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Gate-type Wheelchair Cleaning and Handrim Disinfection Device
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Abstract: The number of wheelchair users is increasing due to the accelerating population aging and the lack
of nursing facilities. Accordingly, wheelchair consumption is also increasing every year, and in facilities such
as large hospitals and nursing homes, it is difficult for wheelchair users to separately provide and manage
indoor and outdoor wheelchairs. This report aims to suggest a way to eliminate indoor and outdoor
classification of wheelchairs by introducing a device that is placed at the entrance and exit of the building to
help clean wheelchairs and disinfect wheelchair handrims at the same time.
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Fig. 1 Global market size by region in 2010 and 2018
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Fig. 2 Gate-type wheelchair cleaning and handrim disinfection device
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Table 1 Entry and exit free sketch for device operation
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Fig. 6 Rotation mechanism of wheels in place
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Fig. 7 Roller rotation control during cleaning Fig. 8 Roller rotation control after cleaning
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Fig. 11 Cleaning mechanism
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Table 2 Patent investigation on wheelchair cleaning
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Fig. 19 Selected wheelchair
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Table 3 Roller specifications
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FE55 =49 $-2 g 50mm 130mm 0.7
A55 29 52 &t 50mm 80mm 0.7
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Propulsion in Different Axle Positions’

'A Method for the Determination of Center of Gravity during Manual Wheelchair

Table 2. Comparisons of axle positions in static trials and propulsion trials
A B C D
AX-000 stabic® Mean 5D Mean 5D Mean 5D Mean 5D
Upright () 1362+ 16.2 1132+ 158 B22+15.8 7l0= 48
Relaxed (mm} 11134104 951 £105 7514104 56.1+93
Ratio of weight bearing**
Wheel (%) 694 £332 Ti4+31 To4 £ 3.5 E+39
Caster (%) N6=32 6.6 = 3.1 236+35 MN2+39
AX-CO0 propulsion®=®
Flat floor (mim) 1334176 1086+ 7.8 915+ 168 A8 = 149
Slope (mim}) 12122163 116.1 £28.3 B74 £ 176 69.52 203

Fig. 20 Ratio of the load on the front and rear wheels according to the person's posture
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Fig. 21 Wheel-Roller Free Object Figure 1

Fig. 22 Wheel-Roller Free Object Figure 2
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2
116.67rpm = Wyheelroller — 116.67 > 6—7(;-
=12.218rad/s
Uwheelroller — Wuwheelroller 7 Twheelroller
=12.218rad/s <0.025m
= 0.305m/s
3o _ rwh,eel
(B2l rpm) = 116.67rpm X ——
Rwheel
25mm
= 116. X
6.67rpm 2051
= 9.887rpm
= Fge of 620l g o
deE = 2919 rpnid A
350rpm = wca,sterroller = 350X ——
= 36.652rad/s
Ucasterroller — Weasterroller X
= (36.652rad/s) < (0.025m)

= 0.916m/s

(FN2=E1 9 rpm) = 350rpm X
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Fig. 23 Transmission power according to the ratio of the load on the

rear wheels

’

H =Fy

H = 219.697W

3.1.2 2 AA

el

N

= 329.546W

T
1o
4
N

O

X
o3

i
oy

s

e
il

ok MAX2 7]

X}
=

EUZ 0.4kwe] 595 A&

ol &

S8l

P22

foa

&
/)

s

130
156

8|8

4o

102

e

Fig. 25 Motor drawing®

Fig. 24 Motor geometry®



Table 4 Motor specifications
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(1), = (24,
gt

21X 1.264 <10 3N » m? X 1.945rev/s
9.81m/s < 1.0s

2w Jf )
gt ?

27 < 1.413 <107 3N » m? < 5.833rev/s
9.81m/s < 1.0s

(7;)2 = (

(7)) =6.3290%x10 N em

a’/max

st 2olo RetRgEE,
1 2
=1.264 <10 °N « m”
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=1.413<107°N « m*
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Fig. 27 6 nylon brush load table®
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Fig. 29 Angle of castor

Fig. 28 Wheelchair seat depth
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Fig. 30 Distance between the center of the wheel
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Table 5 Timing belt design conditions
[FES 44 =] [HES 44 =4
TE2H 0t ;400w TS2H O . 400W
T+SE2| RPM : 175rpm TSE2| RPM : 175rpm
ZE50| RPM : 350rpm F&52 RPM : 116.67rpm
FES =UAHE : 135597mm HES =¢HE| : 267.265mm
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Table 6 Load correction factor®
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Table 7 Idler correction factor®
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Table 8 Rotation ratio correction factor®

3 ®H 28A+
1.00~1.23 0.0
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174~ 2.48 02
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_ — 350
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S5 3] %1H] 175

A5 3] = 11667 _ 1.4999 = 1.5

175
ety FHFF HAASFE 0.2, A5F BEAASE 0.15 g2,

9 H4e 8 T 27k A4 FHL olujel wt.
TEZFAA AE =400Wx (1.5+0+0.2)
=630

AEgE=AA v = 400W < (1.5 + 04+ 0.1)
=640

=N Y VIAEA, BHE, dTlss
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Fig. 33 Belt pitch selection'®
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Table 9 Minimum number of trapezoidal values®™

HWE (W)

S MXL xx. | v | H XH XXH
3450 16 12 16 20 30 -
1750 14 12 14 18 26 26
1160 12 10 12 16 24 24
870 - 10 12 14 22 2

=X ;o= 0jA0|
[Tablel7]S &3 FEF3 AHFFHLE 4000E ARSStER Ha A7 149S & 5 Ao

Table 10 The pitch diameter of a small pulley®

B 10-36 RENE R R gl FH(KS B 1420, KS M B775, JIS 6372, IS0 52096)

o

~_ E R YU Ef0lY WE | BFAS E0Y ue
gm x| o | gl x| 0 M XXz
3 A : p[mm] ' 50080 9525 12700 22225 31750 2032 1175
ol BAzt: 26 50 40 40 40 40 40 50
o % : S[mm] 257 | 465 612 1257 | 19.05 1.14 173
ol%*l : h, [mm] L1270 181 229 635 953 0.51 0.76
Y= F4 : h, [mm] 23 16 43 1.2 15.7 114 1.52
79 Y o1& 10 10 14 18 18 10

2 SN o)%
QA7 [KNY/25.4 [mm] 196014 265014 6.770]4 9.320] 4 10804} In:a L8196 N1} ol
b4 275 [N)17R el

A # (%) 40013 ] 40013

=N N VIAEA, BHE, dTlss

11

Table 11 Selection of belt width®

EH9) : kW
We ool WE Z(mm) 2 4 |
XL (5.08) ’ 9.7 Pr=dr[ 2.69 x 10°-3.22 x 10%(dr)?]

L(5.08) 25.4 Pr=dr[ 21.28 x 10% 1.37 x 10°(dr)?]
H(12.7) 76.2 Pr=dr[ 1.10x 10™-6.43 x 10%(dr)?]
XH (22.225) 101.6 Pr=dr[2.12x 10 2.13 x 107(dr)?]
XXH (31.75) 127.0 Pr=dr[ 3.35x10-3.55 x 107(dr)?]

