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Abstract: In this paper, we introduce a robot which cleans and inspects urban fluid pipelines. Considering
it's functions, We named it PCR(pipe cleaning robot). This robot can freely move along diverse pipelines
such as straight line, elbow line, branch line and Vertical pipelines. Moreover, our robot has three
independent spring system so it can be adapted in any pipe diameters along . Especially, three independent
spring systems provide outstanding mobility in navigation that is a prerequisite characteristic in fluid pipelines
by using steering mechanism.
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Table 1 Design goals
Specification Value
A FA 11kg | W
B4 7 ol e $220— 290
Ax Fs @ ol 7t Zd 74t, Elbow 74t Brach 74t, &4 ¥
Normal speed 5cm/s (&%)
Maximum speed 6cm/s
Table 2 Pipe constraints and robot conditions
NP $220— 290
spo] = A A PVC
2R o|F &L 50mm/s (5%)
24 71& AA
v TER
SH2EH
<Point 1> <Point 3>
\
=
!
I Q \ <P(;int2> O
Hi 3
gkl ki

Fig. 11 Drive part free body diagram
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Fig. 12 Driving part Modeling
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Table 3 Product spec sheet

Specification Value
upe A 40mn
B4 4ol 1 320mm
B Hol 2 320mm
el AAE 7o) BE A AFs AAHYH, A FAE FAYE 7 vt 7HA
AR QAo FhEe g9 B4 R Amsde  Bikel FAS
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Table 4 Result value

F,, =80N
l, = 140mm F,=84N
l, = 60mm F, =80N
[, =12.5mm F,, =84N M, =0.5Nm
l; =10mm F, =—T54N j[; = 2‘02Nm
lg = 17.35mm Fy, =4N 1143 = 0'7Nm
F,, =4.64N : |
F o Ely o M, =—0.TNm
£ — gy . M; =—0.013Nm
S Fy, =—T754N
Féy =4N
Er At e

Fax 7 Fo T H/M“

Fig. 18 FBD4
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ATS AT FA7F Smm, 10mm & W= ®A7F spdd 5l sl uskom, 15mmell -
= HAAFT7E 13452 FGS] ElolEd Aoz fudE k. A 8 2 FAE 20mm=E 43}t
Atk 1 % A3 g e o g



or o
_o m
)
NG
B o
B me :
P Cale 22N
° ~O0 <
0 s o
& N T NN
\Alu_n 1o q x £
-8 T o Wm = 200
- T N %o% B
v S
S A g £ —
5] — Oﬁ RH /\1 (\Il
xm m ox ‘mwo ﬂ
o Hl B 3
L8 & A MY
° g & ) 2 = = —
° = = M M
R R 5 a
—— K T o ©
EIEIE IR R
— 2 =)
[wN]SiRs = R .
ﬁo punoy
(B
T. T =
-8 TE R
N
2 o7
S ook W

S

S
=
E
£
2

1

02)5 OII 0115 0%0

9] 2101 [m]
ek S W v

o7} g W
RNaL MEHS o] &

14

i >
s £ < U _
o N ﬁE —_ ‘_ﬂ_mlo
0 0 —
e 6o e e 2 s o o 4
] § Y8388 — G @ X
o) o & o
Nl =B8R = o — o i
IS
‘Wﬂ hﬁ U‘.* punoud
o

FBD

i

ke)
il

ground

st FBD

ke)

of i

Fig. 22 FBD for vertical pipe

13

Fig. 21 FBD for horizontal pipe



Table 5 Deformation at each joint

PCR (Pipe Cleaning Robot)

using the stiffness method

[T, [T, [T, [a,,
1 -2.7660688955¢-07 -1.0181818181e-07 -2.7927272727e-07 -2.8507435816e-07
2 -5.6093884070e-07 -3.4909090909¢-07 -6.7490909090e-07 -7.4021356634e-07
3 -4.1454625848e-07 -2.6181818181e-07 -4.1890909090e-07 -4.6350996556¢-07
4 -6.2978716655e-07 -4.6545454545e-07 -7.4472727272e-07 -8.2943137005e-07
5 -8.5299585344e-07 -7.4181818181e-07 -1.1869090909¢-06 -1.3288719502¢-06
6 -2.1626424728e-08 -2.5344956413¢-08 7.0136986301e-08 6.19209170709¢-08
7 -8.0814831838¢e-08 3.4510585305e-08 -2.2316313823e-08 -1.2303466350e-08
8 -4.5203015123e-08 -2.0355666251e-07 5.1008717310e-08 1.1918860893¢-07
9 -9.8131091836e-08 -6.0931506849¢-08 -1.4346201743e-08 6.7870857587e-08
10 -1.5878423013e-07 1.36966376089¢-07 -1.9606475716e-07 -1.5395325405¢e-07

2.5 FEM &4

15

S EET
AAWANA T MBS 7 G20 Hesdrh Ao, FAR el B 1, 20 L
A, =, €deldelA AT 0892 AHgo]l E7Hsd RS 4 HAA, Egoldy FEE AlAl
2024 T3 A|AES AFEsl7] 2 83
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LIRES {mm) <—3H /ﬁl }_Z:]_>
$.062x+000 =
ST Eelel & W A4
e EpolojFo] 84N°] A aelw} 2529
S Aopgei e 4e
. 3420u+000
e W 10(FD), 5(P)ll THEo] £JAERE A&
B 250904000
| 2o Rx 10 Ry 10 Rx 5 Ry 5
1 7sdesoto 37.666 -43.666 -204.00 -234.57
L 1.342e+000 <.6.H/}_-'] gy/]_>
Ii_:u:_m, Maximum deformation = 5.082mm
0585002
Fig. 23 Deformation in Wheel link at

