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Design for Improved Stowability of Wheelchair Frame Structure
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Abstract According to recent statistics, LPG gas taxis account for 88% of the taxis in Korea. The fuel
tank of an LPG vehicle is located inside the trunk, resulting in 16.7% space loss compared to a regular
gasoline vehicle. Hence, the wheelchair of a person with mobility impairment cannot be loaded.
Therefore, this study proposes a design structure for a folding wheelchair frame that can be loaded in
a narrow space. The folding wheelchair frame designed using the TRIZ technique allows adjustments of
the front and rear widths while maintaining the function of adjusting the left and right widths of the
existing wheelchair frame. The frame was designed to ensure structural stability when the wheelchair
was used. This design resulted in an approximately 11.8% volume reduction after the improvement. The
stability of the designed structure of the frame was verified by structural analysis and fatigue analysis
using finite element analysis considering the boundary conditions for wheelchair use. The equivalent
stress distribution and maximum stress values were also verified. Finally, a prototype of the designed
frame was manufactured, and a loading situation was realized to demonstrate the validity of the

improved design results.
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Fig. 1. Interior of LPG gas vehicle trunk
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Fig. 2. Components of manual wheelchair
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Fig. 3. Basic specification of conventional wheelchair
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Fig. 4. TRIZ problem statement and solutions
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Fig. 5. Folding process according TRIZ (a)unfolded
state, (b)folding process, and (c)folded state

Fig. 6. Folded wheelchair loaded in 3D cad
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Table 1. Material properties for FEA

Material Structural steel
Density [kg/m’] 7,850
Young's modulus [GPa] 200
Poisson's ratio [-] 0.3
Yield strength [MPa] 250
Ultimate strength [MPal 460
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Fig. 7. Loading and boundary conditions
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Fig. 8. Mesh in Wheelchair

Table 2. Comparison of analysis result after

optimization
Handle Seat,
frame Backrest Frame Total
Elements 4,298 8,242 21,147 33,687
Node 8,654 16,926 47,633 73,213
Mesh size [mml] 25 100
Materials Structural steel

3.3 X&iM Znt

Disp. [mm]
0.08
0.07
0.05
0.03
0.02
0

Stress [MPa]

26.8
21.5
16.1
10.7
5.40

Fig. 9. FE results from Ansys structural analysis
(a)total deformation, (b)equivalent stress
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Fig. 11. The results of minimum fatigue life
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Fig. 13. Folded wheelchair loaded

240

(b) FEl7} Fetk. 0]2 A= oz Hol 53l Fe7t
Fig. 12 (0)°o#} 2F FHlolt}. 2FZ o= FAolg A
o Atejof| A HARS] § mdlo] E¥ 0| HR|sto] =89
Al oo At Y B AR %go}odr,} o]
Fig. 13°] Aot oH, 3712 19 4 EA <t
9 AR B LPG 7kAEol o AlAE % te "3t
Moz mHstr| Y AHREI)

i o

5. &=
2 04%01]/&11— 71& FAofoll A AR B0l F7HA
7171 9l A& F7teta, 25 WA A=
o]4] GAo1E AT £ =29 Z2E2 a3t Ak
(D 71& 2A019 BAZ #xo & 15719 3AE
Zaksto], A Z2 880 mmolAl 530 mmE
OF 40% ZHAAIZIHA, o] WaFE 851 mmollA
1,270 mm& °F 49% S7M171 Al 2ds d
Attt A7 gud Bdo] Y ERlS
QA3 AA| Abgo] gk Ad FUT 2o F
ZofMT w24 ZPsATt.
ofa Ayt GAoj7t W= Hd 57F S8 26.8
MPaclt}. Za|o] H8gH E42I Structural
Steel®] FE-3H 250 MPad}t H|IW A] Safety
factor 9.322 s =Y FLx9] HA/o] B
Qi E3F =M A DAl -2 1E6
3R AlEEold Ao okEEX] 9 Ao o
ZHr}
AR 2l EfT0] A 7hs oRE HI5H] 9
g Fol4] Aol BAS Ao, LPG &
ZFo| EgjA0] AAof AgF3te] Fol4] Ao &

o] A3 golde 7RIt AZ SY5IAH

@

~

®

O
=2

References

[1] Y. ]J. Kim, Even electric cars are a burden- The LPG
industry sighs at the discontinuation of Sonata taxis,
[Internet], Chosun Biz, 2023 [cited 2023 September
10] Available From:
https://biz.chosun.com/industry/company/2023/06/3
0/KXUPV4FKX5CBRAOMP3W74NO4LQ (Sep. 20, 2023)

H. G. Hwang, W. J. Chung, S. S. Sul, D. Y. Kim, "A Study
on Variable Mold for Improving the Forging Process
of Transition Nozzle using TRIZ and DEFORM{(SUP)®




