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Detachable wheelchair electric module

Chanmin Ohn, Gwnag-Seob Kim, Min-Jae Kim, Hyeonjik Kim, Seon-Jun Jeong, Hyerim
Choi and Guyoung Cho’

* School of Mechanical Engineering, Dankook University

Key Words: Detachable and attachment(2-2F), Module(X- %), Wheelchair(Z A ©]), Compatibility(Z 3+7),
Structural stability(7-32Fd4J), Static simulation(% 4 3l 4])
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Aol o] TxAC A 5 AACld Bito] e AFow ARAYL.

Abstract: Detachable wheelchair electric module connected with a conventional wheelchair can be operated by
external driving force, and it provides convenience to users. In this project, detachable electric wheelchair
module was designed to detach itself from a manual wheelchair, achieving significant benefits for the user’s
convenience, price, and portability in High demand. For compatibility, the design was carried out in
comparison with the manual wheelchair standard specifications specified in The Korean Agency for
Technology and Standards. Also, the force and stability were calculated by static simulation for structural
stability. As a result, this module is structurally safe and compatible with manual wheelchairs.
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Fig. 2 General population indicators
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Fig. 3 International comparison of elderly population ratio and total fertility rate
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Fig. 4 Changes in the Labor Market: Producing and Core Producing Population
(2 E, 2011, p.11)
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Fig. 5 Use of rehabilitation aids(®]+ 3], 2008, p.43)
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Table. 1 The problem of electric wheelchairs
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Fig. 9 Wheelchair detachable and

attachment
electric device
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Fig. 11 electric power unit for Wheelchair

Table. 3 manual wheelchair's KS and rotating space
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Table. 4 conceptual design

Fig. 12 Front detachable Fig. 13 A module located Fig. 14 Kickboard Shape
and attachment module between wheels Module
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Table. 5 Motor catalog
Model MY1016
Motor Type DC GEARED MOTOR
Voltage 24V
Speed 2650 RPM
Power 250W
Commutation Brush
Rated Torque | 80kg » cm
Rated Current < 144
Weight 2.98 kg
Fig. 15 MY1016 Efficiency > 78%
Reduction ratio | 9.78:1
= R =1
Hd 3] 2+ =60°
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R = 3] %3 (W AF)
2 = Turning Center?} ZA|o] At FAF Abole] Al (WA]F)
tan30 " X< 996.67mm = x @)
x = 573.43mm
R= Va2’ +s2= V/575.432 + 291.222 = 644.925mm  (8)
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Table. 6 Building Corridor Installation Standards
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Fig. 16 3D Modeling
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Table. 7 DC Motor Driver catalog

Model DCMD-400-A
Driving voltage 12~35V
Rated current 16A
Max. current 100A
Fig. 17 DCMD-400-A Power 400W
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Fig. 18 Throttle control handle
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Table. 8 Wheel catalog

Fig. 19 Front Wheel
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Table. 9 Battery catalog

Fig. 20 Battery

Output Voltage | 24V
Capacity 10Ah
Chemistry Lithium
Unit Weight 1.2 kg
Battery Type Rechargeable
Size 65*70*110mm
Life cycle over 1000
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Table. 10 Battery charger catalog
Model 401468040

6. A28l A W3k AR A5

A 23& ol &sto] A& AE ALt RH

o

Q gk
Mee A% A - EEE
el A4 A - HEE0AT o)

wely gEE A%

HHE%ZL]E UE1§4 ok 1}\]7},@ /\]_ 3 2= 9]

ATt

Input Voltage

AC 220~240V

Output Voltage | 24V
Output current 12A
Power 360W

Fig. 21 Charger 401468040

Charging port
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Throttle control

handle
Fig. 23 connecting wiring diagram
23 #EF F A
242.668N 149.732N
5.771N/mm
‘ 20 ‘ 24 68 60 2 ‘ [mm]
Fig. 24 driving part free body diagram
g e 2E A 9 AFEAEE B
v Fol AA Al2®l F 40kgSs A ASHAL % 5 HheS Agkete]
A5

ol FAF-7} AFAA K| F T cantileverghal 7HFSFL A Bt



A% el B, 0B% WES RE AET F AL
gl BIL o) g3y,

NF=0—>R,+ R, — (5.771N/mm)(68mm) =0
=R, +R,=3924N (12
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4% Abgatn

