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Abstract— Cold forward extrusion is done by applying compressive force on the billet. Load varies from material to 
material. Usage of lubricant reduces the load to some extent. Hence providing a lower load range, improves the durability of 
the tool as well the setup. 
Surface finish is another key factor which improves the aesthetics of a material. In general a good surface finish is preferred 
to any surface, unless and until it is specified to be rough to get a good surface finish the material is to undergo many 
grinding operations. It is our job to continuously reduce the processing time, research works are carried on metal forming 
stage itself so as to decrease number of operations. 
In the present work lubricants such as petroleum jelly, coconut oil, grease, engine oil are evaluated in the extrusion process 
for the best possible surface finish. Positive results were observed for engine oil.  
 
Index Terms— Extrusion, Die entry angle, Die design, Lubrication, AA6063, Surface roughness. 
 
I. INTRODUCTION 
 
AA6063 is an aluminum alloy with magnesium and 
silicon as the alloying elements.It is generally used in 
extruded shapes for architecture, particularly window 
frames, door frames, and sign frames. Composition of 
AA6063 is as follows. 
 

 
 
Cold forward extrusion is a process in which billet is 
placed in the die and is pressed by a pressing plate. 
Die entry angle[1]plays  a key role in the cold forward 
extrusion. 
In the present work we have considered the die angle 
as 300[2].Lubricant is another factor which has its 
effect on extrusion load and surface finish. Many of 
the research is carried on extrusion lubricants[3,4]in  
this work we considered four lubricants i.e., grease, 
petroleum jelly, coconut oil engine oil, The reason for 
considering these lubricants is that they were 
generally and available and low in cost compared to 
the dry lubricants[3]. 
 
II. EXPERIMENTAL PROCEDURE 
 
For this work cold forward extrusion process is 
carried out on UTM .An extrusion die made of 
HCHC is designed and evaluated. 

2.1 Design Of Cold Forward Extrusion Die: 
Die has a major role to play in cold forward 
extrusion. Design of a die includes the shape of the 
output, input diameter and the die angle. 
As we considered the die angle as 300, based on that a 
design is developed as shown in fig1. 

 
Fig1. Die design 

 
The dimensions were provided so as to accommodate 
a 40 mm AA 60603 rod of diameter 25 mm and the 
top pressing plate. The extruded rod will be of 
diameter 20 mm based on the considered extrusion 
ratio 5:4. 
The extrusion die is made of high carbon high 
chromium steel (HCHC), which is also called as cold 
work tool. 
 
2.2 Analysis of cold forward extrusion die 
As the experiment was intended to conduct on UTM, 
the extrusion die that is placed on the bed of UTM 
should with stand the maximum capacity of the 
UTM. So the extrusion die is analysed in 
SOLIDWORKS software as shown in fig 2. 
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Fig2: Analysis of die 

 
The analysis results were obtained, the summarised 
statement of the results is that the die can with stand a 
maximum load of 1700 KN, which is far greater than 
capacity of UTM used which is 1000 KN. 
 
2.3 Experimental Setup 
 

Fig 3: Experiment setup 
 
The experiment of cold forward extrusion on 
AA6063 is conducted using UTM, an extrusion die, 
top pressing plate as shown in the  figure 3. 
The top pressing plate is mounted on the extrusion 
die which has billet of AA60603 placed in it. Now 
the total equipment was placed on UTM. The 
compression load was applied on the die setup till the 
displacement reaches 12mm.  The load values at 
different displacements (1mm to 12mm) were noted 
and tabulated as follows. 
 

Table 1: Load vs Displacement 

 

The billets were removed by applying reverse force 
from bottom of the die and cleaned neatly. The 
extruded billets are as shown in fig 5. 

 

 
Fig4: billets after extrusion 

 
2.4 Graphs and discussions: 
Based on the load values for displacements graphs are 
drawn for the four lubricants as shown in following 
graphs. 

 
 
From the above graph, billet that used coconut oil as 
lubricant starts its displacement at low lower load 
values. Billet that used grease may not start at lower 
loads but throughout the displacement of the billet it 
operates in very low load values.  
 
2.5 Surface finish testing 
The extruded billets were cleaned neatly ensuring that 
the lubricant is removed on the surface of the billets. 
Surface finish test is conducted on surface finish 
tester as shown in fig 5. 

 

 
Fig5: surface finish test for billets 
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The billets were proceeded for surface finish testing 
on that surface roughness tester andthe values of 
surface finish (Ra) are determined for before and after 
extrusion, and the values are as follows. 
 

Table 2: Results of surface finish test 

 
 

III. RESULTS AND DISCUSSIONS 
 
It is obvious fact that surface finish is what a 
customer requires for profiles like frames. But there 
occurs a situation that sometimes surface finish not so 
an important factor for the manufacturer, then the 
priority of the manufacturer will be load because low 
load increase the tool life. For these two situations 
this work provides solutions with generally available 
lubricants and the solutions are as follows  
If the manufacture’s main importance is to get good 
surface finish then engine oil is strongly preferred 

because it gives ultimate surface finish which may 
reduce two or three finish process or even completely 
eliminate further surface finish process. 
If the manufacturer’s main importance is to work 
under lower loading conditions then coconut oil and 
grease are preferred. 
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