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 Friction Stir Welding (FSW) is solid state welding without additives and does not produce 

pollution. There are two FSW welding methods, namely single side (FSW) and double 

side (DFSW). The FSW process in previous studies using aluminum materials, especially 

AA 1100 type, has not obtained optimum joint strength. Therefore, it is necessary to 

conduct a research study on improving the quality of tensile strength of welding results 

using the DFSW method on AA1100. The purpose of this study is to determine the effect 

of variations in pin length and compressive force on the maximum tensile strength of the 

results of Double Side Friction Stir Welding Aluminum Alloy 1100 welding joints. The 

method used in this research is experimental. The welding process uses Double Side 

Friction Stir Welding, by varying two independent variables namely pin length 1.5 mm, 2 

mm, 2.5 mm and compressive force 30 kg, 35 kg, 40 kg, 45 kg. The controlled variables 

used include travel speed (10 mm/min), heating temperature (250℃), shoulder diameter 

(25 mm), heating plate width (10 mm), and Aluminum AA1100 plate thickness (3.5 mm), 

with butt joint type welding. The data analysis used is Factorial Design of Experiment 

(DOE). The results of this study indicate that pin length and compressive force affect the 

tensile strength of AA1100 material welds. The maximum tensile strength value of DFSW 

welding results is 90.16 MPa or 80.5% of the tensile strength of the parent material. The 

maximum tensile strength value was obtained from the interaction of 2 mm pin length and 

45 kg compressive force.  
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1. INTRODUCTION 

The development of the industrialization era from year 

to year is increasing, especially those related to the 

production and connection of materials. At present, the 

welding process is one type of manufacturing process that 

is often used in industry, such as the automotive, aerospace 

and shipping industries [1], [2]. Many new methods have 

been determined to solve material joining problems related 

to the material being joined, one of which is aluminum [3], 

[4]. Aluminum and aluminum alloys include light metals 

that have high strength, resistance to rust a fairly good 

conductor of electricity and aluminum is lighter than iron 

or steel [5], [6]. The use of aluminum, especially type 

AA1100 in the industrial world is widely used for heat 

exchangers, pressure vessels, pipes and others. In general, 

aluminum connections use the rivet and TIG welding 

methods [7], [8]. Both of these connections are very limited 

when viewed from several aspects, for example, rivet 

connection results will increase thickness, use added 

material and there is also material wasted from the rest of 

the drilling. When viewed from the technology being 

developed, it is not effective [9], [10]. 

One alternative for joining aluminum is to use friction 

stir welding (FSW). Friction stir welding is a welding 

method discovered by Wayne Thomas at The Welding 

Institute (TWI), UK in 1991. FSW is welding without filler 

because it utilizes the friction of the tool rotation with the 

workpiece so that it can melt the workpiece and finally 

connect it together [11], [12], [13]. 

For now FSW has a new welding method, namely 

Double Side Friction Stir Welding (DFSW), the working 

principle of this welding method is that the friction between 

the workpiece and the rotating tool is carried out on two 

sides, namely the upper and lower sides of the workpiece 

so as to melt the workpiece and the heat generated is higher 

when compared to FSW resulting in a higher Ultimate 

Tensile Strength value [14], [15]. 

Increasing the temperature of the anvil plate in the FSW 

welding process results in the maximum tensile strength of 

the HDPE material welding joint increasing and resulting 

in increased homogeneity of the welding joint [16], [17]. 

Variations of pin depth 0.9 mm, 1.9 mm and 2.9 mm on 

aluminum 5083 get the maximum tensile strength at a pin 

depth variation of 1.9 mm, where the depth of the pin is not 

too deep and not too shallow so that the heat generated is 

evenly distributed [18]. 

By varying the pressing force on the AZ61A 

magnesium alloy material, the tensile strength results 
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increase. In this case, it shows that the pressing force has a 

major effect on the FSW process, due to changes in grain 

size in the stir zone and hardness increases as the tensile 

strength value increases [19]. 