>

o

R 7 7|Fo2 e 33

(24mm+ 34mm)(392.4N) = R,(152mm)  (13)

- R, = 149.732N
R, = 242.668V
2.3.1 == cantilever 2T A

242.668N
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Fig. 25 Left side cantilever FBD
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M M= (242N)(24mm)— M, =0  (15)
oM, =5808N « mm

9 A e Eg Soaae AR,

W= —242<2—20> '+242<z—44>"'—5808<z—44> "7 (16)
V= —242<z2—-20>"+242<z2—44>"—5808 <z—44>"1 (17)
M= —242<z—20>'4+242<z—44>'—5808 <z—44>" (18)
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Fig. 26 Left side cantilever BMD

99 TYZE B x=ddmmol A Ao} mAES BHFE AL 2 5 ek

x=44mmol| A1 ¢] M-S -5},

M= —242(44—0) = —10648N « mm  (19)

T, =M+ T* (20)
= V(10648N « mm)2+0
= 10648 N » mm
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D=7 16X T,
N T™XT, (21)
[ 16(10648N « mm)
10mm =

TXT,

.7, = 54.23 MPua

Table. 11 S45C catalog

S45C
Density 7700 — 8030kg/m®
Ultimate Tensile Strength 569MPa
Yield Strength 343MPa
Poisson'’s ratio 0.27 - 0.30
Modulus of Elasticity 205GPa

ol A Akt 95 cantilever®] FE-gHS 5 ystal, sAlo] Fo HHAFE 6o= AT
o] 55 845CE A3}

2.1.2 == cantilever 2t A A

M=FER"= —242<z—20>'4242<z—44>'—5808 <z—44>" (22)

EIv':—%<x—20>2+%<x—44>2—5808<x—44>1+C1 (23)
EIUZ*%<x*20>3+%<x*44>3*%<x*44>2+Clx+02 (24)

- Boundary Condition
@ vV=0at x=44

—%<x—20>2+€110 (25)
— C; = 69696

@ v=0at =44
242

*T<x*20>3+01x+02:0 (26)

— €y =—2509056.7

242 242
=, E[U:—T<1'—20>3+T<x—44>3—

5808 _ z—44 > ? + 696962 — 2509056.7  (27)

Eg, FAe) YA
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E=205GPA =205000MPA
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Fig. 27 Left side cantilever deflection graph
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Fig. 28 Right side cantilever FBD
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ZM (149N)(60mm)+ M, =0  (30)
M, =8940N « mm

9 AN ¢S Egz Holaiae A9 e

W=149<z—-0>

V=149<z—0>"

M=149<z—0>

Tl-8940<z—0> " —149<2z—60> "' (31
—8940<z—0> '—149<2—-60>" (32)
1—-8940<2z—0>"—149<z—60>"' (33)
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F3 x=0mmol A Ho RHEZ} B A

Fig. 29 Right side cantilever BMD
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T, =M+ T* (34)
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Omm — i/16(8791N . mm)

T™XT,

o7, = A4TT MPa = SA5C9 %=

2.1.4 $= cantilever 44 A7

M=FER"=149<z—0>'-8940<z—0>"—149<z—-60>"' (36)
E[v’:%<x—o>2—894o<x—o>1—%<x—60>2+q (37)
EIU:12—9<.’E—0>3—&40<$—0>Q—MT9<$—60>3+011'+02
- Boundary Condition

@ v=0a 2=0 (39

— O} = 69696

@ v=0at =0 (40)

