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P¥ A 7 1) 3k 45 AL DRIO(disassembly remanufact-
uring integrated optimization) & /™ fin [R]YSCist 42 3 i B K1)
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Fig.1 Flow chart of improved artificial bee colony algorithm
(IABC)

2.1 THEEIAN

FREERI A A 2 BE LA BE I GBI Y, B Rg B
T WS S B N B AR T . RV A AE DR S ER R
TEOLT, T H S BELYI I oR A BT a4 . BEHLA)
G AL BE CRAUE T 46 T RF £ fif 25 () 33 20 0 A, AH s 5
EIUSSICR B . AR B TR IR, AT T log-
istic MRS AL RATARAR . BORAVEE P A Sy MME, B4
/l\ﬁgﬂﬂ r‘ﬂixi:(xi,l,xi,z, "',xi,D)%%ﬂ—‘—\" D%ﬂ?%é“ﬂ%
YERE, ACRAMBERG MWD, 1A= {vn), w&
INIRENT ], v,3Ro8 BOL #AE 750, logistic MY A B
SRR A AT

Xij = Xmin,j T Yij (-xmax,j - xmin,j) (18



20 Lol TFE=AR (http://www.tcsae.org) 2023 4
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2.2 REREME
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X  AEYESE j R BENLIE £ — MRS SR x (ke fl,
2, -+, SYDRIN MM j AE R BB A Xpew,, RN
B kNN G AEATIE B B b ok R ) B TR
P8 ¢ N [-1,1] Z [ BEHLEL .
2.3 STEEEEMVER

S R G 1o 3k TR AL A A AP 1 B U b B L Pk e
FRALE . 7 T AR AL B A RO S S B
e, SRICHE T I S RE I AR 44 2L ) 3 e 0 S e
A 5 F AR 0k B R MR 2 K, 3 B P BRI R A
HEZR iRz 5 3. £ i MMMz 53Rk
PERER PGS R
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2.4 {iisRHEMEY

WS I AE A2 IR I HERR s g R, IR
R B 0T 52 MG B B SR FH 6 B W T VR B R B BN JR B B A
RNT RV R, ARSI BB N A R R L],
TEAF:

L i=1,2, T Q2D

qij = Xij + Gij | Wmax = TL (Winax = Wpin) | - X 22
A N B ATEARREL: @9 [-1,1] WIIBEALE: @y A1
A N3 AR N B UNE e

3 EGISHR

N T IR BT R ) DRIO A5 74 A 4 ik e e 59 R it
M ATAT VAN 0, AR S TS SR AL IR B BLAE ik
il T ) 3 R AT A0 AT, BT VA /E MATLAB2020 #X
P EFATIRFESLIN, THEMLECE N Intel(R) Core(TM), i5-
1155G7 @2.5GHz (8CPUs).
3.1 BUIEIREL

FL LA [l YSC P 1) 3 1 R B R LA 2 —, FE A E
SR [0 AT P ) e BAYRAS 4LZ-9.0CR A R L
() LML A P00 ), FML R A 1 = 4R 2 i fn 5] 2
FRZ A VEMAE BNE 1 FiR. & ZH0E R
MR 2 /7 [T A AT G BT 12 1E, EOL AbEEHHE K F 5L

9 3P0, YR TR 5 s, PREVNTSR 25 Jw/ht?,
MRSV 228 $0405 W 2, AR Petri P4 2 A 45 A
Jy BB 3 ffrs
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31
S 9
14 7@
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Note: Numbers and symbols in the figure are part No.

B2 4LZ-9.0CR WAL= 444
Fig.2 The motor 3D structure of 4LZ-9.0CR

=1 4LZ-9.0CR EHFEIHIFMEE

Table 1 Details of motor parts for 4LZ-9.0CR
i ol or g e IS
Component No. Name Size/mm Weight/g 1sgssembly RCCYChEg
time/s value/Jt
1 R 150 650 10 2.60
2 ANz 119 40 6 0.02
3 EES 144 540 35 2.16
4 ET 115 1180 50 4.76
5 FLAE 151 6350 40 25.40
6 B33 60 130 16 0.26
7 T 260 460 60 1.84
8 L 115 730 40 21.90
9 JF Ui 150 780 35 3.12
10 e 1) 1% 51 57 10 0.23
11 R 104 240 10 4.80
12 A Pl 150 960 8 3.84
13 I 125 1120 55 4.48
14 VERTYEREN 180 5480 19 21.92
Al IEET X12 10 120 48 0.48
A2 IRET X8 20 160 56 0.64
F=2 BEMHERESERIE
Table 2 Raw material recovery reference data
AR ELE¥ IS A
Raw material Recovery factor Recycling price/(ﬂ:~kg")
¥k Plastic 0.06 0.82
2 Tron 0.35 1.64
X Steel 0.26 1.92
HL 7 #44F Electronic device 0.11 1.19
i Cuprum 0.14 8.25
Nd-Fe-B %k Nd-Fe-B magnet 0.08 172

