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Abstract

In this study, strength durabilities as a function of structures
for loads acting on the seat motor and position changes as well
as vibration were analyzed. In order to consider changes in
vibration, analysis was conducted with a load equivalent to
human weight was imposed while motor positions were varied,
and amounts of deformation between 50Hz and 250Hz were
observed. The durability verification of this brake design ap-
pears to be valid, since resonance is not normally considered to
occur above this frequency even if passenger loads are high. If
this study results are applied to the parts for an automotive car
body, fatigue failures may be prevented while their durabilities
may be predicted.
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Introduction

Since reduction technologies for noise and vibration of vehi-
cles are developing by leaps and bounds as human-oriented
vehicle design and production technologies are developed
throughout the entire automotive industry, seats have the clos-
est relationship to passengers and are accounting for an impor-
tant item in selection of vehicles by consumers.

As a result, a variety of methods are being attempted for
evaluation and improvement. Since seats are an important final
point where road vibration or engine vibration, etc., according
to road conditions, is directly transmitted to passengers, it may
be considered as an important element directly connected with
riding comfort of a vehicle.

In addition, as consumers' complaints caused by abnormal
sounds due to seat vibration tend to be increased, vibration
noise characteristics of automobile seats need to be investi-
gated. Therefore, vibration characteristics of seats produced
when passenger loads are applied and when positions of a rep-
resentative seat motors are moved, are analyzed in this study[1-
8]. Also, vibration characteristics transmitted to the seat, natu-
ral vibration characteristics of the seat and shapes of problem
vibration modes will be investigated through modal tests.
Therefore, diversified types of seat frames are available in the
market, and transmitted vibration is varied with loads and posi-
tions of the seat motor. If the results of this study are combined
for application to the arrangement operation for seat motors, it
is considered to have great utilization for reviewing and pre-
dicting their structural strength and durability[9-12].

In this study, the modeling was carried out by CATIA V5R18
program and the structural analysis together with the vibration
analysis was performed by using ANSY'S program.

Study model

The size of this study seat model when viewed from the front is
530mm in length with 698.32mm and 786mm in width and
depth, respectively. Shapes of the model were analyzed by
using ANSYS after being modelled using CATIA with refer-
ence to the shapes of actual seats.

Mesh shapes for models 1 and 2 are shown in Figure 1(a) and
Figure 1(b), respectively, where numbers of nodes and ele-
ments for model 1 were 42515 and 21942, respectively, while
those for model 2 were 42515 and 21942, respectively. Table
1 shows the material property of this model.

(a) Model 1

(b) Model 2
Figure 1: Meshes of models

Table 1: Material property

Young's Modulus (MPa) 200000
Poisson's Ratio 0.3
Density (g/cm™) 7.85
Tensile Yield Strength (MPa) 250
Tensile Ultimate Strength (MPa) 460

Structural Analysis

As boundary conditions for models 1 and 2 when loads were
applied to the seat, the areas in contact with the floor were
completely fixed as in Figure 2(a) and Figure 3(a), while the
force of 700N of adult male's average load, which could be
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actually applied in Z- direction, was imposed on the area in
contact with the seat cover in Figure 2(b) and Figure 3(b).
Also, as boundary conditions for models 1 and 2 when the
motor was vibrated, the areas in contact with the floor were
completely fixed as in Figure 2(a) and Figure 3(a), while the
small force of 50 N, which could be actually applied in Z+
direction, was imposed on the periphery of seat motor in Fig-
ure 2(c) and Figure 3(c). Motor positions of models 1 and 2
are on the left and right in mutually opposite directions.

# Slatc Strctural
et Suppat
Tmels

£ Static Structural
Force

[ Fixed Supoort

(a) Fixed support

srequency: 51 Hr

Wrocsan

(c) Force condition - motor

Figure 2: Constraint condition of model 1

[ Static Structural
Fixed Support
Time:1 5

0:Static Srcteral
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(b) Force condition —
weight

(c) Force condition - motor

Figure 3: Constraint condition of model 2

Figure 4 and Figure 5 in models 1 and 2 show equivalent
stresses and maximum amounts of deformation when a static
force was applied to the area in contact with the seat cover.
Figure 4(a) and Figure 4(b) show maximum equivalent
stresses for the areas in contact with the seat cover in models 1
and 2 to be 0.024107 MPa and 0.024022 MPa, respectively.
As Figure 5(a) and Figure 5(b) show maximum amounts of
deformation for upper part of the bumper in models 1 and 2,
respectively, it may be seen to have been deformed to
1.9914x10 mm and 1.982x10° mm, respectively. In these
figures, the structure strength of model 2 may be considered to
be better since the amount of deformation for model 1 is larger
than that for model 2. And, the structure strength of model 2
may be considered to be better indeed, since model 2 has a
slightly smaller maximum stress than Mode 1.

