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Comparative Study on Damage According to

Cover Materials of Car Seat Multi Latch using
Analytic Technique

Jae-Won Kim, Chan-Ki Cho, Jin-Oh Kim, Jae-Ung Cho

Abstract: This study investigates the damage according to the
cover material of multi latch cover for car. This study compares
results when various materials are used at the continuous load
and vibration due to damage of latch cover. In this study, the
research models were made by using 3D modeling to find out the
damage of multi latch for car according to the material. This
study was used with ANSYS, the program using finite element
method. A pin contacting a chassis was fixed and the latch was
displaced as much as 1mm by force. This study examined the
damage occurring in latch by applying the prescribed analysis
conditions. This study examined the damage of car seat multi
latch according to the material. In this study, the maximum
equivalent stresses of GFRP, PE, PP and ABS were 854.27MPa,
903.74MPa, 938.76MPa and 1049.2MPa respectively. It was
found that the maximum strains of PP, PE, ABS and GFRP were
0.54948mm/mm,  0.56996mm/mm,  0.61495mm/mm  and
1.909mm/mm respectively. In case of the ordinary plastic, an
object with high rigidity shows less elongation. GFRP,
reinforced plastic stacked with glass fiber has high rigidity as it
has brittleness but shows high elongation in damage caused by
forced displacement. This study suggests that it is desirable to
use PE material when using the plastic cover in a place where
forced displacement occurs. This study secured the design
factors of multi latch according to the materials and found the
structural safety of plastics according to the material used in the
place where the ordinary load or forced displacement occurs.

Index Terms: Car seat, Multi latch, Cover material, Damage,
Load, Displacement

I. INTRODUCTION

As highly efficient cars have been manufactured in recent
years, lots of car seats have been developed. A number of
technologies have been developed to reduce the fatigue of
passenger and make them feel comfortable. A typical
example of above technologies is the side bolster to be fixed
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on the side of seat to help a driver keep stable. A seat with a
side bolster keeps a driver from being slipped under lateral
acceleration, which helps to reduce accident at the corner.
Most devices affiliated with seat developed as the side bolster
aim to reduce driver’s fatigue or improve ride quality. A latch
used in this study was developed to be used in a back seat of
small RV and hatch back. The latch was developed to induce
such a function as a model with reclining gear on the back
seat like SUV or van. A latch was developed initially as the
device to fold a back seat to increase trunk capacity but later
it has movement similar to a seat containing recliner with the
functions of folding and reclining [1]-[3].

This study examined the damage of latch cover attached to a
seat among multi latch for car according to latch cover. A
latch and a fixation pin have less deformation and stress as
they are made with structural steel but latch cover is inserted
to control the resonance sound caused by vibration between a
latch and a fixation pin. Plastic is used to control the
resonance sound and it tends to be damaged due to a
continuous load and vibration. It is advisable to conduct
analysis by using various materials and to accumulate data on
the damage according to the materials so that they can be
used as design factors [4]-[6] .

Il. RESEARCH METHOD AND MODELS

This study designed 3D research model to investigate the
damage of multi latch according to cover material by using
ANSYS, analysis program.
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Fig. 2 Shape with mesh at research model

Fig. 1 represents a research model that idealization was
conducted to reduce the time necessary to analyze and
increase convergence. In this study, only a latch, a latch
cover and a pin contacting a latch were used in analysis and
thus other shapes were removed. Fig. 2 shows a research
model with mesh. Thick mesh was applied to a latch cover in
order to closely detect stress occurring in a latch cover. A
structural steel was designated for a latch and a pin as
materials used in research model. Glass Fiber, ABS, PP, PE
and PAG6.6 were designated for a latch cover. In this study,
the above materials were selected to find out damage
according to latch cover material [7]-[10].

11l. BOUNDARY CONDITIONS

In order to verify whether the weight of passengers
delivers to a latch and a pin due to damage to a latch cover
made with plastic, the analysis conditions in this study were
designated as follows

AAA : Fixed Support

<= : Displacement(1mm)

Fig. 3 Analysis conditions of research model using forced
displacement

As shown in Fig. 3, the fixed support was designated in a
part of the pin connecting a seat and a chassis in order to
indicate that a pin is connected to a chassis. The forced
displacement of 1mm was conducted to describe that this
displacement was performed to cause a latch to be damaged
at the actual test.
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IV. SIMULATION ANALYSISRESULTS

A. Result of analysis in full body model

We conducted the analysis with this research model and
the analysis condition designated to find out the damage at
full body model according to latch cover material. Results of
analysis are as follows;