Horizontal state
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Fig. 24 FOS in Wheel link at Horizontal
state
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Fig. 25 Deformation in Middle linkl at

Horizontal state
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Fig. 26 FOS in Middle linkl at Horizontal
state
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Minimum FOS = 1.248

<s| A =7A>
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Rx 9 Ry 9 Rx 7 Ry 7
16.76 26.99 -9.49 22.22
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Maximum deformation = 0.822mm

<34 A >

Minimum FOS = 4.01
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Fig. 27 Deformation in Fixed linkl
Horizontal state
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Fig. 28 FOS in Fixed linkl at Horizontal

state
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Fig. 29 Deformation in Sliderl at Horizontal
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Fig. 34 FOS in Fixed link2 at Horizontal

state

URES (rn}

27268004
l 24922004
L 227e-0

. 2.04de-004

| |: | 2.7 262004

_ 1817e004
- 1580e00d
1:363e-004
1,1362-004
90366005
- 6815e005
4.5440-005
2272e-005

4 17e-009

Fig. 35 Deformation in Slider2 at Horizontal

state

<3| A ZH>
A3, 4Pl el 2JERE A8
3 5, 40 1A F|X A A&
Rx 3 Ry 3 Rx 4 Ry 4
-36 57 -128 173.19
<& 4] A 3}>

Maximum deformation = 0.00139mm

Minimum FOS = 18

<3| A F=A>

13, 200l o] EJAENE A8

A1, 200 A AAA AL
Aroz wol= W Frld] Bl
&
Rx 1 Ry 1 Rx 2 Ry 2
-28 -76.07 -96 -154.26
<@l 44 2>

Maximum deformation = 0.00156mm



N
of
=

H

20

FOS
1,000e+003
9,202e+002
8,505 +002
L 7.877e+002
L T 16%e+002
6461+ 002

5.754e+002

L

Hz-7l:| 1.508e+002 L 5Ddée+002

. 4.338e-+002

. 2e31e+002

_ Z0P3e+002

Fig. 36 FOS in Slider2 at Horizontal state

2.2158+002

1508+ 002

e Vertical static state

URES {mev)

7.209e-001
66108001
€020e-001
54378001
48470001
4356000
k365000
| 1.075¢-000

ZABde- 001

L 1595001

=
[ i1 k| 7.3090-001 I

link

1.305e-001

702 2n-002

1.216e-002

in  Wheel at

37 Deformation
Vertical state

Fig.

10008 +002
21T Te+001
B354e+001
. 75314001
£.708e+001

| 58e58+001
B 506704001
. 42304001
. 3417e+001

. 25He+001

L L77ie+001

, S
Bl 2] 1.2400+000 ]

Fig. 38 FOS in Wheel link at Vertical

SATTe+000

1248+ 000

state

2,
e

ol F

MN

R EEEN
Minimum FOS = 26.25

<sf Mz
Etolo] = ¥
Elo]o] 5ol 64N
HoAgvpEe 28

A4

PN
T4

3}

dE3} 19.29]

A 103, 5(H)l theel 2=RAENE A8
Rx 10 Ry 10 Rx 5 Ry 5
-53.92 -42.34 -326.40 -365.44

<3l A A 7>

Maximum deformation = 0.721mm

S REES
Minimum FOS = 7.287




PCR (Pipe Cleaning Robot)

UBES (me
287Te-001
' S20%e-001
L d730m-001
o 6000
kL
300000
2 8608001
1391001
.i_ 19210001
Lasde-001
f82%e-000

S131e-002

ddeTe 00

Fig. 39 Deformation in Middle linkl
Vertical state
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Fig. 40 FOS in Middle linkl at Vertical state
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Fig. 42 FOS in Fixed linkl at Vertical state
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¢ Horizontal motion state

<3| A ZH>

o 84N, 25.2N(frictionfactor=0.3)
9.27N tension at center area
Gravity 9.8m/s2 downward
ABS 100%

Pinned supporting at tire axle

S REEN

Maximum deformation = 0.096mm

Fig. 51 Horizontal state Strain distribution
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Fig. 52 Horizontal state Stress distribution
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Fig. 55 Vertical state Stress distribution
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Fig. 58 Overall link gear system(upper)

Fig. 59 Overall link gear system(side)

R AAFE 2370z AAR REsL A4S W, REE0 AdY 23710 Tle] 1ol
Alejsk AR o] 2F AR, TlelrE B0 HAA L, B7lesk AAsEA BEl
obba ukalz} &S ek BrlolE HukAZAA QAselgel dublel BT ekl B0l
Aol elofutn] slofn] Ee @A MAE e SER A5 ek,

fiady

[e)
2

=1
=
=
5



PCR (Pipe Cleaning Robot)

SR (SH)

Fig. 60 Assemble of gear

7107k whAE AT FH £AL PAY] Aa) wog e Ag
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Motor shaft A& : C45
c459] =S¥ . g, =335N/mm’
7y = 0.50y = 176.5N/mm’
FAAFE 152 HARE W, 7, = 117.6667N/mm’
Twisting moment : M, , Twisting coefficient : A,
Bending moment : M, , Bending coefficient : /&
olwl, M, =0.157AN - M, M, =1.8533N - M, K, =15, K, =2
M, My, K, K, 7} Foixle o, 28 F9 A&52

