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Uniform Formation of Fine Grained Ferrite Structure through Multi-directional Deformation

Shiro TORIZUKA, Tadanobu INOUE and Kofobu NAGAI

Synopsis : A multi-directional deformation thermo-mechanical treatment simulator was designed and developed to verify the prediction by the FE-

analysis on the effect of bi-directional deformation which can introduce a large plastic strain widely in a specimen. Using this simulator, both

uni-directional and bi-directional deformations were performed for a 0.16%C-0.4%Si-1.4%Mn steel with a prior austenite grain size of

300 um at 1073K at a strain rate of 1/s. The microstructure was composed of polygonal ferrite and intragranular Widmanstétten ferrite in the

uni-directional deformation specimen. On the other hand, the half thickness of the specimen was composed of fine polygonal ferrite in the bi-

directional deformation specimen. This region corresponds well to the region having a plastic strain of more than 2. The uniform formation

of the fine polygonal ferrite due to the wide introduction of the large plastic strain was verified for the bi-directional deformation.

Key words : multi-directional deformation; plastic deformation; thermo-mechanical treatment simulator; ferrite; grain size; low carbon steel.
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Fig. 1. Schematic illustration of multi-directional deforma-
tion. Multi-directional deformation is realized by a
combination of compression and specimen rota-
tion.
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Fig. 2. Schematic illustration of simultaneous compression
system. Upper and lower hydraulic actuators com-
press a specimen simultaneously. The center line of
the compressed specimen is in accordance with the
rotational axis of the rotational device.

(2) 7S A [HIRFTAIRE R P (L AR

PEROIMTENE Y I 2 L — 23 1T CchH, 7
DS ZAEFFIZIMN IEETH 2HMIE 7 2 F 2 T — 2 OEIE)
HEDAARFT 2D T, /S 2R 0.1sLL T & WBETH
%9, SIENE, L EMLoOBIZRBRE % D53 2 Mg
S, NZMEERIE, WETVF 21— 2 OREEE LD
B LA, B oML T4 2 RERICFET 5.

I - [EE - T00 28 2 RIRERS % 5864 % ik & L CTHR
MU0 EFREENMTL T %, Fig. 21233 L5112, it
B LT IS CHRE AR X4 E T2 5B m L 4
19, B EHMIICT X, RERH B OBEALRE &
BH, TOT5E, kBRH Onldxlh 4 RERH O PO & T
B2 EMAREIZE D, WRBRR A RIS ST 2 2 e
TE5, INIZE->T, MERICHELER A T 372158
ML, MLEDEAL IV rE/bELIEIZEHT, /32
MR O FEREE L XN 5

IITHRIZE, O ARO S BHEE & EHEC RIS 5 72
WIZ, WES —RT7 2 F o2 —245HO, REBF 4 0
T 5D OREME LTI, Fig 212/ % & 5 12ikBRE

18

Direct resistance heating

Induction heating Induction heating

I

«—100

—HLyo:15
+

Thermocouple2
(for induction heating)

Thermocouple 1
(for direct resistance heating)

Fig. 3. Schematic illustration of heating system.
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Fig. 4. Basic design of multi-directional deformation ther-
mo-mechanical treatment simulator.

Fig. 5. Appearance of multi-directional deformation ther-
mo-mechanical treatment simulator.

Table 1. Specification of multi-directional deformation
thermo-mechanical treatment simulator.

Deformation mode uni-direction and bi-direction

Maximum force 250 KN
Actuator velocity 0.001 mm/s - 20m/s
Maximum stroke 40 mm

Minimum interpass time 0.5 s (bi-direction deformation)

Maximum temperature 1673 K

Maximum number of successive
compressions

Specimen rotation angle

more than 10

0, 45, 90, 135

Cooling media Water, Ar, He, N,
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Fig. 6. Time-load curve of bi-directional deformation. An
Al specimen with length of 100 mm, thickness Ly,
of 15mm and width Lz, of 15 mm was compressed
to Ly:7.5 mm, rotated by 90° and compressed to Lz:

7.5mm at room temperature with a strain rate of
1/s. Interpass time was preset to 0.5 s.
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Fig. 7. Heating curve of a specimen which was heated by

(a) direct resistance heating or (b) both direct resis-
tance heating and induction heating.
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Table 2. Chemical composition of the steel used (mass %).

C Si Mn P S N
0.16 0.4 1.43 0.01  0.004 0.003
dy=300pm
1473K x 60s, —
@ @
--------- 1073K
Ae3/1085K 5s

Temperature

Strain rate=1/s
Interpass time=1s

10K/s

Time

Uni-direction compression Bi-direction compression

@ @
Lz,:15% Lzy:15 Y.
Ly=3.75mm Ly=7.5mm Rot. 90°
X
e (f )
Lz=7.5mm

Fig. 8. Thermo-mechanical treatment condition of uni-
and bi-directional compression.
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Fig. 9. Series of photographs of bi-directional compres-
sion; (a) before testing, (b) heating at 1473K, (c)
the specimen compressed to Ly: 7.5 mm at 1073K,
(d) rotation by 90° and (e) the specimen com-
pressed to Lz: 7.5 mm at 1073K and cooling.
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Fig. 10. Observed area of microstructure in a tested speci-
men.

e

Fig. 11. Appearance of (a) the specimen compressed to Ly:

3.75mm in uni-direction and (b) the specimen
compressed to Ly: 7.5mm, rotated by 90° and
compressed to Lz: 7.5 mm in bi-direction.
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