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Abstract—Friction  Stir  Processing (FSP) is a solid state 

process to modify the microstructure of the metals. FSP was 

carried out on the high strength aluminum alloy to 

investigate the defects such as cavitation. Temperature 

profiles were recorded to evaluate the maximum 

temperature during FSP. Macro and Microstructure 

examination was performed after FSP using optical 

microscopy. Cavitation was observed in all FSP samples at 

different locations and amount within the processing zone. 

High heat input samples reported more cavitation volume 

compared to low heat input sample. Pin geometry was found 

the governing factor for material flow and consequently the 

level of the cavitation during FSP. 

 

Index Terms—aluminum, cavitation, friction, parameters, 

process, stir 

 

I. INTRODUCTION 

Friction stir processing has gained popularity in 

material processing industries due to its solid state nature. 

FSP consists of the non-consumable rotating tool, which 

is inserted in workpiece to modify the microstructure for 

specific property enhancement [1]. Fig. 1 shows the 

schematic of the FSP. FSP tool possesses geometry in 

form of shoulder and pin as shown in Fig. 1. During FSP 

the heat is generated due to plastic and frictional 

deformation of workpiece by tool. The temperature of the 

process is always remain below the melting point of the 

workpiece material. Tool pin and shoulder geometry are 

responsible for plastic and friction deformation 

respectively. This intense plastic and friction deformation 

of the workpiece results in a stirred zone (SZ) with a fully 

recrystallized, equiaxed and fine grain microstructure [2]-

[6]. The pin is responsible for the generation of the SZ 

and the shoulder generates the thermo mechanically 

affected zone (TMAZ) near to the SZ [7]. 

 

Figure 1. Schematic illustration of friction stir processing [8] 
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Fine grain microstructure is a preliminary requirement 

to obtain the superplasticity behavior.  Superplasticity is 

an ability of metallic material to achieve more than 

200 % uniform elongation before fracture takes place. 

Superplastic material offers designer to design complex 

geometry which can be formed without need of any joint. 

7075 (Al-Zn-Mg-Cu) alloy possesses the highest strength 

among all aluminum alloys. It is widely used in the 

aerospace industries due to its good mechanical 

properties such as strength, hardness and fracture 

toughness. Welding of 7075Al alloy is difficult because 

of its poor joint strength [9]. Hence, by achieving 

superplasticity in 7075Al using FSP eliminates need of 

the joint to manufacture unitized structure [10]. 

Researchers have reported superplastic behavior in 

different aluminum alloys through fine grain 

microstructure using FSP [8], [11]-[16]. The SZ of 

friction stir processed material consists of the fine grain 

structure. The characteristics of SZ depend on the pin 

geometry and the process parameters such as tool rotation 

and traverse speed during FSP. Cavitation in the SZ is 

considered as prominent defect which hinders the 

superplastic behavior of friction stir processed material 

even though having fine grain microstructure. The aim of 

the present investigation is to find the effects of process 

parameters on cavitation during FSP of 7075Al.   

II. MATERIALS AND METHODS 

Aluminium 7075 plate of 100 mm long, 100 mm wide 

and 6.5 mm thick was processed by using heat treated 

tool of tool steel material. Chemical composition of AA 

7075 is mentioned in Table I. Tool geometry comprise 

shoulder diameter of 20 mm, pin length of 6 mm having 

tapered threaded cylindrical pin of top diameter 6 mm 

and bottom diameter 3 mm as shown in Fig. 2(a). Contact 

type thermocouple was used by drilling 1 mm hole at 

center and distance of 3 mm from the processed region to 

measure the temperature on advancing side (AS) as well 

as Retreating Side (RS) as shown in Fig. 2(b). The fixture 

of stainless steel was used to prevent deflection of the 

workpiece during FSP. Three samples were prepared at 

different process parameters as shown in Table II. Tool 

tilt angle was maintained at 2
0
 for all the samples. 

Transverse cross section of processed samples were cut to 

prepare specimens for microstructure study. FSP samples 

were cut, ground and polished for optical microscopy. 
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Keller’s etchant was used to reveal the grain structure of 

the FSP samples for optical microscopy. 