A gold e A A =AY F= 4A

{/SUPY", Journal of the Korean Society of Manufacturing
Process Engineers, Vol.19, No.6, pp.29-35, Jun, 2020.
DOI: https://doi.org/10.14775/ksmpe.2020.19.06.0

S. M. Seo, C. E. Kim, "Development of HPS (Hydrogen
Plasma-treatment System) using TRIZ', Korea Management
Engineers Society, Vol.25, No.2, pp.171-185, Jan, 2020.
DOI: http://doi.org/10.35373/KMES.25.2.10

(3]

[4] J. S. Yang, S. ]J. Park, "Development of Badminton
Shuttlecock Alignment Device using TRIZ', Journal of
Sport and Leisure Studies, Vol.62, pp.11-21, Nov, 2015.
DOI: http://dx.doi.org/10.51979/KSSLS.2015.11.62.11

C. Y. Lee, B. H. Kim, Y. T. Park, "Development on A
Semi Permanent Cosmetic Device with Removable Ink
Cartridge Using the TRIZ Method", Journal of the
Korean Society of Mechanical Technology, Vol.20,
No.4, pp.516-521, Jan, 2018.

DOIL: http://doi.org/10.17958/ksmt.20.4.201808.516

H. Y. Choi, Y. M. Jeong, J. S. Lee, "Design of
Air-Conditioner Frame Structure Using TRIZ Based
Contradiction Analysis", Journal of the Korean Society
of Manufacturing Technology Engineers, Vol.21, No.6,
pp.961-967, Oct, 2012.

DOIL: http://dx.doi.org/10.7735/ksmte.2012.21.6.961

(5]

(0]

[7]1 knat, Understanding and Repairing Manual Wheelchairs
(Theory), [Internet], Central Assistive Device Center,
¢2023 [cited 2023 January 16] Available From:

https://www.knat.go.kr/knw/home/board/brd vew.ph

p?tb n0=67&brd no=2678 (Sep. 20, 2023)

[8] J. H. Jeong, Y. W. Park, "TRIZ Problem Definition
through Requirements Engineering', Journal of the Korean
Society of Manufacturing Technology Engineers,
Vol.19, No.4, pp.440-448, Aug, 2010.

9]
(101

http://www.triz.or.kr/main/

http://ps-2.kev009.com/CATIA-B18/icons C2/CATIAs
penot.htm, (2008)

[11] Y. M. Park , "A Case Study on the Application of
Solving a Problem through TRIZ Contradiction in
Design Class', Journal of Basic Design, Vol.19, No.1,
pp.225-236, Jan, 2018.

DOL: http://doi.org/10.47294/KSBDA.19.1.17

[12] https://ansyshelp.ansys.com/account/secured?returnu

rl=/Views/Secured/main page.html?lang=en, Nov, (2022)

[13] S. S. Kang, J. H. Lee, "Evaluation of Fatigue Life and
Structural Analysis for Dish-Type and Spoke-Type
Automobile Wheels', Transactions of the Korean
Society of Mechanical Engineers - A, Vol.35, No.10,

pp.1315-1321, Oct, 2011.

Rashiga Walallawita, H. H. Lee, S. Y. Park, T. K. Kim,
K. J. Lee, "Shape Design Improvement and Fatigue
Life Prediction of Air Compressor Rotor Assembly’,
Transaction of the Korean Society of Automotive
Engineers, Vol.27, No.7, pp.577-583, Jul, 2019.

DOL: http://dx.doi.org/10.7467/KSAE.2019.27.7.577

Y. B. Seo, G. Y. Park, C. Kim, "Structural Design and

[14]

(15]

241

Fatigue Life Prediction of an Ultra-High-Pressure
Vessel (Type I) to be Used in a Hydrogen Gas Station",
Transactions of the Korean Society of Mechanical
Engineers - A, Vol.47, No.3, pp.255-261, Mar, 2023.
DOI: https://doi.org/10.3795/KSME-A.2023.47.3.255

2 91 H(Minseong Oh)

- 20184 39 ~ @A) : FYEE
st Z|AAE A g

Seraasd, H4 47

2 Bl &(Taeyong Moon) [E312]

£ 20199 39 ~ B4 : 3R
St ZAASAEIE

=)

re
=
@)
0
<]
o}
Q
<
@
o
o}
—
)
@
N—"

* 20204 3¥ ~ @A - SHIF
S 7| ARSAE S

AL, A2 A5



AR &85 =R A A253 A28, 2024

opi
H

& M 2(Seokmoo Hong) A3
+ 19999 2¢ @ AAHHER 71AF
st (714158t shAb

200149 24 : AAheta 714
stk (714158 HAD

20074 39 : Technical University
of Munich, Germany, Department

ol

1

of Mechanical Engineering
(71A5-8HEAD
+20079 49 ~ 20159 2¥ @ AM3HA GTC, 44+
-20154 39 ~ @4 : FPFFSE vAAEAR

g

(@AED
35 WY W Ux, SReLH, 2 A

242



