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Keywords:

accuracy and cost of the die highly depend on it. In this step number of stations and the way of assigning
punches in stations are determined. In the present research, a new method for optimizing the layout design of
punches in different stations of progressive dies is presented. In this work, by considering the two objectives

Progressive die of minimizing the number of workstations and the balance of the die torque, and considering the various

Punch constraints that can exist between punches and using integer linear programming, a mathematical model for

Layout design optimal layout design is proposed. A software is coded to implement this method. This software is developed

Integer linear programming in the Solidworks environment and the Visual Basic language. The input of the software is the punches used
to create the sheet metal workpiece and the various constraints that exist between them. The output of the
software includes the optimal distribution of these punches in different workstations. To check the
performance of the presented software, its layout design has been compared with the designs proposed by
expert designers. The output results showed that the designs proposed by the software are more suitable or
similar to the designs proposed by the expert designers from the view point of the workstations number and
the balance of the die torque.
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Fig. 1 Workpiece 1 a) Operating punches b) Intersection shanks of
punches with same operating station, ¢) Intersection shanks of punches
with different operating station, d) Appropriate layout design without
intersection of Punches
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Fig. 4 Structure of developed software for layout design
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2 8[1,2)
3 B[1,3]
a 8[1,4]
s B[2,1]
6 B[2,2]
7 8[2,3]
8 B[2,4]
9 8[3,1]
10 B[3,2]
11 8(3,3)
12 B[3,4]
13 8[4,1]
14 B[4,2]
15 8(4,3]
16 8[4,4]
17 B[5,1]
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18 8[5,2]
19 B[5,3]
20 B[S,4]
21 8[6,1]
22 B[6,2]
23 8(8,3]
24 B[6,4]
25 g[7,1]
26 8[7,2]
27 8(7,3]
28 8(7,4]
29 8[8,1]
30 8[8,2]
31 8[8,3]
32 [8,4]
33 8{9,1]
34 8[9,2]
35 8[9,3]
36 8[9,4]
37 8[10,1]
38 8[10,2]
30 8{10,3]

- O A

coomocOm®

40 B[10,4]
a1 8[11,1]
42 8[11,2]
43 B[11,3]
44 8[11,4]
45 B[12,1]
46 8[12,2]
47 8[12,3]
48 B[12,4]
49 8[13,1]
50 B[13,2]
51 8[13,3]
52 B[13,4]
53 B[14,1]
54 8[14,2]
55 8[14,3]
56 B[14,4]
57 B[15,1]
58 B[15,2]
59 8[15,3]
60 B[15,4]
61 B[16,1]
62 B[16,2]
63 8[16,3]
64 8[16,4]
65 B[17,1]
66 8[17,2]
67 8[17,3]
68 8[17,4] _
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Fig. 6 The output of the software as a text file in the mode of
minimizing the workstations for example 1
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Fig. 5 a) Sheet metal workpiece of example 1 b) Operating punches for
example 1
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Table 1 Constraints between Piercing punches for example 1

8l slean a5 el

(P3,P12}, {P12,P15}, {P12,P16},
{P13,P15}, {P2, P13,P17}, {P14,
P15}, {P12, P14}, {P13,
P14},{P10, P14},{P3, P15}

(P4, P13},{P17, P13},{P16,
P12},{P7, P14},{P15, P4}

Jol el J5ls od

PRSI I EYRTIW:
{PS, P6},{PS, P7},{P5, P8}, {P5,
P9},{P5, P10},{P5, P11}
{P6,P7,P8,P9,P10,P11}
{P1,P2, 1}, {P15,P16,P17, L}
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Fig. 9 a) The proposed layout design by the software in the mode of
minimizing the die torque for example 1 b) The distance of the pressure
center of the die from the geometric center of the die
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Fig. 10 a) Sheet metal workpiece of example 2 b) Operating punches for
example 2
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Fig. 7 a) The proposed layout design by the software in the mode of
minimizing the workstations for example 1 b) The distance of the
pressure center of the die from the geometric center of the die
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No. Column name Activity Lower bound Upper bound
1 8[1,1) 1 ° 1
2 81,2 e ° 1
3 8[1,3 e ° 1
4 8[1,4 o ° 1
5 B[2,1 1 ° 1
6 B[2,2 ] ] 1
7 82,3 e 0 1
8 B[2,4 [ ] 1
9 B[3,1 1 ] i

18 8[3,2 e ° 1
11 8(3,3 e 0 1
12 83,4 ] ° 1
13 B[4,1 1 ° 1
14 B[4,2 L] L] 1
15 B[4,3 ] ° 1
16 B[4,4 e 0 1
17 B[5,1 1 ° i
18 B[5,2 e 0 1
19 B[S5,3 e L] 1
20 B[5,4 e ° 1
21 8[6,1 e ° 1
22 8[s,2 e ° 1
23 86,3 1 ° 1
24 B[6,4 o ° 1
25 B[7,1 [ ° 1
26 B[7,2 e 0 1
27 8[7,3 1 ° 1
28 B[7,4 [ ° 1
29 B[8,1 e e 1
30 8[8,2 e ° 1
31 88,3 1 0 1
32 B[8,4 ] B 1
33 B[9,1 e ° 1
34 B[9,2 e 0 1
35 B[9,3 1 ° 1
36 8[9,4 e B 1
37 B[10,1 e L] 1
38 B[10,2 e ° 3

