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Impurity Removal System For Recycling Container Using Scara Robot

. . * . * *F
Ji-won Kim, Hyeok-ju Gwon = and Woo-hyeon Hwang
* School of Automation Engineering, Dongyang Mirae University

(Received January 9, 2022 ; Revised January 9, 2022 ; Accepted January 11, 2022)

Key Words: Modular design(=%3} 4d7]), SCARA ROBOT(Z=7}2} Z4), Actuator(7-& %), Motor control
(XE] Al 9]), Peristaltic pump($15 H L)

5 2 A 27t 2RES 2838 AlF A 2HS T 1E5de] AEgsEE 53 A4 Qg
S Folv S HiARE U pick and place 52 T HEo] EAE AZE AZtE AH A~E
S ol &3 2% F dokve YA 2 WFgom FLoEH a84Q EFRE =T vk A A H
AH7F S wel v S g AlFE ARE SR A HE R Fkeke FAlolth o] & sAsEt]
A 2 "ol AFgt RS o] &3] ety Al U M-S FEH 1EEe] AsE 535ty
HAE QL ES 9 T AT TFHE g ALE 9 HYE EAE sidste] x84 olyA
7143t ¢ ds Ao E o4

Abstract: This design aims to obtain high-quality recyclables and increase the actual recycling rate through a
cleaning system using a scara robot. Currently, as the population and consumption increase, the cost of
processing is also increasing due to the increase in the use of plastic products every year. To solve this
problem, plastic cleaning and sterilization using the robot made by our team can increase the actual recycling
rate by obtaining high-quality materials. Ultimately, it is expected to contribute to the development of
eco-friendly energy by solving the waste problem of our society.
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Table. 1 Design considerations
Key Design Considerations Method
Robot arm design and joint m | 3D ZHHE ARES 23 A2 2 e BA, oY 57 S Z
echanism implementation BN A, st 2 HF92 e 2 ZHEEE A
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8 '9 Wl g g ALgale] dF A
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gnition. gripper A 7|
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Table. 3 Patent Analysis and

Avoidance Strategies
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Fig. 2 the contents of a gripper's thesis
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Fig. 3 Name of each structure and Assembled robot
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SCARA(Selective Compliance Assembly Robot Arm2| °FAh)& x-y 9] HWHA A =A==
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a. FEA2E FZ(Pump) : ALE&F AHS 93 &5 THSE FZE UF HoHe] deE F
BE =9 A &FE sHsE 2w AAR
b. EA(Body) : 23 3} A3 AFololEE A oR uA W Aoz A3 F2t

S 98 FxEoln, wlo]| AR X Z A, A (Pump), RE ZgtolH, 34 AA 5%
FRete] dARS T

c. Scara Arm part : ZAHZ ALH H9How P4 2 2Puv, 269 mEsh gFololg ¥
£ % goly MES Fi) 52 Agwh

28l 29AE Fzele] 2HE EHO IHEAE SIS 252 Pitch +55 % AFololH e}
Rack Gear®} A X EE7} A2En 3%F9 Yaw 52 ©H3it].

d. 229 (Gripper part) : 35 XA A o FAREH, 3702 AR
= FUE e 5xE s = =

e. Al&E L—_Z‘g(Cleamng nozzle part) : Arm part €5-5o F&EH, I8 E FI o H EAE
Amg i) TRE 442 AF e 49 ST
233 & A4
2331 B¢ AA
A4S sk feA ZEHe AdAL FoEy Fasith 7|24 oz PLS HHHES ARE =
5 T ds AR Z Ul 27 e AS adste] #aL ~‘?— A7 AARY, e EJR FAE
T dE BHE AAS= Fo] Fosit 25X FAE 10kg oo = 7S] NK243-01AT EEHE A
g8ttt A< Table. 53 2t}
Table. 5 Stepping motor Specification
NK243—01AT(4P) Nemal? Nema23
VOLTAGE 4.56 4.0 12
CURRENT 0.95 0.95 2.4
Step Angle (°) 1.8 1.8 1.8
HOLDING TORQUE 91 158 0.64
(kgh*cm)
SIZE (cm) 42x42 42x42 57x57
Weight (g) 224g 220g 520g
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A3k}, Stepping Motori=

