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Abstract 
 The study was aimed to investigate the metallurgical properties of semi-solid metal aluminium alloy 

5083 welding using gas metal arc welding, with the variation of 5, 10 mm, and one-sided lap joint. The weld 
is characterized by a complete melting, and macro structure had no twist and cracks caused by the residual 
stresses in the weld. The small amounts of porosity were observed throughout the weld area. From the two-
way lap joint at 10 mm, the penetration depth is better, and the porosity is less than the 5 mm lap joint. The 
microstructure of the base metal is composed of spheroidal grain structure (α), mixed with eutectic phase 
(Mg + Si). The pore size is 5 to 20 microns. It has a uniform distribution of Mg2Al3, which is smaller than the 
structure of the heat affected area. From the inspection does not show the crease of the weld. It showed that 
5083 semi-solid aluminum alloys can lap joint with the gas metal arc welding. 
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Introduction  
Currently, aluminum shipbuilding industry in Thailand is a minor industry. Therefore, aluminum for 

construction or repairing ship was limited while these undertakings need are on the opposite side. Welding is 
the main process in doing, and aluminum alloy 5083, casting by GISS (gas induced semi-solid), is used in 
the procedure. [1] The method is the semi-solid metal casting process for forming spheroidal grain which is 
more durable and resisted to erode than the regular aluminum drawn. The new production process is widely 
interested and the material will probably replace the existing aluminum in the future. Welding aluminum has 
many limitations after welding which there were the possibility in occurring of crack and spongy. 
Consequently, selecting welding process is very important and gas metal arc welding (GMAW) is vital in 
welding aluminum material. GMAW has an effect on products quality and capital cost of welding which 
consists of electric current in welding, electromotive force, welding speed, torch angle, arc apace, position 
and direction of welding and rating of gas flown [2] and after welding, welding joint was flawless and 
complete. 

Generally, the lap joint is applied in aluminum ship welding since cover welding in fracture is not 
widely used in the procedure of repairing. Additionally, aluminum piece was firstly brought to cover the 
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broken area then lap joint welding was applied in 
overlapping one side and two sides. The lap joint 
helps for adding durable and protects abrasion from 
cracking area. [3] After welding, the study on 
metallurgy comparison in applicable welding joints 
were applied because of the spheroidal grain 
manner which it was melt from heat, its phase was 
changed and residual welding stress was in a large 
amount and this caused crack in welding jointor 
unable to join weld completely. [4]   
Material and Method  

Semi-solid Aluminum alloy 5083 (with 
Manganese - Mg 3.95 of weight) was applied in the 
study. [5] Working piece 100 x 50 x 8 mm, lap joint 
space 5 mm and 10 mm, lap joint welding in one 
side and two side which the characteristics of lap 
joint will effect to weld bead, imperfection and 
durable of welding joint.  

GMAW method had been examined 3 times, 
6 working pieces, with welding rods A5.10 ER356, 
DCRP current, 20-23 Voltage, shielding gas 100% 
AR, gas flow rate at 13 liters/minute, welding speed                  
8.6 – 9 x 10-3 m/s. [6] 

Metallurgical structure was examined by 
metal polishing machine and milling working piece 
with Keller’s reagent (which consisted of nitric acid, 
hydrochloric acid and hydrofluoric acid), 3 to 5 
seconds, dry blowing with heat air. After that, the 
results were examined using the digital camera 
which recorded welding surface of macro-structure 
to examine error in welding and light microscope 
was applied to find the micro-structure in weld zone 
(WZ) and heat affected zone (HAZ)  
Results  

The welding surface from lap joint variable of 
5, 10 millimeters from alloy aluminum 5083 with 
GMAW were stable fusion. The heat effects to 
welding joint surface became oxide, and made 

aluminum melt two materials together without crack 
and spongy on welding surface.  

There were no twisted characteristics of 
working pieces and no crack from residual stress.           
From welding one side lap joint, there was much 
porosity with diameter 0.1 to 0.5 millimeters around 
the welding joint area. From welding two side joint, 
at the connecting space 10 mm: the weld bead is 
better and the occurrence of porosity is less than at 
the connecting space 5 mm as in Figure 1. 
However, semi-solid aluminum alloy 5083 was able 
to weld with GMAW without the occurrence of 
crack.  

