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Abstract 

 

The automotive industry, particularly the aerospace industry, frequently uses resistance spot welding. 

Connection failure is often caused by several things, namely the plate thickness factor. For this test, a 
combination of two kinds of plate thickness mixtures was used, namely 0.8 + 0.6 mm and 0.8 + 0.8 

mm. Through several tests, the quality of the welding results will be compared using the same welding 

parameters. Tensile test testing cannot be used to see welding results. However, additional testing, 

including macrographic and hardness tests, is required. The tensile test of the two combinations gave 
higher results than the previous industry standards, namely 383.60 lbf and 344.27 lbf respectively. For 

the macrographic test results, the penetration value for variations with a thickness of 0.8 + 0.6 mm 

corresponds to the minimum and maximum standard values of (20.00 ÷ 80.00), more specifically 37.2% 

÷ 74.6%. As for the thickness variation of 0.8 + 0.8 mm, it is standard but very close to the maximum 
value of 45% ÷ 79.2%. For the size of a nugget or spot weld the two mixtures are very good and go 

beyond current principles. Furthermore, for the final results of the hardness test with the Vickers 

Microhardness technique, the hardness value of the weld piece from the weld point area to the parent 

metal increases due to the effect of using welding which will cause softening of the 2024 T-42 aluminum 
material. In the end, the hardness value of each thickness variation will be different due to different 

parameters. 
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1. Introduction  

 Welding the connection of materials (welding) is a form of metallurgical combination 

of metal or metal alloy bonds made in a molten or liquid state [1]. Welding is commonly 

applied in industry and construction, especially in the automotive industry and building 

construction. Apart from being used in connections, material splicing is also used for 

improvements or repairs [2]. This repair is used to increase the strength value of an object 

(engineering) through the surface covering process and can also be applied to repair 

damaged parts such as holes, rust, and porousness [3]. 

 Spot welding is commonly referred to as Opposition Spot Welding (RSW), which is 

a welding technique when the surfaces of the plates are joined together and electrified so 

that the surfaces will become hot and dissolve due to the excessive force of the electric 

current [4][5][6]. There are many advantages of this kind of welding, including fast and 

functional circulation, low manufacturing costs, good joint quality, and can be applied 
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through stable results continuously [7][8]. This welding technique is often preferred in 

the aviation industry [9]. This welding technique was chosen because of the benefits 

provided by this welding procedure. In fact, even in the automobile business, for example 

in vehicle body parts, this welding is applied up to 90% in the connection cycle between 

components [10]. 

 In spot welding, there are three basic parameters, specifically the weld joining rate, 

weld joining power, and weld joining time [11]. The parameters used for each plate 

thickness will be different. The reason is because each thickness has different mechanical 

properties [12]. To measure the quality level of welded joints, one of the procedures that 

can be done is to conduct destructive testing (Destructive test) [13].  

 Until now, engineers in the automotive industry are still struggling with the problem 

of vehicle body weight, which engineers must consider [14]. The insistence of customer 

demand for safety and luxury makes thicker and lighter materials and various components 

for more careful development parts, for example, struts that must be applied [15]. That is 

why some body parts are being replaced with lightweight materials, for example, alumina 

and magnesium, which have comparative mechanical characteristics, or even exceed 

those of steel [16]. 

 In contrast to metals of the same thickness level, joints of various thicknesses have 

more convoluted microstructure qualities and mechanical properties that affect the 

properties of the weld joint at the welding spot (Nugget) [17][18]. With destructive tests, 

the quality of spot welds is examined to decide whether subsequent welds are good, for 

example, semi-static flexure tests and dynamic cycle tests [19]. Macro properties of spot-

welding joints can affect quality and performance. The macro characteristics of a welded 

joint are described by the melting rate, indentation rate, nugget diameter, and indentation 

diameter [20]. 

 Company X, working in the aviation aspect, has built parts before applying them 

directly to its applications. This technique is aimed to obtain precise constraints. 

