
T. A. Tawfiq et al. Iraqi J. Laser A, 11, 1-5 (2012) 
 

1 

 

 
Iraqi J. Laser, Part A, Vol.11, pp. 1-5 (2012) 

 

 

 

 

 

Spot Welding of Dissimilar Metals Using an Automated Nd:YAG 

Laser System 
 

 

Thaier A. Tawfiq 
(1)

  Ziad A. Taha 
(1)

  Furat I. Hussein 
(2)

  and  Abeer A. Shehab 
(3)

 

 
 (1) Institute of Laser for Postgraduate Studies, University of Baghdad,  Baghdad,  Iraq 

(2) Al-Khwarizmi College of Engineering, University of Baghdad,  Baghdad,  Iraq 

(3) Mechanical Engineering Dep., College of Engineering, Diyala University, Diyala, Iraq 

 

 

(Received 6 March 2012; accepted 20 May 2012) 

 

 
Abstract: An assembled pulsed Nd:YAG laser-robot system for spot welding similar and dissimilar 

metals is presented in this paper. The study evaluates the performance of this system through 

investigating the possibility and accuracy of executing laser spot welding of 0.2 mm in thickness 

stainless steel grade AISI302 to 0.5 mm in thickness low carbon steel grade AISI1008. The influence of 

laser beam parameters (peak power, pulse energy, pulse duration, repetition rate, and focal plane position 

on the final gained best results are evaluated. Enhancement of the experimental results was carried by a 

computational simulation using ANSYS FLUENT 6.3 package code. 

 

 

 

 

 

 

 
Introduction 

 

Laser-robot welding processes have potential 

advantages over conventional materials 

processing methods. The advantages vary 

greatly depending on applications and results 

from the high flexibility of laser-robot systems, 

the non-contact nature of the processes as well 

as the capability of achieving consistent quality. 

Most of the laser-robot systems that are 

currently being used for welding employ CO2 

laser-robot systems. The easy availability of 

high power CO2 lasers makes CO2 laser robot 

welding more popular than Nd:YAG laser-robot 

welding. In many instances, however, the 

Nd:YAG laser-robot systems may be more 

suitable for sheet metal processes than the CO2 

laser-robot systems for the following reasons: 

The solution of transmitting the Nd:YAG 

laser beam by an optical fiber provides high 

flexibility, accessibility and ease of 

maintenance, especially in three-dimensional 

process. This gives advantages over the CO2 

laser-robot systems [1]. The short wavelength of 

the Nd:YAG laser beam (1.06µm) means that 

metals such as aluminum or its alloys have 

higher beam absorption for the Nd:YAG laser 

beam than for the CO2 laser beam [2]. In spite of 

the executed tasks in this work were of 

stationary heat source, the role of the robot is to 

be of great importance for the most 

sophisticated geometry of welding and for the 

tortuous welding tasks that require high 

maneuvering. Several Nd:YAG laser-robot 

systems are commercially available for wide 

range of applications that indicate potential 
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advantages in production [3,4] With the 

development of high kW power Nd:YAG laser 

technology and the improvement of laser beam 

fiber optics, as well as the better performance of 

articulated robots, those researching and 

applying Nd:YAG laser-robot systems are 

turning their attention to sheet metal welding, 

especially in the automotive industry [5,6] Laser 

welding, fiber optics, robot performance for 

beam handling and pulsed Nd:YAG laser 

behavior are four important components of the 

Nd:YAG laser-robot system for material 

processing.  

Over the last ten years, laser welding (spot 

and seam) has become a widely acceptable 

joining method for its several advantages 

compared to other welding techniques  (low heat 

input, small HAZ, low thermal distortion of the 

workpiece, less risk of deformations, high 

welding speeds, deep and narrow weld shape, 

easy automation, no filler materials, welding 

complex joint configurations and different 

materials)  as soon as it is a good choice when 

classical joining methods are not suitable. Laser 

welding is a keyhole fusion welding method 

which is obtained by a high power density, laser 

power is often in the range of 0.3-3 kW for 

Nd:YAG laser, and 5-10 kW for CO2 laser, 

achieved with focusing a laser light beam to a 

very small spot. Due to this small spot, the 

energy is very concentrated, with a focused 

power density at the weld surface in order of 10
6
 

W/cm
2
, which is one of the highest among the 

different welding processes available [7]. 

