
  

Copyright Holder:      This Article is Licensed Under: 
 © Mansyur, Muhammad, Muhammad, & Oktavian. (2025) 

 Corresponding author’s email: mansyur.abdulshaleh@upnyk.ac.id: xxx@xxx.com 

RSF Conference Proceeding Series: Engineering and Technology Vol. 4 No. 1 (2025)          https://doi.org/10.31098/cset.v4i1.1056 

 

Tensile Testing and Macrographic Examination of Resistance Spot 

Welding on Aluminum–Copper–Magnesium Alloy Sheet in Accordance 

with AWS D17.2 
 

Mansyur Abdul Shaleh*, Muhammad Ichsanudin, Muhammad Afif Azami,  

Oktavian Khayyan Bahiy 

 

Universitas Pembangunan Nasional Veteran Yogyakarta, Indonesia 

 

Received : Sept 22, 2025 Revised : Sept 23, 2025 Accepted : Oct 1, 2025 Online : October 14, 2025 

Abstract 

The growing use of aluminum alloys in modern aerospace structures requires reliable and standardized joining 

methods to ensure structural integrity and weight efficiency. Resistance spot welding (RSW) offers a promising 

alternative to mechanical fastening and fusion welding due to its high speed, low cost, and suitability for thin-

sheet materials. This study evaluates the feasibility of RSW on 2024-T42 aluminum sheets with dissimilar 

thicknesses of 0.6 mm and 0.8 mm in accordance with American Welding Society AWS D17.2. Pre-production 

specimens were tested using tensile shear and macrographic analyses following ASTM International ASTM E8 

and ASTM E340 standards. The average tensile shear load was 318.22 lbf, exceeding the minimum requirement 

of 235 lbf. Penetration depth (45–55%) and indentation (<0.10 mm) also satisfied the acceptance criteria, while 

surface resistance prior to welding remained below 50 μΩ. These results confirm that RSW of 2024-T42 

aluminum sheets with dissimilar thicknesses meets AWS D17.2 requirements and demonstrates its potential as a 

technically viable and efficient joining process for lightweight aerospace structural components. 

 

Keywords Resistance spot welding, 2024 T42 aluminum-copper-magnesium alloy, AWS D17.2, Tensile shear test, 

Macrographic analysis 

 

INTRODUCTION 

In the manufacturing of aerospace products, material selection plays a crucial role (Wibawa, 

2019). The most commonly used materials for aircraft skin, including the fuselage and wing 

surfaces, are aluminum and its alloys, which often contain elements such as zinc, magnesium, and 

copper. For over 80 years, aluminum alloys have been effectively utilized as the primary materials 

in aircraft structural components due to their proven performance, well-established design 

methods, efficient manufacturing processes, and reliable inspection techniques (Dursun, 2013). In 

recent years, joining technologies for aluminum alloys have advanced significantly, especially in 

lightweight aerospace applications (Dada et al., 2024). 

Welding technology is one of the key joining methods in manufacturing. Welding joins two 

or more metals by applying heat (Hendaryati, 2022). Among various welding methods, resistance 

spot welding (RSW) is widely used in aerospace applications. RSW is a complex process that 

involves interactions among electrical, thermal, mechanical, and metallurgical factors (Haghshenas, 

2019). Because aerospace production requires high safety and reliability, strict industrial 

specifications are applied, such as AWS D17.2, issued by ANSI, which governs the use of RSW 

machines and sets quality requirements for welded aerospace components. 

The objective of this study is to evaluate the technical feasibility of RSW on Al 2024-T42 thin 

plates with a thickness combination of 0.6 + 0.8 mm. Pre-production welded specimens were 
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examined through tensile shear and macrographic analyses. The results are compared against AWS 

D17.2 requirements to assess the compliance and reliability of the RSW process for aerospace 

applications. 