Company X, on the other hand, only used tensile test to determine the results. In addition, 

additional Micro Hardness and Macrographic test was used to conduct a review of the 

Aluminum 2024 T42 samples with two thickness variations - 0.8 + 0.6 mm and 0.8 + 0.8 

mm - to obtain more precise results. With the same spot weld parameters, these thickness 

mix variations were chosen to investigate the effects of minute variations in the 

combination of metal thickness on mechanical properties and microstructure in more 

depth. 

 

2. Methods  

 This research uses exploration techniques and literature review surveys from various 

sources. In this research and the test was conducted by using Aluminum 2024 T-42 

material with thickness variations of 0.8 + 0.6 mm and 0.8 + 0.8 mm and involving fixed 

factors through welding parameters. 
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Figure 1. Research stages 

  

The process of connecting specimens or welding by using tools is Resistance Spot  

Welding SCIAKY Type P272. 

 

 
Figure 2. Welding machine 

 

There are different standard welding parameters for two types of variations. For the 

welding parameters described in table 1 with the following specifications: 

 

Table 1. Welding parameters 

No. Welding parameters 
Aluminum 2024 T42 

0.8 + 0.6 mm   0.8 + 0.8 mm 

1 Electrode  CuAg  / 16 CuAg / 16 

2 Radius Contact Upper 100 150 

Start  

Preparation of tools and 

materials 

Manufacturing process 

Process 

Macrography 

Data analysis and 

discussion 

Summary 

Finish 

Tensile shear test Micro hardness test 
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No. Welding parameters 
Aluminum 2024 T42 

0.8 + 0.6 mm   0.8 + 0.8 mm 

(mm) 

 Lower 100 150 

3 Contact Resistance (µOhm) 15 8 

4 Weld Class 2 2 

5 
 

Pressure (Psi) 

Upper 

Regulator (PG2) 
23 26 

Lower 

Regulator (PG1) 
12 11 

Contact Gauge 20 20 

6 Pressure Program 
Variable 

Press. 

Variable 

Press. 

7 Power Low Low 

8 Phase 3 3 

9 Pre-Compress (cycles) 10 12 

10 Squeeze (cycles) 10 10 

11 Quench (cycles) 05 11 

12 Hold (cycles) 20 22 

13 Welding (cycles) 02 02 

14 Impulses CO (cycles) 02 02 

15 Off (cycles) 05 05 

16 
HT (cycles) 03 02 

Max. Current (%) 50% 62% 

17 
CD (cycles) 03 03 

Max. Current (%) 30 30 

 

 The purpose of tensile test is to ascertain the tensile strength of welded joints. Bluehill 

3 software assists to execute the tests by following ASTM E8 testing standards. This 

product interprets the test results. The tensile test equipment with handling is UTM 

INSTRON 5982 which is seen in Figure 3. 

 

 
Figure 3. Tensile test machine 
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Figure 4. Microscope OLYMPUS SZX7 

 

 The Vickers Micro Hardness method is used for the final test, which measures 

hardness. The micro hardness test data will be presented automatically after the test is 

completed with the help of the Zwick/Roell HD Automatic Hardness Testing software. 

The Zwick Roell ZHV Micro Hardness Testing Machine is the tool used for this test, as 

depicted in Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Machine Hardness test 

 

 The research and test data collection process were conducted at the Metallurgy and 

QA department of PT. Dirgantara Indonesia (Aerospace). 

 

3. Result and Discussion  

Result and Discussion of Tensile Test Data 

 The following is a table and the results of the Tensile test and is illustrated with a test 

graph in Figures 6 and 7. 
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Table 2. The results of the tensile test 

No. 