\

'
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S st

o
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v mH F9 73 4%
320, ) . ) )

oa= o AT BAE Agslel FYE ATY Ak
T

M, =16.3mm<60N=0.978 < 10°N - mm, d, =6mm °] %< 91 2o Y 1AL,
_ 32 (0.978x10%)

o
d
T 6

= 46.12N/mm? (10)

e
b

RE F AT ZE 1 =1T.6667TN/ mm’s 0,5 vws|®md, o, <7, o2 HAHI

@ Azl Sveld AEYS w kgee] FHHAT
v Worm Gear and Worm Wheel Design

- M4
D Ael5Y TE EES Wolme b 2 gl npRolth WAL Zols] 98] lojd] f3o] B

Q35t, wEbA] 7]9] system closed system©] T}
2 BAAT 9=

1) Worm Gear A% : S45C

sascel @ & : [o,], = 1400kgf/cm’

Worm Wheel A& : CAC702(3%)

CAC702(3%5) o &% &2 . [,] —=500kgf/cm’

Worm Gear®] SHAAIGE 9F 2, Worm Wheel®] SHAAIGE oF 302 714,
[ab]ww+(?_]'ﬁ7ﬂ—’r‘)ww, [Ub]w+(?_}3j7ﬂ—)|:)w9] S ¥ aLske], Worm Gear®t Worm Wheel & % ¥ A
o] Ao m °fghA| wotsiat.

(0] o = (FAAIF) s [0, (

2

AAS), (1)
500k f/cm? %< 0.33 < 1400kg f/cm? < 0.5 (12)

150kg f/cm? < 700kgf/cm? (13)
=, Worm Wheel®] Worm Gear®.t} 2Fs}c}. whebA Worm Wheelo] A3l #HAZFo] & Q35
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" 'i! |

Fig. 61 Teeth of gearlD
Worm Wheel®] 7]o] o' gk 7ol thsf stzgo] Foixle W WS Artsfrat

sotol e 4

g Eo], ojweol §3AS & uf, ‘Luise Equations’, == w3 F2l ‘Leise
FactorS i#]3tth. 3219 A2 M9

Be W olmeAe 7Y FHe Beat puk
Y

o, = = (14)

P=olw & o] delt REHF

m RE
b :Face Width
2
= 6><m(Lulse Factor)

157

_—6><1><1.5_0'274 (15)
YE 99 Hol vysta
6 XhxP, o
oy =—"> 16) ©| T+,
’ bt (16)

dA, PE AL BE FA= JtERI0] veob vk BEAA U2 ¥ B 23 T]ojE AA,
H8d E0] 2+ input torque= 0.1787N o m = 178.7TN o mm ©]Tt}.

W eHe A oA 9 sk Zoja, 98 FAFH A B7AAe A7t 10mmo| B =
P, =17.87Nolt}, we}A, h=1.5mm,t=1.5Tmm,b=10mm, P, =17.8TN & Fo]2~ 84F 1#3
Gee Aol Wy,

6 X 17.8TNX1.bmm

10mm X 1.57mm?
olt}. [o ]ww = k50 Mpa, wEbA] o, < [Ub]ww% WSt R A A3 Worm Gear®t Worm Wheelo] 15 €

W oAH BAZ SR $ee ¢ 5 Aok

=6.524Mpa  (17)

g, =

3) Worm Gear®} Worm Wheel9] 3 4]
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Worm Gear®?} Worm Wheelo] 9tEd 2bsd of HAste= Fob= =LA 37k 7} &A1$Th Dynamic Load
(F}), Static Load(F}), Wear Load(F))

* Dynamic Load(f})

F,=F, X (, ,F,=Tangentional Force, C =Barth Velocity Factor
6+ 7, mdy Ny r<0.020 X 296
mg 2472 s . .
= = g = . 1 d _ A %
C i Vg 0 0 0.31m/s (dy: YA AF) (18)
6+0.31
¢, = 6 1.0517
dy
Tangentional moment m, = £, (7) Q1S o]&3H,
20
178. 7N o mm= [E] X (Tmm) (19)
F,=17.8TN

L Fy=FXC, oln&, F,=17.87TNx1.0413=18.61N

* Static Load(F))
F. =lo ]><Y Xb>x<m, (20)

For Z=4 (Z : °J7]019} e e 929 ol i)
b=0.67d, (d;: ¥71°1¢] IAY A E=16mm)

A A 1
= Smm _ 195y @
= m

m, =m,CosYy (ml - v\_q ‘]

=1.125 X c0s20° = 1.057

" F, =[500kgf x9. 81] % 0.33%1.072em < 0.1057cm = 183N (22)
. F, > F,

el FeAe wRgong frjojel g 2 W, A3 &AIVE
w3, F o> FE 53 €71019F 980 selflocking®] BE S8 E Th

*  Wear Load(F))
F,=Dp)K,

D, : pitch diameter of gear(mm)
K . wear factor(Mpa)

w
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Material K. (MPa)
Worm Gear 2<10° A<25° 2>25°
Steel, 250 BHN Bronze 0414 0.518 0.621
Hardened steel Bronze 0.552 0.690 0.828
e tace BOO Chill-cast Bronze 0.828 1.036 1.243
BHN)
Cast iron Bronze 1.036 1.277 1.553

