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1
INTRODUCTION

Cars moving on the road when participating in traffic often generate vibrations.
These vibrations will affect the driver and passengers in the car . Research on car
vibrations shows that its impact has a great impact on human health such as
neurological and brain diseases . If the vibration of the car is beyond the allowable
range, it will affect the psychology, causing a bad state for the driver and passengers
in the car , which can lead to dangers when participating in traffic.
1. Objective of the thesis

The objective of the dissertation is to conduct research on an actual passenger
bus, using both theoretical analysis and experimental methods to investigate the
effects of vehicle vibrations on passengers under the influences of road surface
conditions and specific operating conditions. Based on the obtained results, the
study provides a foundation for proposing passenger bus seats to be manufactured
and assembled in Vietnam.

2. Research subjects
Choosing the 29-seat passenger van manufactured and assembled

domestically is a representative vehicle type because it is widely used, accounts for
a large proportion and is popular in Vietnam.

3. Scope of research

The thesis focuses on building and analyzing the spatial oscillation model of
the vehicle affecting the occupants. The oscillation system of the vehicle - seat -
occupant only considers the oscillation in the vertical direction (OZ axis), not
considering the influence of the longitudinal and transverse directions (OX, OY).

Within the scope of the thesis, the thesis mainly evaluates the smoothness of
vehicle motion and passenger comfort. The indicators related to vehicle motion
safety or control stability are not within the scope of this study .

4. Research content
+ Establish a spatial model to survey the vibration of bus vehicles operating

on the road surface close to reality to determine the displacement, velocity and
acceleration values at the seat installation positions on the floor of the car to get

input signals to affect the vibration model of the seat - the person sitting on the
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seat. Different types of road surfaces include: sinusoidal, pulsed road surfaces,
random road surface types and according to 1SO 8608 standard used

+ Set up a chair-person oscillation model to determine the oscillation
acceleration values at the chair and the body parts of the person sitting on the chair.

+ Conduct experiments to verify the model.

+ Compare with the standard for assessing the impact of vehicle vibration on
vehicle occupants. The assessment criteria in the standard are calculated according
to the RMS mean square value in the 1SO 2631-1 standard.

5. Research methods

+ Theoretical research method: Build a model of a bus vehicle close to a real
car. Use the Lagrange equation of the second type to establish models to survey the
spatial vibration of the bus vehicle and the model of the person sitting on the seat.
Use simulation software with external impacts: Road surface profile according to
standards , specific speed ranges to solve and receive evaluation results . Price
varies by vehicle and passengers.

+ Experimental research method: Conduct actual measurement experiments
on traffic roads under conditions equivalent to the survey to measure the vibration
parameters of VVehicle - Seat - Occupant.

6. Scientific and practical significance
Research on the application of modeling and simulation methods using spatial

dynamics, using specialized software Matlab Simulink and Ansys Workbench,
determine parameters affecting vehicle occupants, evaluating vehicle vibrations
with experimental verification to propose solutions to improve the quality of
vehicle and vehicle occupants' smoothness.

Develop theoretical and experimental research methods. The research results
allow to propose some solutions to reduce oscillations during design, gradually
perfecting the research methodology for designing car body shells in a modern
direction like the advanced countries are using.

7. New points of the thesis
Building a survey model of Vehicle - Seat - Occupant oscillation.
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Combining the Seat-Occupant Oscillation Survey Model and the Survey
Model spatial fluctuations of 29-seat passenger van .

Using a combination of specialized software Matlab Simulink and Ansys
Workbench in simulation.

Develop an experimental research method to determine the effects of different
road surface profiles and different operating conditions at different vehicle speeds.

8. Thesis layout
The thesis is presented in a structure of 04 chapters:

Chapter 1: Overview of the research on vibration

Chapter 2: Building a model to survey the vibration of the vehicle - seat -

occupant system

Chapter 3: Survey of the effects of vibration on vehicle occupants
Chapter 4: Experimental research

General conclusion and further research directions of the thesis

CHAPTER 1 OVERVIEW OF THE RESEARCH ON VIBRATION
Chapter 1 focuses on research related to:

Identify the different sources of vehicle vibration: that is, engine imbalance
during engine start-up, imbalance of rotating parts in the transmission system, road

surface unevenness etc.

Research situation in the country and abroad in the field of automobile
vibration and passenger vibration.

Identify three mechanical models: Mass-spring damper model, multi-body
dynamic model, finite element model, in studying vehicle-seat-occupant
oscillation.

From that drawing the following conclusions:
Chapter 1 of the thesis has determined the research objective is to survey and

evaluate the external impacts: Road surface profile, speed factors on the
smoothness of vehicle movement and occupants. To achieve this objective, the
thesis has combined theoretical, simulation and experimental methods.
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Theoretical research method: A mass—spring—damper model is selected, and
the Lagrange equations of the second kind are applied to describe the vibration
dynamics in space of the passenger bus and the passenger seated in the vehicle.

Experimental research method: Field measurements are conducted, and the
obtained results are compared in order to evaluate the accuracy of the theoretical
model.

The research review shows that studies on vehicle vibrations and the response
of seated passengers mainly use multi-body dynamic models and finite element
methods. However, due to the complexity of the human body and the interaction
between the vehicle, seat, and passenger, evaluating the vibration behavior of the
system still presents many challenges.

