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Abstract An axisymmetric hot closed die-forging process has been studied by physical modeling
technique using the plasticine. To observe the material flow pattern, layers of plasticine with different
colors were used. The normal direction to the layers was considered a principal direction. The strain
distribution was obtained by measuring the thickness of the plasticine layers. Based on the strain
distribution, the stress distribution and the forging load were computed, respectively. Several ring
compression tests were performed using Vaseline, soapsuds, baby powder, facial tissue and plastic
wrapping to determine the effect of different lubricants on the plasticine modeling. In order to verify
the validity of the modeling data, a similarity study between plasticine and Ck45 was made.
Considering the effect of strain path, the load obtained by this technique matched fairly well with the
actual load.
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 ﺩﺭ. ﺍﺯ ﺭﻭﺵ ﺷﺒﻴﻪ ﺳﺎﺯﻱ ﻓﻴﺰﻳﻜﻲ ﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩﻳﺪ،ﺩﺭ ﻓﺮﺁﻳﻨﺪ ﺁﻫﻨﮕﺮﻱ ﮔﺮﻡ، ﭼﻜﻴﺪﻩ ﺑﻪ ﻣﻨﻈﻮﺭ ﺗﻌﻴﻴﻦ ﺗﻮﺯﻳﻊ ﻛﺮﻧﺶ
.ﺍﻳﻦ ﺭﻭﺵ ﻗﻄﻌﺎﺕ ﺑﻴﻠﺖ ﺍﺯ ﺭﻭﻱ ﻫﻢ ﮔﺬﺍﺷﺘﻦ ﻻﻳﻪ ﻫﺎﻱ ﺧﻤﻴﺮ ﺑﺎﺯﻱ ﻳﻜﺴﺎﻥ ﻭﻟﻲ ﺑﺎ ﺭﻧﮓ ﻫﺎﻱ ﻣﺨﺘﻠﻒ ﺗﻬﻴﻪ ﺷﺪﻧﺪ
ﺷﺮﺍﻳﻂ ﺍﺻﻄﻜﺎﻛﻲ ﻣﺨﺘﻠﻒ ﺑﻴﻦ ﻗﺎﻟﺐ ﭘﻠﻜﺴﻲ ﮔﻼﺱ ﻭ ﺧﻤﻴﺮ ﺑﺎﺯﻱ ﺗﻮﺳﻂ ﭼﻨﺪﻳﻦ ﺭﻭﺍﻧﻜﺎﺭ ﻧﻈﻴﺮ ﺁﺏ ﻭ ﺻﺎﺑﻮﻥ
 ﺩﺭ ﻧﻬﺎﻳﺖ ﻣﺸﺨﺺ ﮔﺮﺩﻳﺪ ﻛﻪ ﺭﻭﺍﻧﻜﺎﺭ ﺁﺏ. ﺩﺳﺘﻤﺎﻝ ﻛﺎﻏﺬﻱ ﻭ ﭘﻼﺳﺘﻴﻚ ﺑﺮﺭﺳﻲ ﮔﺮﺩﻳﺪ، ﻭﺍﺯﻟﻴﻦ، ﭘﻮﺩﺭ ﺗﺎﻟﻚ،ﻏﻠﻴﻆ
ﻭ ﺻﺎﺑﻮﻥ ﻏﻠﻴﻆ ﺑﺨﻮﺑﻲ ﺷﺮﺍﻳﻂ ﺍﺻﻄﻜﺎﻛﻲ ﺑﻴﻦ ﻗﺎﻟﺐ ﻭ ﺧﻤﻴﺮ ﺑﺎﺯﻱ ﺭﺍ ﺑﺮﺍﻱ ﻗﻄﻌﺎﺕ ﻭﺍﻗﻌﻲ ﺁﻫﻨﮕﺮﻱ ﺷﺒﻴﻪ ﺳﺎﺯﻱ ﻣﻲ
 ﺗﻮﺯﻳﻊ ﻛﺮﻧﺶ ﺩﺭ ﻗﻄﻌﻪ ﺍﺯ، ﺑﺎ ﻓﺮﺽ ﻗﺮﺍﺭ ﺩﺍﺩﻥ ﺭﺍﺳﺘﺎﻱ ﻋﻤﻮﺩ ﺑﺮ ﺟﻬﺖ ﺳﻴﻼﻥ ﺑﻪ ﻋﻨﻮﺍﻥ ﻳﻜﻲ ﺍﺯ ﺟﻬﺎﺕ ﺍﺻﻠﻲ.ﻛﻨﺪ
 ﺍﺯ ﺭﻭﻱ ﺗﻮﺯﻳﻊ ﻛﺮﻧﺶ ﺑﻪ ﻛﻤﻚ ﺭﻭﺍﺑﻂ.ﺭﻭﻱ ﺍﻧﺪﺍﺯﻩ ﮔﻴﺮﻱ ﺿﺨﺎﻣﺖ ﻻﻳﻪ ﻫﺎﻱ ﺗﻐﻴﻴﺮ ﺷﻜﻞ ﻳﺎﻓﺘﻪ ﺑﺪﺳﺖ ﺁﻣﺪ
 ﻛﻪ ﻫﻢ ﺍﻛﻨﻮﻥ ﺩﺭ ﺻﻨﻌﺖ ﺩﺭ ﺣﺎﻝ ﺗﻮﻟﻴﺪ ﺍﺳﺖ ﭘﻲ ﺑﺮﺩﻩCk45 ﭘﻼﺳﺘﻴﺴﻴﺘﻪ ﺑﻪ ﺗﻮﺯﻳﻊ ﺗﻨﺶ ﺩﺭ ﻗﻄﻌﻪ ﻭﺍﻗﻌﻲ ﺍﺯ ﺟﻨﺲ
 ﺍﺯ ﺭﻭﺍﺑﻂ ﻣﻮﺟﻮﺩ ﺑﻴﻦ ﻛﺮﻧﺶ ﻫﺎ ﻭ ﺗﻨﺶ ﻫﺎ ﺩﺭ ﺣﺎﻟﺖ ﺗﻘﺎﺭﻥ ﻣﺤﻮﺭﻱ ﺍﺳﺘﻔﺎﺩﻩ ﮔﺮﺩﻳﺪ ﺗﺎ ﺗﻮﺯﻳﻊ ﻧﻴﺮﻭ ﺩﺭ ﻗﺎﻟﺐ ﻭ.ﺷﺪ
 ﻧﺘﺎﻳﺞ ﺣﺎﺻﻞ ﺍﺯ ﻧﻴﺮﻭﻱ ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﺑﻪ ﺭﻭﺵ ﺷﺒﻴﻪ ﺳﺎﺯﻱ ﻓﻴﺰﻳﻜﻲ ﺑﺎ.ﺩﺭ ﻧﻬﺎﻳﺖ ﻧﻴﺮﻭﻱ ﺷﻜﻞ ﺩﻫﻲ ﺑﺪﺳﺖ ﺁﻳﺪ
 ﻧﻴﺮﻭﻱ ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﺍﺯ ﻣﺪﻝ ﺳﺎﺯﻱ ﺑﺎ ﺩﺭ ﻧﻈﺮ ﮔﺮﻓﺘﻦ ﻣﺴﻴﺮ.ﻧﻴﺮﻭﻱ ﺑﺪﺳﺖ ﺁﻣﺪﻩ ﺍﺯ ﺁﻫﻨﮕﺮﻱ ﻭﺍﻗﻌﻲ ﻣﻘﺎﻳﺴﻪ ﮔﺮﺩﻳﺪ
.ﻛﺮﻧﺶ ﻧﺰﺩﻳﻚ ﺑﻪ ﻧﺘﻴﺠﻪ ﺗﺠﺮﺑﻲ ﺑﻮﺩ

