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ABSTRACT: In this paper, considering the importance of surface integrity, effect of ultrasonic vibration 
of the Monel 400 electrode with a frequency of 20 kHz on the output parameters of the aluminum surface 
properties (surface hardness and wear resistance, thickness of the surface layer, the depth of copper and 
nickel diffusion to the aluminum surface and surface roughness) by the method of electrical discharge 
surface alloying has been studied. Based on the results of the scanning electron microscope images, the 
surface layer thickness in the combination of ultrasonic vibration with the electrical discharge alloying 
process is more than the non-vibration mode. Therefore, increasing the thickness of this layer increases 
the surface wear resistance. Also, the micro hardness test results show that surface hardness of the 
aluminum has increased to 450 Vickers after the combination of ultrasonic vibration with the alloying 
process. According to the results of energy dispersive X-ray  analysis, the diffusion depth of alloying 
elements (copper and nickel) is higher in ultrasonic electrical discharge alloying, So that the surface 
layer thickness is up to 50 microns. Also, based on the results of surface roughness measuring, ultrasonic 
vibrations reduce the aluminum surface roughness after surface alloying.
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1- Introduction
The advancement of technology has made the need for

metal materials with better surface properties. Therefore 
with the development of materials science, materials with 
new structures and special functions have been considered 
by researchers. Aluminum alloys due to their unique 
properties such as high strength to weight ratio, good weld 
ability, excellent formability, fairly well corrosion resistance, 
are used in a variety of structures, aerospace and marine 
industries, electronic equipments , etc [1,2]. Compared with 
other metals such as steel, the most noticeable weaknesses of 
aluminum are low hardness, low wear resistance. Therefore, 
considering the low physical and mechanical properties, the 
ability to use aluminum alloys despite the stated benefits 
also has some limitations. But a significant characteristic of 
aluminum is the formation of intermetallic compounds with 
other elements such as Fe, Ni, Co, Cr, Ti and Cu.   Therefore, 
in recent research, the creation of intermetallic aluminum 
compounds with these elements is interest [3-6].

Although, the method of electrical discharge is a material 
removal process, but tried to use this method for surface 
operations. Research results show that the surface layer after a 
machining operation is a high-speed cooled, which the depth 
of this layer depends on the energy and the pulses of duration. 
Below this layer, there is a layer affected by machining, 
with its chemical composition has been changed and phase 
changes can be seen. Therefore, the composition of the recast 
layer by materials in the dielectric or electrodes is an effective 
way to improve the surface quality. Electrical Discharge 

Alloying (EDA) is performed by selecting suitable materials 
with the aim of increasing the surface hardness, increasing 
wear resistance, increasing the corrosion resistance [7, 8].

2- Methodology
In experiments, aluminum was selected as workpiece

materials with the purity of 99.98% and the tool material 
was selected of Monel 400. In order to prepare the aluminum 
specimens, the cutting, turning and grinding were carried 
out on the raw material and 32 cylindrical aluminum with 
the dimensions of 12×14mm2. Also, in order to prepare 32 
cylindrical electrodes, cutting, machining and grinding were 
done on Monel 400. Fig. 1 shows the aluminum workpiece 
and the Monel electrode.

Fig. 1. Monel electrode and aluminum workpiece
Fig. 1. Monel electrode and aluminum workpiece
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All samples were machined by the use of die sinking 
Electrical Discharge Machining (EDM) machine (CNC- 
Charmilles Roboform 200) with an iso-pulse generator. Each 
test was performed for 20 minutes. In order to create the same 
conditions for flushing during all experiments, the normal 
submerged flushing method was used. Table 1 provides input 
parameters and test conditions.

Table 1. Experimental test conditions

Parameters Conditions 

Dielectric fluid 

Pulse on-time, μs 

Voltage, V 

Pulse current, A 

Kerosene oil 

50,100,200,400 

160 

12,16,24,32 

Pulse of time, μs 800 

Tool Polarity Negative 

Table 1. Experimental test conditions

    (a) 

   (b) 

Fig. 2. Scanning electron microscope micrograph showing cross-section of EDA-ed workpiece
a) Without ultrasonic vibration, b) With ultrasonic vibration

Fig. 2. Scanning electron microscope micrograph showing 
cross-section of EDA-ed workpiece

a) Without ultrasonic vibration, b) With ultrasonic vibration

3- Results and Discussion
3-1- The effect of ultrasonic vibration on the surface layer
thickness

Fig. 2 shows the created layers after the surface alloying 
through EDA process. According to this Fig., with adding 
ultrasonic vibration, the average thickness of the alloyed 
layer increases.

3-2- The effect of ultrasonic vibration on the surface hardness
Fig. 3 shows the effect of ultrasonic vibration, on the

aluminum surface hardness. According to these Fig., the 
aluminum surface hardness in the combined mode of the 
electric discharge and ultrasonic vibration is 30% higher than 
the average value.

3-3- The effect of ultrasonic vibration on the surface wear
resistance

Fig. 4 shows the effect of ultrasonic vibration, on the 
aluminum surface wear resistance. As it is seen, with 
improvement of surface properties by electric discharge 
method, the weight loss of the aluminum sample is much 
lower compared to the base metal, and the application of 
ultrasonic vibrations improves the surface wear resistance.

4- Conclusions
1. Ultrasonic vibration with increasing material removal

rate from the Monel 400 electrode increases the diffusion 
depth of copper and nickel to the aluminum surface.

2. Aluminum surface hardness is higher in ultrasonic

Fig. 3. Effects of ultrasonic vibrations on surface hardness
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Fig. 4. Effects of ultrasonic vibrations on surface wear resistance
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Fig. 3. Effects of ultrasonic vibrations on surface hardness

Fig. 4. Effects of ultrasonic vibrations on surface wear 
resistance
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vibration mode, in which case the hardness of the surface has 
reached more than 450 V.

3. Ultrasonic vibration of the Monel electrode reduces the
surface roughness of the aluminum in EDA process.

4. In using the US-EDA method, the surface wear resistance 
of the aluminum is more than EDA method.
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