Transactions of KSAE, Vol. 27, No. 11, pp.893-901 (November, 2019)

L)

Check for
updates

Copyright © 2019 KSAE / 168-09
pISSN 1225-6382 / eISSN 2234-0149
DOI http://dx.doi.org/10.7467/KSAE.2019.27.11.893

2 g}

sS4 AE g A4
3y

 BRDEOHBE ASAIQIHATY

Development of Sliding Seat System for Express Buses

Yongwoo Lee™ -

Byungdo Kang”

DDepartment of Mechanical & Automotive Engineering, Shinhan University, Gyeonggi 11644, Korea
JKorea Automobile Testing & Research Institute, Korea Transportation Safety Authority, 200 Samjon-ro, Songsan-myeon,
Hwaseong-si, Gyeonggi 18247, Korea
(Received 16 September 2019 / Revised 25 September 2019 / Accepted 27 September 2019)

Abstract :

As society rapidly ages, the number of wheelchair users is also steadily increasing. However, public transportation

systems have not provided proper access to wheelchair users. Therefore, it is necessary to build a special model of express/
intercity buses to secure easy accessibility for wheelchair users. These types of buses must develop passenger seats that can be
flexibly operated, depending on whether the wheelchair user is onboard. This study was carried out to make passenger seats with a
sliding mechanism and optimized thickness through a finite element analysis. Furthermore, a rear moment and belt anchorage
analysis was performed based on FMVSS 202 and 210 to verify the integrity of the seat system. The results of the analysis
confirmed the structural integrity of the seat system against rear moment and belt anchorage load. Likewise, a belt anchorage test
was conducted, further validating the structural integrity of the seat system. The findings of this study are expected to be applied in

commercial vehicles and in the welfare industry.
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Table 1 Seat testing regulation

Test Load Requirements Regulation
Back 38 kgfm No failure FMVSS 202
moment
Seat belt 300 kef No failure FMVSS 210
anchorage (each)
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Main frame

Sliding & lock

Sliding rail
Fig. 1 Mock-up CAD of sliding seat system
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Fig. 2 Mock-up CAD of sliding & lock ass'y
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Table 2 Material properties of part items

Elastic | Strainat| Yield |Ultimate

Ass'y Part Ni:fnréal modulus | break | strength | strength
(GPa) | (%) | (MPa) | (MPa)
Back STKM
fame | 1IA | 200 | 30-35 | 200 320
Frame| Side plate | SS41 | 176 17 245 380
AsS'Y | Legplate | SS41 | 176 17 245 380
yam Al6061| 69 17 276 320
ame

Hinge pin | S45C 205 20 343 569

Stopper | qusc | 205 | 20 | 343 | 569
pin
Hinge
brkt. S45C 205 20 343 569
Slider
support | S45C 205 20 343 569
brkt. upr
Slide roller pin | S45C 205 20 343 569
& Stopper
lock brkt. S45C 205 20 343 569
ass'y
Stopper | qusc | 205 | 20 | 343 | 569
guide side
Main brkt. | S45C 205 20 343 569
Seat mt'g.
support | S45C 205 20 343 569
brkt.
Slider fix
brkt. Iwr. S45C 205 20 343 569
Retainer | SPCC 210 26 195 400
Sliding rail Al16061 69 17 276 320
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Fig. 3 Stress-strain curves of material

1

o
)
>

m
>
[
i)
o

’J 3L FMVSS 2109] -8
9ol hat S-S S ahar 4

oy
ooy I o
ofN >

=2

o £

o r‘?{_ll

o

Py

=

N

tlo |m

2
[¢]
-

N 32

3
=
>

mﬁ -z
—

ko

able 29|

L
2
o >
>,
%
oo
g o
2
=
=
R

©
w
T
)l~_4
o3

=,
stress-strain curve)S H o531 T}

L STKM 11AE A3} 0.1, Alo
-1 _—E_’—_gﬂ ]h__‘: SS41 ;(Hzlo] ;GB_E]
lg 6061 741 =}

=
w
3
:.Nz

(4 M o
2

° I
;%
2
o

o)

o

fm g
20 ¥

> |
op
ofr
20

PH )
[ ot

&
1o

o 3@ i N oofy 3@ Ko 3L

—

2o T oft o

2
v
2
TR

_\1

N
)
ol
o
—_
0
of¥
=
j=s)
-
g
S
V)]

T
T,
oftt
>
(m
2
=
ol
S do ogk
o3l
X
tlo
K
)
ol
£
ot
oo R
o
it

rTO
1o
2
o,
2
4
ol
&
N
)
R

o
_O‘L
N
o
(ot
Bii
a
B=)
(K

. ﬁ
L
o
ol
i‘l
it
i
ol X

oo 1 |o ax S

K
o
o)
N
o ®
0]
>.
T
4
rlo
i)
1M

£
2
B

3.1 AE £2io|d 7178 5 2[2is}

AE 71950 A s 3str] flste] Setold
7g7gA o] =8 A B Setold Bl Y-S d(Shell) 8.4
2 Ec“‘j/’ S st A E WE A e 7]
S 7Y Fig. 4= &gold 71759l o
A oks 2S5 9l
Ae Lloly U] H}D”ﬂ st &
729 ol S0 E A4 Fo 1’416}"4 -

150 kgf 150 kegf

A Bottom of sliding rail : fixed

Fig. 4 FE model and load condition of sliding & lock ass'y for
optimization
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Table 3 Formulation of optimum design

Find Thickness of slide & lock ass'y parts
Minimize Total mass
Boundary 2.0 mm < parts thickness < 5.0 mm

. Max. stress of parts < yield strength
Constraint P y g

Thickness of Stopper brkt. = Thickness of guides
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Table 4 Result of optimization

(a) Von-Mises stress contour

(b) Thickness contour
Fig. 5 Analysis result of sliding & lock ass'y
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Fig. 6 FE model and load condition of sliding & lock ass'y for
strength analysis

Part (ﬂlmlr(;ll;ness Hinge brkt. | Stopper brkt. Shg:;:‘:g;on Stop};?;egulde Main brkt. suS:;(t)rTlt)‘rgl;t. [s,ilk(iei“fjrx Retainer

Base design 3.00 4.00 3.00 4.00 3.50 3.00 2.00 2.00
Optimization result 2.20 4.41 2.57 441 2.52 2.54 2.51 2.00

Final design 2.20 5.00 2.60 5.00 2.60 2.60 2.60 2.20

896 sRASASES=EY H27H AH11Z 2019



Development of Sliding Seat System for Express Buses

(c) 60.00 mm
Fig. 7 Von-Mises stress contours of sliding & lock ass'y strength
analysis
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Fig. 10 Load & boundary condition of back moment analysis

(a) Von-Mises stress

(b) Displacement

Fig. 11 Analysis results of back moment analysis
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Fig. 12 Load & boundary condition of seat belt anchorage analysis
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(c) Leg plate

(d) Main frame ass'y

(e) Back frame ass'y

Fig. 14 Analysis results of seat belt anchorage analysis
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Fig. 16 Seat belt anchorage test of developed seat system
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Fig. 17 Force graph of seat belt anchorage test for developed seat
system
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