Rotor9} Stator®] = -zl ofef Aah#= Stepzt virh 37d-AAstmz AEsHARE, Step #k Heol w

gt 331 9 z1Fo] AR FAo] Qth Microstep Steps AliEstale] A& 9 A4S0
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Table. 6 Motor driver Specsheet

[l )
Eees
a3k 5

TB6600 L298N L293 €&

Number of motors that

can be driven 2H3 170 271 (=Hs82 171 478 (=€ 270)
simultaneously
Drive input voltage 9~42V 4.7~24V 4.5~36V
Maximum allowable 0.5~4.0A NI 2A AET 600mA
current
Maximum Micro Step 32 X X
Operating temperature —10~45° —25~130° —40~150°

2.3.33 Hlo|y A4

e EE Abgste] ZHelS A& RAAT, ol sol7ks BE B MM 5 A S7HE aeet
of FEH2 FAE HEWA Fo| oA FEF aAgd F glojof am, F3F ks LI s of
gt aejuE HolgE Abgsted RE O Aok s wde AVIE aelste] v 22 H
o)E & AAste] AR&SH A E Hlo]Y AR Table. 73 ).

Table. 7 Bearing SpecSheet

608zz 6808 51107
Bearing Name wLjo] A Eujo] g & o] 2 2E B oHjo]E
Size (L x FD x H) 8x22x7mm 40x52x7mm 35x52x12mm
Role AEE 1A 755 1A A 5 a5 AA
Basic rated load (Cr) N 3300 4900 20400
Load direction dejyd dojtd 2P RE
Permissible rotational 34000 12000 3900
speed (rpm)
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Table. 7 Wo}® $X2 algsE X8 neste] 4 (1) A§3A et 2ok

Ly

108 (4900

3
= Al 7FH)= .
60 % 360 \ 03.1 ) (A 7F)=5769357.71(hr)

6
I 10 (4900

3
= Al 7FH)= i
60 % 360 343 ) (A 7H)=134974624.6(hr)
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Table. 8 Temperature and humidity sensor SpecSheet

DHT-11
Operating voltage 3.3V ~ 5V
Operating current at measurement 0.3mV
Quiescent operating current 60uA
resolution, resolving power. 1°C
Accuracy + 2°C
Measurement range 0°C ~ 50°C
Recommended Storage Conditions 2% 10~40°C / % 60%
RHo] 5}
resolution, resolving power. 1% RH
Accuracy + 2% RH
Measurement range 20% ~ 90% RH (25°C)
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S 7AE 84 F Yol mAHA BT
32 oA A7 3 25 9o
g . DSMS0IA - 2mm 3% AYE E}SY
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7 AR AL AN ol g, (MA AN w

(20010WR-05)

‘::

Table. 9 Fine dust concentration sensor SpecSheet

DSMS501A
Supply voltage DC5V £ 10%
Power consumption 90mA
Operating temperature range —-10 ~ +65°C
Humidity Range of Use 95 % RH ol3t (A=7} gls 3)
Recommended Storage Conditions —-20 ~ +80°C
size W59 * H45 * D20 (mm)
Detectable particle size °F lum (H%)
Detectable concentration range 0 ~ 1.4mg / m?
an output signal PWM (H2 3 Wzx)
Stabilization time Ads A §F 1%




Fig. 4 Temperature and humidity and fine dust concentration measurement test
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Table. 10 Pulley Specifications Used

d%‘f%‘ k! OlE}.

Type 80-2GT Pulley 16-2GT Pulley 20-2GT Pulley
pitch 2mm 2mm 2mm
number of teeth 80 16 20
oD 50.42mm 9.86mm 12.22mm
Tooth Width 6mm 6mm 6mm
Materials Aluminum alloy Aluminum alloy Aluminum alloy
6061 6061 6061
inner diameter 8mm 6mm 5mm
size 55x18mm 14x16mm 16x16mm




The 1% gear is only used in joint 1.

