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Abstract

Progressive shearing with blanking dies is commonly employed to produce large quantities of tiny sheet metal electronic
parts. Sheet metal pins, which are narrow and long, that are sheared with a progressive die set are often twisted. The twist in
the sheet metal pins, which usually occurs in the final shearing operation, generally decreases with increasing blank holding
force. The blank holding forces in all shearing operations are not the same because of different shearing positions and areas.
In the current study, the optimal layout of the springs in a progressive die set to minimize the twist of the sheet metal pin is
proposed. In order to find the holding force acting on the tiny narrow blanks produced with the proposed springs during the
shearing process, the equivalent area method is used in the structural analysis. The shearing of the sheet-metal pin was
simulated to compute the twist angle associated with the blank holding force. The constraint condition satisfying the pre-set
blank holding force from the previous shearing operations was imposed. A design of experiments (DOE) was numerically
implemented by analyzing the progressive die structure and by simulating the shearing process. From the meta-model
created from the experimental results and by using a quadratic response surface method (PQRSM), the optimal layout of the
springs was determined. The twist of sheet metal pin associated with the optimal layout of the springs found in the current
study was compared with that of an existing progressive die to obtain a minimal amount of twist.
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Table 1 Holding pressures in shearing processes

Entrance OP10 OP20 OP30

Holding
pressure 5.23 7.06 7.91 9.06
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Table 2 Comparison of twist angle after shearing
process between simulation and experiment

Simulation Experiment
Weak pressure
9.17° 9.2°
(k=0.67N/mm)
Strong pressure
gp 2.1° 2.3°
(k=2.5N/mm)
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Fig. 8 Twist angles associated with various holding
pressures
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Table 3 Design variables and levels
Design
. X1 Xz X3 X4
variable
1 48 188 280 250
Level | 2 72 204 330 300
3 96 220 380 350

Table 4 Orthogonal array and simulation results

Exp Design Variable Holding Pressure angjlsé
No- x| x, [ o [ X, e o o Tor
1 48 | 188 | 280 | 250 3.0 6.1 59 9.7 7.53
2 72 | 204 | 330 | 300 5.97 71 7.6 116 | 754
3 96 | 220 | 380 | 350 9.8 85 9.9 12.0 | 7.54
4 48 | 188 | 330 | 350 43 8.4 7.8 121 | 741
5 | 72| 204 |38 | 250 | 48 64 | 77 | 124 | 752
6 96 | 220 | 280 | 300 8.5 6.9 7.7 9.3 7.84
7 |48 |204| 280|350 | 71 70 | 54 | 104 | 747
8 | 72]220|330|250 | 67 53 | 64 | 108 | 755
9 96 | 188 | 380 | 300 4.0 9.9 11.3 | 123 | 7.72
10 |48 | 220|380 | 250 | 6.4 43 | 50 | 115 | 7.40
11 | 72 | 188 | 280 | 300 3.8 79 79 108 | 7.71
12 | 96 | 204 | 330 | 350 7.4 9.3 9.9 11.3 | 7.67
13 | 48 | 204 | 380 | 300 57 6.4 6.5 123 | 7.24
14 | 72| 220|280 |350 | 97 65 | 65 | 104 | 756
15 | 96 | 188 | 330 | 250 3.3 8.4 9.7 106 | 7.79
16 | 48 | 220 | 330 | 300 8.0 4.8 46 10.7 | 7.44
17 | 72 | 188 | 380 | 350 44 94 | 10.0 | 139 | 747
18 | 96 | 204 | 280 | 250 52 71 79 9.1 7.77
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Table 5 Optimal values of design variables
Design Initial Lower Upper Optimal
variable value value value value
Xq [mm] 96 48 96 48.03
X, [mm] 204 188 220 204.07
X3[N/mm] 280 280 380 379.41
X4 [N/mm] 250 250 350 300.31
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