 

 

Integrated Nd:YAG laser-robot system 

 

The pulsed Nd:YAG laser-robot system 

employed for the benefit of this article is 

constructed from the following components;  

Class four pulsed Nd:YAG 1.064 μm 

wavelength laser apparatus PB80, maximum 

output power of 80 W, peak power of 8 kW, and 

a single pulse capability up to 70J/10ms. The 

pulse duration is variable between 0.1 to 50 ms, 

and the repetition rate is 1-100Hz. The pulsed 

Nd:YAG laser has adjustable pulse shapes 

which offers high flexibility in optimizing the 

weld parameters to achieve defect free joints. 

That means the waveform can be divided into 

fourteen segments. This apparatus is equipped 

with a class 2 CW He:Ne laser of 0.5mW 

maximum output power for alignment purposes.  

A manipulator model Motoman-HP6, type 

YR-HP6-A00, controlled six controlled axes, 

6kg Payload, 1378 mm maximum reach, and 

repeatability of ±0.08mm. For a flexible 

maneuvering transmission of the laser beam 

from the laser apparatus to the manipulator an 

optical fiber of 0.4mm in diameter and 10m long 

is coupled to the laser output at one end and to 

the beam focusing head mounted on the 

manipulator at the other end. Figure 1 shows the 

employed Nd:YAG laser-robot system.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.(1): Nd: YAG laser-robot system for 

material processing. 

 

Materials 

 

Power generation, structural, chemical, 

petrochemical and nuclear industries typically 

uses AISI 1008 steel [8,9]. Stainless steel AISI 

302 is widely employed for heat exchangers 

industries, chemical and food processing [10]. 

Both materials were employed for the benefit of 

this evaluation using two overlapped workpieces 

with 20mm overlapping distance. The upper 

workpiece is stainless steel AISI 302 sheet of  

(100mm×10mm×0.2mm) facing the laser source 

while the carbon  steel AISI 1008 sheet of 

(100mm×10mm×0.5mm) is the lower one. A 

clamping device is designed to compress both 

workpieces together during the welding task in 

order to ensure better  contact  between  the 

welded  sheets  and overcome any gap may 

occur  in between  that may negatively affect the 

quality of the joint. For having guaranteed 

results the workpieces followed several 

preparation steps in order to suppress the effect 

of any existing defects in the welding region. 

Pure alcohol was used for acquiring the 

workpieces clean surfaces. Several grads of 

abrasive silicon carbide papers of rang (400, 

1000, and 1200) grain / cm
2
 were used for 

removing the oxide layers from the surfaces of 
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the welded regions. Finally, HCL solution 50% 

concentration was used in order to get very 

clean surfaces followed by washing with 

distilled water [11].  

By using a universal testing strength machine 

the base metal tensile strength for both stainless 

steel and low carbon steel was checked. The 

welded workpieces were tested for obtaining the 

tensile shear strength of the spot welded zone 

that compared finally with the base metal tensile 

strength for the evaluation of the joint quality.    

 

Laser process parameters 

Several workpieces that were already 

prepared for this purpose are welded using laser 

pulse peak powers of 2, 4, and 6 kW versus 

pulse duration of 1.5, 2.5, 5 and 8 ms. In 

addition, 3.8 mm standoff distance was chosen 

and 0.65 mm laser spot diameter focused on the 

workpiece surface. The welded workpieces then 

went through tensile shear strength test for 

determining the most successful working 

parameters that led the workpiece of the highest 

shear strength.  

 

Results and Discussion 

     

1. Experimental Results 

Tensile shear test is achieved for the 

evaluation of the workpieces spot welding 

quality. The welding zone strength of the joined 

workpieces increased as the pulse energy 

increased as well as enlarging the pulse duration 

while decreasing the repetition rate. Several 

workpieces were welded choosing values of 

peak power ranging from 5-7kW with 0.5kW 

increment while fixing the pulse energy at 48J 

and the repetition rate at 2Hz in order to 

estimate the peak power effect.  

