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PAKORN BURAKORN : STRENGTH ANALYSIS AND IMPROVEMENT
OF THE SEAT STRUCTURE FOR LARGE PASSENGER VEHICLES
USING FINITE ELEMENT METHOD. THESIS ADVISOR :

SOMSAK SIWADAMRONGPONG, D.Eng., 87 PP.

ECE REGULATION NO.17/ FINITE ELEMENT/ STRENG ANALYSIS/

SEAT STRUCTURE/ BUS

Traveling with public buses is convenient and economical. However, large
passenger vehicles are known to have high risk of an injury due to accident and
insufficient of safety regulation. The strength of seat structure is one of important
issues that affect to injury level of passenger. Therefore, suitable structure strength
and design of the seat are very important to prevent injuries and passenger life. The
seat strength must be tested following the preliminary regulation from Department of
Land Transport according to strength of the seat structure test for large passenger
vehicles referenced ECE Regulation No.17. On the design processes, design and
experiment of seat structure were a waste of cost and time. There are more cost and
time saving to apply Computer Aided Engineering technology to the design processes.
This study was to evaluate strength of the seat structure for bus according to
preliminary safety regulation of Department of Land Transport.

The finite element results shows that the seat structure was damaged at change
the cross section of seat back and rectangular tubes of base seat. The seat was not
satisfied according to the regulation. Design of Experiment was employed to analyze
the factors of improvement. For the seat back, stress was influenced by the following

factors; size of tube, distance for change the cross section of tube and thickness of



tube. On the other hand, stress of base seat was significantly affected by size of tube,
thickness of tube and fillet for patch of base seat. The notified factors were improved
to the new model that conformed to the regulation. This research is expected to

provide the appropriated seat model and guideline to design the bus seat.

School of Mechanical Engineering Student’s Signature

Academic Year 2013 Advisor’s Signature
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Tyz
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1-v o v 0 0 0 i
v 1-v 0 0 0
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1
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SFIMANTINNITSINYDDNLUAIIANIU 3L IA
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o [

[ d v a { =Y {a
Tuaunms 2-10 ¥ AewaUANISUAANINUIIANNUS AT 1 iasnsainmg
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o w o A Y v a o A
muaay {F} unUNNABINUszneUAIBNI TN TuNANN x, v, z 1Az {T} HNUNINNDSN
Y { A a 2 o 1
ﬂi%ﬂﬂﬂﬂﬂﬂlﬁ\iﬁﬂ’)iﬂﬂﬁ%?ﬂ XY, ZVINUUNINTUNUATITUNIT 2-12 11 2-13 aﬂu
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u(x,y,z) =[N(x,y,z)|[{u}
v(x,y,2) =[N(x,y,2)]{v} (2-15)
wW(x,y,z) =[N(x,y,2)]{w}
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A =) v W Y
HIDVIUTIUNUAUTAITUNIT 2-3 llﬂ’ﬂ

{5}:[N(x, y, 2)|{5} (2-16)

[5]:[u1 Vi WUy Vo W, Uy Vg WlO]

4 = [ =l Y 1
NNNBIVDIANUATEARILEAI T aNNT 2-8 ﬁmwm%uimg“lugﬂmmm
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y ow
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{e}= . = v =[B(x,y,2)]{5} (2-17)
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0z OX
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Abstract. Presently. lazge passenger vehicles are known to have high risk of an injury due to
accudent and mnsufficient of safety regulation. The strength of seat i one of important 1ssues that
affect to injury level of passenger. Therefore, suitable structure strength and design of the seat are
very important to prevent mjuries and passenger life. This study was to evaluate strength of the seat
structure for bus according to preliminary safety regulation of Department of Land Transport. Finite
element analvsis is employed by using a static load. The seat model was simplified and sunulated.
Stress and impact scenario between seat-back and back of manikin will be investigated. The strength
and deflection of the seat will be evaluated. This study is expected to provide the seat model which
will be safe and satisfied according to the regulation.

