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Abstract

Cellular manufacturing(CM) is a philosophy and innovation to improve manufacturing 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. Cell formation
solutions often contain exceptional elements(EEs). EE create interactions between two manufacturing
cells. A policy dealing with EEs considers minimizing the total costs of three important costs;
(Lintercellular transfer (2)machine duplication and (3)subcontracting. This paper presents an
effective cell formation method with fuzzy nonlinear mixed-integer programming simultaneously to
form manufacturing cells and to minimize the total costs of eliminating exceptional elements.
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Table 1. Numerical values for data set I

Parts
1 2 3 4 5 6 7 8 1 9 10 A C
1]295 2.2 461 |50784 (2000
mi2l276 518|189 | 389 5.14 67053 2000
al|3]554] 429 43944 | 2000
c14]291 197 | 259 | 401 2.7 67345 | 2000
h 5 4.28 451 42414 | 2000
S 161192 2.23 552 75225 | 2000
117 34 116 | 472 2.49 1527411 2000
ni{8 5.32 375 | 385 63523 | 2000
e | 9 4.04 1.83 {50632 | 2000
s 51420 | 430350 | 440 | 500 | 3.90 [ 440 | 460 | 5.00 | 5.00
D (32128{27598(20651 {11340|18707 (1704046196 {45384 16409{ 22000
1[(370 {280 280 (330280350280 (2603401 3.20

Table 2. Numerical values for data setlI

Parts
1 2 3 4 5 6 7181 9] aAalcC

11290299 473 67136 2000
mrol232]28 3.15 467 [62770] 2000
a3 448 3.88 | 3901 50612 2000
c |4 450 {435 ] 429 3.26 5764812000
h LB [281 3.11 | 456 3.20 484741 2000
16 3.95 2.58 3.24 |61816] 2000
] 376 2.88 | 460 45601 | 2000
ni{g 3.90 | 269 | 3.93 3.42 1 479 55959 2000
e |9 354 4.32 4.27 163365 2000
g1 8]41 142 )42 139 ]|45]40] 40|42 [ 46

D [23529(28099134698 136862 29286 | 29650{27838(218681{18233

1131311341340 35]32129]297]29
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Table 3. Numerical values for data set I

Parts
1 2 3 4 5 6 7 8 g1 10 11 i 124 A C
mi1}3111249 ]330 )25 59668 | 2000
a 21 4.02 431 1274 1304 [ 431 | 401 257 646372000
3 226|348 1383 1379|444 | 310 | 257 6050312000
Cl4 20214191284 |443 | 243 : 506742000
his 385228138 | 391 474182000
il 6 3.26 | 3.32 3.59 | 447 617412000
n 7 3.00 | 3.07 {55553{2000
8 2.89 | 3.89 {66093 2000
€l1s] 44149 | 40| 40 | 48 | 48 | 47 | 49 4.3 42 | 48 | 48
s | D 2992333783 (15384 |29248{31782|34969{21676|35081 | 18528 | 19804 |20977{37112
1{32 131130129 (30301133133 ]|33]311{29]28
Table 4. Maximun and minimum ¥Values of each data set
data set maximum | minimum Py P,
data set 1 441219 228676 166000 2
data set II 344901 191404 111000 2
data set M 321184 60833 200000 2

zZt 243 Aol ozt JALAAA Alo] wEdte FAFS JEE Table 59 Zo] A=

3 Ao w 7HAZ

Table 5. The membership function of each objective and constraint in data set I, data
set I and data set III.

membershi
data set func. type evaluate. value
function
data set I objective exponential (£, 195 £R) = (228676, 282000, 394676)
data set II objective exponential (F1, 15, %) = (191404, 240000, 302404)
data set M objective linear (', £®) = (60833, 260833)
left right left right
data set I constraint hyperbolic|  linear (f;(fzo,zéf;ssf;)) (€)= (4.6)
data set II constraint linear linear (5, H=(2,4) | (1, =(4,6)
data set TI| constraint linear |exponential| (f“, f)=(2,4) | (f!,*° 5 =04,4.7,6)

« 0 FAREI aQd £, 1 TS SR, fe TGS A3

o ARE 7lz2 FARS Fu2 A3 W 98 2o ol AR 10 ek %
H| & FAFEE 4(28)3 Zoh
p6,=—0.26311 (1 —exp(1.5688(HLIEL)))  wrer, 208676 <1<394676 @)
NAFE = Aol N THAREE (209 2.
-%tanh((ZXik~3.5)><1.0986123)+0.5  aer2< 3K, <4
e =) 4XIC+2- T (29)

5 ,‘3!'°—F4$2Xik$6
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Table 6. Computational results for fuzzy non-linear mixed-integer programming with
single objective (data set 1)

