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A Study on Development of Model Materials Showing Similar Flow
Characteristics of Hot Mild Steel at Various Temperatures
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Constitutive

Abstract

Model materials are developed to achieve similarity of flow patterns for mild steels in forming
processes at high temperatures. The model materials consist of pure plasticine and one or two
additives such as resin and lanolin. To verify the similarity of flow patterns between physical
modeling and compression of mild steels at high temperatures, ring and compression tests have
been carried out with the developed-mode! materials at various strain rates, temperatures and
lubricants. The test results are in good agreement with the flow patterns obtained from upsetting
of a mild steel at high temperatures.
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Table 1 Properties of plasticine

Components CaC0s(50~60%),
MgCQs, Mineral, Fe-Si
Specific Gravity 1.8~1.92

0.24 Kcal/Kg °C
0.6 Kcal/m h °C
H;z15(24°C)

675,000 psi
(475 Kg/mm?)

Specific Heat

Heat Conductivity

Hardness

Bulk Modulus
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Fig. 2 Variation of friction factors of P material for
various lubricants (Temp.: 17°C)
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Fig. 4 Variation of friction factor for P material (Lub.: Vaseline)
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Fig. 5 Variation of friction factors of lubricants for

various model materials (Temp.: 17C)

8.6

8.4

8

8

True Stress (Kg/mm2)

2.01

g & ) 1 £ i L
[ 2.1 2.2 @.3 9.4 2.3 8.6

True Strain

Fig. 6 True stress-true strain curves of P material
for various strain rates (DX H =30 mmx30
mm)

square method) & A}-&ste] A& stergich, o714

gE0] 0.03404 0.474x WEw PAlE WY E
<5 qgAle Ngtel 0.110e04 0.152 7" F7}
g} P-L-RAl& 0.063014 0.19774x], P-LAj= #

5 ulgde] - )43

True Stress (Kg/mm?)

|
[ 8.1 8.2 8.3 0.4 8.3 8.6

True Strain

Fig. 7 True stress-true strain curves of P-L-R mate:
rial for various strain rates (D X H =30 mm X

30 mm)
0.25
o1 (i)
< 8.1 g}
- 0.81 {/s)
oz |- & 0.085 (1/5)
S 8.015
£
n
g
-2
2B X )]
g
=
.85

8¢ ] 1. ! 1 )
8 e.1 8.2 0.3 0.4 0.5 8.6

True Strain

Fig. 8 True stress-true strain curves of P-L material
for various strain rates (DX H =30 mm X230
mm)

4714719 ¥soh 4 deln AL W PLRA

= AdHoz 77| WEbsl & "ol oAL

Fig. 1104]/{13} 7‘%0] \:{:}_ %‘—";‘E} Zd;()’ '?'7]’—3}%1
=2

K
HYES Fotel e #58He F71 Fol AR



a1 [
'
g o o 0.4
5 o 0.318
g s 023
ks AT
¢ 0.969
o 6.03
2.e01 L - L
9.001 2.01 2.1 1 10

Strain—Rate ( /s)

Fig. 9 True stress-strain rate curves of P material
for various true strain

o1
Yo
g
E 8.8l M‘Mﬁ
5 [ ° 0.310
; r s 0.23
= o 0105
o 0.869
o 8.834
2.0 saal L -
8,091 8.81 8.1 1 10

Strain-Rate ( /s)

Fig. 10 True stress-true strain curves of P-L material
for various true strain

2 glen o7 HA4EE <
F 7ol fdle] ok Eef
A= PA|, P-L-RAj= 2
of 9% 73745 @4
A Ay ES = lA
o H3tr} A,
zel el P9} P-L-Raje] 2xwislo] wupi
243 WY e BAE =Asled Fig. 1291 Fig.
13 FA1EHAE 3714 PRl P-L-RA9= 2g
+E7F Zragel] wel $He it AdHoz
Zrt, olshge] PAle] £xo] wd S Wz
Chijiiwa®2] &z Wsle] wl& 223 HYF
Aol A FAE AAE Bolm 9k, P-L-RAl& &
EW el wel & xlols Helm glom Pajol v
3 28ColAt WHE 0.303l4 F55He 3
aF 2olx glovt Aoz 2 Jlgrle &9

2elAg Aol F3 AF 1167
a1
¢
PR o 0.465
§ v 0.310
& s 0.23
o 0.185
o 0.869
o 0.0M4
0.681 L L L
2,001 a.e1 el 1 18

Strain-Rate ( /s)

Fig. 11 True stress-true strain curves of P-L-R mate-
rial for various true strain

Z}ol weh Zobsta vk 2Eln 0C
AANE PA 2ot $55HY Zrlet WY Fol o
Ho| & ghe Rolm 3ok olshpe &
14 P-LRAje) szl die] Pae] &
E)uch L5 Zolo) oj$ wlzHaed
o AR AHHAE LT F5
ul 4ele] ek 0ColAE P-LR
skl WAHYE AS Pl
$A8st H22 PLRAY +%
Zrlge AL o 4 ok
Fig. 14& thole} 4Ae ¥ei7t b8 59t
o} vpalal e ulE Aol n o] &BA L 50%7HA
F259e ALl APAY Wshpae wolw gl
o, shA4sl 0.1 FEl vhAAS ulE A
omE WAl A Uehix gt ulwel
0.49) Hehe FAsA ety ee & &
9.

ol ¥ o
2

lo rr

b

T e % o

ol

&N o @ o ox
o 2
ng Y
rw}ﬂo}:HéN{ﬂ

s
|o
b

33 = MEol FHUIYA

Aoz £4NTERAN N3 FLY TH

H4 29 shist A2 TAAC FEEol

%%%E‘i O'fe DH7H Bq‘ g €, %Ké%—i——“‘:— év %

£Te g4z PG ® 2, g 2o
o,=F(e, &, T) 1)

2 Tol zZA oFEd 7}:0_%

il
°é %Zl?H,—OIW—c HYE eiﬁ} Hyg gL eo
A
(isothermal condition) o] 2}=1 & xR



1168 o] 23 . 7Y% -
.63
o 6T
-+ 107
- 11T
0024 |+ BT
&
g
> 0.018
~
b
-1}
5
& p.612
2
=
9.026

1 ] 1 1 !

@ 8.1 8.2 03 0.4 8.5 8.6

Jrue Strain

Fig. 12 True stress-true strain curves of P material
for various temperatures (D x H =30 mm x 30
mm)

w s - o] 813
.87
o 0%
3
-0
0.8% I, %%
> 6.842 |
=1
g
]
w a_m -
2
=
0.014
B L B - 1 1 ] i

[} 0.1 8.2 0.3 0.4 9.9 8.6
True Strain

Fig. 13 True stress-true strain curves of P-L-R mate-
rial for various temperatures (D X H =30 mm
x 30 mm)

(a) (b)

(a) Initial specimen(D X H =30 mm x 30 mm)

(b) 50%(sealing paper+ vaseline)

B . 7

(c) Initial specimen(D X H =20 mm X 20 mm)
(d) 50%(talc powder)

Fig. 14 Appearance of compressed test specimens using sealing paper+vaseline and talc powder
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C Si Mn P S Cr
0.15%C| 0.15 | 0.10 | 0.45 | 0.02 | 0.013

Table 3 Strain-rate sensitive exponent N for
model materials and 0.15 %C steel

0.15%C steel model material

Temp. N Temp. Mat. N

1100°C 0.14 17¢C P-L-R 0.140
1000°C 0.13 17°C P 0.134
900°C 0.11 17c | P-L 0.118
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