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Wheelchair that assists in moving to bed

Jun Yeon Moon’, Jac Woong Lee” Jin Yoo Lee’ and Won Chang Choi"

* School of Mechanical Engineering, Dankook University

Key Words: Wheelchair that assists in moving to bed(3t] ©]& X Z &), Height adjustment(sx ] Z=4),
Leg angle adjustment(t}2] Zt%= %) Width movement(® ©]5), Assistant staff(i == 212])

£%: ol st @yo] AQgel wet A BAlolol Ul Fart Eugch AR, B BA
oft= wadl Bl ol Fruel A% geli ThE A5 X A sk EReld 2E Ay ol
F nz Aol BAC] AHgAL Al % BE AATE o%F 0 B9 Eggle] AR o BHE
A% wastdd BHo] gk 9 BAL W] AAA w2, vl 2w 21, FolF Jvg
2% gk ol wE Qe A3k @ 5 glov], Ay o

Abstract: As the population aging phenomenon is progressing, demand for domestic wheelchairs is increasing.
Most wheelchairs, however, have no other function than simply a patient's means of transport. The
Wheelchair that assists in moving to bed introduced in the thesis are intended to help wheelchair users move
on their own without the help of others when they move to any furniture such as beds. It has the function
of height adjustment, leg angle adjustment and width movement to achieve the above purpose. By doing so,
it can reduce assistant staff and increase safety.
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GLOBAL ELECTRIC WHEELCHAIR MARKET
BYTYPE
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Front Wheel Drive segment s projected as one of the most lucrative
segments with CAGR of 18.6% during forecast period. P 1‘]
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Fig. 1 Motorized Wheelchairs, Medical Device Sales Graphs.
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Fig. 2 Status by type of accident for the elderly safety accident.
Table 1 Number of types of accidents occurring in hospitals.
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Fig. 3 An article about a fall accidents
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(c) help a person up

Fig. 4 The process of transporting a wheelchair patient.
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Fig. 10 Types of Accident by Motorized Wheelchair Users
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Fig. 11 Accident Experience of Motorized Wheelchair Users
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Fig. 12 Lift wheelchair
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Table 2 Wheelchair patent investigation
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Table 3 How to adjust height of a Wheelchair
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Table 4 How to adjust the angle of a leg seat
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Table 5 Method of lateral movement of sheet
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Table 6 Design-Considerable Support Capabilities
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Table 7 Product specification
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Table 8 World average weight
dMA g HS =z

LIiEXY ¢ BR dH NS ¢+ Boojd M5 ¢+ 22 A7 gl ¢ 2R YA+ dE ¢ EN ¢
=atAl 72.7kg 62.5kg 20-74 Ad =39 | 2008-2009 | 1]
Az 77.3kg 67.5kg 15+ Ad =¥ | 2009-2010 | 14
= 82.4kg 67.5kg 18+ Z® 58 | 2005 B3]
CHotEl= 68.6kg 56.5kg 18+ AF =" 2007 4]
=2 - YL | 84.0kg 69.0kg 16+ AFE =" 2009 Bl
o= 86.6kg 74.4kg 20-74 HE =" 19992002 |

A Ak kA Sk Ho G mFAE A A 68.6kgo]l HHoZ vsgtor Ao
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70kg < 1.5 = 105kg (1)

105kg S Alxbge] HAoE 9 110kgo 2 AXS P dic)

