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A1 FAE

H7AEE] 357t g FQeEixal o, AlF %:rL(product recovery) 2 £ 4]
%X}XH% H]%?ﬂ' Oﬂlﬂx] ﬁ:‘ﬂ% %?j] Oibﬁ X]— —o'].\:q Jﬂ7] _q] o(;:% %04

409 S =Y 4 AtKAshby, 2012). #H HAIVAAAES] HIIEo] A&
7kl Qlom, 3 Abghol Al mX|&= dgko] A 7] wjiZoll(Williams 2} Sasaki,
2003; Hischier -, 2005; Babu &, 2007) =7}2} =7FS Wold AAIZ QL 7)ol A
710l Al AFe] AHERE oft #H7] o] Ao tieiAE S Ag-aL
At olok #HEI diEAHA AbEZE 2003 3HE FHAA AlFEL e ¥
A71AAAEY 34, ALE, Al #Sk A<l WEEE(Waste Electrical and
Electronic Equipment) *2]x]Zo|t}  o]&Z  <lga  7]de] 7] AAAE
AEAIREE B A7AAAIES FER Igetes slal lon, AxdAe
Al Al AHE, AR 5 FHE HJVES IFAEAoR ol&dtF

L3 Stk o] & HIREE Beks qHAlR ISiM AlxRTEE Hr]elR-e Al



TArE
reuse) |
B R F 2% Arﬂ 27 |
(design) (manufacturing) (use) (customer disposal)
I A=
(remanufacturing)
A e Azs
(recycling)
EER {7
7|2 N (disposal)
N, S
a9 1.1 AFE $£9EF79 87] o]F A (Cao%} Folan, 2012)

HAgE Fofokst=tl, 7Y =7 BRAE @A XY Agels vt
TAZE FaEd gA5Y B3EAdol QA E(remanufacturing) Aol A

des ofAA AL eyt AR S o] o]FA AL o =8 A dEs

AR AR, APdel ezl Al Az tder sgstd Al g
A Al & AA(22. 4. 203 5 B HAlE HAEe] TRk 7o) o
el Hols 4+ e #7824l d2a Ao

A9 Zeleks Zeldea stellA 2l Esleds ofwA 74E AQIA,
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13 Fo] ¥ A F& AFET
NS AXA Fok 714 AFETS 79 3R, Remanufacturing(#] 4| 3=), Reuse
(AAHE), Recycling(A&-&)o= A Yz F O™W(Cao®t Folan, 2012), ©|&
HA7IAE 2 2 F9FY] FEY el webs] AR s =dMishra 5, 2021), &
AFeM= AFHT T AAz AA FV|2 gk ARz ARdelA
8= 35E dWIAEY F49 s 1
9 kel (Giingoret Gupta, 1999), o2 2]t A8 =38ty s e
sl HrAlE AEY B2 (uncertainty) S &84 o2 #Eslal HEQE
QE= mdysol dTHReveliotis, 2007). A|Eo] AME FolgS W o€
AREEIRIEA i ARZE A @9k7] wWiiol(Ondemir®t  Gupta, 2014)
HEo AHE dddts vl qlolA kel #A o] HAolth o] HAME FalA
7} F-Fe] FA-o] AAE 7FeE 5 e Aol dlaEiA wasith HANE Aldske
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ArLE S8l 42 ddd 4 & %S PRC(Pre-inspection component), 3l <

ol

2010; Nwankpa &, 2021). & AFelAe= AAZRd S&H= FF F &

AAE T or sk H-35S POC(Post-inspection component)2fil -3} -3
A HAARE TRt HW, on] EAs Bol dol AAREo] F He FFEol
s FalAdS Ak A ols #dd 4 Q] wiie] EFast A4

=
&

SIS HA T 4= 9l om(Colledani®} Battaia, 2016), L A3} A 21 EajA|

=9 4 JtKRidley®} ITjomah, 2015). ¥ #
ArME s HW o ougk o] AARE ThedAel wE #H7IAlES
O3 5 grt dE So] m=ERolgta st #H7|AEe] it FS ),