39 B[10,3 1 ° 1

40 B[10,4 e ° 1

41 8[11,1 [ ° 1

42 B[11,2 e L] 1

43 B[11,3 1 ) 1

44 8[11,4) e ° 1

4s B[12,1 o ® 1

46 B[12,2 1 ° 1

47 B[12,3 e e 1

48 B[12,4 e L] 1

49 B[13,1 e e 1

50 B[13,2 1 e 1
51 B[13,3 o ° 1
52 B[13,4 ] L] 1
53 B[14,1 1 L] 1
s4 8[14,2 e @ 1
55 B[14,3 e ° 1
56 B[14,4 e B 1
57 B[15,1 e ] 1
58 B[15,2 e L] - §
59 B[15,3 ] e i

60 B[15,4 1 ° 1

61 B[16,1 3 ° !

62 B[16,2 e e 1

63 B[16,3 ] L] 1

64 B[15,4 : | L] 1

65 B[17,1 . e ® q

66 B[17,2 * e ° 1

67 B[17,3 * e ° 1

68 B[17,4 . 1 L 1

Fig. 8 The output of the software as a text file in the mode of
minimizing the die torque for example 1
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Fig. 12 Strip layout design for example 2 a) The design suggested by the
software b) The design suggested by the reference [40]
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Fig. 13 The distance of the pressure center of the die from the geometric
center of the die for example 2 a) The design suggested by the software
b) The design suggested by the reference [40]
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Table 2 Constraints between Piercing punches for example 2

B ol gleacs 25 el

{(P2,P3}, {P3,P4}, {P4,P5},
{P5,P6}, {P6,P7}, {P7, P2}, (P8,
P2}, (P8, P31}, {P8, P4}, {P8,
P5}, (P8, P6}, (P8, P7}, {P1, P2},
{P1, P3}, {P1, P4}, {P1, P5},

{P1, PG}, {P1,P7}

----- pss Sl 5l o
----- 5 Slas Cuglgl a3
----- Oy sledin (lejen o, Slas 03
(P1, 1}, {P8, L} s oSyl o 5 Slos 3.8

Jsl el Jslas o3

il ) Y Jlie (el aobiy 25 it BB Y S

olerins b SIS bl 58 QY S cwl eols
Tl o Y SE amsee il | e by
3045 jebilen aas o Lioled | [F4] g o Lawgs olgiinn
Foolaw olpin b 90 2y cunl atie SO ()
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Aid Sglae Zob g0 ol bacl o Gl 5l L
B jslas Jolw Hlaie I goleiing zob 90 2 nizen
QB pwaie 35,0 Aol VY SS jo wilenys I anglis
Sl ool ool isled Zib g o gl B Gl S e
5 LSS b 90 ;o sl dols (ul cul Jasein oS jeblen

No. Column name Activity Lower bound

upper bound
1 B[1,1]
2 8[1,2]
3 B[1,3]
4 B[1,4]
5 B[2,1]
6 8[2,2]
7 B[2,3]
8 8[2,4]
9 B[3,1]
1@ B[3,2]
11 8[3,3]
12 8[3,4]
13 8[4,1]
14 B[4,2]
15 B[4,3]

- wH e oww

16 B[4,4]
17 B[5,1]
18 B[5,2]
19 B[5,3]
20 B[S,4]
21 8[6,1]
22 B[86,2]
23 B[6,3]
24 B[6,4]
25 8[7,1]
26 B[7,2] *
27 8[7,3] ’
28 B[7,4] ¥
29 B[8,1] *
30 8[8,2] .
31 B[8,3] .
32 B[8,4] *

Fig. 11 The output of the software as a text file for example 2
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Fig. 16 Strip layout design for example 3 a) the design suggested by the
software b) the design suggested by the reference [40]
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Fig. 17 The distance of the pressure center of the die from the geometric
center of the die for example 3 a) the design suggested by the software
b) the design suggested by the reference [40]
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Table 4 Software results for three examples

2

Fig. 14 a) Sheet metal workpiece of example 3 b) Operating punches
for example 3
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Table 3 Constraints between Piercing punches for example 3

28 Gl b sleas 2 el

{P3,P4,P5, P6, PT} Jsl el Jslas od
_____ pgs > 35 a3
----- o Sas coglyl od
----- G slaacs lojen 3 Sles o3
{P1,P2, 1}, {P7, L} st olfil o o Slas 03

SJB e 55 e alols claolfiaglslw sl sled
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No. Column name Activity Lower bound Upper bound
1 B[1,1] * - 2] o
2 B[1,2] x -] ] 1
3 B[1,3] * ) 2} 3
4 B[1,4] * ] e 1
5 B[1,5] * ) ) 1
6 B[2,1] * 1 ) 1
7 B[2,2] * ) [} 1
8 B[2,3] * G} 2] 1
9 B[2,4] * ) [} 1
10 B[2,5] * ] ) 1
11 B[3,1] * @ ] 1
12 B[3,2] * 1 ) 4
13 B[3,3] * 0 ° 1
14 B[3,4] * [} 5
15 B[3,5] * [} 2] 1
16 B[4,1] o 2] -] 1
17 B[4,2] * ) -} 1
18 B[4,3] * ] [} 1
19 B[4,4] * 1 2] 7
20 B[4,5] * 2 2} 1
21 B[5,1] * ) [} it
22 B[5,2] * ] ) 1
23 B[5,3] * 1 ) 1
24 B[5,4] * ) 2} -
25 B[5,5] * 2] ] 1
26 B[6,1] * 1 2] 9
27 B[6,2] * @ 2] 1
28 B[6,3] * ) L} 1
29 B[6,4] * ] ) 1
3@ B[6,5] * [} ) 1
31 B[7,1] * ) ) 1
32 B[7,2] * 2] -] 1
33 B[7,3] * ) L} ;|
34 B[7,4] * G} 2] 1
35 B[7,5] * 1 e 1

Fig. 15 The output of the software as a text file for example 3
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