Table 9 Average human dimension

Lok [Length ] [ MassPel CM position )

sagittal  transversal longitudinal
Head 0.2722 5.8347 0.0000 0.0000 0.1361
Trunk 0.7667 36.5380 0.0144 0.0000 0.3216
Thorax 0.2500 13 4180 0.0100 0.0000 0.1167
Abdomen 0.3278 13.7291 0.0150 0.0000 0.2223
Pelvis 0.1889 9.3909 0.0200 0.0000 0.0345
Arm 03444 22784 0.0000 0.0000 -0.1988
Forearm 0.3222 1.3620 0.0000 0.0000 -0.1474
Hand 0.2111 0.5128 0.0000 0.0000 -0.0779
Thigh 0.4556 11.9047 0.0000 0.0000 -0.2275
Shank 0.4389 3.6404 0.0000 0.0000 -0.1957
Foot 0.2800 1.1518 0.0420 0.0000 -0.0684
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Table 10 Average hip height and comb height for wheelchair users
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Fig. 14 Wheelchair Design Elements Related to Human Dimensions



Table 11 Wheelchair Design Criteria
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Table 12 Wheelchair-related human dimensions for men and women 65 years of age or older in Korea.(in
mm)
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Fig. 16 Free boby diagram for leg sheets
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Table 13 External and reactionary force of leg sheet

B R shso] #k
(m+m,)g(R2 stolLe] AZ+ttelsts) 128 31N
myg(1H B39 #A5) 4.39N
m,g(2¥ B9 AF) 3.04N
m,,g(3¥ H A AF) 1.47N
0., 0,, 0, 20°~90°, 60° ~130°, 5433 ° ~67.43 °
R R (B <% §he) T3l oF 3=

(57 TolmEo| PAE pEe| solxse] FAL A3l

I, =200mm, I, = 175.00mm, [, = 85.36mm, a = 70.07mm (3)

S22} Bed 9o gel AEd 4nE xddFE AFAAYY v o] AnAAE o] 9
A S A BACIA Aelsd Bl @ reol wha AL 2w o300 B8 4o dehyich

NIE, =0; =R, — Fsinfy =0 (4)

EF;/ =0; :>}?Ly—(m+mpl+mp2+mp3+mp4)g—Fcose3 =0 (5)
=R, ,— (128.31N+4.39N+3.04N+1.47N) — Feosty =0

~R L, =13721N+ Fros0, (6)
SRy, = Fsind, @)



DM, =0;
z

_ %’cos@2 Xy, g = lzcosty X Frosty — l3sinf, X Fsinfl; + (52— lycost, )m 59

l
+ (l2 - lgCOSHQ )mng + [l2 - l3COS€Q + (51_ a)Sinel] X (m+ mpl )g - 0

—— wms% < (1.47V) — (85.36mm)cost, X Feosty — (85.36mm)sind, X Fsind,
n 175;71771 — (85.36mm)cosf, (3.04N) + [(175mm ) — (85.36mm ) cosd, ) (4.39N)

200
+[(175mm) — (85.36mm )cosd, + (200mm)

— (70.07mm)sinf, ] < (128.31N) =0 (8)
12 . l2
s F=[ll;cos0, + (5— a)sind, |(m+m,, )g+ (3— Lycos0y )m5g+ (I, — Lycosty )m g
l3
— —-costym,.g

2
X1y (cosbfycosb; + sinf,ysindy) ©)

= F=[(175mm)(85.36mm)cosh, + (M— (70.07mm))sinb, (128.31N)
+ (W‘ (85.36mm )cosb, )(3.04NV) + ((175mim) — (85.36mm )cost, )(4.39N)
(85.36mm)

- fcose2 (1.47N)] % (85.36mm)(cosfycosb; +sinb,sinb;)  (10)

9 Aol U FE 6,0 ¥ 2dzE a9 Fo HYgs ekl

Fig. 17 Power cylinder according to theta

As AdEe 312 2004 90%=7F 2 o 7h4] A S7kste] 900l A HDIgEQl 885.50N9] 3S



W=t

F.. =885.50NV

(11)

Fig. 18 R, ,and R, , according to theta

te] AJEe BEAle] weE wEl 9004 HUgkS 7FAM RixE 817.672N, Rly:E 477.1IN9| &
wh=th

R, .0 =81T.672N

(12)

Rl,ymax :47711N (13)

