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I. Introduction 
Welding processes are not precisely separated; capacity discharge welding (CDW) can be considered as one of 

unconventional welding process used in specific situations [1]. One of those specific appliances, among large 

amount of others, is welding of wires on different metal structures[2].Capacitor discharge welding can be regard 

as welding process that used both heat and pressures. In all these welding processes it is necessary to be achieved 

certain proportion of heat input (temperature) and pressure to result a welded joint, considering that it is needed 

to be applied lower pressure at larger degree heating [3]. The igniter tips, fused into plasma state by Joule's effect 

and getting narrow melt layers of base metals at the joining surface region, to achieve the final welded joint with 

the forging forces [7], [8]. The advantage of Capacitor Discharge Welding CDW is regard as a rapid solidification 

joining process capable to reach cooling rates up to 106 K/s [4] and provides a severe reduction of the heat-affected 

zone and excellent, geometrical integrity accompanied with lower residual stresses. As well no filler material is 

needed for the welding process. At capacity discharge welding it is occurred partial heating of parent material 

which is melted by heating with electrical arc or in some other cases with electrical resistance. Heating with 

electrical resistance, material is melting on both sides of parts to be joined, in anode and cathode zone. After this, 

both components melted in this way, are joining using certain amount of pressure.  The geometrical and 

technological factors are combined to improve the welding efficiency, mainly in terms of mechanical strength. 

The melt point of two different metals must be in equilibrium in order to control the melting and solidification of 

joint area, in this work focused on the efficiency of joining different metals by CDW and achieves high mechanical 

and metallurgical properties [9],[11]. 

 

II. Capacitor discharge welding (CDW): 

Capacitor discharge welding (CDW) is a high power-density welding Process that its use energy generated from 

the capacitor [12]. CDW uses heat came from electrical resistance and pressure to create a welded joint between 

two parts. CD welding can be done in one of the following three different ways: initial contact method, drawn arc 

method, and initial gap method. The process is initiated by dropping the cathode onto the anode from a pre-

determined height. The capacitor bank discharges as a tip on the cathode makes contact with the anode. The tip 

presents a high resistance to the discharge current and is heated. It disintegrates and generates plasma that melts 

the surfaces to be joined. The actual welding process takes from 1 to 3 MS. In the initial gap method, there is a 

gap between the two electrodes with the open-circuit voltage applied. One of the electrodes is then brought into 

contact with the other (by gravity drop), causing a high flash of current. The initial gap method has been found to 

be the fastest of the three methods in terms of the actual weld time [4].Because electrical energy stored in the 

capacitor is utilized to generate the arc used to melt material, the capacity discharge welding has significant 

advantages such as short welding time and small distortions of workpiece. The process include a narrow heat 
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affected zone, thin weld zones, CDW is a rapid solidification process that provides good weld strength. A fine-

grained structure can be formed due to its rapid cooling rate. Filler is not required in this process, so the strength 

is not changed due to the composite material. CDW can be used for joining dissimilar materials [13]. CDW has 

limitations as well. The size of part to be welded is a limitation because of the finite energy contained in the 

capacitor bank. The process can be only applied to electrically conductive materials. Energy stored on capacitors, 

depends on capacity and voltage be calculated by the following equation [14]. 

𝐸 =
1

2
𝐶𝑉2                           (1) 

Where: E is the energy of stored capacitance (J), C is regarded a capacitance (F) and V represented the applied 

voltage (v). 

III. Experimental procedure: 

Welding of two far properties metals is regard a difficult joint, welding of brass to steel is very difficult process 

by others traditional welding methods as brazing and cause a lot of welding defects as heat affected zone (HAZ) 

and irregular welding shape [5]. Capacitor discharge welding process could satisfactory needed of welding 

specific thickness with very fast cooling rate. The base material used were low carbon steel alloys (C10) and brass 

wire where the chemical analysis of two metals shown in table (3-1). 
 

Table (1): The Chemical composition of the steel alloys (base material). 

Chemical composition of low carbon steel C10 (wt%) 

C% Si% Cu % Mn% P % Mo% Cr% Ni% Fe% 

0.0476 0.0175 0.0319 0.199 0.0130 0.0038 0.0153 0.0104 remain 

Chemical composition of brass wire (wt%) 

Cu% Zn% Fe% Mn% P % Sn% Pb% Ni% 

 58.2  38.8 0.40 0.321 0.132 0.530 0.53 0.310 

 

    The pin materials used in this work is a brass wire traditionally known as 60Cu40Zn as it is chemical 

composition explained in table (1).The pin brass was a wire with diameter of 3mm. Its end fabricated as conical 

shape with angle of (30 degree). And the low Carbone steel prepared in a rectangular shape of (60x10x1 mm). 

Figure (2) show pin head (a) and the steel sheet (b). 

