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Study on cell formation of remanufacturing

system oriented to low entropy
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(School of Economics and Management, Zhejiang University of Science

and Technology, Hangzhou 310023, Zhejiang, China)

Abstract: With increasingly prominent problems of the environment and resources,
remanufacturing as a low entropy development model has aroused more and more attention.
Based on detailed analysis of the influence of process route selection upon remanufacturing quality
and environment, a cell formation model of remanufacturing system is established in pursuit of quality,
ecological environment and material handling optimization. Moreover, the genetic algorithm is
employed to solve the model. Finally, the influence of environment, quality and material handling
upon the cell formation scheme is illustrated in details through a case study.
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Table 1 Processing information of waste products

©

I 50 M1® M2 M3 M4 M5 M6 M7 M8 M9 M0 Mll Ml12 MI13 Ml4 MIl5

R )

FP1-1 1/20 1/15 1/15 1/25 1/10 1/20 0.90
FP1-2 1/15 1/20 1/25 1/10 1/15 1/15 0.98
FP1-3 1/20 1/25 1/20 1/25 1/10 1/20 0.95
FP2-1 1/30 1/25 1/15 1/20 1/10 1/20 0.96
FP2-2 1/30 1/15 1/10 1/20 1/25 0.92
FP3-1 1/30 1/25 1/15 1/30 1/25 0.90
FP3-2 1/30 1/25 1/15 1/25 1/15 0.92
FP4-1 1/20 1/25 1/15 1/20 1/30 0.95
FP4-2 1/10 1/25 1/15 1/20 1/20 1/30 0.93
FP4-3 1/25 1/25 1/20 1/25 1/25 0.94
FP5-1 1/15 1/10 1/20 1/10 1/15 1/20 0.92
FP5-2 1/20 1/15 1/10 1/15 1/20 1/15 0.95
FP5-3 1/20 1/20 1/10 1/20 1/15 0.90
FP6-1 1/10 1/15 1/20 1/10 1/30 1/15 0.98
FP6-2 1/10 1/15 1/20 1/10 1/15 1/25 0.95
FP7-1 1/20 1/15 1/25 1/20 0. 85
FP7-2 1/20 1/25 1/20 1/20 0.95
FP7-3 1/15 1/25 1/20 1/20 0.90
FPS8-1 1/15 1/20 1/20 1/15 1/20 0.98
FP8-2 1/15 1/20 1/30 1/20 1/15 0.93
FP8-3 1/15 1/30 1/30 1/30 1/20 0.95
FP9-1 1/15 1/20 1/15 1/10 1/15 1/15 0.95
FP9-2 1/10 1/15 1/20 1/15 1/15 0.85
FP10-1 1/15 1/20 1/20 1/20 1/15 0. 80
FP10-2 1/15 1/20 1/20 1/15 1/25 0.95
FP10-3 1/20 1/15 1/20 1/15 1/25 0.85

AEFE/kW-h 2 4 1.4 3.5 2.5 2 2 4 2 3 1.7 3.8 2.5 2 3.5
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Table 2 Related parameters of the example

CM/ G/ 10 CNH/(GE/kW - h) 0.6
CQ/ It/ 200 L/ & 2
CFQ/ it/ 0.1 Lo/ & 8
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Table 3 Cell formation scheme(quality optimization as the main target)

I 5 M3 M5 M1l Ml4 Ml M4 M7 M9 M2 M6 M8 Mil10 M1z Ml13 Ml5 P,

FP52 1 1 1 1 1 1 0.95
FP4-1 1 1 1 1 1 0.95
FP7-2 1 1 1 1 0.95
FP3-2 1 1 1 1 1 0.92
FP1-2 1 1 1 1 1 1 0.98
FP8-1 1 1 1 1 1 0.98
FP2-1 1 1 1 1 1 1 0.96
FP6-1 1 1 1 1 1 1 0.98
FP9-1 1 1 1 1 1 1 0.95
FP10-2 1 1 1 1 1 0.95
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Table 4 Cell formation scheme(environment optimization as the main target)