Fig. 62 Wear Factor!2) of gear
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F,, = 16mm x<10.72mm < 0.414Mpa = 71.01N (23)
F, =71.01N > F, =18.61N (24)
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Fig. 63 Spur gear!3)
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Fig. 64 Teeth factor Y %14
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x5 = L e
B0 |Gels | 1% 5% 212 ol @
] GC M | GC 20 200 o) 273 |} 2
(D 4301) GCB | GC5B o50) o] 241 o]z} 108
GC a0 | GC 30 30 <144 %2 ol 127
SC 40 | sC4 410 o1 140 118
o ES Es en| B | &
SC 480 o
oM 25 C 44] o] 123 ~ 183 i
AFzE 24 | SMIBC | B 510 o}*ﬁ 149 ~ 207 955
SM 45 C 565 o] 187 ~ 229 234
SM ISCK | SMIBCK| 450 o’F [400: 7B EE2 204
EYEFa% SNC 415 | SNC 21 784 crj 600 é% 345 ~ 392
SNCBIS | SNC22 | 980 ol |600:ES 3% ~ 539
SNC 23 | SNC 1 7% olF 212 ~ 2% 343 ~ 392
UA387 SNC 631 | SNC 2 a3 o4 248 ~ 302 302 ~ 588
SNC 8% | SNC 3 931 ol M0 ~ 321 2% ~ 588
3= 176 o4 &5 49 ¥
delA2HEALD) 343-588 - % — 19
AAR(TE) 186~204 70 ~ 100 49~ 69
JAREFR) 2782 180 ~ 260 19 ~ 294
HeE 54 T 8~
Fig. 65 Allowance bending stress o, 3tE15)
o 7ole] SAAF f,
813e) gl BEAT Alf,
25l vz 249 He .80
Ee] HEdE BS 0.74
2% el He 067
F £, 2Lt =20 FojRiT] oien 2 S0
Fig. 66 Impact Factor f, 3£16)
o 71oje] HEASF S,
Table 6 Velocity factor f,17)
AFEE v [m/s] EEAF f, 71019 Ed Ax A8
v=0.5~10 [m/s] : 3.05 Age w =Eel, A3,
RENE 3.05 + v T AHE 9
v=10~20 [(:n/s] : 6.1 A=A As7], ARk]A,
TH5E 6.1+ T 7] A
v=20~50 [m/s] : 5.5 Aue S718Hl, $3F7] &
1 5.5 4 \/77 A&7 A, A7 A
* 97]0] J}2 R0 7]E : SSAL-32

35



36 AR - A - AT - ol AT ol

[ wa T =23 | ofi | dawa fbed HuSsy | B N3

il

IR JIR 28 Ue yy Tas 18 | ¢ D E =] ] 1

S5A1-20 20 85 8 = 20 22 10

SSA1-24 24 55 8 24 26 10

S5A1-25 25 55 8 25 27 10

S5A1-28 28 55 8 28 30 10

SSA1-30 30 s | 8 30 2 10 |
" " ] . i |

S5A1-32 32 55 ] 32 34 10

SSA1-35 35 55 8 35 37 10

SSA1-36 36 55 a8 36 ia {11

SSA1-40 40 S5 L] 40 42 10

SSA1-45 m 45 S5 8 45 47 10

SSA1-48 48 55 B 48 50 10

SS5A1-50 50 55 10 50 52 10 — —

SSA1-55 55 55 10 55 57 10

55A1-56 56 55 10 56 58 10

S5A1-60 &0 55 10 — 60 62 10

Fig. 67 SSA Spur gear!?)

Z7=32,a=20", m=1,b=2.66mm S ZH5¥
3.05

Y=0.32014, 0, =294 MPa., f, =030, f, = -

= (.8465 (28)

S Wi == fopmbY
= (0.8465)(0.80)(294MPa)(1mm ) (2.66mm ) (0.32044)
= 271.54 N

T30

2y | Ao 1245 1686 || Heso 1328
Mz | M0 1245 1784 F 4 LE&
Hamy | e 1548 2058 B B LEZ
)] B0 1666 2215 R L 1,519

Fig. 68 Stress factor k %19
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WA = £ kmb 242, , k=0.519 (29)
T 414
B ) 2(32)(32)
= (0.8465) (0.519N/mm? ) (1mm ) (2.66mm) —o——=

=37.40 N
87t AFEEtE TR EEC 9g AHr|ojdAe] Hu EAE 0.1985 Nmo| B2 B 9% 7]
oo o] A 32 0.1985/0.016 N = 1241 N o]t} wehr AAP =S etz =io] g A7}
Stk Ho ol o3k o] ol¥ o] HIsHS Ffr] fd, ojulE MU E A S

@ % qvk

M
o= 7y= 0.257 MPa (30)
ol 38T 20aMPaE HIGA BEFE & 4 ATk AFE 918 Solidworks® A-§3I0]

2, =971l s FEM ali4& & qltt.

