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Pet Bottle Label Peeler
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Abstract: According to data from the National Statistical Office in 2016, Korea's per capita consumption of
plastic for packaging was 98.2 kilograms, surpassing the U.S. (97.7 kilograms) and France (73 kilograms). In
addition, plastic waste averaged about 850 tons per day, up 16% from last year, as the volume of parcel
delivery has soared recently due to COVID-19. In this situation, our team looked for the right way to
separate waste plastic. According to the Ministry of Environment, separating waste PET bottles among the
correct peplastics is the most efficient and recyclable method to empty the contents, remove the lid and label,
and crush them. In the above series of processes, our group determined that removing labels from PET
bottles would be the first issue to be addressed, and therefore decided to design a residential and residential
label Peeler
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Fig. 4 From Ministry of Environment(Youtube) Resource Recycling Interview Video
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Fig. 5 Uncomfortable label separation (Left : Adhesive, Right : Nonadhesive)
2 2R A4S 9 eue B A=Y g

e AREL AT Bl A Fa A%
% FAAL weGAGelM, AT Bel5A Bl

I
AAE FAR AU A AA Fai 7
AR FnER Agstel AN

1) Gantt Chart ¥ 15 =%

A7 ARSIl A A7 A4S old FHOR WL Gantt Chand o] §3] Fo BEES o}
S 94 Bk olold AAE AYS] A GTES B 2 Fusg.

- 564 -



2) AA &AL Ao

Fig. 7 Detail Engineering Gantt chart

— ER00n 1t | 09 1100 T | 00 eh-0mat | 00 -ad 0 | 10sa- 10 | enosred | ok | ea e | i 1
——
— et 18R = an e 2 o w2 e am an
—
[ FES 1]
CHIEI B I N
3
Lha gL
WUl F
LR E
LLLE 1
nAM MR | B W8 NG |
LR LD L I
LLLE
EBF W EAWE |
a4 0B
SR E L e
% N
LUEE L LT
six my xe ariosts | amoss | amoszs | amos [ woos
2205 | w2105 | 2moszs | wmosas [ oom
wozoats | wnosie | oz | mmoas | woow
23728 z0sts | s | anozs | mnoa | oos
w2 | anoz | w0 | oneo [ ws
w002 | anoses | wmoszs | wmozs [ oon
ana | meoz | weeszs | mzons | e
w0y ges dds ay vy e | w02 | wnos | wnmz | mnez [ owos
A=E A
was wwe 5y wrw | w02 | 2o | noee [ wos
7|1Az SR A2 Wiy ger A w029 | 220328 | 2210008 | 20210008 30%
et 52 wzr000s | zioi0s | amoie | amoss | sow
iz 25 zoz0i0s | amoios | atowss | amows | ox
A7 27 22 -
2o xg aooizs | ;moizs | oo | wmoso | s
2y 2y w0426 | amoszs | wmosn | wmosw [ ow
a5 oM e 9 8l wz10503 | 20210503 | 2omvos0r | amoser | ow
15 52938 a0 | weoses | wzosor | wmos;r | ox
4 orgel o B BN FH (A HAN B2 s | weos | wzows | wmois | o
wsz woser- | oosor- | amoeno | wmosn | ok

FARE A9 swhys ZEAAE AQdch @ 2 BRHe 025 9
Ege 2o o, ¥ 9% mt s £ oln et WE 242 st
Seu BE ee] B 912 mi A o] el AU #ert =54 @
$7b Wk Swhys ZEAls A A% )z A Ao, & 2uAT A8 A=Y
e guE wEGE A=Y ABEES ¥ 5 dvks ded =9dd

i)

&l

Y o &

- 565 -



= ol e xom Mo
5WhysE 0| &5t 7| =& H| &2
- - 3t HEE Z20]
E = Lt+= = =
© |[HHEEMHEES0 Sk | o) = =a) g7 o
o 2D H EE 200 HES T20}H| 50| SLEr U= apEs) HIS 22| 4rAln| OF SiE| = 2p = Zf
B T Te I e [ R T T T T g == | apolH = T 20| ® 2RjwE %S
o FHDISIE HIB R LAE [l T ol M2 So| HEES HaEts TR 0K S 2| 2 TS0
HHll iAo A BEl=T Ol = IS 2e] W) oo HZEHHo0| S (V] BHAl s HIZ2a) WA S A 4 ALsst

