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A Study on the Experimental and Theoretical Analysis
About the Elastic Deflections of Die for Cold Forging

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

Abstract

The elastic deflections of the cold forging die influence the dimensional accuracy of forged parts. 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 the loading, unloading, and ejecting stage with
experimental and FEM analysis. Uni-axial strain gages are used to measure elastic strain of die during
each forging stage. Strain gages are attached on the upper surface of die. A commercial FEM code,
DEFORM-2D™ is used to predict the elastic strains of die, to be compared those by experiments. Two
modelling approaches are used to define the reasonable analysis method. The first of the two modelling
approaches is to regard the die as rigid body over forging cycle. And then, the die stress is analvzed by
loading the die with pressure from the deformed part. The other is to regard the die as elastic bady from
forging cycle. The elastic strain of tool is calculated and the tool is elastically deformed at cach step. The
calculated results under the elastic die assumption are well agreed with experimental data using the strain

gages.

Key Words : Elastic Recovery, Forging Mode, F.EM.,, Strain Gage
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Fig. 1 Dimension of forged part and workpiece
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Table 1 Two approaches used in F.E.A.

Rigid Die
Assumption

Elastic Die

Objects Assumption

Step

Workpiece
Material
Die
Material
Die
Deflection

Available
Step

Plastic Plastic

Deforma
~tion
Analysis

Rigid Elastic

No-updated Updated

Die
Stress
Analysis

Final Step

Table 2 Mechanical properties of die materials
Yield
Strength
(N/mm’)
3100
1200

Young's
Modulus
(N/mm’)
500000
212000

Die
Material

Poissin’s
Ratio

Hardness

w.C
SKD6L

85(HprA)
47(HrC)

0.23
0.30
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Fig. 3 Flow stress of used workpiece material (S10C,
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Table 4 The comparisons of circumferential strains acco
-rding to the FEA models

No Shrink Fitting [x10 ]
) Rigid Elastic
Dlsﬁgncc:ng?m Die Die Experiment
Assumption | Assumption
16 mm -5.70 -2.80 -1.54
27 mm 4.52 3.09 241
32 mm 3.78 2.60 2.23
37 mm 3.28 2.20 2.14
Shrink Fitting [x10 "
. Rigid Elastic
leﬁ:nggnfg;m Die Die Experiment
Assumption | Assumption
16 mm -14.80 | -13.00 -1.54
27 mm 28.62 28.00 241
32 mm 21.80 21.50 2.23
37 mm 17.71 17.40 2.14
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Table S5 The circumferential strain generated by the shri

-nk fitting
Distance from | Strain by the Shrink Fitting
the center [x10 1]
16 mm -11.60
27 mm 25.50
32 mm 19.20
37 mm 15.20
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Table 6 The comparisons of circumferential strains consi
-dered effect by shrink fitting

Modified by considering effects of the Shrink
Fitting  [x107"]

) Rigid | Elastic
Distance from ] Di Experiment
the center Die 1€ P
Assumption | Assumption
16 mm -3.20 -1.41 -1.54
27 mm 3.12 2.50 2.41
32 mm 2.60 2.32 2.23
37 mm 2.51 2.20 2.14
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O & Experiment
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Fig. 8 The comparisons of circumferential strain between
experiment and each FEA models

33 ChA|E 239o| EFM bi3iat

AX7} BE %

7§48 WEgol A3

o

a8
©

o

R oo 3O

of
-

Q. o8 Hr 7]
i
o rio }'N‘
ol
e
Ko
ol
ol
oy
o
2
-
ol
ol
ra
i E',J
ot
1o
o
B0
fo
o,
o
rE
ofl
o

~
S

/et AN EER/A11E A2, 20029

o

Fig. 9 The circumferential strain distributions analyzed
by elastic die assumption

Table 7 Displacement comparison of calculation and me
-asurement

Circumference changelum]

: Rigid | Elastic
D1ts}:2n ggng(r)m nge_ Die Experiment
Assumption [ Assumption
16 mm -32.2 -14.2 -155
27 mm 52.9 42.4 40.9
32 mm 52.3 46.6 44.8
37 mm 58.4 51.1 49.8
Radius change [¢m]
: Rigid | Elastic
bisance from | 0 | PB | experimens
Assumption [ Assumption
16 mm -5.1 -2.3 -2.5
27 mm 84 6.8 6.5
32 mm 8.3 7.4 7.1
37 mm 9.3 8.1 7.9
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