Through analyzing the research situation at home and abroad, the researcher
has determined the research direction of the thesis : Determining the impact of
vehicle vibration on people sitting in the vehicle, the research object is a 29-seat
bus vehicle manufactured and assembled in Vietnam.

From studying the effects of vehicle vibrations on people sitting in the car, it
Is possible to give scientific opinions to contribute to manufacturers and users to
improve the smoothness of the car and passengers sitting in the car .

CHAPTER 2: BUILDING A MODEL TO SURVEY THE VIBRATION OF
THE VEHICLE - SEAT - OCCUPANT SYSTEM

Some of the contents researched and presented in chapter 2:
2.1 RESEARCH OBJECTS
The 29-seat County passenger van manufactured and assembled in Vietnam
meets the requirements of the problem, figure 2.1.

Figure 2.11 County 29-seat passenger van
It has 28 passenger seats and 1 driver seat. Two representative passenger seats
were selected for the survey: the passenger seat and the third row seat.



5

2.2 SURVEY MODEL OF VEHICLE - SEAT - OCCUPANT SYSTEM
VIBRATION
2.2.1 Assumptions of the model
2.2.2 Modeling of oscillation systems

The road-vehicle-seat-occupant research model considering the two auxiliary
seat positions and the third row seat is a 9-degree-of-freedom mechanical system
with geometric parameters, dimensional coordinates and characteristic symbols
described in Figure 2.3.

Figure 2.32 Vibration model of bus vehicle considering two seating positions

The degrees of freedom that determine the generalized coordinates of the
system include:

Body: 3 degrees of freedom are vertical displacement Z and 2 longitudinal
roll angles oy, shake sideways oy

Front axle: 2 degrees of freedom are vertical displacement and rotation angle

along the OX axis, the generalized coordinates are z,,, @
Rear axle: 2 degrees of freedom are vertical displacement and rotation angle

along the longitudinal axis OX coordinates z,,, @;..
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The passenger seat (Z , ) has mass m , and linear elastic elements with
stiffness coefficient K , and damping coefficient C ,.
The third row seat (Z s) has mass m sand linear elastic elements with stiffness
coefficient K sand damping coefficient C ;.
2.2.3 Construct the differential oscillation equation of the system
1. Equation for the generalized coordinate z (vertical displacement of the vehicle
body)
MZ+ (Cyy+ Cia+ Coy + C33)2 — (Cyg + Ci3)Zy, — (Coy + Cop)zp, +
(aCyy +aCyy; —bCyy — bCoy) P, + (—cCyy + cCyp — dCyy + dCoy ), —
(cCyy — €Ci2)P1r — (ACoy — ACo3) @2 — CpZy — 2 — Sputp — SpyBy) —
Cs (le —Z— Sp.x'(px - Spy(p_v) + (Kn +K,+ K, + Kzzjz_ U{n + H12)31z -
(Ky1 + K35)2,, + (aKyy + aKy, — DKy — bKy5) @, + (—cKyy + Ky, — dKyy +
dKZQ)(Py — (cKyy — cKy5)@, — (dKy; — dKy5) s, — K, (Zp —Z— 559 —
Spyfpy) - KS(ZS —Z = Spx Py — SPP‘PP) =0

(2.22)