Introduction

Traveling with public buses is convenient and economical. However, buses are at nisk of an accident
at any time. The suitable safety regulation has been necessary for prevent injury and deaths. Traffic
accidents of large passenger wehicles canse to a large quantity of persomnel casuvalty and loss.
Beszides the strength of chassis and other parts. strength of the seat structure also important to
prevent injuries and prevent loss of life. Since the strength of the seat structure 1s verv umportant to
affect passenger life in case of accident, referred to information from Thai Accident Rezearch
Center [1]. Therefore, the seat strength must be tested following the preliminary regulation from
Department of land Transport according to strength of the seat structure test for large passenger
vehicles.

On the design processes. design and experiment of seat structure were a waste of price and time.
There are more cost and time saving to apply Computer Aided Engineering (CAE) technology to the
design processes. The CAE enable to perform more rapid. low cost and convenient to designers.
Application of the finite element analysis (FEA) on Non Fecliner Race-1 seat structure 13 alse
employed and reported by other researcher [2]. In this study. static FEA is emploved by using
equivalent impact load from the regulation.

The aim of this study was to evaluate strength of the seat stiucture, according to preliminary
safety regulation of Department of Land Transport. The strength of the seat-back and adjustment
systems of large passenger vehicles seat will be analyzed. Static FEA is emploved by using a static
load according to the regulation to indicate seat-back behavior during impact between seat-back and
back of the manikin. This research is expected to provide the appropriated seat model and guideline
to design the bus seat.

Materials and Methods

Regulation about Strength of test. Department of Land Transpoirt have preliminary regulation
about Strength of the seat structure test for large passenger vehicles referred to Ewropean standard
ECE Regulation 17 [3]. The seat-back, if adjustable, will be locked in a position corresponding to a

All ngnte regerved. o pan of contents D‘1|"|iﬁa&e’l‘ni be raproduced of transmised In any 52 or by any means winoul the wnien permission of TT2,
warw p.nat. (1D 203,156 2. 226, Suranares Linhersity of Techhology, kakomRalchasima, liand-DSTa 3, 13:18:03)
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rearward mclination as close as possible to 237 from the vertical of the torso reference line of the
manikin. The moment lead was applied by 530 Nm in relation to the B point and rearwards to the
upper part of the seat-back frame as shown in Fig. 1.

o

R

Fiz. 1 Test of strength of the seat-back and its adjustment systems

The R point or seating reference peint which means a design point defined by the vehicle

manufacturer for each seating position and established with respect to the three-dimensional
reference system of hip joint.
Seat modeling. In this study the seat model 15 simplified from a real vehicle seat and only the
structural frame of the seat was modeled. The seat structure model was created using SolidWorks
2011, The medel and components are showed in Fiz. 2. The components of seat structure were
modeled using shell elements while the back of the manikin and floor were represented by solid
elements. The FEA simulation will be carried out and expected to achieve the appropriated model
which is safe and satisfied to the regulation.

Top view

Fiz. 2 Components of the seat model

The complementary of seat structure is consisted of various thickness part and material
properties which obtained from standard ASTM EE& [4]. The seat structure consists of steel
rectangular tubes and sheets material. which have the mechanical properties as (Elastic modulus
Yield stress/ Poisson’s ratio) 195 GPa/ 470 MPa’ 0.26 and 133 GPa/ 390 MPa/ 0.26. respectively.
And the mald steel (ASTM A36) was assumed to be isotropic material.

Table 1 Compeonents of the seat structure model

No. Name parts Thickness [mm]  Element tvpe
1 Seat-back 2 Shell
2 Base 2 Shell
3 Anchorages 4 Solid
4 Back of the manikin Solid




&3

Advanced Materials Research Vol. 658 337

Finite Element Model

Boundary conditions and applied loads. Considering the simulation was to evaluate strength of
seat structure. The seat-back locked in a position comresponding to a rearward inclination as close as
possible to 23° from the vertical refarence. A forces load was applied by 1325 N in relation vertical
to the manikin from the F point 0.4 meters. The amount of moment can be computed Eq. 1.

