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Structure of Austenite of Carbon Steels in High Speed Hot
Working Processes

Takehide SENUMA, Hiroshi YADA, Yoshikazu MATSUMURA and Tadashi FUTAMURA

Synopsis :

In this investigation, the recrystallization behaviour of austenite of carbon steels due to hot working has
been studied. To investigate the change of structure of austenite during hot rolling of strip, a newly developed
testing machine which enables simulations of hot rolling of plate, strip and wire rod has been used. The
results of the experiments have been evaluated to make a calculation model of grain size and fraction
recrystalized. The feature of this calculation model is that the effect of prior working on the recrystallization
behaviour at next deformation can be quantitatively taken into consideration by means of dislocation
density of material.

The accuracy of the model has been examined by experiments of single pass rolling in laboratory and by
wire rod rolling in practice. A reasonable agreement is obtained in most cases. The model is used to
estimate the influence of rolling temperature, speed of strip, initial grain size, and schedule of reduction on

the grain size after final rolling of hot strip.
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Table 1. Chemical compositions of carbon steels
used in the experiments. (unit : wt 25)

Material | C [Mn | Si P S Az
A 0.08 | 0.90 | 0.20 | 0.018 | 0.005 | 0.030
B 0.22 | 1.14 { 0.20 | 0.016 | 0.004 | 0.022
[+ 0.44 | 0.62 | 0.23 | 0.019 | 0.013 | 0.023
D 057 | 0.70 | 0.22 | 0.019 | 0.018 | 0.019
E 081 | 0.76 | 0.24 | 0.024 | 0.011 | 0.021
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Fig. 13. Change of grain size d;,lring a high speed multi-pass hot working process.

Table 2. Rolling schedule of wire rods and resulting grain size measured and calculated.

grain size

{ntermediate
[¢ lj,m)

Test | D, train
14th [15th |16th [17Tth [18th[19th[20th|21s¢ |22nd|measured calculated

Finishing train

€ 0.5 | 0.136 | 0.254 | 0.124 | 0.245 | 0.082 | 0.182| 0.188 | 0.058
EC1/9) 38 | a0 | 72| 72 | 102 | 96 | 158 | 200 | 126
A |so0 15 17.2
T 900 | 910 | 920 | 930 | 940 | 950 | 960 | 70 | 980
Time to ’
) . . A7 | 045 |03 | 012 | 0.21
T e ndie | 088 |07 176 |03 |01
B | 18| TcC 790 | 790 | 790 | 785 | 785 | 785 | 780 | 780 | 780 9.3 10.2

1) calculated temperature 2) speed of wire rod is halved. ¢ is the same as test A

Table 3. Influence of the rolling schedule on the grain size of hot strip.

Case St.No. 1 2 3 4 5 6 grain size
- £ 0.661 05M 0462 03% 0342 023 (pm)
;?'Iati:\alsize s 14 30 54 94 152 118 185
100pm T(T) 999 977 964 949 934 912 )
t(s) 4.16 2.04 1.35 0.91 0.62
Case?2 Temperatures are changed and other conditions
are the same as case | 15.5
T 949 927 914 899 884 862
Case3 Straih_ rates are doubled and € and T are the
same as case |
é 28 60 108 188 304 356 14.6
t 2.08 1.04 0675 055 0.31
Case4 Initial grain size are trippled to 300 um 18.9
Other conditions are the same as case 1 ’
Caseb Final strain and strain rate are doubled to 0.462
and 356 respectively 12.4
Other conditions are the same as case |
Caseb Final strain and strain rate are reduced to 0.115 255
and other conditions are the same as case 1 ’

FF A4 MPROEREL, EFADOHBERBRELEBR L AN RERE T, EERNTHEIZCE ok,
A0T, WEOHTIW—FRALND. —T, FEo LaL, BHEETE, FHERSLZOT?, Thby
Fy PAMY o TEET, REMOA —AT 54 vk BT, KeFroBEOKRIELITO%. Table 213,
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