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Characteristics of Plasticine Used in the Simulation of Slab in

Rolling and Continuous Casting

Kenji CHyiwA, Yotaro HATAMURA, and Nobuki HAsEcAwA

Synopsis:

Simulation by plasticine is carried out to estimate various stress distributions and deformations of
steel in hot rolling and to prevent internal or surface crack of slab in cotinuous casting.

In this report, first of all, the following dynamic properties of plasticine is treated to establish the
foundation of simulation: i) Static properties (stress-strain relation, its reliance on temperature and
criterion of yielding etc.) ii) Kinetic proterties (reliance of stress on strain rate etc) iii) Friction with

metal surface.

From the above investigation, it became clear that, there exists the following relation between stress
o (kgf/cm?), logarithmic strain ¢, strain rate & (1/s) and temperature T (°K), in the region of T =

253~323°K, ¢=0.02~0.3 and £¢=10-2~10° 1/s;

o=1.15x10-5 0.085 z0.12 exp(

3 530
r)

Then the above result is compared with the deformation resistance of steel in high temparature
(about 1000°C). And it is confirmed that plasticine has enough properties to simulate not only the
deformation of steel in high temparature but also the stress distribution.
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Main specification
(1) Compression or tension test

Max. load : 50kgf

Strain rate : 104~ 1/s

(Max. displ. speed : 120mm/s)

Dimension of specimen : Dia; 35.7mm, Height; 80mm
(2) Friction test

Max. vert. pressure : 2kgf/cm?

Max. fric. stress : 2kgf/cm?

Frictional speed : 0.1~30mm/s

Dimension of frictional ring : Outer dia; 65mm,

Inder dia; 55mm, Height; 12mm

Fig. 1. Universal testing machine to investigate
the properties of plasticine.

Photo, 2. Out view of the universal testing
machine.
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(a) Constant speed compression test (b) Tension test
Fig. 2. Testing method of static properties of

plasticine.
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Fig. 3. Change of stress-strain curve of plasti-
cine with time- after remolding.
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Fig.. 4. Age-hardening of plasticine.
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Fig. 5. Change of stress-strain curve of plas-
ticine with temperature.
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Fig. 6. Reliance of yield stress of plasticine on
temperature.
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Fig. 7. Stress-strain relation of plasticine obtain-
ed by tensile test.
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Fig. 8. Change of stress-strain curve of plasti-
cine with hydraulic pressure.
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Fig. 9. Reliance of yield stress of plasticine on
hydraulic pressure (Mohr’s stress circle).
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Fig. 10. Volumetric change of plasticine by
hydraulic pressure.
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Fig. 12. Change of stress-strain curve of pla-
sticine with strain-rate (obtained by
constant speed compression test).
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Fig. 13. Relation between stress and strain-rate
of plasticine.
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Part deflected by torque

} ‘Part deflected by vetical force
- . jl — Lip packing
0 g0 é Test ring
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i
/]

1
|
- _ (Inner dia. 74, Depth 20)
~<———— Torque

(a) Outline of testing method

Test ring (lts bottom
is rubbed with plasticine)

(b) 2-dimensional load cell and test ring

Fig. 14. Testing method of friction between plasticine and metal.

JGINCR T 5 O FHREE OB LRI Fig. 13 T
BBH. chrbbhbXdE, 75 AF Y TR0~
2x10 /s DIRWEEFIC 7 D, —RANCIX O T REE O
AKEVWEIGETZAZLL DTV E., BELRKOTA (¢
=0.1 LI F) COPTZEEIN/NI (10-3 15 LITF) 5
Fit, BELOBBDID, 12> TOTFIREEN
INSCHDBEIINREL I8 DB 5.

5. F5RFLLESEREEDER

NI X 2B T HE L e 5 T OREITHM
THE®EONFN I E M, IMTAEEEMITE LD
MIOBEBEMENAELLBEELTWDZ LXAMDEED
ThDH. FETEBRERE TS AF v v EDEBYHN
LEBREIT O

REx oy Fig. L@EKRT. 77257 v vEAh
1ot v TR HIR 0T BERASRE O K DENCE » 1), [EER
SR 3. MERROBMEBRBIL 2HH e — F e i £
bhTwb., 2HAe— Fea (Fig. 14()) o, 24
DHNCEIRT 5T e 0T, —20 7
Wy 2 CTSAF VRS THAMMUAATHEBEE N L2
DN F N FARFICHETE S L 51/e 2T\ 5.

7o AF Y Vv ESBNER L ORCEER A BV
&, BROFEIRD L S5 L. Tichs, kol
BRI ANEORTCT7 2L VED e —5 —REENL,
7= ORHESEEDS. KEHECEANWRD S
FRAFVYEEDT, FDOEY r—3F —% L EIETENN
LCHRBIES., T5L75 A5y vEEEESNS
FEHFEIND (REEH L7 2 D4 2.83mg/cm?,
27 OFA 0.75mg/ecm?2 BER D). ZDF T AF
YUERBHLNLDI ., THRICHEDIAAR S5 AF> v E
AT CERE IS, SOEBREEY B2 58 LA
7, EBCRABRROMEELHKB L, WEXTT2k. -0
& 5 e HEE Licoik, B X 5 Eimd T

B, ~EOBNELTHZENEFTHLL, Frikk
WD AT o LA Tos B o7 e X b 1w
RENBELTLESEOHLINDHHDT, TEXBH
T AEROEERELYARARBOLTHER—C L X5
ETHBIDTHS.
—EDTNDEE 0 TTNDEBAA L, EEOBED
GOV E I b2 A TREFET p CRIE Li—E BRI T
FETLAL IS, DX LT, p&fEDE
BaRDI-DNKD Fig. 15~17 TH 3. FTibb, &
B (EED B X s=5um) LFF5AFTVED

1.5 T
vymm/s T,°C LVE

% ® 30 21 ’
S e 10 2 gfﬁ
k=) | @ 3 21
210, 21 i
- x 0.3 21
g |- o1 2 L&
> 05 e
2 £./x?
8 e s=5um
2 @ t=|~2h
o

OO 1.0 2.0

Pressure p, kgf/cm?

Fig. 15. Friction between plasticine and smooth
steel plate lubricated by calcium car-
bonate powder.
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Fig. 16, Friction between plasticine and smooth
steel’ plate lubricated by talcum powder;
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Fig. 17. Friction between plasticine and non-
lubricated smooth steel plate.
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. Difference of frictions between plasticine
and smooth steel plate occured by vari-
ous kinds of lubricants and their depen-
dence on slipping speed.
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Fig. 19. Reliance of tensile and compressive
yield stress of plasticine on temper-

ature.
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Fig. 20. Relation between logarithmic strain and
stress of plasticine.
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Table 1. Similitude between plasticine and steel in high temperature.

Physical quantities Plasticine Correspondence Steel in high temperature
Fundanilenatal Length Iy ly=1%l, I
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. . L1 .
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Table 2. Example of the relation between model
experiment by plasticine and corre-
sponding actual experiment

(i) Comparison of experimental conditions

Actual Scale factor
Model obiect necessarily
J determined
Diameter of 200 mm 400 mm g
roll
Rolli
sp(::eélng Vp=1lecm/s |[Vg=200cm/s| I*/t¥=200
T,=20°C |T,=1000°C
Temperature (22930 K) (s= 1273°K)

(ii) Scale factors of physical quantities

Physical quantities Scale factor
Length [*=2
Time *=10-2 «—— from [*/t*=200
Force F*=4410 = «— from (13)
Stress F#x/[%2=1] 10] «—— from (14)
Strain rate 1/p*=102
Strain —_
Temperature —_
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