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Mathematical Models of Roll Force and Torque in Steel Bar Rolling

Synopsis:

Tsuneki SHINOKURA and Koichi TAKAI

This paper describes a new method for calculating roll force and torque in Square & Oval,
Round 2 Oval, Square 2 Diamond, Oval—Oval, and Diamond—Diamond passes. We conducted hot steel
bar rolling experiments, and investigated some characteristics related with roll force and torque. The
shape of projected contact area can be approximated as follows; in the Square—Oval pass, it is
approximated by concave rectangular; in the Round 2 Oval, Oval—»Oval and Oval—Square passes, by half

ellipse; in the Square 2 Diamond and Diamond—Diamond passes, by cosine curves.

The mean

deformation resistance can be calculated by an equivalent rectangular transformation method. The
non-dimensional roll force and torque arm coefficient are expressed as simple functions of a common roll

gap ratio.
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Fig. 1. Shapes and dimensions of calibers (mm).
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Table 1. Rolling conditions in Square-Oval,
Round-Oval, and Square-Diamond passes.

(mm)
Billet . [Caliber] O 0.
"] Bo
T° Ho
1 Go | 0~1 | 0~35
<—Bo— r{%) 0~32 0~45
Bo | 22-28| 22~28
Ho
Go | 0~2 | 0~2
<—Bo r(%) 0~27 | 0~38
Billet, [Calibef D, D2

1B 27,34 | 27-34

X Ho )

Ge | 0~3 | 0-~2

B F(%)| 0~26 | 0~37

r : Reduction in area Gy : Roll gap

22~251 19~28

Ho

Table 2. Rolling conditions in Oval-Square,
Oval-Oval, Oval-Round, Diamond-Diamond
and Diamond-Square passes.
(mm)
Billet |Caliber| S (o] 0 | R
"1 Bo [15~21 [20~22[15~21 [15~23
@ Ho |27~37[25~28 |22~34(28~35
/|

= Rs |20.,24| 20 |20,24|20, 2%
Go | 0~1]0~1 | 0~3] 1,2
r%) 15~35 |16 ~24 [ 24~45 | 5~15
Billet , |Caliber]  D: D2 S
"l Bo | 15~26 | 14~24 | 1728
Ho | 25~45 21~ 40 | 28~49
2o, ) H. | 13~45 12~40 | 18~49
s (rad)|20, 21, 23|20, 21,23| 21, 23
Bo Go 0 0 0~5
res 2~37 | 12~37 | 2~31

Bo

Gy : Roll gap r: Reduction in area
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Fig. 2. Geometrical designations in Square-Oval
pass (a) and shape of projected contact area (b).
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Fig. 3. Geometrical designations in Round-Oval
pass (a) and shape of projected contact area (b).
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Fig. 4. Geometrical designations in Square-Dia-
mond pass (a) and shape of projected contact
area (b).
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Fig. 5. Geometrical designations in Oval-Square
pass (a) and shape of projected contact area (b).
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Fig. 6. Geometrical designations in Diamond-Dia-
mond pass (2) and shape of projected contact
area (b).
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Fig. 7. Geometrical designations in Oval-Oval
pass (a) and shape projected contact area (b),
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Table 3. Comparison of some formulae for pre-
dicting projected contact area (Fy).

Present work KHAIKIN | ARNOLD
Boths
dz Bo+B

$—-0O 22 0.54(Bo+B1)Lge %'Ldrc

=X Bo(Lag—Lae)

3

O0—-S8 Z-B; Ld.z'
R—-O {{"'Wl'Ldz .
0-0 —
O—R
S—>D 9 9
D—S = WiLag 5By Las —:—.Bl-Ld,-o.es
D—-D

BII—FE WD ZORFEVWAREE D,
TR AT ER L CREETRCKBEO R
xR B 10, FHOFRE L PHOTLRER AL
Brliwlt. 8 EULT e=n(Hy/H) 3 RBEIR T
AP TREKARPREA L.

Fo

i Fo: AUBTERE
Fy : AIBTRRE LB X2 CE M EH 1
BmshsBoomE (Fig. 8 21) .
bk, SRR,
-~ 2z-R,-N-E
BT e

o, Nite— 2 EEEE, R,k Fig. 8 05K
BHEETHR LN PH e - A EETRO L SRD DR
5.

t=In

. (14)

RmSRO__ﬂ‘LQZQ‘L..............................(15)
F,
C ol Hpp: FHBEES ( )

Hmy —><«—— Rm—r

e

F; : Cross sectional area of product
Fg/Fy : Fractional reduction of area

Fig. 8. Equivalent rectangular transformation
method to determine mean roll radius (R,).
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Fig. 10, Comparison of measured and calculated
values of rolling force P.
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Fig. 11. Relation between M and ¢ in eight
passes.
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Fig. 12. Comparison of measured and calculated
values of rolling torque G.
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