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The Investigation of the Deformation Processes of Hot Caliber
Rolling of Steel Using Plasticine as a Model Material

Isao GOkYU and Yoshihiro SAITO

Synopsis:

Three typical passes 1. e. square- oval pass, square-dia. pass and box-pass for caliber rolling were designed
which had concave-, convex- and normal shapes of projected contact surface respectively. Model billetsbuilt
up of alternate layers of gray and white plasticine were prepared and part-rolled between smooth plaster
cast rolls using CaCO; powder as lubricant whose condition was well known to give a good simulation
of hot rolling of steel and the deformation patterns were analyzed so as to reveal the deformation process
of caliber rolling.

The results were as follows:

(1) The deformations of equidistant lines perpendicular to the direction of rolhng on the billet surface
are characterized by the shape of contact surface, i. e. in square-oval pass of concave-shaped contact surface
the lines bend backward. In square-dia. pass of convex-shaped contact surface, however, bending is for-
ward instead of backward. There is no bending in box-pass of normal contact surface.

(2) The clastic wedge in the material at the entry side shortens its length or eventually vanishes if its

location is near the middle of billet for square-oval pass or near the edge for square dia. pass. This effect’

means that there is such interaction between the parts of long contact-arc and short one that the deforma-
tion of the former facilitates the deformation of the latter. In other words, the deformation of the former
is restrained by the latter.

(3) 1In all cases, adhesion of material to the rolls occurs over a wide area of contact surface except narrow
zones near entry and exit.

(4) The neutral point for caliber rolling can be determined from normal strain distribution in the direc-
tion of rolling because at the neutral point the velocities of roll-surface and the material are equal, thus
normal strains along the arc of contact and along the center line of material must be equal. This point ap-
proximately coincides with the point of maximum bending of line perpendicular to the direction of rolling
in the plane normal to the roll axis. The neutral lines in both caliber rollings except box-pass ‘are slightly
bent backward.

(5) The normal strain in the direction of spreading along the horizontal center line of the cross-section
of rolled billet is relatively small and uniform in square-dia. pass. In square-oval pass, however, it is
extremely large near the edge and small in the middle.

(Received 10 Sept. 1966)
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Fig. 1. The shape and dimension of roll-passes and billets: (a) box pass, (b) square-oval

pass, (c) square-dia. pass.
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Photo. 1. Billet with transverse-vertical lamella after
box-rolling.

Piloto. 2. Billet With horiiohfal;longitudinal lameila
after box-rolling.

Fig. 2. Sketch illustrating analysis of flow-pattern:
u : deflection of vertical line; sy=I[;/I—1:
elongation strain; @ :shear angle on the
contact surface.
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Photo. 3. Billet with longitudinal-vertical lamella
after box-rolling.
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- Photo. 5. Billet with transverse-vertical lamella
after square-oval rolling. '

Photo. 6. The same billet as photo. 5. (view
along normal direction of horizontal

plane)
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Fig. 3. Comparative graph of increasing deflection
of vertical line u (1), elongation strain e,
for elementary layers located on the contact
surface (2) and in the horizontal plane of
symmetry (3) and shear angle # (4) all
along the center of the width of the stock
in the box pass.

Photo. 7. Billet with horizontal-longitudinal lamella
after square-oval rolling.

Photo. 8. Billet Withmlongftudinai—v&rtiéél lamella
after square-oval rolling.
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Fig. 4. The distributions of normal strain in the
direction of spread ey, along the horizon-
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Fig. 5. Diagram of the deformation for box pass:
I & IV : non plastic zone toward entry and
exit side (elastic wedge), 1 :zone of plas-
tic deformation with extension in the longi-
tudinal direction, I : zones of restricted de-
formation. )
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Fig. 6. Curves®of the increasing deflection of vertical
line u in the longitudinal-vertical cross-sec-
tions for square-oval pass:
1:in the center of the width; 2:at 10mm
from center; 3 : at 20 mm from center; 4 : at
30 mm from center and close to the edge of
the width of the stock (refer to Fig. 1-b);
b;, bz, bs, by :entry-point in each cross-
section.
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Photo. 9. Flow-pattern in the plane 1 of Fig.1-b
for square-oval pass.

