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SCIENCE - TECHNOLOGY

SIMULATION OF VIBRATION OF THE AUTOMOTIVE

POWERTRAIN SUSPENSION

PHAN TICH DAO DONG HE THGNG TREQ CUM TRUYEN LUC TREN O TO

ABSTRACT

Vibration in automotive powertrain is one of the main causes low
frequencies vibration of vehicle. This paper studies the vibration analysis of the
powertrain’s four-point suspension system of light truck. The method of reseash
is simulation by using MATLAB Simulink. The relationship between the system’s
physical parameters (spring stiffness and damping coefficient) and the vibration
parameters is then analyzed to find the best combination of the physical
parameters that yields the optimized vibration behavior. An experimental of
measuring the vibration frequencies at the four-point of powertrain's suspension
with the engine working with different rotation. The result of this reseach is to
reduce vibration that includes changing the physical properties of parts of
suspension and modifying the overall setup. A proposal to the engineers with
another simple and cost-effective approach is to properly design a vibration-
isolation system.
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TOMTAT

Dao dong clia hé thong truyén luc la mgt trong nhitng nguyén nhén chinh
gdy ra dao ddng & tan so thap clia xe. Bai bdo nay trinh bay két qua phan tich dao
dong cta hé théng truyén luc treo bén diém cha xe tai nhe. Phuong phap nghién
cliu duoc st dung cong cu md phong trong phan mém Matlab Simulink. Quan hé
gilfa cac tham so vat Iy clia hé thdng treo (d0 clng va hé s6 giam chan) vdi cac
thong s6 clia dao dong da dugc phan tich. Thuc hién mét thi nghiém do tan so
dao dong tai bon diém treo cia hé thong truyén luc khi dong co dang hoat dong
vdi cac ché d9 so vong quay khac nhau. Két qua clia nghién ctfu nay la da xac dinh
duoc thdng s6 vat Iy cia hé thdng treo va két cdu tdng thé dé 6 thé giam dugc
dao dong clia hé thdng truyén lyc. Mgt dé xudt cho cac kj su véi cach tiép can
khac don gian va hiéu qua la thiét ké dung hé thdng cach ly dao dong.
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1. INTRODUCTION

The powertrain of a vehicles (acronym is PWT) includes
an engine, a clutch, a gearbox, a transmission shaft, a
differential, and two half shafts connected to the two
proactive wheels, which altogether result in a complex
operation and basically there are two types of vibrations
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that appear. The twisting oscillations in the powertrain
system occur in the frequency's range from a few Hz to a
few kHz as the load varies due to engine torque, clutch
clearance, gears, helical or hypoid gears. These vibrations
damage the gears in the system. The bending vibrations
occur at low frequencies depend on the resistance to
bending of the powertrain system, which causes the
system to move both horizontal and longitudinally along
the direction of the vehicle’s moving. These vibrations
damage the bearings and shafts in the system [1,2].

One of the causes of PWT oscillation is failure of
damping details of the hanging rack. The low frequency
vibration sources in PWT are due to the inertial force
imbalance of the mass of the clusters when moving the
rotation, which will cause damage to the details of PWT.
High-frequency vibrations of PWT are transmitted to the
vehicle body causing vehicle noise to vibrate. To overcome
this phenomenon, people have used racks with reasonable
hardness to reduce vibration. Depending on the types of
suspension and influence of external factors of the vehicle,
it will lead to fluctuations in the frequency of PWT. At the
vehicle starting, sudden acceleration and braking will cause
dynamic loads in PWT and cause overload of parts [3].

One of solutions to reduce vibration is to design a
reasonable installation of PWT's suspension system with
damping and proper hardness to reduce random impulses.
Usually design damping mounds and stiffness so that when
PWT oscillates at low frequencies below 20Hz and the
amplitude varies from 0.3 ~ 15mm, the requirement of the
sputum should be large and variable strong form; When
PWT fluctuates at high frequencies above 20Hz (20 ~
200Hz), the amplitude of 0.05 ~ 0.15mm of the mounds
should be small (softer) and less deformed. To verify this
problem, a experiments for intuitive results, can be used for
many types of PWT of many vehicles, directly changing the
experimental conditions to draw direct conclusions for the
results from which there are faster decision on design [4].

