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The Development of Foldable Electric Wheelchair with Separable Power
Module
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This study shows the 4 - Bar linkage design process and static/dynamic stability analysis of a foldable electric wheelchair
that can be loaded into a vehicle for long-distance trips. Conventional foldable electric wheelchairs have been developed for
indoor use because the safety of the disabled is not secure enough for outdoor use. However, the disabled have generally
used foldable electric wheelchairs for outdoor use, potentially putting themselves in a dangerous situation. The body of a
foldable electric wheelchair consists of a double 4 - Bar linkage system that shares one link. The architecture of the
wheelchair’s four-bar linkage frame was synthesized using four finitely separated design positions. This simple method can
design a planar four-bar mechanism through the use of four finitely separated poses (orientation and position). The power
driving module includes a battery and controller, and can be separated to load into a car easily. An analysis of the tip-over
measurement was performed using ADAMS and LifeMOD during a maneuver on the ground. by force-moment stability
metric. Several elements, including the center of gravity position, rotational radius, and acceleration, were evaluated how to
affect stability metric.

Manuscript received: December 28, 2017 / Revised: May 14, 2018 / Accepted: June 19, 2018

1. M2
NOMENCLATURE
5 -0 Z] 2~ = SHo]= o)

R, = Rotation matrix of a body in /th position ofgell Algtol W& Al AeflSelAl Alol= flolAl
D, = Position vectors of local coordinates in /th position + ¢HE vl F83t o grto|t). g AoffQle] ARSIl Sl
pi= Wheel-terrain contact points SEAole Udukd o g 20 kg Y]] dRujE Zygdoa
ti - Tipover axes ‘ o . 19 ARATE BAIOIS H-2 ol 4] Al AL Ve
SM; = Stability measurement with respect to ith tipover axis _ _ e . N - —
ot = Stability metric St} SHAIek AR AE A BAlolE TEslok shee A )
F; = Support Force at ith contact point 27t 7igElE EAI-C] ot e MEdAlols AVE &
B; = Non-support body forces Hoz 3lo] WEQ oz FELEZ Agx}e] 2y} F
I =_The mome.nt of inertia about the body c.g. o o] 9lrt. RAUF AE R0} 2pH|e] FAZF T 1 Bl s}
v. = The velocity of the c.g. R ~ e ]

¢ = The wheelchair c.g. AA BAEY PZE o] AR Skl osAnt ol st
M, = The moment caused by support forces Fhsat7] o] YAz ofsol Mgteta} ellck. tirhy
H; = The angular momentum ool ate] o] HAFEIRA] o] 5o tigt 87] oH| L 9
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Fig. 1 Folding wheelchair (Goldenmotor), folding chair (Zinger)
and folding scooter (Luggie)
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Fig. 3 The design results of 4 - Bar linkage (left : unfolding, right :

folding)
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Fig. 4 Free body diagram of foldable electric wheelchair for tip-
over analysis
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Fig. 5 Positions of weight center with respect to weight ratio of
front and rear wheel (a) 50% of total weight on front wheel
(b) 40% of total weight, (c) 30% of total weight
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Fig. 6 Stability metric with respect to weight ratio, radius and
acceleration. (a) 50% of total weight on front wheel (b) 40%
of total weight (c) 30% of total weight
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Table 1 Minimal stability measures during rotational region

Weight ratio (F:R) 5:5 4:6 3:7
Radius (m) 1 2 1 2 1 2
) 1 0.56 0.63 0.49 0.51 0.22 0.28
Acc(zﬁ/’?)“"n 2 0.23* 0.25 0.04* 0.08* /0 T/O
3 T/0 T/0 T/0 T/0 T/0 T/0
Note: T/O means Tip-Over of wheelchair
*means Non-Contact wheel exists during maneuver
F: Front wheel, R: Rear wheel
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AT
FHE BAFE & SEsto] of
327F Y £ 10 km/h 7RE3HaL 127F 2] S5 94
g% 0.5t 4 km/hE ZHE5HAA S A] 4 km/hE §AgH
= 3 1 o)A 7hEsto] 10 kmhz A4 eFshe Al
= uppe] vk Sk 90=R 3 HEAE 1, 2m 2719
wet sdste] S mpAar Szt A] 7R 1, 2, 3 m/s? 2310
e} o Foj .