LITERATURE REVIEW 

Aluminum Alloys 

Aluminum alloys, often referred to as lightweight alloys, were developed to enhance the 

strength of pure Aluminum, which is naturally malleable and corrosion-resistant. The principal 

alloying elements include magnesium, silicon, zinc, copper, and manganese (Mazzolani, 1994). The 

2000 series Aluminum alloys, with copper as the dominant alloying element, are commonly 

produced in the form of extrusions, plates, and pipes. When subjected to heat treatment, their 

strength can reach up to 300 N/mm² (0.2% proof stress), with a ductility of around 10%. However, 

their corrosion resistance is relatively low. Due to their limited weldability, these alloys are not 

widely used in civil engineering; however, they are extensively applied in the aviation industry. 

Aluminum 2024, a member of the 2000 series, is a wrought alloy that can be strengthened by 

heat treatment, with Al–Cu as its primary alloying system (Koesgi, 2021). Despite its high strength, 

Aluminum 2024 exhibits poor corrosion resistance, which is why it is often clad with pure 

Aluminum or alloys from the 6000 series to enhance surface protection. A typical composition of 

Aluminum 2024 includes 0.5% Si, 0.5% Fe, 3.8–4.9% Cu, 0.3–0.9% Mn, 1.2–1.8% Mg, 0.25% Zn, and 

0.15% Ti. While copper increases hardness and strength, it can also trigger black smutting and 

intergranular attack, reducing corrosion resistance. 

 

Welding 

Welding is a process of permanently joining two or more materials, typically metals, by 

applying localized heat and pressure under specific metallurgical conditions (Khan, 2007). As noted 

by Wiryosumarto (2000), “welding is not the ultimate goal of construction, but rather a means to 

achieve better economic aspects of manufacturing.” Therefore, the selection of a welding process 

must be tailored to the type of joint and construction requirements, taking into account factors such 

as efficiency, cost, labor, and energy (Bakhori, 2017). Among the various welding processes 

developed, resistance spot welding (RSW) has been widely adopted, particularly for applications 

involving thin sheets. 

 

Resistance Spot Welding 

Resistance Spot Welding (RSW) is a joining method commonly applied to thin metal plates, 

where an electric current passes through electrodes that press against the material, generating heat 

due to surface resistance until localized melting occurs. Once the current is interrupted, pressure is 

maintained to solidify the joint. To avoid overheating, electrodes are typically made of copper or its 

alloys due to their high electrical conductivity, and are equipped with water-cooling systems 

(Priyotomo, 2021). RSW offers several advantages, including neat joint formation, short processing 

times, and ease of automation. However, welding quality strongly depends on parameters such as 

cooling conditions, current magnitude, and electrode force duration. The process consists of four 

primary cycles (Sahrevy, 2021): 
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Figure 1. Schematic of RSW 

Source: Podržaj, (2008) 

 
The result of the heat formation at the interface of the workpiece/workpieces is an increase 

in temperature exceeding the welding temperature. As a result, a volume of material (known as the 

weld nugget) is formed between the workpieces. The size (diameter) of the weld nugget is very 

important, as after cooling, this size determines the strength of the weld. If other parameters remain 

constant, the size of the weld nugget increases with welding time, as shown in Figure 2 (Podržaj, 

2008). 

 

Figure 2. Growth of Welding Nugget Size Over Time  

Source : Podržaj, (2008) 
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American Welding Society (AWS) D17.2 

In the mid-1990s, the AWS D17 committee decided to create specifications for RSW. These 

specifications are used for aluminum, steel, and titanium alloys. AWS was developed in accordance 

with the American National Standard Institute (ANSI, 2019). 

 

RESEARCH METHOD 

This research employed a comparative quantitative method with a descriptive approach to 

evaluate the feasibility of resistance spot welding (RSW) on 2024-T42 aluminum alloy sheets. The 

methodology refers to the requirements and testing procedures outlined in the American Welding 

Society's AWS D17.2/D17.2M:2019, the tensile testing standard ASTM International ASTM E8, and 

the macrographic examination standard ASTM E340. The welding process was conducted using a 

single-phase AC resistance spot welding machine with a maximum current capacity of 35 kA, 

electrode tip diameter of 6 mm, and water-cooled copper alloy electrodes. 

