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Abstract 

In this study the novel surface enhancement technology named friction stir burnishing 

(FSB) is applied to 0.45% carbon steel. The FSB process can be conducted using the 

conventional machine tool which has the tool spindle such as a machining center and 

a multi-tasking machine. Then, the FSB process can be applied just after the cutting 

process on the same machine tool. As a result of FSB process, very hard layer (600 

HV) or high compressive residual stress (-800 MPa) were achieved depending on the 

processing conditions.  

 

1. Introduction  

The surface property is important in the fabrication of the micro mechanical parts. 

Therefore, surface enhancement technologies such as a shot peening or an induction 

hardening are often used to improve abrasion resistance and fatigue strength.  This 

study describes the novel surface enhancement technology named friction stir 

burnishing (FSB). In this FSB process, the burnishing tool rubs on the objective 

surface with high rotating speed over 10 000 min-1, then the tool tip stirs within the 

very thin surface layer with extremely large strain under high strain rate and the 

temperature increases as shown in Fig. 1 [1][2]. The effect of large strain is so drastic 

that some special features can be given on the surface layer.  
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Figure 1: Schematic of frictional stir burnishing 
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The FSB process can be employed on the machine tool which uses the rotation tools 

such as a machining centre and a multi-tasking machine. Therefore, the FSB process 

can be applied just after the cutting process on the same machine tool. In addition, the 

proposed frictional stir burnishing is rather easy to apply to any shape. The FSB is 

applied to the shaft materials of 0.45%C steel by using a multi-tasking machine in 

this paper. The objective of this study is to clarify effect of the FSB process for 

surface property, especially on surface hardness and residual stress. 

 

2. Experiment and discussion 

Figure 2 shows the FSB tool assembly. A burnishing pin made of cemented carbide 

was attached at the end of the tool top. A spring is inserted into the tool shank to 

control and stabilize the axial force of the pin to the processing surface. The 

experimental setup is shown in Figure 3. The FSB tool was mounted on the tool 

spindle of multi-tasking machine. And the cylindrical workpiece was mounted in the 

work spindle. High speed rotating tool moved to axial direction of the workpiece 

rotating at a low speed. Thus, the tool path became helical as shown in Fig. 4. The 

work piece material used was 0.45%C steel.  

After the process, surface roughness and residual stress was measured. Measurement 

directions were circumferential and axial direction of cylindrical workpiece. 

Subsurface microstructural analysis was also conducted using an optical microscope. 

Vickers microhardness measurements using a load of 2.49x10-3 N for 20 seconds 

were taken. 

The FSB process was applied with two different processing conditions. Residual 

stress and hardness distribution of cross section were compared under both conditions. 

In condition A1, thrust force P was 750 N and spindle speed S was 10 000 min-1. And 

in condition A2, thrust force P was 500N and spindle speed S was 1 000 min-1. In 

both cases, helical pitch p was 2 mm and feed rate f was 200 mm/min. 
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(a) External view          (b) Components 

Figure 2: Tool for frictional stir burnishing 
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The surface after the FSB process is shown in Figure 5. In condition A1 it can be seen 

that the color of the surface changed to bluish brown. This indicates that an oxide 

film covered the surface. In contrast, in condition A2 the processed surface has a 

metallic luster. And striations like circular arc can be seen on the surface.  

The photomicrograph of the etched micro structure on a cross-section of the 

processed surface layer is shown in Figure 6 and the micro-hardness distribution of a 

cross-section is shown in Figure 7. In condition A1, it can be seen that the appearance 

of the processed layer is significantly different from that of the base material of ferrite 

and pearlite. The hardness value of this enhanced layer reached over 600 Hv. On the 

FSB process, the surface temperature is increased over the austenite transformation 

temperature by the high strain and the frictional heat, after the process the surface 

temperature decreases rapidly. Therefore, it is likely that an enhanced region of 

martensite was formed. The thickness of hardened layer is approximately 500 µm. On 

the other hand, in condition A2, micro structure and hardness value of processed 

layer is almost same as base material. 

Residual stress of the processed surface is shown in Figure 8.  In condition A2 

compressive residual stress about -800 MPa was induced. In contrast, in condition A1 

tensile residual stress about 100 MPa was induced.  It means that it is difficult to 

satisfy both high hardness and compressive residual stress by a single process. Then 

the double helical paths were applied, the first path was done with high spindle speed 

10 000 min-1 and high thrust force 1000 N, and the second one was done with low 

spindle speed 1 000 min-1 and low thrust force 500 N. As a result, both high hardness 

(600 HV) and compressive residual stress (-400 MPa) were achieved as shown in 

Fig.8. Off course, surface roughness was also improved after the process. Then it was 
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Figure 3: Experimental setup                         Figure 4: Helical tool path        

321



Proceedings of the 14
th
 euspen International Conference – Dubrovnik – June 2014 

 

shown that the proposed frictional stir burnishing can enhance the metal surface of 

micro parts to improve its hardness and fatigue strength. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Conclusion: 

The frictional stir burnishing (FSB) was applied to the shaft materials of 0.45%C 

steel by using a multi-tasking machine. As a result of FSB process, very hard layer 

(600 HV) or high compressive residual stress (-800MPa) were achieved depending on 

the processing conditions. On the other hand, both high hardness (600 HV) and 

compressive residual stress could be realized with double helical path.  
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Figure 7: Hardness distribution      Figure 8: Residual stress  
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(a) Condition A1            (b) Condition A2 

Figure 6: Cross section of processed surface layer 
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(a) Condition A1            (b) Condition A2 

Figure 5: Processed surface 
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