- 566 -

= = ar= = = 2HIAe| HESE 22|+H SE2 2 2
of Bt B= UE SH SHIFDIHESS HE I JF ofAS = SFOF| T =
0 UM HelH oSt - ELiThs SE S oHR B0k ® HE%Hg%frmﬁlmw sheR = Hem
s HalF oz ), HIEEA O|HEks ORCHE FEl FHE 22 RilA
e Jafﬂﬁ*iﬂm 52 | mmp | =50 e ol ) | 2HIAPEEE H e S
Lot IR EIL S H AR HEld HHE T Us e SHIS TSA
Fig. 8 Defining problems using 5 whys
oJofd ezt AT A=W SAAAC AFYS LA novh AA Selvee AdEge A
Zgo] 350 6H91 oM HAEWS S = Aotk HEW 1kgd FURIE&L 3500l A7 &
PFS 22,0000t weka] A7 AEW FYu]E2 779 dolth -7k AAIG AFe AR o A
&2 °F 100 J—"dolfﬂ Al w} W uEke] 2 A @ E 30,5670tk mEbA] AlES 7t #
Aol AAvar 7hgste] F nlg-s Altst 3009 ot
HEY kpH 72712 ik e = Z 8=
Kb 200E 7 A0C 000,000
HE ol 8lE =ol7=H &@Ha ZHlE
1,000,000 30587 J0000000.000
Table. 2 Cost theorem ofr marketability analysis
Ged v S-S mARSS W o] AES AAsks Hlgo] 4 wrh ey ArHeR Bs w of
ade] A Tl HEWe] £5) AL Heldert wekA 01 AES AAFGE Ao /A ow
%S A 5 drku # 5 gk




BN
30,000,000,000

7,700,000,000

22000=
22lTH e
30,567
- 567 -

Fig. 11 Cost theorem for market ablility analysis
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Fig. 12 High Capacity Label Peeler Schemetic
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Fig. 19 Label Friction Separation Rack and Pinion Modeling Geometry
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Fig. 26 Shape of motor (left) and decelerator (right)
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Mass 0.339%kg Z |47.125mm Mass 0.143kg Gz |23.075mm
i 7850kg_m3 Density  |7850kg_m3

o

DL

Dbge g a9 o

A ol

Fig. 34 Mass of rack gear (left) and pinion gear (right)
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_ 75mm/ s

32mm = 2.34rad/s

upEAGE B A Abelel vhaASel 0308 AHEShaL, o
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&
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0
fu
v

N

949 Fy=mgp = (0.482kg)(9.81m/s°)(0.3) = 1.42N

T (1.42N) (20 032m) _ o 0997 Nim

AA 23 . Thyp=(0.0227Nm)(1.3) = 0.030 Nm

webd EE 4S5 E s 2.34radiso) ™, SHAAISTE 13 AA EAE 0.030Nme] o}

4) =¥ A4

249 BATR (wPrase) |1 D11 F2 [Rotor BY Moment |aunein) |2Euolimm)
AZK-M2a3 |12 2.0 EE) 27 %

Fig. 35 Selected Motor Specifications

AA EF 0.030NmS P HW EI 2.06kgfem = 0202Nme] 28 ZES XA}
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Fig. 36 Blade Transfer System Motorl
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=3 7= e 22 ZE2Z(g)
AFIZESC 4 29 116
JI0|EAIZE 2 30 60
HEZ 1 27 27
2HEX| 2 21 42
2237 1 90 90
5273 1 60 60
ZUX|(EATEF) 1 44 44
E-bn 1 73.25 73.25
== 1 200 200
T A 712.25
Table. 4 Mass of Blade Transfer System
O =¥ 1 43
T8 ARS A 2HoR HEIC] o]$d s s¢-AY AxYS x3HE 03keolth aElL E
I AR A% wEAFAA FRolES 1, FHOES 028 AMEET) olF o] &3t EXAAF olF
& 9% Bak tey g