2. Equation for the generalized coordinate ¢y (longitudinal yaw angle of the
vehicle body)
Iy, + (@*Cyy +a*Cyy + b2 Cyy + B*Cy5) ¢, + (aCyy + aCyy)2 — (aCyy +aCyp)Z, —
(=bCyy — €Cyy)Z5, + (—acCy; + acﬂ‘lz + bdCyy — bdCyy)¢, — (acCyy — acCyy) @y, —
(bd Co1 — bdﬂ‘zz)ﬁbm ‘S-p.J.Cp( - prﬁf?x - Spy qjy) gl o (Z's —Z— Sy —
Ssyq'?y) + (a®Kyy + @Ky + bPKqy + bzgzz)% — (aKyy + aKyp)(z — z,) — (2.23)
(bKyy + bKy,)(z — 25,) + (—acK,; + acKy, + E:ldH21 — bdK,,) e, — (—acKy; —
ﬁCKlz)ﬁﬂlx - (bdﬁ'zl - bdﬂ'zz)%.x Sp.xf‘fp( — SpaxPx — Spyﬁﬂy) -
SexKs(25 = 2 = Sex 0 = Siyy) = 0
3. Equation for the generalized coordinate oy (side roll angle of the vehicle body)
L, + (c?Cyy +c*Cip + d*Coy + d7Cop), + (—cCyy +¢Cy5)E — (—cCyy + €Cyp)Zy, —
(—dCyy +dCyp)75, + (—acC;; + RCC].Z + bdCyy — bd Cyp) g, — (c*Cyy + c2Ciy)py, —
[dz‘:zl + dzﬂzz)q'?’z.:. Spm Cp( Sp.xqjx - Spyﬁﬁ’y) - Ssst (35 —Z =S Py —
Ssyfff’y) + (cPKyy + Ky + d2Kgy + dezz)‘?’y + (—cKyy +cKyy) (2 — 24,) — (2.24)
(—dK,; + dKy,)(z — 2,,) + [—acﬁ'll + acKy» + bd!{'zl — bdKy,) @, — (c*Kyy —
fzf{lﬂﬁﬂlx - (dzf‘fm - dzf{zz)%x Spy p(f- — Spx Py — Spyﬁf’y) — Sy K (2s—z—
Ssa@x — Ssy@y) =0
4. Equation for the generalized coordinate z; (vertical displacement of the front
axle)
myZy. — (G + C2)(Z2— 2y2) — (alyy +alp) @, — (—clyy +eC)@ —
(—cCyy +cCi)p, +(Kpy +Kp)Z2, — (K — K)o, — Ki1Gq,, —Kp1 Gy, —
(K +K15)(z— zy;) —(aKyy +aKp)e, — (—cKyy +eKyp)e, — (—ckKyy + (2.25)
cKi2)@,, + (Cpy +Cp)zy; —(Cpy —Cpydew,, —Cr1q;, — Cpigy, =0
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5. Equation for the generalized coordinate o, (roll angle of the front axle)
1.9, —(cCyy — cCi3)(z—z1;) — (acCyy — acCip)@ — (c?Cyy — Czclz)@r —
(c2Cyy +c*Ci2),, — K1y — Kpy)czy, + (Kpy + Kpy)e* @, +Kpicq,, —
KpicGp, — (cKyy — cK5)(z— 25,) — (acKy —acKp) @ — (c2Kyy + CzKlz)ﬁPJ. - (2.26)
(c*Kyy +c*Kyp) @, — (Cpy —Cay)ezy, + (Cpy + Coy)cte, +Crycq,, —
CR'J. CqR'J. + CF@'J.I =0
6. Equation for the generalized coordinates Zix (vertical displacement of the rear
axle)
MyZy; — (Coy + C22)(Z2 — 25;) — (—bCy — DCop)p, — (—dly +dCo) @, —
(—dCy +dCy) @, + (Kp2+ Kpy)zy. — (Kpp —Kpo)d, — K24, — Kpap, —
(Ko1 +Kp2)(z— 23;) — (=bK3; — bKy) @, — (—dK3; + dKy)e — (2.27)
(—dKy +dKy)@, + (Cro+ Cpy)za, — (Cpa — Craddep, — C12q,, — Cpaqy, =0
7. Equation for the generalized coordinates ¢2x (roll angle of the rear axle)
L., — (dCs —dCyy)(Z2— Z3.) — (bdCyy — bdCay)¢p — (d*Cy —d’Cay) P, —
(dzczl + dzczz)‘?’gx — (K2 — Kpp)dzy, + (K2 + Hﬂzjdz@gx +Kpodg,, —
Kpodqn, —(dKyy —dK33)(Z2 — 25.) — (bdK ) — bdKy3) @ — (d°Kyy — (2.28)
A*K23)@, — (d°Kay +d°Kpp) @y, — (Cra — Cap)dzy. + (Crp + Cro)d g, +
Cl2qu2 - CR? dqﬁ*z + CR(PQX =0
8. Equation for the generalized coordinates z, (vertical displacement of the
passenger seat)
MpZy + Gy (jn —Z— SpaPx — Sny¢y) +K, (Zp —Z = SpxPr— Spy@y) =0 (2.29)
9. Generalized coordinate equation z (vertical displacement of row 3 seats)
ms‘fs + Cs (ZS‘ —Z— Ssx@r - SS}J@JF)_FKS(ZS‘ —Z— ng@x - Squpv) =0 (2.30)
The vehicle's oscillation equation system is written in matrix form.
[MI{gG} + [CHg} + [KI{q} = {F(£)} (2.31)

The system is affected by the coordinates of the vehicle's center of gravity,
the position of the seat - the occupants appear to redistribute the load. At this time,
F(t) will include two components: The excitation force from the road surface and
the force due to the redistribution of the load.

2.3. BUILDING A MODEL OF VIBRATION OF AN OCCUPANT
The degrees of freedom of the system determine the vertical displacements
of the blocks respectively include: Zg4 : displacement of the head block; Z, :

displacement of the chest block; Zn.: displacement of the body block; Zg, :
displacement of the chair block (figure 2.4)
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Figure 2.4 Oscillation model of passenger seat occupants.
Build the system of differential equations for oscillation of an occupant.
Applying Newton's equations Il and IlI, considering the balance of the
force system, the equations describing the oscillation of the system of a person
sitting on a chair include 4 equations from (3.1) to (3.4)

m;gfrzgfr = k_gfr (Z_ ngr) + km(zm - ngr) + C_gfr (Z - Zgh) + Cm(zm - Zgh) (234)

M Zp = ko (Zgy — Z0p) + kn(Zy — Z) + € (Zgr — Zn ) + (2, — Z,,)  (2.35)
MyZyn =k (Z —Z,) + e (2, — Z,,) (2.36)
m.argd = kd(.zm — Zatj + Cd(Zm — Zr.f) (237)
2.4. METHODS AND CRITERIA FOR ASSESSING THE IMPACT OF
VIBRATION ON OCCUPANTS
2.4.1 Perception method

2.4.2 Smoothness of motion index
2.5. DETERMINING MODEL PARAMETERS

Thén xe

my —]
»  Bién dang clia
e 1L b cac dém HTT

P

Mat dudng Z— xung (& ga)

Ngau nhién

Figure 2.7 Oscillation diagram of vehicle suspension system
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HTT hardness parameters include static hardness and dynamic hardness .
2.6 CONCLUSION OF CHAPTER 2
Based on the analysis, the County 29-seat passenger bus was selected as the

research vehicle. This bus is assembled in Vietnam and widely used. Its technical
and physical characteristics have been published in several previous studies, which
can therefore be referenced and used in this dissertation.

