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Abstract: Tool geometry plays a major role in the weld quality of friction stir welded aluminum alloys. Because 

of lap joint, tool geometry must be designed specifically according to the thickness of the weld specimen. 

Therefore, in the present work, the effect of tool geometry will be analyzed for mechanical properties of 

aluminum alloy 5083 weld lap joint. The result of this research shows that aluminum alloy 5083 can be joined by 

the friction stir welding (FSW) process, using a tapered cylindrical design pin tool with a variety of diameters 

(i.e 5mm ,6mm, 7mm, 8mm and 9mm) and a fix 20 mm shoulder made of H13 Steel with varying rotational 

speeds (910 RPM, 1280 RPM and 1700 RPM). The investigation results show the relationship between the tool 

geometry and the rotation speed effect on mechanical properties of the welded joint. 
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1. Introduction 

In FSW, a cylindrical shouldered tool with a profiled pin is rotated and plunged into the joint area between 
two pieces of sheet or plate material. Frictional heat between the wear resistant welding tool and the work pieces 

causes the latter to soften without reaching melting point [1,2,5,15], allowing the tool to traverse along the weld 

line. In lap joints, one must distinguish between the top and bottom members, since the former is in contact with 

the shoulder. The end of the pin must penetrate completely through the top member, and extend some distance 
into the bottom member. It is not required; however, that the pin ends pass very close to the bottom of the 

bottom member, since, in contrast to butt joints, there is no root closure to be concerned about [1]. 

 

 

 

 

 

 

 

 

                      

                                      

                         Fig. 1: FSW lap joint process                                                Fig. 2: Schematic figure of the tool 
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The tool for FSW is basically consist of 2 parts; the pin and the shoulder. The pin creates the frictional and 

deformational heat, thus soften the material. On the other hand, the shoulder is designed to produce heat to the 

surface and subsurface region of the specimen [5]. Figure 2 shows the parts of the tool.Tool geometry has a great 

influence on resulting mechanical properties of the weld. It provides in-situ heating, stirs base material, and thus 

creates weld [1]. In Friction Stir Welding Lap Joint, the major problem occurs in the process is the depth of 

penetration and the size of weld region. The length of the pin and size of pin tool must be accurate in order to 

give maximum penetration between top and bottom base material and also produce good quality of weld joint 

[5]. This experiment is done in order to find the suitable pin size to join 5 mm A5083 Aluminium plate in lap 

joint position. 

There are various types of tool shape in FSW process such as cylinder, tapered cylinder, triangle, rectangular, 

threaded or not threaded tool [1,9]. The shape of the tool is mainly affecting on the material flow and the weld 

region especially on heat affected zone and nugget zone [5,14]. The pin diameter is also play significant factor 

that affects the weld tensile strength and weld cross-sectional area; unsuitable diameter produce defect and low 

in strength [10].One of important parameter on heat generation in FSW process is direct proportion to the size of 

the shoulder. Greater shoulder diameter will reduce high heat input and pressure force [5,16]. It is found that the 

shoulder diameter equal to 4 times of welded specimen is suitable to produce a sound weld [3]. 

The welding parameter such as rotational speed and tranverse speed are the key factor of FSW process 

whereby the input of welding parameter influence the heat generation and the flow of plasticised material and 

furthermore effecting on microstructure and mechanical properties of the specimen. A study found that these two 

parameters must be chosen with care to ensure a successful and efficient welding cycle. The relationship 

between tansverse speed and rotational speed are complex but it can be said that with the increasing of rotational 

speed or decreasing of transverse speed will produce a hotter weld [23]. It is also found that an increase in weld 

speed (tranverse speed) greatly increase the tensile strength but increase in rotational speed will resulting 

decrease in tensile strength [6,14,22]. This is because increase in rotational speed will produce more heat input 

thus enlarge the thermo-mechanically affected zone (TMAZ) and heat affected zone (HAZ) resulting in low 

tensile strength. But this theory is also depends on the shape and size of the tool, where the tool shape greatly 

influenced the tensile properties and joint structure in which less shape and size of tool will need high rotational 

speed to sufficiently produce good heat generation [7,8,9].     

 

 

 

 

 

Fig. 3: Weld region 

A.Unaffected material. B. Heat affected zone (HAZ). C. Thermo-mechanically affected zone (TMAZ). D. Weld 

nugget (part of thermo-mechanically affected zone). 

The formation of weld region (see Fig. 3) is the result of the material flow from the action of the rotation of 

non-consumable tool. The material flow behavior is also mainly caused by the process parameters and the 

geometry of the rotating tool. The shape of the weld nugget and the TMAZ zone is only dependent on the shape 

and geometry of the welding tool and not on the welding parameter such as rotation speed or transverse speed 

[13].  