HEgE AR ¢ e =EH, CPUE XSS & Sl =ER, vRege}

CPUZ W7 XS + QU wER QS 7Psd B0l gl wENT Po)
TR 5 9l
12 A A el AR olFlt walel WL AXA s
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AN
w3 #de] olFA= T FElo| wEbA cell, 2Rl @Y 2 i(single

workstation) = T3t 9= )3(Cevikcan &, 2020), w3l-F7d2e] H-¢- 219 FE =

FAE W e WS W 5 o o

rld

of whel el PASE Aol

285} tH(Giingdr ¢} Gupta, 2002). 32}l By A%, FEo| A3}
AAARE, o, Ao Y 55 skl AASh=(Gingdr °F Gupta, 2002),

Bal A9 Pz TS HH o8 A WAW RAAUFYL W

flol FAshiA Thgsks Zlo] adAolrh eivsid, ol FefEile
Hii= B2 W82 AlRbe] £8.57] wlitell(Giingdr ©F Gupta, 1999; Slama
Tkl WS S AIRE BAA Sl WASHA Hrh 1Al 9k
o 7He Felddeds sl =W A4l B

VAATE HLT 5 AAWSoh F, 2014, F 2ANA el

ek

=, 2019),

2}elol
F7H17

SLEE

TS st FH REEE oz Q1% S5 d YKlearing effect)E IS

o] el AFFS ©EE 4= QQUk(Yeh, 2012). uwhEhx o JLof| A
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Al 2 AYAT

2.1 %3 A EA et Ay A+
el FE B 52 oF9lZ YAl (subassembly) Atole] AjtS A|AA o=

BoWlE= Ao EOzceylan & 2019), A== ety AXME 7hsd H5
2 S HAIE 7] fsiAe ZAQ FHolthLee 5, 2001). ol
Ao 29118 A FRsIl wel AA AA GAlCA olFA= EiAE
|2k A A (Design for disassembly, DFD)} 21710 Al #|7]]E o] 5 Aol thsf]
olFA= Fellol w3k AR vm 5 Ak #H7] o]F w@AlolA e FEafel gt

AT 2™ 213 o] fe] HRE vE ¢ AL ol F}del BAelM =

O

2 THLambert, 2003). 13 2.19] o1& F 7)<
sequence, detailed #@o] ]F3dl= planningS A|FES] Fx} TAIREQ
YA FE2YE st HA 9 fa oAE e A FE ojFHA o,
a9 219 v 5 79l YRl task planning, reverse logistics @l 3@ st
schedulingS 3|7 3] +AE ¥R OR #RlS A9 AT AJA| ] Hgh
Aot ool mebs Zafel Al o] ¥ A vHEguia =,

2011; Ma 5, 2011).

planning, scheduling 27H4| 2 U 4

g] wl o]

1__

2.2 AA GAo|A¢] AT Design for disassembly

AA 7d2l ‘Design for X(DFX) 59 s} Z(Kuo 5, 2001),
AAlshE AERs o] EthBoothroyd 9l Alting,

wajo] Wed A wge] 2

Bals)y] AES AFS
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Reverse logistics
level

Task planning

Sequence level

(component
GEOMETRY)

(producT STRUCTURE)

(disassembly line)

(reuse/recycle chain)

% 2.1: £3]¢] Onion ring E g (Lambert, 2003)

ARz E- HUstE FERER sh, FE3 AE oA A, §3F
kol A4 F-9 e Ade] d8 F& thEthFavi &, 2019). Villalba 5(2004)-
A8 A G (recyclability index)E &-&3te] FFEZ oud Al 52 A=

AAE AQA ] #HEE A7E FASIAL Denis 52018y HIEAA 24&
g

[ex |
A
A EElE Sl AAY adE Abdstal dijbEES vlalste]  oJAPAA o

process)& &-83sto] Fall9F ZHel &olstal s FES s ous AFA =
AASHE Aol A4AdA] e 7 Q= WS #st AFE TS TE Kwak
(2009 HZIAFES] Apdel  #gh dHolA wigHE oz opF|HAHE

R4S ERHOE T 5 UES oy9AE
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2.3.1 %3} planning