Based on assumptions consistent with real operating conditions, a road—
vehicle—seat—passenger vibration model was developed. The model is a 9-degree-
of-freedom spatial vibration model, including 7 degrees of freedom of the vehicle
and 2 degrees of freedom of the seat—passenger system. Two seat positions were
selected for investigation: the assistant seat and the third-row seat, which allows
the analysis to be extended to other seating positions throughout the vehicle.

Construct a system of 9 differential equations describing the vehicle's spatial
oscillations to survey. The system of differential equations is written in the form of
state equations with matrices A(18x18), B(18x4), C(9x9), D(9x4).

Building a dynamic model of the Seat - occupant system with 4 degrees of
freedom including 1 degree of freedom of the seat and 3 degrees of freedom of the
occupant, based on the anthropometric characteristics of Vietnamese people and
selecting evaluation criteria according to 1SO 2631-1 and QCVN 27/2016/BYT .
The parameters of the suspension system, tires and seats are determined from
design characteristics, published data and previous studies.

CHAPTER 3: SURVEY ON THE IMPACT OF VIBRATION ON VEHICLE
OCCUPANTS

3.1. ROAD SURFACE STIMULATIONS ON THE MODEL
Establish the equation for the excitation force vector {F(t)}, independently

examine 4 types of excitation: Sinusoidal bump, pulse bump, random bump, ISO
8608 type C bump.

These excitations are determined at four points of contact between the wheel
and the road surface: q , (front left), g .. (rear left ), g r1 (front right ), and q g, (rear
right).
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3.2. SURVEY OF FLUCTUATIONS OF 29-SEAT PASSENGER BUS
The survey conditions include: Vehicle speeds of 20, 40, 60, 80, 100 km/h
and four road surfaces: sinusoidal, pulsed, random and 1SO 8608.

3.2.1 Displacement and acceleration of generalized coordinates
Dich chuyén (q1-q9); Pwong: sin; Vin tée: 40 Km/h

0.01

e
=
=
=]

Dich chuyén (m)

'
[=]
=
=y

0015

0 1 2 3 4 5 & 7 8 9 1
Thoi gian (s)
Figure 3.2 Vertical displacement amplitude of vehicle oscillation

Oscillation displacement amplitude. Observation on the graph shows that at
the vehicle speed of 40 km/h, the bumpy road surface is sinusoidal, the
displacement amplitude of the suspended mass q; is the largest, the peak value of
the oscillation is approximately 20 mm, followed by the unsuspended mass g6. The
passenger seat position q g and the third-row seat gy have relatively even and lower
oscillation amplitudes, figure 3.2.

Acceleration of oscillation: At vehicle speed mode of 40 km/h, the road
surface is sine-scale, the suspended mass g 1 has the largest oscillation acceleration,
the peak value reaches 7 (m/s?). Other generalized coordinates including gs, g are
approximately the same. All oscillations tend to gradually damp out due to the
influence of damping, figure 3.3.

Gia téc (q1-q9); Puéng sin; Vin téc 40 km/h

Gia tée (m/s?)

4 5 6 9 10
Théi gian (s)

Figure 3.3 Oscillation acceleration on bus vehicle
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Comparison of survey results shows that under different operating modes of
vehicle speed, the type of road surface roughness clearly affects the amplitude and
acceleration of oscillation.

3.2.2 Types of road surfaces

The unevenness of the road surface creates excitation forces on the four
wheels, the frequency of the excitation force tends to increase with the increase in
speed. Figure 3.4 shows the increasing trend of the amplitude of the excitation
force on the four wheels.

Kich thich mit duong [Loai: Sin] Van tde: 40 km'h

Kich thich mét duing [Loai: Xung] Vin te: 40

kmh

100 100 mm
80 30 |
60 60 [
~ w0} g 40 —eens
£ g 2 o
HM % NIt
.'§ 20 H A 20 {
m - |
40 40 |
|
60 60 ‘ . |
-30 30 | . |
aoolLLlL LT I
St 0 1 2 3 4 5 6 7 8 9 10
Thi gian (=)
_ Kich thich mit duémg [Loai: Random] Via the: 40 bmh Kich thich mit duéms [Loai: 150 3608] Vin te: 40 kmh
L I 04—
04 ————E&nh2 —  Earhz . N
—=fl el il
0.3 — By YT
—- 02 Al o
E 02 E LT |
= = 01 al . &
9 0.1 @ ) v h Y
il i '.I’
55 o .‘g 0 ) y \I i
I'-'E fus) ‘i 3 |I|J v
010 -1 N [ |
0.2 0.2 I.'ll-_- T i i
| O
0.3 05 I'||.' .I L
04 A N TR R S . 04 I I FR SN !
¢ 1 2 3 4 5 & 7 & & 0 1 2 3 4 5 & 7 3§ g 10
Thii gian (5) Thiv gian ()

Figure 3.4 Sinusoidal, pulsed, random and ISO 8608 road surface excitation

3. 2.3 Frequency response analysis

graphs

Figure 3.5 shows that the frequency response of the generalized coordinate
systems Qi, qz, q 3is stable in the low frequency region. In the middle region, the
average frequency has sudden spikes at the same time and gradually decreases in
the higher frequency region.

The phasor diagram shows the phase shift of the output signal compared to
the input signal with frequency to evaluate the delay or increase in phase at each
frequency. Thus, in the middle region of the system, instability occurs.
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Figure 3.5 Frequency response graph of g1, gz, Qs.