Worm wheel

<3| Z=A>

Center : LA FAA]A|

7ote] sbe] AW 1A
TAN Eds REHAAA ALEE
2 ) 7} £ 51=0.1787Nm

Jtg 21 FESXHEAE = 1.83Nm
EREES

Maximum deformation = 4.84 « 10~ °mm

<a 4 270>

9ol Edsi}

<3l A 4 7>
Minimum FOS = 89.7

Fig. 70 FOS in WormWheel

* Spur Gear
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e <M 27>
l::: Center : LA AR A
e 71019] She] AWg
o BN EAs REHAAA AR HoobsE
e 1=0.1985Nm
o <3| A A 3>

s Maximum deformation = 1.43 « 10 °mm

Fig. 71 Deformation in Spur Gear

1000w+ 004

Fries000

B4T 1E008 <—3H }‘\j[ —Z— Zﬂ_ >

17060+ 000

o 9ot Fdatrt.
ENTTw o003

A4 12ee00

AT <8H /.\_;'l 7‘% ‘TL]‘>

RTLATE. )

. Aviawvoox Minimum FOS = 824

1R
I tasaecom
LT

Fig. 72 FOS in Spur Gear

Fig. 73 Assemble the bearing and snap-ring

P77k FABEA WAL Ae YA A 2WPL AgF Brlole] Fol 29
F AR FS shn ui B3 Suka F wE AAst] A gES g

il

M)
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59 A

28 W5 A

Table 7 Summary of design changes

TE5E 44 ABS

PLA

A

IR iTa=s SMPS ©|-& 24V, 5V & 24V, 12V, 5V A o g A&

Ao]uA il el, A=A A, AFel2 AAE | Zhdeh, Zol2 AAE o] &3 5

o o] 83 A5 Aol Aof

v e
TEE AA D Ao FEH AXYo| WMEAEe] Tk PR RS AT w, mo]X =3 uf
T 2 S ael] F FaEo] SR o|EE AAGY] witdd Fo]ire] AFE2 92909 4wl B
Hol d8Fgo]l gl w o2x A2y Zda 98, €799 self-locking AlaEloz HP e 7}
HESF AAY. o] Astea] Hagh ~xy g A oF 2500N/m°1‘4
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F4 A 229

Fig. 74 Spring design change photo

A7, 2500N/me) ~H el Aol AL fo 2y o] shue] ol F 6o AxHS
Fakslo] dlo]oA A& XJ?fEO}"ﬂE‘r A, A AAE JAPBPE o $HAT 72 ol A %é,
B71019] self-locking Al 2~F7 Bl Eo] dEFwo] gle vl 1 Fej= & At sHAv, FE A 2

H7F AA = ?E—‘J wl, =3x8 el Uy Al 7lo7t EEle dAdel %Mkkﬁ‘r. e 27 A8
DCEE ] 7% 7]olu|7} 1: 210]H, AAEA L] H$ 0.55NCE 2500N/me] Z4A4S AEZ37|<l 537}
58 5 Mob‘r 229 e APHoR xdste Aol A Mdeolgt west
ek A& 7FAdo] 2000N/m, 1500N/m, 1000N/m<l -~
Hdads FAHAA dEgFFo] s o vl mI11d

o]
I} 734 o] 2000N/m, 1500N/me] AX¥ AL F 7[x9 H$E »%
o1}

O\l

mlo
o,
2
X,
=3
i
ol
N2
td
o

£ WEAE A ~zPolodnt
1000N/mS] 23 & 3o A ehe] mlzieiol AR oLk, #ﬁo Bol A BEHE FE @RS BB
@ 5 AT A, 2 2E volme] U0l ¢220— $290%1 A gol tleked M WA sems
o HEE A5} S 2Ag BEAACE 3] WE] Stel AAe ~xE gL AL T
Nl 2zge AUz AANYE PHS

Tl Arde 492 A4S We F4S B/ Axy ldoR AREAE 2 54 A7
shel theat 2t
A A G e P e Y B VAL B P LD L B D S i
k,

ks
X1
n I:{[ {
X2
I m

F x(1)

Fig. 75 Driving part spring free body diagram
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1 1 1

= ¢ T/t ARET @R, AR A Ageh, SHAeIA rEA g2 S
eq 1 2

3 Bed FAFY A5 FER v sl oF 120Nelvh, R, AxYy) dAR Zepelre Ay

W9 20emelth, ol & A AAF 5k A KB Adaw, 120 (V) =K, X 02(m) olnz

K., =600N/meltt. wehdq $-2 i A5 AL4E 25008/me] =T} 1000N/me] 24E A48 2
ol t}.

) 1 1 7 o
AA AL SR, + = =, K, ,=TI4N/m=z 53 7349

1000NV/m ~ 2500N/m  5000N/m ' "
Ak, 27 AL 2EAYEE FAF
o] 3D THE zﬂ?ﬂg ABSOM PLAZ tﬂfc—mt‘r *4% S gAl AL
=
]

o
SAYT. FEF G20 A

DTable 8 PLA / ABS Property comparison Table

PLA ABS
Density 1.3g/cm’ 1.0~1.4g/cm’
Young’s Modulus 3.5Gpa 2.0~2.6Gpa
Elongation at Break 6% 3.5%~50%
UTS 50MPa 37~110Mpa

T A8 EA ta) Frder AuEW, ABSE A%, 94, v ada
PLAK.T} -‘HOMD} shAgh, AW, flojf o ® wo] wie} PLAR T v} v
Zeet 49 ABSHEVL B2AEE Judon A7)7t 2 RES FYas 4