282 9y 4% x4 B4 (Bl)
A (12), (13)NA e R, Ry & BEe] A=Al FAIstaL &4 d

Fig. 19 Free body diagram for the leg sheet bracket
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Table 14 Exterior and reaction forces of the leg seat bracket

SR A gl shsol gk
l 0.02m
R ., R, 817.67N, 477.11N
R4,z’ R4,y ';Léﬂ O]: 6]'% %)\'
M, T3l oF sk 7k
R,
F = ; = 2
Z T O R4,a: 2
817.67TN
=R, , =——F5—=408.84N (14)
iy,
Y =0R, = 5
AT7.11N
=R, , = WT: 238.56/V  (15)
EM =0; M, = %Xlﬁ
17.67TN
=M, = BIT67N (0.02m) =8.18N  (16)

2

Fig. 20 R, ,, R, , according to thetal

R4,zmax - 40884N (17)




Fig. 21 M, according to thetal
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Table 15 Exterior and reactionary forces of the leg seat linear motor

ojy B ke, A

5 A% A e @

200mm~281.59mm
54.33 ° ~67.43°

myg(A T A5 19.62N
EdE7t v= @) 885.50N
R,,, R, (23dH Bl wh) Taor sh= gt
Y F, =0;
Fsinfy+ R, , =0 SR, =— Fsinf, =— (885-50N)sin93 (20)
DIF,=0;

Feosfy —myg+ R, , =0
Rz,x,max =—817.6720V
Ry ax = 320.2788V

SR, =19.62N— (885.50N)cosfl;  (21)
(0, =90 °llA) (22)
(0, =90 °lA) (23)

Fig. 23 R, ,and R, , according to thetal

R,,. . =S8IT.6TN

Ry o = 320.28N

24

(25)



284 2t 24 A=y Bl (BL)

Ry,

9] a1 thgxd Ady B 248 =A4
0,01 20°°lA90° 2 &2 ol Fob
o ZlellFE W =

sl FHhgkel =

® R, . R,, 22 3o AE 1
WE R, R, M7t 24 3 Aot o) go] Bk Aoz ekl wE
‘/l\" ]

e

o

Table 16 Exterior and reaction forces of the leg control cylinder bracket

o= gl wk=l | x| 2 F 2 of=9] 4f
ls 37.3mm
Uy 20°~90°
R ., Ra,y(/é]%‘:‘] B bk TFaof &= gk
My(A™-E B2l BHE) TaoF st gt
Y, =0; (26)
RS,ac - RZ,::: = 0:>R3)x = R2)x
> My =0; 27)
My =Ry l; = 0= M;— R, 15
dIE, =0; (28)

Ry =Ry =0=Ry = Ry,



Fig. 25 R; ,and R;  according to thetal

R&zmax = 817«67N (29)

R&ymax - 32028N (30)

Fig. 26 1/; according to thetal

M,

3max




285 Yol ANE

3 (A

Wr 1 WE 2
0.015m
0.071m  0.15m |
T 0.275 |
Np1 " Ng2
Wy, + Wg 4 Wi Wr,2

-

NRl NRZ
Al Yol NE 9 ol I ARBAEE 12l Y3} WP TAHAL
Wp < o2 AIEEDS] FASS A&ete AsS vehd 2o, W= 3 FolZ27h)el 9
3 Agoln w,e A BF 35 At AF eolBg Fustel liokg Agel BEO @
3%, Npo S5 dldol ogh v, Ny, = H1% ddel o vk, W, & A9 st5s e A
olth. ¢ Af BAE @ weld YT GES obd Hel E/1FAT
Table 17 Exterior and reaction forces of hip seat top
RN el ot
Wr (817 A E 2] 25 76.24N
W o (&3 jJr°1‘”91 ) 11.65N
W, At 539 3t%) 651.04N
W, (A s E A9 &%) 308.31N
Npi (S5 Aol o3 vk TafoF = &
Np(F1% 2ol o3 wr2) Falok 3= gk
ddol AE Sigol] tigk A =AEe] At FHAS AAA ddel oe A= v fgES
ek
EF;; =Np + Ny = W, = Wy = W, —2W, =0
— Ny + Np, —308.314N—88.713792N— 651.0454382N— 011.65428 N =0
S Np + Ny, =1059.72751N  (32)
3 M=—(0.275m) Ny — (0.17m) W, — 2(0.26m) Wy, + (0.275m) Ny, =0