3.1.4 Analysis of sitting position fluctuations

In the specific survey mode with a vehicle speed of 40 km/h, the sinusoidal
road surface undulation shows that the passenger seat position has a larger
oscillation amplitude than the passenger seat position in the third row. The
evaluation of the oscillation acceleration is also consistent with the law of
displacement, figure 3.6.

Dich chu]rén q8 wvi g9 theo thoi gian

a8 - Ghéphy
g0 - Ghé hing 3

0 1 2 3 s 8 5 7 5 e 10
Théi gian (s)

Gia toc g8 vi g9 theo thoi gian

[ 8]
T

ra
T

Gia tée (m's)

g8 - Gha phy
q9 - Gha hing 3

'
S

3

[=]
[

4 5 - 7 5 e 10
Tho gian (=)

Figure 3.6 Oscillation graph of two generalized coordinates gs, Qo

Frequency spectrum analysis shows that in the low frequency region the
amplitude of high oscillation reaches a peak value, then decreases and
stabilizes in the high frequency region, figure 3.7.
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Figure 3.7 Frequency spectrum graph of acceleration gs, qo

3.3 SIMULATION OF PERSON SITTING ON A CHAIR

3.3.1 Stimulation signal to the chair

In figure 3.11 is the graph of the displacement results of the oscillation at the
passenger seat at 5 vehicle speed ranges in the simulation that have been
determined.

dis [mm] Chuyénvi ghé phu _ kich thich xung V[m's] Van tc dao déng ghé phu _ kich thich xung
13 0.6
0.4 .fi_
0.2 .
° &f?"‘u -
-0.4
t[s*1000] 06 t[s*1000]
—J0km/h ——40km/h ——50 km/h 80 km/h 100 km/h =20 km/h =40 km/h 60 km/h 80 km/h =100 km/h
a) Move the passenger seat b) Vibration velocity of the passenger seat
Figure 3.11 Graph of excitation signal to passenger seat when vehicle passes over
bumpy road

Compare a specific result of the car running on a bumpy road, speed of 40
km/h on the passenger seats, 3rd row seats to analyze the results. In figure 3.12.a,b
are the displacement results at 2 corresponding seat positions.

dis.[rom] Chuyénvitai 3 ghé _ kich thich xung V[m's] Vintée 3 ghé _ kich thich xung
p _
—— Ghéphu_ 40 km'h (Gph_40_X) 3
4
—— Ghé hang 3_40 km'h (Gh3_40_X) 25
2 - —— Ghé hang cudi_40 kmh (Ghe_40_X)
{[s*300] .
0 0
t[s*300]
2 D £ 1 i : |
' T G hang cufi 40 knh (Ghe 40 X 25 — Ghe hang 3_40 km'h (Gh3_40_X)
6 -5 ™~ Ghé phm _ 40 km/h (Gph_40 X)
a) Transposition on 2 seat positions b) Oscillation velocity of 2 seat positions

Figure 3.12 Graph comparing displacement and oscillation velocity on 2 seat
positions, vehicle speed 40 km/h
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3.3.2 Simulation of vibration of an occupant

- Simulation of an occupant vibration on seat in sine and pulse waves, 1SO 8608:

Dao déng dau ngwdd ngdi 2 i tr

a_Timis’) kich thich Sin, V =40 km'h

ﬁ;
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Figure 3.18 Oscillation graph in the
frequency domain above the head at 2 seat

positions, sine wave
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Figure 3.19 Frequency domain
oscillation graphs above the head at two
seat positions, bumpy PULSE
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Figure 3.20 Frequency domain oscillation graphs above the head
at two seat positions, 1SO 8608 undulation

3.4 COMPARISON OF SIMULATION RESULTS
3.4.1 Comparison of head oscillation simulation results

Simulink_ Dao déng dau

a_W(m's?) kich thich Sin, V = 40 kmh

1

0.8

0.6

0.4

0.2
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a) Results of Malab/Simulink
simulation of human head oscillation
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b) FEM/Ansys Workbench simulation

results of human head oscillation

Figure 3.26 Simulation results of head oscillation of a person sitting on a chair

Person sitting in the passenger seat (Aj): in the Malab/Simulink simulation

the head oscillation of the passenger seat has an acceleration of 0.82 (m/s?) at a
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frequency of 14 (Hz), the higher FEM simulation is 1.33 (m/s?) at a higher
frequency of 16 (Hz).

Person sitting on row 3 seat (A2): in Malab/Simulink simulation the head
oscillation of the person sitting on the passenger seat has an acceleration of 0.3
(m/s?) at frequency 15.5 (Hz), the lower FEM simulation is 0.16 (m/s?) at lower
frequency 11 (Hz).

3.4.2 Comparison of chest oscillation simulation results

Dao dong ngirc

a_W(m's?) kich thich Sin, V = 40 km/h ) Dao déng ngwc
u a_W(m's) kich thich Sin, V =40 km/h
L] 10
P 9
8
! 7
6 6
5 5
4 4
3 3 ﬂ
] \
1 é JL_ £ J
0 4] 2 4 6 8 10
0 2 4 6 8 10 12 14 16 Ghé phu — — . Ghéhang 3 £ n(Hz)
—— Ghé phu —— Ghéhang 3 f n(Hz)
a) Malab/Simulink user chest b) FEM/Ansys Workbench user
oscillation simulation simulated chest oscillation

Figure 3.27 Simulation results of chest vibration of a person sitting on a chair

Passenger seat occupant: in Malab/Simulink simulation the passenger seat
occupant's chest oscillation has an acceleration of 4 (m/s?) at a frequency of 14.2
(Hz), the lower FEM simulation is 3 (m/s?) at a lower frequency of 6.5 (Hz).