1. INTRODUCTION
Plasticine is a trade name by Harbut, U.K. and is
modeling clay for children as a playing material
[1]. The main content of plasticnie is fine lime
powder with grease as a binder. Plasticine is
one of the most widely used modeling materials
for studying of plastic deformation of metals [2].
Its characteristic is very similar to deformation of
hot steel. The experiment using plasticine is very
simple and easy to handle in a laboratory with
inexpensive equipment. The flow stress of
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plasticine is almost 1/500 of that in hot mild steel
[3]. For this reason, a low tonnage testing press can
be used for modeling studies. Plasticine modeling
in Plexiglas dies provides valuable information
about the flow patterns that assist to detect internal
defects and optimize the billet and preforms in
forging and other bulk forming processes. There
have been many reports of plasticine modeling in
the literature .The results of these modelings
have provided researchers varying amounts of
plastic flow information. Review of the literature
indicates that only qualitative information is obtained
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by this technique in the bulk deformation
processes. The quantitative results have been
achieved indirectly by applying the results of the
plasticine modeling to the numerical techniques
like finite element methods.
Chu et al. [4] studied the process sequence
design of a large Axisymmetric hot forging
product of AISI 4130 in nozzle type by using the
plasticine and lead as the model materials .The
result of this study was used in finite element
modeling for the stress analysis. Kim et al. [5] used
layered plasticine for the study of the flow in hot
closed die forging. Misilolek [6] used plasticine to
understand the role of the metal flow in deformation
history in the extrusion process.
The main objective in the present work is to
achieve some quantitative results directly from the
physical modeling without applying any numerical
methods. In hot closed die forging process using
the plasticine, an Axisymmetric product which is
manufactured in industry has been modeled by
plasticine technique .The load, stress and strain
distributions were obtained with some range of
approximations without applying any numerical
method. To model the real frictional effects,
several ring compression tests have been
performed on plasticine with different lubricants.

