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Abstract 

The effects of the electric current pulse (ECP) on the residual stress were studied, and 
this residual stress relieving method is called as the ECP stress relief. The quenching 
process was used to prepare the experimental specimens. Then the effects produced by 
the ECP stress relief on the quenched residual stress were studied. Furthermore, the 
mechanism of the ECP stress relief was discussed. The results show that the ECP stress 
relief has the good effect on relieving and homogenizing the residual stress. The residual 
stress relieving mechanism can be attributed to the ECP effect and the residual stresses 
inside the materials. The findings confirm that the ECP stress relief technology is 
expected to be widely used in the field of the mechanical engineering. 
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1. Introduction 

The electric current pulse (ECP) technology has been widely used in the field of the mechanical 

engineering, such as the metal materials plastic forming, improving the properties of the metal 

materials and so on. The effects of the ECP on the metal materials has been studied as well and the 

significant electroplasticity (EP) effect has been found by the experts and scholars at home and abroad 

[1-4]. Based on the research results of the EP effect, the ECP technology has been used to relieve the 

residual stresses inside the materials [5-9]. The ECP technology was introduced to release the residual 

stress in the quenched 40Cr steel [5]. The research results indicates that the residual stress in the 

quenched 40Cr steel can be relieved by the ECP technology and the residual stress relieving effect 

can be improved by increasing the current density. The effects of the ECP on the residual stress in 

the quenched 45 steel were studied [6] and the research results show that the ECP stress relief has the 

good effect on relieving the residual stress in the quenched 45 steel. Furthermore, the mechanism of 

the ECP stress relief was discussed and they believe that the ECP will produce a driving force on the 

dislocations inside the materials, which results in that the micro particles inside the materials will 

change from the high energy metastable state to the low energy stable state. In this case, the residual 

stress in the quenched 45 steel can be relieved by the ECP. The effects of the ECP on the mechanical 

properties and the microstructures of the quenched medium carbon steel were studied [7]. The 

research results show that martensite structure for the quenched medium carbon steel remains 

unchanged and the tensile strength for the quenched medium carbon steel increases obviously after 

the ECP stress relief. In addition, the hardness for the quenched medium carbon steel decreases 

slightly after the ECP stress relief. The effects of the ECP on the residual stress in the AISI 1045 steel 

treated by the pulsed-laser surface irradiation were studied [8]. The experimental results show that 
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the tensile residual stress in the AISI 1045 steel can be relieved by the ECP stress relief and they 

believe that the mechanism of the ECP stress relief can be attributed to the electric softening effect 

and the dynamic stress effect. The effects of the ECP on the residual stress in the X80 pipeline steel 

were studied [9] and the results show that the residual stress can be effectively relieved by the ECP. 

Although the residual stresses inside the materials can be effectively relieved by the ECP stress relief, 

the effects of the ECP stress relief on the metal materials are mainly focused on a few metal materials, 

such as the carbon steel, 40Cr steel, X80 pipeline steel and so on. Therefore, the effects of the ECP 

stress relief on the quenched Cr12MoV steel, a kind of alloy tool steel, are worth studied. In this study, 

the effects of the ECP stress relief on the surface residual stress for the quenched Cr12MoV steel 

were studied. In addition, the mechanism of the ECP stress relief was discussed. 

2. Experimental details 

2.1 Specimen prepration and residual stress measuring 

The Cr12MoV alloy tool steel was used in the experimental study. To study the effects of the ECP 

stress relief on the residual stress, a group of Cr12MoV steel specimens were prepared from the 

Cr12MoV steel sheet by the fine electro-discharge wire cutting process. The size of the Cr12MoV 

steel specimen is 60mm×15mm×1mm as shown in Figure 1. In order to connect the Cr12MoV steel 

specimen into the experimental system of the ECP stress relief [6], the two installing holes were 

reserved in the Cr12MoV steel specimens. In order to introduce the initial residual stresses in the 

Cr12MoV steel specimens for the subsequent ECP stress relief experiments, the oil quenching process 

with the temperature of 950℃ was used to prepare the Cr12MoV steel specimens. 

 

 

Figure 1. Diagram of the specimen size and the pasted strain rosette 

 

The hole-drilling method [10] was used to study the effects of the ECP stress relief on the residual 

stress for the quenched Cr12MoV steel. The strain rosette was pasted on the surface center of the 

Cr12MoV steel specimen to obtain the relieved strains around the drilled hole as shown in Figure 1. 

The strain rosette as shown in Figure 1 is used for obtaining the relieved strains in the experimental 

study. This type of the stranin rosette can obtain the relieved strains in the three directions and then 

the x axial and y axial residual stresses at the drilled hole location can be given as [10] 
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in which    denotes the Poisson’s ratio, E denotes the Young’s modulus, a   is the calibration 

constant for the isotropic stresses, b  is the calibration constant for shear stresses, 
x  and y  are 

respectively the x axial residual stress and the y axial residual stress, and 
1  is the relieved strain 
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along the x axial direction and 
3  is the relieved strain along the y axial direction as shown in Figure 

1. Based on the standard for the hole-drilling method [10], the calibration constant for the isotropic 

stresses a  and the calibration constant for the shear stresses b  are respectively selected as 0.160 

and 0.470. 