Fig. 5 Actuator module with various pulley and timing belt
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A7) EE(Pd) kW= G 5Py kWx T8k A (Ks)

Ko : 3} A 7+

EFHAdEgel A9 300% ©lskel A, =3 Az g ARE 8~12A1%, Aot T HME J|E 1.7)
Kr: 314 24 7l (3] -dH] 3.50 ©]4 0.4)

Ki:olo]5d] BA Al (AES B3 ZHox, ME IHNH ALES}
Tq : A7 E3 (N - m)

tq : A& E2 (N - m) 2.1 kg*fem

Ks : %3} A4 (Ko+Kr+Ki) = 2.2
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d: AA 5% (kW)
n : 3A (rpm) 360rpm

EA(Tq)=tqxKs = 0.021 x 2.2 = 0.0462kgf*m = 46.2kgf*mm
AA 5E (Pd) = Tq x n / 974000 = 46.2 x 360/974000 = 0.017kW

E23, 7io| MEB(2GT - 3GT Al2I=)

/]

Cs{dtZ® o= 24 ZHOF)

C (= 2t Ael)

) 1,000
/7
e = A H / /
100

B frr b s o b

=

Le :¥E 25 20| (mm) / /
c & 2 AHel (mm)
+ — 2
W Zlo| Le=2c+w+% n :3,1416
De : % 22 R& 5% (mm) 10
de : 5% 27 84 N%mm) 0.1 01 1 10 100
b+ & —8(De—de) * e 41524 (W)
5 2 Al & - s

b=2Le— 7(De+de) b :le—1567(De+de)
Le :Y¥E B8 Z0/(mm)

Fig. 6 Formulas of interaxial distance according to belt length and pulley and belt selection table according
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Feor HIEA gEE 53
YHol= lem T (10x15) BAUE Ax8te] al5d] e 3 #4S s},
2% G AAE dFelolErt 29 ¥ o
A

3% A #ES e ME RE 23N, Rack Gear’l F2E & A& WS w2 Asgich

w3 o] 7 AES widsteR Aesr] 4E5 A A Aes dds Asta AdEE B
Zato] Aol A a3

AoolE 3 AAHE FH FES 51107 AY2E HojH S FFsY R Hess FAS
TAbetel A&gk F2to] ThsskAl Fk

Do) FAmE PLA BehIEM S54RSS EE GRS G4 54BN Tt FHd
Ao w whaEw, 7P 218721 3D =Y Almo|th wekA 5SS Ao Elof dvh A5 kAT
= 7

MECHANICAL PROPERTIES | TENSILE TEST TestMethod  1SO 527

Printed vertical (Z-axis) Printed horizontal (X, Y-axis)
‘ Infill 50% 100% 50% 100%
‘ Tensile strength (MPa) 13.6+2.6 288142 241+£0.6 381+0.9
‘ Force at break (MPa) 13425 28.6 4.1 23.9+0.7 36312
‘ Elongation at max force (%) 0702 1.1x20.3 2201 2100
‘ Elongation at break (%) 0.7x0.2 1.1£03 2401 2802
Relative tensile strength 1.5+03 2404 2701 3301
(MPa/g)
‘ Emodulus (MPa) 2028 £ 59 3150 £ 54 1760 + 38 2852 + 88

Fig. 10 Properties of PLA related to printing direction and fill rati0(6)

PLA®] EA S Fig. 103 Zow o 7]4 32 S

filo

Avstl a2k

g S8 = (28.8-13.6)/(100-50)%20 = 6.08(MPa)
EHA A4 = (3150-2028)/(100-50)*20 = 448.8(MPa)

21314 Joseph Vidosico] A|¢HsH Fro=

ot

FE S (Yield Stress)S Eo = 78 ghS 7130 <b



Table. 11 Factor of safety(Joseph Vidosic)”

Factor of safety Applications
-FOS-
1.25 ~ 1.5 For use with highly reliable materials where loading and

environmental conditions are not severe and where weight is an
important consideration

15 ~ 2 For use with reliable materials where loading and environmental
conditionsare not severe

2 ~ 2.5 For use with ordinary materials where loading and environmental
conditionsare not severe