2.PROPERTIES OF PLASTICINE
Plasticine is an easy to deform material and thus it
has been used widely as a modeling material to
simulate hot deformation of steel. In the present
experiments, Harbutt’s plasticine was used for the
modeling study, being composed 52.3% evaporable
material such as grease and 47.7% of ash material
in which CaCO3 is a main solid constituent [5].
Plasticine is a strain hardening material with
small strain rate dependency at room temperature
[1]. The mechanical properties of plasticine are
known to vary with age, temperature, and moisture.
The flow stress of plasticine can be expressed as
[5]:

σ = kε n ε& m

(1)

the work-hardening exponent, or n, ranges from
0.2- 0.3, whilst the strain–rate sensitivity, m value,
is about 0.05-0.06.
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3. THE EXPERIMENTAL WORKS

3.1

Ring Compression Test The friction
factor during the hot working of steel normally
falls between 0.2-0.4 with graphite base lubricants
and 0.7–1.0 when no lubricant is used [7].
The friction at the interface between the die and
the work piece depends on the lubricant and the
surface roughness. Both of these factors are
affected mainly by the pressure and the temperature
at the interface. The well known ring compression
test is an easy way to measure the friction factor at
the interface of die and the work piece [5]. In this
work, the plasticine was formed into rings by
plexiglass die set. The rings were 30mm inner
diameter, 60mm outer diameter and 20mm height.
The Rings were kept in the freezer for two hours
and left in the air for 24 hours [4] before
performing the experiments. The rings were upset
by a pair of flat plexiglass dies. A 30 tons universal
testing machine was used for all the ring
compression tests and other experiments in present
work.
To find similar frictional conditions to those in
real hot forging process, several lubricants were
used in ring tests. Vaseline, baby powder, facial
tissue, plastic and soap suds were the lubricants
used in these experiments. The ram velocity used
in ring tests was 15mm/min. The friction factor
was obtained for every lubricant by measuring the
ring dimensional changes and reading the
calibration curves [7]. Table 1 reveals the results of
ring compression tests for different lubricants in
plasticine modeling .The soap suds with friction
factor of 0.3 shows similar frictional behavior to
graphite in the real forging process. Therefore, it
TABLE 1. The results of ring compression tests for
different lubricants in plasticine modeling .

Lubricant
No lubricant
Baby powder
Facial tissue
Plastic
Soap suds
Vaseline

Friction
Factor
1.0
0.5-0.7
0.4-0.5
0.4
0.3
0.05
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Figure 3. Plexiglas die set for physical modeling experiments.

Figure 1. An Axisymmetric hot forging product of
Ck45 manufactured in industry by a 500 ton hydraulic
press

Figure 4. The billet and deformed plasticine specimen.

Figure 2. The geometry of the final product of Ck45.

was selected for the modeling experiments in the
rest of the tests in this work.

