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An Analysis of High Speed Forming Using the Explicit
Time Integration Finite Element Method( 1)
- Application to High Speed Rolling -

Y.H. Yoo and D.T. Chung
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Abstract

Improved contact algorithm is proposed and installed onto NET, an explicit time integration
finite element code. It is applied to high speed rolling procedure. The effects of roll deformation
and coulomb friction are included in this study. Short and long specimen with different values of
friction coefficient, initial specimen velocity and workhardening exponent are used. It is shown
that the contact algorithm works extremely well even when slipping mode between roll and
specimen is dominant. The condition in which the rolling procedure could initiate is determined
through the parametric study of friction and initial specimen velocity. Effects on the final
deformed shape and roll pressure distribution due to the variations of workhardening are also

studied.
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Table 1 Material model
Number Material Material model Material coefficient Workhardening
p=2.7(g/cm?
E=76(GPa)
1 Elasto-plastic v=0.33 g _ (1 £ )"
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50=0. 05
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- I
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plastic —
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) e=7 8{g/cm?®
- Steel , Elastic E=300{GPa: —
(RolD)
P v=0,29
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Fig. 6 High speed rolling : Deformed shape with u=

Q)

0.3, initial specimen velocity =22.86m/sec and
non-workhardening material. (a) 0.2msec, (b)
0.3msec, (c) 0.4msec, (d) 0.5msec
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Fig. 7 High speed rolling : Deformed shape with =

0.5, initial specimen velocity =22.86m/sec and
non-workhardening material. (2) 0.2msec, (b)
0.3msec, (c) 0.4msec, {d) 0.5msec
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Table 2 High Speed Rolling with Various Condition
Tangential Initial Friction |Initiation of
roll | specimen | coefficient [rolling process
velocity velocity

0,1 No
30.5m/sec |22, 86m/sec| 0,2 Yes

0.5 Yes

0,8 Yes

0.2 No

0.3 Marginal
30,5m/sec | 3.05m/sec! 0,35 |Yes

0.4 Yes

0.5 Yes

0.8 iYes
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Fig. 9 High speed rolling : Deformed shape after 2.
5msec with =05, initial specimen velocity =
22.86m/sec and with and without workharden-
ing. All figures have the same reference posi-
tion
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Fig. 10 High speed rolling : Deformed shape after 2.
Smsec with p=0.5, non-workhardening mate-
rial and initial specimen velocity =22.86m/sec
and 3.05m/sec. All figures have the same refer-
ence position
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Fig. 11 High speed rolling:Contours of equivalent
plastic strain after 1.7msec with initial speci-
men velocity = 22.86m /sec, non-workharden-
ing material and x=0.2 and 0.8

Fig. 12 High speed rolling: Final deformed shapes
from NET calculation, ALPID calculation and
experiment result
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Fig. 13 High speed rolling : Distribution of roll pres-
sure with #=0.5, initial specimen velocity =22.
86m/sec and non-workhardening material
after 0.3msec, 0.5msec and 0.7msec
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Fig. 14 High speed rolling : Distribution of roll pres.
sure with £=0.5, initial specimen velocity =22.
86m/sec and workhardening material after 0.
3msec, 0.5msec and O.stec
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Fig. 15 High speed roiling:Contours of equivalent
plastic strain of long specimen with initial
specimen velocity=22.86m/sec, non-work-
hardening material and 4=0.2 and 0.5
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