—Cy, =0

é—,Eh-%< -0 3*¥<x*0>2*%<x760>3 (41)
EgH FAlY] 24X flek Zrh

o] =

Fig. 30 Right side cantilever deflection diagram
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24.1 MZF molZ HFY

o]z = dwkH o g Jh} Wol A&k carbon steel® A7 &I,
ole] Bt AT Al AR el L

carbon steel®] B X &3} )

Table. 12 Low Carbon Steel catalog

Catalog of Low Carbon Steel
Density 2.85-8.08 g/cc
Modulus of Elacity 183~213GPa
Poisson’s Ratio 0.25-0.30
Fatigue Strength 758-772MPa
Modulus of Elasticity 448-451GPa

2E7} BAlele] AF FRe) Fej ofrlst Bk o] F A FROE wpre] AL

Fig. 31 Fastening part



242 OH Tmo|= A

400 N
- 250
/
Ra [N] Rb [N]
- 500

Fig. 32 fastening part free body diagram; pipe 1

MF=R,+R,—400N=0 (42)
— R, + R, = 400N

400N°] ZHSIAE F7E R A1FoR RS Rol AL o]Fa gonw

R, = R, = 200N

W=200<2z—220> '—400<z—250> '4+200<z—280> ' (43)
V=200<2z—220>"—400<z—250>"+200<z—280>" (44)

M= ER"=200<z—220>"'—400<z—250>"'+200<z—280>"' (45)
El'=100<z—220>2—200<z—250>*+100<z—280>*+C, (46)

E[vz1§—O<x—220>3—%<z—250>3+%<x—280>3+01x+02 (47)

- boundary conditions
D z=220,v=0
=220C,+Cy, =0 (48)

@ x=280,v=0
100 s 200
3 3
= 280C, + C, = — 5400000

(60) (30)*+280C,+ C, =0  (49)

o1& AYsh,
C, =— 90000
C, = 19800000



=004 AP F3t7] A3,
El(0) = C, = 19800000 Nmm?*  (50)

o 2ls}e,

i
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55!

FE=198GPa
_Ls 1 3
I=5bh’ = - (40mm)(40mm)*  (51)

S v =0.0004mm

243 @9 To|Z A A
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Fig. 34 fastening part free body diagram, pipe 2
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MNF. =R, —200N=0 (52)

- R, = 200N
YF,=R,=0 (53)
“R,=0N

aths, LB Eds VlFow RUE HEd s ALtstd,

> M= M, +200N(270mm) — 200N(270mm) =0  (54)
S M, = 0Nmm

welba] @ Fo] Lo A= 2 Ho] wAE ] =
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Fig. 35 Sprocket and motor chain
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Fig. 36 The main dimensions of the roller chain [mm]

Z1oin)7} 2:101 B2 BE Q) Qg Z = 1570, ~Zepe Sl Z, =307H2 A
P e ALt R,

_2C, 0.02579
L = (Z + 7)) —— 55
n P 1 2 (Zl _Z2)2 ( )
_2x213 1 0.0257X9.525 . _ .
=55 T3 (15+30 L T (15— 30)

=67.48 = 6870 (H3 7A)

uhebA] A1) Aol L= L, =L, X P=647.Tmm  (56)

H
Az AHEHE B Wolgel el 007t Azel ol Azel Wk A4 2 =g
o = s

le AE 0¥ BHASES 44 S0l QoA A BN F)F £l s, o|3

A
rlr
N
t
o2l
b
ol
ofy
5
A
o
[t

0}{1 =

ﬁ
&
E

e r

g

i
o

é

_>1:

B o1009 3] AL 1 IHEEE P A d wow o)A At HAT FUF e
He SRS sk 1007 3] HS 500402 v gE 333[rpm] 7t



2.4.6 HO{Z oA A
ZTR wo]H ;6805 2Z @ Zo T E o]y

Fig. 37 Bearing

L= (%)r % 10%[rev] 57
=7, x10°
oy r=3
#4E & 845 = 1000 84
FHAZ L,
AT L9k Lake] Bl the 2ol mAHL,
L
L, = 60><N[h] (58)