% 5 M3 M5 M9 Mlo M1l Mi1z Ml4 Ml15 Ml M2 M4 M7 M6 M8 M13 P,

FP1-2 1 1 1 1 1 1 0.98
FP4-1 1 1 1 1 1 0.95
FP5-1 1 1 1 1 1 1 0.92
FP7-2 1 1 1 1 0.95
FP9-2 1 1 1 1 1 0. 85
FP10-3 1 1 1 1 1 0. 85
FP3-2 1 1 1 1 1 0.92
FPS8-1 1 1 1 1 1 0.98
FP2-2 1 1 1 1 1 0.92
FP6-2 1 1 1 1 1 1 0.95

4.3 DUIBRERARRABRHETHEARST (v, > w, =w,)
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Table 5 Cell formation scheme(material handling optimization as the main target)

G5 M3 M5 M1o M1z Ml4 Ml15 Ml M2 M4 M7 M9 M6 M8 M1l Ml13 P,

FP1-1 1 1 1 1 1 1 0.90
FP4-1 1 1 1 1 1 0.95
FP9-2 1 1 1 1 1 0. 85
FP10-3 1 1 1 1 1 0. 85
FP3-2 1 1 1 1 1 0.92
FP5-3 1 1 1 1 1 0.90
FP8-1 1 1 1 1 1 0.98
FP2-2 1 1 1 1 1 0.92
FP6-1 1 1 1 1 1 0.98
FP7-1 1 1 1 1 0. 85
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A HUA R 178, 3 J6, g 7 2 N 3R 6 FioR . i & M1/M3/M4/M10 % IH™ & FP1/FP5 148 T 43
—HIG; A M6/M8/M11/M13 FlJE IH ™ & FP6/FP2 14 )& T 5 —# o, 4 M2/M5/M9/M7/M12/
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M14/M15 FIJEIH™ i FP3/FP4/FP7/FP8/FP9/FP10 IH & T 45 = F.oc. HIC Al B & s Ik B 13 Ik, 5
ST E ) 25 %0 M8 LAy 130 JG, MURA Ry 432.3 JC.
F6 HTHEIIEGES S AED

Table 6 Cell formation scheme (three targets combined )

I = M1 M3 M4  M10 Ml13 M6 M8 M1l M2 M5 M9 M7  Ml12 Ml4 Ml15 Py,

FP1-2 1 1 1 1 1 1 0.98
FP5-2 1 1 1 1 1 1 0.95
FP6-1 1 1 1 1 1 1 0.98
FP2-2 1 1 1 1 1 0.92
FP7-2 1 1 1 1 0.95
FP8-2 1 1 1 1 1 0.93
FP9-2 1 1 1 1 1 0. 85
FP3-2 1 1 1 1 1 0.92
FP10-2 1 1 1 1 1 0.95
FP4-1 1 1 1 1 1 0.95

A AN [7] s A 1 5 B PP TC R T T 8 P A 14 JB 401 R AR L A S FR I AR S W RS AR LR T
AL BB 64 A 23 A7 b T LU HR JSCRE TIOR8 H AR X 4 36 28 48 v B ™ 150 T A T 20 e e o 5 I
JUHHE T A A BRI R . 25 e R F AR A5 [ I B 5 ) 20 % 2k R Al 3 T S B I A TR
T L 14 0 T T LR A 3 e R A R E T R SO R A PR A R iR A s D
X P ) 3 AR T 5 AR REAT BT A R T B R Y 0 A I A T 5 2 IR AR B A A R ARl B B
AR A R R A5 2R

RT AP R T S RA — R

Table 7 List for different cost for different cell formation scheme JG
(Ip =S JoT S 4 A B ABE A Yk IS il A
Jo i B A 86 183.2 190
H IR A 146 173.12 130
YR E A B A 180 176.12 100
SFHMWGE S H R 124 178.3 130
5 & it