Person sitting on row 3 seat: in Malab/Simulink simulation chest oscillation
of person sitting on row 3 seat has acceleration 8.5 (m/s?) at frequency 14.2 (Hz),
lower FEM simulation is 1.5 (m/s?) at lower frequency 4.2 (Hz).

3.4.3 Comparison of thigh oscillation simulation results

Dao dong dui

a Ww/s?) Kich thich Sin, V = 40 km/h 2 Win'sd) . Dao dong dui

9 o kdch thich Sin, V =40 km'h

8

7 3

6 4

5 3

4

3 2

2 1 A

1 Ml | S —

0 0 2 4 [ 8 10
0 2 4 6 8 10 12 14 16 Ghé pm —-e-- Ghé hang 3 £ n(Hz)

—— Ghé phu —— Ghéhang 3 f n(Hz)
a) Malab/Simulink simulated human b) User thigh oscillation
thigh oscillation FEM/Ansys Workbench simulation

Figure 3.28 Simulation results of thigh oscillation of a person sitting on a chair
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Passenger seat occupant: in Malab/Simulink simulation passenger seat
occupant thigh oscillation has acceleration 7.1 (m/s?) at frequency 14 (Hz), higher
FEM simulation is 1.6 (m/s?) at higher frequency 6.5 (Hz).

3rd row seat occupant: in Malab/Simulink simulation the passenger seat thigh
oscillation has an acceleration of 7.9 (m/s?) at a frequency of 14.2 (Hz), the lower
FEM simulation is 1.1 (m/s?) at a lower frequency of 4.1 (Hz).

3.4.4 Evaluation of simulation results

The comparison of the reliability value of the initial oscillation simulation
method is shown in Figure 3.28 .

Wim's?) R? 50 sanh Simulink va FEM Dao déng diu a Wm's?) R? 50 sanh Simulink va FEM Dao dong ngwc R? 50 sénh Simulink va FEM Dao ddng di

A= kich thich Sin, V=40 kmh i kich thich Sin, V =40 km/h a_Wim's%) kich thich Sin. V = 40 kemvh

6

8

y=0.0279% + 1.0733
R?=0.2972

y=0.2262x-0.716 - —
R? = 0.6492 o

[ [
‘V:D,272x-2.7987| Iv— 0.025x + 3.3867

‘
1 220
| R-ora | o . iomeosus )

20 40 60 80 f n(Hz) 100 0 20 a0 60 80 f_n(Hz) 100
o 20 40 60 g0 f n(Hz)100 ——— Simulink — — - FEM .-+ Linear (Simulink) Linear FEM —— Simufink — — - FEM -+~ Linear (Simulink) Linear FEM
Simulink — — - FEM -+ Linear (Simulink) Lincar FEM

a) R 2head oscillation b) R 2 chest oscillation ¢) R 2thigh oscillation

Figure 3.29 Comparison graph of human vibration simulation methods
Comparing the regression equation and the R2 value °f the square
deviation of the fluctuations, we get quantitative data showing:
Simulink FEM simulation R 2=0.731 > 0.6429
Simulink FEM simulation R 2=0.7513 > 0.6334
Simulink FEM simulation R 2=0.8015 > 0.2972
Remarks: Finite element modeling (FEM) can be used as reference data

for comparison with the simulation results obtained from Simulink, in order to
validate the reliability of the simulation results.

3.5 ASSESSMENT OF THE IMPACT OF VIBRATION ON THE
OCCUPANT

Frequency spectrum analysis in figure 3.31 of gsand g shows:

- g g has a higher vibration amplitude in the low frequency region (below 5
Hz), reflecting the impact from the overall oscillation of the vehicle.

- g 9 has a higher amplitude at mid-frequency (~5-10 Hz), possibly due to the
influence of seat suspension oscillation number 3.
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Pho tin s6 cnia q8 va g9

—— q8-Ghéphu |
——— q9-Ghé hang 3 |

0 5 1;21 1I5 EIEJ 2:5 3I[] 3:5 4I[J 4I5 a0
Tan s6 (Hz)
Figure 3.31 Frequency spectrum plot of gsand qg

3.6 CONCLUSION OF CHAPTER 3
The vibration survey results show that the amplitude and acceleration of the

vehicle vibration depend on the type of bump and the speed of movement. The
time-domain and frequency-domain analyses indicate that the low-frequency
region (1-10 Hz) has the strongest influence on the vibration transmitted to the
occupants. At the same time, the passenger seat position is affected more than the
third-row seat, especially in the case of pulse excitation. The vibration simulation
results show that the values of displacement, velocity and acceleration of vibration
are consistent with the theoretical basis of vibration in mechanics as well as the
specialized field of automobile vibration.

The finite element method (FEM) was used to develop a 3D vibration model
of the seat—passenger system that approximates real conditions as closely as
possible. The simulation was performed using the specialized software Ansys
Workbench, licensed version 2024 R2. The results were analyzed using the
coefficient of determination (R2), which indicates that the FEM results are reliable
and can therefore be used for comparison with the simulation results obtained from

Simulink.
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A correlation matrix was developed and analyzed to determine the influence
of vehicle vibrations on passengers. The results show that the research models
presented in Chapters 2 and 3 are appropriate.