L=1,x10° (59)

L LXOOXN  LXGOXN o
=l =T T B00x60x333 ) (€0
o O\, 333
..Lh—500><(p)><—N (61)

e

L, =500/}, and (62)

C_ ./33.3 .
./ 33.3 = o) =
and f, = =& A5 (64)



f =T ;C 65)

25mm @ #olHd = ool A

_ Cys, 333 _ Cys
L, —5oox(p) < == 500(f, p) (66)
p=27.58kg
C=1090kg

)

and f, = A &3 A rpmol G 3k 145 A&

1090

Ly, =500 % (1.4 oo

)? = 84693644.12h =~ 9668year  (67)

10mm ©E ot E o] # oA

p=40.88kg
C=400kg

rpm = 125.321rpm
fn =0.65

4
L, =500 % (0.65 < T%%)‘*’ = 128634.48h ~ 14.Tyear  (68)
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Fig. 38 Speed factor and life factor of rolling bearing
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Fig. 39 Reaction forces at major sites

Agle] A AT 130kgol B F B A4S o] gay,

ZF, = 0= Ry, + Ry, — (130kg)(9.81m/s*) =0 (69)

EHE 3

ot

g AL o83y,

MM=0(RHANF)
— (291.22mm)(130kg)(9.81m/s%) = (996.67mm)(Ry,)  (70)

=Ry, = 372.63N
Ry, =902.67TN

xZol osl @ BF AL o] 43

5&

YF,=0—> R, ,—Rp,=0 (71)

olil R, = AAIZL 107 WF 7L 5 A
R, AS 9Ho2 TS o, 7| 7] Ao A

71 Fol A 13.96° A2 o83,
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(100kg < 9.81m/s%) X sin13.96 ° = 236.66 N  (72)

Ry, = Ry, =236.66N (73)

252 EHOE Sof 2a|=H s

Before
After

Ao niF e} (A oA Y FAFTA Aol @ 517.56mm
(A +A ] A ¢ 130kg
8o Wy mulE 28 wpek Alolo] Zn: ;531 °

Ak Aol A Z+= : 15° = 0.1745rad

a3 vk 5 Abolf] A @ 1041.02mm

EES vEY €83 3 . ¢ N

Hdosk 59 3 7% : 25° = 0.436rad

RUE FYPE& o] &t

Al E 10° = FHA7IE U o HuE = RE5S v o3 wdE

(517.56mm )(130kg % 9.81m/s* X cos53.1° )(0.1745rad)  (74)
= (1041.02mm ) (zVN)(0.4363rad)
= 2 =152.26N
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Fig. 41 Reaction between wheel shaft and floor
Fel N FF R, o8 R, B TE T 9

YF, =0—>Rq, — (24.12kg)(9.81m/s*) =0  (75)
~Re, = 236.62N

EF :0—>RBﬁy—Ray—m1g=0 (76)
—mg
=372.63— (5kg)(9.81m/s”)

“ R, = 323.58N

262 779 U™

Fig. 42 Reaction forces between driving part and connecting part
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EFI‘ =0— RDJ - RO,:I: =0 (77)
“ Ry, =Ry, =236.62N

YF,=0—> Re,— Rp,—myg=0  (78)
RD,y = Ray—mgg
= 323.58 — (20kg)(9.81m/s*)

S Rp,=127.38N
263 MZF 19 U=

RE,y

RE %

M3y

Fig. 43 Internal forces at middle connecting part 1

FolN & Ry, E o1&l Ry T TH S 9

Ry, = Ry, =236.62N

SF,=0—>Rp,—msg— Ry, =0 (80)
RE.,y = RD.y —mzg
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Ry, =117.57TN

RD,y

RD,x



RE,y
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Fig. 44 Internal forces at middle connecting part 2 and ‘=’ frame
=
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FolA T R, F olEHA R, B T
(81)

EFZ = O_> RF,J _REI — O
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Fig. 45 Internal forces at ‘=’ frame and connecting part