EOL Option®]thMa <5, 2011). &3¢ ol weba] A 52 b Esl(full or

complete disassembly)9} A2 52 FRA  F3f(selective or partial disassembly)=
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=
rir
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o,
Lo
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fifo
ox
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o
=

U= 4 AdtiOng =, 2021). 2 4

of =& H|ES TAAZ]7] Wil (Zhou 5, 2019) T}U3E Q9152 311 5le]
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=5
i
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fljo

I +2 A57F o]FA T} Kara 5(2006) A

47 fala Bl Aol A% wAS stow

=
ol

o
=)
w2
@]
=
o
g.
o
=
o

=

8ol o™, Smith 5(2012) 7 7 o] HaEFEe g A4 3 SAE
DSSG(Disassembly sequence structure graph)E &-83lo] 2kQFOm, Mitrouchev
S(2015) A 25 sk FEEY F4A xRl uebd Eu =AE
2= DGCG(Disassembly Geometry Contacting Graph) ®'H-S 28319 th Kim
S(2018) Fall Adrgro] ARSIl Aol wa) vES HaAst & ¢ e
B 42 = A4S 38991, ©]= branching-binding YiLe]E5S &3t
ol A} 12 3 (Extended process graph) = WEFU 1T} Bentaha 5(2020)2 3]5~3h
Aol F4d wE BAH JHAE st HAY el FEd SAME

Zkgkom, o] 2 And/Or 1Y ZE Z-835lo] SIS



2.3.2 ¥3l scheduling

1% 2.19] task planning leveloll Al =2 o] X &= A7) sl WA,
ol el Zrge] AF A} ARl HAE £AE Fetal dAE Ao
485 FHuistebaA z; 2ol &l A4S i s S &7 tKGiingorst
Gupta, 1999; Kalayci 5, 2016). 2}l W&o 3k djFE A4e 4%
U SFS EEate] 54 g1 FeolA A4 F, frFAIRE AR HE
s Hasht oldo] Hulsl, 54 FES wEA FESe S BAETE
alo] WP Y THOzeeylan 5, 2019). Bentaha 5(2015)2 $13 F-3F0] EL3te A3E0]
et ZgAIzks 7 W, Belldl = HES Hastele W Ed #s)
A5 0, Kalaycllar 5(2016)2 A 2~H|o]Ho] A3kl Z3tol 4] MILP(Mixed

integer linear program) RE-& Z&3to] F &oles Atk Weke Fe

2Holde ) JFALE, wale] 7S aEste] MOGSA(multi-objective genetic
o] 2l AARte] B3k ATE G333t CB.

Kalayci “5(2016)> A zHoJAH ARG A7 idle time)s R sk, Hd

simulated annealing) S €831 |

i)

BAY $07b Be PES JF5E el FEFHED S0A B daswolA
o fFEAGE AxFet P84S B HUS FUSYRL ofF VNSGA
(variable neighborhood search method with genetic algorithm)= &-8-3}o] Z31t}.

7 2.19] reverse logistic levelollA] =2 O|FX|= A7 FRE FF3)]

Al HAZIARES] el R Al S, A Eebd AT ARER S el AA

b

programming) S Ea14 Et} Kim $(2003) ¥5¥ HES Ffete gyd
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Mishra 5(2021) 359 H7AE2] 8 (circularity) <7, AAFE(reuse),
A A Z(remanufacturing), A Z-&(recycling)ol] 7]Wksto] A RE o] EAS HUle=

ETE A ATE AYHGAT o) FUREL AFBT DY F A

AGEEs o], AAFFS 53 o] F(&3l o] F)= A &5t

Moussa ¢} ElMaraghy(2022)= 7]0] AR E9} o] A& pAl|le] &Aboll ulelr
variants  T7/d5k= AlSE T (product family)oll  tHElA 271 o]/ A% (multi-
period)oll A} T4 variant®] 85 S8 S84 of9Al EFHES TASHH,
o] FYFES HIPE2, APt variantE: THEo] d ZAQTle]  FAE|AM
Akt olw ZF Aol o] FHELS oud A H (feature)®] ES5O R
T4 ARJAA, 7 A variant®] FRE o= AIHAA AR EHES
d&(OAE 2 A2 AT AAA A s A= A5 skt
wrole] ATsl gol #WY ¥ sH AES
ArkEA "7kl disid el e fdE WA, weldt o I de=

ke

ot

Mishra 5(2021)