=5 : 342 0jA0]

wepd AF, 8 Eec

o

| P=12.7mm, BE FA h, = 4.3 mE G},



EEEY
2 Eolo) A48 oel ol Fav)
™
7,=—xz
L)
=2X%X14
=28

wep 2 Eoe 4 Eoe] 44L ofge} 2

12.7 X2 12.7%x14
Dp = g: 113.19mm, dp = 77 = 56.595mm
T T
[HE5Z]

™

7= "%z
L)

=1.5X14
=21

Ja X A X

D = M=84.893mm, dp = u256.595mm
T ™

HE Zo| At

A2 57 2t} 135.597mm

L,=2xZ7Y A7 + 1.57% (D +d)+—(Dp_("‘lp)2
poosm e ' PP A FHIEAE

[ ]

A

=
RiN

T

(113.19mm — 56.595mm,)*

L, = 2X135.579mm + 1.57 X (113.19mm+56.595mm,) + 1135.579mm

= 543.646mm
[HE3] 267.265mm
(84.893mm — 56.595mm.)?
4153.579mm

Ly = 2>x153.579mm + 1.57 < (84.893mm+ 56.595mm,) +
= 530.5976mm
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Table 12 Timing belt selection results

[2EZ-22%) [2EZS-HEX]

2re Ed A4 : 64.68mm 2ke- Z2] A7 : 68.72mm

< ¥ A7 : 129.36mm £ 9 274 : 97.0lmm
Z(Bw) : 25.4mm (Bw) : 50.8mm

WE 25=70] : 584.2mm WE 7o) : 571.5mm

Fig. 34 320H100 1 Mitsuboshi belt

Fig.

35 ATPA17H200-A-N251

pulley

e

g

il
-
' \"H :,'
- |

/

Misumi timing




4.2 3% F A4

Fig. 36 Rear wheel shaft design
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15.406 mm

15.475 MM 22.N2Gmm
115415 .\/--""_"" Gﬂeh‘”\"’_“—‘\(] ™ ] 1 \i

Wk Wiy Phath, VP.%L

\‘f L4 k1 P
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!

fia w""‘ Rs

Z Z0|(L) : 994.6mm

o

Fig. 38 The freediagram of rear wheel drive shaft
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A AFBAZNA At 2o, AHSR, BAC], AE, EY s3] A Ak =@
Ferel A wlojFol s AAHEZ 7 WolPe] fAAAA welo] WAL,

N\
)
JE

Ry

Ry

Wiy @ A2, BAlole] o8] %8 F5%0 A s o5
Wy @ F8 7559 299 FA0 o A o2

H 453 A48 o, WEd od) AaAe

Y A5 ddd E20l g8 TteiA= ok AlAEA S ofeleh 2t

. Wy, =(2.8x10° kg/ms)%[(0.09701m)2 —(0.025m)?](0.0508 m)(9.81m/s%)
=9.63N



THE TEF Y9 FAd g 7tel A= st AlLka2 ok k.
[Z8 14 2 2]

A7 50mm

Zol: 50mm

AA: d2nE FF (p=2.8x10°kg/m?)
L Wy = (2.8%10° qu/m?’)%[(O.%m)2 —(0.025m)21(0.05m)(9.81m/s?)
=2.023 N
TY A3 Addd Fgeo HE 93 JleA = st AAHAS olde} Zut.

[RE 7+4 % A2]

Zol: 571.5mm
2 50.8mm
7 3.445mm

Ad: G2 18 (p=14x10"kg/m’)

4% A4 A 7

f
e

of &2

rr

=2le] A4S yste] 74 Eelol TtejA= MES S AL

sy, = (1.410% kg/m®)(0.5761m)(0.0508m.)(0.003445 m)
=0.14kg

W, = (0.14kg)(9.81m/5%)(0.585)
=0.804N

ol

oA FPE FAoje] FH, AFol EAEE 59 &S o] & ALEA A dtF d2 A
eia= 2 o] o
Wy, = (120kg)(0.837)(9.81m/s*) =2

=246.329 N
AREAE, BAlojell o) $& s Fol JhelA= stga obdliel Zo] ALttt

(%9 #2 2 A3)
2170 25mm
Zo]: 994.6mm
AA: S450 FEAT (p="T7.85x10"kg/m*)
3 Al 205GPa
LW, = (7.85 <107 kg/m3)%(0.025 m)?(0.995m)(9.81m/s%)
—37.612N



58 753 A 0wy AR

ZF:RA+RB_2(WM+ %I)_ Wia= Weisy
=0

R, + R, =2(248.352 N) +(37.612 V) + (10.434 N)
=544.75 N
SRy =544T5N— R,
[EWE H3]
My = (W + Wiy )(0.1155m) — W, (0.4818m) — (Wi, + Wy, )(0.7155m)
+ R,(0.831m) — W, ,(0.9537m) =0

o

9 A& Ayste ALksio,
—(248.352 N)(0.1155m) — (37.612 V)(0.4818 m) — (248.352 NV)(0.7155m)
+ R;(0.831m) — (10.434 N)(0.9537m) =0

<. R, =282.133 N

F 42 olgdl obdlst ol Fol Agete el Fanh
R, =262.617TN, R, =282.133 N

Ma)=R, <z—0.015m>"— Wy, o <z—0.131m>'— W , <z—0.497m>"
— Wiyrem <2—0.731m>"+ R, <x—0.846m>"— Wy, <z—0.969m>"

Win+ m Mia

> <x—0.497m > 2

<z—0131m>2%—

R
Eh' (x)= TA< z—0.015m>2—

Wiy R Wi
— <= 0TIm >+ <a—0846m > P — — = <w—0.969m >+
R Wy, . M
El(z)= GA<J;—0.015m>3_$<x—0.131m>3— DA = 0.49Tm > ?
Wy, R Wi
— <078l > Y T < e 0846m > — T <w—0.960m > + G+ G



k2]

[

A

& Al
0.015C, + G, =0
0.846C; + C, +11.525 =0
. C, =—13.869, C, = 0.208

™

=%

(0.025m)*

9 A5 olgete AW, AW AL Aeld,

v (z)

v(z)

o] Zbel A= #AAA Fol A2 0% 7HAERE o2 o83 (G, GE

[Rsias

1 Ry 9 Wins m 2 WLA 2
=l <e—0.015m> 5 <x—0.131m> <z—0.497m >
- W;+_m<x—0.731m>2+_23'<x—0.846m>2— P < 2 —0.969m > —13.869]
R W, W,
=—E1][—6A <g[:—o.o15m>3—7”’&“21 <z—0131m>%——L < 2 —0.497m > ?