25 ~3 For use with less tried and for brittle materials where loading
andenvironmental conditions are not severe

3~14 For use with materials where properties are not reliable and where
loadingand environmental conditions are not severe, or where reliable
materialsare used under difficult and environmental conditions

[

PAATE 43~4) & L ABo|A R EgAgt 34§ A AR s 483t
FGEAE 6.08(MPa), 33 Z%= 8.00(MPa)S A &3t S )

) BE 08 (MP
4380, = o 608(4 %) _ 1 53(apa)

T 8.00(MPa)
bAAS 4

93 &% = (32&9)(H3) = 2.00(MPa)* 140cm* = 280.0kg

= 2.00(MPa)

olw, kAAGFE MAT A2 (6) & Erh

Yieldpoint stress
Working or Design Stress
280.0kg
212.8kg

Fuactorof safety =

6) = didstA = 1.31 olB= wj$ A=A = AEE AT 5 Q.

8 7 6 5 z 3 2 1




Fig. 11 Joint Arm drawing and sectional view

2344 3% AA B4 AA

Table. 12 Rack pinion gear SpecSheet

Rack pinion gear SpecSheet

Sortation Rack pinion

Gear tooth type i

Tool Modules (m) 1.5

tooth type HEo]

Input angle 20°

The whole height 3.375
pitch circle diameter - 36
the number of teeth 45 24

Table. 125 Fx3te] 52 AAOsm thest 2o

a) AA| o] o] =225 x m = 2.25 x 1.5 = 3.375

b) WY FAAY AEF PCD=mxz=15x24=36

¢) 9F A (o]} oJAle] A ) P=mx 1 =15x 1 = 4712
d) 272 o] L =P xz=4712 x 45 = 212.06

e) IY< vpZAE D =PCD + 2m = 36 + 3 = 39

A U Vol2 FAE FAA #ddolth o 24 BEE 152 AFE 7]ojolw, MxE BE 134
Al @A 710] 103.67mm7}t o] FatE Fxolt),

159 028mm w2o|H, stdt Z2AE IS F JEH st 52 A8 AR BE7 F&Eo] ok
g 7)ol B REY} e B 892 Atsbd ge ) 72



m : work®] ZF 7 [kg]= 0.5kg = 7}4
A [ NV]

6: A2 I (2] 0] B2 905 )
D:HZEI7|AE [m]=0.036m

m
)

g: %9 7}@5[ ](9.807)

S

F= M* G(sin(0)+ p x cos(f)) [N]= 0.5 % 9.807 x 1 =4.9035

_ 4.9035 % 0.036

T = 2% 0.95 % 1 N* m]=0.093[N* m]=9.3[N* cm]

MG996 A B FEQ] HI EI(T,) & 11 [kegfem]ol™ 3Uel 7107} 22 5 o
T, < Ty o|B2 YA 7]ol& F53tod % AT

Table. 13 Servo SpecSheet

MG996R (360%=)

Type Digital/3-pole

Torque 4.8v 9.4 kgf*cm, 6V llkgf*xcm (lecm 7))
Speed 4.8v 0.19 sec/60

Weight 55 g

Size 40.7x19.7x42 .9

9})\21# b



Fig. 12 Rack pinion gear
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Fig. 13 Robot Body and Control Box Design Drawings
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Fig. 15 Design and shape of gripper
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Fig. 18 Flow chart that summarizes robot movements
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Move to nozzle

after pick-up

X~ E}E] .VHE]
p [ &

Disinfection after |

moving




Relocation after

disinfection

Fig. 212 el8] 1 BHES o8] AZe] ¢hng Tepry BAE BE 9K YeEe 5
e 7 FHAY 5 glek

Test Cutput .
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s e s

Change Mode

¢ I c i O Autarmatic: modi
Temperature(°C) No-signal O i umal :jr:n 3
() Manual Mode

) Jog Mode:
carbon monoxide(ppm) No-signal (Check Mode

L | DSM501A |

I Humidity(h) No-signal

Fig. 22. Main Screen (X-SCADA)