—>—0.275 Ny, +0.275N,,, = 116.7379501 Nim
Ny =317.20N 9

(33)
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Miotald

Fig. 28 Free body diagram for bottom of hip seat

9 age "Alel AE oy 3 ol o

AxE= "y ¢ 87 283 60X 60 o] TE shtel A
2 BRI AFEAEE 294 8y srEES 1A
N Npyi= BA0) AE Sl M o] o] wteola, By Ry, M= thelzd A9y Bepzle) v
g2t BHE, B,/ = wolxd v gae] Bepl vt B = woj" e W ax= FATA 9
2 vpxjEto 2 b thexd Adr Hﬂ‘ra ke o] fxjoltt 9] A EAlmol 9 d wkEly o] 59
HEL ol Fol F7EATH
Table 18 External and reactionary forces of the lower part of the hip seat
SRR ik
Np (&% g def ofst wie) 317.20N
Npp(F% dldel o v 741.70N
Ry ., Ry ,(FFE]2d AJY Bzl phe) -817.67N, -320.28N
Myt 24 24y Ha‘r o] HHlE) -30.50N-m
m,(oFel 3 FA) 11.25kg
R, ., R, (2] ANE %ﬂ—%ﬂ— Bezle] v 408.84N, 238.56N
M(THE] A E BE Bl BHE) 8.1767N-m
a(TFATA e $1A) 220.16mm
b(the] x4 ARy Bl wkEe] 9X]) 302.48mm
R ., Ry (VP2 B9 Bl vhe) TaoF 3= gk
R (o] ] nhe) T3 ok 3= gk

MNFE =R, ,~R,,—2R,, =0
— R, , —(—817.67.N) — 2(408.84N)

—(317.20N) —
=0(37)

(741.70N) + R, —

(320.28N) + R, —2(238.56.V) —

=0 (36)
Zﬁ; =Ny —Np+R, ,—R +R  —2R

by Y9 = 0
(11.25kg)(9.81m/s?)



> M = (0.02) Ny +(0.028)2R, , — (b—0.043)R; , — (a—0.043)m,g+ (0.481) Ry ,
—(0.484) Ny, +(0.027) R, , — (0.03)2R, , — My —2M, =0
—(0.02)(317.20V) + (0.028)2(238.56. V) — (0.30248 — 0.043 ) (— 320.28 V)
—(0.22016 —0.043)(11.25kg )(9.81m/s” ) + (0.481) B; , — (0.484)(741.70.N)

+(0.027)(— 817.67N) — (0.03)2(408.84N) — (— 30.50N « m)—2(8.18N « m) =0 (38)

R, =61L66N | (4

I, =0 (41)

287 Folxd % T & (P4, 27H)

Fig. 29 Free object diagram for the inner link of the wheelchair
9 a¥e Folxd Yo mpg YHAaw %7 AHo AFEALEES a9 o€y v
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Table 19 External and reaction forces of the inner link of the wheelchair

CERE L T
1B del) 520.92mm
0,(Ba9 =7 = 29.58 °
R;, 611.66N
R9,z7R9,y(‘j/O]i Alol o] kel TaloF &= 7t
Ry, TaloF s #k
D, =Fy, =0 (42)

— ! R57y ! —
My = 555 < cost, — E}B&ycosﬁl =0

0.52002 611.66V 0.52092
( . m) . )><C0322.58°—%R&ywsm.%c’=0 43)