6
Wini m

W,

3 RB 3
5 <x—0.731m > +?<a:f0.846m>

G < 2—0.969m > % —13.869x +0.208]



Bending Moment diagram
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Fig. 39 Rear wheel drive shaft bending Moment diagram

A9 BolgsE FA T HAE AL ERS B BAS F, A #Y ZUES AN

M. =35.919N « m

max

FE TEHS AR F3 vEHS Al tev. w3 Hoid g H oA
DA m R old digt AAE &gy, gt FA|o7F FAolHA Fo| ML TAZFTS Jteke 4
% argsfof ghrkar Azrglr] wiidell, ol st FAAAATE EYste] vEH EUEE 3
=

Table 13 Dynamic effect coefficient /K"
EXEE sxs94 k. k2 2
M | #®=s  ®m&
% Q =
3tEe B8 k k. & i
BoE B e duks Sa43 0 15 10 10
AY HESE B e 2A4NS 1.0~ 1.5 1.5-2.0 15-2.0 1.5~2.0
He 2585 1.5-3.0 2.0~-30 - -
=X ¢ EA TIAEA, BEHE, SElsAa



K,=1.5, K,,=2.0

7 M EHAEHE

T, = (KM, )+ (KT

m max

T=8T915N e m, M ___ =35.919N « m, d=0.025m

max

w e

T, =73.038N « m

o]% FalA ol Aot AMATEHS Taku,

Tmax

167
— = 23.807 Mpa
TXd

SFAAF(F.S)E 2, AR A 3839

rlo

Tolow — 09 Mpa

FSXT . < Ty = AT.614Mpa < 65Mpa

llow

ok sl
H w2 A hdoa] 2 delx] Y S45C A85E ALgeta, st S8 9712
AE Agolmz, SHAAS(F.S)E 25 AR&3T),
SHE 4 R
125-15 22|17t et EHAM R M2Y e TS ALES D, AE8sE 5E U S 378
Has| ot AR RAC AEHE E35| T34 D0l St S8 BOi0M AR
Had A ZHOAM B 2N U =S AHESIL, St S8 37|17 e 2EE = U= E

o
2

2~25 Y ZHO|M 2 BO MBS ARSI, 3153 S8 27|8 oI = U= R

25~3 HEO| HH ST S =M EE MELE W2 HE =& Fde Y=2E MEGE= B

3~4 HEO| BH 51T, S ZUM ASH 2 HO| Sl HEE S5 B3R

3~4 | B YT YROIX|D EBHUS VAN TH THM AST [

Fig. 40 Joseph Vidosic's proposed safety factor®
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< 0.004363[rad]

6 32T
—= (47)
I &G

_ 32(8.7915N « m)
7(0.025m)* (80 GPa)

= 0.0022866 [rad] < 0.004363[rad]

L kst

157

05

theta(rad)
L&
MOth o4 ot o

25
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x(m)

Fig. 41 Rear wheel drive shaft deflection angle graph
0 0x = 0.00028927ad < 0.001rad
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T8 TEES 9N Alols S8 ddol F9A ME‘—Q AbgETE. o] ﬂi’i 1
Al g TS A7 2omel] gt wloly AR F ok AAleA A3 FetEael 3
g3t mlalsto] wlol® A HAA o5 gl

Table 14 One-way clutch bearing specification table®

2 ' HE 24 [ ]
= DL 2 548%3!5_4115 m;_.w.qal %k | #W21E =25t
Type | d {rmin) Nm i i |
6 |10[15 176 | 23000 | 13000 | 4 |
| 8 [12]22 315 | 17000 | 12000 | 7 |
10| 14| 22 53 | 14000 11000 | B |
[12] 18] 26 122 | 11000 | 8000 | 18 |
|14 20] 25 173 | 9500 | soo0 | 20 |
sHFL | 16| 22| 26| 03 | 205 | ssoo | 7500 | 22 |
18| 24|26 241 | 7500 7500 | 25 |
| 20| 26] 26 285 | 7000 6500 | 27 |
BEIEE 66 | 5500 5500 | 44 |
[30]37]30 90 | 4500 4500 | 51
35| 42 [ 30 121 | 3900 3900 | 58 |
=N EHY 7AEA, EEE, gTEL
AGET = FeE T < P A
=8.7915x1.5
=13.1873N » m < 66N » m(3 & =)
116.67rpm/(5 8 ) < 5500rpm (31853 1)

A
Lo
2

gEAs} HFTE 2

Aol S A WY 38 #

SERERREE N

o
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Fig. 42 Rear wheel driven shaft design
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Fig. 43 The freediagram of rear wheel driven shaft
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F& T3 HEAE shFel W A

SE T5FY =Y g 7eiA = stes A
[Z 4 2 4]

217 50mm

Zo]: 50mm

QA FFE T (p=2.8x10"kg/m?)

[ A

" Wy = (2.8x10° kzg/ﬂf)%[(0.05m)2 —(0.020m)?](0.05m)(9.81m/s?)

A TR DAlClsl FF, ATl BAHE A3 mES olgd g, DA 8 FF F
F5o AL HES A,

Wiy, = (120kg)(0.837)(9.81m/s%) +2

=246.329 N
SE T5FY AsS AL
[Fo 4 2 4]
270 20mm
Zo]: 836mm

AA: S450 FEAT (p="T7.85X10"kg/m*)
e Al 205GPa

W= (7.85><103kg/m3)%(().020m)2 (0.836m)(9.81m/s%)
=920.225 N



ZF:RA+RB_2(WW1+ VVRl)_ VVLB:O ...........................

R, + R, =2(248.589 N) +(20.225 N)
=517.403 N
SR, =51T403N— R,

td
=
[
of,
ot

D M, =— Wy + Wy )(0.109m) — W, ,(0.409m) — (W, + Wi, )(0.709m) + R,(0.818m) =0
9 g gelstel obeet ol At

—(248.589)(0.109m) — (20.225)(0.409m ) — (248.589)(0.709m) + R,(0.818 m) =0
o Ry =258.7T02 N

T 42 ol ga) ohelsh ol Fol Agah WL ok,

R, =258.701 N, R =258.702 N

& F559 FYRdE, A3, AF AL
9ol AFEARS} Solgrg o &8 7 gheEs =&
(50184
Mx) =R, <x—0.009m>"— Wy, o <z—0.118m>"— W, , <x—0.418m>"
— Wypom <z—0.718m>"+ Ry, <x—0.827Tm >

R W, W
Eﬁ/(a;)z7A<x—0.009m>2—$<x—0.118m>2— LB
W, R
—% x—0.718m>2+75<x—0.827m>2+q
R W, W
EII/(:L’)Z?A<$—O.009m>3—$<x—0.118m>3— L —0.418m >3
W, R
—%< :p—0.718m>3+73< 2—0.827m>"+ Ca+ G,

wrEo] A e A Fol ANE 0t B olF ol sl G, GE ANET).



0.009C, + G, =0
0.827C, + G, +8.549 =0

. C, =—10.451, C, = 0.094

o
oX,
td
=
[

.

4
o1 (0.020m)

7

9 HES o83} AW, AW e Fe vt

’ 1 R Wi, m
v (z)= —[-2<2—0.009m>2— — A 0 0118m>2— —2Z < £ —0.418m > 2
EI" 2 2
W R
— T <e—0718m >+ 7 <2 —0.827m > >~ 10.451]
R Wy m
I/(x)zEi[[%<x—0.009m>3—ﬂ<x—0.118m>3—%<x—0.418m>3

Wy 3, & :
_%< z—0.718m > +?B< z—0.827m > * —10.451z +0.094]



Bending Moment diagram
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Fig. 44 The bending moment diagram of rear wheel driven
shaft (BMD)
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Fig. 45 The graph of rear wheel driven shaft Fig. 46 The graph of rear wheel driven shaft
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Fig. 47 Front wheel shaft design
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mnE 4178 sk ok
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Fig. 49 The freediagram of front wheel drive shaft

A AHFEAEAA FHel= =9, P‘-’“Z} 2A0of, ME, &2 stzo] ZheiAAl "Hrh. =3 =9
Feroll A woj ol ofaf AAHEm Zt wojre] §A|ol|A RiHo] LA gTt