TABLE I. CHEMICAL COMPOSITION OF AA 7075 

Elements Percentage (wt%) 

Al 87.1 -91..4 

Zn 5.1 - 6.1 
Mg 2.1 -2.9 

Cu 1.2 -  2 

Cr 0.18 -0.28 
Mn Max 0.3 

Si Max 0.4 

Fe Max 0.5 

 

        
(a)                                                (b) 

Figure 2. (a) FSP tool M2 Tool steel (b) Friction stir processed sample 
showing thermocouple embedded in plate at centre. 

TABLE II. FSP PROCESS PARAMETERES 

Sample 

ID 

Tool rotation speed, 

rpm 

Traverse speed, 

mm/min 

Tp 

S1 1070 31.5 367 

S2 1070 50 308 

S3 1070 78 222 

Tp = Peak temperature, ℃ 

III. RESULTS AND DISCUSSION 

A. Temperature History 

 
(a) 

 
(b) 

Figure 3. temperature distribution of FSP samples on: (a) advancing 
side, (b) reteatind side 

Fig. 3 shows temperature distribution on AS and RS, 

which was recorded close to the SZ of all samples.  The 

temperature profiles for as and RS observed almost 

similar. But slightly higher temperature was observed at 

RS for all samples due to asymmetric temperature 

gradient around the pin [17]. Sample S1 hiving the lower 

traverse speed obtained the highest temperature and the 

sample S3 with lower traverse speed attained the 

minimum temperature. The main reason behind this trend 

is that low traverse speed allows the more interaction of 

tool and work during the process, which results into more 

heat generation. 

 

Figure 4. Surface appearance of the FSP samples 

B. Microstructure Observations 

Fig. 4 represents the surface appearance of all three 

FSP samples. No surface defects such as surface tunnel 

was observed on the FSP samples. Surface defects occur 

due to lack of heat input during the process. That means 
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the process parameters opted for the sample S1, S2, and 

S3 have generated sufficient heat during the FSP as 

shown in Table II. The peak temperature found of 367, 

308 and 222℃ for sample S1, S2 and S3 respectively. 

The traverse speed selected of 31.5, 50 and 78 mm/min 

for sample S1, S2 and S3 respectively. Traverse speed 

affects the thermal cycle of the process. High traverse 

speed offers the less heat input and vice versa. Hence, 

maximum temperature recorded for sample S1 having 

low traverse speed among all three FSP samples.  

 

Figure 5. Optical Microstructure of FSP sample S1 

Fig. 5, Fig. 6 and Fig. 7 show the fine recrystallized 

grains in the SZ of all samples after FSP. These fine grain 

microstructures are mainly due to the dynamic 

recrystallization [18]. The dynamic recrystallization is 

generated because of intense plastic deformation and 

friction heat during the process, which results into low 

dislocation density fine grain microstructure [19]. The SZ 

reflects the stirring and mixing of the material by the tool 

pin. The macro and microstructure observations of 

sample S1 are shown in Fig. 5. The cavitation was found 

at the root side of TMAZ/SZ interface. Optical 

micrographs confirmed the presence of the cavitation. 

The heat generation for sample S1 found the highest 

among the all samples. The SZ was observed free from 

the defects like cavitation except interface. The cavitation 

at the interface on root side may have occurred because 

of the improper material flow around the pin. The root 

side cavitation may also have generated because of the 

pin geometry. As tool pin is conical means the material 

swept by the pin near the shoulder is larger and at the tip 

is smaller. Hence, volume of the material flow around the 

tool pin is not constant throughout the pin length, which 

can be easily seen in the macro structure of Sample S1.  

 

Figure 6. Optical Microstructure of FSP sample S2 

 

Figure 7. Optical Microstructure of FSP sample S3 
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Fig. 6 represents the macro and microstructure of the 

sample S2. The cavitation has observed at the middle of 

the SZ/TMAZ interface. The SZ possessed the same 

microstructure behavior like sample S1. The cavitation 

has occurred probably due to the difference in the 

material flow around the pin. The little cavitation 

observed in the sample S3 as shown in the Fig. 7. For 

sample S3 the SZ has characterized by the fine grain 

microstructure and no other defects were found within 

this zone. Sample S3 was produced at the higher traverse 

speed and hence the peak temperature of the process 

found the lowest one among all samples. The lowest 

temperature of the process would have inhibited the grain 

growth after the heat generation. During the grain growth 

the grains becomes coarsen and the cavity formation 

becomes prominent. Hence, inhibited grain growth has 

resulted into the little cavitation for sample S3.  