A: Static Structural

Equivalent Stress

Type: Equivalent (wvon-Mises) Stress
Unit: MPa

Tirme: 1

0.024107 Max
0.021428
0.01875
0016071
Q013393
Q.010714
0.0080355
0005357
0.0026783
6.2975e-10 Min

=

A

D: Static Structural

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1

(a) Model 1

0.024022 Max
0021353
0.018684
0016015
0013346
0010677
0.0080074
00053383
0.0026691
£.8476e-10 Min

(b) Model 2

Figure 4: Equivalent stresses at structural analysis
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A: Static Structural
Total Deforrnation
Type: Total Deformation
Unit: mm

Tirne: 1

B: Modal

Total Deforrnation
Type: Total Deforrnation
Frequency: ¥3.594 Hz

Unit: mm
1.9914e-5 Max
1.7701e-5 ;ﬂlig: Max
1.5488e-5 .
1.3276e-5 7.0005
1.1063e-5 58568
#.5505e-6 5.714
5.637%-6 45712
44252e-6 34284
2.21266-6 2.2856
0 Min 1.1428

0 Min

A

W

(a) Model 1

D: Statkc Structural (a) Natural frequency at 1'st

Total Deforrmation
Type: Total Deformation
Unit: mm

B: Modal
Total Deformation 2
Type: Total Deformation

Tirne: 1 Frequency: 79.857 HZ
Unit: mm
1.982e-5 Max
1.7615e-5 14.72 Max
1.5416e-5 13.084
e
. e
8.8001e-6 :’?;?:
6.6068e-6 6.5422
4.4046e-6 )
2.2023e-8 4.9067
o Min 3.2711
1.6356
0 Min

&}

(b) Natural frequency at 2'nd

(b) Model 2

Figure 5: Total deformations in structural analysis

Vibration Analysis

Vibration analysis was performed to obtain natural frequencies
of a seat, while frequencies and amounts of deformation in
each mode for models 1 and 2 may be seen in Figure 6 and
Figure 7. The frequencies and the amounts of deformation in
each mode may also be shown in Table 2 and Table 3, where
the maximum total amount of deformation in the 5°th mode of
model 1 is 18.666 mm, while the amount of total deformation
in the 5°th mode of model 2 is 590.15 mm showing the maxi-
mum amount of deformation. It may be predicted that re-
sponses in the 5’th mode of model 1 as well as the 5th mode of
model 2 are the largest. At Table 2 and Table 3, the frequency
in the 5th mode of model 1 is 227.52 Hz while that of model 2
is227.53 Hz.
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B: Modal

Total Deformation 5
Type: Total Deformation
Frequency: 227.52 Hz

B: Modal

Total Deforrnation 3
Type: Total Deforrmation
Frequency: 132.58 Hz

Unit: mm Unit: mm
15.978 Max 18.666 Max
14.202 16592
12427 14518
10652 12444
28764 1037
7.1011 §.2050
537258 82219
315506 41479
1.7753 2.074
0 Min 0 Min
. %
% y ¥
c¢) Natural frequency at 5'th
' (
(c) Natural frequency at 3'rd B: Modal

B: Modal

Total Deformation 4
Type: Total Deformation
Frequency: 217.7 Hz
Unit: mm

Total Deformation &
Type: Total Deformation
Frequency: 2431 Hz
Unit: mm

16.62 Max

18638 Max 14 773
16,585 12327
14512 1108
12439 93334
10,365 73867
8.2923 554
82183 3.6934
s 18467
o Min 0 Min

z

!

(d) Natural frequency at 4'th (d) Natural frequency at 6'th

g

A

Figure 6: Total deformation at natural frequencies of
model 1

Even for passengers whose loads were actually small, neither
the equivalent stress or the maximum stress was greatly re-
duced, nor the resonant frequency shown above exceeded in the
case of resonance as well. Also, considering these results,
verification results were shown that designs to improve riding
comfort were possible since actual driving took place at lower
frequencies than this although resonance occurred at 227.52
Hz and 227.53 Hz during a ride.
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E: Modal
Total Deformation
Type: Total Deformation
Frequency: 73.596 Hz
Unit: mm