Prior to welding, all specimens were cleaned mechanically and chemically to ensure surface 

resistance values were below 50 μΩ, as required by AWS D17.2. The tensile shear test was 

conducted on three welded specimens with dimensions of 100 × 19.5 × 0.65 mm using a universal 

testing machine with a crosshead speed of 2 mm/min. Macrographic examinations were performed 

on three additional specimens, etched with Keller’s reagent, and analyzed using a stereomicroscope 

to measure nugget penetration and indentation. 

 

 
Figure 3. Research Flowchart 

The author studied the AWS D17.2 standard through research and discussion, then observed 

the RSW machine and the pre-welding process to ensure the accuracy of the data. Subsequently, 

aluminium 2024 T42 samples (three for macrographic testing and three for tensile shear testing) 
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were produced by a licensed operator. The samples were then tested in a metallurgical laboratory 

using tensile shear and macrographic methods. The test results were compared with the AWS D17.2 

standard. 

 

FINDINGS AND DISCUSSION 

Based on macroscopic testing, tensile shear, and pre-welding processes (including post-cleaning), 

the data are presented in Table 1. 

 

Table 1. Results of the RSW process testing data 

Sample Testing Dimension 

(length x 

width x 

thickness) 

Surface 

Resilience 

Percentage 

of 

Penetration 

Indentation 

mm 

Maximum 

Load 

Raw 

Material 

Tensile 

Shear Test 

- 

12.65 mm 

3.184 mm 

- - - 461.54 Mpa 

Tensile 

Shear 

(a,b,c) 

Tensile 

Shear Test 

(a,b,c)  

100 mm 

19.5 mm 

0.65 mm 

- - - (a) 337.95 

lbf  

(b) 329.16 

lbf 

(c) 287.56 

lbf 

Post 

Cleaning 

Resistance 

Test 

- 8, 10, 9, 8, 

and 12  

- - - 

Macrogr

aphy L 

Macrograp

hy Test 

- 

- 

0.65 mm 

- Max 55% 

Min 50% 

(0.6) 0.05 

(0.8) 0.04 

- 

Macrogr

aphy T1 

Macrograp

hy Test 

- 

- 

0.66 mm 

- Max 

51.72% 

Min 50% 

(0.6) 0.08 

(0.8) 0.06 

- 

Macrogr

aphy T2 

Macrograp

hy Test 

- 

- 

0.66 mm 

- Max 55% 

Min 45% 

(0.6) 0.06 

(0.8) 0.03 

- 

 

The results of the research that has been conducted also define that the material aluminum 

2024 T42 belongs to Group 1 and Class B. The definitions of the preproduction process and routine 

tests in the specification document AWS D17.2 are also defined within that document. The 

definitions can be observed in Figures 7 and 8 below. 

 



 RSF Conf. Proceeding Ser. Eng and Tech. 
 

257 

 

 
Figure 7. Definition of group and class  

Source: ANSI, (2019) 

 

Figure 8. Definition of preproduction and routine lot  

Source: ANSI, (2019) 

 

The purpose of the test lots is to ensure the uniformity of the RSW process. In addition, it is 

also to maintain the consistency of welding results and the durability of the RSW machine. Based 

on the Class B classification for the routine lot limitation, it must be below a 2-hour interval while 

the RSW machine is in use. This standard is provided because there is no guarantee that the RSW 

machine will produce the same quality results beyond two hours of operation. Moving on to the 

next process, which is the observation of the RSW machine and the pre-welding process. At this 

stage, surface preparation is needed (see Figures 4 and 6). The aim of this preparation is to achieve 

a surface resistance value that meets the AWS D17.2 standards. 

 

 
Figure 9. Definition of surface resistance  

Source: ANSI, (2019) 

 

Based on the test results, the surface resistance values obtained were 8, 10, 9, 8, and 12 μΩ. 

According to other specifications, the surface resistance value should not exceed 50 μΩ. Therefore, 

based on the criteria outlined in Figure 9, the pre-welding preparation process shows acceptable 

values. Thus, the data that will be obtained in the following discussion is representative of the 

feasibility of the RSW machine. Furthermore, a welding process was carried out for 3 macrograph 

samples and 3 tensile test samples. This also adheres to the standard mentioned in AWS D17.2. In 
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the previous tensile shear tests, the material must have strength data before welding is performed. 