R, : &9 /1% 2% we

Ry @ 297 71+ 5 oY

Wy @ AR, Aol of& dg F-eFol 7teliA= ats



il

W @ A8 TeF9 e 98 7teiA = sk

Wpyoy @ 2 d353 d49 2, ME 93 7leiA = 85

W, : A% +5F9 A=

Zo 7He)A = 5ol dig A

e A5 448 Eg o stelA= st ofelieh Zo] Attt
[Z2] 14 % A4]

A7 64.68mm

22 25.4mm

AA: d2uE T2 (p=2.8x10kg/m*)

[3tF AL

. Wy = (2.8 x10° kg/mg)%[(0.06468m)2 —(0.020m)%1(0.0254m)(9.81m/s*)
=2.07TN

Ad 55 Eeldd o 7taiAl= atee ofeief #Zo] ALkttt

(=2 14 2 4]

A1 740 50mm

Zo]: 50mm

A dEE FF (p=2.8x10"kg/m*)

(3% 4]

W = (2.8x10° kg/mg)g[(0-05m)2 —
=226V
RE AGF A4y Egeo HE

[RE 7+4 % A2]

(0.020m)?](0.05m)(9.81m/s*)

of ols 7teliAl= stw& ook o] Attt

Zo]: 584.2mm
2 25 . 4mm
A 3.445mm
AR ZE2xA 13 (p=1.4x10%kg/m*)
[etF AL
stz AME Al ZF Foll FRH = Fele] AANE adste] b g Tk MES
c}.
iy, = (1.410 kg/m®)(0.5842m )(0.02541m)(0.003445m)
=0.07kg
W, = (0.07kg)(9.81m/s*)(0.333)
=0.229 N

AA T dAole &5, dEol BAEE st HES ol&a] A&t FA
& TEFel A aEg Atan

A ]



Wiy, = (120kg)(0.333)(9.81m/s) +2

—198.95 N
AE 7559 AsS ot ol ALttt
[Fo] 74 2 4]

2173 1 20mm

Zo]: 931.4mm

AA: S450 FEAT (p="T7.85x10"kg/m*)
e AlG 1 205GPa

W= (7.85><103kg/m3)%(().020m)2 (0.9314m)(9.81m/s*)
=22.533 NV

AE TEFA A§3te 0 A
(3o 3%

NF=R,+Ry—2(Wyy+ Wpy)— Wy— Wpy, =0

R, + R, =2(201.21 N) +(22.533 N) + (2.299 N)
=427.252 N

SRy =427.252N — Ry
[RHE

N My =— (W + Wiy)0.113m) — 1W;(0.453m) — (W + Wiy )(0.7131m)
+ R5(0.826m) — Wy, ,(0.906m) =0

of,

g1l

9 AS Aeske] AlLbsict.
—(201.21 N)(0.113m) — (22.533 V)(0.453m) — (201.21 N)(0.713m)
+ R,(0.826 m) — (2.299 N)(0.906m) =0
S Ry =216.09 N

T oAg o gdl obdlst Lol FHo A uwH e Tk,

R, =211.162 N, R = 216.09 N



g 75 FURAE, AZZA, AR A

99 AFBAEG SolF4T o438 7 pES =EAL.

Mz)=R, <z—0.013m>"— Wy, m <x—0.126m>"'— W, <x—0.466m > "
— Wygs p <x—0.726m>"+ Ry <2—0.839m>"— W, , <x—0.919m>"

R W, W,
ElL' ()= 7A< 2—0.013m > 2—%< :r—0.126m>2—72< 2 —0.466m > 2
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Bending Moment diagram
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Table 17 Radial bearing coefficient value®

Table 18 Bearing load capacity specification®
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Table 21 Limit speed index®

K< <m 635> BASEXST ailmm, maE D

(=] (=1

& #gs uulms walz A P
cit 2o|cle! = #ol@ (160,000 | 250,000 | 400,000 | 600,000 [600.00001 4

AREEAE lojrE = wo{d | 160,000 250,000 | 400,000 - -
AL P E = Hiojd 160,000| 250,000 | 400,000 | 600,000 |600,0000|%

==
-

+ a3 A

HI

/E Ea ol 120,000 | 250,000 | 400,000 | 600,000 [600,0000] 4
Q=2 HolY 100,000 160,000 | 230,000 | 300,000 =
AHSZA S @llojcid wlol3 | 80,000 | 120,000 250,000 -
N e L CL! 40,000 | 60,000 | 120,000 | 150,000 -
= N
N 2 7AEA, BEE, =L
=, [Table29]¢] FALGE=A g9} B S o] flolA 3 35X gho] [Table29]9] #E vt

R
o A7) wEe] erad AL o & Q.

4.3.2 A{ 5=

L = 1
-

A8 FE%9) 44¢ A8 TEFH £Yob/) 0me ARART TEHE TS B %o
og ol w#3dle] & Aol 836mme = A4 ).

A8 TER A BAFE W HAG BolA Hol dasivhe AL HAYT. A§ FEH 2
3 Fe7t 2ol gol TEFRL AL FFol Fu Aol® Fuh E AE FEHS A
domz Hol WY HEW A8 "o mekd AP FAOR H$ WANSG © A FHFH)
FEHNC O st AL ¢ ¢ AT



o AL BY 9o A (22m)eF HHAAS aedste] 2omm=z AASIAT. S A o] Sl E
2o 74, AAE FHaste 166.2 mz A AT

Fe, A AAE A8 Fo AREAEE EAE Hd 59 ZAE, 487, A& AEAT.

Y dZF AREAE

1.6 mn
., GLS mm 45.4 mm ) SN.imm
I
M (e,
l J E Z40J(L):166.2mm
. | X Z(d) 25mm
\|/ “\
b W; Pg
Fig. 54 Motor extension shaft free object diagram
9 AREARAN Fol WE, oo 3ol A Ak T Fol FuolA wolY, AZY
o] AAHLE Wojd, AT gHol A o] WG],

=23 4% g, MEJ o3 7l A = stF

L ‘?
Woyi @ 8 7853 49 Fg, ME 93] 7teliA= &5
=

}‘\_]_.
of oJsf 7pefAl= stz& obeiok o] At

271 129.36mm
2Z: 25 4mm
AR d2uE FF (p=28x10°kg/m*)

" Wy = (2.8 10°kg/m?)—-[(0.12936m)? — (0.025m.)2] (0.0254m ) (9.81m /%)

4
=8.82TN



T5 TEHI AA" g g e A = st okdleh Ze] Ateit.
(%2 7 2 A
2741 68.72mn
2 50.8mm
A FRE FF (p=2.8%10"kg/m®)
[3t5 AL
" Wy, = (2.8 10° kg/mg)%[(0.06872m)2 —(0.025m)?](0.0508 m )(9.81m/s”)
=449 N
e o534 A49 E99 MEd o ZtejAl = atss obdet ol ALkE
[ME 74 2 A4]
Zo]: 584, 2m
2 25.4mm
7 3.445mm
A FRaxd 1% (p=14%x10°kg/m?®)
[35 AlAtH]
stz A Al 7 Fell FRE = EE A4 E ayste] 7 e sbsiA e WEY sFS Al
sy = (1.4 < 10% kg/m?*)(0.5842m)(0.0254m.)(0.003445 m)
=0.07kg
W,y = (0.07kg)(9.81m/s*)(0.6676)
=0.458 N
T TeEY 4" Zge] ME o8 TtelAl = e S obejet Zo] ALME
(e 32 9 2]
Zo]: 571.5m
Z: 50.8mm
701 3. 445mn
AA: FRaExA 15 (p=1.4%x10°kg/m?*)
[etF AL
stz A Al 7 Fell FRE = EEo AN E ayste] 7 e sbsiA e WEY sFS Al

sy, = (1.4 10 kg/m*)(0.576 m)(0.0508 m ) (0.003445 m)

