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Mechanism design and development of a device for aid in patient’s transfer
between bed and wheelchair

Jacho Choi, Seokju An, Donghyun Eom, Jihoon Park, Jinsung Park, Hyunjune Yim'

Department of Mechanical and System Design Engineering, Hongik University
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22 3937 Addel B ol A% BA BAZ AdHn A S8, AAE g wdl
Sof HAlol-Al 1k ol FelA we WAL wAH gtk B Al @A AEHRL gt oF
W27 FQ ofF YEES) ofF weo BAM Hokstel, wolol SHAS FAASEA wEA )
e Hasd 5 gl /1T AR, dFH AA A4 oS A A THA B ok §
oz AL o §F FEUAS Ba) w1 Fh-BAC] b o]F AL Fuglth opke] nE
Aol wde Hamd 5 e ATAAE B LS B Frsteit

Abstract: As aging of the society progresses, elderly people's impaired mobility is getting worse. In
particular, many safety issues are found in the transfer of an elderly person between the wheelchair and the
bed. This study examines problems of the currently used devices for the wheelchair-bed transfer and
presents the design and development of a completely new device that can improve both the safety and
usability in transferring. The structural design executed using FEM for sufficient strength to be guaranteed.
The point is the mechanism design seeks to minimize the effort of the helper and maximize the usability of
the device.
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Fig. 1 (A) Transfer process between wheelchairs and beds™, (B) Inconveniences in using wheelchairs®, (C)
Support of the assistant in transfer process between wheelchairs and beds®
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Table 1 Problems of transport assistive devices
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D @27k = A9 AAZE dFom JeA HAY v F
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°ojF HE

2.1.2 A=
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2 AA A= dA Aust Al F2AE WESHAA AFA 539 2pEAd S 2] Y& g 2ol
A7 EEs MR
eh theket 242 e} AR o]Fo] JhEdEE )
@ $AFe] o]F F}go] KT} SFAHHQ oA o] FojX = =8
e Bzzte] s A Y8 As7T S &8
2.3 AA AFx
2 A (DAAZRA, (2)8A, ()l sl v 218 wEaof s},
2.3.1 AlA=A
Table 2 Human body measurements of the elderly aged 60-69°
g A2zt 5%-9 505-¢] 95%-¢ gt
A% kel 62.52 38 48.1 61.85 79.6 90.4
A7l A 8] [mm] 363.99 304 328.5 363.5 410.5 425
k2 7] [mm] 859.2 625 794 855.5 929 972
%2 oj7)=o] [mm] 561.93 416 510.5 562.5 619.5 655
7] [mm] 1576.7 1354 1459 1567.5 1707.5 1793
[Table 2] 3¢l QA AF2AF Vo] wWE 60-694] =<1 AAA G Azgholt, . AA A=
thekst AA 7Y w=9lo] AF&3F 5 JEE 95899 QA XFE VFoR AAE it}
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Fig. 3 Human measurement items required for wheelchair seat dimensions
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Table 3 Wheelchair-related human body measurements of men and women 65 years of age or older in Korea

[mm](IO)
= = x|
] B 2 A3}
8d SRS 589 509 95%-9]
%S o] YH] 303 337.5 366.5
ke o] o F 4+ Zo] 409 453.5 498.5
=34 ko 0 F =9 344.5 382.5 409.5
e I A Eol 199.5 249 285.5
k2 o7 Eo] 529.5 579 620.5
%2 do] HH] 300.5 334.5 367
ko o] o F 3 Ao 398.5 443 481.5
o] Z} U OF ¥ 323.5 350.5 385
X2 T A Eol 179 219 261
o2 o7l Eo] 480.5 523.5 563
[Table 3] Aojol &3 =219 Q1A A4+ yeldlitt, A E9 Y7 gsate] ke 9dy
H BT Hojof stz Hulghkel oJA 95899 #S Adxzror AdA3
WB
WBO
Al
HW
TBR TBL
KBR KBL
CBR CBL
ABR ABL
KBR : Knee breadth (right)
KBL : Knee breadth (left)

Fig. 4 Measurement item diagram"
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Table 4 Knee width dimensions by posture [cm]""
Items Posture Mean value
Standing 11.23
Walking 11.15
Knee breadth(R) Stair_climbing 10.33
Sitting on chair 10.61
Standing 11.16
Walking 11.19
Knee breadth(L) Stair climbing 11.17
Sitting on chair 10.57
[Table 4]= 54 AAlel & 59 Yu] A5 yekdo. £ 2d7|ss w382 45, x°l=
A B3 B70] Bkl FE Gulnch folok e, meba] obw e AAl A5 FE ) A+
g Aoz dA T
2.3.2 A
220l =
Fig. 5 Wheelchair seat part name”
Table 5 Wheelchalr related human body measurements of men and women 65 years of age or older in Korea
[mm]”
71 AY #
e (@54 A 28)
e 1 it il
(<50kg) (50~125kg)  (>125kg)
HA N E)] el 470 520 520
HA(ANEH) ] n) 340 450 450
HA(ANEH) ] Zo] 320 450 500
27 o] %0 320 450 500
Sl 0] 160 200 200
9 AAEAY Akre] =W g P AF ] AFHELE [Table 519 7% A @ 0L
3. AFe] 544 Aol Ao ynl, H4 9 xol7t a7 Alkzzdo|B® o]o] siFo] A
13§}
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2.3.3 A4