This data is intended to determine the minimum standard classification according to AWS D17.2. 

The material values before welding are shown in Figure 10, while the tensile shear test results are 

presented in Figure 11. The standardization values, as per AWS D17.2, can be observed in Figures 

12 and 13 for the dimensional standards of the welded sample. 

 

 
Figure 10. Tensile test result of welded Al 2024-T42 plates with a thickness combination of 0.6 + 

0.8 mm 

 

 

Figure 11. Tensile shear test result of welded Al 2024-T42 plates with a thickness combination of 

0.6 + 0.8 mm  

 



 RSF Conf. Proceeding Ser. Eng and Tech. 
 

259 

 

 
Figure 12. Maximum Standardization Value of AWS D17.2 Load  

Source: ANSI, (2019) 

 

 
Figure 13. Standardization value of the sample size results from RSW  

Source: ANSI, (2019) 

 

Based on the raw material testing values, the maximum load obtained is 461.54 MPa; thus, 

referring to Figure 12, the value of the ultimate strength table, which is 386 MPa or higher, is 

selected. Then, due to the minimum plate thickness of 0.65 mm, the row of the nominal thickness 

table for the minimum plate thickness of 0.65 mm is chosen. Accordingly, the minimum standard 

value for the tensile shear test is 185 lbf and the minimum average is 235 lbf. Furthermore, referring 

to the tensile shear test results, the maximum load values for the three samples are 337.95 lbf, 

329.16 lbf, and 287.56 lbf, respectively, and the average value of the three samples is 318.22 lbf. 

Referring to Table 1, for a sample length value of 100 mm, with a thickness of 0.65 mm and a width 

of 19.5 mm. Meanwhile, the standardization (Figure 13) has a minimum width of 17 mm and a 

minimum length of four times the width of the sample, which is 68 mm, thus fulfilling the standards 

of AWS D17.2 in terms of dimensions and tensile strength. Next, for the standardization of 

production deviation (Figure 14) at point two, it is stated that the deviation range must be below 

35%. Thus, the sample deviation values are a 19.73, sample b 10.94, sample c -30.66. Then, based 

on the CV (coefficient of variation) formula and the σ (standard deviation) formula, the CV value 

can be obtained as follows. 

 

𝜎  =  √
∑(𝑥𝑖−𝜇)2

𝑛−1
 =  √

389.2729+119.6836+940.0356

2
 = 26.9164 

𝐶𝑉 = (
𝜎

𝜇
) 𝑋 100%  = 

26.9164

318.22
 X 100%   = 8.458 % 
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Thus, a deviation value of 8.458% is obtained and does not exceed 35%. Therefore, from 

the deviation aspect, it is stated to meet the AWS D17.2 standards. 

 

 
Figure 14. Standard range of Tensile Test Values  

Source: ANSI, (2019) 

 

In the macrography test, a good nugget shape was obtained without any defects at all (Figure 

15). Meanwhile, according to AWS D17.2, the standard defect limit is determined to be no more 

than 3% for penetration and size, and 6% for defects and cracks (Figure 16). Thus, it is declared 

that from a visual standpoint, it meets the criteria of AWS D17.2. 

 

 
Figure 15. Results of The Macrography Test on Samples T2, L, and T1 

 

 
Figure 16. The limits of disability are viewed from the internal metallography  

Source: ANSI, (2019) 

 

Referring to the results of the macrography test (Table 1), the maximum and minimum 

penetration values obtained were 55% and 50%, while for the 0.6 mm plate, the indentation was 

0.05 mm and for the 0.8 mm plate it was 0.04 mm on sample L (longitudinal). Then for samples T1 

and T2 (transversal), the maximum and minimum penetration values were 51.72%, 50% and 55%, 

45%, respectively. The indentation values were 0.08 mm for the 0.6 mm plate and 0 mm for the 0.8 

mm plate, and 0.06 mm for the 0.6 mm plate and 0.03 mm for the 0.8 mm plate. These values were 
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obtained from formulas referring to Figures 17 and 19. The penetration and indentation formulas 

are presented below. 