2.2 Electric current pulse stress relief procedure 

As well known, the large residual stresses on the surface of the Cr12MoV steel specimens will be 

introduced by the quenching process. In this case, the dislocation density inside the quenced Cr12Mov 

steel is larger than the dislocation density inside the Cr12MoV steel in the annealed state. The ECP 

can be generated by the charge and discharge circuit of the high-energy density capacitor [6]. The 

peak pulse current can reach the kA level [5-9]. In this case, the dislocations inside the quenched 

Cr12MoV steel can be activated to glide along the slip plane.The density dislocation will decrease 

owing to the dislocation annihilation process with the help of the ECP. As a result, the quenched 

residual stress can be relieved owing to the dislocations motion by the ECP stress relief. 

In this study, the ECP procedure mainly includes the three steps. The initial residual stresses in the 

Cr12MoV steel specimens were evaluated by the hole-drilling method [10] before the ECP stress 

relief firstly. In order to improve the reliability of the experimental results, the three Cr12MoV steel 

quenched specimens were selected from the same batch to evaluate the initial residual stresses. Then 

the other three Cr12MoV steel quenched specimens were selected from the same batch as well and 

the three Cr12MoV steel quenched specimens were treated by the ECP stress relief. At last, the 

residual stresses for the three Cr12MoV steel specimens treated by the ECP stress relief were 

evaluated by the hole-drilling method [10] as well. 

3. Results and discussions 

The initial residual stresses for the three quenched Cr12MoV steel specimens before the ECP stress 

relief can be shown in Figure 2. The residual stress values shown in Figure 2 are negative, which 

indicates that the residual stresses for the quenched Cr12MoV steel specimens belongs to the 

compressive residual stresses. It can be found that the x axial and y axial residual stresses for the 

quenched Cr12MoV steel specimens can be effectively relieved by the ECP stress relief process as 

shown in Figure 2. 

 

 

Figure 2. Residual stress of (a) Before ECP stress relief and (b) After ECP stress relief 

 

The average values of the x axial and y axial residual stresses for the three Cr12MoV steel quenched 

specimens before and after the ECP stress relief can be shown in Figure 3. The ECPSR shown in 

Figure 3 denotes the ECP stress relief. The average x axial and y axial residual stresses for the three 

quenched Cr12MoV steel specimens before the ECP stress relief are greater than the average x axial 
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and y axial residual stresses for the three quenched Cr12MoV steel specimens after the ECP stress 

relief. Furthermore, the difference between the average x axial residual stress and the average y axial 

residual stress for the three quenched Cr12MoV steel specimens before the ECP stress relief is greater 

than the difference between the average x axial residual stress and the average y axial residual stress 

for the three quenched Cr12MoV steel specimens after the ECP stress relief. Therefore, it can be 

concluded that the ECP stress relief has the good effect on the residual stress relieving and 

homogenization as shown in Figure 3. The ECP stress relief technology is worthy for the further 

research and the ECP stress relief technology is expected to be widely used in the field of the 

mechanical engineering. 

The instantaneous heat pressure stress and the electron wind force can be produced by the ECP, which 

can be called as the driving stress for the dislocations motion induced by the ECP effect. In addition, 

the residual stresses inside the materials can drive the dislocations motion as well. As shown in Figure 

2 and Figure 3, the average x axial residual stress for the three quenched Cr12MoV steel specimens 

is greater than the average y axial residual stress for the three quenched Cr12MoV steel specimens. 

As a result, the relieving value of the average x axial residual stress for the three quenched Cr12MoV 

steel specimens is greater than the relieving value of the average y axial residual stress for the three 

quenched Cr12MoV steel specimens as shown in Figure 3. Therefore, it can be concluded that the 

driving stress for the dislocations motion induced by the ECP effect and the residual stresses inside 

the materials are the main causes of the residual stress relieving. In other words, the residual stress 

relieving mechanism for the ECP stress relief can be attributed to the ECP effect and the residual 

stresses inside the materials. 

 

 

Figure 3. Residual stress average values before and after the ECP stress relief 

 

4. Conclusion 

The effects of the ECP stress relief on the residual stresses for the quenched Cr12MoV steel 

specimens are studied in this paper. The quenched residual stress for the Cr12MoV steel can be 

effectively relieved and homogenized by the ECP stress relief. In addition, the mechanism of the ECP 

stress relief can be attributed to the ECP effect and the residual stresses inside the materials. This 

residual stress relieving technology is promising to be applied in the field of the mechanical 

engineering to improve the service life of the materials. 
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