T = 9.8umP/2m
= (9.8m/s?) x 1% (0.3kg) < (0.024m)/2m
=0.011N « m

AT B2AF9 PEs 24mmo] 2R 7HEH A 10emE 22 Wlol oS flsiAE 42019 3] Ho
ZAestng 126pme H7F Qs ojd wE FHE e

= (0.011N « m) < (126rpm)

= (0.011N « m) x (13.2rad/s)

= 0.1452 W

Q7%= EJE 1ImNm, 532 0.1452Weolt}h. A3 AgzEd S Y3 2= EBHE ALE3al SmmF
AZYow dAdo| 7t5d RHE thgu ol AA39Y

42.3 Max
4-M3 PO.5 Deep 4.5

f 244 AEREE] - ﬂ (e
NK244-01T { J

12471 Sl s | = 0.3

Fig. 37 Selected Motor Specifications
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B2379 == AdWolES 93] 2mm= AASGL}. o]F o]&3 EIS P

T = 9.8umP/2r
= (9.8m/s*) % 0.2 % (0.8kg) < (0.002m) /27

= 0.0005N ¢« m
olFS 9% A&rE HEW HuHolRl 350mmE 15% o] olFdts
E7F 2mm¢! A& E e rpmS 700rpmo] T, ol wE sHE& T3k

P=Te«w
= (0.005NV » m) X (700rpm)
= (0.005NV ¢« m)x (73.3rad/s)

= 0.806 W
QT8 EIE 0.5mNm, 338 0.806Wolth A3 A4S $3
I AZYoR AAo] 7Hed RHE g3 o] AAHIA

424842F| 1 M1
1 g - A kil ST, . :E -
I

03 43 35 018 022 34(133)
4234 133 23 25

4240 12 33 32

045 64 4 54 028 032 40(157)
4240 158 165 32
248 12 33 28

0ss 80 68 035 04 48(189)
a2 168 185 28
4260 12 33 1

08 120 W0z 050 055 60(24)
4260 15 18 7

Fig. 38 Selected Motor Specifications
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Fig. 39 Bladed ball screw shaft

1

© F 1 44

Fig. 40 Free Object Diagram of Axis 1

AHgE & 19 AEL2 gmm=zE AAHYUT F 12 AZ2 AYA e o2 4|

Edol ¢
EL R IR R R
gEgE R A%
SUS304 215MPa 86GPa 196GPa
Table. 5 Physical properties of the material SUS304 of the shaft
- AR A7
g o[ 16T
m™e T,

_ 3\/ 16(0.011N « m)

7o (86<10%) Pa
=8.67xX10 °m
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- 734 A

583.6 X T<1 _ 583.6< (0.011N « m)x (0.17m) 0 _ (3.10<10" %)

0, = 9 _
b d'x @ (0.008m)" x (86 GPa) l 0.17m

=3.10x10"
9 AR Fal AAF Ho| A smmi A= D 44 AANA A,

@ F 2 44

M1

R

0.25m 0.25m
Fig. 41 Ball screw axis free object diagram
5 2v 7hRE wEA e Fom, A o5 43
= gk Al

s Am A9 wAe W 5 29
A .

O FHAAR o] &
YE, =R +R—W
W (0.8kg) x (9.81m/s?)

R.Ry= - = > = 3.92N
@ RHE At
> M,=— M + (0.25m) X W+ (0.5m) X Ry + M, =0
. > (0.
M, = V8VL= (782N)8 05m) _ 0.49N « m

@ Bolgs ol %
wlz) = —049<z—0> 24+392<z—-0> '—785<2—025>"!
+392<z—05> '4+05<z2—05> 2
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v(iz) = —049<z2—0> '4+392<z2—-0>"—-78<2—025>"
+392<2—-05>"405<2z—05> !