 

𝑃 𝑚𝑎𝑥 =
 𝑙𝑜𝑛𝑔𝑒𝑠𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑖𝑑𝑒 𝑎𝑛𝑑 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑢𝑔𝑔𝑒𝑡

𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑠𝑖𝑑𝑒
 𝑋 100% 

𝐼𝑛𝑑𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛 = 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑠𝑖𝑑𝑒 − 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑐𝑒𝑛𝑡𝑒𝑟 𝑠𝑖𝑑𝑒 

𝑃 𝑚𝑖𝑛 =
 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑠𝑖𝑑𝑒 𝑎𝑛𝑑 𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑡ℎ𝑒 𝑛𝑢𝑔𝑔𝑒𝑡

𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑠ℎ𝑜𝑟𝑡𝑒𝑠𝑡 𝑠𝑖𝑑𝑒
 𝑋 100% 

 

 
Figure 17. Macrography Indentation  

Source: ANSI, (2019) 

 

The next process is to cross-check with the AWS D17.2 standards presented in Figures 18 

and 19. The indentation limit for Sheet Class B is shown at point two, which is 0.13 mm. However, 

from an aerodynamic perspective, it must be below 0.10 mm (point five). Aerodynamic 

considerations are generally only used for aircraft due to their high speeds. This indicates that the 

level of concavity affects the differences in wind pressure when passing through the RSW welding 

area, impacting the structural strength of the components as well as fuel efficiency. However, the 

macroscopic test results show that it meets aerodynamic aspects. The penetration limits are 

divided into two, namely a minimum penetration of 20% and a maximum penetration of 80%. This 

penetration affects the structural strength value, where a larger nugget size means greater strength. 

However, if it is too large, it can cause defects. Therefore, based on the indentation and penetration 

values obtained, the results are deemed acceptable and meet the AWS D17.2 criteria. 

 

 
Figure 18. Indentation Standard  

Source: ANSI, (2019) 
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Figure 19. Penetration Standard  

Source: ANSI, (2019) 

 

The results obtained from tensile shear testing showed average maximum loads of 318.22 

lbf, exceeding the minimum requirement of 235 lbf as stipulated in AWS D17.2 for Class B thin-

sheet aluminium joints. The macrographic examination revealed penetration depths ranging from 

45% to 55% and indentation values below 0.10 mm, which also comply with the acceptance criteria. 

To validate these findings, the results were compared with those of previous studies on the 

resistance spot welding of 2xxx-series aluminium alloys. Haghshenas (2019) reported an average 

tensile shear strength of approximately 290 lbf for Al 2024-T3 sheets with a thickness of 0.8 mm 

under similar welding conditions. Similarly, Koesgi (2021) found that the tensile shear strength of 

Al 2024 joints was achieved at 300–310 lbf for sheet combinations of 0.6 + 0.6 mm. Compared to 

these studies, the present work demonstrates a slightly higher tensile shear strength (318.22 lbf), 

indicating a stable weld nugget formation despite the use of dissimilar sheet thicknesses (0.6 + 0.8 

mm). 

Furthermore, the penetration and indentation values measured in this study fall within the 

range of 45–55% and <0.10 mm, respectively, which are in line with the findings of Podržaj (2008) 

and Hendaryati (2022), who reported penetration values between 40–60% for acceptable 

aerospace welds. This confirms the consistency of the welding process and its compliance with the 

acceptance criteria outlined in AWS D17.2. 

Unlike most previous studies that investigated equal-thickness joints (e.g., 0.6 + 0.6 mm or 

0.8 + 0.8 mm), this research evaluates the feasibility of RSW for dissimilar sheet thicknesses (0.6 

mm + 0.8 mm) of Al 2024-T42 alloy. This thickness combination is widely used in helicopter and 

aircraft skin structures, where weight reduction and structural integrity must be balanced. The 

results demonstrate that the RSW process can still achieve mechanical properties that meet the 

minimum requirements for aerospace applications, thereby validating its suitability for use in thin-

gauge structural components. 