M=FxI (1)

Where M 15 the moment load formed by the applied force and displacement in relation to the R

point, F i3 the reacticn forces applied to the manikin and L 15 length displacement between force
and the R point.

Fig. 3 Configuration of the finite element model

The contact regions of the seat and vehicle floor were set as actual fixation. The confact mode
between the seat and the back frame of the manikin are face-to-face contact. A zero coefficient of
friction is assumed, thus allowing free sliding and separation. The contact mode between the base
and the seat-back were set as no separation contact, that separation of faces m contact 13 not allowed,
but small amounts of frictionless sliding can occur along contact faces. Another contact set as bonded
contact, which sliding and separation 13 not allowed. The joint connection between seat-back and
base were set as revolute joint, which the relative rotation in axis of pin 15 allowed. The seat-back
was adjusted position meet the reguirements of passenger. but will be locked in a position
cotresponding to a rearward mclination follow the regulation of test. The finite element meodel is
showed in Fig. 3.

Results and Discussion

In this study. strength of the seat structure was investigated using finite element analvsis in term of
maximum von Mises stress. The safety factor were used for decisions to the seat structure will be
safe and satisfied according to the regulation. The FEA was performed based on ANSYS
Workbench software. The stress distributions were presented in Fig. 4.
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Fig. 4 Stress distribution of seat structure

Vst My

|

Fiz. 5 Maximum von Mises stress

The result shows that the maximum von Mises stress was 182.74 MPa at the hole of joint. The
maximum stress 1s not exceeded the yield stress limitation and safety factor was 2.38. The simulation
results the maximum stress of seat-back equal to 158.36 MPa at the both joint hele. It could be
considered the high stress occurred on the contact regions between base and seat-back. The seat was
satisfied according to the regulation. However, the vehicle manufacturer who was competed on
business, were saving investment cost in process. There were improving model of the seat structure.

To improve the model. material properties diversification and thickness increment of structure,
were exhibited in this paper. There were affected to stress concentration reduction of structure and
increase of safety factor. The 2° factorial design of experiment was carried out.  The material AISI
5000 sertes steel (ASTM AS19) [5] with properties: Elastic modulus 205 GPa, Yield stress 633 MPa
and Poisson’s ratio 0029, was applied to the base of seat structure. The material properties
diversification yielded the changeless of maximum stress but safety factor was increased to 3.48. In
the same way. the thickness of steel tubes was increased from 2 mm to 2.8 mm. The results of
maxinum stress and safety factor were shown in table 2.

Table 2 The results of 2 factorial design of experiment

Material properties  Thickness of steel [mm]  Maximum Stress [MPa]  Safety Factor

ASTM A36 2 152.74 2.58
ASTM A1 2 152.94 348
ASTM A36 28 165.87 274

ASTM A3519 28 166.60 3.69
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Fig. 6 The effect of main factor

Design of Experiment (DOE) was used to analyze the factor of improvement. Eesponses were
maximum stress and safety facter. Regarding to Fig. 6 (a), 1t was found that the maximumn stress
was influenced by thickness significantly. On the other hand. the factor of safety was varied with
material property significantly as show in Fig. 6 (b). So the thickness and material properties were
considered as mmportant factors to design the seat structure.

Conclusions

According to the requirements of regulation about strength of the seat structure, the finite element
maodel was able to describe the behavior of seat derogation. The simulation results displayed the
weak component which the maximum stress ocewrred. The 2° factorial design of experiment results
showed that the thickness increment influenced to the maximum stress and  the factor of safety
was dominated by the material properties diversification. In further study,  the simulation results
will be verified with experimental results. There are expected that these results will be used to
design the approprated seat structure for bus.
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