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ABSTRACT 

Dissimilar welding of Titanium with Aluminum alloys is a challenging technique and generally more 

difficult than that of same metals due to the difference of chemical, physical and mechanical properties between the 

components to be welded. Laser welding is a fast heat circulation process. Large temperature appears around the 

weld and deformation can be produced in the post welding structure. Solidification cracking occurs when there is 

low solubility for alloying elements during cooling. Metallurgical combination determines the characteristics of 

fusion zone which include possible hardening mechanisms. This article helps to get a practical understanding for 

the causes of distortion, crack formation location and hardness variations in butt joint welded assemblies using 

Titanium Grade5 and Aluminium AA2024 alloy sheet with different speed ranges. The beam offset position to the 

joint interface is selected from titanium side due to back reflectivity of aluminium side. Test results reveal that 

welding speed is the main factor affecting distortion, crack formation and hardness of weld metals.  
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INTORDUCTION 

Laser beam welding is used to join Titanium and Aluminium featuring precise control, high welding speeds 

when joining thin sections. The heat affected zone in this weld is usually much narrower than in other conventional 

welding processes. Welding used for the investigation is known as Pulsed Nd:YAG Laser  unit which is 

characterized by periodic heating of the weld pool melting and solidification to take place consecutively. Titanium 

and Aluminium is one of the most important non ferrous metals and finds extensive applications in the automotive, 

aerospace, defense, ship building, medical, electronics, power generation, alternative energy, fuel cells, solar 

power, wind turbines, nuclear, highway transportation equipment and home appliances (K. Kalaiselvan, 2014; K. 

Kalaiselvan, 2014a; D. Iordahescu, 2007; D. Iordahescu, 2011a). Distortion is one of the major factors in sheet 

metal welding fabrication. There are four fundamental types of distortion, namely the longitudinal shrinkage, the 

transverse shrinkage and the angular distortions in two directions. Various forms of distortions are produced as 

their combination (Radaj, 1992; Murakawa, 2005; K. Kalaiselvan, 2014). The distortions of welded structures lead 

typically to uncertainty in design and manufacture and these drawbacks are especially evident in thin plates 

(Michaleris, 1997; Asle Zaeem, 2007; Dhingra, 2005). 

The knowledge of the surface morphology and crack formation on mechanical properties of thin sheet weld 

joint is inadequate in literature (K. Kalaiselvan, 2014b; K. Kalaiselvan, 2014c; K. Kalaiselvan, 2014d). Recently, 

various methods of joining dissimilar alloy have been developed, which diversifies the morphology of interfacial 

reaction layer. Plate layer can be formed by diffusion bonding (Sohn, 2003; Yao, 2008), brazing (Takemoto, 1988) 

and cellular shaped layer can be obtained by laser welding brazing (Chen;Chen, 2008; Chen, 2007) during joining 

titanium to aluminium. It is found that the morphology of reaction layer play an important role on the mechanical 

property of dissimilar joints. Hardness is a property of metal that gives the ability to resist being permanently 

deformed such as bent and its shape changed when a load is applied. Hardness measurement can be defined as 

macro and micro scale according to the forces applied and displacements obtained. Too much heat during the 

welding process can change hardness and closely related to the strength of the weld. The Vickers, Brinell and 

Rockwell tests are the most common experiments to determine the hardness of metals. Brinell and Rockwell tests 

measure the resistance to indentation of a metal under a static load and increased the usage of very thin sheet 

materials. Rockwell Hardness is probably the most used hardness testing method because it is simple and self 

contained. There is no need for a separate microscope reading.  

MATERIALS AND EXPERIMENTAL PROCEDURE 

The experimental materials consist of 150mm length x 75mm width x 1.0mm thick of titanium and 

aluminium alloy thin sheets. Chemical compositions of base materials are tabulated in Tables I and II respectively. 

The laser welding system used in this research is JK 600 HP Nd:YAG pulsed laser industrial with average power 

600W, maximum peak power 10KW, maximum pulse energy 100J, maximum frequency 1000HZ, pulse with range 

0.2 – 20ms, fibre diameter 600µm. The schematic diagram of the laser welding system is given in figure 1. Argon 
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gas is supplied co-axially as shielding gas to avoid the oxidation of melt pool. The experiments are performed with 

energy 25J, laser focused 200mm, gas flow rate 10 l/min, height 32%, width 8.5ms, and rate 20Hz. The speed of 

the operation is varied from 180mm/min to 240mm/min in steps of 10mm/min. 

Composition 
Weight 

Percentage 

Al 5-5-6.75 

V 3.5-4.5 

H 0.015Max 

Ti Balance 
 

 

Composition Weight Percentage 

Si 0.500-1.200 

Cu 3.800-5.00 

Zn 0.063 

Fe 0.700 

Mg 0.200-0.800 

Ti 0.010 

V 0.001 

Pb 0.028 

Mn 0.300-1.200 

Al Balance 

Table 1: Chemical Composition of Titanium Gr5 Table.2.Chemical Composition of AA2024 
 

  
Figure.1.Laser welding system Figure.2Clamping with backup plates 

The work pieces are clamped each other tightly with backup plates in order to get the minimum gap 

formation between the edges and to reduce the breaking off risk during solidification as shown in figure 2. 