3.2 Physical Modeling Experiments In
order to have a reference for checking the physical
modeling results, an Axisymmetric hot forging
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product of Ck45 being manufactured in industry
was selected. This part is manufactured by a 500ton hydraulic press and it has been shown in Figure
1.
The initial billet temperature is 1100oC and the
initial die temperature is 400oC .The cylindrical
billet dimensions are 75mm diameter and 64mm
height. The geometry of the final product is given
in Figure 2. The actual forging load is 270 ton.
For the studies of physical modeling, the die set
was made with plexiglass using the lathe Machine.
Figure 3 displays the die set made in this work.
Layered plasticine with different colors were
used for making several billets of 64mm height and
75mm diameter. The geometrical scale factor
between Ck45 and plasticine used in the experiments
was 1 to 1. The temperature during the tests was
about 19oC.
The first plasticine sample was forged in one-
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Figure 6. The effective strain distribution in the first sample
of the plasticine modeling.

reveals the patterns of material flows at different
stages by cross sectioning the deformed specimens.

4. DATA PROCESSING AND DISCUSSION
Knowing the flow directions and thickness
variations on plasticine layers , the strain and stress
distributions and the forging load were obtained. It
was assumed that the principal directions coincided
on the normal to the plasticine layers and the flow
directions. Accordingly, the Axisymmetric effective
strain ε and the radial strain are [8]

Figure 5. The patterns of material flows at five stages by cross
sectioning the deformed specimens.

stage using soapsuds as the lubricant. Figure 4
shows the deformed sample. To see the flow
pattern, the specimen was sectioned and displayed
in the figure.
To follow the strain path, the second
experiment was preformed in five different stages
with similar frictional conditions. Totally five
specimens were used in different stages. Figure 5
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ε = ε 1 = ln(t 2 / t1 )

(2)

where t2 is the final layer thickness and t1 is the
initial layer thickness. Using digital caliper, the
thickness variation in Figure 5 was measured at
different locations and used in equation 2. Figure 6
displays the computed effective strain distribution
on the work piece.
Using these strain values and applying the Ck45
material properties the stress values were found on
the real part .The flow stress data for Ck45 is [8]:

σ = K (T )ε

n (T )

ε&

m (ε ,T )

(3)
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Figure 7. The effective stress distribution in the first sample
of the plasticine modeling.

Figure 8. The effective strain distribution in plasticine
modeling sample considering the effect of strain path.

Where T is the material temperature in Kelvin and:

F = σ1 CosαdA + τ Sinα dA

∫

∫

(4)

k(T) = 4948.98 – 672.75lnT (MPa)
-3

-4 2

n(T) = 10 × (-6.820+0.392T-2.221×10 T )
m(ε , T ) = a(ε ) + b(ε )T

a (ε ) = −0.04897 + 0.1008 ε − 0.2997ε 2
+ 0.2575ε 3 − 0.0667ε 4
b(ε ) = 10 −3 × (0.1620 − 0.266ε + 0.6548ε 2
− 0.4667ε 3 + 0.1026ε 4 )
For example according to the above flow stress
expression for Ck45 steel, at 1100oC (1373oK), the
followings are calculated:
K(T) = 18.5 MPa

n(T) = 0.12

and

m(ε , T ) = 0.06
Assuming the isothermal conditions, the
effective stress distribution in the actual work
piece was computed. Figure 7 shows the results.
According to Figures 6 and 7 the flash zone has
the most effective strain and stress which is quite
reasonable .The load required for forging was
calculated using the following expression:
IJE Transactions B: Applications

Where
σ 1 : Normal stress at die neighborhood
τ : Frictional shear stress
α : The angle between normal to die
surface and vertical direction
The result of the load calculation with this
method was 309 tons. To investigate the strain path
effect, thickness measurements were done on all
the stages of Figure 5. The final strain distribution
was obtained by accumulating the local strains at
different stages. Figures 8 and 9 show the effective
strain and stress distributions, respectively. The
calculated load with this method was 280 tons.
Compared with the actual load, the results of
plasticine modeling are very close when the effect
of strain path is considered. When the modeling is
done without consideration of the strain path, the
strains, stresses and forging load become considerably
larger.

5. CONCLUSION
It was demonstrated that physical modeling
simulation of Ck45 Axisymmetric part was useful
Vol. 15, No. 2, July 2002 - 171

improve the results, thickness measurements were
done at five stages of deformation and the total
strains were calculated by accumulating the strain
increments. The forging load obtained by this
method showed less than five percent difference
with real forging load.
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