IV. CONCLUSIONS 

From the present investigation following points can be 

concluded: 

(1) Cavitation is a prominent defect in the FSP due 

to inappropriate selection of the process 

parameters such as tool rotation speed, traverse 

speed and tool tilt.  

(2) Location of the cavitation was found at the 

interfaces of the TMAZ and SZ.  That indicates 

the inadequate flow of the material during the 

FSP. 

(3) The level of the cavitation is dependent on the 

process parameters during FSP. Low heat input 

samples generated little cavitation because of 

the low thermal cycle as well as lesser grain 

growth.  

(4) Tool pin geometry also plays a major role in the 

generation of cavitation during FSP. 

ACKNOWLEDGMENT 

The authors wish to thank the RESPOND project 

(ISRO/RES/4/567/09-10) of ISRO for the machine 

facilities under this project. Authors are also thankful to 

ICITM 2016 committee members, reviewer for 

considering this research work for publication. 

REFERENCES 

[1] R. S. Mishra, P. S. De, and N. Kumar, Friction Stir Processing: 

Springer, 2014. 
[2] R. S. Mishra and M. W. Mahoney, “Friction stir processing: a new 

grain refinement technique to achieve high strain rate 

superplasticity in commercial alloys,” Materials Science Forum, 
vol. 357, pp. 507-514, 2001. 

[3] I. Charit and R. S. Mishra, “High strain rate superplasticity in a 
commercial 2024 Al alloy via friction stir processing,” Materials 

Science and Engineering: A, vol. 359, pp. 290-296, 2003. 

[4] R. A. Behnagh, M. B. Givi, and M. Akbari, “Mechanical 
properties, corrosion resistance, and microstructural changes 

during friction stir processing of 5083 aluminum rolled plates,” 
Materials and Manufacturing Processes, vol. 27, pp. 636-640, 

2012. 

[5] V. V. Patel, V. J. Badheka, and A. Kumar, “Effect of velocity 
index on grain size of friction stir processed Al-Zn-Mg-Cu Alloy,” 

Procedia Technology, vol. 23, pp. 537-542, 2016. 

[6] V. V. Patel, D. J. Sejani, N. J. Patel, J. J. Vora, B. J. Gadhvi, N. R. 
Padodara, et al., “Effect of tool rotation speed on friction stir spot 

welded AA5052-H32 and AA6082-T6 dissimilar aluminum 

alloys,” Metallography, Microstructure, and Analysis, vol. 5, pp. 
142-148, 2016. 

[7] V. Patel, V. Badheka, and A. Kumar, “Influence of pin profile on 
the tool plunge stage in friction stir  processing of Al–Zn–Mg–Cu 

alloy,” Transactions of the Indian Institute of Metals, 2016. 

[8] V. Patel, V. Badheka, and A. Kumar, “Influence of friction stir 
processed parameters on superplasticity of Al-Zn-Mg-Cu Alloy,” 

Materials and Manufacturing Processes, 2015. 
[9] V. Balasubramanian, V. Ravisankar, and G. M. Reddy, “Effect of 

postweld aging treatment on fatigue behavior of pulsed current 

welded AA7075 aluminum alloy joints,” Journal of Materials 
Engineering and Performance, vol. 17, pp. 224-233, 2008. 

[10] V. V. Patel, V. Badheka, and A. Kumar, “Friction stir processing 
as a novel technique to achieve superplasticity in aluminum alloys: 

Process variables, variants, and applications,” Metallography, 

Microstructure, and Analysis, pp. 1-16, 2016. 
[11] K. Wang, F. Liu, P. Xue, B. Xiao, and Z. Ma, “Effects of heating 

rates on microstructure and superplastic behavior of friction stir 
processed 7075 aluminum alloy,” Journal of Materials Science, 

vol. 50, pp. 1006-1015, 2015. 

