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Development of Variant Analysis Program by Using EBSD Data

Toshiharu MorRIMOTO, Fuyuki YOSHIDA, Ichiro CHIKUSHI, Hiromoto KITAHARA and Nobuhiro TSun

Synopsis : TM.C.P. (Thermo Mechanical Control Process) has been widely used in the steel industry. We have produced fine grain hot strips and hot

plates through high reduction and low temperature rolling. However austenite structure before ferrite transformation has not been clarified,

since it is impossible to freeze the austenite structure in carbon steels. The fine ferrite grains are generally inherited from parent austenite

grains through phase transformation at high temperature.

Electron backscattering diffraction with field-emission scanning electron microscopy (EBSD) was recently used to analyze the martensite

structure with Kurdjumov-Sachs orientation relationship by the use of the pole figures. In this work, the computational variant analysis

method using the rotational matrix of Euler angle data measured by EBSD was applied to determine the prior austenite grain boundaries. The

prior austenite structures were constructed from the ferrite/pearlite structures of the multiple hot-compression test samples and of the hot

strips at the actual tandem hot strip mill. The accuracy of the prior austenite grain size obtained by the present method is coincided well with

the results from corresponding compression experiments. By employing the numerical method as an effective tool, a comprehensive investi-

gation into the fine grain ferrite structure would be very useful.

Key words: electron backscattering diffraction; Kurdjumov-Sachs relationship; prior austenite; reconstruction; variant analysis; computational method.
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Fig. 1. Illustration of the six crystallographic variansts for the K-S orientation relationship that evolves on a (111) austenite plane.
The triangle and rectangles indicate the (111) plane of austenite (f.c.c.) and the (011) plane of ferrite (b.c.c.), respectively.

Table 1. Relationship between 24 variants of b.c.c. phase (ferrite) transformed from an identical f.c.c. (austenite) grain keeping

Kurdjumov—Sachs (K-S) orientation relationship.

Variant Plane Dir;ction Rotation axis with V1 Rotation angle
No. parallel parallel 7y with VI
o, (deg.)
Vi oy AT ha
V2 oy /(11 Ma 0.5774.-0.5774.0.5774 60.00
V3 O1 )y /(11 e 0.0000.-0.7071.-0.7071 60.00
V4 1)y /M0 | 1Ty /(11 ) 0.0000.0.7071.0.7071 10.53
Vs A10)y /(11 Ha 0.0000,0.7071,0.7071 60.00
V6 AT0)y /(11 D 0.0000.-0.7071,-0.7071 49.47
V7 0Dy M1 T -0.5774.-0.5774.0.5774 49.47
vg | A0D)y/MT1 D | 0.5774-0.5774.0.5774 1053
V9 ATHy/O1De | TT0)y/M1 T | -0.1862.0.7666.0.6415 50.51
V10 TT0)y /M1 1N | -0.4904.-0.4625.0.7387 50.51
Vii ©10)y /1 e 0.3543.-0.9329.,-0.0650 14.88
vI2 ©1 )y /(11 Da 0.3568,-0.7136.0.6029 57.21
Vi3 OTHy /T ha 0.9329,0.3543,0.0650 14.88
Vi4 O1 Dy /(11 e -0.7387.0.4625,-0.4904 50.51
vis | (TIp#01 e | (ToD)y /T 1a | -0.2461.-06278.-0.7384 57.21
V16 dTohy//(T1 e 0.6589.0.6589,0.3628 20.61
vi7 110y /(T T Dex -0.6589.0.6589.0.3628 51.73
Vig 10y /(11 D -0.3022,-0.6255,-0.7193 47.11
V19 T10)y /1A Tha -0.6145.0.1862.-0.7666 5051
V20 (T10)y /(M1 D -0.3568,-0.6029,-0.7136 5721
V21 My /0IDe | OT Dy /M1 Tha | 0.9551,0.0000.-0.2962 2061
V22 OTDy/M11 e | -0.7193.0.3022.-0.6255 47.11
V23 0Dy /(1 T e -0.7384.-0.2461,0.6278 5721
V24 a0y /(11 e 0.9121.0.4100.0.0000 21.06
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Fig. 2. (a) (100) pole figure that shows the orientations of the 24 ideal variants of ferrite transformed from a single crystal austen-
ite with a (100){100)orientation, maintaining the K-S orientation relationship. The numbers indicate the ferrite variants.
(b) Schematic illustration corresponding to the solid marks in Fig. 2(a), which demonstrates the way of variant analysis.
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Fig. 3. (100) pole figure showing the difference of two logics to estimate the allowance between orientation of ideal variants and