325.24 Max

2891

252.96

21682

18060

14455

10841

72275

36137

0 Min

i
i

(a) Natural frequency at 1'st v

E: Modal

Total Deformation 5
Type: Total Deformation
Frequency: 227.53 Hz
Unit: mrm

590.15 Max
524.58

459

30343
327.86
262.29
19672
131.14
65572

0 Min

E: Modal

Total Deforrnation 2
Type: Total Deforrnation
Freguency: 79.89 Hz
Unit: mm

(c) Natural frequency at 3'rd
E: Modal
Total Deforration &
Type: Total Deformation
Frequency: 243.1 Hz

Unit: mm
463.5 Max
413.77
362.05 525.56 Max
31033 A67.17
2588l 40877
206.89 350.38
15517 291 98
103.44 23358
51722 175.19
0 Min 116.79
38.3%
0 Min
z
z
¥
i
(b) Natural frequency at 2'nd * v

(d) Natural frequency at 4'th
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E: Modal

Total Deformation 3
Type: Total Deforrmation
Frequency: 132.59 Hz

Table 3: Maximum total deformation and natural
frequency per mode at model 2

unte Frequency(Hz)|Total deformation(mm)
505.26 Max 1'st mode 73.596 325.24
449-_12 2'nd mode 79.89 465.5
392.08 3'rdmode]  132.59 505.26
S Athmode| 2177 590.12
224.56 5'th mode 227.53 590.15
168.42 6'th mode 243.1 525.56
112.28
5614
0 Min
By actually imposing a constraint of 700 N in force to the face
in contact with the seat cover in the same way as in Figures 2
and 3, an analysis was made for the harmonic vibration pro-
. duced in the seat. The range of frequencies was set from 50 Hz
to 250 Hz. Considering the previous results of modal analysis,
resonance frequencies were affirmed according to the fre-
quency domain occurring since the natural frequency for the
* v 6°th mode was within the 250 Hz range.
(e) Natural frequency at 5'th 7 SFeT?
E: Modal —T.aT
Total Deformation 4
Type: Total Deformation E B.e7
Fre_quency: 2177 Hz o E.e—7
Unit: rm g a7
=37
590.12 Max %2.e—?
524.55 < 7
45898 L
223:; 20 115'2. 75. 100 125 150 175 200 225 260
26228 Frequency (Hz)
19671 (a) Model 1
131.14 3 12a-T
55.569 —
o min E 6.25e-7
5T
Sa75e7
%.2.5e—?
' E
<L 1.28e-7
hy
1.9e-11
‘J\ 52, 75, 100 125 10 175 200 285 250
= Frequency (Hz)

b) Model 2
(f) Natural frequency at 6'th (b)

. . . Figure 8: Frequency responses of amplitude displacements
Figure 7: Total deformation at natural frequencies of g d yresp P P

model 2

Table 2: Maximum total deformation and natural
frequency per mode at model 1

Frequency(Hz)|Total deformation(mm)
1'st mode 73.594 10.285
2'nd modgl  79.887 14.72
3'rd mode 132.58 15.978
4'th mode 217.7 18.658
5'th mode 227.52 18.666
6'th mode 243.1 16.62
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C: Harmonic Response

Total Deforrnation

Type: Total Deformation

Frequency: 80. Hz I
Phase Angle: 0. * A

Unit: mm l

0.0085795 Max
0.0076262
0.006673
0.0057197
0.0047664
0.0038131
0.0028598
0.0019066
0.00095328

0 Min

(a) At 80 Hz in model 1
F: Harmonic Response

Total Deforrnation o
Type: Total Deformation
Frequency: 80. Hz
Phase Angle: D. =

Unit: mm

0.0087670 Max
0.0077937
0.0068195
0.0058452
0.004871
0.0038968
0.0029226
0.0019484
0.00097421

0 Min

(b) At 80 Hz in model 2

Figure 9: Total deformation at critical frequencies

C: Harmonic Response
Equivalent Stress

Type: Equivalent ¢von-Mises) Stress
Frequency: 80. Hz

Phase Angle: 0. °

Unit: MPa

0.53432 Max
047495
041558
033621
020684
023747
017811
011874
0.050360
3.3551e-10 Min

!

(a) At 80 Hz in model 1

F: Harmonic Response

Equivalent Stress

Type: Equivalent (won-Mises) Stress
Frequency: 80. Hz

Phase Angle: 0. *

Unit: MPa

0.54363 Max
048501
042438
038376
030313

0.2425

018188
012125
0.060626
3.4606e-10 Min

A

(b) At 80 Hz in model 2

ki

Figure 10: Equivalent stresses at critical frequencies

As can be seen from Figure 8(a) and Figure 8(b) where ampli-
tude displacement responses to frequencies were examined for
models 1 and 2, model 1 showed a critical frequency at 80 Hz
while model 2 showed it at 80 Hz. At such critical frequencies
for models 1 and 2, the amplitude displacements can be seen to
be generated as 7.96x10”" mm and 8.12x10”" mm, respectively.
As durability of a model is improved, the higher the critical
frequency, the durability may be considered to be the same
since the critical frequency of model 1 is the same as that of
model 2. Therefore, at the critical frequency of 80 Hz for mod-
els 1 and 2, practical total deformations and equivalent stresses
were shown to be as shown in Figures 9(a), (b) and Figures
10(a), (b), respectively.