stefulE of thek P Al Ak 5A wg 71
= gho] ol & ¥ A= A o8 ettt Fig 62

|

o

A A8k

hul

[e} =

HEBAoYH of5A] sebulelo] T b et g Lieh)
3 it
PIEL Zisshe STIelA o] Gl ekt ekto

u] 15 A o] Tl Qe QHEst A Lheke. )
A5k SR T QP wisks 34 ghe Ao Uehge.
Table 12 S04 2] QA= g ek Slck. s
A ¢ B B EE ASBAPH HEEAE oA
SRS % vk 2wl 45wl F7te] glglths
o] o] FARE Marginal Stable AE| 24 o|ni} ehAgh ko
= AEHAIS 47 9 Alofiof T,

o
x

4. BY MSHHOf M
4.1 MSEHOHE In-Wheel Z2E
Qubgel AEUAl B E DC R TEEE Agol
W 237k 2 BAe] eiek. SR In-Wheel Rt Bt
BE7} ARjRelold Fulg Hask 4 glov] BES
Sl Ao] ik, olefst APHoR dlste] |ze] wE B
AUl B S8 WAUZ B7EOR2 BET 4 e,
2 100 kg2l A} 105 FAHE 3 kmhe] SEg S}
Lo WA FUe weage uesle] 2450 22 200 Wi
mE7} Wastch A)UE BLDC Bl 34 83 1245 9% ¥
A GetAHOR 48 WE Ja /15 B av] 29
9y 2= =] 9k Fig. 7& 7k BLDC HE|9] Aol

A
=4 5

X Frame fixer

Reduction gear

Fig. 7 The exploded view of developed BLDC in-wheel motor for
the foldable electric wheelchair

Table 2 The specifications of the developed BLDC motor

Input voltage 24V
Nominal torque 12 Nm
Nominal power 200 W
Nominal current 6 A
Nominal speed 99 rpm
Max. efficiency 68%
Rotor diameter 45.3 mm
Number of poles 12

Weights 5.7kg
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Fig. 8 Velocity level indicator of hand controller (left) and driving
velocity calculation algorithm according to the velocity level
of the foldable electric wheelchair (right)
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Fig. 9 Block diagram of motor drive for foldable electric wheelchair
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Fig. 10 The prototype of foldable wheelchair with separable power
module (left), folded electric wheelchair and separable
power module including battery, in-wheel motor and
controller (right)
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velocity according to velocity level (maximum velocity)

Fig. 12 Fatigue strength test in accordance with ISO 7176-8 (left)
and foldable electric wheelchair loaded in the car trunk

(right)

3 ARQ] HE 22 A8 ate] 208] B)Hste] 4
7 Amerg 249 A7) oF 35 kmo] o572 AT A},
=g AP oo Aok AA) 52 PlAss e AEBA ol
£ 43 RS Belste] LPG A Syae) e 23t
z 9lom Fig. 129] 9=

A = age 9 4
U oIS LPG A=yl 2Afat molet.

£ 72 Fa) Aol aol WA} THsa BUY A5 A
ok AL, B HERAole] FAGL $E A5
91314 BLDC EF9Je] In-Wheel HEJS} 7145715 7t on
T 2AG olgste] Aek AAS ARk BY AFHA
o) 2715800 AR S8 W AL A B}
ul o] Thgo] Basle] Abgo ofel S FAsI oo e}
Aol A | TR Sessha B, ), 1 mER B
278 Teststel 417 ael A 4= QEs HAE 3
#stsieict.

2k Ru)E 2 A PE2S A S8 FSPet GCPY



1014 / October 2018

HO® 4 - Bar Y5 FAstlen o] WAlS ARgSHH 7]4te
Ae Ao waA IS 4= Sl Aol Sloh

A 019] 54 e sl AsidS AR dnt A
FEA 09 A FA vle 7RG gho] e mAl=
F& zlom 31 WSS P me] mX|= o] iAoz
o, AsBAo] A FA HlE2 HsdA ol AREA A|
IRk 2k0] oF 40%2 AABIAL 7R 2 m/s® o2 Sl
bR A o8 Uehyith webA £9 dsdAle] A A
T 27 ujeS oF 4602 AAEIHOH TGE g 2 m/is® 1)
woR mE S Zaudg AAsigt