11
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Disassembly Line 1

i%@i%@%@

Disassembly Line 2

%@ o e.p -
( Disassemlily Linek | /

Disposal
Material reuse

I3 3.1: FAL) Zuke £ HuE 2

2n A A A ==
SERENE

.]
¢

e o, ATIARRe] 25 e 2n e, 4

F Qe BaEgel 1) dokn 98 o, 24

Post-Inspection

ol

o

THE= 40l = 7 7] wiel 2r iR 2.

Nee w9 ASdHoth 1719 #els

Zigelzbd EAZE AN, 278 o] #RlE *PFshe IdelM=
& A} AR aEEE o= 2Rl
245 ok 3tk oW aFs oW weilede

Agol AR FET S g HEo W

Bafel ko] wahA

A 159

SREE Fede ZaskH] o2 Ads sFdsor &

B, C7} AALE 7Fs3k d7|AES A BE F=T

Aol ZalstAl H| CE FE Xk
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2 , & Bde] gk FEE 7EA e AALE

7} & (reusability), Wl X W8, HIEFERES(TCS, Target Component Set)3}
A =-S(DTS, Disassembly Task Set)o] 3lEstcl. AAME 7F52HE (reusability)<
Az A H7AES] FEo]l AR TsAdes UERiE, 3AY BAE
FAA Ee 4 JthKim T, 2022). E AFAAME FEE VA9 AAE
7} & (reusability), wall A dE H]E- 7|EAOZ Fojzl AH=ZE 83} 2
Ao A= Foixl AR o] BERFF EHTCS)H a2 55(DTS)E A sk
WAE ARty o= 29 323 o] 4dAe] S FsiA AARICH
1GAA = AAE 28 7Fsdd 23l A AAE EsA AXRE ThsA el
WHol THeIAE VIR FEe BEER ERe, 29l 19 Aol A

R FFEY ERgel wEpA RES st Hx BRFEES(TCS)S

EE5DTS)= st 4l = POCY 7It+els adste] HE Sia5FE
EE(TCS)Y HFT FEAFPEZDTS)S Al oju Abde] oz ARSI
2ol Ale) AF v, AFe 2ad Pz 7 e

)| 2+ 35-5-(RDT, required disassembly task)= &-8-3Hc}

3
Lo
=
o
o
A
o
ol
als
fin)
i)

i

15



= W
= ™
a0 Mo
_L.lh. H—l

4 ™
30 20 ,
g @ ED
— ”\ — m —_ o_n_ -
~ ol o T o
T o T o T gy
i Hio (v mH_ ol Ik or
- K = Han
IH g o o
" o Ko &
._Al._ Wl ) 1k
w a

\

TH 32: BREFFES(TCS), 34434 E50T1S) A4 74

W
iz
Him
-

component)©] 2}

oM A7t

[0

s

K

)

Aolt. 1A Grie] A

-
R

gl

B i O
PEE A

22

i
=

el

]
|

e-Tj &+ 5

A -

16



Aolal= o] Aguojof 3l Kwak 5(2009) #H7|AIEe] FAE W=
FES o9 &8 Aol webs] AAFE,

g oA duAder &8, SEAYRAA=Y 4,

b

eco-module 2 g ol3t o, 3|43k
A= AL, a7t
#H719] 57HA 2 FEsiith 2 A E F5 &8 disiA AAl=x, H7)

AR Lprgl o]