 

2.  RESEARCH SIGNIFICANCE 

Currently the welding process is a manufacturing 

process that is widely used in the industrial world. Many 

welding methods have been found to obtain optimum 

connection results and reduce pollution from the results of 

the welding process process, one of the materials that is 

often done welding is aluminum. Currently, the aluminum 

welding process uses the TIG welding method and the 

connection process uses rivets. However, the joining 

process causes air pollution and additional material. 

Therefore, an environmentally friendly welding method 

is needed, namely the welding process with the friction stir 

welding method. The principle of friction stir welding 

(FSW) is to utilize the heat from the friction of the tool and 

the material being joined. The tool of FSW must be harder 

than the material to be joined. Currently there are two 

methods of FSW, namely single side and double side. The 

double side friction stir welding (DFSW) process is to 

perform a two-sided welding process on the material. 

Currently the DFSW welding process has not yet obtained 

the optimum joint strength. For this reason, it is necessary 

to conduct research on double side friction stir welding by 

determining the pin length and compressive force. 

 

3.  RESEARCH METHODS 

 

3.1  Research Installation schematic 

Figure 1 is a schematic of the double side friction stir 

welding (DFSW) research installation for Aluminum Alloy 

1100 (AA1100) material. 

 

 

Figure 1. Research installation schematic 

 

Figure 2 is the DFSW jig with the addition of a spring 

at the bottom of the jig, Figure 3 is the tool preparation for 

DFSW welding with varying pin lengths, and Figure 4 is 

the welding process of the AA1100 specimen. 

 

 
Figure 2. Jig double side friction stir welding 

 

 
Figure 3. Tool double side friction stir welding 

 

 
Figure 4. The process welding 

 

3.2  Research Methodology 

In this research, the material joined by the Double Side 

Friction Stir Welding (DFSW) process is Aluminum Alloy 

1100 (AA1100) with a size of 150 x 100 x 3.5 mm each, 

where the mechanical specifications of the material are 

shown in table 1. The DFSW process uses a milling 

machine where the translational speed parameter is 10 

mm/min and the spindle rotation is 1750 rpm. The DFSW 

tool is made of AISI H13 steel. The size of the shoulder 

diameter is 25 mm and the pin diameter is 5 mm with the 

tool tilt angle set at 0°. A 500 Watt heating element is 

placed inside the heating plate of the DFSW jig. The 

function of the heating element is to heat the material at the 

beginning of the welding process. The width of the heating 

plate is 10 mm and the heating plate temperature is 

controlled at 250℃. For tensile testing using the ASTM E8 

- 13A standard [7], which can be seen in Figure 5. 
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Figure 5. Tensile test standard ASTM E8-13A 

 

The description of Figure 5 for the dimensions of the 

tensile test specimens is provided in Table 1.  

 

Table 1. ASTM E8-13A tensile test piece dimensions 

Width (W)  12,5 ± 0,2 mm 

Overall length (L) 200 mm 

Gauge length (G) 50 ± 0,1 mm 

Length of reduce section (A) 57 mm 

Radius of fillet (R) 12,5 mm 

Width of grip section (C) 20 mm 

Length of grip section (B) 20 mm 

 

4.   RESULTS AND DISCUSSION 

Table 2 is the tensile test data of AA1100 material 

welded joint specimens with variations in pin length and 

compressive force according to ASTM E8-13A standards. 