A ABS_
Equivalent Stress
Type: Equivalent (von-Mises) Stres:
Unit: MPa
Time: 20

1049.2 Max
39374
147.77
55457
20813
78109
29314
11001
041287
0.15495 Min

A PE_

Equivalent Stress
Type: Equivalent (von-Mises) St
Unit MPa
Time: 20

903.74 Max
31973
nm
40018
14158
5.0087

1772
062689
022178
0.078463 Min

B: GFRP_

Equivalent Stress
Type: Equivalent {von-Mises)
Unit MP3
Time: 20

854.27 Max
24303
69139
19.669
55956
15919
045287
012883
0036652
0.010427 Min

C: PP,

Equivalent Stress
Type: Equivalent (von-Mises) S
Unit: MPa
Time: 20

938.76 Max
365.8
14254
55.541
21.642
8433

3286
1.2804
049893
0.19441 Min

Fig. 4 Comparison of equivalent stress in full body model
according to the material

Fig. 4 shows the values of
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equivalent stress appearing in models according to the
material. When GFRP was used, the maximum equivalent
stress was 854.27MPa, which value was lower than the cases
that other materials were used. When PE, PP and ABS were
used, the stresses were 903.74MPa, 938.76MPa and
1049.2MPa respectively. It was found that the high stress
around pin was shown at all materials except ABS.

A:ABS_

Equwalmt Elastic Strain
Type: Equivalent Elastic Strain

Unit: mm/mm

Time: 20
061495 Max
014539
0034373
0.0081267

L] 0o00mo13
0.00045425
0.0001074
25391e5
6.003e-6
1.4192e-6 Min

A:PE.

Equivalent Elastic Strain

Type: Equivalent Blastic Strain

Unit: mm/mm

Time: 20
0.56996 Max
015038
0039676
0010468
00027619
000072872

| 0.00019227

L 5.0728e-S
1.3384e-5
3.5313e-6 Min

h

C: PP,

Equivalent Elastic Strain

Type: Equivalent Blastic Strain

Unit mm/mm

Time: 20
0.54948 Max
014023

| 0.035786
00091326
0.0023306
0.00059478
0.00015179
3.8736e-5
98554e-6
2.5227e-6 Min

Fig. 5 Comparison of strain according to the materials in
full body model

B:GFRP_
Equivalent Elagtic Strain

Type Equivalent Elagtic S
Unit mm/mm
Time: 20

1.909 Max
043112
0.097362
0021988
00049657
00011214
000025326
5.7196e-5
12917e-5
2.9172¢-6 Min

Fig. 5 shows the strain according to the material in
research model. We found that when GFRP was used, the
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strain as elongation was 1.909mm/mm, the greatest
elongation. When PP was wused, the strain was
0.54948mm/mm. When PE was used, the strain was
0.56996mm/mm. When ABS was used, the strain was
0.61495mm/mm. This analysis suggests that the reason for
which the strain of GFRP was greater than other materials
was that GFRP was brittle.

200E+03

1.50E+03

1.00E+03

Reaction force(N)

5.00E+02

0.00E+00
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Time (Sec)
——ABS eeee PE === GFRP PP
Fig. 6 Reaction force in a latch according to forced
displacement

Fig. 6 shows the reaction force in a latch occurring from
the forced displacement which is generated with a total of
1mm propagated for 20 seconds. It was found that the
maximum reaction force values of GFRP, PP, PE and ABS
were 1956.2N, 2008.7N, 2026.8N, and 2086.3N
respectively. The greatest reaction force was found when a
latch propagated 1mm in all materials.

B. Result of analysis in only latch cover

We conducted analysis in the same way as one shown in
Chapter 4.1 in order to find out the damage according to
material of only latch cover. Results of analysis are as
follows;

A ABS_

Equivalent Stress 2
Type: Equivalent {won-Mises) Stress
Unit: MPa
Tirne: 20

1049.2 Max
385.8
149.31
56.328
21.25
8.0165
3.0242
1.1409
04304
0.16237 Min
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A: PE_
Equivalent Stress 2
Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirne: 20

474.22 Max
180.23

68499

26.034

9.8945

3.7605
1.4292
054319
0.20645
0.078463 Min

B: GFRP_

Equivalent Stress 2
Type: Equivalent (von-Mises) Stress
Unit: MPa
Time: 20

3.3304 Max
1.7548
0.92464
048721
0.25672
013527

1 0.071275
0.037556
0.019789
0.010427 Min

C:PP_
Equivalent Stress 2
Type: Equivalent (von-Mises) Stress
Unit: MPa
Tirne: 20

