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Abstract

During extrusion process ,the effects of friction between die and workpiece are important and it is one
of the most serious problems in metal forming. Friction factor has different effects depending on the
size of workpiece. In this study the effect of friction factor and lubrication effects on temperature
distribution , power , and load for combined backward forward extrusion process was demonstrated . A
numerical analysis based on finite element method by using Q form program was used to study the
effect of friction factor through two type of condition , first for lubrication three values for friction
factor were used ( 0.1, 0.2 ,0.3 ) .The second condition was un lubrication , the friction factors values
were (0.25, 0.5 ,0.75) . The material of specimen was steel C45.The parts to be manufactured was
wrench socket and the lubrication was done by using water and graphite .The results showed that for
lubricated and un lubricated conditions , the temperatures power and load were increased when the
friction factor increased .

Keywords: Lubrication, Friction factor , combined extrusion , temperature distribution .
1. Introduction

Extrusion process needs elevated velocity and pressure which they lead to high friction during the
process and cause the wear to the die in contact area between the workpiece and die parts . The high
value of friction depend on the material of specimen , velocity and pressure in contact surfaces
which they exposed the process to high stress amount then increase fatigue and wear influences . M
O mutlu et al. studied the methods to raise wear resistance and die life . They used various surface
treatment to explain the influences of friction condition on the process and how improve the quality
of the products and reduce the force of friction on contact areas and decrease the cost of production
by increase die life . This has been done by control the important properties such as hardness ,
toughness and wear resistance at high temperatures which ensure continuance for good grade of parts
production [1]. A Farhoumand et al. used finite element techniques to demonstrate the effect of
process condition for example friction effects during combined extrusion process by using ABAQUS
method . In combined extrusion process the workpiece forced together in both forward and backward
direction through the die , this process involve high amount of friction especially in cold working
and with unlubricated [2]. For thin walled rectangular of aluminum specimen through indirect
extrusion process the effect of lubrication was studied by using high aspect ratio .Solid lubricants
were used by finite volume method to show friction effects with different shear friction factors . An
important influence of lubrication on the product were shown , high friction factor raise the extrusion
height of big side of the container and reduce extrusion height .Load of forming effected by
lubrication and it is increased with the friction factor linearly .[3] In order to produce smooth surface
products , microgroove arrays was used with cold forming for aluminum. Lubricants with vegetable
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oils give larger adhesion between aluminum work piece and the tool than the mineral oils.
Roughness of the workpiece increase after the area of micro groove arrays when using soybean oil as
lubrication , but it was still smooth near exit zone with other type of lubricants . [4] In combined
extrusion tool geometry ,friction and lubrication have different influences with material flow ,FEM
was used to estimate the values which was suitable also for industrial application . The simulation
solution determined the extrusion process properties and then designed the tools of die then send to
production [5]. Another method for reduce friction by using lubrication was the servo press, an
analysis of friction was done in experimental and numerical solution for combined extrusion to keep
lubrication . Extrusion of deep holes was used with punch and servo press provide with internal
channel for supplying liquid lubrication by using pulsed and stepwise method. A suitable liquid
lubrication will apply on deformation region during punch withdraw .[6] Finite element method of
deform software was used to estimate the stresses and strains and load in combined extrusion process
for aluminum rod by used two types of punch shapes , speed and friction factors [7]. For Aluminum
extrusion ,vegetable oil was lubricants to compare with other lubricants , it is seen that this type of
lubricants was suitable because of its heat reduction ability. Increase of temperature during extrusion
lead to surface crack which was the main defect during metal forming . The study found that this
type of lubricants give good surface quality by effect of good cooling and reducing temperature
during proceed of process [8]. During studying the effect of lubrication on load for direct extrusion ,
it 1s shown that the friction increase because of the relative motion between workpiece and tool
surface and lead to increase the force required an process defects ,a theoretical and experimental
study was done by test the effect of lubrication , die angle on extrusion force . It was found that the
flow of material was uniform and steady and the force reduce when using lubrication [9].A study in
cold forging by double backward extrusion process demonstrate the effect of lubrication and friction
by using 2D FEM with many reduction ratios and workpiece shapes .The condition of experimental
work was near to the industrial production , large deformation and pressure interface was found after
the process [10]. An extrusion process for composite material of Al/Si was studied by using 3
reduction ratios to estimate the effect of friction factor on the process .The load and flow stress were
reduced when heating the material to 300 C . The friction factor increase for high reduction area and
surface roughness was better than stir casting [11]. In combined backward forward extrusion process
for hollow parts of brass at micro scale , friction factor was estimated by using many ratios of cup
heights to the rod lengths of workpiece .Many types of lubrications were used, to show that the dry
process gives high amount of friction , and the friction factor increase with grain size increase.
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2. Materials and method

A finite element method of 3D Q Form software was used to analyze the combined
backward forward extrusion process for steel C45 which has (
0.42C,0.40Cr,0.50MN,0.40Ni ,0.40 Si). The die material is H13 HRC50 .The load of
press is SMN with hydraulic press machine , graphite with water was used as
lubricants . The process is cold extrusion process with environment temperature 2(°
.two types of friction factor are used (0.25 , 0.5, 0.75) for un lubrication condition
and ( 0.1,0.2,0.3) for lubrication condition .

3. Simulation results
3.1. Lubrication condition

Table 1. The results of power . load and temperature for lubrication condition

Friction Temperature = Power Load
factor ©) W) MN
0.1 225 2452 0.703
0.2 226 2969 0.871
0.3 238 3559 1.052
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Figure 1. Temperature distribution for combined extrusion for lubrication condition for friction factor
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Figure 2. The load for combined extrusion for lubrication condition at friction factor
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Figure 3. The power for combined extrusion for lubrication condition at friction factor
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3.2. Un lubrication condition

Table 2. The results of power , load and temperature for un lubrication condition

Friction Temperature = Power Load
factor ©) W) MN
0.25 240 3241 0.962
0.5 274 4714 1.503
0.75 344 5737 1.963
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Figure 4. Temperature distribution for combined extrusion for un lubrication condition at friction factor
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Figure 5. The Load for combined extrusion for un lubrication condition at friction factor
(a) 0.1 (b)0.2 (c)0.3
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Figure 6. The power for combined extrusion for un lubrication condition at friction factor
(c) 0.1 (b)0.2 (c)0.3

4. Conclusion

Combined backward forward extrusion process to produce hollow shapes was used to
demonstrate the effect of friction factor and lubrication condition on temperature ,
load and power for workpiece of steel C45 . FEM of 3D Q Form software is used to
estimate the temperature distribution during the process , load values and power
needed for this cold metal forming process . The study show when using lubricants
the temperature of billet increases slowly with small differences when increase
friction factor, while there is big increases in temperatures with increasing friction
factor for un lubrication condition . For the load values , it was shown that it increases
when friction factor increases and it was larger without lubrication than with
lubrication conditions . The un lubrication affect the power significantly than un
lubrication process and in both states the power increases with increase of friction
factor. The non-uniform curves of load and power especially for un lubrication
process related to the differences of contact area between work piece and the die
,when the contact area is full the change of the curves being linear but for not full
contact area the curves change being not linear . The heat transfer between the die and
work piece in the die has big influences on the curves , plastic strain affected the
smoothness of load and power curves .
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