 
Figure (2) shown;(a) the pin head shape. (b) the steel sheet. 

 

To weld the two dissimilar materials by capacitor discharge welding process there is need welding system. And 

for this purpose, a machine was assembled from (Variac power supply, series of capacitors, diodes bridge, and 

voltage digital readers and electrical connectors) used as shown in figure (3). Welding power carried by building 

a power system contains total capacity of 120,000 f. These capacitors supplied with power by a direct current 

power supply vary from zero to 275 volt but the maximum used voltage was 90 volt because the maximum surge 

voltage for the capacitors was 100 volt. A power diodes bridge transfers the alternative current to direct current 

and there is no need for refining the signal because the power capacitors do that perfectly. The pin of brass 

connected to free guided weight which fixed on 1.5 Newton and the contact done by gravity where the free fall 

distance is 2 inch and the contact speed was 0.98 m/sec. 

 

 
  Figure (3): The schematic diagram of the capacitor discharge welding system [14].  
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The Most important welding variables taken in consideration in this work were three variables: Voltage of welding 

process in rang (40-90) volt, Capacity of the capacitance bank in the (120000, 105000, 90000, 75000, 60000) 

microfarads. The other variables had been fixing like welding environment, dead weight of pin housing, speed of 

shout, the pressure of welding. After welding every joint was prepared for metallurgical tests as microharness and 

microstructure examination. Welding joint slised near to pin side across steel sheet  weld joints were side normally 

with respect to joint plain and parallel to pin axis. The specimens were mounted using acrylic for easily handling 

during the preparation processes. Test samples dimensions were (60 × 10 × 1) mm. then samples sliced face 

grinded using different grades of emery papers from (320 to200) PPI grade Polishing was performed with diamond 

paste of 0.3 µm grain size on a polishing wheel covered with polishing cloth. Etching was done by immersion for 

10 seconds in solution 2% concentration of nitric acid in alcohol. After etching, the joints were washed by tap 

water and finally by distilled water. Specimen preparations were done according to the ASM Metals Handbook 

[6]. The weld joints were tensile examined by prepare and fabricate a clamp connected to universal tensile test 

machine because the welded specimens shown in figure (4) need a special configuration to be tested for tensile 

test truly. The fractured specimens surfaces were inspected by a stereoscope microscope as shown in figure (5) 

EDS with X-Ray were used to study the metallurgy of welding in joint layer  

 

 
Figure (4), joining of pin in 30 degree head shape to plate in rang (40-90) volt. 

 

IV. Results and Discussion: 

     

The results discuss the effect of variables on the welding quality also study the microstructure for the joints layers, 

Tensile test is the best method for examine the joint quality for mechanical performance perspective, Effect of 

Welding applied Voltage on Tensile Strength, Table (2) showing fracture tensile strength for specimens at applied 

voltages from 40 to 90 volt 

 

                                                                      
 

Table (2): Effect of Voltage on Fracture Tensile Strength. 

    The pin head shape of 30-degree welded joints as shown in figure (3-2) show maximum tensile value of (237.7 

MPa) at80 volt of the applied voltage or 400 watt where it can be seen that the fractured welded surface in figure 

(4-1) was completely welded without any void or bubbles and it’s had a regular weld surface. By observing 80V 

out view there is a metal jacked stand parallel to pin axis adhere strongly to pin which increase joint strength. In 

the same time, this jacket may be protecting the joint for instantons oxidation while the joint melted from 

atmosphere. The construction of this jacket may be caused by the magnetic field generated by passing high current 

across the joint at contact period where this current pass from the sheet (Cathode) to pin (Anode) with a short 

Voltage 

 

Fracture Tensile Strength (MPa) 

at 120,000 f 

 

40 215.0 

50 203.7 

60 202.3 

70 189.6 

80 237.7 

90 227.8 
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time. Therefor the strong magnetic field parallel to the pin axis will attract the access melted metal toward the pin 

generating this cup like shape.    

 
 

Figure (5): shows the weld joint surface in 80V. 

     The other voltages below and above this voltage achieve good strength values in range between (202.3to 

227.8). The joints of this voltage ranges had a void, the voids lead to minimize the tensile strength significantly. 

The causing of these voids as bubbles of miss-welded areas to the equilibrium of the needed consumed power to 

the welded surface area. Therefore, the data in this work is predicted to the specified dimensions and cannot apply 

to other dimensions of pin diameter or another material type. So, when the consumed power less than needed, as 

applied voltage or the capacitance values, the welding process will not sufficient to melt the needed metal amount 

at contact short time during welding process. Then the appearance of the fractured surface showed welded area 

less than the pin diameter. Increasing the welding power lead to increase the liquidation and evaporation of the 

contacted metal at welding joint which gives better joint, but when the welding power exceed the desired value 

evaporation will happened more than liquation which cause effect like explosion which cause splashing the liquid 

metal outside joint clearance and leading to generate bubbles which decrease the real joint area.   