=
T
=

Az 28 7Fsdd wdl d RS S AA

Fg7ks ol WEY S Aol veh RES U R BRsgon,
olE FE=E YERNY & 3.1 2t
(] #8) 5 HAOE ANE 7bs o RE Be b E2
(POC, Post-Inspection Component)
2] #8 A HAOE ANE b5 oRE Be b ER
(PRC, Pre-Inspection Component)
3] &7 =2 HaF
el A% B2 @ oF PEUNZ AAEZ dof Axzel 2§
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3.23 Hx FIZFHEF(DTS, disassembly task set) A7
HE EEFEEHTCS)O B 799 5 A o]$oll= o] M E-a{(TCSy=
FEohs d BoE she LeldAESDIS)s AEeth shube] SRE-EES(TCS)

o= sh}e] Bz E=(DTrS)o] AT FR|Y A7 e EgREIRSTCS)Y

AAAE=DIS)O] S F Atk 4 FERFEFEHTCS)Y

>
kD
kl
p‘L
k)
k1
A

LG ESFOTS) = AP HAsiA FEs FEsked Z8sh H934

EZRDT)T 2t a8 #de] A 3 ARE &831, ol oo F 7HH

F=ohod 28 ezt (RDT)S @48 s}
21179 438 B8 23S $a317] S)alA AdaEo]ol sl B AL
Fag Bt
tm €A Pk ETCS;

dazshs BE BAGAES IS, rdy = kAA $ES(p) FEFHE U
dew de Bal AL onat pn, = 26 49 mE FR6] 64
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ol ©Al= POCe 7IHFels aEste] HEAQ HIEFFES(FTCS)H
| 2AE-ZFDTS)S AAl sk ©HAo]th POCY] 7| ti<5=2]S POCe] 7]t 7Fx] ol A
POC7} EFEN-FEE(TCS)el EFHgel webd 8 sojof st #af 2ol

A9 5= BES W gtolw, POCS] 7|d7HA= AAHE b EE(reusability)©l]
7WAE ek gtolth olwl AlLkg PpOCe] Zldirelo]l el Agelwt EREE
(TCS)°l S XFstal 79 H9- POCE A9t HE HaFFRES

M
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o
o
ol
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BEDERSICSMEE POCE FEMNANN F71z 54 Holokshs w4
Aelo] the 497t EAlE] otk o POCE EFT 4o R
EZDTSEIA POCE AT 4ol BAAARSOIS)S Aslste] Fopal 5
itk olasl F7bEe wa Aol M= thEs] dEe] poce] lhge) =
POCA el F7h= wgshs el A Mg EE BEFERLIC)I nel
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33 848 9

3.3.1 Notation

w REoM ARgE= dEE, W, 2N & 329 guh AW

dEE ofF TIAAYEFDT)LE e4S HAT ZUdA

(TCS)E o= oA g & 2 1A olth

¥ 32: gy, @5, ARESF

Pk k WA Component, k=1,2, - K
TCS; i WA Target Component Set(TCS), i=1,2, ---,1
t,,  mWA| Disassembly task, m=1,2, -=-,M
DTS;  j WA Disassembly Task Set(DTS), j=1,2, ]
d, [ A Disassembly line, [/=1,2, -, L
Sty Cm tn ol AR EE cost
G DTS; ol 285+ cost
v e wAlEls W 4 e value
v; TCS; & wallPd<S W 45 5 U value
Sij TCS;E DTS oA Zalds w ¥4 3ok= value
T Pl reusability
q; TCS; 9] W&
Xij  TCS;E DTS;= 5 95 7Fsdk A5 1, obd 4% 0
Wi  peE DTS = &3l B g5 7Fee 4% 1, obd 4¢ 0
L U pe/F TCSol 3] d= 45 1, obd 8% 0
Smj tn©] DTSl E3FE ] = 4% 1, obd 4% 0
Ex  p”} pre-inspection %91 A5 1, obd B9 0
Ao Yy DTS;7F 2kl ol w8 == 8 1, obd 4% 0
Zy  TCS7F 2L el v = A 1, obd B0
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7] o, HE A2

ERFEEA(TCS)S 2T F=T & Ade Ss3gE5DTS)°] obd szt

U-lLl

EE
(TCS)Oll &= HIEFEFS BT dAs o

50802 449 ey waE b HW 22T 4 glol sk

BREE 71X Fo|tt 34)2 HARE EEeldA] EaH@s w == u]go]