SR A= 1—3— AAE w] ABSY &4 F71S E=2,0Gpa, UTS=44Mpa® &4 S 33 t). PLAS E,

UTS#t°] 3.5Gpa, 50Mpac] &2 A& af4S A}

EES

1 AL WSl AB g20-290mmE W] SAsje) YA el A FYHl any
302 WA AR Ha BAG Ade ABSE AAsdon IDZARE ol gatel A2 et

1)
http://www.atadmin.net/%EA%B8%B0%EC%96%B4%EA%B8%B0%EC%B4%88%EC%8B%A4%EB%AC%B4. htm#
%EC%9IB%I0%EC%A3%BCHED%94%BCHEC%BI%98%EB%AA%AB%BEB%93%88
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AR - AR - A E - olg - o B

Fig. 76 Original janitoring part

AN
b
1z

sz A4

Ho hEulE aelsted]
A 4ol = 87.95mm
FHEF-4o] = 70.18mm (¢p=290mm)
c HAditE o] = 35.18mm (¢=220mm)
A k = 0.563N/mm
Jtgdz a1 Fa
917 = 19.43mm
A 57 = 1.6mm
] vk & HA 10N, H o) 29.8N9] oz A st

oo BB [ -
Ao R U IR |
t‘“ o, ot

N‘ﬂl}‘_’;l\)

2 ES B-E R R

Fig. 77 Existing cleaning part and internal design

« A4 : ABS(Density 0.5)

o HA gk FA(12) : 227.09¢

o t}E] 178 : 71.68g

o ZWA 1 90.7g

o T TH=mA(1/2) X2+ X3+& WA| X2=778.94¢
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maximum compressed state

kAz, .. = (0.563N/mm)(52.77Tmm)

SF =0

SF =0

ZMG: 3><7"><,U:5N_7_min =0
Toin = 2-94Nm

Fig. 78 Existing cleaning part FBD

o HA4H EH FHA EF 294Nm

v Hay A7 SR

Fig. 79 Modified Janitor Model

AL AAYY BdHS FA453H 3D ZHUHE F9S 98T F FUME ZQES) 294Nme] E
A5 9 5 e 28 EHE A §F A A, okl 9lHo] JheiA A S W 3HdS F
ARk, 2507 0] el HARTL & Wl AR IHS dov)vd EAvt UF J5F - et
A Agelle 28 RHE Adgste Aok 71E 2.94Nme] ETET oF 450 A Ay EHE T
SHAIRE, 10Nm ©o]e]l EAE ¥ 5 s 2fEEEY] 49 A77F vUv 2la, %
et -8 £9 PCRO 4F- 7o 270, AESH a2 JAF7HA 25 e FAE oF likg
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EEERE T RR
of HEs AW, FA % AeEs glo] olgle.
upebd AAE ThA] gk

A @ g e A Ak e A, pe e sl % W s
of AAE vAl &4, 7IEe] &8 EEE O AREE Aoty Aok dFl ¢
o7l A%, D REG AZRE A wde e8] Aol 1 T 4l 00 C wEl, 23]
of, WA 7lolE Ab&ate]l AHAE vk =4, ¢220— @2904F0] 9] Fo]ZE HF
Ha7k oAASE gtk olo WA WA 7o E ol gakm WA slol7 ol
o el A% £ Aol A2 Daarln Agaan ohdtes, Aa §
ST FAS sgem AR, AEBR] FAT Agow ARG whio] e
3kg Hlvro 2 AA ) okgr g} o]—X]U]- Wi 710]& o] &3td Wl FIte] FEE7] o

AAe 7] wZel 28 REe XA Hae A

ALg-3)

f A e

A GA AT = AAk
v 71e] A
Aol AHgEE 2370l W Flole] FEE sy Aol Aae PES wu 9 DC R
29)7)0le) 238 WA As gk,
7101 EtSd 23/8e4d 719
AH sk 24V
7F4n] 1/21
HAEA 1.9kgf-cm
ER RIS 326rpm
et Bl | 378rpm
Fig. 80 Modified Cleaner Motor Specification
Prlo] FtEE 1 715 : SSA1-32
a0 MNw ]
BEE BB "5 a0 s s e | =
T T |
B W 3 |
| | sanc
CE
YN E| e ol |
ST ss
RS TR o8 oF oy _%n 1 w;h E lﬂ:“ I| qi;!;?n |l n: { !l?:ﬂj ] :LM_IE
SSA1-20 20 55 8 20 22 10
SSA1-24 24 55 8 24 26 10
SSA1-25 F1 55 8 25 27 10
SSA1-28 28 55 a 28 10 10
m! lD 10 55 8 0 | 32 | 1w
ssm -32 32 55 8 32 I 34 I 10
S5A1-35 35 55 4 15 37 10
S5A1-36 36 55 ] 6 8 10
S5A1-40 40 55 L] 40 42 10
55A1-45 ml 45 S5 a 45 a7 10
SSA1-48 48 55 8 48 50 10
S5A1-50 50 55 10 50 52 10
SSA1-55 55 55 10 55 57 10
S5A1-56 56 55 10 56 58 10
SSM-GU 60 55 0 60 | s2 | 10

Fig. 81 SSA spur gear
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WA, ~y7]oje] Sl4&= 320|131, T4 DC &
T, Ul 71ole) ol FlojHlE Altetgith

Gear Ratio and Direction of Rotation

M, 2y My, 23

+ +
Driven A:} Drive m.2)