Rsy

Y F,=——Y+R, + R, =0 (44)
(611 66N) LGN | o R = 45)
By, =0 (46)
Ry, =305.83N 47
By, =0 (48)

288 HWlol¥ % (p=7.85g/cm® =7.85x10" *kg/mm?)

=]
=
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Table 20 External force and reaction force of bearing shaft

=
=N
<

msg

N

120 120 9

olg gk gl X4 ak
D(FAE,714) 25mm
(% 4ol 400mm
p(27e] A%) 7.85g/cm?
m, (% 70) 1.541kg
R, 714.42N




& Al

2 A 2l

[oR]

o,
oflt

F,=0; (49)

14.42
—2x(7 )—15.12058362+2N, =0

N, =364.7TTN (50)

1

<z—9> '+N,<z-T4> '-mg<z—194>"
-1 R6~@/ -1
+N, <z-314>"1-—E<r-379> (51)

R,
V) ==t <z—9>"+ N, <z-T4>"—mg<z-194>"

R
+Np<x—314>°—%<:c—379>° (52)

_ R6~y 1 1 1
M(X)——T<x—9> +N, <zx—=74> —mg<z—194>

R
+./\fp<gc—314>1—%<gc—379>1 (53)

M. =— 23219 Nmm = 23.219m(54)

max

=
oc=110mP~Pa (55)

Fig. 31 Moment lead for safety check of C-shaped bearing shafts



[32x M [ 32x23.219V
=i max _ of 32X23 7‘2 T =0.012007m  (56)
rc+6 7110 X 10~ *Nm,
=12.91mm
25mm KU} ZFowm g w3l
25mm7} SHABA] H AAE Falo] el & PAAAES

A7 QA Bela) ward.

28] Ao Arh} Hi=A 2 A

>2

3

(63)

* c@A wlol" AA
BDC (57)
(9) = V(379) = 0;
E=207x10°N/mm? (58)
77rD4
== (59)
vV
ET- = 60
o (60)
2 R
Ef‘leV:— Si<a—9> "+ N, <e-T4>'—mg<z—104>"
i
TN, <zt = st (61
<3 < (61)
R N mg
) M VIS Oy S N I VS AT
dx 4 2 2
N, , R,y 2
T < 3> < —319> 4 G (62)
R,l N) : m
EIV=— 20 pgsdp 2o poqqn3 9 o qgus
12 6 6
j\[p 3 R&y 3
5 <z=3l4>"——r<z—379> + Ciz+ G,
V(9)=0Yd ul (64)
9C,+ C, =0
V(379)=0% (65)

379C, + C, =1.29 < 10°

Cy = 3.486 < 10° (66)
Cy, =—3.14 10" (67)
8, . = 0.0939Tmm (68)

%go%
=0 < 0.1358mm (69)
».0.09397mm < 0.1358mm o] P %2 W=

[mm/m], 1= 0.388m

ko

]



Fig. 32 Graph for Deflection Calculation of C-Shaped Steel Bearing

o
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CH% ol el 13

e Ry, = 71442
R,

2

D=52mm R=26mm a=2bmm

95.17Tmm
9 (26mm) = 0.58rev (71)

(368.99—280)mm __ mm )
X = 0.
Smm/s 603 0.19min (72)

=357.21 (70)

o

S

>,
()

_ 0.58rev

n= m: 3.14rpm(73)

33.3 )% _ (333

i
2210 =203 (f, 1 £ ASF)(74)

fo= 3.14

3550

m: 20.18 (fh : '}l:tré 74]'/]:) (75)

fh:f7l><%:2'03><

10 10
L, =500, =500x(20.18) * =11180962.5hr (L, : =4 A 71)

day lyear
. N X =

= 1276.37year (77)
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Fig. 34 Outer link free body diagram
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Table 21 External force and reaction force of outer link