W, = (0.14kg)(9.81m/s*)(0.415)

=0.14kg
=0.570 N
RE AFFH A otdiet ol At

s

A

QIS

3

hul

i



[%e] #4 % Ad]

274 25mm

Zo]: 166.2mm

AR S45C FeAaZ (p=7.85x10%kg/m?)
EbA Al 5= 205GPa

" W, = (7.85 % 10° kg/m®) = (0.025m)? (0.16621m)(9.81m/s2)

4
=6.283 NV

ZF:RA+RB_ Wes 5= Woyprpn — W3 =0

9 A& Aeste] Ak
R, + Ry =1(9.285N)+(6.853 N) + (6.283 N) = 22.421 N
SR, =22421N—R,

[ZHE H¥]
N M, =— Wy, 15(0.0415m) — W;(0.0736 m) — Wy, +b4(0.0869m) + R,(0.1447m) =
(104)

9 & skl Axa,

(9.285 NV)(0.0415m) + (6.283 V) (0.0736 m) + (6.853 V) (0.0869m)
0.1447m

Ry=

S Ry=9.974N
T A% ol g oo gol Fol AgetE WS Tar).
R, =12.447TN, R, =9.9714 N

we dFEe FYRUE, P, AQ A
o) AFEAES) SolgrE o83l 7 G5 =E YL

[Selgtr]

Mzx)=R, <z—0.095m>"— Wy, <z—0.051m>"— W, <x—0.0831m>"
— Wiy <x—0.0964m >"'+ R, <2—0.154m>"



%3+b3

’ RA 2 2 W)’ 2
Elv ($)=7<x—0.095m> — <x—0.051m> —T<x—0.0831m>

Wi
2

R
<x—0.0964m>2+73< z—0.154m>2+C,

VVP3+b3

RA 3 3 VV3 3
Efy(x)=?<$—0.095m> — <x—0.051m > —T<x—0.0831m>

Wpi+ b1
6

R
<:c—0.0964m>3+?3< 2—0.154m >+ Cla+ G,

wrelo] ZhalA SIKolA Fel AR 09 AL o ol gd C, GF AT

0.095C, + G, =0
0.154C, + G, —1.856 10" * =0

- G, =—0.031, G, =2.99 <10 *

s

I:a

(0.025m)*

9 5L olgetel AW, AW e Aelwn,

R W, W
u’(gc):i[—“‘<ac—0.095m>2—ﬂ<9[:—0.051m>2——3<ac—0.0831m>2
EI' 2 2
W, R
— P;+b4<x—0.0964m>2+73<x—().154m>2—0.031]
1 R o Whyy . W .
()= — [ < r—0.095m>3— — o 0.051m >3 — —2 < £—0.0831m >3
EI' 6 6
I/I/IvDéler4 3 RB 3 -3
— <@ —0.0964m >+~ 2 <2 —0154m > —0.031z+2.99 10 ]



Moment diagram
061 T :

05
04F
03
0.2F

01

M(N*m)

0.1}

02

03

002 004 006 008 01 012 014 016
x(m)

o

Fig. 55 Wheel drive shaft bending moment diagram
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Fig. 66 Analysis of axial stress of cleaning brush motor

Table 24 Washing brush motor axial stress analysis report
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& AT &3 -0,53829 MFa 2.47069 MPa
M HEf = F 2 -2,53045 MPa 0.654219 MPa
el 0 mm 0.000750767 mm
orE A 15 ul 15 ul
S8 xx -0.701809 MPa 0.689579 MPa
BEXY |-2.36267 MPa. |2.26045 MPa
S8z 221772 MPa |2.24437 MP2
S8 vy 2.43348 MPa 1.41054 MPa
sz |-1.21181 MPa 0.9759 MPa
=™z -1.39401 MPa 1.77344 MPa
x #g -0,00000522177 mm 0.00000614141 mm
y #g -0.00073857 mm 0.000738937 mm
zdg -0.000727862 mm 0.000750716 mm
S0t =y 0.00000000000022076 ul |0.0000183108 ul
% WF = % |0,000000000000130537 ul| 0.0000174331 ul
M HR = 3 | -0.0000162298 ul 0.000000000000000709716 ul
CER -0.00000139952 ul 0.00000140447 ul
HE Xy -0.0000152392 ul 0.0000145733 ul
HE xz -0.0000143043 ul 0.0000144762 ul
B3 vy -0.000013981 ul 0.00000957512 ul
HE vz -0,00000979168 ul 0.0000108877 ul
g2z -0.0000105345 ul 0.0000137569 ul
TE g 0 MFa 3.08756 MPa
EHE LA [-0417647 WP 0.526966 MPa
ES o3y |-2.01048 MPa 1.78256 MPa
TEgsz  |207712mPa 2.82555 MPa
7 MY E 2 F WP E A B+ A

FHdl W= 0.000751mmo] 2L

3.
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Fig. 67 Disinfection spray schematic diagram
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Steady flow
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(lerge] W p=8359kg/m’
et AAAG p=1.074x10 *Pa « s
5.1 9ol A9 &A% K, =1.075K, A4 w2 &A% K, =0.2
K=K + K, =1.275
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Fig. 69 Schematic diagram of sections 3 and 4
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5. HAUE oA
TFA AASFENA 7 arel BF Ge AAE ABsRot AP, T 5 A Aol
@ 2ol tsl “Inventor S84 Tool” & AHE3te] SHANS APk 2t Fo WP S
A& Zeste] ekl A4 AABES] g HEE 35t
Zd 9 Ay
A 7F FA flell b Tl el A FAol ek AMERLe FtFE WA Ha Zdlel w3
B2 Aet g olel e wEsty] 9s SN AWt
T i) Ass ZYFFRUCIES AREStal F= 12mo]
EES Ham |
Z:ng_&ﬂﬁ mm"3 o ]
4201299 %, e
|0.00000000000701119 MPa  |674.801 MPa |
|-99.3092 MPa 168,207 MPa
|-568.327 MPa 0.470293 MPa
|Dmm IB.D!.E::%B& mm
|0.444576 ul {15 ul :
g uy |-558.539 MPa |9.01902 MPa ;
Etﬂ:lrl'll A R -I
M21-11-23, 2 13541 |
0015, il |
|-135.575 MPa- |158.074 MPa_
|-18. 0369 MPa ;6 4135 MPa |
|-141. 485 MPa 152 978 MPa
|-0.0152185 mm |0.000187811 mm
|-0.000600443 mm 00103387 mm :
|-0.00154333 mm_ g 00175292 mm |
|0-000000000000000049681 ul|0.00470434 ul |
|-0.0000000000846551 ul __[0.00235985 ul '
|-0.00481264 ul 0.000000000726742 _qf'
|-0.00479416 ul 10.0000704333 ul
|-0.000685037 ul [0.000778916 ul ,
|-0.000763841 ul /0.000754496 ul |
|-0.0000542073 ul 10.00225395 ul |
|-0.000188506 ul (000017154 ul
{-0.0000421458 ul 10.00220068 ul :
[oMPa 5.01425 MPa
1211426 MPa |3.66093 MPa :
{-0.606313 MPa _|0.676181 MPa j
&z |-3.31998 MPa_ [3:41201 MPa_ |
Fig. 72 Frame stress analysis Table 25 Stress analysis results
<Hsd A Ho d97F 0.0153486mm=E - ZA ubskal zh B AP ERE v A uE
sholak gl shalshohn weakt,
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Fig. 73 Motor axis-coupling stress analysis

