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Manufacturing Cell Formation
Using Fuzzy Mixed-integer Programming
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Abstract

Cellular manufacturing(CM) is a manufacturing philosophy and strategy for improving both
productivity and flexibility. Cell formation(CF), the first and key problem faced in designing an
effective CM system, is a process whereby parts with similar design features or processing
requirements are grouped into part families, and the corresponding machines into machine cells. In
this paper, a sophisticated fuzzy mixed-integer programming model is proposed to simultaneously
form manufacturing cells and minimize the total costs of dealing with exceptional elements. Also,
we will proposed a new method to solve the cell formation problem in the fuzzy environment.
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Table. 1 Data Set I

Part

1 2 3 4 5 6 7 8 5 0] A]C
1] 29 2.2 461 [50784| 2000
m| 2276|518 189 | 3.89 5.14 67053 | 2000
a1 3] 554429 43944 | 2000
4] 291 197 | 259 | 4.01 27 67345 | 2000
€ls 4.8 451 42414 2000
hig]1.92 2.23 5.52 75225 | 2000
i 17 3.4 1.16 | 4.72 2.49 1527411 2000
K 5.32 3.75 | 3.85 63523 | 2000
9 4,04 1.83 [50632] 2000

S| 420|430 | 350 | 440 | 5.00 | 3.90 | 4.40 | 460 | 500 | 5.00

D |32128]27598120651 |11340]18707]17040 | 46196 45384116409 | 22000

113702801280 ]330 280 |350]280[260]340] 320

HA dolHAF 12 71A 9tiet F-F 10702 o] Fojz Edo|t} o] HolEH
el A AAE AAAE AL 294 F2EE AHE st AFAE v w3l
e ® delH Y I, e AH&ste] &8k dHelHdd Oe 717 9EH$} E 97H
2 olFojx lom HolHAL M= A 717 9vigk ¥-F 972 FAAHAAT

o

Table. 2 Data Set I

Part

1 2 3 4 5 6 7 8 9 A C
11280 | 29 473 67136 | 2000
m| 2123|288 3.15 467 162770 | 2000
a L3 4.48 388 | 391 50612 | 2000
4 4.35 | 4.29 3.26 57648 | 2000
€528l 311 | 456 3.20 48474 | 2000
h |6 3.95 2.58 3.24 161816 | 2000
i |7 3.76 2.88 | 4.60 45601 | 2000
n L8 390 | 269 | 393 342 | 479 55959 | 2000
9 3.54 4.32 4.27 163365 | 2000

S| 41 42 | 42 | 39 | 45 | 40 | 40 | 42 | 46

D | 23529 | 28099 | 34698 | 36862 | 29286 | 29650 | 27838 | 21368 | 18233

I].31 3.1 34 | 34 | 35 132 | 29 |29 | 29
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Table. 3 Data Set I

triangular | (4,5) | 128741
traditional (4,3,2)| 327486

linear (4,5) | 2871528
triangular | (4,5) 12125832

301,69 || (54) | 5954
441,233 |(2,4,3)| 26539
297,127 | (54) | 11553
297,127 | (54) | 10578

177,698 | (4,5) | 326512 | 10 | 425,348
282,813 {(4,3,2)| 246661 | 10 | 520,687
177,698 | (4,5) { 193927 | 7 | 300,908
177,698 | (4,5) 1134585 | 7 | 300,908

Part
1 2 3 4 5 6 7 8 9 A C
1| 382 367 | 261 66962 | 2000
ml|2 3.81 2.81 2.96 52124 | 2000
a 3 387 | 33 2.88 2.68 |468831 2000
4129 | 399 466 | 4.32 338 | 60549 | 2000
€15 291 315 | 317 3.94 164630 2000
h |6 2.85 428 | 279 54057 { 2000
i L7 443 | 4.03 362 | 444 | 3.74 | 423 62030 2000
n 8 4.19 2.38 50263 | 2000
9 3.89 453 | 4.22 {64959 | 2000
S| 43 4.0 47 49 4.8 4.2 4.6 44 45
D | 30558 | 36777 | 15822 | 23792 | 36473 | 31823 | 22449 | 34646 | 14182
1] 30 3.1 3.0 3.0 2.8 2.7 3.4 3.1 3.3
Table. 4 Computational Results for Fuzzy Models
membership # of cost of # of cost of # of cost of
operator NM | Pivots dealing | NM | Pivots dealing { NM | Pivots dealing
func. EEs{ . . EEs| . EEs| .
with EE|- with EE with EE
. linear (4,5) [8652840| 6 | 371,297 | (4,5) | 431313 | 3 | 228,108 | (4,5) |6863202| 10 | 425,348
mexTmn triangular | (4,5) (6548046| 6 | 371,297 | (4,5) | 313812 | 3 | 228,108 | (4,5) [4865326| 10 | 425,348
— linear (4,5) {2825289| 6 | 301,695 || (4,5) | 231644 | 3 | 177,698 | (4,5) {1289627| 10 | 425,348
and triangular | (4,5) | 416468 | 6 | 301,695 || {(45) | 128574 | 3 | 177,698 | (4,5) [1120125} 10 | 425,348
linear (4,5) | 239216 | 6 | 301,695 || (4,5) | 239216 | 3 | 177,698 | (4,5) |2323514| 10 | 425,348
add triangular | (4,5) | 253607 | 6 | 301,695 || (4,5) | 253607 | 3 | 177,698 | (4,5) {1865934| 10 | 425,348
. linear (4,5) { 208898 | 6 {301,695 (54) | 6957 | 3 | 177,698 | (4,5) | 441658 | 10 | 425,348
add-min
6 3
9 3
8 3
8 3

