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ABSTRACT 

 

Friction Stir processing (FSP) is a newly developed method 

derived from friction stir welding process in which a groove or 

hole was made in the matrix material and reinforcement 

particles are dispersed using a rotating tool with pin and 

shoulder. In this manner surface composites are prepared.  

Better surface property of the material is very important to 

achieve longer life of mechanical components. Surface 

composites are suitable materials for engineering applications 

encountering surface interactions. Friction stir processing (FSP) 

is emerging as a capable technique for making surface 

composites. FSP can improve surface properties such as 

abrasion resistance, hardness, strength, ductility, corrosion 

resistance, fatigue life without affecting the mechanical 

properties of the material. Initially, FSP was used for making 

surface composites in magnesium and aluminum based alloys. 

Now a day’s titanium and steel based alloys surface composites 

have also been prepared. 

The present review offers a comprehensive understanding of 

friction stir processed surface composites. This paper gives the 

information on the various matrix material and reinforcement  

particles used. Micro hardness using Vickers hardness testing 

technique, tool material used and effect of parameters like tool 

rotational speed, traverse speed, shoulder diameter and pin 

profile were studied. Important suggestions for the new 

researchers to produce proficient surface composites that are 

helpful for practical applications of friction stir processing. 

1. INTRODUCTION 

Friction-stir processing (FSP) is an rising surface-engineering 

technology that can locally refine microstructures and eliminate 

casting defects, thereby improving ductility and strength, 

increase resistance to corrosion and fatigue and improve other 

properties.  

The technology involves plunging a rotating, non-consumable 

tool, comprising a profiled pin and larger diameter shoulder, 

into the surface and then traversing the tool across the surface. 

Frictional heating and extreme deformation occurs causing 

plasticised material (constrained by the shoulder) to flow 

around the tool and consolidate in the tool’s wake. FSP zones 

can be produced to depths of 0.5 to 50mm, with a gradual 

transition from a fine-grained, thermodynamically worked, 

microstructure to the underlying original microstructure. 

A schematic illustration of FSP is shown in Figure 1. 

To friction process a location within a sheet or plate, a 

particularly designed cylindrical tool is rotated and plunged 

into the chosen area. The tool has a small diameter pin with a 

concentric larger diameter shoulder. When descended to the 

part, the rotating pin contacts the surface and friction rapidly 

heats and softens a small column of metal. The tool length and 

shoulder of entry probe control the penetration depth. 

When the shoulder contacts the metal surface, its rotation 

creates additional frictional heat and plasticizes a larger 

cylindrical metal column around the inserted pin. The shoulder 

provides a forging force that contains the upward metal flow 

caused by the tool pin. During FSP, the area to be processed 
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and the tool are moved relative to each other such that the tool 

traverses, with overlapping passes, until the entire selected area 

is processed to a fine grain size. The rotating tool provides a 

frequent hot working action, plasticizing metal within a narrow 

zone, while transporting metal from the leading face of the pin 

to its trailing edge. The processed zone cools, without 

solidification, as there is no liquid, forming a defect-free 

recrystallized, fine grain microstructure. Essentially, FSP is a 

local thermo mechanical metal working process that changes 

the local properties without influencing properties in the 

remainder of the structure [2]. 

  

 

 

Figure 01: Schematic illustration of friction stir processing: a) rotating tool prior to contact with the plate; b) tool pin makes 

contact with the plate, creating heat; c) shoulder makes contact, restricting further penetration while expanding the hot zone; 

and d) plate moves relative to the rotating tool, creating a fully recrystallized, fine grain microstructure. e) Schematic 

illustration of FSP technique. 

 

 

1.1 PROCESS VARIABLES INVOLVE IN FSP  

These fall into three categories of machine variables, tool 

design variables and material properties (Figure 2). The 

mechanical properties of base materials are important in 

selecting process variables. High heat input is required for high 

melting point materials like steel, copper alloys, titanium alloys 

etc. it was observed that  ductility, yield strength (YS) and 

hardness of base material are important mechanical properties 

that control plastic deformation during FSW. In aluminum 

alloys with different mechanical properties, it was found that 

the material with lower YS, lower hardness and higher ductility 

can be processed easier than those with higher YS, higher 

hardness and lower ductility. Thermal properties of material 

govern the peak temperature during processing. In high thermal 

conductivity materials, more heat input is required to obtain 

defect free processing [2]. 
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Figure 02: Classification of FSP Process Variables [2]. 

The high thermal conductivity of material would allow more 

heat loss by conduction. To influence thermal properties a 

backing plate beneath the work-piece was used in FSW . 

Various tool probe geometries like square, triangular, threaded, 

cylindrical, conical etc. have been adopted for surface 

composite fabrication (Figure 3). Threaded cylindrical, square 

and triangular probe profiles have been used more widely. The 

probe outer surfaces can also have different shapes and features 

including threads, flats or flutes. Thread less probes are suitable 

for processing of harder alloys or metal matrix composites as 

the threaded features can be easily worn away. 