BERICE Zk
W(=B=9 del) 520.92mm
a(B¥Y Bepl 91A) 35.49mm
6,(8329Y =7] 4x) 29.58 °
f,(zzolxd A™re] 27] 74k 34.51°
N,(Fdl o3 e 364.77TN
R7,17R7,y(°]'EH C g7 Beple] nke) TaoF &= 7t
F(Eolxd ddy 9d) T3 oF 3= gk

F
DIF, =Ry, — 5 cost =0

F
- — 500334.51 ° =0 (78)

F o
EF;’, =R+ Esm% —N,=0
P .
—>R77y + 3317134.51 —364.77=0 (79)
. l l .
EMF =—(0.03sinb, + (5— a)cost, )J\/;, — ((5-1- a)cos#, —0.03sind, )RYy

l
+((+a)sind, +0.03cos0, )R, , =0

2
0.52092
——(0.03sinf, + (fmm

0.52092
— (= —+0.03549)c0s22.58 * —0.035in22.58 " )&, ,

0.52092mm
2

—0.03549mm ) cos22.58 * )364.77

+(( +0.03549mm )sin22.58 * +0.03c0s22.58 * )R, , =0 (80)

F F
EM = (560502) [(é-i— a)sin01 + 0.03c0501] + (EsinHZ [(é—i— a)cose1 — 0.0SSinel}

—lcos X N, =0
[( 0.52092mm

—>(£(:0334.51 ) 5

5 +0.03549mm )sin22.58 © +0.03c0s22.58 ° }

F
+ (352'7134.51 °) (81

R, =356.43N | (g

R, =583.04N | (g3

F=1415.2N (84)
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Fig. 35 Cylinder free object diagram for height control

9 age AAole) EolE xAaFE AEAAGe] AFBAES epd Aotk AAr e
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Table 22 Exterior and reaction forces of height-controlled cylinders

SRR k
(H9] 4ol 280mm
0,(0124d AUYe 27| 71x) 34.51°
FFEolxd A4y 99) 1415.2
my(A e FA) 5kg
Rlo,x’@o,y(ﬁ%’f?—ﬂ? S ERZS Falo} s gk

EFx = Ftosb, +R,,=0

—(1415.2N)cos34.51° + R, , =0 (85)

ZFL =—Fsinfy —mg+ Ry, =0

——(1415.2V)sin34.51 ° — (5kg)(9-81m/s*) + Ry, =0  (86)

0,z
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RIO ) RIO

Ryl Et}

Table 23 Exterior and reaction forces of the height-adjusting cylinder bracket

CERE s &

IGEERE0) 33mm
Ry . Ry (20124 g o] uhe) -1141.90N, 834.24N
By By (B LS ) Taok s &
M (Beple] RHE) T3oF = Fk

0{

Ao AL 49 ANS A Ry, Ry, My S T,

EF; =Ry, +R,;,=0 (39)
—(—=1141.90N)+ R, , =0

E‘F@’/ - Rl(],y +R11,y =0 (90)
——834.24N+ R, =0

DIM==Fy <1+ My =0 ©OD)
——834.24N(0.033m) + M,

Ry, =83424N | (g3

Ry x



2.8.12 EAo] U &4 (C2, P7, P8)

Fig. 37 Free body diagram for wheelchair base
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Table 24 External under-force reaction of the under-wheeler plate

m
.

DERIE R 2k
MR HA FA) 9.03kg
my(E 2 A 2.5kg
d(dse] FATA AA) 325.15mm
R . Ry, 570.95N, 349.04N
R, 305.83N
Ry o0 Ry, -1141.90N, 834.24N

N, (2 EFolofe] wkel ap)
N,,(5) EFolofe] wkel 2])

Falok st @
Falok sk gk

— (570.951\/)— (— 1141.90N) =0

95)

EF;,/ = 2R7,y _Rlo,y _2}?8,31 _Mg_mBg+]\ft,l +‘]Vt,2 =0

—>—2(570.95N) — (834.24N) — (305.83N) — (9.03kg)(9.811m/5%)— (2.5k¢)(9.81m/52)