 

 Analysis of Joints layers: 

     From Figure (6) seen the elements distribution of the weld joint layer surface with chemical composition and 

there is  two separated layers; first was mixing layer, as in spectrum No.25 show its chemical composition 

consisted in there element Fe , cu and Zn. and second was diffusion area , the spectrum 26 show its chemical 

composition of Cu, Zn and some Fe. This tow layer localized between brass and steel. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (6): The elements distribution along the weld joint layers. 

 

 First layer  

  Figure (7) shows in detail a series of point analysis across joint beginning from steel region along the joint 

forward to a brass. EDS analysis of selected points to approve the elemental diffusion across weld joint.  In the 

mixing layer, there are three elements of Fe, Cu and Zn in different rate. The table in figure (7) showed the rate 

of element in mixing area. The Fe particles were diffuse to brass area. That mean Fe particles was pass the mixing 

layer and reach to brass however the Cu and Zn didn’t bass to steel. The region in spectrum (1) in figure (7) regard 

as melted Brass and there are some fine Iron particles, the Iron percentage in this point  is 6.1% and this particles 

separated through the brass matrix causing area with high hardness and strength . However, in spectrum No.2 

have the same amount of Iron concentration. The fine particles of Iron of a grain sizes less than one micrometer 

responsible to increase hardness in brass matrix as an obstacle to move dislocation just as strengthening by 

dispersion. Spectrum No.2 located in a large region with chemical composition similar to mixing layer. It 

separated from mixing layer due to flow force during discharge time where the metals melted.  

NO. %Fe %Cu %Zn 

24 100 0 0 

25 72.0 18.7 9.2 

26 11.1 54.3 34.6 

Dilution layer  

Mixing layer  

Fe  
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Figure (7): The elements distribution along the weld joint area. 

 

 Second layer: mixing or (Alloying) layer 

     The figure (8) show the details of EDS analysis of selected points, where the chemical composition for this 

layer from spectrum No.10 to No.15 composed of the three elements (Fe-Cu-Zn) with concentrations of (80-76, 

12-25, 6.2-10.8) respectively. The chemical composition range indicate phases of Cu4Fe6 , FeZn13 , FeZn10 ,CuZn5 

and phase as disscussed above 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure (8): The elements distribution along the joint mixing area. 

 

 X-Ray Analysis 

     In figure (9) show theX-Ray diffraction pattern, Mach results No. 1 , 3 , 4 , 6 are neglected where there are no 

elements in tested sample while the other are considered. No. 1 Mach data is CuZn5which represent in weight 

percent . Match No.7 with a composition of FeZn13 called Iron zinc which represent in weight (6.2% Fe and 93.8% 

Zn) which is a FeZn10-type hexagonal. Finally, No.8 Match represent a composition of (Cu40Fe60) representing 

as (56% Cu and 44% Fe) in weight which is a solid solution when projected on Iron-Copper transformation 

equilibrium diagram. So there is no compound collect the three elements (Fe-Cu-Zn) founded in the welding layer 

as it tested using the X-Ray diffraction test. Alloying zinc with copper and Iron with low percentages gives solid 

solutions and gives no data in X-Ray diffraction or EDS tests due to limitations of these two methods in detecting 

traces.    
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Figure (9): The peaks data compared to X-Ray diffraction pattern recognized using Jade Software. 

The hardness value varied from the steel and brass as well in the weld area, the value of Vickers hardness in the 

base metal (Steel) around 90, in the same time in the pin metal around 140. The hardness value increased in the 

contact line between the two metals steel and brass as well the mixing layer for the two metals, the maximum 

Vickers hardness in the mixing layer was 260.4, this mixing layer high hardness as discussed in the microstructure 

where the hardness increase in mixing first layer caused by phenomena as strengthening by dispersion of small 

steel particles in brass matrix. 

V. Conclusion: 

     In The presenting work of joining dissimilar metals by CDW process capable to weld low carbon steel (C10) 

and brass (Cu60-Zn40) material in CDW successfully. The brass pin tip of 30o configuration in 80 V achieved the 

highest tensile strength in values of 237.7MPa. The most factors effected on the weld quality is the void formation 

due to the interrupted gasses formed by burning of contaminants or evaporated metal stayed by solidification of 

surrounding region for joint before flow the inner melted region . Welding low carbon steel with brass alloy using 

CDW gives phases (CuZn5, CuZn, FeZn13 and Cu40Fe60) and these phases are the main responsible phases of 

joining. There is tow layer in weld surface between tow welded metals. The Mixing layer and near mixing layer 

and achieving highest values of hardness than base metals. 
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