[12] K. Wang, F. Liu, Z. Ma, and F. Zhang, “Realization of 
exceptionally high elongation at high strain rate in a friction stir 

processed Al–Zn–Mg–Cu alloy with the presence of liquid phase,” 
Scripta Materialia, vol. 64, pp. 572-575, 2011. 

[13] Z. Ma, R. S. Mishra, and F. Liu, “Superplastic behavior of micro-

regions in two-pass friction stir processed 7075Al alloy,” 
Materials Science and Engineering: A, vol. 505, pp. 70-78, 2009. 

[14] F. Liu and Z. Ma, “Achieving high strain rate superplasticity in 
cast 7075Al alloy via friction stir processing,” Journal of 

Materials Science, vol. 44, pp. 2647-2655, 2009. 

[15] F. Liu and Z. Ma, “Low-temperature superplasticity of friction stir 
processed Al–Zn–Mg–Cu alloy,” Scripta Materialia, vol. 58, pp. 

667-670, 2008. 
[16] L. Johannes and R. Mishra, “Multiple passes of friction stir 

processing for the creation of superplastic 7075 aluminum,” 

Materials Science and Engineering: A, vol. 464, pp. 255-260, 
2007. 

[17] J. E. Gould and Z. Feng, “Heat flow model for friction stir 
welding of aluminum alloys,” Journal of Materials Processing 

and Manufacturing Science, pp. 185-194, 1998. 

[18] J. Q. Su, T. W. Nelson, and C. J. Sterling, “Microstructure 
evolution during FSW/FSP of high strength aluminum alloys,” 

Materials Science and Engineering: A, vol. 405, pp. 277-286, 
2005. 

[19] A. Rao, B. Rao, V. Deshmukh, A. Shah, and B. Kashyap, 

“Microstructural refinement of a cast hypereutectic Al–30Si alloy 
by friction stir processing,” Materials Letters, vol. 63, pp. 2628-

2630, 2009. 

 

Mr. Vivek Patel has completed his B. E. 

degree in Mechanical Engineering from 
Nirma Institute of Technology, Gujarat 

University, 2004. He did his M.E. in 
Production Engineering (Gold Medalist) from 

LDRP-ITR Gandhinagar, GTU, 2012. He is 

currently pursuing Ph.D. from Pandit 
Deendayal Petroleum University (PDPU), 

Gandhinagar.

 

Presently he is working as a lecturer and 

pursuing PhD. in School of Technology, Pandit Deendayal Petroleum 

University since January 2014. Mr. Vivek has 7 years of academic and 1 
year of industrial experience. 

 

Area of research: Friction stir welding and processing of aluminum 
alloys. Currently, working in the field of Friction stir processing for 

grain refinement and consequently superplasticity enhancement for high 

strength aluminum alloy. Future work involves for fabrication of surface 
composites using friction stir processing and friction stir surfacing for 

improving tribological properties. 

 

 

 

International Journal of Mechanical Engineering and Robotics Research Vol. 5, No. 4, October 2016

320© 2016 Int. J. Mech. Eng. Rob. Res.



Dr. Vishvesh J. Badheka has completed his 
Ph.D. (Metallurgical Engineering, Faculty of 

Technology and Engineering,), 2007; M.E 

(Industrial Metallurgy, Faculty of Technology 
and Engineering, ), 2002; B.E. (Metallurgical 

Engineering , Faculty of Technology and 
Engineering, ), 2000. Presently he is working 

as Associate Professor at Mechanical 

Engineering department, Pandit Deendayal 
Petroleum University.  

Area of research: FSW of dissimilar materials, FSP composites, FSP 
superplasticity, A-TIG welding, GTAW, GMAW.  

 

 

 

 

 

 

 

 

Dr. Abhishek Kumar has completed his 
Ph.D. (Manufacturing, BITS Pilani), 2012; 

M.E (Mechanical, Bits Pilani), 2003; B.E. 

(Mechanical, Bit, Ranchi), 1996. Presently he 
is working as Assistant Professor at Industrial 

Engineering department, Pandit Deendayal 
Petroleum University. 

Area of research: FSP, Electro chemical 

machining. 
 

 
 

 

 
 

 
 

 

 

 
 

International Journal of Mechanical Engineering and Robotics Research Vol. 5, No. 4, October 2016

321© 2016 Int. J. Mech. Eng. Rob. Res.




