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Simulation of Horizontal 2-stands Rolling by Plasticine

Kenji CHIiwA, Yotaro HATAMURA, Nobuki HASEGAWA, and Yoshijuki TANABE

Synopsis :

Simulation of horizontal 2-stands rolling by plasticine, for compressive rolling and tensile rolling, is car—

ried out. The following items are clarified :

(i) Deformation of side face, upper face and transverse section of workpiece and distribution of
principal strain-rate and slipping velocity against rolls.

(ii) Forces and torques acting on rolls and rolling energy.

(ili) Distribution of pressure, circumferential frictional stress and axial frictional stress acting on the

surfaces of rolls.

(iv) Distribution of internal stress in workpiece.

Then the above experitnental results arc analysed, and the following facts become clear :

(i) All the stress measurements are made with enough accuracy.

(ii) Distribution of principal strain-rate and others coincide well with the measured stress distribu—

tions. .

(iii) Compressive rolling is effective to eliminate the tensile stress in the neighborhood of the surface of

workpiece.
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Table 1. Content of experiment of horizontal 2-stands rolling.
Material White plasticine
) Size Thickness; 100 mm. Width; 200 mm, Length; 800 mm
(i) Workpiece - .
Temperature Uniformly in room temperature (about 20°C)
Lubrication Powder of CaCO, is distributed by a felt roller.
Roll Diameters of first and second roll; both 200 mm

Material; soft steel

Roll distance

Ist stand; 85 mm, 2nd stand; 70 mm

(ii) Roll Revolution

(a)
speed (b)

in compressive rolling : Its stand; 1.04rpm, 2nd stand;
1.1l rpm, (revolution speed ratio; 1: 1.07)

in tensile rolling; Ist stand; 1.04rpm, 2nd stand; 1.25rpm,
(revolution speed ratio; 1 : 1.20)

(iii) Measured
items

Deformation; Forces acting on rolls ; Distributions of stresses
acting on the surfaces of rolls; Distribution of internal stress
in a workpiece,
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Fig. 1. Experimental method of horizontal

2-stands rolling.
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(a) In case of compressive rolling

4 o
(b) In case of tensile roll

Photo, 1. Deformation of side face of workpiece
induced by horizontal 2-stands rolling.

After rolling by
the first stand

After rolling by
the second stand

(a) In case of compressive rolling
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(b) In case of tenmsile rolling

Photo. 2. Deformation of transverse section of workpiece induced by horizontal

2-stands rolling.

Photo. 3. Deformation of upper face of workpiece
induced by horizontal 2-stands rolling.
(in case of tensile rolling)
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Fig. 3. Distribution of pressure acting on the
surfaces of rolls.
—in case of tensile rolling—

Fig. 2. Forces and torques acting on rolls in
horizontal 2-stands rolling.
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Fig. 4. Distribution of circumferential frictional
stress acting on the surfaces of rolls.
—in case of tensile rolling—
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Fig. 5. Distribution of axial frictional stress acting
on the surfaces of rolls.
—in case of tensile rolling—
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b) in case of tensile rolling
Fig. 6. Distribution of internal stress in workpiece induced by horizontal 2-stands rolling.
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Fig. 7. Distribution’ of >principal strain-rate on side face of workpiece
induced by horizontal 2-stands rolling.

—in case of tensile rolling—
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Fig. 8. Distribution of relative slipping velocity
vector between the upper face of work-
piece and the roll surface.

—in case of tensile rolling—
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First stond roll Second stand roll

Fig. 9. Distribution of frictional stress vector on
the upper face of workpiece.
—in case of tensile rolling—
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<, ThboDFRBEH ARG DOELO L\ EERE X
C—H LTS, D hoiticx v, 3k EECoORK
HEOME e - VRETCOBEBIENOSMEN, b
DT L CHIEERT T &b 5.

ek, Tz Enb, Riir — AEHTORBEEHO
DA S ETHE L, R LEAEOL RN,
Thn b e — LERE & O EE % R D TR L B
FOBAETIRITRD N D Z Ehbod5b.

4.3 O—NICHE LY &HE
FEERGFERE & 5 |5RFEJE & DEEM T A RS, WH OB
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{(a) In case of compressive Tolling

104rpm  195rpm

098
g :>1é]mls —">1.32cmfs

RONS,

(b) In case of tensile roliing

| i

Fig. 10. Progressing speed of the workpiece in
’ each step in horizontal 2-stands rolling.
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Table 2. Force, torque and power acting on roll in horizontal 2-stands rolling.

(a) In case of compres-|(b)In case of tensile
sive rolling rolling
First stand [Second stand| First stand |Second stand
roll roll roll roll
(only upper |(only upper |(only upper |(only upper)
roll) roll) roll) roll)
Measured values Vertical force, Fv kgf 156 167 151 162
obtained by integrating -
the stress Horizontal force, Fh kgf —21 8 6 —6
distributions
Torque kgf-m 5.14 2.18 2.51 3.99
Revolution speed of | 1.04 1.11 1.04 1.25
Values established b ’
exa;):gsmzsn:.al l(s:oiditign Revolution speed ratio — 1:1.07 1:1.20
Distance of rolls, k cm 8.5 : 7.0 8.5 7.0
Inlet velocity
. cm/s 0.94 . — 0.98 —
Measured value of workpiece, v
Temperature of °
. C 20 20
workpiece, T
Work which roll gives
to workpiece per unit| kgf-m/s 0.560 0.253 0.273 0.522
time, W,, W,
Sum of the above
values, W kgf-m/s 0.813 0.795
Work which is given
Values calculated from | ¢ unit volume of kgf -m/m3 2978 1348 1395 2 665
the above data workpiece, WIE) W,
Sum of the above
values, W kgf-m/m3 4326 4 060
Work which is requi-
red to reduce the kgf -
thickness of workpiecejm/m3/cm 1442 1353
of unit volume by 1 cm,
P
\i
Fv 20cm
D=20cm e
Fh 77777777,
y A 10cm
O////////

Positive direction of force and torque

LX>.

PR = VEERERT R, £ e — DA
MR s 2 ptEr KD bR B, —F, EfE - 51E
FEREIC X 5 3004 O Fig. 10 @R Lic & s
DThHB. COFEERA, RMORMEREIiLIND
LA kD 7-DH Table 2 TH 5.

TDENLROZ EXbh b, T, FEHEET
RIBEHr—AD 22 8ERREAEL, 2BBED L
7P, THhRYROZ ETCIREBH, 1EBEE=—
NIRBOER YR 250 ET S s Offlic,

Dimension of transverse section of
workpiece at inlet position

AT 2B A v — A LRAT DO b L2 H
LT3 7dThHS. 2BHr - MLz 0H T, 25
NELLZ7D5H 1EHe — A0 LAZIZ L D BT B
NIGIET P A 2B LT B, BEEFIECIY, 1B
Br—n& 2BEr—LORE L L5 Evhnior
RO T B, 1BH =—LD AL X
<, 2BBHr—2AD L2713 KRELILDOT 5.

W ow — LB T T TR S &, BERFEED
THERBEEC bNh0 2% BE LER LTw
e, PAZBREL BHEDTWEDR, X5 e
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