X-SCADA AHY] #2538t 22 Efo] /i &8 &8st} Ae3t 7718 &9 AAHo=E A AY
A% AolE & & don, Fd Ass XYUEHP H o] 7] 7|(PLC, Control Device)®] 4 A]1F
dlo] ]9} Database A HE &<l 7153k =t} Fig. 229F o] AZtE ZUHY AXEoE 229
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AR B H%E—% =49 v Fig. 249} o] ¥R AHE 9l 7lEstH, dH o]H S )
USB 7Alol&& &3 REW2s 218 et oju ARgA} Ao we} XE Hd;ﬂ 5}27101] Ardui
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Fig. 24. Environmental Information Trends and Alerts (X-SCADA)
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Fig. 25 Inverse Kinematics
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Y | A link 2 P, =x +x,
P =v+
¥ +8, TR THR
oh ikl v
' o x; = lcosd,
X, e Ylsllsme'l

%, = Leos(, +8,)
P, = licos8 | + Leos(s, +8,) = Lain(, +8,)
P, = l;sing [t Lsin(g, +8.)

Fig. 26 graphically plotted method of calculation of joints

cosf —sinf 0
A(20) = Sl(f)l@ COOSQ (1)
0 0 0

2ol laln skt H4 AL Tau (8) 3 2ol YL, 9o A3 1S oA £o
x AE} y HE B AL 1he T} o] vy,

T =Ly % COSOp A Ly K COS(0] T 05) oot Q)
Y=Ly %k SINO; + Ly K SIN(0] 8 05) oot (10)
A9 ®), 9 F A A A F depd (10) 3 2ol e

(10) A& o188 F7l=2 2= 02 (12) & 78 5

P = (L = (L)
2L, L,

cosf, = ,sinf, ==+ \/1_C05202 ........................................................................... an

02 = Atan2(SINO,,COS K 8 3K 03) trurrrurrriereierisieriseeese sttt (12)

(41714, atan2= tan© 9] &0t}



arctan(ﬂ) if x>0,
x
arctan(ﬂ)—l—ﬂ if x<0andy >0,
x
Y .
arctan(—) — if x<0andy<0
atan2(y, x) = (ac) S i (13)
T .
+§ if x=0andy >0,
T .
-y if x=0andy <0,
undefined if x=0andy=0,
(14) ¥ e 250 Yt o1& 13817 fsiA A& Asd (14) 3 2ol Yehdr)
x=klcdl—k2s01
y=klsO1+ k2c01
WheTekl = L1+ L2CO2,K2 = L2802 ..oocuoeeeeeeee ettt ettt ettt tae st e sseesessaessaessaenseenseensesssensaenseens (14)
WE ol Tl AZEu (153 ol tehd.
r= Vk1*+ k2*
v=a* tan2(k2,k1)
k1 =1r% cosyA k2 =rsiny.
%: cosy % cosfl—sinvy * sinfl = cos(y+61)
%: cosy % sinfl+ siny % cosfl = sin(y+61)
y+01=a* tan?(%,%)za K LANZ(Y5 ) oooreveeeeeeeeeeeeeeeeeeeseseeeeeeseeeess e e eesssess e eeessse e sesseee e eeeeee (15)
(15 = A7t x5 G F, 01 @S 7% F JA do
kA 618 (16) o)™
01 = a % tan2(y,2) — @ K TAN2(E2, K1) oreereeeeeeeeeeeeeeecee ettt (16)

(16) A= k& o|&3A A shd,



01 =a % tan2(y,x) —a % tan2(L1+ L2 % cos#2,L2 % sinf2)

HAEHoR 013k 78 F A Avh Aste] B HEolA F #de] 4% 61, 02 4% T
@ eAuE sttt ol ekt

2 2 2
'ty —L1°—L2° . 2
= :+ —
cosf2 2% L1 % 12 ,sinf2 =+ v/ 1—cos“62
02 = a * tan2(sinf2,consh?2)

01 = a % tan2(y,z) —a * tan2(L1+ L2 % cos#2,L2 % sinf2)

(17), (18) ¢ AT 2S5 o838k fA me Fe] AL AN
e wgety viat g

INPUT (X, Y)
float L1 = 130;
float L2 = 117;