CHAPTER 4: EXPERIMENTAL RESEARCH

4.1 RESEARCH OBJECTIVES AND EXPERIMENTAL CONDITIONS

Compare with experimental results, evaluate the accuracy of the theoretical
model and conclude the correctness of the research method.
Occupant vibration assessment according to 1ISO 2631 standard.

TEST SUBJECTS

The experimental subject is the 29-seat County passenger bus manufactured
and assembled in Vietnam by Truong Hai Auto.

4.3 TEST LINE

The experiment for the vehicle to move on a road surface is a series of 3 road
sections, the vehicle runs at different speed modes V=20 km/h, V=40 km/h, V=
60 km/h.

+ The road section has random undulations, determined by direct measurement
and tabulation of the average undulation values to determine the approximation
compared to ISO 8608 type C standard.

+ The road section has a sinusoidal contour according to the basic standards of
the Vietnam Road Administration, figure 4.2 .

R T P A e

a. Standard sinusoidal contour line b. Sine wave contour fabrication
and installation on test track

Figure 4.2 Sinusoidal contour contour
+The road section has a bumpy contour according to the basic standards of
the Vietnam Road Administration, figure 4.3.

Huwéng xe chay »

Mait dwong

a. Bumpy pulse-shaped border, b. Pulse-shaped profile bumps are
b =200 mm; t = 60 mm installed on the test track

Figure 4.3 Boundary surface undulation in the shape of a pulse
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Test track location:

)
Truong Dai = A 33
[arshall Dai hoc Cong nghicp
ghi¢p Ha

M- CO 80,2

Figure 4.4 Test track location at Tay Tuu Street, Hanoi
4.4 LABORATORY EQUIPMENT
4.4.1 Dewesoft Sirius Mini 16 ACC and R2DB Data Collector

Figure 4.5 Dewesoft Sirius 16ACC and R2DB Data Collector
4.4.2 Accelerometer sensor ICP 356A16, Vibra-Metrics model 1001

'-
m

Figure 4.6 3-axis acceleration ICP Figure 4.7 Vibra-Metrics model 1001
356A16 sensor accelerator sensor

4.4.3 DS-IMUL velocity sensor , HF-750 displacement sensor

Figure 4.9 HF-750 displacement

Figure 4.8 DS-IMU1 velocity sensor sensor
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4.5 SENSOR LAYOUT ON VEHICLE AND SENSOR DIAGRAM
4.5.1 Sensor installation layout plan

N

c;'nntgién HF-750

Vi tri 1dp cam bién gia toc \ b > f

Cim bién vin tée (DS-IMU1)

Figure 4.10 Schematic diagram of sensor installation on vehicles and people

g(f)ﬁuj Cam bién 3
Z

(Nguc) Cam bién 2
Z

Vi tri do tai
hang ghé thir 3

Dewesoft Sirius Mini

(Chan) Z
Cém bién 1

Ghé

Nguén AC/DC
) XYZ
Cam bién A San xe
s 7 May tinh chuyén dung R2DB  Dewesoft Sirius Mini
Figure 4.11 Diagram of Figure 4.12 Diagram of measurement
measurement location on the body location on seat

4.5.2 Sensor connection diagram

| Nguén 12VDC | Ngudn 220VAC |
Cam bién HF-750|— —— — — ——— !

|Cam bién gia téc ba phuong
| (ICP 356A16) [

‘ Cam bién gia téc 1
|(Vibra-Metrics model 1001)

Mgy tinh R2DB

| Cam bién gia toc 2

|(Vibra-Metrics model 1001) [~~~ o ‘
|
oz . r ! ‘

Cam bién gia toc 3 | Day ngudn
(Vibra-Metrics model 1001) |~ T ‘

- Day tin hiéu
|
Cambiénvante | ]
(DS-IMU1)

Figure 4.13 Sensor connection diagram
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4.6 TEST MODES, INSTALLING SENSORS ON THE VEHICLE AND
CONDUCTING EXPERIMENTS

V =40
(km/h)

File symbol V20 V40 V60

Chair leg oscillation | A 20 XYZ A 40 XYZ | A 60 XYZ
Human leg oscillation | CB1 20 Z CB1 40 z CB1 60 Z
Human chest vibration | CB2_20 Z CB2 40 z CB2 60 7z
Head oscillation CB3 20 7 CB3 40 7 CB3 60 Z

4.7 COLLECTION AND PROCESSING OF EXPERIMENTAL DATA

4.7.1 Data collection
The results of experimental data collection in DewesoftX software are

described in a case on the computer interface.

Test modes V =20 (km/h) V =60 (km/h)

4.7.2 Analysis of experimental results

An illustrative form of the experimental results extracted is the RMS
acceleration on the head, chest and thighs of a person sitting in a chair shown in
Figure 4.24.a,b,c

w
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c.Onthethigh
Figure 4.24 RMS acceleration graph on body parts in Z direction of passenger
seat, sinusoidal excitation, V = 40 km/h
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a. On the head b. On the chest c. On the thigh
Figure 4.25 RMS acceleration graph on body parts in Z direction of passenger
seat, sinusoidal excitation, V = 60 km/h.
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The experimental results give full results of RMS acceleration values of the
two positions of the human body oscillation at other seat positions such as the
passenger seat and the third row seat. The oscillation is mainly concentrated in the
low frequency region, showing that the experimental results are consistent with the
theory in Figure 4.24 and Figure 4.25.

