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Hot Impact Extrusion of Carbon Steels
Mitsury IsHn

Synopsis:

The effects of extrusion ratio and punch velocity on the impact extrusion punch pressure of sevral
kinds of carbon steels containing 0°02 to 0°52% carbon were investigated at the temperatures from
800°C to 1200°C. The extrusion ratio R was varied from 2°4 to 19, and the punch velocity » from 3-8
to 9'8 m/ sec, respectively. The results are summarized as follows.

1) The maximum extrusion punch pressure pmax changes discontinuously at the temperature of a-
7 transformation, and above the temperature, it is related to the temperature T(°K) by the following
equation,

pmax=A'ln R. exp (B/T).

Where the constant A' decreases with carbon content, while B increases. The estimated punch pre-
ssure at the melting temperature Tp,, which expresses resistance of viscocity of extrusion at R=23,
becomes 26 kg /mm?2, irrespective to the carbon content.

2) The constant B gives the value of the activation energy of deformation 4H in the relationship
B=4H/mk, where m is the parameter of stress dependence of the strain rate, and k the Boltzmann
constant, respectively. The observed increases of B with the carbon content comes from the depend-
ence of m on the carbon content. The value m changes from 10 to 5 due to the increase of the carbon
content from 0-02 to 0-529, which gives 32~37 kcal/mol as 4H. This result shows that the activa-
tion energy of deformation in the impact extrusion is fairly small compared with the energy of self
diffusion of y-iron, and it is suggested that the deformation mechanism operative in the impact extru-
sion differs from that for the static deformation.

3) The following empirical relationship in M.K.S. unit for the maximum impact extrusion punch

pressure pmax (kg/mm?) versus carbon content C% at different extrusion conditions are proposed,
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The second term in the right hand side of the equation represents the inertia resistance associated
with the high rate extrusion, where g is the gravity constant and p the density of steel.
(Received 6 Jan. 1968)
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Table 1. The chemical composition of materials used. (wt%)

Materials C Si Mn P S Ni Cr Co

S02C 0-02 0-33 0-25 0-014 0-014 — — —

S20C 0-22 0-01 0-48 0-014 0-031 — — —

S30C 0-31 0-28 0-48 0-018 0025 — — —

S$40C 0-40 . 0-28 072 0-016 0-010 ¢ 0-08 0-06 0-13

S50¢C 0-52 0-34 072 0-014 0-010 004 0-06 0-12
Table 2. Schedule of present experiments on the impact extrusion for carbon steels.

Materials S02C S20C S30cC S40C S50C
Extrusion ratio 24146 10| 19|46 102446 10| 19|(46] 10|2:4/46/| 10 ' 19
Umax (m/ sec) 53|169|91/96[69]91[53[69[91[96[69]|91/53}6:9[91]956
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Fig. 2.. The temperature dependence of the ex-

trusion punch pressure for S20C.
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Photo. 1.

vmax = 51 M/sec

The impact extrusion punch pressure and stroke-time curves for S30C at 1100°C

and R=10. The effect of impact velocity. Scales; pressure : 24*5kg/mm?/div.,
stroke : 10mm/div., time : 2 milli sec/div.
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pressure and velocity for S30C at 1100°C.
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Table 3. The extrusion constants Y and C'=Y.C in eq. (6).

Material S02C . $20C $30C [ S40C $50C
Extrusion const. f ' ' o '
e s Y C Y c Y c vy | ¢ Y c
800°C 39-0% | 10% | 36-5%| 928% | 49'5 21 42-1 40 50-0 37
900°C 97-8% | 15% | 330 29 408 16 40-8 25 456 24
1000°C 269 13 30- 4 15 347 1 35-2 15 382 12
1100°C 243 1 28-2 7 30-8 5 33-4 8 31-2 9
1200°C 23-0 9 97-8 5 27-8 3 30-0 1 29-1 4

* (a+ 7) range
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Punch pressure;

Photo. 2. The impact extrusion punch pressure-
- time curves of S02C at 900°C. Impact
velocity; (a) 6:9m/sec and (b) 9-1
m/ sec, Scales; pressure : (a) 25'4 kg/
mm?2/div., (b) 50'8 kg /mm?/div., and
others same as Photo, 1.
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Fig. 12. The dependence of the extrusion constant
C' on temperature.
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Fig. 14. The calculated extrusion punch pressure
Ppmax vs. the impact velocity at 1100°C.
The effects of carbon content and the
extrusion. .
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