Maximize Revenue = Z Value — Z Cost (3.2)
Z Value = Z Z Z ViqiZy Yy — Z Z Zsijfhzilyjl(l - Xij) (3.3)
IEL jej i€l lEL jej i€l
Z Value = Z Z Z chiZilY}-l (34)
leL jej i€l
(33), 34T FHAHFEFEH(TCS)Y ‘EHIHXAEZMDTS) oA 7|9t

M2 AN A ek, ol& e vt ¥E Ameln Ashs Ao

olel el (3.5),(3.6), (3.7), (3.8)7 Ztt.
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v = Z UriErvr + Z Uki(1 = E )iy (3.5)

kEK kEK

p= [ n [| a-no Be=1 (3.6)

Pk €ETCS;  pr &TCS;

Sij = Z Z Z(l — Wi j)Zy Yo (3.7)

j€J €l kek
¢ = Z SmjCm
mem (3.8)
G5 A BEFFRLICHE PelFe W e F gl AN, 4%

BES PRCY 7HA, HE FEES POCY 7HAHE om|gth PRCS A
= , POCSl 75-oll&

)=]
B,
ERNF] AARE 7FsA(reusability) S aLlsle] 7|7k E K gt o] POCe)

RE(TCS)E v AR 2oz pree] HEld F EERE HS(TCS)

:

dFeE  vAA FEHh @S WAl RRERFERITIC)E WA
wAAg=E=OT )R A" 2l Eelskle W, E7|EioF &=
ExREe 7K E JehiH, 3.8y A DSl »~8F= HlEo= DTSl 43

Bl A5lel vlge] gt 2ok
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3.3.3 Af=xA

2R X A gE AlopEgl e

2 =1

jeJ

2 2
Toll WA glo] £ As
LA EFOI R APtk A
FEFFES(TCS)0] 171 o) wig=n
elrlakaL, (3.12)9) 8- FIkiE RE(TCS)
R L i
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At AT &8s AFES] FxE 19 413 2om, Kwak 5(2009)0] A2
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_‘t_l—_]_
@, ©, ®> 2= Fojul= Zal Ade dekdnh w8 #9lel s dAE

A, SAEE B A AF WA Z A39) w3} Aol APsiofor
50 Bal Aol shswe vehith A B de A7 wa AL
ofmlsa wlE 10

E=ze] @E pepthl WS W, a B AP FAsH] flaa
o] dgEofol = HAE 12 YEHILh & £

171 fleiM = el 2 @, @7F A& = ofoF ghs et

292 IBM ILOG CPLEX Optimization Studio ==15¢] 22.1.0.0 S &3l
T o, Bele] g Q1 A2 AHATE W s

e
o
X

>
o2
ol

=
T

o
M

i°N

1. 5

Fol ek B et 2ol dia] Folxl AR= 3% 419 Pk B, D, F

37§e] FE2 PRCOIH, Ci= POCe 33ttt A, E®] 4% &-&7FA17F §lo] &%

FZo] 8 Q= FEol sidethAek EE Al9sE F-E] AlAL
0.6,0.4,040|™ o]=9¢] AL 71x= 2+ 10,20, 4, 50] T}
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E 41 75 EF 2 3
n A B C D E F
Pk P1 b2 b3 |2 Ps Ps
FE e [3] [2] [1] [2] [3] [2]
74 (vy,) 0 10 20 4 0 5
AWAHE 7 EHE
; 0.7 0.6 0.4 - 0.4
(9r)
[1] RF=A] E3fisfioF sk F-35(POC)
[2] “delel wEt AgHow Eashs FE(PRO)

42. 27

POCE RE 27| &3

AR g8 BgRITOTCS)S

REwS(TCS)oll 30, PRCE A
A st PRCE

N7t 3700)7]

8(2%)7HHe] BEFFLEHTCS)0l AgEaL of7]e] POCE B

WH 27) BREERLTCS)ES T
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SRR ST
TCS; {P2; 3}
TCS, {p3, Pa}
TCS; {P3, D4> Do)
TCS, {P3. P}
TCSs {p2, D3, Pa}
TCS, {2, D3, Do}
TCS; {P2, D3, Pas Pe}
TCSg {ps}