# 0.8 + 0.6 mm # 0.8 + 0.8 mm 

Maximum Load 

[lbf] 

Maximum Load 

[lbf] 

1 350.24 416.10 

2 364.95 455.99 

3 337.25 376.13 

4 328.62 376.05 

5 342.16 360.20 

6 353.33 368.96 

7 366.45 368.74 

8 320.60 380.07 

9 323.64 375.01 

10 355.45 358.74 

Mean 344.27 383.60 

Maximum 366.45 455.99 

Minimum 320.60 358.74 

DEV 0.1331 0.2535 

Figure 6. Graph of tensile test with 0.8 + 0.6 thickness 

 

 

Figure 7. Graph of tensile test with 0.8 + 0.8 thickness 
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 Determining the stiffness properties of each of the tested variations, it is important to 

survey the Standard Mechanical Properties of the specimens by referring to Table 3 for 

the dimensions of the smallest thickness variation to use as a reference in determining the 

standard values. In the two variations tried, the smallest thickness was 0.6 mm, or 0.023 

inch. Then, the minimum tensile strength of the existing variations will be determined, as 

in Table 3. 

 

Table 3. Standard Mechanical Properties Aluminium 2024 T42 Thickness 0.6 mm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The Minimum Tensile Strength against a thickness of 0.6 mm is 57.0 ksi, when fully 

converted to psi it, becomes 57000 psi. Then, at that time, surveyed the Standard 

Mechanical Properties in table 3 and referred to the Ultimate Strength table for 57,000 

psi and then matched it with the line for 0.6 mm thickness to find out the principles for 

Ultimate Strength Minimum and Ultimate Strength Average. It is shown in Table 4. 

 

Table 4. Standard Nominal Thickness and Ultimate Strength Thickness 0.6 mm 

 
 

 The obtained standard variable for the strength of the tensile test is 160 lbf and the 

deviation is 200 lbf in minimum. Meanwhile, the following results were obtained from 

combination tests 1 and 2. 

 

 

 



 
 

Daniswara S | Mechanical Science Reports, Vol. 1(1) 
 
 

54 

 

Table 5. Tensile strength values with comparison to standard 

No. 
 Load Max (lbf) 

Standard 
# 0.8 + 0.6 mm # 0.8 + 0.8 mm 

1 
Average 344.27 383.60 200 

Minimum 320.60 358.74 160 

 

 By looking at the tensile testing results of the 2 variations, it can be concluded that 

the strength value of the tensile testing of both thickness variations using parameters 

according to their respective specifications has exceeded the minimum standard. Low 

tensile test results are caused by excessive stress currents [21]. The large weld metal area 

and deep penetration caused by high weld circulation will cause small and brittle tensile 

test values [22]. 

 

The Discussion of Macrography Data 

 The Olympus Stream Basic software was used to make observations. It can be made 

directly by simply analyzing them through a computer screen. The obtained macrographic 

results are as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

      (1)         (2) 

 

Figure 8. Diameter values of spot-welding specimens (1) 0.8 + 0.6 mm thickness, (2) 

0.8 + 0.8 mm thickness 

 

From these perceptions, the estimations were made, and the information obtained as 

shown in Table 6. 

 

Table 6. Macrographic testing data 

No. 
.Ø SPOT. (mm) 

Penetration (%) 

Cacat # 0.8 + 0.6 mm # 0.8 + 0.8 mm 

# 0.8 + 0.6 mm # 0.8 +0.8 mm .MIN. .MAKS. .MIN. .MAKS. 
1 3.96 3.96 65% 74.6% 46.8% 60% - 
2 3.29 3.92 37.2% 52% 45% 70% - 
3 3.63 3.84 47.4% 72% 55.4% 79.2% - 

 

 In determining the spot-welding quality of the two examined specimens, it is 

important to first survey the nugget diameters of the test specimens by considering Table 
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6. The thickness of the smallest specimen is used as a perspective in determining the 

standard. The smallest thickness between the two tested combinations is 0.6 millimeters, 

or 0.023 inches. Then the Minimum Nugget Size of the current combination will be 

obtained. As it can be seen in table 7. 