+N,tN,,=0 (96)

Y My =—5Q2R, )+130.5Q2R, ) —
—(617—38) Ry, , — (524 —38)2R, , + (610 —38 < 2)N, ,

(d—35)Mg+(100.5+4.96) R, ,
—(610—38—30)mgg =0

j=i Ry

ok oﬂ

=
=



——5(2x349.04N) +130.5(2 < 570.95N) — (325.15mm— 35mm )(9.03kg ) (9.81m/ s*)
+(100.5+4.96 )(— 1141.90N) — (517 — 38)(834.24N) — (524 — 38)2(305.83 V)

+(610—38 % 2) N, , — (610 — 38— 30)(2.5k¢)(9.81m/5*) = 0 ©7)
N, , = 886.81 N1 271) 98)

N, =1270.29NF1270)| (g

= hs
deddrE A4 & o 2 sfjof & F22 A = vEm ok

Table 25 Bridge angle cylinder selection comparison table

Ao o 7t kil

=7] 4o 200mm 200mm

AER A Zo] 82mm 100mm

AF FHa skF 885.5N 900N

At 12V 12V
AeAd97t H4Y v 200mme]il HU2 5o 9 " 282mm=E 82mme] ~EZ 7} I Qs
AlFo = AU A 2EZF ol 50mm HE Ue goerg 7= 100mm ~AERZIAES

7H7 AUy E A8

Fig. 38 Power cylinder according to thetal



Aeddged A2 Zes 52 90" Y o 885.5N¢] AYA HArt #s stsd s 2ERIAE
skl Hdl 2E dFFol 900Ne]aL, FE= 10mm/se]l AEAYEE A9 5 Uk oluf & &2mmE
FAolE® v 207 oA 907 2 Y= oF 82x AR Aee AS & 5 UM
Table 26 Leg Angle Electric Cylinders Specification

be e AFAdd AEAAY 27
4AEE: 20W~30W
DC 2H A% : 12v, 24V
g Hd 35 : 900N
s &% 10mm/s
Z=71A4 : 200mm
F4 A2l : 100mm
292 #Y A
Table 27 Rail cylinder selection comparison table
ok gt AT
=7| 4o 205mm 205mm
2ER T 7ol 100mm 100mm
A5 A1 3T ON 300N
At 12V 12V
Table 28 Friction coefficient table
EEay BARHEA S SERHEAS
A Az AH) 0.6 0.4
Ay Aeg A | 0.1 | 0.05
A3 HZE 0.04 0.04
AN Hsdzxg dH) 0.5 0.4
F43} nejola ol 04 0.3
Axe =d
0.9 0.8
51T Efo]of




dd Addde AEE Hdier 2017 98 &tel= Al o sttt $-Ee 1 ZolE 100mm=E
AAete] AdAge] PFA AglE 100mm7F Zo3Frh Egh AJES] E2 400mmE (7] A=+ A A
27} 400mmE ‘AA| gFolok strh

dd Augs 9 A& JuahE AA v AFE 012 dAsI AT 9 A 3499 (35)
50| Ny =317.20N Ny, =T41.70N o] Qi o] wHE wF Ag p, =015
A=A 7 da3k 2 d5d Aol

= (Vg1 +Ngy )X, (100)
= (741.70N+317.20N) < 0.1 = 105.89 NV (101)