AsdAele] Arl sHTA Wyeks S oA
Aglem ol AyE nigoz s@Ao] Alof7|E A
ok AsgAol SdAel weh g@5AE szl
Al B1AES GElsto] A sEA o7 k= AS WAt

ook

4 QT

»a ol
o
o th

;o
[e}]

1
o

N

_"

¥ ool
s

=

71:29] A2 E(BERY) A5 EAol= 100 kg7t @il Fuj7h 2
7] Wzl ofiglo]l Halr S8AE ol83iM B71] olsol &
7Fsstont & Aol AidE &9 dsgAlols A A
7} oF 47 kegow Kgd o} 771 20 kg o[stoiA HEA7}
wefsto] kol A4 sttt A4 At AsdAolY] e
d S Al mEd FAE 15 kg olskE AEste] A
NS0l Sa3 AF AA7E Hot golstal Aofiqle] o]
e ST o loH Sl Aol Aol & AL

2 7| diei.

ACKNOWLEDGEMENT

2 A 20149 HARAE B2 A/ AR AYo=
ol Folxl AT AU THIHA S HI14C0745).

REFERENCES

1. Messuri, D. and Klein, C., “Automatic Body Regulation for
Maintaining Stability of a Legged Vehicle During Rough-Terrain
Locomotion,” IEEE Journal on Robotics and Automation, Vol. 1,
No. 3, pp. 132-141, 1985.

2. Ghasempoor, A. and Sepehri, N., “A Measure of Machine
Stability for Moving Base Manipulators,” Proc. of Robotics and
Automation and IEEE International Conference, pp. 2249-2254,
1995.

3. Peters, S. C. and lagnemma, K., “An Analysis of Rollover
Stability Measurement for High-Speed Mobile Robots,” Proc. of
Robotics and Automation and IEEE International Conference,
pp. 3711-3716, 2006.

4. Kinzel, E. C., Schmiedeler, J. P., and Pennock, G. R., “Kinematic
Synthesis for Finitely Separated Positions Using Geometric

Constraint Programming,” Journal of Mechanical Design, Vol.
128, No. 5, pp. 1070-1079, 2006.

Choi, Y. C., Rhee, K. M., Choi, H. S., and Seo, Y. T,
“Development of the Foldable Manual/Power Hybrid
Wheelchair,” Journal of the Korean Society for Precision
Engineering, Vol. 23, No. 2, pp. 172-180, 2006.

Jang, D.-J., Kim, Y.-C., Kim, S.-K., Mun, M.-S., and Park, J.-C.,
“Study on Dynamic Tip-Over Analysis of Foldable Electric
Wheelchair,” Journal of Rehabilitation Welfare Engineering &
Assistive Technology, Vol. 10, No. 2, pp. 133-139, 2016.

ISO 7176-4, “Energy Consumption of Electric Wheelchairs and
Scooters for Determination of Theoretical Distance Range,”
2008.

ISO 7176-6 “Determination of Maximum Speed, Acceleration
and Deceleration of Electric Wheelchairs,” 2001.

ISO 7176-8 “Requirements and Test Methods for Static, Impact
and Fatigue Strengths,” 2014.

Dae Jin Jang

Senior researcher in COMWEL Korea Ortho-
pedics and Rehabilitation Engineering Center.
His research interests are rehabilitation robot,
prosthetic hand and wheelchair.

E-mail: djjang@kcomwel.or.kr

Yong Cheol Kim

Senior researcher in COMWEL Korea Ortho-
pedics and Rehabilitation Engineering Center.
His research interests is wheelchair.

E-mail: yckim@ kcomwel.orkr

Shin Ki Kim

Research fellow in COMWEL Korea Ortho-
pedics and Rehabilitation Engineering Center.
His research interests are rehabilitation
engineering, prosthetic leg and wheelchair.
E-mail: shin0831@kcomwel.or.kr

Je Cheong Ryu

Research director in COMWEL Korea Ortho-
pedics and Rehabilitation Engineering Center.
His research interests are rehabilitation robot,
orthosis and prosthesis.

E-mail: korec9121@kcomwel.or.kr



	구동부 분리형 폴딩 전동휠체어 개발
	1. 서론
	2. 4 - Bar 링크 기구 합성법
	3. 전도 안정도 해석
	4. 폴딩 전동휠체어 제작
	5. 폴딩 전동휠체어 주행성능시험
	6. 결론
	REFERENCES