k'S 5 SAXF | AT - | F & v 3
300 300+ 20 3
o 400 400+ 20 4
- 500 500+ 20 5
) o ° 550 550£20 5.5 | 1% 39 ¢
BAS) ol (el A BA WA 50 00530 6 | ol 5o .
A7 400_), -
2 600720 -
Table 7 Dimensions of mattress [mm]®
3 = e e e AAR G 2 58 HY °F &
ALE | 10072000 7 ) 100~ 200 %0 -
j E ] 20 F7 FpE - 115
[¢] ~ ~ —
3= 807 150( ) 807150 115

[Table 6, 712 AFJFFAdAA] ‘9ar)7] 71&t4 Vel me 95§ A 7NEt4d F
Aol Eolot wiER 2o FAd g xzoltt. ¥ Hule o] o] EBrlEd AFela, &
A Fo] 2do] 713 AES uditt, T MEYAE A2y P2 A 159 E F2 A 2
2, A 3zow FAHAT. ANFRA Ay, dwrd oz w98 7} ¥ om Ay EA o =o]7} 400mm
A AFS HPAoR ARgstt, mEkx] 2 AAdAE Mook WEYse FolE e wmol WHE
480~550mm = A1 A 3k},

ot T



Fig. 7 Advisory adjustment range of the mattress support platform part!'?
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2.4.2 5 WAYSF

Fig. 9 Working process from a bed to wheelchair

Table 8 Tasks and operation of the device in sequential stages

-2 Rk
a) x7] 2H Aol %= &A= el 7HEA R o] s AT
A5 dog =7 F3 T, 3zt do AEFS HAAT)L AN
b) ol mEAT 9% } ‘eql ae Fel ol A= fIAA7]1aL A
B & ugdn
c) #aE =4 9A FAE Al =Y w3 ARz Sl fIAAIRIH.
g5 HAUE o8 707 ~90° o A=A VY HHE A
d) A 714 i, BEAZE gRtels fHal 3]s WA or fake] A 7Y 7
=78 907 7F HEE g
e ) HAZA & SHro] Holl e <bd MES) b Wi=S Sl Al HEAIRIH.
() gmmgal 54 o] F dele 5o ARzt @4 Ao vz wEgew I
Al B3 A
sHrZe el xol 2dS Fo, dR-Zeds Al wES $o
g ) A= olF oy A &9 F aH "o uds 3 Aol Eeste] &
A= ol Tt
g ) fAoldl e F AxEH FE nAIG. olF T &
h) EAe) &% o] 2% B3 AES DAl A4 AN
i) o], stFZUS) | Ao dAFAE AT F FFZUSdNA FelE #eAz
e th. o]% 2 F 1 B A7t}
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Bt EAofoll A H=2 olFshs Hg2 9 A deo= AP

[Fig. 10]2 ZF-2Zeldde) 25 yekdo. €29 292 @dake] 79 34 Alep B A9 K5l
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o g

© SHE Y HEL
Fig. 11 Seat
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Fig. 12 Back frame

Fig. 13 Lower frame
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2.6 AlF-AA

2.6.1 AIE A5-A7

AA egx 0, OF gt AES AFE vhgd o] AAFt. AJES] YHl= [Table 5]1&
o] A o] AN E YH|Ql 450mmE.t} Zpolof O}Ufl, [Table 3]¢] o2 o]l UM HHAZS! 367mmE
ot} 7ok gtk wEbA MomE AE YRR st AJES] S FAA PR dto] o] HFE 440mm=
2

guzdee] A= drzdy AARE o PEAYs 2% 2 weldd. nep srzdy
AAR-e) ol sprmelqle] A= AN 94 0murt Ackshw, 4s aTEA BE elsiel
AE AARY 9ol ol HE F 60m AH T,

W AEES AES SRz el AA Felk ABsol Aok, HAW, AW o] F A AE
o EEYol Axshlojo Bz, FRLAYte] AARANA FA0] HuspEolor Gt o olF
2 2 SR E A AT AEE AE S A ALAYAAS] SR Bl
2 BE WSS g8 AdTA Bt £, &% 998 BEP

Fig. 14 A hole and slot in the seat for assembly to the lower frame
AEE JARS B 45 BgelA A A Pt FJARe B AT AT F 9o
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B=0181
B=0214

B = hole pitch

Fig. 15 Turn table

Table 9 Specification of the turn table

L SV9318 El g o] &
97 [mm] 230
W7 [mm] 197
7 [mm] 13.5
A= [ ] 360
A A8k kgl 150

3l skxbe] A AFo] 90.4kgolal AJE Q] Aol 7R 440mm, A= 440mm¢]
o] 230mm¢! [Fig. 15]¢] & d %S AL&-3he}.
& xAdste Vles Fdg. gk A EC [Fig.
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Fig. 16 Size of the angle adjustable device
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Table 10 Percentage of total body segment [%]""