Fig. 74 Analysis of cleaning brush

shaft-coupling stress

motor

7 g

47 Jgm 7t

o HaZ ECES os Hagt a2
AE 168839 mm~3 HA 5196480 mm 3
B 127231 kg 2 37.8875 kg
& Dj4~ $% |0.0000000498243 MPa__ |4.25835 MPa # 0|42 % 0.0000000503717 MPa 27.2025 MP3
% €7 = ®% -0.53829 MPa 2.47069 MPa X #i5 & 831125032 WPa 19.5404 MPa
M ST 33 -2.53045 MPa 0.654219 MPa AR F £ 26,1882 MPa 1.69015 MPa _
e 0 mm 0.000750767 mm =] 0 mm 0.00430632 mm
?.'EWT 15 ul 15 ul DrH AL 14.7006 ul 15 ul
X -0.701809 MPa 0.689579 MPa 28 xx -24,7541 MPa 18.5402 MPa
-2.3626 2.26045 MPa EE Y -8.86052 MPa 13.8022 MPa
|2.24437 MPa | Bz -8.16046 MPa 7.00593 MPa
~2.43348 MPa 1.41054 MPa By -12.2502 MPa 11.3469 MPa
-1.21181 MPa 0.9759 MPa 28z -4.61021 MPa 4,99069 MPa
-1.39401 MPa 1.77344 MPa S8 2z -7.96782 MPa 7.26862 MPa
-0,00000522177 mm 0.00000614141 mm X &9l -0.00190464 mm 0.00181024 mm
Y &2 -0.00073857 mm 0.000738937 mm Y E3 -0.00315409 mm 0.00416669 mm
Fa i -0.000727862 mm 0.000750716 mm ZE% -0.00296891 mm 0.00322494 mm
7 28 0.00000000000022075 ul |0.0000183108 ul &7t E¥®  0.000000000000228469 ul |0.000338278 ul
= EiF = @ 0.000000000000130537. ul| 0.0000174331 ul 100 0.000276451 ul
M HiT = % |-0.0000162298 ul 0.000000000000000709716 ul 11 B % #3[-0.000350194 ul ~|-0.000000000000124631 ul
HE xx -0.00000139952 ul 0.00000140447 ul HE -0.000333840 ul |0.000266917 ul
=3 Xy -0.0000152392 ul 0.0000145799 ul s Xy -0.000162935 ul 0.000253549 ul
gExz -0.0000143043 ul 0.0000144762 ul HE y7 -0.000149808 ul 0.000128272 ul
e vy -0.000013981 ul 0.00000957512 ul HE vy -0.0001793 ul 0.000170392 ul
#2 Yz -0.00000979168 ul 00000108877 ul =8 vz -0.0000846903 ul 00000816797 ul
ggz -0.0000105345 ul 0.0000137568 ul ¥z -0.000103435 ul 0.0000922757 ul
= o 0 MPa 3.08756 MPa Ezgd 0 MPa 843908 MPa
SR EsX 0417097 MEa 0326058 )4k TE YEX 284988 MPa 3.95068 MPa
SEUAY  [-2.01048 MPa 176256 MPa ES YEY |-5.67379 MPa 6.07065 MPa
TEUHzZ 07712 MR |2.82555 MPa T&¢H7  |-5.93507 MPa 7.54798 MPa
Table 26 Motor shaft-coupling analysis results Table 27 Cleaning brush motor shaft-coupling
from Inventor analysis results from Inventor
Poz dAxs BEE LA A7 Hd W7l 0.00430632m=z W ZHA| gk
= A Uee Bes9n ddstn dusg.
Fom g AHE RES S Axk Ad W17 0.000750767mm = v 5-
HYEL A UdsS gRlsiala ehdsicta dhasislch
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Fig. 75 Rear wheel driven shaft stress
analysis
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Fig. 76 Rear wheel drive shaft stress analysis

ol EES ELTS

My 618990 mm~3

Ay 3.92602 kg

Z 0/M= £ |oMPa 0.196107 MPa
B AR = & |-0.0808593 MPa 0.050666 MPa
MR = 28]-0.295575 MPa 0.00410552 MPa
B¥ 0 mm 0.0399169 mm
oHAS 15ul 15 ul

B3 x -0.169444 MPa. 0.0258437 MPa
B3 xy -0.0654611 MPa 0.043008 MPa
B Xz -0.0B21537 MPa 0.0727243 MPa
S vy -0.24666 MPa 0.0238400 MPa
sdvz -0.06312 MPa 0.0635913 MPa
8z -0.107456 MPa 0.049498 MPa
x8s -0.0167442 mm 0.01861 mm

Y #8) -0.0175262 mm 0.0180711 mm
z 89l -0.0340104 mm 0.0338557 mm
Botag 0ul 0.0087591 ul
A SR E¥-0.0000000167836 ul|0.00727772 ul
Ml SR = ¥ 1-0.00788147 ul 0.0000000000624565 ul
B -0.005117 ul 0.000339522 ul
#HE Xy -0,00251078 ul 0.00243472 ul
HE g -0.00694841 ul 0.00661702 ul
HE vy -0.00506195 ul 0.000125014 ul
EE vz -0.00691816 ul 0.00692885 ul
e zz -0.0000998142 ul  |0.00585001 ul
U 0 MPa 0.145804 MPa
HE YE X -0.118B02 MPa 0.124047 MPa
TS LYY  |-0.118043MPa 0.118873 MPa
& Uz |-0.0812512 MPa 0.107107 MPa

Table 28 Stress analysis results

o8 Hag E

HE 1217600 mm~3

== 7.17082 kg

& O~ & |0MPa 9.03642 MPa
H EiF = 58[-1.42155 MPa 9,23599 MPa
M R = £21-0.21715 MP2 182008 MPa
gel 0 mm 0.0236096 mm
[EiE 15 ul 15 ul

=23 X -5.60977 MPa 8.23011 MPa
‘S'a XY -4.8021 MPa 441281 MPa
EEET -2.89255 MPa 3.57198 MPa
3 vy -4,9802 MPa 4.90932 MPa
vz -3.78207 MP3 2.77559 MPa
28z -2.27600 MPa _ |2.57561 MPa

X Bl -0.0106284 mm  |0.0117242 mm
Y @9l -0,0106233 mm  |0.0117029 mm
zEg -0.0201226 mm  |0.0201186 mm
&7 8 oul 0.00773141 ul
Z 917 = B |-0.00000585084 ul| 0.00634181 ul
M 97 F B -0,00709204 ul  |0.000000306189 ul
CEESS -0.00449587 ul | 0.000391635 ul
= Xy -0,00218701 ul  |0.00215517 ul
HE xz -0,00665900 ul  |0.006662 ul
BHE vy -0.00447955 ul  |0,000358673 ul
=E vz -0.00666635 ul  |0.00666569 ul
S 7z -0.0000153198 ul |0.0045959 ul
Taus 0 MPa 8.31592 MPa
TEUEX  |-7.4189 MPa 7.07778 MPa
= Uy [-6.01454 MPa 5.83447 MPa
E&UHZ  [-2.19944 MPa 1.59385 MPa