On the dynamic characteristic analysis of the magneto
rheological hydraulic suspension based on the
experimental study of dynamic characteristic test for
samples, and analyze the characteristics of suspension
dynamic simulation results for conclusions. At the range of
0 - 35Hz, the magneto rheological suspension dynamic
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stiffness and hysteresis angle have obvious nonlinear
characteristics. The dynamic stiffness reaches the peak at
about 15Hz; the damping angel reaches the peak at about
12Hz lag angle. With the applied current becomes larger,
the peak frequency slightly decreases [5].

A model six degree of freedom designed mixed new
type of magneto rheological mode (MR) mount to mitigate
vibration. It has been the implementation of the semi-
active optimal controller and fuzzy controller that the
displacement and velocity at a certain MR mount can be
both suppressed [6].

2. MODEL OF POWERTRAIN SUSPENSION

Model of PWT is characterized as rigid body mode with
seven degree-of freedom, three rotational modes on the
body and four translational modes could exist in
suspensions. The simplified PWT suspension model is
shown in Figure 1. The symbols are as follows: a, 3, A is
rotary movement around the axis of PWT at the mass
center. The translational modes of suspensions at the four
mount 1, 2, 3, 4, where each mount can be represented by
three mutually perpendicular sets of spring stiffness (k) and
viscous damping (b) coefficient of the three principal
directions, which defined are as x, y and z.

to Right wheel

Figure 1. Model of powertrain suspension

In the process vehicle moving as well as the stops on
the road, always the stimulating factors arising from the
engine, from the vehicle itself and the bumps of the road
surface. So on, the powertrain oscillation process is always
a process of forced vibration. By applying the Lagrangian
equations of the second kind, equation of motion of this
7-DOF system shown in equation (1).

MX +CX +KX =F 1)

M,CKF are mass matrix, damping matrix, stiffness
matrix and loading matrix.

The loading matrix will be analyzed at each mount
tripod of powertrain. Equation movement of each mount
tripod shown in equation (2).

Mx =F,
My =F,
Mz =F,

Ixxd - IxyB - Ixz’y = Mx
|Xyd - |yyB - |yzy = My
lxzd - IyzB - lzz'y = Mz
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Writing at matrix form as equation (3)

M, || X F,
M, 11y |=|F,
M, || Z F,
Ixx Ixy Ixz 0 Mx
xy yy IyZ B = My
_Ixz Iyz Izz Y Mz

3. DETERMINING PARAMETERS STIFFNESS OF THE MOUNT

Stiffness is the ratio k between the variations of static
load and the displacement, which could be calculated by
the equation (4).

k=25
AS

where AF and AS can be tested by using Electronic
universal testing machine (EUT). The schematic diagram of
testing is shown in Figure 2. Here (1) is machine (EUT)
Instron 3365, (2) is mount of powertrain.

(4)

Figure 2. Stiffness testing of the mount

Take stiffness values of each mount into the equation
(4), the ratio of stiffness of powertrain mounting system can
be obtained. The results calculated are listed in Table 1.

Table 1. Ratio of stiffness of mounts

Position Values Ratio of stiffness k
No of the measurmented (N.s/mm)
mount (kg/mm) k, k, k,
1 Front left 100 100 120 120
2 Front right 100 100 120 120
3 Rear left 100 60 90 90
4 | Rearright 100 60 90 90

4. RESULTS ANALYSIS

Stiffness of suspension depends on specification of
mount, that is rubber, bracket and control method.
Frequencies vibration of suspension depends on three
factors: Stiffness of suspension, preload and excitation
frequency, the amplitude of dynamic load. Using Matlab
Simulink to survey vibration of powertrain. Based
measurmented on stiffness of suspension, the curve of the
vibration of the suspension shown in Figure 3.
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In Figure 3a are the displacements in the straight
direction x, y, z in mm length. The consider in Second-
Order, in the direction of z there will be oscillation,
remaining in the horizontal direction x, y the oscillations
are very small, not worthwhile, this does not lead to
horizontal flip but only bumps up. In Figure 3b are the
rotations modes q, 3, A is rotary movement around the axis
X, ¥, z in radian unit. The consider in second order, in the
axis of z there will be oscillation, along with straight
oscillation will cause great vibration of powertrain. In the