 

Figure 03: The tool Probe geometry of commonly used tools 

in FSP (a)conical round bottom probe (b)columnar probe 

(c)threaded columnar probe  (d)threaded columnar probe 

with flutes  (e) triangular probe  (f) square probe [2]. 

 

                

2. LITERATURE SURVEY ON EXPERIMENTAL 

DETAILS 

 

H. G. Rana et al fabricated the friction stir proceed surface 

composite. The dimensions of base plate Al7075 were 6.5 mm 

thick with 100 mm length and width. A groove of 1.2x2.5x100 

mm was made on the base plate for reinforcement using a 

shaper machine.  B4C was filled in the groove with size 12-15μ 

m. A pin less tool is used to close the groove cavity and pin 

having a taper cylindrical profile were used for stirring passes. 

Tool tilt angle of 300 and traverse speed of tool is varied by 

keeping tool rotational speed constant at 545 rpm [3]. 

H.Eskandari.et al. stated that Al alloy as a matrix TiB2, Al2O3 

Nano particles as reinforcement were used for producing high 

wear resistance, high specific strength and high elastic modulus 

surface composites. 8026 Al alloy plate with 5 mm thickness 

and mixtures of TiB2 with an average size of 5μm and Al2O3 

powder particles size of 70 nm were used. Shoulder and Pin 

type tool was used with length and diameter of pin equal to 5 

mm and diameter of the tool shoulder as 18 mm. The material 

of the tool was H13 tool steel with 52RC hardness. A groove 

was made with dimensions, depth 4.2 mm and 1.2 mm width 

[4]. Asadi et al fabricated SiC/AZ91 composite. It was observed 

that an increase in rotational speed leads to an increase in grain 

size while increase in traverse speeds leads to a decrease in 

grain size. It was found that increasing traverse speed leads to a 

decrease in the time of exposure to the process heat [5]. 

 Asadi et al observed that Material flow in SZ (stir zone) 

enhances with increase in rotational speed. As the rotational 

speed increases, the alumina particle cluster size in the 

Al2O3/AZ31 surface composite also decreased [6]. Asadi et al. 

(2012) observed the role of tool direction microstructure and 

mechanical properties of FSPed AZ91. Results showed that a 

more homogeneous microstructure can be obtained by changing 

rotational direction (RD) of tool. Reversing the RD decreases 

the difference between the advancing side (AS) and the 
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retreading side (RS) hardness values as the micro structural 

homogeneity is increased. [7].  

Akash Gupta et al. gave the effect of tool profiles such as  

truncated and cylindrical probe tool to analyze the defects 

produced at two different feed rates 50 mm/min and 40 

mm/min. it was observed  that the defects produced by 

truncated tool profile are lesser than cylindrical tool profile. 

Friction stir processing was done on AZ31 Magnesium alloy 

which has very good strength to weight ratio. The tool material 

used was H13 with shoulder diameter 18 mm pin diameter 6 

mm and pin length 5.36 mm. A constant tilt angle of 1.80 was 

given for effective stirring action of the tool and avoids rubbing 

action of leading edge of shoulder [8].  

Ranjit Bauri et al. fabricated a surface composite. Al 5083 alloy 

as a matrix material and Ni particles with average particle size 

of 70 μm as reinforcement was used. They made a groove of 1 

mm wide and 2 mm depth with 50 mm length on the plate on 

which Ni particles were filled. The tool used was made up of 

hardened steel with pin length 3.5 mm, pin diameter 5 mm and 

shoulder diameter 15 mm. [9]. R. Ramesh et al. found that the 

average hardness of friction stir processed surface composite 

which was 62% higher compared to the base metal of Al7075-

T651. Al7075-T651 was used as matrix and B4C particles as 

reinforcement. The improvement in hardness is due to 

uniformly distributed B4C particles. A groove of 

0.5x2.5x100mm was made on the plate. The tool used was 

made up of high carbon chromium steel with cylindrical profile 

surface [10]. Narayana Yuvaraj . et. al. Fabricated Al5083/B4C 

surface composite by friction stir processing .Micro and nano 

sized B4C particles were used as reinforcements. Mechanical 

properties were evaluated through microhardness and universal 

tensile tests. They also studied Effect of process parameters on 

the microhardness. In the investigation, rotational speed (600, 

1000 & 1400 rpm) and transverse speed (40 & 90 mm/min) 

were taken. The surface composite processed at rotational 

speed 1000 rpm combined with traverse speed 40 mm/min 

exhibited improved hardness and wear resistance [11].  

Narayana Yuvaraj fabricated the surface composite with 

inserting different volume % of ZrO2 reinforcement particles in 

the Aluminum 6082 alloy by Friction stir processing (FSP) 

method. The hardness of fabricated surface composites and 

base alloy were investigated. The higher volume content of 

reinforcement surface revealed higher hardness and higher wear 

resistance compared to the lower volume content reinforcement 

surface and base material[12]. 

Table 1: Successful Combination of Rotational and 

Traverse Speed for Surface Composite Fabrication. 