 

Table 2. Tensile testing data of AA1100 

No 
Pin 

Length 
Compressive 

Force 

Tensile Strength (MPa) 
Average 

I II III IV 

1 No Connection 112 112 112 112 112 

2 
1,5 
mm 

30 kg 59.56 59.40 58.64 59.24 59.21 

35 kg 60.16 59.22 59.06 62.07 60.13 

40 kg 65.45 66.56 65.84 65.95 65.95 

45 kg 71.70 71.08 69.67 70.74 70.80 

3 2 mm 

30 kg 78.84 78.56 77.24 79.00 78.41 

35 kg 82.70 82.81 80.69 81.99 82.05 

40 kg 87.87 85.14 86.35 86.24 86.40 

45 kg 90.43 90.81 90.27 89.13 90.16 

4 
2,5 
mm 

30 kg 40.89 41.00 40.94 41.81 41.16 

35 kg 43.88 41.49 43.42 43.39 43.05 

40 kg 47.70 48.21 46.17 45.30 46.85 

45 kg 50.11 51.61 51.00 51.89 51.15 

 

The effect of pin length and compression force on the 

tensile strength of AA1100 joints can be seen in Figure 6, 

respectively. 

 
Figure 6. Graphic main effects plot 

 

From the graph in Figure 6 shows that the variation in 

pin length affects the tensile strength, there is a difference 

in tensile strength between the pin length variations. The 

1.5 mm pin length variation has an average tensile strength 

of 64.02 MPa and the 2 mm pin length variation has the 

highest tensile strength of 84.25 MPa. Then the 2.5 mm pin 

length variation experienced a decrease in tensile strength 

with an average of 45.55 MPa and was the lowest tensile 

strength obtained. It is suspected that this is due to the 

proper stirring and forging process in the 2 mm pin length 

variation, where the immersion is not too deep and not too 

shallow so that the heat generated is more stable. 

While the variation of pressing force when viewed in 

Figure 6 graph, the variation of pressing force affects the 

tensile strength linearly and it can be seen that the tensile 

strength also increases as the pressing force increases. At a 

compressive force of 45 kg, the highest tensile strength is 

obtained with an average of 70.70 MPa and at a 

compressive force of 30 kg, the lowest tensile strength is 

obtained with an average of 59.59 MPa. 

 

 
Figure 7. Graphic interaction plot 

 

Figure 7 shows the interaction between the variable pin 

length and compressive force has a significant effect on the 

tensile strength value. At a compressive force of 30 kg with 

pin lengths of 1.5 mm and 2 mm the tensile strength 

increased by 78.41 MPa and the tensile strength decreased 

with a pin length of 2.5 mm by 41.16 MPa, and was the 

lowest tensile strength value. At a compressive force of 35 

kg with a pin length of 1.5 mm and 2 mm, the tensile 

strength increased by 82.05 MPa and the tensile strength 

decreased with a pin length of 2.5 mm by 43.05 MPa. At a 

compressive force of 40 kg with a pin length of 1.5 mm and 

2 mm, the tensile strength increased by 86.40 MPa and the 

tensile strength decreased with a pin length of 2.5 mm by 

46.85 MPa. While at a compressive force of 45 kg and a pin 

length of 2 mm is the highest tensile strength value of 90.16 

MPa, then the tensile strength value decreased at a pin 

length of 2.5 mm with a tensile strength value of 51.15 

MPa. 
 

5.  CONCLUSIONS 

After the discussion above, the following conclusions 

are drawn: 

1. Pin length has a significant effect on the tensile strength 

value of double side friction stir welding on AA1100. 

The relationship between pin length and tensile strength 
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is not linear. The greater the pin length value from 1.5 

mm to 2 mm has an impact on increasing the tensile 

strength value of welded joints, but the increasing pin 

length from 2 mm to 2.5 mm has a decreasing impact 

on the tensile strength value of welded joints. 

2. Compressive force has a significant effect on the tensile 

strength value of double side friction stir welding on 

AA1100. The relationship between compressive force 

and tensile strength is linear, with increasing 

compressive force resulting in increasing weld joint 

strength. 

3. The interaction between pin length and compressive 

force showed that the maximum value of tensile 

strength of double side friction stir welding on AA1100 

was obtained under the condition of 2 mm pin length 

and 45 kg compressive force with a tensile strength 

value of 90.16 MPa or 80.5% of the tensile strength of 

AA1100 without welding process (112 MPa). 
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