PN T Ry, E o185l Ry, B T2 & ATk

Rg., = Ry, = 236.62N

ZFy:OHRF,y_RG‘y_mS)g:O (84)
RG,y = RF,y - msg
=107.76 — (3kg)(9.81m/s)

~ Rg, =T8.33N

Aol gold e A FheH AR dele A =

Ry=\/Rj,+R;, (85)

= 1/236.622 + 117.57°
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_ 10%7
1

A =78.54mm*  (86)
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Fig. 46 Absence of '=' character connecting wheelchair and module



Table. 13 Material properties and interpretation information of the members of the'C' character that

connects the wheelchair and the module

Wit 54 o
H¥E 9 = A
53 £ Ao} BE o]F
A KSD 3507 (k&%)
et Al 202000 N/ mm?
Fold 0.29
Ak AS 79700 N/ mm?
A A dx 7060kg/m?
A B= 716 N/mm?
*E A= 1480 N/ mm?
e A= 519 N/mm?
B Z 82 F 306787N
L4 A7) 5.30281 mm
T4 HEWe A &
;A=A X5 v 236.62N (%% Z+7h
= §hg 78.33 N(¥% 717h
a4 Az}

el =4
T S HEw W s Forol AER 313
::Z -dEY RE Y XxE vd 236.62N(7—]'7J|')
e L YE uh 78.33N(Z 2
- S A Azt
- Maximum stress = 411/Pa
=L ros=22 =126

—p = 38 5100

Fig. 47 Stress analysis
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Fig. 48 Displacement analysis

Fig. 49 Strain analysis

URES (n7)
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L 1413001
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- Maximum deformation = 0.1697mm
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497 Hers qhs.

Table. 14 Results for the analysis of the absence of the '™=' character

34 FH A A

=g 0.00044MPa 41MPa

H 9 0.001 mm 0.1697mm
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2.8 AlEEo|M 28] s (EAMo M35 =g AHZEET)

Fig. 50 Connection to which wheelchair and electric module are directly fastened (toggle clamp)



Table. 15 Physical properties and analysis information of the connection (toggle clamp) where the
wheelchair and the electric module are directly connected

T A4 #*
7 KJF-016-42F
o3 45 Aol AAH
Ad o SUS 304
B Al 190000 N/ mm?
SFol vl 0.29
. A A 75000 N/mm?
it A dx 8000kg/m?
o Fw 517.017 N/mm?
Sig AR 206.807 N/mm?
; = 8 A 5306270
oAl A H
1 % Q% =7 0.0542 mm
T4 T AAA A&
;A =4 X5 dbd 232.62N
% Wy 78.33N
a4 Ay
von Mises (Njm”2) : ‘B’H }‘\—1 i Z__l
- _ el WA aekes
| - AA S TR XF 0 236.62N(2H)
© YE vk 78.33N(ZH2h
| - B4 AT
mm - Maximum stress = 144.1MPa
206.807
I - FOS= YR 1.435
ot o - Tresca ©] &9l 9|4 <HH &It}

Fig. 51 Stress analysis



Fig. 52 Displacement analysis

I

Fig. 53 Strain analysis

Table. 16 Results for analysis of toggle clamps for

USES (mm)
4.040e:02
370302
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. 2030002
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| 2428004

L 200304

| 161904

L 121de04

9.0056-05
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wheelchair connections
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Fig. 54 First-order mode analysis 2
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Fig. 56 First-order mode analysis 3

Fig. 58 Secondary mode analysis 1
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Fig. 57 First-order mode analysis 3
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Fig. 59 Secondary mode analysis 2
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Fig. 87 Before connect module center part Fig. 88 After connect module center part
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Fig. 89 Toggle clamp of wheelchair connecting part
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Fig. 94 Connecting process of tire wheel rod 1 Fig. 95 Connecting process of tire wheel rod 2
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Fig. 101 The shape of connecting wheelchair and
module
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Fig. 107 Detachable wheelchair electric module
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