 

 
Figure 1 Macro-structure examination 

The micro-structure of base metal (BM) 
consisted of phase aluminum (α=white) mixed with 
Eutectic phase (Mg + Si = Black + Gray) steadily 
dispersing which the structure of phase aluminum 
mixing with semi solid metal was spheroidal grain 
(α) from welding variable lap joint 5, 10 millimeters 
and from lap joint one side, two sides, there were 
porosity with diameter 5-20 micron in the WZ. As in 
Table 1, spheroidal phase structure was changed to 
dendrite structure with smooth dispersion of Mg2Al3 
as in Figure 2 (A) and (B). 
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Table 1 Porosity size on weld zone 
Variable Welding test 

1 micron 2 micron 3 micron 
Lap joint at 5 mm. 6-18 5-18 5-20 
Lap joint at 10 mm. 5-12 7-15 6-10 

The micro-structure that was affected from 
HAZ Figure 2 (C), (D) and were one sided lap joint 
welding and (E), (F) were two sided lap joint 
welding. In this area, it was the most noticeable 
point because of the residual stress which was risk 
to occur the crack or other error. From examination, 
there was no crack but the porosity of 1-30 micron 
was occurred from two side lap joint welding at the 
phase of lap joint 5 millimeters which take place in 
the cooling down period of welding. The elaborated 
structure with tiny particle similar to dendrite 
structure was from the cooling process of fusion on 
welding joint zone with smooth dispersion of Mg2Al3 
and the grain structure was rougher than the 
welding joint area. 

 
Figure 2 Micro-structure examination 

Discussion 

Heat temperature factor of Semi-Solid 
Aluminum alloy 5083 welding was effected to 
porosity occurrence especially in lap joint welding at 
5 millimeters because the lap space was narrow 
and it made less heat accumulation in welding joint 
and Hydrogen cannot drain out before cooling down 
period. Since aluminum material was quickly 

reaction to hydrogen, the method to decrease 
porosity was to warm the working piece after 
welding at 573 kelvins for 30 minutes. [6] 

From the examination, there was no crack in 
welding joint [7,8] which show that Semi-Solid 
Aluminum alloy 5083 are able to do GMAW lap 
joint welding. The best variable for welding is two 
side lap joint welding with lap joint space at 10 
millimeters because the wide lap joint space make 
the large amount of heat accumulation and while 
welding in the second side was as warming the 
working piece after the first welding joint which 
effected to the less amount of hydrogen from the 
cooling process of fusion on welding joint zone [6] 
with smooth dispersion of Mg2Al3.  

In the micro-structure of heat affected zone 
was the most noticeable point because it is the 
most residual stress zone which is risk to occur 
crack or other error from cooling period while 
welding. [9] However, welding with Semi-Solid 
Aluminum alloy 5083 were able to do with GMAW 
process without effecting to be crank of welding 
joint.  
Acknowledgments 

The author would like to express our 
gratitude to Faculty of Technical Education, 
Rajamangala University of Technology of 
Technology Khonkaen Campus for supporting the 
scholarship, tools and equipment research, as well 
as Asst. Dr. Prapas Muangjunburee, Department of 
Mining and Material Engineering, Prince of 
Songkhla University for the academic support. 
References 
1. Wannasin J, Thanaburungkul S. Development 

of a semi-solid metal processing technique for 
aluminium casting applications. Songklanakarin 
J Sci Technol. 2008;30(2):215-20. 

2. Karadeniz E, Ozsarac U, Yildiz C. The Effect of 
process parameters on penetration in gas 



72  Vol 11 No 3, September - December 2018                                              Naresuan Phayao Journal  
 

metal arc welding processes. Mater Des. 
2007;28:649-56. 

3. Shah LH, Mohamad UK, Yaakob KI, Razali AR, 
Ishak M. Lap joint dissimilar welding of 
aluminium AA6061 and galvanized iron using 
TIG Welding. J Mech Eng Sci (JMES). 
2016;10(1):1817-26.  

4. Praveen P, Yarlagadda PDKV. Meeting 
challenges in welding of aluminium alloys 
through pulse gas metal arc welding. J Mater 
Proc Technol. 2005;164-165:1106-12. 

5. Lu SL, Wu SS, Zhu ZM, An P, Mao YW. Effect 
of semi-solid processing on microstructure and 
mechanical properties of 5052 aluminum alloy. 
Trans Nonferrous Met Soc China. 2010; 
20:S758-S62. 

6. Liu Y,  Wang W, Xie J, Sun Shougung, Wang 
L, Qian Y, et al. Microstructure and mechanical 

properties of aluminum 5083 weldments by gas 
tungsten arc and gas metal arc welding. Mater 
Sci Eng. 2012:549:7–13. 

7. Cueca F, Solano E, Patarroyno A, Morales A, 
Rojas F, Munoz R. Study of the weld ability of 
aluminum alloy  5083 H116 with pulsed arc 
GMAW (GMAW-P). Ship Sci Technol. 
2012;6(11):43-56. 

8. Arun Narayanan., et al. Influence of gas 
tungsten arc welding parameters in aluminium 
5083 alloy. International Journal of Engineering 
Science and Innovative Technology. 2013; 
Vol.2, Issue 5 

9. Haken M, Lebaili S, Miround J, Toukail S. 
Welding and characterization of 5083 aluminum 
alloy. Metal. 2012;5:23-25. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