Likewise, the harmonic vibration when the motor was sub-
jected to vibration was analyzed. Previously, in Fig. 2(c) and
Fig. 3(c), a small force of 50N which could be actually applied
in Z+ direction was imposed on a periphery of the seat motor.
When the results of modal analysis were considered, resonant
frequencies were affirmed in accordance with the frequency
domain occurring since the natural frequency in the 6th mode
was within the 250 Hz range. As can be seen from Figures
11(a), (b) where the amplitude displacement responses to fre-
quencies were examined for models 1 and 2, model 1 showed a
critical frequency at 80 Hz, while model 2 showed it at 244 Hz.
From such critical frequencies for models 1 and 2, the ampli-
tude displacements can be seen to be generated as 4.64x10~
mm and 2.97x10°> mm, respectively. As the result, the durabil-
ity of model 2 may be seen to become more satisfactory than
that of model 1 since the critical frequency of model 2 is
higher than that of model 1. Consequently, at the critical fre-
quencies of 80 Hz and 244Hz for models 1 and 2, respectively,
practical total deformations and equivalent stresses for models
1 and 2 were shown to be as indicated in Figures 12(a), (b) and
Figures 13(a), (b), respectively.
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Figure 11: Frequency responses as amplitude
displacements

H: Harmonic Response
Total Deformation

Type: Total Deformation
Frequency: 80. HZ
Phase Angle: 0. *

Unit: mm

0.00030035 Max
0.00026698
0.0002338
0.00020023
0.00016686
0.00012349
0.00010012
6.6744e-5
3.3372e-5

0 Min

(a) At 80 Hz in model 1

250

G: Harmonic Response
Total Deformation

Type: Total Deformation
Frequency: 244 Hz
Phase Angle: 0. °

Unit: mm

0.0053443 Max
0.0047505
00041567
0.0035620
0.0020601
0.0023752
00017814
0.0011876
0.00059381

0 Min

W

(b) At 244 Hz in model 2

Figure 12: Total deformation at critical frequencies
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(a) At 80 Hz in model 1

G: Harmonk: Response
Equivalent Stress

Type: Equivalent tvon-Mises) Stress
Frequency: 244, Hz

Phase Angle: 0. =

Unit: MPa

1.2705 Max
11294
0.98819
0.84702
0.70585
0.58468
042351
0.28234
014117
2.2832e-9 Min

(b) At 244 Hz in model 2

Figure 13: Equivalent stresses at critical frequencies
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Conclusions

In this study, strength durabilities as a function of structures
for loads acting on the seat motor and position changes as well
as vibration were analyzed. Study results therefore are as fol-
lows.

According to the structural analysis, the maximum equivalent
stresses for model 1 and model 2 were shown to be 0.024107
MPa and 0.024022 MPa, respectively, while the amounts of
deformation were shown to be 1.9914x10° mm and
1.982x10™ mm, respectively, at a maximum. Model 1 can be
seen to produce a slightly larger deformation than model 2.
Also, it may be seen that natural frequencies of model 1 and
model 2 occur within the range of 50 Hz to 250Hz, and the
frequency in the 5°th mode of model 1 where deformation is
actually easy and the possibility for occurrence of resonance
appears to be high is 227.52 Hz while the frequency in the 5°th
mode of model 2 is 227.53 Hz.

At frequency responses as a function of passenger loads, the
maximum amplitude displacements for model 1 and model 2 at
the same frequency of 80 Hz may be seen to be generated as
7.96x107mm and 8.12x107 mm, respectively. When har-
monic frequency responses are also considered as a function of
position changes of the seat motor, it may be seen that the
maximum amplitude displacements at 80 Hz for model 1 and
at 244 Hz for model 2 are generated as 4.64x10™° mm and
2.97x10 mm, respectively. The durability of model 2 can be
seen to be better than that of model 1, since the durability is the
more satisfactory, the higher the resonant frequency. Therefore,
durability verification of this apparatus design appears to be
valid, since resonance is not normally considered to occur
above this frequency even if passenger loads are high. If this
study results are applied to the parts for an automotive car
body, fatigue failures may be prevented while their durabilities
may be predicted.
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