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Manufacturing of Large Steel Disk by Cross-rolling

Bl\***

Isao GOKRYU and Yoshihiro SAITO

Synopsis:

A cross-rolling technique was devised to manufacture large steel disks with high percentage yield and
to improve their anisotropy of the impact value. The first half of this paper deals with a simple theory
of the cross-rolling to make clear the influence of rolling conditions on the percentage yield of the
disk. The last half is devoted to an experimental study of cross-rollina using plasticine as a model ma-
terial to simulate the deformauon of steel disks during hot cross-rolling. Tinally a result of trial
manufacture of large steel disk is described.

The results obtained are summerized as follows:

(1) It is possible to expand the round disk keeping its shape unchanged by the orthogonal cross-
rolling, if the percentage reductions in the first-and second pass (cross-rolling pass) are equalized.

(2) The percentage yield (1007) of the disk is reduced by the spread during rolling, the diffe-
rence of reduction in the first-and the second pass (4r) and angular deviation of the rolling direction
of the second pass from the orthogonal direction to the first pass (oblique angle 40 ); and » is given
by the next formula, when |47|€r and |48 |K1.

v:l—xﬂpﬁ‘/fa}m_ ”"f+tLQ—’)4ZT

I—7r 1l —7r
where 2a and 4, : diameter and thickness of a disk before rolling, R :roll radius, r= (r,+r)/2, dr=

ri—r1, (r; and ry are fractinal reduction in the first-and the second pass respectively)

(3) Concavities formed at the side surface of the disk in the ecarly stage of repeated cross-rolling,
when the thickness of the disk is relatively large, continue to grow in the suceeding rolling, causing to
reduce the percentage yield of the final disk. But it is possible to increase the yield by upsettng disk
before rolling to make barelling on the side surface, cross-rolling it with large reduction and reversing
the direction of rolling.

(Received Mar. 25, 1968)
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Fig. 1. Orthogonal cross-rolling of the disk.
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Fig. 2. Diagonal cross-rolling of the disk.
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Fig. 3. Major axis of the diagonally cross-rolled
disk (ellipse).
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Fig. 4. Measurement of the co-efficient of friction
between plasticine and steel rolls.

LDEDITENLDDOEEL . AEFET HITICTHFO X
7 IRMMICANE T D HEEHMICERE TR E, CaCO,
WMRAZBMNU CRTE FBICEE L 7. EBP TSI 2F 2
COIRENY 20°C £ 1°C T HEEF L 7.

? v LR ORI OBHRRENS Fig. 4 R T LS
—EDOu -7 €Y vETSEBEMNL, thFoe —ic
CaCO; ¥y KA BA L, TOLEKENFIAFY %
Fet, 2RO o —wohEICEEA ORI EW 2 Co —
WEERRL 7o &, BEGHOECI>TELEZNT %
BIZEET D Lk 2Tkt Thabbrt) 735
2F v OB OEBBREIIEE SO EIEIC X 55
0:02 TH 525, CaCOy FRITKH T 5 BEEREL 1 1K
RICE>CEHETEX 5.

p=2T JW 40702 ceeeemmmmeimiiieiie (32)
BZE DR, p@WOHINE & S ITETFENT B EHn 2
Bty 1 FEAE p=030~035 Oflich ol I
O (V3 SH BT AL IZ 354 5 BEB R O FEB M T & %
3.2 REBRERBSLUORH

a) MEIAASh DL

Photo. 2 VIEE 2a =60 mm, #HFE A =10mm O
W25 THETE 7 =005~040 CTHEIIHETLEL 7=
EEOMRIZIROZENLTHS. F1{T (B. R) IF[L4E
PR ARIES SR AT b it N VR R i AL Dok
DR TEH %

Fig. 5138 1 2 oMokt B/A OPHE L &
PIEZ A L 7o 0 Cd 5. EAR VEIRIAD D 23
O, ()X X DESNLB/A=1—7 %&b
LTw5. s 273 SiEBer O (6)1Z XD THEIAAYD
i @r%ﬁ wsE T, (DXL VELND

(1—7)(]-1—2‘307(1__7,)(] 1 41/]%/10 3/,)

iZa=30mm, R=32'5mm, 0:10mmfg’rE}\L7‘;
B/A=(1—r7)(1+0"268 r3/2)
ERELL TS, EHESWEX 2 o0 OMIICAD,

— 35 —



&

% 54 4 (1968) B9 =

Photo. 2. Deformation of the

thogonal cross-rolling.
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pass, (b): after the second pass.
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Fsactional reduction ()

10. Relationship between the depth of con-
cavity or convexity of the plasticine disk
and fractional reduction 7 (initial thick—
ness of the disk=10mm, and diameter
of work roll=65 mm)
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Photo. 5.

Ol 02 03 04
Fractional reduction per pass in the reverse-rolling
Effect of reverse-rolling on the depth of
concavity or convexity of the platicine disk
(initial thickness of the disk=10mm and
diameter of work roll=65 mm)

Concavities grown during repeated cross-
rolling, showing the effect of upsetting
disk before rolling on the depth of con-

cavity; Thickness of the

starting disk—
20 mm, thickness of the final disk=5 mm,
total number of passes=24, reduction per
pass 7=0-056, work-roll diameter=65
mm, upsetting ratio=1/2U. (Left four :
not upsetted, right four : upsetted)
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Fig. 12. Effect of upsciiing disk before roiiing on the

relationship between percentage yield for
making round disk and total number of pa-
sses of the repeated cross-rolling.

Curve 1 : upsetted to 1/2 in hight

Curve 2 : not upsetted
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Photo. 6 Rouh round steel disk made by repeated ortho- 5. & b))

gonal cross-rolling (Draughting schedule is shown

in Table 1.)
Table 1. Draughting schedule for cross-rolling
1650 ¢ X330mm rough round disk
(near octahedron) into 3900¢ x 50mm
one on the 1450-mm reversing mill.
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112 140 12 7'9 15'3 2750
113 @ 130 10 7
113 120 10 77 142

15 ® 109 1 92
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. Effect of cross-rolling on the impact value
and elongation to fracture of 2ZH high ten-
sile strength steel. (N. KAGIiwADA)
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