Segment Male Female Average
Head 8.26 8.2 8.23
Thorax 20.1 17.02 18.56

Abdomen 13.06 12.24 12.65
Pelvis 13.66 15.96 14.81

Total Arm 11.4 9.94 10.67

Total Leg 33.36 36.86 35.11
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Fig. 17 The load points on a chair when a patient sits on it"?
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Fig. 18 Load points of the back frame
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[Fig. 1919} [Fig. 201> 72} NX Nastrans &3] 4= A4 4o A oA 9 F o] 20mme]aL, 7zt
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119N Distributed load

™ 122N Distributed load
Surface to Surface gluing

Fixed constraint

Fig. 19 Constraints and load conditions on the back frame

Subcase - Static Loads 1, Static Step 1
Stress - Elemental, Von-Mises
Min : 0.00, Max : 74.51, Units = MPa

74.51
l 68.30
62.09
55.88
49.67
43.46
m 5725
31.04
24.84

i 18.63
12.42

6.21 .
» b.oo '
[MPa]

Fig. 20 Stress distribution of the back frame when angle adjustable device connector OD=25mm, adapter
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Fixed constraint’

Fig. 21 Constraints and load conditions on the back frame

Subcase - Static Loads 1, Static Step 1
Stress - Elemental, Von-Mises
Min : 0.00, Max : 89.32, Units = MPa
l 89.32
m 81.87
74.43
66.99
59.54
52.10
= 44.66
3122
29
22433
14.89

119N Distributed load

122N Distributed load

Fig. 22 Stress distribution of the back frame when back support OD=13mm
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Fig. 23 Safety factors following back support’s diameter

[Fig. 22]= ¢]7°] 13mm<l & AA el gt a4 Aot} [Fig. 23] ZF & AAHe] 270l

02 AAFE e, oo wet 917 o] 13mm¢l

g

o

AA o] A bAAG 2345 7HA AA &



T2 @9 ;E BT EEE & ¢ vk webA] el v [Table 1113 #Zo] AAG

Table 11 Specification of the back frame [mm]
ol 9| ez AR AAY ol
i 9] 7 W73 9] 7 9|7
27 20 20 25 13
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(D =

Fig. 24 Height adjustment device
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Table 12 Specification of the linear actuator

@.Jzoqﬂjﬂ Push load[N] | Pull load[N] Staté;]load leiggﬁm] Input [V]
LM4075_A 900 750 950 200 24
LM4075_B 750 600 750 150 24
LM4075_C 600 500 500 100 24

(3) 14 A

A A= wEy, AEEY, grAeE FAHET. e 24V guUo AFoolEE AlofstY]
sl 12V HlElE] 2718 HER2 A3l 24V EH LS 2R = . AEZ 9 2 BAS o] &3] 27]¢]
ZUo] AFo|olEE FA Alojgct.

2.6.4 NE AAHE AFEAA
st A Alg+= KS D 3517 X8 ©AGES AMESH, old dlYd Al dEYEE
S, =209MPa olvt. sHF-Zelel siHzel st AE AdR-o A4S 2dsiy, o mE %

AE AARY $ ANS QA e,
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DOF3: Free
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Fig. 25 Constraints and load conditions of the ‘77’ shaped connecting frame



rag_35 v3_step_sim1 : Solution 1 Result
Stress - Elemental, Von-Mises
Min : 0.00, Max : 93.07, Units = MPa [axmnie

930725 MPa
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Fig. 26 Stress distribution of the ‘71’ shaped connecting frame
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Fig. 27 Safety factors following the connecting frame’s diameter
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Pinned constraint

User defined constraint
(cartesian)

DOF1: Fixed

DOF2: Fixed

DOF3: Free

| DOF4: Fixed

‘ DOFS: Free

L DOF®6: Fixed

Fig. 28 Constraints and load conditions of the truss structured connecting frame

30_test v1_step_sim1 : Solution 1 Result
Stress - Elemental, Von-Mises
Min : 0.00, Max : 89.54, Units = MPa [Maximum
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Fig. 29 Stress distribution of the truss structured connecting frame
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Fig. 30 Safety factors following the truss structured connecting frame’s diameter
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Connecting_d30_15 v2_step_sim1 : Solution 1 Result
Stress - Elemental, Von-Mises
Min : 0.01, Max : 97.92, Units = MPa
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Fig. 31 Stress distribution of the hollow piped connecting frame
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Fig. 32 Safety factors following the hollow piped connecting frame’s inner diameter
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Table 13 Specification of connecting frame [mm]
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Fig. 34 Size of the height adjustment device case

Table 14 Specification of the height adjustment device case [mm]
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Fig. 35 Height of the foot rest



% WS Ak @k 1 As AE o] 576m, AXE @ ol lldm 1 e OF RolE 1
HSAE W, % wd ool WelE 52.5-138.5mol B W W e) ol ke ol 4
Table 15 Specification of the foot rest [mm]
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Fig. 36 (A) Prototype of the overall structure, (B) Prototype of the upper frame and the components, (C)
Prototype of the lower frame and the components
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Table 17 Tasks and operation of the device in sequential stages with prototype.
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