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Effect of Flow Stress, Friction, Temperature, and Velocity on Finite
Element Predictions of Metal Flow Lines in Forgings
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Abstract

In this paper, the effect of flow stress, friction, temperature, and velocity on finite element predictions of metal flow lines
after cylindrical upsetting is presented. An actual three-stage hot forging process involving an upsetting step is utilized and
experimental metal flow lines are measured to study the effect of the various process variables. It was found that
temperature and velocity for reasonable values of friction have little influence on metal flow lines especially those located
deep within the cylinder but that flow stress has a direct influence on the flow lines. It was shown that a pure power law
material model cannot reflect the real flow stress of hot material because it underestimates the flow stress especially around
the dead-metal zone for the upsetting of a cylindrical specimen. It is thus recommended that a proper lower limit of flow

stress be assumed to alleviate this issue.
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(a) Upsetting stage
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(b) Backward extrusion stage
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(C) Piercing Stage

.

—_—

[e]

P
T

a3

i

EEE

o wheha

=] s
°H e

o=

(d) Experimental metal flow lines
Fig. 1 Definition of test process and experimental metal
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Fig. 2 Flow stress of material
Table 1 Thermal information[9]
Workpiece
Ambient temperature 80T
Heat transfer coefficient
between die or material | 2.95x10° W/mm?C
and environments
Stephan-Boltzmanm 3.97 %10 W/mm?e
constant
Dwelling time 0.1s
Transfer time 05s
Dies
Initial temperature 150C
Heat trar?sfer coeffl_clent 0.0 W/mmZC
between die and material
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Fig. 3 Comparison of non-isothermal and isothermal
simulations
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Fig. 4 Comparison of metal flow lines with various

frictional coefficients

Table 2 Maximum radius with frictional coefficients

(d)u=04

Frictional coefficient Maximum radius(mm)
0.1 28.16
0.2 28.52
0.3 28.65
0.4 28.65

(b) 200mm/s

Fig. 5 Comparison of metal flow lines with various
punch velocities
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Fig. 6 Comparison of predicted metal flow lines and
experiments
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(a) Experimental

Fig. 7 Comparison of experimental and predicted metal
flow lines at the second stage when the same
conditions with Fig. 4(a) are employed

(b) Predicted

(a) Perfectly plastic (b) Flow stress in Fig. 2
Fig. 8 Predicted metal flow lines using a perfectly plastic

material and the flow stress in Fig. 2
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Fig. 9 Effect of lower limit of flow stress on metal flow

lines
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(c) 80MPa limit (d) 80 MPa limit
Isothermal Non-isothermal
Fig.10 Comparison of metal flow lines
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