Workpieces that were welded at 5.5kW of 

peak power show the highest quality of their 

welding zone (300N of shear strength). These 

working parameters that led to the highest 

strength of joining zone were employed for 

welding another workpieces with different 

values of pulse duration (5, 6, 6.5 and 7ms) for 

estimating its effect on the quality. Workpieces 

welded at 6.5ms of pulse duration show the 

highest shear strength in this group that is 244N. 

Hence, working parameters of 5.5kW, 2Hz, 48J, 

and 8.7ms were the most successful to be 

intended for the evaluation. Figure 2 shows the 

cross section of the spot welding zone that 

belongs to the most successful joined 

workpieces. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (2):  Spot welding zone cross section view of the 

highest strength joined workpieces. 

 

Computational Results 

The following assumptions were taken into 

consideration for simplification: 

−Temperature independency of material‘s 

physical properties. 

−Neglected internal generation. 

−Homogenous and isotropy material of 

workpiece.  

The analyzed section of the workpiece is 

meshed into a division of 0.03mm along 

thickness and width directions. The 

computational temperature distribution that 

results by varying the peak power (7, 6.5, 5.5, 

and 5kW) at a fixed pulse energy of 48 J and 

repetition rate of 2Hz is shown in Figure 3 along 

(a) the axial direction x and (b) the radial 

direction y. 
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(b) 
Fig.(3): The computational temperature             

distribution for different values of peak power along 

(a) the axial direction x and (b) the radial direction y. 

 

The computational temperature distribution 

that results by varying the pulse duration (7, 6.5, 

6, and 5ms) and fixing the peak power at 5.5kW 

and repetition rate of 2Hz is shown in Figure 4 

along (a) the axial direction x and (b) the radial 

direction y. 
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(b) 
 

Fig. (4): The computational temperature distribution 

for different values of pulse duration along (a) the 

axial direction x and (b) the radial direction y. 

 

Conclusion 

 

Laser performance for material processing 

can be evaluated by the beam quality and the 

fluctuation of beam power. The effective focus 

range, beam orientation angle and path deviation 

tolerance can be used to evaluate robot 

performance for different tasks of laser material 

processing. 
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 ٌقطي ال:ياك الٌذيويوملليسر  هؤتوتة هٌظوهة باستخذاملحام ًقطي لوعادى غير هتواثلة 

 

 
 توفيقثائر عبذ 

(1)
 زياد أياد طه   

(1)
 حسيي إبراهينفرات   

(2)
 عبير أحوذ شهاب   

(3)
 

 
 الؼشاق ، بغذاد ،جاهؼت بغذاد ،هؼهذ اللُضس للذساساث الؼلُا (1)

 الؼشاق ، بغذاد ، جاهؼت بغذاد ،كلُت الهٌذست الخىاسصهٍ ( 2)

 الؼشاق ،دَالً ،جاهؼت دَالً ،كلُت الهٌذست ،لسن الهٌذست الوُكاًُكُت ( 3)

 
هي خلال التحمك هي أهكاًُت ودلت تٌفُز لحام ًمطٍ  إلُهاالذساست تمُُن أداء الوٌظىهت الوشاس  هزٍتن فٍ 

هلن هغ هؼذى فىلار رو هحتىي  0.2بسوك  AIS302باستخذام هزا اللُضس لوؼذى فىلار هماوم للصذأ ًىع 

تمُن تأثُش هؼاهلاث اللُضس )المذسة الؼظوً، طالت الٌبضت، صهي . هزٍ الذساست 0.5بسوك  AISI1008كشبىى واطئ ًىع 

الٌبضت، هؼذل التكشاس، وهىلغ هستىٌ البؤسة( ػلً الٌتائج الٌهائُت التٍ َتن الحصىل ػلُها. تن تؼضَض الٌتائج الؼولُت 

 ANSYS FLUENT 6.3بوحاكاة حاسىبُت باستخذام البشًاهج الحاسىبٍ التطبُمٍ 
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