The regression results between simulation and experiment are shown in the
graphs of figure 4.31.a,b,c.

Héi quy n1n

So sanh thyc té vs mé phong - n1‘n

0
5
v, q1,n

a) Regression between n 1and q 1
Héi quy n2,n

So sanh thwc té vs mé phong -n2;n
04 T T T

02

n2n
o
n2tn

0.2

-0.4

qln
th 0 2 q‘]fn
b) Regression between nyand g
Héi quy n3,n
So sanh thirc té vs mé phéng - n3n 0.2
80 ‘ - : : ‘ ‘
° % woté

40

n3n

20

-20

v,n q1n
c) Regression between n; and g;
Figure 4.31 Graph showing the effect of vehicle vibration on passenger vibration

The 2D plots on the left and the 3D plots on the right show that the regression
plane always fits the actual experimental data, the vanishing points are located near
the data plane, indicating that the regression model is suitable and does not require
improvement for further experiments.
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4.7.3 Evaluation of experimental result error

Plot the measurement results between q; v and qi_mp as shown in figure 4.32.

i So sanh q1_mp vaql_tn

—e—ql_mp
S—ql_tn | ]

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Chi 56 mau

Figure 4.32 Graph of experimental results and simulation results of g;

Thus, the difference between the simulation results and the experimental
results is 11.3 (%) which is within the acceptable range.
4.8 CONCLUSION OF CHAPTER IV

Chapter IV establishes an experimental measurement procedure on the
County 29-seat passenger bus and on seated occupants using a modern specialized
measurement system (Dewesoft Sirius, ICP 356A16 accelerometers, and DS-IMU1
sensors). The application of a sensor misalignment angle correction method for
sensors mounted on the human body, together with the use of a Butterworth filter,
effectively removes measurement errors and signal noise, ensuring that the
collected data shows good convergence with a coefficient of variation (CV) < 10%.

The experimental conditions were designed to be consistent with the
simulation conditions. The actual road surface irregularities include sinusoidal
bumps, impulse-type bumps, and random road profiles, with parameters equivalent
to those used in the simulation model. The vehicle speeds in the experiments were
lower than those used in the simulations, with V = 20, 40, and 60 km/h, because
real-world conditions did not allow the test vehicle to operate at higher speeds of
80 and 100 km/h during the experiments.

Experimental results show that on random roads at speeds of 20, 40, 60 km/h,
the oscillations are within the allowable limits. However, when the vehicle passes
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through sinusoidal and pulse-shaped bumps, the oscillation acceleration at body
positions increases sharply, especially at the thighs up to 5.1 m/s?, causing
extremely uncomfortable feelings for passengers, consistent with theoretical
observations.

Correlation and regression analysis showed that the variation laws of
experimental and simulated data were consistent. The average percentage error
between the simulated and experimental acceleration values was 11.3%, indicating
that the experimental model was reliable.

GENERAL CONCLUSION AND FURTHER RESEARCH DIRECTIONS
OF THE THESIS
GENERAL CONCLUSION

The overview study has provided assessments on the importance and
necessity of the issue of car vibration for the quality of the car in use through the
health standards of the occupants . The thesis has taken the vibration acceleration
index in the international standard ISO 2361-1 to evaluate the impact of car
vibration on the occupants.

The thesis has built a space model and oscillation equations of a 9-degree-of-
freedom vehicle, including 7 degrees of freedom of the vehicle and 2 degrees of
freedom of two vertical seat positions including the passenger seat and the third
row seat.

Build and solve the 3-mass model of a person sitting on a chair using a 3-
degree-of-freedom mass-spring model, including head mass, chest mass and thigh
mass, in which the thigh mass represents the back, torso, arms, legs and buttocks
of a person.

Using the finite element method to simulate 3D chair-human model, the
reliability on the head of the two methods has R 2=0.7311/0.692, on the chest
has R 2= 0.7513/0.6334, on the thigh there is R 2=0.8015/0.2972 which helps
increase the reliability of simulation results in Matlab/Simulink when only
considering vertical vibrations .

Experimental results show that on random roads at speeds of 40 and 60 km/h,
the oscillations are within the allowable limits. However, when the vehicle passes
through sinusoidal and pulse-like bumps, the oscillation acceleration at body
positions increases sharply, especially at the thighs up to 5.1 m/s?, causing
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extremely uncomfortable feelings for passengers, consistent with theoretical
observations.

Correlation and regression analysis showed that the variation laws of
experimental and simulated data were consistent. The average percentage error
between the simulated and experimental acceleration values was 11.3% , indicating
that the experimental model was reliable. The results obtained surveys provide a
scientific basis for proposing improvements to passenger bus seats manufactured
and assembled in Vietnam.

DIRECTIONS FOR FURTHER RESEARCH

Due to some objective and subjective reasons, the topic still has some
limitations that need further research expansion:

1. Continue to survey the vibration of all seat positions in the car, create an
vibration diagram of the entire car floor.

2. Continue to examine the vibration of the entire human body.

3. Comparison of the complete set of simulation results and experimental
results

4. Optimize the seat structure to suit the vehicle floor vibration positions.
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