B 3 4LZ-9.0CR ®ALIF IR B
Fig.3 Sequence diagram of motor disassembly for 4LZ-9.0CR

3.2 #R59R

B3t TABC &3 3K i DRIO # %445 5] — % 41| Pareto
filt, Wik 3 Fn, HP AR I MR 4 NERREUER
R E/AME, 433108 124.5 J0F 1143 6. HEHLIFAE
EMRMB TR INELRNER 4, BHFRBIT R
Al—>1-2—>A2—6—3—4—7—8—5-59—10—11—>12—13
—14. ST HE3 M EOL #ik, FMHE{AL 1,A2,6,10}
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PATIRERISHRAE: (3,5, 9, 12, 14} PATHR HEEME; {2,
4,7,8, 11, 13y BAT HHEERAE . v B 5 8 35 ik -F- 1)
G, W44 TR 3 IRBTSS BEOL sk

A, Sk AR R SAT JT 1A, [ B 26 SRR AN [T EOL
PSR, FEARIA S P AR [ AR 1 53 o A AR
37.5%. 31.25% Fll 31.25%.

3 IABC HIARIGHIIRMR T R Parcto fREE
Table 3  Pareto solution set of disassembly scheme obtained by IABC algorithm

77 % Case P #1751 Disassembly sequence FIiE{E Profit value/JG
1 Al—>1-52—>A2—-3-55—-6—9—-4—>7—-8—10—11—12—13—14 119.6
2 Al—>1-2—-A2—10—-11—12—13—>14—-3—54—->7—-8—>5—6—9 121.7
3 Al—>1-52—5A2—-6—3—-4—-7-58—5-59—-10—-11-12—13—-14 124.5
4 Al—>1-2—-A2—10—-11—12—13—>14—-3-55-56—9—>4—->7—-8 114.3
5 Al—-1-52—5A2—-6—10—-11-12—-13-514-3—-5-9-4->7-8 115.2
6 A2—Al—6—10—11-12—13—14—1-52—3—>4—7—8—5-59 122.8
7 A2—A1—-6—10—-11-12—13—>14—>1-52—53-55-59-4->7->8 123.5
8 A2—Al—6—1-52—3-54-758-5-59—-10—-11-12—13—14 118.4
9 A2—-A1—-6—1-52-3-55-59-4-7-58—-10—11-12—13-14 120.5

F4 AR FEERIEREK

Table 4 Disassembly and remanufacturing decision of scheme 3

i TR PRET 55 EOL #5
= No. . .
Component name Disassembly sequence  EOL decision
1 K No.2 [ELLe
2 s No.3 (Gl
3 Uity 2 No.6 [Eiflle
4 ET No.7 T
5 LA No.10 b
6 W4 No.5 T
7 LR No.8 A
8 L No.9 FFI
9 Ji it No.11 i) i
10 e ) 1% No.12 [Eillle
11 E R No.13 TR
12 il No.14 TG
13 VouL No.15 A
14 VERESERTN No.16 TG
Al WRAT No.1 [Eiflle
A2 IZ2ET No.4 Bk

47 #1751 Best disassembly sequence:
Al—>1-2—5A2—6—3—54—7—8-55-59—-10—11 -»12—13—14

O il i& OHAM O Rl

ORemanufacturing 3 Reuse  ()Recycle

o e
A~ D— A — 35— (D—)
e D e G e ©)

B4 wHIFMA IS5 EOL RE

Fig.4 Motor disassembly sequence and EOL decision
3.3 IItbikIE s

N7 IR UEARE R T IE A R, 51N 3 M R 4 i
PSR ALIAT R LE A, 2553 5 Frw, Hd, DRIO
B 25 B I A 7 i VR A 235,  DRIO-D A2 AY X i fy &
A R AS R E G, DRIO-R #5288 BT A 1) 28 4 47 7
il i . 2% FE F] & 1) DRIO A1 DRIO-R 455 784 fr i HE 50k,
A Z)28 DRIO-D #ER ) 50%, 1368 25 (8 4 fife-Fi- 1) i Lk 5¢
AR ek /D R HE L) 50%. DRIO-R A5 R 1 7 1] i i A
2179 DRIO B AU 2 £, {H 2 &2 R4 9 DRIO #5224 1)
45%, it B Z A A 0 SR HC R g A AN — o S IR o
KAk. DRIO HEREFE N 124.5 76, X T DRIO-D
B 47.2 J6 A DRIO-R #2784 [1) 563 76, e T
62.1% M 54.8%, LA Lor#rR BT, 2 EBAF P i) 2 1 1
kb SR, BRI, 38 Y B PR AR E ECE A T