Internal gear is drives

Internal gear is driven
2 "y = : No. of teeth

-

Gear Ratio i = n o om n: Rotational speed

Fig. 82 Internal Gear Calculation

z n 2
R e — (368 2]l z, =320 % 2 = 86.96 o]t} =,

7AePEl i= z,  n,  326rpm/60min

Ul 7lefe] 17t 87 ek Ao HX AEE 2mpsE A

Adol dFnFeldt 7e 55 Adolebd At FAgL 3
w7l A1717F ol WA 71019 Ade PLAR A&kt w

v ZEEH

1A, SHAA 1 AAYE JEEFE duRa

fis

Fig. 83 Original controlling part
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9o 2¥S By, AEZEH = DC RE 67, 2¥REH 171 2 9 AAE Aojd 4= 9= arduino
mega 2709}, wemos D1 1707} &4 & U=F A, stAwh, AA| 3D Z/EHS st Agtst
o By 37kA 9] FAAS HAd 7 A AA, AFSE e Aoy ek AlA 7t ‘E%D‘ri\%, AEZR
NA Moo= WA Mg 6470 ATk l% ATt obEl 2F) UE%E 60‘: ZEow WIS A
& gtk S5, A4 mdH FAE el v RS Witk T odAE A dA A
o} #o] Qo WA mAdF} FAE Tl Aol wAUE 91% T3S gEEit By, AEE
o AAsh= 3%7} FREEo] AP o= HUEZHY FAE S7MAAT AEEHY FA= ¢

=
2kge] Eolwil HF PCRY T FA llkgs dolxe= 4

Faho] WAYT Ao RE W FALC
AA g o 11 Qo= Foluh Jlek FA7E Welele HsAel wlg Ak ol U@ dAow
We smelols AZERoT e Tt U] Wolgls B715& BE tohilrld REe|y

.
webd, o] 37b BAlol s slARow AEE BB vol ehEom ¥ i e Ay A
A QA @R zuvlolsh R R SR Fare] AAz ddel me) W FALAL HA 9@
Fooglom, g4 BAl ES A A 5 vk HEel AETVA o wAY 2o F FA}
438 Fasty] W] Selsk Aski ol e Me] TEe] A o] FolHrh

71=2] AAA PCRE A9 THEE WA Ay Btk

Wemos D1 Arduino Mega 3 Gyro censorx 2
fsv sv
Stepper 24y
m:t';r Mator  e—)
=) driver
!
| B

AC 240V b SpPS wiily Motor e DC motorx 3
\l'El'

sv ] \
i Camera Wemaos D1 5\" LED

‘Wemos D1
distance censorx 3

5\.rl svl

LED distance censorx 3

Fig. 84 Power supply

AY FFEE BY, SMPSolA 24V, 5VE 747 BH =
S e ool RE =gtolHo] HAY AFE Btk AsE e wE =ehone] 9 PWM
34 e® DC & H £55 AEE vk 29 BE 9A 2o P oz Aojdr)h AT, SMPSE 4
e RE=dholo] At syt wAste] AAlm of
=13 o

M

k)

olB] 2} Wemos D19 &F3lt} 5vVe AY¥

Al AHgstel dds]e A, 2719 DC RE e A
77t EEM] o VA Ade] FaEe @42 LA 11v7E ¥ DC BE R FEEE 75
S et A S sk e Brbe stk met SMPS Hial, elefe] of S ol 8

SEyel wEE TEAE %ow A
DC BHE o] §8 waz 4AE AFA @7
FANAT AAR olelAe) oHEE ol &t
S a7k of avar e,

ﬁémm
o
B>
-z
oift
o
]
(o
)
o)
o
a
12
>
2 o
D
aor
[nt
o o
oo
=
2

& 4ol EE=gfolnel Zhz} 7&%% %%é‘i% “H il
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2E uH ue
Swaight pipe =S¥ HH B 6 .{mwwqﬁ,_ Power off

Pewer sBygare __ U0
—tanazsun = SO O ﬁ% M2 B34 b 0}
r @ M3, 551 a A0] ﬁ
N
g M

i a e = Caeuahe )

i l“’ §
T Y e— L@m

S

. § Yes
M1 P M2 -4
M2, 459 ¢ 0] M@’ - M3, 413 ¢ 20} No _.siohm,
Milﬂﬂal‘iﬂ[— % ‘,m u‘n;gq R _M
l e - "No l‘rﬂ
M1, B e Aoy E o
M2, 9 q zml "’"@w - Povwer off
+

Dames, + 120

Fig. 85 Flow chart

Abs AloJE fElA 7S 2 S ok Al AelE Ao A A A AT

Agl A AA ] A Fto] 3 oA PCR ] 9A]¢}, PCRES elbow®} branchol A] HEF)?" TEA1717]
A8l AR EE 7H T8 AAY Al E e vk el 2z sk BAske] F oele] A7 AHAl
A E AT Aol AAE AA 671E SPI T4lS o] &3t A #s °é°11Ht AL AE3
HAAZ Gl FASte] mho]x oA AFES AT Egtt kAR AAIE HE PS we o
’BJ’PE T2 A elbow, branch :rLﬂoﬂ’ﬂ«] Zh vk ol oigh A Wskgke vlg- mm A o] ) o A
o] zones Adt7]el= SHAZE dvka dwste], 5 Ao WAS BT

ololutole} AAH Wemos D1 mini pro”} master”} ¢ slave?l mega 2560 27]o] TAE A& F=
WASE agE FAPY. g 7]Ed A YW sheel RES F8 ol Aol sk FielA
= 3 HE AzE Fo]AEE o] &dte] AR AP gAY e E FE WA 5 Ao 34
o7 AAe JPU