538.69 Max
223.27
92,537
38353
15.896
6.5883
2.7306
11317
046907
0.19441 Min

Fig. 7 Comparison of equivalent stress in latch cover
according to the materials

Fig. 7 shows the equivalent stress in only latch cover which
damage occurs first actually. GFRP showed the stress of
3.3304MPa which was the lowest stress among materials. PE
showed the stress of 474.22MPa and PP showed the stress of
538.69MPa. ABS showed the stress of 1049.2MPa. A point
which is most likely to be damaged in latch cover was the part
where a pin and a latch meet at all materials except GFRP.
We found that the part where a pin and a latch meet has the
highest stress. It was found that GFRP has lower stress than
other materials as it was made of fiber reinforced plastic. We
could get the study data on the properties of latch cover under
specific load by using such values.
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A: ABS_2mm
Equivalent Elastic Strain 2
Type: Equivalent Elastic Strain
Unit: mmgrmm
Time: 20

0.61495 Max
0.23001
0.086028
0032177
0.012035
0.0045013
000163356
0.00062971
0.00023552
8.80922-5 Min
A: PE_2mm
Equivalent Elastic Strain 2
Type: Equivalent Elastic Strain

Unit: mmyimm
Tirne: 20

0.56996 Max
0.2275

0.090807
0.036246
0.014467
00057747
0.002305
0.00092003
0.00036723
0.00014658 Min

B: GFRP_2mm
Equivalent Elastic Strain 2
Type: Equivalent Elastic Strain
Unit: mrm/mrm
Time: 20

1.909 Max
1.288
0.86903
0.58624
0.39561
0.26692
018l
012131
0.081986
0.055317 Min

C: PP_2mm
Equivalent Elastic Strain 2
Type: Equivalent Elastic Strain

Unit: mmJ/mrmn
' PP

Time: 20
Fig. 8 Comparison of strain in latch cover according to the
materials

0.54948 Max
0.21552
0.084534
0.033157
0.013005
0.0051009
0.0020007
0.00078474
0.0003078
0.00012073 Min
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Fig. 8 shows the strain at latch cover according to material.
It was found that when GFRP was used, the strain was
1.909mm/mm which was the greatest elongation. The reason
for which GFRP showed the greatest elongation was that it
was brittle. When ABS was used, the strain was
0.61495mm/mm. When PE was used, the strain was
0.56996mm/mm. When PP was used, the strain was
0.51948mm/mm. Such study results are the same with those
in full body model, which is caused by the fact that the
greatest elongation occurs in latch cover.

V. CONCLUSION

This study investigated the damage according to car seat
multi latch in accordance with the cover material by using
analytic techniques. The results of this study are as follows.

1. We examined that the stresses of GFRP, PE, PP and
ABS were 854.27MPa, 903.74MPa, 938.76MPa, and
1049.2MPa respectively. We also found that the strains of
PP, PE, ABS and GFRP were 0.54948mm/mm,
0.56996mm/mm, 0.61495mm/mm and 1.909mm/mm
respectively.

2. When the equivalent stress and strain as elongation
were investigated at full body model, it was found that GFRP
showed the maximum stress of 854.27MPa which was the
lowest equivalent stress and GFRP showed the strain of
1.909mm/mm which was the greatest elongation. In case of
ordinary plastic, an object with high rigidity shows less
elongation. GFRP, reinforced plastic stacked with glass fiber
has the high rigidity as it has brittleness but shows the high
elongation in damage caused by forced displacement.

3. When comparing reaction forces from latches based on
the forced displacement, it was found that the greatest
reaction force was found when a latch propagated 1mm at all
materials.

4. When comparing the values of materials by examining
the equivalent stress of latch cover model, it was found that
the maximum stresses of GFRP, PE, PP and ABS were
3.3304MPa, 474.22MPa, 538.69MPa, and 1049.2MPa
respectively. When comparing the elongations of materials,
it was found that the strains of PP, PE, ABS, and GFRP were
0.54948mm/mm, 0.56996mm/mm, 0.61495mm/mm and
1.909mm/mm respectively.

5. When comparing the equivalent stress and total
deformation according to material at latch cover model, it
was found that GFRP which was brittle showed the lowest
equivalent stress and the greatest deformation as with full
body model. Such a study result suggests that it is desirable to
use PE when plastic cover is used in the place where the
forced displacement occurs.

6. As the conclusion based on this study results, the
damage of car seat multi latch according to material was
studied by using analytic technique. We could get the design
factors for car seat multi latch according to the material. In
this study, the structural safety can be investigated according
to the plastic material used in a place where ordinary load or
forced displacement occurs.
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