ST

x5 TRIEETHKMBLERIIEE

Table 5 Comparison of solution results under different models

o

it TRHEBUR A i) 3 e A S FE

Model Caug cost/JT Remanufacturing cost/Jt Gross profit/Jt

DRIO 15.2 30.7 124.5
DRIO-D 32.1 0 47.2
DRIO-R 17.9 62.5 56.3

AT B BRAIE B N T VR A,
IABC 5 A\ T8 (ABC) P31 dUBESE (ACA) BY
HEAT X ELA3 4T, ABC Al ACA HISIES R B 4 5l LS
Bk [32] FIOCHR [33]. X FEIETERERILLEL, W FIAFAESR
PR AR AR S B HE 25 IS sicE,  TR] B R R e N i ) RS
B, SHEIERIRMGERWE 6 Frax. WK 6 i LLEH,
IABC BIEAH LG T8 3L N TG i B vE IR SR A B (A1 4 40 1
19.3%, TATMAECEIEINT 28.6%, AHLL T WREEEENK
fiFEIST [A] 4 45 47.8% . TABC KARHIAE B AN Hm 2 HK i
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Integrated optimization of disassembly planning and EOL decision of
obsolete agricultural machinery products under the dual carbon target

YUAN Gang'?, LI Hongbo?, LUO Jiangiang®, ZHANG Zongyi®, YANG Yinsheng®*, SUN Junhua*

(1. School of Mechanical Engineering, Southeast University, Nanjing 211189, China; 2. China Institute for Agricultural Equipment
Industrial Development, Jiangsu University, Zhenjiang 212000, China; 3. College of Biological and Agricultural Engineering, Jilin
University, Changchun 130022, China; 4. Agricultural Machinery Industry Development Division, Jiangsu Provincial Department of
Agriculture and Rural Affairs, Nanjing 210036, China)

Abstract: A large number of near-obsolete agricultural machinery can be produced with the agricultural intelligentization and
the life cycle of machinery equipment in recent years. Among them, the disassembly and recycling of agricultural machinery
and equipment can play an important role in the utilization of ecological resources and sustainable agriculture. The recycling of
obsolete agricultural machinery products can also greatly contribute to realizing sustainable development and a circular
economy under the carbon peak and carbon neutrality. This study aims to perform the integration optimization of obsolete
agricultural machinery product disassembly planning and remanufacturing decisions under the requirements of dual carbon
target. The economic benefits were also evaluated to consider the carbon emission cost of the disassembly process. Firstly, a
disassembly and remanufacturing integrated optimization model (DRIO) was constructed using product depreciation rate,
remanufacturing demand and cost. The mathematical model included the profit maximization of remanufacturing product
revenue, such as the cost of acquisition, disassembly, remanufacturing, and carbon emission. Secondly, an improved artificial
bee colony algorithm (IABC) was proposed to solve the mathematical model. A set of Pareto schemes were obtained with high
profit and low environmental carbon emission. The improved ABC algorithm included the population initialization, bee hiring,
watch, and bee scout stage. A logistic mapping was introduced to generate high-quality initial solutions. A neighborhood search
mechanism was added to the hire and watch bee phases, in order to enhance the colony search with less local optimality. A
roulette wheel was also used in the scout bee phase. The motor was one of the main recycling and remanufacturing components
of agricultural machinery, indicating the strong universality and high recycling-remanufacturing profit. Finally, the
effectiveness and feasibility of the system were verified by an example of combined harvester disassembly. A collection was
generated for the reuse, recycling, and remanufacturing of parts of the motor EOL decision. The results show that the economic
benefits of the improved DRIO model were improved by 62.1% and 54.8%, respectively, compared with the DRIO-D and
DRIO-R models. The carbon cost of the DRIO and DRIO-R models was about 50% less than that of the DRIO-D model. The
characteristic index was chosen to measure the convergence of the super volume reaction non-inferior solution, and the
dispersion degree of the reaction solution was measured by the spacing. The solution time of IABC was shortened by 19.3%,
and the number of feasible solutions increased by 28.6%, compared with the classical. The improved DRIO model presented
better economic benefits than DRIO-D and DRIO-R models. The IABC shared better performance, in terms of robustness and
convergence. The solution time of IABC was shortened by 47.8%, and the number of feasible solutions was doubled than
before. In the super volume value, the artificial bee colony algorithm (2.695) was similar to the ant colony algorithm (2.377),
but both were smaller than the IABC algorithm (2.813). In the spacing measure, the ant colony algorithm (0.052 3) was lower
than the artificial colony algorithm (0.068 2), but the IABC (0.041 6) was the lowest. Therefore, the integrated optimization
model of disassembly planning constructed can be effectively improved the economic benefits of the disassembly and recycling
of waste agricultural machinery recycling products, for less carbon emissions. The finding can provide an important basis for
the formulation of relevant standards, together with the decision support for the green design of agricultural machinery.

Keywords: agricultural machinery; optimization; carbon emissions; disassembly planning; remanufacturing decision; obsolete
agricultural machinery
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