Data Set : Problem size = 9%X10 , =3, NM=4, py=166000 , opr=2
N total of
t hines/part {number of machines |intercell movement(I)| . ¢ ?' dealing
operator machines/parts needed)}? and subcontract(S)® | PV ISI)E with
EE($)
{1,46,7,9/1,35789,10} [1(3),4(3),6(3),7(4),9(2);
1.max-min 2[2],3(11,8[2] I :1[2791] 67067 | 7 |382768
{2.35.8/2.4,6} 2(3).3(1) 5(2),8(2);4[11
{2,3,4,5,7,8/1,2,3,4,5,6,89} [2(4),3(3),4(3),4(3),5(2),| .
2. average 7(3)8(4)1111601) 1511[?52551 955207767;] 195674 | 6 | 228676
{1,6,9/7,10} 1(1)5(1),9(2);7[1] ) ’
(1,2,3,45/1,2,3,4,6} 1(1),2(4),3(3),4(2),5(2);
6[11,8[1] I, 2012471,8[18834]
3. product (¢ 39/578910) 6(2),7(4) 8(2) 9(2)i1[11,|S; 237941 4716 | 5 | 325781
4[1]
4. two-phase same as case 2 same as case 2 same as case 2 195674 | 6 | 228676
(1,2,3,4,5/1,2,3.4,6) 1(1),2(4),3(3),4(2) 5(2);
) 611,801 1;2(1247),8[18884]
5.7 ~Operator s 7 3 /5.7.8.9,10) 6(2).7(4) 8(2),9(2);1[1],|S:2(3794] 7023 | 5 | 325781
4[1]
{1,235/1,2,3486) ig})’éﬁfﬁ’{ff‘“z” 12[1247161600L],
6. |[WM=) 47858 42)7(3) 8(2) 2[;%2331] 1979681 | 9 1441219
tradi- {6,9/7.9,10) 6(2).9(2);1[11.7[1] '
tional (2,3,4,5,78/1.2.345.6.89}[2(4).3(3),4(3),5(2),7(3), |..
NM=6 8(4);1[11,6[1] 2-11[?;5?;1];)[[23%87]] 10628 | 6 (228676
{1,6.9/7,10) 1(1),6(1).92);7111 ' ’

*(no.)mo.of machines which are needed for machine type i ;ilno.] : no. of machine type i acquired.

"m(no.) : units of part type m receive treatment of subcontract (S) or intercell movement(l)
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Table 7. Computational results for fuzzy non-linear mixed-integer programming with
single objective (data set 0)
o Data Set : Problem size = 9%9 , ¢=3 NM=4, p=111000 , p =2
{ ber of machines intercell No. total of
operator machines/parts number q d}? o movement(I) and| pivot | of | dealing with
neede subcontract(S)° EE EE($)
— {1,2,6,9/1,2,6,9} 1(2),2(3),6(3),9(3),4[11,5[1] |I: 2[1432],5[3916]
Lmax=min s 457 8/2.45,7,8) [3(3).4(4) 5(3)7(3).86):111) 10651} '3 191404
{1,2,6,9/1,2,6,9} 1(2),2(3),6(3),9(3%;4[1),501) jI: 2[1432),5[3916)
2. average g5 8134578 [3(3) 4(4) 5(3)7(3)8G)1L] 12422) 3 | 191404
3. product same as case 1 same as case 1 same as case 1| 8409 191404
4. two-phase | same as case 1 same as case 1 same as case 112136 3 191404
5. ¥ -operator|{ same as case 1 same as case 1} same as case 1| 7061 | 3 191404
{1,5/1,5) 1(2),5(2);2[1],8[1]
6. NM=4 {2,6,8/2,6,9} 2(3),6(3),9(3);1111,4[1] 1;2{1432} 17183 | 6 344901
tradi- {3.4,7.8/34,78}  13(3),4(4),7(3),8(4);5[2]
tional . {1,2,6,9/1.2.6.9} 1(2).2(3),6(3),9(3);4[115[1] |...
M6 3457.8/345.7.8) [33).4(4)5(3).73) 85,111 [FAL14320503916] | 7168 | 3 | 191404

*(no.):no.of machines which are needed for machine type 1 ,i[no.] : no. of machine type i acquired.

b

m{no.) : units of part type m receive treatment of subcontract (S) or intercell movement(I)

Table 8. Computational results for fuzzy non-linear mixed-integer programming with single
objective (data set II)

Data Set : Problem size = 8%12 , ¢=3, NM=4, p = 200000 , D=2
. intercell No. total. of
. {number of machines . dealing
operator machines/parts a movement(I) and|pivot|{ of .
needed) subcontract(S)° EE with
EE®®)
{1,2,3,45/1,2,3,4,5,6,7.8.9 )
Lmax-min  |10) 12%)2;7(?3,?;7(;,;1(5),5(4),6{3] 18306| 3 | 185223
{6,7,8/11,12} e
{1,2,3,456/1,2,3,4,56,7,8
2 average  9,10) ;ég;,gg)).,géa,4<s>,5<4>,6(4> 47988| 1| 61741
(7.8/11,12) T
{1,2.34,5/1,2,34,56,7,89 .
3. product ,10} 16(;(%)2 ,(7?3)3 2(331)3')4 (8),5(4):612] I, 7(5592] 79563( 3 141936
{6.7,8/9,10} T
4. two-phase same as case 3 same as case 3 same as case 3 {52067 3 141936
5. 7 —operator same as case 3 same as case 3 same as case 3 337011 3 141936
{4,5,6/7,8,9,10} 4(4),5(4),6(4);2(11,3(21 L7[7283
6 NM=4 |{1,2,3/1,2,3,4,5,6} 1(4),2(6),3(5);4[1] 5',11[20977] 52236| 7 | 321184
tradi- {7.8/11.12} 7(3).8(3) '
tir:nal {(78/11,12) 7(3).8(3)
NM=6 {1,2,3,4,5,6/1,2,3,4,56,7,8 1(4),2(7),3(73,4(5),5(4),6(4) |1;11120977) 15611 1 60833
9,10}

*i(no.):no.of machines which are needed for machine type i ;ilno.] : no. of machine type i acquired.

® m(no.) : units of part type m receive treatment of subcontract (S) or intercell movement(I)
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