two-phase

+NM : Number of machine types in each cells. For instance, (4,3,2) means assigning four machines to cell 1,

three machines to cell 2, and two machines to cell 3.

Table 4= 7} dlolg] Fgo] hd HABAE A} ojrh Table 4011*1 & F ko] 294
HZHe Hed 277t & dAAERYG £ A& AEIISE & & U 2gxn
A+ FA el 581 X7} linear non-increasing TAF R Tong /&7—} TAsE o %
AeAY 71AS HXAGFE FHEY] At 2o o A AR BE FHAA
max-min A4HA7E Bol AMSEHAG stdatE AL Woled £ gloh 7P U ARl
Q73 EEs® FolAME £ xolrb AT A A w9 Hizets oA B2d g
BEE dAAET UymogE A8 o F g ole AAY 2vA AIHe] E4 o Ze&dolg
ge AL FHAoh :L?—if’_i EEsE UFHA FAld A& dAdse A dalxe 294

H2YE 243t o] 0
a8 741@@34—‘;—94 NAEE 4FE7] A8t ofule e UAE F4S FIYIAT A
td W oA Pygtol g3 W) ol P gE 1/2P, 1/3P,, 3/2P, 2.2 ¥

flo
E
@

] 15tel tis) H-gatgnt v E Pgte] EFHUAR AR OE dolEHIH
AAREL 24 & F U
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Table. 5 Impact of Different P; Values on the Performance of the Proposed method

Data Set I Data Set II Data Set I
( P,=166,000) ( P,=187,585) ( P,=292,625)
Py value cost of cost of cost of
: # of . # of . # of .
NM | Pivots dealing | NM | Pivots dealing | NM | Pivots dealing
EEs| | EEs| | EEs| .
with EE with EE with EE

1/3P; | (45) {1485671| 8 | 297,127 | (4,5) | 11208 | 3 | 177,698 | (4,5) { 139960 | 7 | 300,908

1/2P, (4,5) |1688845| 8 | 297,127 { (4,5) | 7339 | 3 | 177,698 | (455) | 444677 | 7 | 300,908

¥ =) (4,5) |2871528| 8 | 297,127 | (4,5) | 45971 | 3 | 177,698 | (4,5) | 193927 | 7 | 300,908

2/3P, | (45) (2113582 8 | 297,127 | (4,5) | 37935 | 3 | 177,698 | (45) | 727532 | 7 | 300,908

0P, (4,3,2)] 327486 | 9 | 441,233 [(2,4,3)} 26539 | 3 | 282,813 [(4,3,2)| 246661 | 10 | 520,687

4. 4

rfu

B =FdAE EEsY MeEld A¥4u g HassE A Agstn, ozl AT 9§
of BY dolHE A% AANEFAFAIELS AAEET A%® 2vA W
(two-phase approach) &84 FAlol H-&3o] glo &4 AH&d Ax FAAigle] & o
AAERET F& AHAE MG 2HBER HARB A AdPAFE GFE EA oisl
2tk o A&FonR e o]&d # vk HF 2 A7 HAHAFAYe] AHE EAE
Aast7] At 43Rz Hed § uE Ao FTHHGHE B/ HolA doz AT
7t g astet

JEEW £ dAFoA ne® HAFN} HAAREY SAAHE Holth FFFAIZE, Az o]
B0, a2glx AN S e Zrix e gt Ee) ¢og HAFE £ ok £ V)
AZEY F FAASY 22 B350 w52 33dE F Y E3 FAE OEH H
A AFEHFGE B 5 e Helth zEa B ATNAM ZAIE FAEC] d¥rFPe=
AAE HAAL 712 A sy daSe HAPEANGME e vy FAE &)

Azteds A oige] a2 A APAGEA N A2 ®g Hasirh
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