Fig 9. Effects of damping
CONCLUSION

The 3-D non-linear vibration model for 8-
seat minibus "MEFA5-Lavi-304"
manufactured in Vietnam is developed for
simulating and analyzing the influence of the
parameters of engine mounting system on
automotive ride comfort. The major
conclusions that can be drawn from the
analysis results as follows:

(i) The damping coefficient of engine mount
system has the greatest influence on automotive
ride comfort when engine operates at road
surface conditions in Viet Nam.

(i) The combination of the stiffness and
damping coefficients of engine mount system
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have implications for
automotive ride comfort.

(iti) In order to optimize the structural
parameters of vehicle engine mount system,
one can offer an engine mount system
structure with intelligent control, and the
study results in the paper can therefore serve
as a basis for designing the control-intelligent
engine mount system through controlling the
range of stiffness, damping and road
roughness.

improving  the
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NGHIEN CUU ANH HUONG HE THONG PEM PONG CO
PEN PO EM DIU CHUYEN PONG CUA O TO

Lé Vin Quynh’, Hoang Anh Tin, Nguyén Khic Minh

Truong Pai hoc Ky thudt Cong nghiép - PH Thai Nguyén

Ngay nay do ém diu chuyén dong cua 6 t6 1 mot trong chi tidu quan trong nhét cua 6 to, vi vay
nghién ctru d¢ ém diu cang ngay cang tré nén quan trong. Muc tiéu chinh nghién ciru nay 1a danh
gia anh hudng cua thong so hé thong dém dong co dén d6 ém diu cua 6 t6. Dé dat dwoc muc dich
do, mot m6 hinh dao dong phi tuyén khong gian cua 6 to v6i 10 bac ty do dugce thiét 1ap va phan
mém Matlab/Simulink duoc sir dung dé mo phong va tinh toan cac hé s6 anh huong. Cac thong sb
cua h¢ thong dém dong co nhu d6 climg va hé s can lan luot dugc phan tich dva vao tiéu chudn
Qudc té 1SO 2631-1(1997-E) vé danh gia anh hudng cua dao dong va tiéng on dén stic khoe con
nguoi. Két qua nghién ciru chi ra ring hé s6 can ciia dém cach dao dong dong co c6 anh huong rat
16n dén d¢ ém diu khi xe hoat dong trong diéu kién mit duong qubc 16 Viét Nam. Ngoai ra, két
quéa nghién ciru cung cap mot co s& 1y thuyét dé thiét ké hé thong dém ban tich cuc cho dong co

dbt trong.
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