> o

344

22018
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d- 49
o)
NO TAME 10¢ %EJ 12¢
1. FA R A AE
2. AR S P L = e SR !
3. Fade] 2 HAAAH el A
4. A7 TjAplel wE 3D R
5. o 254 g $9
6. | AN RE T FUHAE XIE 4
7. AEZY tAl 2 A
8. TEF BE A F 7oA
9. Aol == AA
10. gt A Bl A msA
11. 733
12. FEM
13. ElER]
14. B3 2 ppT #A
20194
NO 3 g
1. TA A B R
2. | 3D Z¥H &9 ¥
3. steso] =9 Bl
4. | S=do] 2ZE ]
5. AP wkE
-l Ak
Table 9 Total budget
Sl T R 742 T A
1 ??H%?(?;g% AAF v ¥ 290 W 4,640
2 ?14%4 ;ﬂj— 1%%—(?9?)%] WA 71o] = W 1,800 W 1,800
3 2 ((;;LE:E_%M) ;L%E‘Eﬁ ¥ 19,800 ¥ 138,600
4 FSE P L W 5,170 W 25,850
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SUS WA EE e
5 M6*55mm IE AZA W 390 48 W 18,720
SUS WA EE e
6 M6*35mm 9BE A4 200 6 W 1,200
SUS A HE S A
7 M6*30mm 3E A2 w180 12 W 2,160
8 ZALHEE 1m S E AA W 1,640 3 W 4,920
[ =1 E
o | =3 e HE L ge Az W22 100 W 2200
10 UM 2RAE IE A2 W 52,450 3 W 157,350
11 2 7]191(SWG1-R1) TE X 7] 0] W 24,450 12 W 293,400
12 A2 (AG1-20R1) X7 0] W 28,852 12 W 346,224
NEX-1414560mm<;
Re=an =]
13 [ T 5nkg] W 15,000 12 W 180,000
14 42 3r g d48 ¥ 13,600 12 W 163,200
x| _30-
15 | %71 Olfg%‘*g;'o 30- 1 i) W 12,133 13 W 157,729
238E7] vk (%)
16 [SZH-GNP358-2] AEES v W 1,800 6 ¥ 10,800
[1342521]
17 R e A A 7,000 1 ¥ 7,000
3 al A~ El Q -
18 E@ag]éd ° 2 3,500 1 W 3,500
= E
19 WA =W = 1A W 300 12 W 3,600
QB =
20 415 =9 °§1}:§ B W 400 2 # 800
21 Hj -8 & A 2t W 2,500 6 # 15,000
A A -
2 | L lmmSS | psy s W 2,300 12 W 27,600
PSPz -
23 s lomm SUS | pen g W 3,000 12 W 36,000
AFEF A~ T
2 A
24 2172 Imm Steel TEE 14 3,000 1 W 3,000
W2 Im
ZJE A4 7y P
25 Steel 7} CaA ¥ 5,000 4 ¥ 20,000
26 Ud e HA wpzk 7 W 10 100 W 1,000
: 2= =4
27 Alummu;n} %EEM H g‘afo]“% ¥ 20,000 12 240,000
A5 97 15mm . .
T o B =
28 * el Al = ¥ 20,000 1 ¥ 20,000
27 8mm T8
29 | gqusdze T | WAUE = W 15,000 6 W 90,000
W | e
Aol =4l Gl
30 MPU6050 715 = oAU = ¥ 2,310 2 W 4,620
AA BE GY-521
. T
31 Aduino Mega o A L) = W 12,600 2 W 25,200
=
A==
32 Wemos DI N ¥ 13,900 1 W 13,900

49
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33 wE = o] ] N W 43,750 W 175,000
o HAYF ’ ’
34 FPV 7} 2t N W 186,000 W 372,000
HAYF ’ .
12V LEDH} 85mm TE
33 [SZH-LD097] A% W 1,100 ¥ 6,600
LED $%=x4 tn 5
36 (12-24V 8A) A % W 8,400 W 8,400
37 w719 50%50 e W 1,100 W 3,300
e AU g g
9] 8l ol H, DC SRRt
38 5V-3A [97 . ﬂ‘ﬂjz W 6,800 W 6,800
557 2.1] i
bl w4k o, T5 T
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Fig. 86 Modified full model
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Fig. 92 Two compression springs with different
stiffness

Fig. 91 Spring fastening
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Fig. 93 Single driving part unit(1)
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Fig. 95 Driving part and universal

joint
connection part using one fastened ball
cap(1)

Fig. 94 Single driving part unit(2)

96 Driving part and universal joint
connection part using one fastened ball
cap2)

Fig.

Fig. 97 Universal joint fastening mechanism(1)

Fig. 98 Universal joint fastening mechanism(2)
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Fig. 101 Combination of universal Joint and
Steel Pipe
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Fig. 103 Insertion of wires in pipes to prevent
twisting of wires

Fig. 102 Bearing and snap ring fastening

Fig. 104 Wire exit through side of cleaning part
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Fig. 107 Spur Gears and Internal Gears(1) Fig. 108 Spur Gears and Internal Gears(2)

3.1.6 3 F&5

previous mechanism(1)

<, I- o = l “' A ']
Fig. 110 Fastening the rear drive using the
previous mechanism(2)
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Fig. 114 Arduino Sensor Wiring Diagram
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Fig. 116 Reduction of the contaminants hight by the PCR
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Fig. 118 Straight drive in the pipe
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