 

Table 7. Minimum Nugget Size (D) Aluminium 2024 T42 thickness 0.6 mm 

 
 

 Then the results obtained from the value of the standard nugget diameter (Ø SPOT) 

are 0.55 mm or 0.105 in. then for testing on thickness variations 1 and 2 the following 

results are obtained: 

 

Table 8. Comparison of Ø SPOT and Minimum Penetration of Specimens with 

Standards 

No. Measurement 
Combination 

Standard (mm) 
# 0.8 + 0.6 mm # 0.8+ 0.8 mm 

1. 
Diameter 

SPOT (mm) 
3.96 ÷ 3.29 3.84 ÷ 3.96 2.68 

2. 
penetration 

(%) 
37.2 ÷ 74.6 45 ÷ 79.2 20.00 ÷ 80.00 

 

 By looking at the test results of the two variations, the stiffness of the two thickness 

mixtures using various limits has exceeded the minimum standard [22]. Too high a weld 

force can result in small penetration. If the weld force is too high, the contact area will 

expand, resulting in low contact resistance and low current flow, both of which will 

significantly reduce the amount of heat generated by the weld and affect the size of the 

weld nugget [23]. 
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The Discussion of Micro Hardness Data 

 The strategy of joining specimens through welding is one of the methods to be 

maintained in this industry. Reduced strength (hardness) of the heat-treated part of the 

weld is one of the effects of welding on the mechanical properties of materials. This has 

been proven by hardness testing that explores various avenues regarding Microhardness 

strategies. From these results, the parts that were affected by the welding heat showed a 

decrease in hardness values, as shown in Table 9 for information on experimental results. 

 

Table 9. Data on hardness test results 

Indentation Point # 0.8+0.6mm # 0.8+0.8mm 
HV (µm) HV (µm) 

1 91.07 155.13 
2 99.54 103.56 
3 126.70 147.07 
4 145.98 173.37 
5 154.36 189.24 
6 170.02 190.05 

 

The following is a picture of the hardness test of Aluminum 20204 T-42 by pressing or 

indenting the specimen. 

 

(1) 

 

 

 

 

 

 

 

 

 

(2) 

 

Figure 9. Points of Micro Hardness testing pressure  

(1) Testing Specimen 0.8 + 0.6 mm and (2) Testing Specimen 0.8 + 0.8 mm 
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The graph of the test results is as follows. 

 

 
(1) 

 

 
(2) 

 

Figure 10. Graph of Results from Micro Hardness Testing 

(1) Testing Specimen 0.8 + 0.6 and (2) Testing Specimen 0.8 + 0.8 

 

 In the test, the test data graph is shown in Figure 10 in the combination of 0.8 + 0.6 

mm and 0.8 + 0.8 mm. both variations have different penetration or treatment, for 

hardness testing there are differences in hardness levels. In the diameter of the nugget 

shows low hardness results due to the main point exposed to heat [24]. For the heat 

affected zone (HAZ) shows an increase in hardness value which is increasing [25]. Then 

the base material hardness point is higher or harder because the base material is not 

affected by Spot Welding heating. 
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Figure 11. Hardness value distribution graph 

 

4. Conclusion 

 From several tests on resistance spot welding, it can be summarized into several 

points as follows: 

1. For tensile testing with a combination of 0.6 + 0.8 mm and 0.8 + 0.8 mm, the 

deviation results are 0.1331 and 0.2545. The test results of the two combinations 

already exceed the minimum standards of the Ultimate Srength Table. 

2. The nugget diameters of the combinations 0.6 + 0.8 mm and 0.8 + 0.8 mm were 

found to be 3.29 ÷ 3.96 and 3.84 ÷ 3.96. For penetration, values of 37.2 ÷ 74.6 and 

45 ÷ 79.2 were obtained. From these results, penetration with a thickness of 0.6+0.8 

mm is in accordance with the specified standard value, but the value of the 0.8+0.8 

mm variation is very close to the maximum value of the standard. It is also very 

influential because it can affect the application of parts on airplanes. 

3. In the Micro Hardness test of the two combinations, the hardness value is stable 

starting from the spot point exposed to the solid to the point that is not exposed to 

heat. However, for the hardness value using a combination plate 0.6 + 0.8 mm is 

smaller than the combination of 0.8 + 0.8 mm, therefore the use of a combination of 

0.6 + 0.8 mm is more recommended in the application of parts on the aircraft.  
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