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Synopsis :

A controlled rolling on a universal mill has been performed of Al killed steel H-shapes.
The experiments have revealed that the portions such as flange, flange edge, fillet and
web have various deformation behaviour and cooling rate during the rolling depending
upon rolling size and aimed finishing temperature. Such deformation behaviour and
cooling rate, together with finishing temperature affect the mechanical properties of

H-shapes through their influences on ferrite grain size and sub grain structure.

(c)JFE Steel Corporation, 2003
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A controlled rolling on a universal mill has been periormed of Al killed steel H-shapes.

The experiments have revealed that the portions such as flange, flange edge, fillet and web have

various deformation behaviour and cooling rate during the rolling depending upon rolling size and

aimed finishing temperature.

Such deformation behaviour and ceoling rate, together with finishing

temperature affect the mechanical properties of H-shapes through their influences on territe grain size

and sub grain structure.
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Table 1 Chemical compositions of steels o
_ _ . oY)
Size c | s Mn } p S Ni Al
600 = 200 0.14 i 0.18 1.45 0.020 0.006 040 0.031
300 x 300 0.18 l 0.38 1.47 0.023 0.007 0.02 0.017
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Fig. 1 Schematic diagram of metallographic
behaviour of Al killed steel
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Table 2 Rolling conditions

Reduction (web/flange)

Size Thickness (mm)
(mm) VA -
After Before i
BD CR | P
R . . I ——— N
1 T
1 P 20.0/31.2 l
600200  71.0/110.0 , 18.0/27.9 ' 11.0/17.0
; 1 16.0/25. 1
300 % 300 46.0/90.0 | 16.4/27.9 | 10.0/15.0

BB : Beam blank
BD : Break down mill'®
Ul : Universal mili'® (high temperature)

Temperature (“C)

Reduction (%)

; Finishing
! Heating .

Total 1 CR tota 1 ertny (flange

(BB~P) (1 pass) 4

72/72 . 45/45(16/16) ! 850
92/86 75/75 - 39/39(13/13) 1 250 810
77/77  ° 31/32010/10) ; 770
| ! ‘ . 930
95/83 Y
PoB4/69 | 39/46(14/16) | 1250 | 810
91/83 | | L 750
C720

CR : Controlled rolling
P : Product
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Fig. 5 Finishing temperature distribution in a
cross section of H-shape
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Table 3 Texture intensily of various planes perpendicular to the rolling direction (in arbitrary unit)

() 300 x 300

Position | FIange  Flange  Fillet  Web | Flanse  Plange  Filet  Web
Fin.temp. |- - T — : 7 - ~
oy - . .

Plane . 740 805 840 750 685 740 765 710

{110} 0.73 0.76 0.89 0.62 | 0.71 0.68 0.83 0.45

(200} o.87 | 0.7 0.80 1.04 1.58 1.04 0.85 1.60

211} 0.98 0.82 0.85 101 i 0.98 0.36 0.84 1.22

(222) 112 0.94 0.93 118 0 LU 0.53 0.85 1.67

332] 0.56 0.62 0.59 0.53 0.54 0.59 0.65 0.65
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Rolled size 300 x 300 ) Rolled size @ GO0 200
Position : Flange edge : Position : Fiange edge
Finish. temp. : 740°C Finish. temp. : 740°C

I Test temp. : —80°C i Test temp. @ —100°C
1 _ ! _ N
I .7, 5mm ! I :7.8mm *

Rolled size  : 300 « 300 Rolled size : 600 x 200 02, ‘
Position : Fillet Position : Fillet ’
Finish. temp. : 840°C Finish. temp. : 870°C

Test temp. @ —40°C Test temp. : —30°C

1 _1 L _1

e :5.9mm * { = 6. 1mm *

{ : Mean unit crack path

Photo. 2 Examples of the brittle fracture surface and determined mean unit crack path
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Table 4 Influences of edger and universal rolling on reduction in the flange edge (300 :x 300 shape)

1. Thickness (mm) ' Width ; szduction (%)
Pass No. ‘ Rolling | ‘ (mm) Thickness Width
| c.c’ - {mm)
f r
| ‘ A | B, B | A B,B” |, C,C
8 ow D me | s | 8w | |
| w BEX o2 " 310 6.1 16.1 ‘
9 5 j : , -
CEL | 24 ¢ 267 305 \ | 10.0
—_ I - —— ! R _— —— —_
10 u 196 | 196 305 16.2 ‘l 26.6
| w | 16.4 ‘ 16.4 305 ‘ i6.3 16.3 |
| E ‘ 16.4 ‘ 18.3 ‘ 301 .‘ 8.0
12 vt o | 150 | 3ol 8.5 18,0
. : I '
Total | : | ‘ 46 58 T
H— ! - - . 1 .
Uf ; Final universal rolling
i N I
H
Al I B i |B] —After Ul rolling
! | ~-After E1 rolling
}__,,, {edger mill™ )
15.0 10.0
B
—— -

Table 5 Temperature drop rate at various positions in H-shape

: o
‘ By radiation During CR __
during holding Initial St '
; Position ] tempeéature By radiation ) By roll |By recu-! Total
: R R : . ota
[ Dependent ‘ Dependent | of Dependent | Dependent | coolant | peration
' on thickness on shape 1‘ on thickness| on shape i ;
5 . | = ‘ : S
| ‘ | Much ‘
: Flange edge ‘ 8] | + lower 0 | + 0 —
I . : L
3 Flange ‘ B ‘ B B B | B B B B
i ! . | |
= Fillet | 0 ‘ - Higher 0 - o+ 0
‘ o v e by - ++ 0 +
| type ‘ ‘
Web' i . : .
Beam ! Much
‘ type | + ‘ 8] D lower + + + ++ O ++
CR : Controlled rolling + : Larger than base
E : Basic level for each item — : Smaller than base
() : Same as hase + 4+ : Much larger than base
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Fig. 20 Effect of deformation modes on microstructures
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