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5 Hardness results and analysis of PSHG 

THV-5 Vickers hardness tester is used to measure the hardness of workpiece. The results 
are listed in Table 4. 
Table 4 Hardness results (HV 0.5 kg) 

No. 1 2 3 4 5 6 

Hardness 438.2 520.7 598.6 714.7 640.9 569.1 

The hardness variation along with depth of cut is shown as Figure 4. It can be seen that 
the hardness becomes big with the increasing of depth of cut. The hardness variation 
along with the pre-stress is shown as Figure 5. The hardness increases firstly and then 
decreases with the increasing of pre-stress. It is because the pre-stress has double effect 
on the formation of martensite in the process. When it is less than 100 MPa, the pre-stress 
promotes phase transformation. While it surpasses 100 MPa, the pre-stress restrains the 
formation of martensite. 

Figure 4 Hardness variation along with depth of cut (see online version for colours) 

 

Figure 5 Hardness variation along with pre-stress (see online version for colours) 
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6 Microstructure and hardening mechanism of PSHG 

The metallographical micrographs were observed with OLYMPUS GX71 inverted 
metalloscope. The matrix and the microstructure before grinding are shown in Figure 6. It 
mainly consists of pearlite and ferrite. 

The hardening layer enlarged 500 times after grinding is shown as Figure 7. It mainly 
consists of martensite. The metallographic figures enlarged 50 times of no. 2 to no. 6 are 
shown in Figure 8. It can be seen that obvious hardening layer forms in the 
microstructure. Lots of martensite form in the surface layer and then there is hardening 
effect. 

Figure 6 Metallographic figure of matrix 

 

Figure 7 Hardening layer 
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Figure 8 Metallographic figure of each workpiece, (a) no. 2 (b) no. 3 (c) no. 4 (d) no. 5 (e) no. 6 

  
(a)     (b) 

  
(c)     (d) 

 
(e) 

Using the measurement software of the metalloscope, the thicknesses of hardening layer 
of each workpiece are measured. Their variations are shown as Figure 9 and Figure 10. 
Table 5 Thickness results (HV 0.5 kg) 

No. 2 3 4 5 6 
Thickness (µm) 125 143 225 176 129 
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Figure 9 Thickness variation along with depth of cut (see online version for colours) 

 

Figure 10 Thickness variation along with pre-stress (see online version for colours) 

 

The variations of the thickness of hardening layer are the same as the variations of 
hardness. They all depend on the level of martensite phase transformation. With the 
increasing of ap, more materials are cut off and more energy is generated during the 
process. Higher temperature make more martensite comes into being. It shows that the 
bigger hardness and thicker hardening layer in macro. 

The thickness of each hardening layer has the same variation as the hardness. It is 
because the pre-stress has double effect on the formation of martensite in the process. 
When it is less than 100 MPa, the pre-stress promotes phase transformation. While it 
surpasses 100 MPa, the pre-stress restrains the formation of martensite. 

The pre-stress has two opposite effects in the situation. Material has plastic 
deformation in the stretch function of the pre-stress in the high temperature. According to 
the classical nucleation theory of martensite, lots of dislocation in the plastic deformation 
contributes to the phase transformation (Olson and Cohen, 1976). The phenomenon is 
strain-inducing-phase-changing. And the other parent-phase-hardening due to the plastic 



   

 

   

   
 

   

   

 

   

   64 X. Shi et al.    
 

    
 
 

   

   
 

   

   

 

   

       
 

deformation in the grinding area has the hindering effect to the phase transformation (Xiu 
et al., 2009; Dominguez and Sevostianov, 2011). The comprehensive effect of the two 
factors is the actual result in the PSHG. When the pre-stress is less than 100 MPa, the 
former plays a leading role. And when it surpasses 100 MPa, the latter plays a leading 
role. 

7 Measurement and variation rules of residual stress 

The measurement of residual stress used hole drilling method. ASM2-3-X knob detector 
was used here. It pastes strain gage on the surface of specimen and drills the centre of 
strain gage. After the residual stress is released, the strain changing can be tested by the 
detector. Based on its calculation, the residual stress of surface is measured. The detector 
and the measurement process are shown as Figure 11 and Figure 12. 

Figure 11 The asm2-3-x knob detector (see online version for colours) 

 

Figure 12 The measurement process of residual stress (see online version for colours) 
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The measurement results are shown as Table 6. Residual stress variation with the  
pre-stress is shown as Figure 13. 
Table 6 Results of residual stress 

No. 1 2 3 4 5 6 
Compressive residual stress (MPa) 461.9 682.1 467.7 409.6 696.1 278.6 

Figure 13 Residual stress variation with the pre-stress (see online version for colours) 

 

It can be seen the compressive residual stress increases with the increasing of pre-stress. 
This is because the surface layer has plastic deformation due to the impact of abrasive 
grains and grinding heat which cannot restore. But the inner layer just has elastic 
deformation due to the pre-stress and it can restore after pre-stress is unloaded. Then the 
constraint effect to the surface will cause compressive residual stress within it to 
counteract the tensile residual stress which is caused by heating effect (Choi, 2009; 
Duscha et al., 2011). At last, its comprehensive result shows a compressive residual 
stress. And the larger pre-stress is the more obvious stretching effect it is and the bigger 
compressive residual stress it is. 

8 Comparison between GH and PSHG 

The pre-stress of no. 6 specimen is zero and it can represent the GH. The other groups of 
specimen all have different pre-stress. They belong to the PSHG. 

The residual stresses of GH and PSHG are compared. It can be seen that the 
compressive residual stress of PSHG is larger than GH. The reason is the same as the one 
that is shown in the variation with the pre-stress. The increasing of compressive residual 
stress by PSHG benefits for the anti-fatigue property. 

The hardness and microstructure of GH and PSHG are compared. It can be seen that 
the hardening effect of PSHG is larger than GH, because the pre-stress can add extra 
energy to the martensite transformation. The energy compensates the free energy that the 
phase transformation needs. 
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9 Conclusions 

1 The dislocation in the grinding area compensates the negative factors of cooling 
speed during GH, so the hardening effect is remarkable. 

2 In PSHG, the surface layer not only obtains hardening effect, but also shows larger 
compressive residual stress compared with GH. 

3 The parent-phase-hardening and strain-inducing-phase-changing due to applying  
pre-stress have comprehensive effect on the martensitic phase transformation in the 
grinding process. The characteristic of microstructure in hardening layer can be 
controlled by applying different pre-stress in PSHG. 

4 The pre-stress in the PSHG promotes the hardening effect compared with GH. 
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