R

AsAAYe] 223k 2 105.89NCZ S5 30mm/s, § 300N2] AEHAG=2 A8

2R

Table 29 Rail Power Cylinders Specifications

25 o k5 : 300N

A= £ . 300mm/s

Z=71A4 : 205mm

A A< : 100mm

293 o] x4 Ady

Table 30 Height adjustment cylinder selection comparison table

Qg sk gt Ay

Z 7|4 o] 280mm 280mm

AERH Zo] 89mm 100mm
2= Ha st= 1415.2N 3924N
At 12V 12V

HALY w= 280mm°ﬂ?\i AYE 5o & W 369mm=E JAY Fo]E 150mm 277 Y= A
A-E7F 89mm & F oo g}t 92l 100mm o] FAH ADE 7R AFEAHUEr B, 200mm
7F dE AdgE x27] dol7t ¥ 4o 100mmE 7 A A UE 2 XA st}
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Table 31 Height Adjusted Electric Cylinders Specifications

Solxd A5Ad As Ay =9
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2.10.1 Ao 24 #H

Table 32 Wheelchair locking process
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Table 33 Handle Locking Part Spring Material
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H2U)(mm) 0 RoHS 10
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Fig. 39 Wheelchair handle lever

Eole] dME 27171 A9 AEiet Bd7lal e dEE HJAA el Aol
tel ] | ZElel A= Thol= W] Foll F-EEolde AHola, dHHWE IS o
S s fsl Ao &7y AFEIF A7 A HD} dHE ZAA FA7 A
A2 "o dd" 2EQ FAlola FArt Exto] ofFet 1Mol YA fe= HUghe Ae
T Egbole] Huje] Zmis 75001 YAe] ofefi-Ee W= 26mm, A%
Bol Ao o5 Hdol= oF 443mm 744 EHh
k, =4.9N/mm(102)
r, =4.43mm  (103)
F, | =k xXx, =2L.70TN (104)

S5



Fig. 40 Handle Rotation Interference
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Table 34 Handle Locking Part Spring Material
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Fig. 41 locking method

Table 35 External and reaction forces when locking

EENEE @
(=2 H 4E o)) 17.5mm

ky(2=32 ) 11.21.V/mm

L(&=X2" o)) 35mm
Ly(Y5FE =327 Zo)) 17.5mm

Fig. 40 &= &£3folo] 93t stgom ~x o] 57| A Aol 5= o o] Aoty A%
22 Aol oJsle] Ax o] HYR AFHHAS W] dFH o vy ko] npEHS ALkt
k, = 11.21N/mm (105)
x, = 17.0mm (106)
E9,2 = ky,
—11.21N/mm < 17.5mm = 196.1N
Aosta HYPAS Al Ae Ax 3 Exold tiEF 196.1N(19.53kg) 2] yiHEF d5S 7hafok ghut
Ego] FHog S 5 e xE TS Aol FI yiE sT gz AAs (b, e}
vt 7k mpR Al Axd =iy 15 gloloj ] nlEAAFE A&t
Table 36 Friction coefficient table
AEE™H AR w2 A 4= &R A
Ay} A xg dH) 0.6 0.4
A A& dH) 0.1 0.05
Ay gz = 0.04 0.04
A A A z3s AH) 0.5 0.4
T2} HygolH gholy 0.4 0.3
Az =i}
o 0.9 0.8
31 -E}o] o




Fig. 42 Free body diagram of rubber

Table 37 external force and reaction force of rubber part

Qg ke ol X4 s
(22" 4= do)) 17.5mm
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thz ubet ko] Wk (F )& AlLte
M F,=N-2F,,=0 (108)
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F;:c =352.98 NV (110)
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Fig. 43 Free body diagram for the entire wheelchair
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Table 38 External and reactionary forces of the entire wheelchair
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Y E, == WHN,+N,—my,g=0 (111)
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Fig. 44 Battery Specifications
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(100mm) = (30mm/s) = 3.33s (116)
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Fig. 45 Switch diagram of chair
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Fig. 46 Switch and Arduino uno R3 to be installed on the chair
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Table 39 Design-considering support capabilities
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Table 42 Pipe hole machining
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Fig. 48 Seat top plate (Al) hole machining
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Fig. 57 Before and after changing the height adjustment frame (1)




Fig. 58 Before and after changing the height adjustment frame (2)

Table 43 Production specification
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