
Proceedings of Asia International Conference on Tribology 2018, pp. 493-494, September 2018 

__________ 

© Malaysian Tribology Society 
 

Evaluation of palm oil as cold forging lubricant of aluminium A1100 
using double cup extrusion test 

A.N. Afifah1, S. Syahrullail1,*, E.A. Rahim2 

 
1) Faculty of Mechanical Engineering, Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia. 

2) Precision Machining Research Centre (PREMACH), Faculty of Mechanical Engineering and Manufacturing 

Engineering, Universiti Tun Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor, Malaysia. 

 
*Corresponding e-mail: syahruls@mail.fkm.utm.my 

 

Keywords: Double cup extrusion test; cold forging lubricant; palm oil 

 

 

ABSTRACT – Lubricant plays a vital role to reduce 

friction in cold forging process where the temperature, 

pressure and surface expansion reach extreme levels. 

However, the current used of lubricant which is toxic and 

hazardous to the humans, need to be replaced with the 

environmental friendly source. Vegetable oil has a 

potential to substitute petroleum-based lubricant. 

Therefore, the aim of the research is to investigate 

friction performance of palm oil as cold forging lubricant 

by means of double cup extrusion test. A result shows that 

friction of palm kernel oil is comparable with commercial 

lubricant. 

 

1. INTRODUCTION 

In metal forming works, material flow, forming 

load, surface finish of final product and tool’s wear are 

greatly governed by friction condition at tool-workpiece 

interface. Cold forging is one of the metal forming where 

the pressure, temperature and surface expansion can 

reach extreme levels. A lubricant that used for cold 

forging must be able to withstand 2500 MPa pressure at 

tool-workpiece interface, temperature in the range of 

300-400 ⁰C and surface expansion up to 3000% [1]. The 

used of traditional oil-based lubricant provided a good 

lubrication and cooling properties, however the oil is 

dangerous to the human’s health and not environmental 

friendly. As the worldwide legislations regarding the use 

of hazardous lubricant in industrial application have 

become more restrictive, development of new lubrication 

system with the properties of non-toxic, non-hazardous, 

biodegradable and renewable is urgently required [2]. 

Vegetable oil is found to meet those properties, thus 

highly potential to replace the traditional oil-based 

lubricant. Lovell et al. [3] reported that canola oil has 

reduced the friction coefficient and surface roughness 

values. In cold extrusion of aluminium, Syahrullail et al. 

[4] claimed that palm oil-based lubricant provided the 

lowest extrusion load and surface roughness. In another 

study, the palm oil not only reduced the forming load, but 

also improved the mechanical properties of workpiece 

[5]. Improvement in surface roughness and reduction in 

forming load are a result of good friction performance at 

the interface of tool and workpiece. Double cup extrusion 

test is one of the tribo-test that can be used for the 

evaluation of cold forging lubricant [6]. Therefore, the 

objective of this paper is to investigate friction 

performance of palm oil-based lubricant at various 

interface pressure.  

 

2. METHODHOLOGY 

A schematic diagram of double cup extrusion test is 

presented in Figure 1. During the test, cylindrical 

workpiece is placed between die and punch. To deform 

the workpiece into two cups, the upper punch moves 

downward with the ram while the lower punch is 

stationary. Therefore, the upper workpiece has a large 

relative velocity than the lower area, hence the lower part 

of workpiece would experience restriction in material 

flow.  

 

 
Figure 1 Double cup extrusion test. 

 

The upper and lower punches and also the container 

are made of tooled steel JIS SKD11, while the workpiece 

material is pure aluminium of A1100. The workpiece has 

a diameter of 35 mm and a height of 35 mm, while the 

punch has a dimension of 15 65 mm diameter x 10 mm 

height. After deformation, a ratio of the cup heights (R) 

is determined using equation 1. The ratio is an indication 

of lubricity where the ratio increase as friction factor 

increase. Theoretically, if the die-workpiece interface is 

frictionless, the upper and lower cup heights are identical 

and the ratio is equal to 1. In the presence of friction, the 

height of upper cup is greater than the lower cup. 
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                                                                                 (1) 

Where h1 and h2 are referred to height of upper cup and 

lower cup, respectively.  

Four types of lubricants were used for the friction 

measurement; additive free paraffinic mineral oil (PMO) 

VG95 and PMO VG460 are used as a benchmark oil, 

while the alternative environmentally friendly lubricant 

are refined bleached deodorized (RBD) palm stearin and 

RBD palm kernel. Physical properties of all lubricants 

are provided in Table 1. Those lubricants are applied at 
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the workpiece only and no lubrication at both punches 

and container. The double cup extrusion test is carried out 

at room temperature. In this study, the benchmark of the 

extrusion ratio, r is 0.2 (r = dpunch
2/dworkpiece

2). The 

lubricants are tested at different extrusion of 0.4, 0.6 and 

1.0. The purpose is to evaluate lubricant properties of all 

oils at different interface pressure.  

 

Table 1 Physical properties of tested lubricants. 

Physical 

properties 

RBD 

palm 

kernel 

RBD 

palm 

stearin 

PMO 

VG95 

PMO 

VG460 

Relative 

density 0.860 0.870 0.850 0.860 

Kinematic 

viscosity 

(mm/s):  

    

At 40 ⁰C 31.32 249.95 1374.6 48.29 

At 100 ⁰C 8.01 13.40 411.25 38.01 

Viscosity 

index 176 171 192 95 

 

3. RESULTS AND DISCUSSION 

Figure 2 showed a graph of ratio of cup heights as a 

function of extrusion ratio. It can be seen that the height 

ratio increased with extrusion ratio. In other words, 

friction factor increased with increasing interface 

pressure for all types of lubricants.  It was found that 

mineral oil-based lubricant demonstrated the lowest 

friction factor at each interface pressure, while RBD 

palm stearin gave the highest values. The friction 

performance of RBD palm stearin was worsened. Unlike 

others lubricants, the cup height’s ratio of RBD palm 

stearin augment sharply at each conditions of extrusion 

ratio. Meanwhile, friction performance of RBD palm 

kernel was slightly higher than mineral oil-based of PMO 

VG45.   

 

 
Figure 2 Ratio of cup height as for different lubricants. 

 

4. CONCLUSION  

From the results, only RBD palm kernel oil has a 

comparable friction performance with mineral oil-based 

lubricant. The friction performance of palm oil-based 

lubricant is not able to surpass the performance of 

commercial lubricant.  
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