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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 ANSYS 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
-3

) 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. 

 

 
 

(a) Fixed support (b) Force condition – weight 

 
(c) Force condition - motor 

 

Figure 2: Constraint condition of model 1 

 

 
 

(a) Fixed support (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 

1.9914×10
-5

 mm and 1.982×10
-5

 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) Model 1 

 
(b) Model 2 

 

Figure 4: Equivalent stresses at structural analysis 
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(a) Model 1 

 
(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 

is 227.53 Hz. 

 

 
(a) Natural frequency at 1'st 

 
(b) Natural frequency at 2'nd 
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(c) Natural frequency at 3'rd 

 
(d) Natural frequency at 4'th 

 
(c) Natural frequency at 5'th 

 
(d) Natural frequency at 6'th 

 

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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(a) Natural frequency at 1'st 

 
(b) Natural frequency at 2'nd 

 
(c) Natural frequency at 3'rd 

 
(d) Natural frequency at 4'th 
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(e) Natural frequency at 5'th 

 
(f) Natural frequency at 6'th 

 

Figure 7: Total deformation at natural frequencies of 

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 mode 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 

 

Table 3: Maximum total deformation and natural 

frequency per mode at model 2 

 

 Frequency(Hz) Total deformation(mm) 

1'st mode 73.596 325.24 

2'nd mode 79.89 465.5 

3'rd mode 132.59 505.26 

4'th mode 217.7 590.12 

5'th mode 227.53 590.15 

6'th mode 243.1 525.56 

 

 

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 

6’th mode was within the 250 Hz range. 

 

 
(a) Model 1 

 
(b) Model 2 

 

Figure 8: Frequency responses of amplitude displacements 
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(a) At 80 Hz in model 1 

 
(b) At 80 Hz in model 2 

 

Figure 9: Total deformation at critical frequencies 

 

 
(a) At 80 Hz in model 1 

 
(b) At 80 Hz in model 2 

 

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 7.96×10
-7

 mm and 8.12×10
-7

 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 4.64×10
-9

 

mm and 2.97×10
-5

 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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(a) Model 1 

 
(b) Model 2 

 

Figure 11: Frequency responses as amplitude 

displacements 

 

 
(a) At 80 Hz in model 1 

 
(b) At 244 Hz in model 2 

 

Figure 12: Total deformation at critical frequencies 

 

 
(a) At 80 Hz in model 1 

 
(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 1.9914×10
-5

 mm and 

1.982×10
-5

 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 

7.96×10
-7

mm and 8.12×10
-7

 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 4.64×10
-9

 mm and 

2.97×10
-5

 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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