Table 29 Stress analysis results
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ojE Hag [HE

HE 6520584 mm~3

2E 3.93853 kg

= DjM2 E8 |0.000000000485062 MPa |0.168915 MPa
% #% = % (-0.0826088 MPa 0.0473508 MPa
M HFE F B3 [-0.264026 MPa 0.00236874 MPa
L] 0 mm 0.0327787 mm
oHEA=  [15u 15ul

B3 XK -0,245149 MPa 0,0216588 MPa.
3 xr -0.0441874 MPa 0.0483267 MPa
Sy xz -0.0531605 MPa 0.0491461 MPa
S vy -0.172482 MPa 0.0252561 MPa
3 vz -0.0552541 MPa 0.0599631 MPa
S8 7z =0.10012 MPa 0.0432665 MPa
X gsl -0.016245 mm 0,0157271 mm
Y el -0.0149195 mm 0.014603 mm
r4-5a) -0,0277153 mm 0.0281078 mm

sted 0.00000000000000242 ul|0.00696917 ul

Z 9F T E%|-0.000000014751 ul 0.00580528 ul

H ¢m F #¥|-0.00625721 ul 0.0000000000524672 ul
HE X -0.00408932 ul 0.000150857 ul
HE Xy -0.00180516 ul 0.00172744 ul
Bz -0.0056559 ul 0.00573186 ul
HE vy -0.00399163 ul 0.000124511 ul
HE y7 -0.00552279 ul 0.00556077 ul
i Fvi -0.000133494 ul 0.00474761 ul
e s 0 MPa 0.140314 MPa
T U X |-0.126206 MPa 0.109871 MPa
BE UHy  |-0.125005 MPa 0.134932 MPa
TG @8z |-0.10088 MPa 0.0883954 MPa

Fig. 77 Front wheel driven shaft stress

. Table 30 Stress analysis results
analysis

7 1]
o H23 [HoE
HE 620584 mm~3
2F 3.93853 kg
= DjM£ 29 |0.000000000485062 MPa |0.168915 MPa
Z ST F 5 |-0.0826088 MPa 0.0473508 MPa
M B T S |-0.264026 MPa 0,00236874 MPa
=2l omm 0.0327787 mm
SrHMs 15u 15 ul
B3 Xx -0.245149 MPa 0,0216588 MPa
3 xy -0.0441874 MPa 0.0483267 MPa
Mz -0.0531605 MPa 0.0491461 MPa
ey -0.172482 MPa 0.0252561 MPa
EH vz -0,0552541 MPa 0.0599631 MPa
g8z -0.10012 MPa 0.0432665 MPa
X #e -0.016245 mm 0.0157271 mm
Y &g -0.0149195 mm 0.014603 mm
Z¥% -0.0277153 mm 0.0281078 mm

E7t ey 0.00000000000000242 ul|0,00696917 ul
X AR F EH |-0.000000014751 ul 0.00580528 ul

H S F HE 1-0.00625721 ul 0.0000000000524672 ul
EERS -0.00408939 ul 0.000150857 ul
3 Xy -0.00180516 ul 0.00172744 ul
FERA -0.0056559 ul 0.00573186 ul
HE vy -0.00399163 ul 0.000124511 ul
Y Yz -0.00552279 ul 0.00556077 ul
EF -0.000133494 ul 0.00474761 ul
e s 0 MPa 0.140314 MPa
T& YUY X |-0.126206 MPa 0.109871 MPa
E= Y&y |-0.125905 MPa 0.134932 MPa
& g™z |-0.10084 MPa 0.0883954 MPa

Fig. 78 Front wheel drive shaft stress
analysis

Table 31 Stress analysis results
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Fig. 79 Design appearance before changing
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Table 32 Causes, problems, and solutions before changing
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Fig. 80 Design appearance after frame part change
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Table 33 Frame design change results and expected effects

hgel goli B4, AYEE L ray
A}

)
&+




5.1.2 &%
- A

pisY R

D Ee FEEE FF woly Fumel AAse

Fig. 81 Design appearance after frame part change
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Table 34 Causes, problems, and solutions before changing
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Table 35 Front wheel drive shaft change and appearance

AHEE EE(AE A)

AHEE TR Wely Y

2) 7EF 2 (57 TEFH)

Table 36 Rear wheel drive shaft change
e . Aol SHAHAL EH
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Table 37 Drive part design chage results and expected effects
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Table 38 Cleaning part motor, Disinfection part change table
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Fig. 82 Changed rear wheel drive shaft free object diagram

2) S A A (Ansys) & o] &3 whel 72

Table 39 Calculation of reaction force through numerical analysis

R,=145.99N R;=165.52N R 7233.24N

Mz) =R, <z—0.015m>"—= Wy, 5 <z—0.131lm>"+R <2x—0431lm>"'— W, , <x—0.497m>"
— Wy <z—0.731lm>"+ Ry, <z—0.846m>"— Wy, <x—0.969m >"

<27t 4>

, 1,1y 9 Wi+ m 9 Re 9
= —|—=—<z—0. > = —F<z—0. —<z—0.
v (x) E][ 5 <x—0.015m 5 x—0.131m >+ 5 <x—0.431m >
w; W, R
— 21’A<3:—0.497m>2—$<x—0.731m>2+73<33—0.846m>2
WP1+b

<x—0.969m >2—13.869]

<7 2>
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Fig. 83 Bending moment diagram (BMD) of changed rear wheel drive shaft
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Fig. 84 Deflection of changed rear wheel drive shaft
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Fig. 85 The freediagram of front wheel drive shaft

2) A A (Ansys) S o]-&3F W= A4t

Table 40 Calculation of reaction force through numerical analysis

R,=119.94N R,;=124.86N R ~182.45N

Maz)=R, <zx—0.013m>"'— Wy, p <x—0.126m>"'+ R, <2—0.426m>"— W, <2x—0.466m > "'
— Wyns o <2—0.726m>"+ R, <2 —0.839m >"'— Wp,., <x—0.919m >"

A7 2>

, 1 R W,
v (x)=E[7A< x—0.013m>2—$

W, R W,
—#<m—0.726m>2+73<33—0.839m> 2_ 1;2“’

R W,
<a:—0.126m>2+70< x—0.426m>2—72< z—0.466m > 2

<z—0.919m > 2 —9.264]

