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Ultrafine-grained Steel Bars Fabricated Using Commercial Caliber-rolling

Tadanobu INOUE, Shiro TORIZUKA, Eijiro MURAMATSU and Kotobu NAGAI

Synopsis : A caliber-rolling process with new type groove characterized by multidirectional deformation was proposed to fabricate ultrafine-grained

(UFG) steel bars efficiently. To impose a large strain into center of cross-section, the groove configuration of foval (flat-like-oval) type was

designed. Three-dimensional finite element simulation (FE simulation) was utilized for this purpose, and the caliber-rolling process of

square/foval pass was investigated from the viewpoints of a large strain accumulation and cross-sectional shape variation in a bar. The UFG

steel bars were fabricated by using the commercial caliber-rolling with the grooves designed from FE simulation. The cross-sectional shape

predicted from FE simulation was in excellent agreement with the shape of the rolled bars. The strain imposed in the rolled bars has a distri-

bution with maximum at the center. The giant strain of 5.2 is accumulative in center regardless of reduction in area of 79%. The good corre-

lation between the strain imposed and the hardness of the rolled bars was confirmed.

Key words : caliber rolling; finite element simulation; ultrafine-grained structure; plastic strain.
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(c) 2" pass(fl—s18) (d) 4" pass (f2—s13)

(e) 6™ pass(01—r12)

Fig. 12. Variations of (a) Vickers hardness with equivalent strain at center in each pass, and (b) of temperatures measured on sur-
face of workpiece. Here, entrance temperature of the workpiece is constant at 723K. (c—e) SEM microstructures at center

in 2nd pass, 4th pass and 6th pass.
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Table 1. Experimental data of the rolling process shown in Fig. 7, and measured hardness, HV, vs. predicted hardness, HVp.

bbbbbb after [beforel

after  |before] after  |before] after

Accumulative strain on
surface pridicted from
FE analysis £¢q

0.74

1.81 2.25 2.85

Total rolling time ¢ (s) - 18

127 217 304

Average strain rate,
Eeqlt (/3)

0.014 0.010 0.009

Measured temperature
on surface of
workpiece,

723 823 | 723

1st-
pass

(f1)

Average temp. until

cach pass, Tave (K) 773.0

2nd-
pass
(s18)

813

4th-
pass
(s13)

Z parameter(/s)=
& Q
28 op| £
t P RT,

TOBEEEE (BEHAEGESES) ML PR
HFFEREARE Lot ELONS, 22T, Th
bARIRIC, RILBICKT 3 ZAFAMRL Thaz, 7
i, BEY A e LT, BRI A R S B
72D DROT AN CEERTERL 72 2 L 3BIREM &
KB, ZOFHIZIE, EBSP % A 2= SRR A B 72 28
Fig.12(a) % 5 b2 2 K 5 I H .00 X 132,52 H TR
IL—EL%E->TED, BELTIAROTARERL Tk
EHEBITE B, Fig. 9205, A—F — &R\ 24D0DBD
FHTL 23 AH TR EZED VT AN, 3/32H, 48
ZHTRFARELZVTAPIER I TR LEELO6H
%, £72, Fig12(b) % 5 1752 H~4/%2 HIZIEIEE CiRRE
FEARON, £-T, 2752 H~4,32 BOKH %%t
BELL7, £, MHRDPLOBEEIIARRL-YD, EENE
CIREER L M EE AR 4 MIOBAE, 2TT,
BEHOPEEIE, 7+ -/ WEEDBE, BlicHY
T5z=0DKMHE, A7 TT7EEDBAXLDERMTH 5,
Table 113, FEMEEAIEICH T 2 HEEE, FHOTHREE,
BISABETORRE, ThoDF—2rbB8 L7
EZRT, FRHS, BN Y 7L TOB S Z [EHEAER TF
b= XAV E ZRFOBEBKRAYHV=—151+28.910gZ)
POEH U7 PHRIFEE HVp & &S 2RI Akm L, WIEL
7HVERT, 22T, EHOT RREISEIEMN » 615
bhIBMERDO O Ae, %, /S AR % & A 22 EE
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HIE UGB Ic M35, &8 2% % TCORHRE
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771.1K, 378244 768.4K, 473 A% 769.5K THhH 5, ThHD
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