Mz) = —049<2—0>"+392<2—0>'—-785<2—025>"!
+392<2—-05>'405<z—05>"

@ Fo AR AL

Eh (z)=—049<z—0>"4+392<z—0>'-785<2—0.25>"
+392<2—05>'4+05<z2—0.5>"

Elv(z)=—049<2—0>'4196<2—0>2-393<z—025>"2
+1.96<z—05>2+05<z—05>"'+(C

Ehv(z)=—024<z—0>2+4065<z—-0>°—131<z—025>"
+0.65 <z—0.5>%4025<z—05>"'+Cz + C,

® AAxA &
x=0,v'=0, C;=184
x=0,v=0, C,=0.53

¢

244 o] &

E = 194GPa
d = 8mm
I= md' —2.01x10 Yyt

@ ARAZA AR
v=—641x10°<2—0>24+0017T<z2—0>°+0034<2—0.25>7
+0017<z2—05>%4+641x10 2 <2—0.5>2+0.0472 + 0.0135

G605 61 015 02 025 03 035 04 045 05

Fig. 42 Deflection curve of Shaft 2
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SFD$} BMD

392N

0.25m

-3.9EN

vmax 0135mm

-0.49MNm

0i5m
-0.49MNm

Fig. 43 SFD and BMD on Shaft 2

= =0.27mm/m

l 0.5m

v
T < 0.33 o]z ok alt)

l

0 Fx= A7
32M,
d= 1}
T 0,

_ ?i/ 32(0.5N » m)
7 e (215 10%) Pa
= 2.87Tmm

A3 d = Smmo| P& otAd it}

3) wol® A

Fig. 44 Shape of blade (left) and deep groove ball bearing (right)
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@ A9
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Ly
a

i Aenh wEa
&V, > R2oses X A

® 59 &719 =4

- AR25° C 1atme] TR AA)
F7] ol 371A, v, vkl radiation A
Properties at 25 'C
composition
P p lkgmrdl | Cp Wkl | Kk WmKI | v [r2ss] Pr
Air 1.184 1007 0.02551 1.562 x 105 0.7296
Table. 6 Physical properties of air at 25'C
CYET REE 1Y Ho2E < 807 CHlA Y FU9 E4A
Properties at 80 'C
composition
P o kgmal | Cp WkgKl | kWmK | v sl Pr
Air 1 1009 0.0299 2094 x 10M-5 0.708
Table. 7 Physical properties of air at 80'C
@ HagAe =1
Hd YA FA #H7] = lmm AHE. (E5 0.5 or Imm A}§)
A A4 smm, YA Imm 2 7S T A i3k H] n,(0.8).D.out, I X 10mm= ©]FOF 7=t}
composition Melting e o A0 alpa
Point, [K N\ * *
aint, [K] p [kg/a] Cp kgl K [W/m+K] Y 106 [M2ls]
Nichrome
(80% Ni, 20% Cr) 1672 8400 420 12 34

Table. 8 Physical properties of the nichrome line at 300K

Ao W@+ FE + SFUER + YR B FUR LHHo] Ak ol mE BYA 27
5g ohdlsh gol 4A Ut
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=
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Fig. 45 Diagram of Heat Flow Inside a Hot Air Part
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2 2

U—+gz)i= QO+ W0+mx(h+v—

). b7 X
Qi+ W+ mnx (h+ 5 ;

+92),

o W = m>< (h,o_h,)

2

VVZ = 77>< V‘V; = m>< C;J.aiT‘X<TO_ ];> = Qair (77 : §L%)

Q{mﬁr = Qcom) = Q{:om;.l + Qcom).?
(Conv_1 : YA FAAA F7|2 difF €79
(Conv_2 : &F1|g oA F7|2 i XY )

Thus. /RS I/'Ve = m>< Cip.az’r>< (To_ ﬂ) = Qair = Qcoer.l + Qcom;.Q @

B Quopy (UAEANA 7127

Y& Internal flow= & F Ut XS 93] Reynolds numbers 3l A st GHYE wiA
E ]88l Nusselt 75 o€ Moz gt SHEF FHglol 48T + v Aoz
thicrome 0-62R€1/2P1"1/3 Re 5/814/5
NUITIO.B—F YT [1+(ﬁ) ]
air [1 + (04/Pr) ] 82000

il

SAR 30%7HA oAt BARTE AEdtn Qouw 139 AAAFE wels) sNgrh me
o B¢ 42 TahH

i

Qconv.lznmnvl X hX As X (Ts - Too)