43. 7] FHIAHEZDTS) B4

rl

AP ESDTS)S FAstE dE w3l Aol dig HrE % 439
Fan g2 &g 2 Zdol = oduA, A 58 auEd HES
WIBIL, pry & tys TAI] 1A daAEoloF k= EEl AS vt

o ts= ty, tz°] A OF T8ty ty, tz, ty, ts©] APE|oF
T8 9SS oudtt o] Wto R slo] zF B ZYe HNFE dAS
a3t 7 BEo] Fe Ea)2H)E-=(RDT, Required Disassembly Task)S 1-5Hd &

Q
449k BT oA W PALURSERODES HEFFEL FEes o) LR
ez
H
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¥ 4.3: 3] Z3(Disassembly task) FH.

T 1] -8 e I3 A (pny)

ty 3 {}

t2 2 {3}

ts 1 {3}

t 2 {3}

t5 5 {tl s t3 }

t6 6 {tla t35 t4»: t5}

E 44: F5H d9 BIRYES
T (r) T B RDT(Required Disassembly Task)
pl = {tl ’ t2 5 t3 ’ t4 }
P2 PRC {t1, ts, ty}
p3 POC {tl 5 t3 N t5 }
p4 PRC {tl’ t3, t5, tﬁ}
Ps = {tl, tZ’ t3, t55 t6}
Pe PRC {ty, t3}
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E 430049 ABDRAY(pr) T E 44 FFE Do PAAYEZRODS
bueEe BaM AT 27) RAAIESOISS E 45%

2o} 7] BRFEES(TCS)SF sLsHA 87171 AAA = it

m {
ofo
ol
L
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4.4. 3ZF EXRERS(FTCS), ZAZAAEZFDTS) AA

POCR! p; 7} HIEFFES(TCS)O xstgo=z WAsk= H|E3 19
ZIeelS AXEPE & 463 Euk TCS,, TCS,, TCSe, TCSg 2 749 POCE
AFA F71H Ha Ho] FasiA|vh TCSZ, TCS;, TCSs, TCS, 2] 745-oll=
POC7} AR E F7H Zall Aol (e 4d-felth poce] 7Iti7kA= AR
7V FE(reusability) ¥} 7S F3F o 20|t} o]E uH IS W TCS,, TCS,,
TCSs, TCSg®l 73-% 710l &5 =, p3© F=sH4 F= Zlo] o AAHe)7]
ol HE SRFFES(FTCS)ONA AlQlsttt. mepa HFHoZ HA49 HTE
EXFELS(FTCS)S ¥ 4.7¥ #uh

il

o

£ 45: 27 FHFAAEEZDTS)

27 BRNERS 27] BalHe 5=
TCS; DTS, = {t1,t3,t4,ts5}
TCS, DTS, = {ty,t3,ts5, te}
TCS; DTS; = {t;,ty, t3, ts, te}
TCS, DTS, = {t;,ty, ts, ts}
TCSs DTS5 = {ty,t3,t4, ts, te}
TCSe DTS¢ = {tq,ty,t3, ty, ts}
TCS, DTS; = {tq,ty,t3,t4,ts, te}
TCSg DTSg = {t;,t3,ts}
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E 4.6: POCS 7]th5]

z7] BRREES w o 7171 715l
fimc A 3§
TCS, te 5 3
TCS, ; 0 2
TCS, ; 0 2
TCS, ty, ts 8 6
TCSs ; 0 ? 2
TCS ts 5 3
TCS, ; 0 2
TCSg ty, ts, ts 9 8

E 4.7: T EZF-EFES(FTCS)

g
=5
i
it

{p2}

{P3, Pa}

{P3; Pa> D6}
{Pe}

{P2, P3, P4}
{P2, D6}

{P2; P3; Pa> Pe}
{1}
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FES(FTCS)oll disiA @.1)e] &agls

A S FEDTS)S At

3 487 #Ath

R 48 JF LAJIEZEDTY)