2. Experimental Procedure 

AISI H13 steel is used because of easy machinability, good elevated temperature strength and widely used 

for FSW in joining aluminium within thickness range of 0.5 to 50 mm [9,23]. AISI H13 steel is used in order to 

make 5 tool with variable of pin diameter; 5 mm, 6 mm, 7 mm , 8 mm and 9 mm. The tool is designed with 
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straight tapered cylindrical [7] with the pin height is 8 mm and fix diameter 20 mm [3] as shown in Figure 3. 

The chemical composition and mechanical properties of AISI H13 are given in Table 1 and 2 respectively. 

Based on tool design, experimental test were carried out according to the parameter that had been decided. The 

aluminium alloy 5083 plate thickness of 5 mm is used as specimen with specific dimension of 356 mm long and 

102 mm width.  

 

 

 

        

 

 

    

 

Fig. 3: Tool pin with varying pin size and profile used for this project. 

 

 

 
 

 

 
 

 

 

 
 

 

 
 

 

The experiment is carried out using universal milling machine Milko37 and with the special made fixture for 

Friction Stir Welding lap joint. The experimental setup is described in Figure 4 below. A cylindrical shouldered 
tool rotated at constant speed and plunge into the specimen for 30s. Then, it’s moved at a constant transverse 

speed along joint line between two Aluminium plate which is butted together. The frictional heat is generated 

betweem wear resistant tool shoulder, pin and surface of the specimen. The heat then soften the material using 
the concept of mechanical mixing process and heat within the material without reaching to the material melting 

point [21]. 

 

 

 

 

 

   Content (%) 

Chromium, Cr 4.75-5.50 

Molybdenum, Mo 1.10-1.75 

Silicon, Si 0.8-1.2 

Vanadium, V 0.8-1.2 

Carbon, C 0.32-0.45 

Nickel, Ni 0.3 

Copper, Cu 0.25 

Manganese, Mn 0.2-0.5 

Phosphorus, P 0.03 

Sulfur, S 0.03 

Properties Content (%) 

Ultimate Tensile 

Strength (@200c) 

1200-1590 MPa 

Yield Strength 

(@200c) 

1000-1380 MPa 

Reduction of 

Area (@200c) 

50% 

Modulus of 

Elasticity 

(@200c) 

31200 ksi 

Poisson’s Ratio 0.27-0.3 

      TABLE 1: Material Composition H13              TABLE 2: Mechanical properties H13 
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The welding parameters used for this experiment are 3º of tilt angle with fix transverse speed of 16 mm/min 

and variable in rotational speed; 910 rpm, 1280 rpm and 1700 rpm.  After the experiment test is done, the 

welding sample for each parameter is taken out for visual inspection, microstructure test and tensile test. The 

purpose is to investigate the quality and strength of the welds and their defect. For microstructure test, the weld 

sample is cut into small pieces ( cross section weld region) and were polished before being inspect under 

microscope with 50 times zoom [17]. For the tensile test, the specimen is prepared according to AWS 

D17.3/D17.3M:2010 [19] and ASTM E8M-04. 

3. Result and Discussion 

From visual inspection result as shown in Figure 5, rotational speed of 910 rpm produce smooth weld 

surface, compared to the 1280 rpm and 1700 rpm. This is because the excessive heat from high rotational speed 

will “burn” and damaged the mechanical properties of the specimen. The heat generation in FSW is very critical 

and it involves mechanical mixing process thus the precise value of heat is crucial to produce a quality and high 

strength specimen. Always remember that the FSW process use the temperature near the melting point to join 

the specimen.  

The size of the pin will determine the size of weld region thus determine the strength of weld itself but the 

size must be compatible and suitable to ensure quality of the weld is at maximum. It also found that with the 

increasing of rotational speed greatly affecting the size of the grain structure of the material. The weld zone 

becomes larger especially on the TMAZ and nugget zone resulting decrease on tensile strength of the specimen. 

From Tensile test result as shown in Figure 6, it shows that the pin size with rotational speed of 910 rpm give the 

high tensile strength compare to the 1280 and 1700 rpm. This is because the heat produces by high rotational 

speed effect the microstructure of the specimen especially on weld region [2]. The heat affected zone become 

large and weaken the joint. The grain structure also not uniform due to excessive heat. 

 

Fig 4: The experimental setup for this research 
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Fig. 5: External surface due to different pin profile and rotational speed 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Tensile test results 

4. Conclusion 

Based on the present study conducted, the optimum design of tool pin size is 6 mm diameter. It show better 

strength and quality compare to other pin size. The pin size of the tool is greatly affect the size of weld region. 

Meanwhile, the rotational speed affects the tensile strength and the mechanical properties of the friction stir 
welded specimen. 
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