N - kair ( )
= Neonv.1 X X T‘-DnichromeLnichrome X Ts - T]NF )
Dnichrome
Nu : Nutsselt < k: A9 A==

D : Y=g #73 L
Ts : UAEHA FH2E g5 gFEA

® Qconv.l(oalgrnl‘ﬁ"%ﬂ*‘] 7] A

Hesl HA 9 external flow= & F ATk A4S 938 Reynolds numbers 3| a4ttt A
WA 8] A5 o] g5k

hL

NuL(zminar = %: 0~664R6%5Pr1/3 e

air
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hL

aluminum
Nu Turbulent ~—

p — 0.037R)pr'? -

A S 838t} Reynolds % WA S W v=12m/s, 7] 2559
A5k, YA

FHo® Qs dRrt gtk 7t ste] ALk
Qcom;.2 = hX A

s.alum X (Ts.alum - Too)
Nu k..
Turbulent™air
= T X b X Lalummum X <T9.alum - Too) T
aluminum
o] uj,
Nu : Nutsselt 5= k: 379 dHdEx
b dFEE W E A L AFE W o]
Ts : &5V F & TH2=
@ YagAe AzkQ)y 25 53 4o
- VOlt2 AMchmme . VOlt2
L]Vichrome - : — ANiChTome X
p W, p ir
o) 4g 219 Aol vPslel T 4 AU bt 2k

pXAchVX paLrX(T T)

2
Ncylkair 7-‘-l)nicmme X Volt™ X Anicmme
=Neonv.1 X D X : ><77><(—/Z-’5_T'[NF)
Scrome PR Quir
NTurbulentkair < bx I
Laluminum

aluminum < (Ts - T]NF)

- 591 -



X r2
=] o

Ts [Nicrame Temperatur at Surface]

o
=

A F3l 49 Ts, V. nE A

o

Healing

nin= dolWE.l dotl

Frsl Ry Fig 467 22 3akel S

)

cony

Ziyiy
Um [mis}

Fig. 46 Heating three-dimensional graph for Ts, V, and n

tlo

h,

) ol W, Vi ms) | Nicrome.Ts('C convt conv-2 R(2
n(Qazr/ e) avg(m/ ) (C) (I/WmZK) (I/Wm2K) ( )
0.83076 3.343434 192.2222 58.08814 22.72254 40.75091
0.823567 3.343434 193.53%4 58.08814 22.72254 40.39808
0.898295 3.636364 200.101 60.48702 24.30169 40.5141
L (m ) I/I/e (W) Qair(vv) Qcom).l (W) Qcom;.Z(W)
29.09608 1187.703 986.6963 887.9038 98.79256
28.84416 1198.077 986.6963 887.128 99.56834
28.927 1194.646 1073.144 962.5075 110.6365
Table. 9 Heating three-dimensional graph for Ts, V, and n
Aoz 1200w, ¥ FEHo] 3.63m/s0l e FES ARSI 0 dHE 24 2 FH
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Fig. 49 SRF-04

‘SRF-04" Spec
=R 30mm
E[CH 2 3000mm
U 1.5cm(at 1m)
HEAlO|= 43:20<17(mm)
EM =7 0.05sec/time

Table. 10 Spec of SRF-04

2) AEY A$EF - AvE A4

Fig. 50 LIMIT SENSOR ATTACHMENT LOCATION

toguE AN duaid. enE AaE 29448 AN 2E
giels Aol Bal A o2 W RRE nARe Adsle] Ay A9 2
o) W9 wa ARNAZ 5 Ak
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Fig. 51 DM444(Limit Sensor)
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Fig. 53 Blade Housing
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Fig. 54 Product Full Model Plot

Al AFEA
37| 900+600+500
A 40.06kg
T 8 220V
2H| M3 1300W
s NMF BA
IhE i HEALS(H E4)
13 =& AlZH 15730
0|8 7l HEHY 16735cm
XE 0|&&5E 2cm/s
SRSz 1,701,637

Table. 11 Product Specification Diagram
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Fig. 55 Printing & Fixing
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ol

© sketch may13b | OH0li= 1813

= | R
I 1% & 8y
_

0l prR HZL
tols cux SIEE

< TRIG_PIN 13
#define ECHO_PIN 12

5 =2l
HOMotor HCMotor;