orientation of real variants.
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Fig. 4. Flow chart of the computational variant analysis
method to determine prior austenite grains using
the data measured by FE-SEM/EBSD.
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Fig. 7. Thermo mechanical pattern in the multiple hot-compression test simulating the actual tandem hot strip rolling.
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Fig. 8. (a) Optical microstructure, (b} EBSD image quality map, and (c) estimated prior austenite grain boundaries of the
0.15C~0.20Si-0.80Mn steel compressed to a strain of 2.1 by 6 passes at a strain rate of 50s™' and cooled by water at a

cooling rate of about 300 Ks™' (WQ1).
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Fig. 9. (a) Optical microstructure, (b) EBSD image quality map, and (c) estimated prior austenite grain boundaries of the

0.15C-0.20Si-0.80Mn steel compressed to a strain of 2.1 by 6 passes at a strain rate of 50 s~

' and cooled by air at a cool-

ing rate of about 30 K s~ for 1 s and cooled by water at a cooling rate of about 300 K s~} (WQ2).
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Fig. 10. (a) Optical microstructure, (b) EBSD image quality map, and (c) estimated prior austenite grain boundaries of the
0.15C—0.20Si-0.80Mn steel compressed to a strain of 2.1 by 6 passes at a strain rate of 50 s~ and cooled by air at a cool-
ing rate of about 30K s™' for 6 s and at a cooling rate of about 1 Ks™' (AC3).
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Table 2. Chemical compositions of the plain carbon steels
used for the actual tandem hot strip rolling.

(Wt%)
Steel C Si Mn P S sol.Al | Fe
SS 0.15] 0.20] 0.80 0.010] 0.005| 0.035 | Bal.
SM 0.15] 0.35| 1.35] 0.010] 0.005| 0.030 | Bal.
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Fig. 11. {011} and {111} pole figures of the 0.15C-
0.20Si-0.80Mn steel rolled by the actual tandem
hot strip mill and compressed by the multiple hot-
compression test machine.

Table 3. Three different conditions in the actual tandem hot strip rolling fabricating the strips with different ferrite grain sizes.

Thick- Temperature . Cooling
Pass ness Reduction per stand (%) Inters- A
. (K) Just
Sche- Steel | of strip tand
. - after
dule at exit . - Cooling rollin
(mm) Entry | Exit [Coiling| F1 | F2 | F3 | F4 | F5 | F6 g
A SS 201 1222 1160 930 54| 41) 38| 35| 27| 17[ off off
B SS 2.0 1165] 1073 810 33] 34| 33| 40| 44 43| on on
C SM 2.0/ 1183] 1033 885 33] 34| 33| 40| 44 43| on on
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Fig. 12. Ferrite grain boundaries obtained from the FE-SEM/EBSD measurement and estimated prior austenite grain boundaries
of three different conditions in the actual tandem hot strip rolling fabricating the strips with different ferrite grain sizes.
(a) Conventional rolling schedule, (b), (c) high reduction and low temperature rolling schedule.
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Table 4. Ferrite grain size and analyzed prior austenite
grain size in the strips processed by the actual
tandem hot strip rolling.

(nm)

Pass schedule A B C
Measured ferrite grain size 4.9 3.5 2.4
Analyzed austenite grain size 14.3 9.6 5.5
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