axis x, y the oscillations are very small, not significant. a)
107  Translational modes Figure 5. Accelerometer sensors and install in the tripod mount suspension
2l | | | _ Using two 3 dimention accelerometer sensors shown in
A4 _ _ _ | Figure 5a. The two sensors installed at the top (Xt) and under
'g (Xs) of the tripod mount suspension shown in Figure 5b.
w~° v . .
?:_1 I nisoraior Second Omari | Figure 6 shows the result of measuring the total
Integrator, Second-Orderé/1 displacement amplitude over time at each tripod mount.
Integrator, Second-Order2s1 . . . .
-2r : We see that in the second tripod (front right) shown in
o >0 e peee Figure 6.b, there is less fluctuation than the other tripods
Time (seconds) shown in Figure 6.a,c,d, the amplitude of the general
a) movement at this is also higher. This is due to PWT's inertia
. ) moment deviated from the center of each component.
=100 Rotation modes
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Figure 3. Curve of the vibration of the suspension 0200 7 Almm)

5. EXPERIMENTAL 0150

In the experimental, the modal parameters of the 0100
system can be identified through the curve fitting of the c.oso
Frequency Response Function (FRF) expressed in frequency 0.000
domain. Excitation force F(*) acting on a tripod mount -0.050
determined by empirical equation (5). 0100

FO(0) = K((D)[XS () =X, (CO)] (5) -0.150

Where:  is vibration of frequency, K is stiffness matrix of -0.200 Timels)
tripod mount, X, is displacements matrix in the straight b)
direction x, y, z at the top of mount suspension, X is 0.150 - A(mm)
displacements matrix in the straight direction x, y, z at the 0100

under of mount suspension, shown in Figure 4.
0.050

0.000

-0.050

I -0.100
X —J'— -0.150 Time(s)

Figure 4. Displacements in top and under of mount suspension q

Website: https://tapchikhcn.haui.edu.vn Vol. 57 - No. 1 (Feb 2021) e Journal of SCIENCE & TECHNOLOGY | 65



CONG NGHE

P-ISSN 1859-3585 | E-ISSN 2615-9619

F2(N)

3N

FA(N)

0.150 a{mm)
0.100
0.050
0.000
-0.050

-0 100

-0.150

d)
Figure 6. Total displacement amplitude in time domain
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Analysis of results in frequency domain determine
frequency and amplitude of excitation force. The results get
the graphs corresponding shown in Figure 7.

6. CONCLUSIONS

Vibration of the automotive powertrain suspension
system is process complex. The stiffness of the mount trip
of suspension has a nonlinear nature. In this paper, using
Principle of Superposition we get general equation of
loading on the each mount tripod of powertrain.
Simulation in Matlab Simulink has results vibration of the
suspension. Analysis the displacements modes in the
straight direction x, y, z we see the direction of z there will
be oscillation highest, remaining in the horizontal direction
X, y the oscillations are very small. The rotations modes q, {3,
\ is rotary movement in the axis of z there will be cause
great vibration to powertrain, in the axis x, y the oscillations
rotations modes are very small.

By the experimental results, stiffness matrix of the
mounting powertrain suspension system should be
constructed based on total stiffness of each tripod mount
suspension. The input parameters required to test the
stiffness, such as preload should also be measured under
the actual working conditions corresponding.

From the relationship between the system’s physical
parameters (spring stiffness and damping coefficient) and
the vibration parameters analyzed willbe to hepl find the
best combination of the physical parameters for
optimination vibration behavior of vehicles.
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Figure 7. Total displacement amplitude in frequency domain

66 | Tap chi KHOA HOC VA CONG NGHE ® Tap 57 - S& 1 (02/2021)

THONG TIN TAC GIA
Nguyén Thanh Quang, Nguyén Tién Tdn
Trudng Dai hoc Cong nghiép Ha Noi

Website: https://tapchikhcn.haui.edu.vn