H
delay (100000) ;
)

HCMotor.attach(1, STEPPER, CIK PINI, DIR_PINI);

Fig. 57 Hot Air Part Coding

Fig. 58 Assembling the Back of the Bottle Fixture
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Fig. 59 3D printed output of the Front of the Bottle Fixture

Fig. 61 Label Friction Separation Assembly
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e hera | 0PSO/ 1,813

//2RREISRHOH DIR

/ TS ASIXTH wEIR
ARDE SR 1k

e
=2

5

(@is>=10)(

HQMozor. DucyCycle (1, 10):
HQotor. Steps (1, CONTINUOUS) ;
HQuotor.Direction(l, FORKERD);

HoMotor. Tnit();

(ats <10

HQotor. DutyCycle 1,
(100 ELH

@ sketch_may13b | OFF0l= 1813
o EHE AKX £ £8

HOMotor . DutyCy
sketch_may13b§

=(0, Speed);

finclude <HCMotor.h>

pintiods (LLINIT_PIN,

(RLTMIT 1N,

1
DIR PIN & //2BEE{SEl0lY pra SEH
CLR_PIN § //2EREISElol cix FEE

LLIMIT BIN 3
RLIMIT_PIN 2

7

el
&& previous == LOW && millis() - time > debounce) |
(0, CONTINUOUS) ;

d (LLIMIT_PIN)
(0, FORWARD);
int Speed = 11; d (RLIMIT_PIN) = TowW) {

ending; (0, REVERSE);
int previous = Low;

int sw=10;

=(0, 0);

previous = reading;

Il

cach(0, STEPPER, CLE_PIN, DIR_PIN);

Fig. 64 Create Blade Coding
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oA ol B A
@ sketch_may13b | OFF0]: 1.8.13 = O

o HE AN E EESR

sketch_may13b §

finclude <HCMotor.h>

2E{=2HIH .
#defins DIR PIN 40 //AEEEI=2/0|H pr HE
fdefine CLK_PIN 41 //2BIEEI=2N0IH cir ©E

v BI0IEAFR HEH

e

f{define LLIMIT PIN 23
fdefine RLIMIT PIN 22

2t =gz 22

tor

HCMotor HCMotor;

reading;

previous = LOW;
int sw=35;//10MlM 272
int relay = 34; /! relay El 83

long debounce = 500;

long time = 0;

void setup()

{
pinMode (sw, INPUT PULL
pinMode (relay, CUTEPUT); [/ relay 8%

pinMode (LLIMIT PIN, INPUT);
pinMode (RLIMIT PIN, INEUT);

void loop()

{| reading = digitalRead(sw); // sw i &3

LOW && millis() - time > debounce) {

1f (reading
HCMotor .DutyCycle (0, 11);/*11
= (0, CONTTNUGUS) ;

HIGH && previous

HCMotor .5t

20| EARA k3
else if (digitalRead (LLIMIT PIN

digitalwWrite (relay, HIGH);//
yCyecle (0, 11);
on (0, FORWARD);

HCMotor.Dut

HCMotor.Direct
delay (600) ;

HCMoteor.DutyClycle (0, 0);
delay(10000);//=5 B3 2= A2
HCMotor.DutyCycle(0, 11);
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else if (digitalRead(RLIMIT PIN) = LOW) {

HCMotor.Dirsction (0, REVERSE);
delay (600) ;
HCMotor.DutyCyels (0, 0);
digitalWrite (relay, LOW);://

time = millis();

1

previous = reading;

} v

Arduino L

Fig. 65 Create combined final coding
Iv. 22 & E9f

L A% 29 ¥ &% 39 2 o7

Fig. 66 front side view
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Fig. 67 left side view

Fig. 68 right side view
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Fig. 71 <3> Press the Operation button on the back of the instrument
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Fig. 75 <7> The label is completely removed and dropped into the collection box

Fig. 76 <8> the blade moves back to its original position

U

;
4 A

o
Fig. 77 <9> After the operation, Collect the plastic bottle from which the label has been removed
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Final product

Fig. 78
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