Wt B SE IR A 4 5% HH B T i ) [ s P 0 P 0 i 8 52 BT T . (EL S o o 1) A 0™ 0
R 555 ity B A 7 I R R A A () 2 Ak 2250 R o3 B AR 7R KR B B BCR I AN S A . AR R
G ) 3 A AT AR R AR AR A 7 JSUAS » i o A 77 R AP e A% 8 P il s Oy A 4 i 1 A S e
ASHIE TR T R IH 7 b 0 T B0 4 e e A7 T 20 B a0 58 60 3R 58 A K i F s (9 R I LB B L o e S )
L Sy F RS R A B TE 7 it 0 3 B e e A A g — A EL RS TE A  A E — AP BB T R L
YRGS B AR X 2 AR S ST R R R R

FBARAIFTE O AL T 20 3% R 0B 8 6 TR TH 7= by i 2 0 AR 88 H AR A9 S PR T BE A0 23 A - (B A o A
Guok— DRI R G B I8 2 Pl G IR Z 1] A A S JE R 24 22 WU (A L B A TR TARATE
95 T LA v o 36 2R 9 B T PR R A ok R AR P N MU A N AT 2L A A T A IS R BT
Ay et K R JEE [0 R BIF S+ o 0 — 28 3 BT B x P o 5 B T A A% A E B R

S 30k

[1] ABSI N, DAUZERE-PERES S, KEDAD-SIDHOUN S, et al. Lot sizing with carbon emission constraints[]J].
European Journal of Operational Research,2013,227(1) .55.

[2] BAZAN E, JABER, M Y, SAADANY A M. Carbon emissions and energy effects on manufacturing-remanufacturing



390

*®
g

WY VLR 2 e 2 4

[3]

[4]

[6]

[7]

[8]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

inventory models[ J]. Computer and Industrial Engineering,2015,88:307.

ZOUADI T, YALAOUI A, REGHIOUI M, et al. Hybrid manufacturing/remanufacturing lot sizing problem with

returns supplier’s selection under carbon emissions constraint[ J]. IFAC-Papers Online,2016,49(12):1773.

KRR E B BT 5 BRBU 5385 00T f Al dl  / 75 i i A= 7= ek LT ). R B2 R, 2015, 24(5) (737,

CHANG X Y, XIA H, ZHU H Y, et al. Production decisions in a hybrid manufacturing-remanufacturing system

with carbon cap and trade mechanism[]]. International Journal of Production Economics,2015,162:160.

HIREAR L RE PP R . BRI 2 SR I R O SRR LT ] R AR 2= . 2014,29(4) 1537,

XK BRAIS AR HE T REVD 25 B cHE B 22348 00 R i g 3R [T ], B 3Rl 24 % 4], 2016, 19(10) : 48,

BOUZON M, RODRIGUEZ C M T, QUEIROZ A A. Cell layout application in product recovery:a lean proposal to

increase efficiency in remanufacturing[J]. Chinese Business Review,2012,11(5) :467.

RA, VLN, sk A, A5 T ] 3 120 B T M (0 R A R AR RSB Y LT . i SR S LK . 2013(12) 32,
SELIGER G, FRANKE C, CIUPEK M, et al. Process and facility planning for mobile phone remanufacturing[J].
CIRP Annals-Manufacturing Technology.2004,53(1):9012.

RN AT AR SF L JET GERT Y IR IH 3R A i o ME T 2 T2 B R R LT ] S ALAR il R 4
2012,18(2):298.

PIRY AR AR S P IE AN o T 2 D2 ) AR 4 S R AT ] MU AR A 4R 201349
(15):137.

I AT AL R, AL SR T U Petrd 14 T 1 2 AR AR S 00400 8 5 i [T ). P E R 30, 2015, 10
(4):407.

fIEE, FIRFEZEH B 5, — Pl i ) MUAR 2 (] 28 1% 25 B4R i i 04 55 4y g A B 0 ik ) . WP DA 2% 4k, 2016, 52
(19) :168.

WANG S J., LIU M. Multi-objective optimization of parallel machine scheduling integrated with multi-resources

preventive maintenance planning[]]. Journal of Manufacturing Systems,2015,37:182.