A FLY e - | 2

Photo. 10. Flow-pattern in the plane 2 of Fig. 1-b
for square-oval pass.

717 — 4| 3]

Photo.11. Flow-pattern in the plane 3 of Fig. 1-b
for square-oval pass.

ERaTS

Photo.12. Flow-pattern in the plane 4 of Fig. 1-b
for square-oval pass.

Photo.13. Flow-pattern in the cross-section of billet
after square-oval rolling.
(refer to Photo. 8)

Photo. 14. Flow pattern in the cross-section of billet
after square-oval rolling.
(refer to Photo. 7)

Photo. 15. Biilet with transverse—vertical lamella after
square-diamond rolling.
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'Phdto. 16The same billét as Phdto. 15 (view
along normal direction of horizontal
plane).

Photo. 17.

o

>

Billet with longitudinal-vertical lamella

after square-diamcnd rolling.

Photo. 18.

Photo. 19.

Flow-pattern in the plane 2 of Fig. l-c
for square-diamond pas:.

ATIF— 4% - 4,

(s

Photo. 20. Flow-pattern in the plane 6 of Fig. 1-c
for square-diamond pass.

Photo. 21. Flow-pattern in the cross section of billet
after square-diamond rolling.
(refer to Photo. 17)

Photo. 22. Flow-pattern in the cross-section of billet
after square-diamond rolling.

Flow-pattern in the plane 4 of Fig. 1l-c

for square-diamond pass.
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Fig. 8. Variation of shear angle § along the arc
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of contact in each longitudinal-vertical
plane for square-oval pass:
1,2,3,4 : traverse location (refer to Fig.

6 or 7).
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Fig. 9. The distributions of normal strain in the

direction of spread ey, along the horizontal
axis of symmetry (a) and that in the
direction of reduction ¢, along the vertical
axis of symmetry (b) in the transverse-
vertical cross-section of billet after square-
oval rolling.
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Fig. 10. Diagram of the deformation for square-
oval pass (view along normal direction of
horizontal plane): a & 1i: elasto-plastic
boundary on the surface of the stock; b :
boundary of contact surface; ¢ : boundary
across which shear strain arises on the con-
tact surface; d : elasto-plastic boundary in
the horizontal plane of symmetry; e & g :
limiting lines between which adhesion
occurs; f:neutral line; h:line of roll
centers; j : contour of the stock.
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Fig.12. Curves of the increasing elongation strain ¢, for the elementary layers located on the contact
surface (2-6) and in the horizontal plane of symmetry (2'-6') for square-dia. pass:
2&2':at 4'5mm from center of the width; 4 & 4' : at 13 mm from center; 6 & 6' : at
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Fig. 13. Variation of shear angle § along the arc.of
contact in each longitudinal-vertical plane
for square-dia. pass: ‘

2,4,6 : traverse location (refer to Fig. 1l or

12).
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Fig. 14. The distributions of normal strain in the
direction of spread ey along the horizontal
axis of symmetry (a) and that in the di-
rection of reduction ¢, along the vertical
axis of symmetry (b) in the transverse-
vertical cross-section of billet after square-
dia. rolling.
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Fig. 15. Diagram of the deformation for square-dia.
pass (view along normal direction of hori-
zontal plane): a & i : elasto-plastic boundary
on the surface of the stock; b : boundary of
contact surface; ¢ : boundary across which
shear strain arises on the contact surface;

d : elasto-plastic boundary in the horizontal
plane of symmetry; ¢ & g :
between which adhesion occurs; f : neutral

limiting lines

line; h : line of roll centers; j: contour of
the stock.
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