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Measurements and FEM Analysis of Elastic Deformation
According to the Forging Stages in Cold Forging Die

D.K. Lee, Y.S. Lee, and J.H. Lee

Abstract

In cold forging, the elastic behavior of the die has a direct influence on the accuracy of the forging part.
And the die dimension is continuously changed during the loading, unloading, and ejecting stage. In this
paper, we evaluated the elastic deflections of cold forging die during loading, unloading, and ejecting
stage. Uni-axial strain gauges are used to measure elastic strain of die during each forging stage. Strain
gauges are attached on the surface of die. A commercial FEM. code, DEFORM-2D™ is used to predict
elastic strain of die. Two method of FEM. analysis are used to compare with measured and calculated
elastic strain. One is to regard the die as rigid body over forging cycle. And then, the die stress is
analyzed by loading the die with pressure from the forging part. The other is to regard the die as elastic
body from forging cycle. The elastic strain of die is calculated and the die is elastically deformed at
each step. The calculated results under the elastic die assumption are well agreed with experimental data

using strain gauges.
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Fig. 1 Dimension of forged part and workpiece

Y9 4 MYEL Ay H3ld 2EY
A AelAE Y A BAAT, A¥d A8
2EHQ AelAE AolA ZHo| 2Zmmol™ AelA] A3
o] 120091 AR 2M AlZFE DAS(Data Acquisition
System)& 23t Aok 38 A Eoel £3
& 2E#Q AolX9 X Fig. 2¢] veht slo

22 84 A

Fig. 2 Dimension of model die and attachment of strain
gauges
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Table 1 Mechanical properties of die materials

Young's Yield

Die
. .| Hardness| Modulus | Strength
Material (N/mm) | (N/mm)

WC {85(HrA)| 500000 3100 0.23
SKD61 | 47(HrC) | 212000 1200 0.30

Poissin’s
Ratio
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(a) Circumferential strain measured with strain gauges
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(b) Deformed mesh at each step(DEFORM-2D)
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Fig. 3 Circumferential strains measured and deformed
meshes at each step
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Table 2 Circumferential strain measured with strain

gauges
Distance from Circumferential strain (107 |
the center |Max. Loading] Unloading | Ejecting
16mm -154 -1.05 364
27mm 241 1.20 123
32mm 2.3 1.01 0.1
37mm 2.14 081 058
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Fig. 4 The comparisons of circumferential strain btween
experiment and each FEA
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Table 3 Comparison of experiment and FEA result for
radius change in maximum loading stage [¢m]

Distance Change of radius dimension
from the -
center | Experiment FEM. Error
16mm -2.63 -2.26 0.37
27mm 6.51 6.75 0.24
32mm 7.14 742 0.28
37mm 792 8.14 0.22
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Fig. 5 Change of WC insert dimension in each stages
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Table 4 Deflection measured and calculated at each
stages [m]

Change of | Distance Step

radius |from the ) . ..
dimension | center |Loading|Unloading Ejecting

16mm | -2.63 -1.53 567
2/imm | 651 3.24 1.66
32mm | 714 3.23 3.32
3imm | 7.92 3.00 2.59

Experiment

16mm | -2.26 -1.60 -0.48
2imm | 6.75 0.27 0.27
32mm | 742 1.28 1.28
3/mm | 814 3.33 1.48
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Fig. 6 Deflection measured and calculated at each stages
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