These findings strengthen the argument that RSW is a technically feasible and reliable joining 

method for dissimilar thin aluminium sheets in the aerospace industry. Future studies may include 

fatigue and corrosion tests to evaluate long-term performance further. These results are consistent 

with other recent studies on aluminium RSW, which also achieved acceptable penetration and 

strength under similar thickness conditions (Rahimi, 2020; Epperlein, 2024) 

Thus, it is stated that the RSW machine is suitable for welding components of the N Bell 

helicopter. The components that are typically welded are the Duct Assy, with an AISI 321 material 

combination of 0.5 + 0.5, the Skin Assy, with aluminium 2024 T42 material combination of 0.6 + 0.6, 

and the Door Assy, with aluminium 2024 T42 material combination of 0.6 + 0.8. Then, to facilitate 

the results of the machine's feasibility, Table 2 is provided. 
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Table 2. Test results data of the RSW machine feasibility 

Sample Testing Dimension  

(length x 

width x 

thickness) 

Test 

Results 

Acceptance 

Criteria 

Description 

Tensile Shear 

Rate 

Tensile Shear 

Test 

100 mm 

19.5 mm 

0.65 mm 

318.22 

lbf 

235 lbf PASS 

Tensile Shear 

(a,b,c) 

Tensile Shear 

Test 

100 mm 

19.5 mm 

0.65 mm 

(a) 

337.95 

lbf  

(b) 

329.16 

lbf 

(c) 

287.56 

lbf 

185 lbf PASS 

Pasca  Cleaning Resistance 

Test 

- 8, 10, 9, 

8, dan 12  

≤50  PASS 

Macrography L Macrography 

Test 

- 

- 

0.65 mm 

Max 55% 

Min 50% 

20% - 80% PASS 

Macrography 

T1 

Macrography 

Test 

- 

- 

0.66 mm 

Max 

51.72% 

Min 50% 

20% - 80% PASS 

Macrography 

T2 

Macrography 

Test 

- 

- 

0.66 mm 

Max 55% 

Min 45% 

20% - 80% PASS 

Macrography L Macrography 

Test 

- 

- 

0.65 mm 

0.05 mm 

dan  

0.04 mm 

0.13 mm PASS 

Macrography 

T1 

Macrography 

Test 

- 

- 

0.66 mm 

0.08 mm 

dan  

0 mm 

0.13 mm PASS 

Macrography 

T2 

Macrography 

Test 

- 

- 

0.66 mm 

0.06 mm 

dan 

0.03 mm 

0.13 mm PASS 

 

CONCLUSIONS  

Based on the research that has been conducted, the author reaches the following conclusions: 

1. The tensile shear test results of 337.95 lbf, 329.16 lbf, and 287.56 lbf with an average of 

318.22 lbf exceeded the minimum requirements of AWS D17.2 (185 lbf minimum and 235 

lbf average). This indicates that the RSW process on Al 2024-T42 with dissimilar sheet 

thickness (0.6 mm + 0.8 mm) can produce joints that meet aerospace structural standards. 

2. Macrographic examination showed penetration values of 45–55% and indentation values 

below 0.10 mm. These results are within the acceptance criteria of AWS D17.2, including 

aerodynamic considerations for thin-skin aircraft structures. 
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3. Compared to previous studies, this study demonstrated equal or better joint performance 

without specialized electrodes, supporting the use of RSW for lightweight aircraft 

structures. The findings provide both practical insights for manufacturing and theoretical 

data for future studies. 

 

LIMITATIONS & FURTHER RESEARCH 

This study focused solely on tensile shear testing and macrographic examination of RSW 

joints on Al 2024-T42 with sheet thicknesses of 0.6 mm and 0.8 mm. Other important properties, 

such as fatigue, fracture toughness, and corrosion resistance, were not evaluated. The welding 

process was also limited to a single set of parameters and flat sheet specimens. Future studies 

should include parameter optimization, fatigue and corrosion tests, and application on fundamental 

aircraft components to provide a more complete understanding of joint performance. 
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