<3 2>

1. R W, R
v(z) = —[2< x—0.013m>3—$< £—0.126m > 3+?C< 2 —0.426m > 3

El 6

W, W, R
_TQ< x—0.466m>3—$< x—0.726m>3+73< £—0.839m >3
Wi,

——% < x—0.919m >3 —9.264x +0.12]
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6.3 Arduino &

const

const

const
const
const

const

const
const
const

const

const

int buttonPin = 2; /HE
int buttonRed = 12; /1 E A A

; /A o] 25 IN for main motor

int relayMotorl = 3

int relayMotor2 = 4; /EHo]EE IN for A2 RH 1
5
6

; //AEe]RE IN for A& EE 2
; /o] E IN for water pump

int relayMotor3 =

int relayMotor4

int trigPinl = 8; /A AA 1 ET] A
int echoPinl = 7; /A AA1 o=

int trigPin2 = 10; /A2 442 EgA
int echoPin2 = 9; /A AA2 o =

int led = 13; //LED

int flag = 0;

int i = 0;

int red button = 1;
int ledBool = 0;

void setup() {
Serial.begin(9600); /A& 4

pinMode(buttonPin, INPUT PULLUP); /¥ &
pinMode(buttonRed, INPUT PULLUP); /7134 A
pinMode(led, OUTPUT); //LED

pinMode(relayMotorl, OUTPUT); /& d| o] &
pinMode(relayMotor2, OUTPUT); /& & ]—‘—EZ
pinMode(relayMotor3, OUTPUT); /& & o] &
pinMode(relayMotor4, OUTPUT); /& €] .u_-g4
pinMode(echoPinl, INPUT); /A2 A1 o =
pinMode(trigPin1, OUTPUT); /Al A1 E]A
pinMode(echoPin2, INPUT); /A= AA2 o=
pinMode(trigPin2, OUTPUT); /A€ 442 E]A




void loop() {

NzEat Al Al

long durationl, duration2, distancel, distance2;
digital Write(trigPinl, HIGH);
delayMicroseconds(10);

digital Write(trigPinl, LOW);

duration2 = pulseln(echoPinl, HIGH);
delayMicroseconds(10);

digital Write(trigPin2, HIGH);
delayMicroseconds(10); //delay

digital Write(trigPin2, HIGH);
delayMicroseconds(10);

digital Write(trigPin2, LOW);

durationl = pulseln(echoPin2, HIGH);

distancel = ((float)(340 * durationl) / 1000) / 2;
distance2 = ((float)(340 * duration2) / 1000) / 2;

N2 @A e A%
bool buttonBool = digitalRead(buttonPin);
bool buttonRBool = digitalRead(buttonRed);

Med FA e A7
bool greenLed = digitalRead(led);

Serial.print("\nDistancel:");
Serial.print(distancel);

Serial.println("mm");

Serial.print("Distance2:");
Serial.print(distance?2);

Serial.println("mm");

delay(10);

MHE AYE B2UE A3 &9
Serial.print("button:");
Serial.println(buttonBool);
Serial.print("button Red:");
Serial.println(buttonR Bool);
Serial.print("A] 2F5-:");

Serial.println(greenLed);




/e Q1A ¥
if(distancel < 100 && distance2 < 100){
if (flag == 1)
{flag = 0; }
else {flag = 1;}
delay(5);

if (flag == 1)
{
/A2 €14 LED ON
digitalWrite(led, HIGH);
if (buttonBool == false) /H+ F&
{
delay(10);
digitalWrite(led, HIGH);
digitalWrite(relayMotor1, HIGH);
digitalWrite(relayMotor2, HIGH);
digitalWrite(relayMotor3, HIGH);
digitalWrite(relayMotor4, HIGH);
bool buttonRBool = digitalRead(buttonRed);
while (i <= 3000){
delay(3);
bool buttonRBool = digitalRead(buttonRed);
it+;
delay(2);
if (buttonRBool == false) {
delay(2);
i = 12000; /A E 5
digitalWrite(led, LOW);
analogWrite(relayMotorl, LOW);
analogWrite(relayMotor2, LOW);
analogWrite(relayMotor3, LOW);
analogWrite(relayMotor4, LOW);
delay(10000); /10% F YA 7Fs 7hs

delay(10);

digitalWrite(led, LOW);
analogWrite(relayMotorl, LOW);
analogWrite(relayMotor2, LOW);




analogWrite(relayMotor3, LOW);
analogWrite(relayMotor4, LOW);
delay(3);

flag = 0;

1= 0;

else

{i1=20
analogWrite(relayMotorl, LOW);
analogWrite(relayMotor2, LOW);
analogWrite(relayMotor3, LOW);
analogWrite(relayMotor4, LOW);
delay(3);
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Table 41 The process of making process

2= Nk E) 2 13
UL =2 -
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I 2349 (3) 4EA
1 ZE (1) 4EA
Z 23U (2) 4EA
2 He}7(10) T2EA
A H-E
<]
3 HE(g) 144EA o %M
A4 FF v
9] ﬁ
HE \
4 1 E(9) 144EA 7 ¢
AFE A i e BT F2AA, =]
Y 2022.03.28. (09:30~11:00) B AHE(A), AAAG)
1. 2E, YE, Ba7& AR&ete] AALAE B o 2yl 2|
2 2. BE, UE, BaAlS AREEte] HALZAE g AN ZHd =¥
3. BEE, HE, HepAE AE3te] 7G5S AlS-a dA ZEsl 29
o] A3 Ad Al
A 7= AL A} 1K) 90%%)
2 AR
E o] A3} -
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Table 42 Wooden plate processing

&
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Table 43 Wooden plate and frame assembly process

HE59
2= 2~ 2k 2] m
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Table 44 Axial assembly process

HEH
Sl BENE) = vy a3
T
1 N Z} 1EA
(13~16)
=
2 =5 7} 1EA
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AFZE S
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AHE 5 31)
=2 ol
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Ie) ey
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Table 45 Drive part assembly process

B 3
T o
= (EE) T A A
2
1 TE(11) IEA T+ 94 Qﬂ
]13Z = = o
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3 AE7(19) 4EA 3 TE = o)
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Table 46 Cleaning part assembly process
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Table 47 disinfection part assembly process
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Table 48 Wiring connection process
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Table 49 Exterior acrylic assembly process
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Table 50 Operation verification process
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Table 51 LED, on/off switch connection process
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Table 52 Ultrasonic sensor connection process

BET
>~ =
Sl (BENS) S A T
oFF-o] &
. A o] 7
1 kRt 1EA o1+
Al 2~¥l) Ao
(071)
Hys ®RE 5|2 B
2 ] 1EA i °
(077) 2 A4
e RE Axef 7t
L]
Z} %
2o A 7)Ao
3 063 1EA £-87}
(063 R
EREE
A
ad SR
4 1EA 3| = LA
(060) °
AL ) - A BT -
2 2022.04.27 (10:10~10:20) 2 2} W3 (), s
1. 253 AlA9 vCCoZ GNDIS HeEE HEof +33 Jo AAXS
az |
e oy | O €A o . - )
2. 229 AA 2709 Trigo® 3} Echo & Z}Z} offFoli-e] tyxdd 6~9
H oo AME o] &t A4 F AFA
9 At -
= O 9] [ 3] Bl
PRI L 289 A8 ALY Y
W Ag o &9 W o 2ol e
A% 71E |2 287 AAe AP 9| AF A3 SIS _
i 2. 259 AN A 9
W Folgd we Az & o
‘_:,:] =1 1
2]




m. o] Ao &l

Table 53 Relay control verification process
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Table 54 Procuction process of terminal block connection
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Table 55 AC motor (main motor) connection process
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Table 56 Servo motor(cleaning part motor) and water pump connection process
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Table 57 Process for executing the emergency stop button
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Table 60 The top and bottom five hospital beds in public nursing hospitals
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Fig. 93 Wiring and motor configuration Fig. 94 Inside the frame
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[Before the experiment] [After the experiment]
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Fig. 95 Before rear wheel cleaning Fig. 96 After rear wheel cleaning
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