 

Surface 

Composite 

Rotational 

Speed 

(Rpm) 

Traverse 

Speed  

 

(Mm/Min.) 

Ref. 

(SiC+MoS2)/A356 1600 50 Alidokht et al. (2011) [14] 

SiC/AZ91 900 63 Asadi et al. (2010) [5] 

Al2O3/AZ31 800 45 Azizieh et al. (2011)  [15] 

SiC/Cu 900 40 Barmouz et al. (2011a) [16] 

Nano-

clay/Polymer 
900 160 Barmouz et al. (2011c)  [17] 

TiC/Al 1000 60 Bauri et al. (2011)  [18] 

Al2O3/AZ91 1600 31.5 Faraji et al. (2011)  [19] 

HA/Ti-6Al-4V 250 16 Farnoush et al. (2013) [20] 

SiO2/AZ91   1250 63 Khayyamin et al.(2013)  [21] 

SiC/AA1050  1000  15  Kurt et al. (2011)  [22] 

MWCNT/AA1016  950  30  Q. Liu et al. (2013)  [23] 

B4C/Cu  1000  40 
Sathiskumar et al. (2013) 

[24] 

Al2O3/AA2024  800  25 
Zahmatkesh and Enayati 

(2010) [25] 

Al2O3/AA6082   1000 135 
Shafiei-Zarghani et al. (2009) 

[13] 

Cu/AA5083  750 25 Zohoor et al. (2012) [10] 
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3. REVIEW AND DISCUSSION 

 

It was observed that an increase of 40-70% hardness compared 

to the parent metal using Vickers hardness tester at 300 gm load 

with 10 seconds of dwell time. They found that the hardness 

was reduced due to reduction in stirring times and increase in 

traverse speed [3]. 

It was stated that the hardness of base metal is about 85HV, 

after reinforcing TiB2 and Al2O3 particles on surface hardness 

was found to be 175HV. With increase in tool rotational speed 

and decrease in traverse speed the hardness was reduced. 

Increasing the number of passes improved the hardness [4].  

It was investigated that the Al2O3 cluster size in surface 

composite decreased to about 500 nm after six passes of FSP as 

compared to cluster size of 7 m after one pass of FSP. The UTS 

of the composite after eight passes increased to244 MPa, as 

compared to 128 MPa of as received alloy [6].  

Asadi et al. showed that the formation of oxides occur on  the 

surface of AZ91 during FSP and these oxides dispersed into SZ 

after subsequent passes. This is due to water coolant used [7].  

R. Ramesh et al. stated due to fine dispersion of B4C particles 

the hardness has increased 1.5 times that of the base metal [10]. 

N. yuvraj et. al found that Al–B4C nano reinforced composite 

revealed the highest hardness and tensile strength. However it 

had lower ductility found when compared to Al–TiC and Al–

B4C/TiC nano reinforced composites. The microhardness value 

for Al–TiC, Al–B4C/TiC and Al–B4C surface composites were 

about 118 ± 1 Hv, 124 ± 2 Hv and 127 ± 2 Hv respectively 

while that for sample FSPed without particle and base material 

where about 107 ± 5 Hv and 83 ± 1 Hv respectively[11].  

 

 

Figure 04: The effect of reinforcement particles on the  

                   microhardness and wear rate at a sliding load of  

                   60 N [11] 

 

N Yuvraj observed the effects of different volume percentage of 

ceramic particles on hardness and wear properties of composite. 

The ZrO2 particles were act as a strengthening element in the 

Aluminum matrix composite. The composite specimens 

contain15% ZrO2 particles has higher hardness value of 110Hv 

due to uniform distribution of reinforcement particles in the 

matrix and refinement of the grain size [12]. 

 

Fig. 5: Effect of ZrO2 (Vol. %) content on microhardness of     

           Al6082 / ZrO2 surface composite [12] 
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4. CONCLUSION AND FUTURE DIRECTIONS 

Literature reveals wide application, Importance and potential of 

FSP. The following points can be concluded. 

1. Adding nano particles of B4C in the matrix of Al alloy 

gives excellent tensile strength and increased 

microhardness 1.5 times, but ductility reduced 

significantly. The improvement in hardness is due to 

uniformly distributed B4C particles. 

 

2. It can be concluded that increase in traverse speeds 

leads to a decrease in grain size while an increase in 

rotational speed leads to an increase in grain size. 

 

3. It was found that the hardness was reduced due to 

increase in traverse speed, reduction in stirring times 

and increase in tool rotational speed. Increasing the 

number of passes also  improve the hardness 

 

4. It was observed that adding different reinforced 

material into a matrix of Al alloy affect mechanical 

properties. Adding SiC particles enhance UTS and 

hardness with less compromising ductility while 

adding micro particles of Al2O3 gives better 

mechanical properties but reduces ductility. Adding 

Mo particle or Stainless steel particle retained ductility 

with increase in UTS and hardness. 

 

5. Friction stir processing eliminates many of the defects 

like porosity and microstructural defects. It was also 

found   that the defects produced by truncated tool 

profile are lesser than cylindrical tool profile. 
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