& B34 A%

A% ERNERS A% palgns
TCS; DTS; = {ty,t3,t4}
TCS, DTS, = {ty, t3, ts, te}
TCS; DTS; = {t1,t5,t3,ts, te}
TCS, DTS, = {ty,t3}
TCSs DTSs = {ty,t3,ty, ts, te}
TCSe DTSs = {ty,tz,t3,t4,ts}
TCS, DTS; = {ty,ty,t3, ts, ts, te}
T—CSB D—TSS ={ }
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493 72t} 7} case HE AR UE AYgS AEdeE

ar =
AL B8t = g9l9low, Case 5 = TCS,, TCS,, TCSs & DTS, o= AA=

Z}elol| &), TCS,, TCS:< DTS, = AAH o)A, TCSs, TCS,< DTS = A
VoA EaE T W A B 47 e

[e) =
AeE g 4 A

(il
rr

£ 4.9: AHAT 25

T 2kl 1 2l 2 22l 3 A7
DTS, DTSs DTS,
Casel 8.992
TCS,,TCS,, TCS, TCS,,TCSs, TCS, TCS,
DTSs DTS, DTS,
Case2 9.024
TCS,, TCS;, TCSs,TCS, TCS,, TCS, TCS,
DTSs DTS, DTS,
Case3 9.040
TCS,, TCS;, TCSs,TCS, TCS,,TCS, TCS,
DTS, DTS, DTS,
Cased 9.048
TCS,,TCS,, TCS, TCS,, TCS3, TCSs,TCS,
DTS, DTS, DTSs
Case5 9.064
TCS,,TCS,, TCS, TCS,,TCS; TCSs,TCS,
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£ 4.10: 84 945 Uit vl

reusability oheld Inspection POC 7]t
ERERE RS
e AP 5} NIA ary

it 1 X X X X -
ik 2 o) 0 X X -
ik 3 0] 0 0 0 X
By

0] (0] (0] (0] (0]
e

4.6.2 a7 W7} 23}

461904 AA3F tiotee] A= & 4113 2o B AFoA Aetksr mele
Aot 7P Ekow, tijh 3, tijh 2, Wigk 1 o F2 AHE vrhds &<l

= 2=
gk = Q.

35



¥ 411: 784 4= 27

best
T Zhel 1 Zhel 2 2l 3 A}
case
task tl, tZa t35 t4-5 t55 t6
oot 1 3.60
target my, my, m35 My, m59 m6
taSk tl: t35 t4—9 tSa t6
oot 2 4.0
target Mmp, M3z, My,
task DTS¢ DTS; DTS,
oot 3 8.40
target | TCS4,TCS5, TCSq TCS,,TCS3,TCS, TCS,,TCSg
g7 task DTS; DTS, DTS5
9.064
e S TS
target TCSl, TCS4_, TCS6 TCSz, TCS3 TCSS, TCS7
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Abstract

Planning for selective disassembly considering condition
of End-of-Life product and operation of disassembly line

Dongseok Son
Department of Industrial Engineering
The Graduate School

Seoul National University

Companies must strive not only to make profits but also to prevent and improve environment.
Therefore, it is necessary not only to simply produce and sell products, but also to consider deeply
the post-disposal stage. Recycling products after the disposal provides great effects in terms of
economy and environment, and the process of disassembly is essential to do recycling. Therefore,
it is important to establish an efficient and economical disassembly plan, which is the core of
research on disassembly.

In the framework of selective disassembly based on inspection, this study proposes an
optimization model that simultaneously determines how to organize the disassembly process for
each line and which line to disassemble for each group of EOL products. This is different from
previous studies in that it is a disassembly plan that considers both product and line aspects. Since
the condition of the EOL product varies depending on the environment in which the product was
operated, the target component is determined through inspection rather than pre-determined, and
the method of this inspection can be divided into pre-disassembly and post-disassembly
inspection. In addition, it is considered that the revenue and cost would vary depending on the
setting of the disassembly line. The model of this study aims to maximize net profits and validated

its effectiveness through comparison with disassembly plans using other methods.

keywords: Selective disassembly, Various condition of EOL product, Target component, Inspection
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