Theta E = acos((pow(X,2)+pow(Y,2)-pow(L1,2)-pow(L2,2))/(2*L1*L2));

Theta Q = acos((pow(X,2)+pow(Y,2)+pow(L1,2)-pow(L2,2))/(2*L1*sqrt((pow(X,2)+pow(Y,2)))));
Theta S = atan2(Y,X) - Theta Q;

ROBOT(Theta S*180/PI,Theta E*180/P1,Theta S*180/PI);
Add A== 2 A5 g ol ME y]ojwd-S arejste] e
void ROBOT(float anglel, float angle2, float angle3){

double i = map(anglel,0,360,0,16000);
double r = map(angle2,0,360,0,4000);

T Z=s AME 4525 28 RE oS 3 28 o wedth
Table. 5, Table. 6= 313} NK243-01AT REE = stepd 1.8°2 ©|& 3} TB6600 RE Z=2}o|H wn}
Iy =3

o)ZmE V)5S BEBEE 04595 29
Au}

ZF7t2 Zg) 9} oy HMEZE Eg 1.5, 1:20 7|oJH| 2 FEEBE 7}zto] ohZo]o]ElE 0.09°, 0.0225°
2 2AA

ek 360°5 wAlol7] AASiA 15 A5l olEl= 16000, 25 S 4000 2~Flo] EQ s},

e

A8 A4S 5

ol

b= A5 g 294 A4S 305

°(2% 3389, 1% 13555 step)S 7]F O & 180°



(2% 2000, 1% 8000 step) o2 o] M

tlo

O

BEE sy 448N FA

Table. 14 Description of variables and functions used

LR o] m| gt ojn|
L1 4 1 Aol acos o FARQI
L2 #4 2 doj pow XY &

Theta E 02 sqrt Al

Thew Q | F4 A% | a2 | 0T

Theta_S a1 PI }o]

anglel 14 4%

angle2 2 %

i HghE 01
r H3kE 62
3. 2o HE

31 2X9 AAH T2 AAF

o

$eE 229 sudols AZEd OIS WA 2o YL AYsy ABF S4UL A =
Aot Wols mEe A4 L Aue A G8H £4L vgow AAsdn. 2ie] 4 wAs 4
A §49e ABstgon olF 93 PLS BANES AHgstel 3D TAUR ALeGT ofFol
w HE Y ANES olgste] ZRadYd F, £ A% ANS BaH BERAE Jo2 oFY
F QER AAUZS AAFA WAL I Aele] FURER RE TP Soolmsh e BT
2 A RANES sgla wAE A AR e LelHm o] i dFoolgE ;o] o
W @A AA AAR] AYHE =G

8

~N|

A

SOLIDWORKS Educational Product. For Instructional Use Only.

Fig. 27 Overall Robot Configuration
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Fig. 28 Various views of the assembled robot
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A 3s% olB Aol 9@ Ao o AUAT AAI oHm APk WS A W]
2 A} e
¥ ogel mito] Hehrgel ofBA AA AxY

o
=
DEAY ARE o] A AFOE WEAE HEH TRE

(1) AAe] F3x= vjo] Ao 8o A9 22 129 T4 #Hrl= FAA AT = s AulE
Azreks Aol HAHoIleH, 2Re &Esto] ofE Fdsh= AoMsUth ol& 9dl 3D ZRHE T
ool wAS AFets 22 FAe vgor 2RS g4 AFE 5 A%, Fu 3 dF YA
7] F AR AASAGFUT A volHE TAdthd B2 A &8 9 wdste] ALg
T A& Aoz ot}

@ BAE 4 25e) gol4E As oY LEOR T Jom, A/t FonE AF R &%

F& AFE7 w2 a9 E o] &5hd A xFe] BEEA ARES dHHoRE AP F
Ut g4 AMe Zgde] 1y E B34S AAzro R 7hAste] 2] o) kA FHEiy 9]
FEE A&sHA gAE
FEol

(1) Z&2Y v z2YA 7ol= - dx7|dS THOE, (2020.12), AlAIAA 7] S5 (WWF)
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