Aluminium has high thermal conductivity (Alfieri, 2012). Melting temperature of Al alloy is above 650˚C and 

higher specific energy per volume is required to effectively melt the metal due to its high reflectivity (Barti , 2004). 

In this study an offset of 0.3mm has been considered and gap to allow 0.10mm. The weld arc is focused from 

titanium side to aluminium side in the present investigation. A system integrated camera is employed for primary 

fit up when setting the welding path. The robot which moves the laser head provides accuracy for excellent pose 

and a repeatability of the process.  

RESULTS AND DISCUSSION 

Distortion of the butt joint weld: The maximum distortion is found at room temperature. This indicates that the 

transverse shrinkage and downward longitudinal bending are the main factors inducing distortion in the welding 

process. Distortion of titanium and aluminium at different speed ranges such as 1800mm/min to 240mm/min are 

identified and at the maximum speed range of 240mm/min is shown figure 3. Distortion is measured by using 

venire height gauge. 

It is found that distortion occurs during heating and different speed ranges. Test results of two alloys show 

that the critical states of distortion for titanium alloy and aluminum alloy occur at different time interval. Figure 4 

shows various distortion heights at different speed offset distance from titanium side. Also increase in speed 

increases distortion. The maximum distortion is noted at 240mm/min. It is noted that the physical properties of two 

alloys are different and the thermal expansion coefficient of aluminum alloy is higher than titanium. 

 

  
Figure.3.Distortion at speed 240mm/min Figure.4.Distortion at different speed ranges 

http://www.jchps.com/


International Conference on Energy Efficient Technologies For Automobiles (EETA’ 15) 
Journal of Chemical and Pharmaceutical Sciences                                                                            ISSN: 0974-2115 

JCHPS Special Issue 6: March 2015                                                   www.jchps.com      Page 67 

  
Figure.5.Crack at speed 180mm/min (a) Top surface (b) Bottom surface 

(a) Top surface (b) Bottom surface 

Crack and Surface morphology: Heat energy is focused from titanium side at various speeds. Weld cracks in 

macroscopic level by visual examinations are found, which are longitudinal cracks along the weld face on both 

sides of the weld sheets. Figures 5 (a) and (b) show longitudinal crack at 1800mm/min of welding speed both top 

and bottom surfaces. These cracks may be formed due to formation of intermetallic compounds which can be seen 

in the Ti-Al binary phase diagram as shown in figure 6.  

 
 

Figure.6.Ti-Al binary phase diagram 
Figure.7.Surface morphology at 220mm/min (a) 

Front surface 

  
Figure.7.Surface morphology at 220mm/min (b) 

Bottom surface 
Figure 8 Rockwell hardness tester 

 
 

Figure.9.Hardness measurements locations Figure.10.Hardness at different speed ranges 

When the welding speed increases cracks are not seen on the interface between Ti alloy and Al alloy. Also 

surface roughness and grooves are reduced. Comparing with speed at 180mm/min, the surface morphology of the 

weldment is better at the speed of 220mm/min and is shown in figure 7(a) and (b). 
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Hardness Measurement: As per American Society for Testing and Materials (ASTM) direction, the B and C 

scales overlap, such that readings below HRC 20 and above HRB 100, generally considered unreliable and hence 

such scales are avoided for hardness testing. Accordingly in the present investigation only HRC scale is used for 

uniformity to find hardness of Titanium Grade5 and Aluminium AA2024 alloy dissimilar weld as the hardness 

range of both metals are above HRC 20. The Rockwell hardness test consists of indenting the test piece with a 

diamond cone indenter C scale. The indenter responds to changes in depth of penetration and is set to a datum 

position. Hardness test is conducted to characterize the strength property of the welded material using LS 1586 – 

1968 hardness tester with an indenter load of 150kg as shown in figure 8. 

       The process parameters and properties have a significant role in determining the quality of weld joint 

(Kreimeyer, 2005). Hardness measurements are conducted on the welded sheets performed at various weld speed 

namely 200mm/min, 220mm/min and 240mm/min. These are performed to evaluate the hardness distribution 

across the weld line, the base metal and HAZ on both sides of the weld region in left and right. Hardness 

measurements are taken on the test piece with 1mm gap as per the locations shown in figure 9. Subsequently after 

welding the hardness values are observed using HRC scale as shown in table3. 

Table 3: hardness values using rock well c scale 

Speed 

Mm/ 

min 

Hardness Measurement locations 

1 2 3 4 5 6 7 

200 42.3 48.5 53.8 26.2 23.5 28.3 31.4 

220 51.6 57.3 62.6 36.3 24.3 37.6 29.0 

240 43.2 48.5 54.2 39.5 24.1 34.6 31.6 

The results show that the hardness of the weld zone at location 4 is slightly lower than that of HAZ and 

base metal as laser beam makes the fusion zone soft with recrystallised structure. As the speed increases the 

weldment hardness increases at FZ as shown figure 10. From the results it is observed that as the speed increases 

the hardness increases at FZ. 

CONCLUSIONS 

From the investigation the following are the conclusions. 

1. The physical properties of two alloys are different and the thermal expansion coefficient of aluminum alloy is 

much higher than titanium. 

2. If the weld speed is increased, the work piece distortion is found increased. 

3. As the welding speed increases cracks are not seen on the interface between Ti alloy and Al alloy and also 

surface roughness and grooves are reduced. 

4. Too much heat during the welding process can change hardness and hence closely related to strength of the 

weld. 
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