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Abstract: This paper presents the results of an investigation aimed at evaluating the geometric and material characteristics of welds, such as 

dimensions, shape, pores, cracks and other imperfections. An automated weld inspection workstation has been designed which includes 

suitable sensors, equipment and software solutions for data acquisition and processing.  Tests were performed on selected welds to 

determine the material superheat and weld quality. 
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1. Introduction 

Increasingly more and more manufacturers are directing their 

investments into the introduction of modern industrial automation 

and information systems in order to maintain competitiveness, to be 

able to respond to changing market requirements or simply to work 

efficiently. These trends did not bypass the field of welding either. 

As is well known, welding innovation has been created and 

advanced from the first hand-worked specialty to the advanced 

systemic specialized science. Examining and simulating intelligent 

activity and capacity of welder‘s operation is critical for 

improvement of mechanical welding. Therefore, simulation and 

understanding a welder‘s activities by some clever machines, e.g., 

industrial welding robot is one of the most vigorously researched 

issues in the advanced welding technology. Welding as one of the 

methods of joining materials that is used in many industries is very 

often represented among the energy industry, construction, 

engineering industry and, last but not least, the automotive industry. 

It is the automotive industry that includes a wide range of welding 

methods. In addition to the resistance welding, electric arc welding 

with an electrode in the protective atmosphere is also widespread. 

These welding methods can be performed by welding robots. 

Robotic workplaces and lines are an integral part of the car 

production process and their components. With increasing demands 

for efficiency and welding quality, robotic welding becomes 

preferred method of connecting materials such as low carbon, 

micro-alloyed and stainless steel as well as aluminum and alloy. 

Robotic welding process allows higher accuracy, higher speed and 

repeatability with high quality of production, leading to cost 

reduction. The weld control is an important and integral part of the 

process in mass production of welds. Weld control area is currently 

a great emphasis. Experimental part of paper is aimed at two parts. 

First is the workplace design for automated weld control. Second 

part is macro weld control first part to rest in the designed 

workplace for automated control of the frame of the rear seat frame 

construction of the rear seat which is seen in Figure 1 and 2. The 

operator of one control cell checks 150 welds on one set. This 

means that operator checks 1950 welds per hour, which is an 

enormous amount and, of course, in this case the NOK welds are 

overlooked. For this reason, we decided to deal with camera weld 

control with a camera placed on a robot. [1-8]. 

2. Robotic systems 

Robotic systems often include various feedback mechanisms to 

assist the control system in adjusting welding parameters without 

operator intervention to accommodate unforeseen changes in weld 

joint geometry or location. These changes include variables such as 

manufacturing tolerances beyond specifications, etc. Some robotic 

systems use real-time digital images of the weld pool to alter 

welding parameters such as current, feed rate, and wire feed to 

avoid poor quality.[4] Cartesian robots equipped with joints are 

used for welding. In addition to X, Y, Z movements, they allow 

wrist movement and welding torch rotation. Articulated robots 

equipped with a wrist are used for shaped welds. A robotic welding 

system can work with higher repeatability than a manual welder and 

thus we achieve higher performance. However, robots require 

regular recalibration or reprogramming. [5] 

It is important to correctly set the welding parameters, such as 

welding speed and intensity, to ensure the desired quality of the 

welds in robotic welding. Most robotic welding systems also enable 

automatic quality control of welds and their documentation. When 

designing a robotic welding workplace, accuracy and repeatability, 

the number of axes, reliability, welding fixtures, programming, 

weld monitoring systems, and maintenance are taken into account. 

Accuracy and repeatability are specified on an application basis. 

Continuous production line interruptions can be minimized by 

properly designing the robotic system. Proper welding fixtures will 

ensure that distortion after welding is reduced to a minimum. 

Formed welds can require complex programming involving 

multiple axes. Complex welding applications require weld 

positioners for part handling and part placement. 

With the development of advanced technologies, robotic welding is 

becoming more and more advanced. Robotic welding workplaces 

not only have stable and high welding quality, but also can improve 

work efficiency. 

The paper presents the results of work focused on: 

• Workplace design for automated inspection of welds of the rear 

seat frame structure 

• Macroscopic inspection of welds 

 

3. Technical solution of the workplace 

A workplace was designed for the automated inspection of the 

welds of the rear seat frame structure, Fig1. 

The operator of one control cell checks 150 welds on one set. That 

means it will check 1950 welds per hour, which is an enormous 

amount. In this case, defective welds are overlooked. For this 

reason, a camera inspection of welds with a camera placed on the 

robot was proposed. The technical solution is based on the 

requirement to check 150 welds in a maximum time of 85 seconds, 

approximately 0.5 s/weld.  

 

 

Fig. 1 Detail of the part with marked welds for visual inspection 
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Two ABB IRB1600 robots were designed so that all welds 

could be checked without the need to rotate the parts. The parts are 

inserted into preparations for precise fastening of the parts. Fig. 2 

shows the ground plan of the proposed workplace with dimensions. 

Also shown is a dimensional solution that meets not only the 

standard, which specifies the minimum distances of machines from 

the walls of the workplace, but also the dimensions that are limited 

by the customer. 

 

Fig. 2 Ground plan of the robotic workplace 

The operator of the workplace with camera control and the actual 

loading and unloading is performed by a worker. Since the 

automated workplace is dependent on the loading and unloading of 

controlled pieces, it is necessary to combine it with the necessary 

human work. Camera systems are installed on the robot arm. Fig.3 

shows a 3D visualization and ground plan of the workplace. 

 

Fig. 3 Visualization and ground plan of the workplace 

Fig.4 shows a weld that meets all the customer's requirements for 

weld quality. In Fig.5, an unsatisfactory weld is evaluated by a 

camera system, which identified insufficient length, porosity and 

deformations outside the values required by the customer. 

 

 
Fig. 4 A satisfactory weld with the right parameters 

 

 
Fig. 5 Detected weld defects 

 

It can be seen in Fig. 6 that the camera system can also capture 

spatter in the area of the thread, which is a frequent reason for the 

impassability of screws and nuts. 

 

 
Fig. 6 Camera inspection of threads 

The inspection of the welds with a camera system is 

followed by a macroscopic analysis of the welds. Fig.7 shows a 

macro image of a welded joint that is slightly damaged by corrosion 

with a visible HAZ (heat affected zone). The height of the weld is 

3.2 mm and the penetration in both material thicknesses is 

satisfactory for the quality of the weld joint. Fig. 8 shows another of 

the well-made welds with satisfactory parameters, correct pre-

welding in accordance with the standard and customer 

requirements. 

 

 

Fig. 7 Macroscopic analysis of a compliant weld 

 

Fig. 8 Macroscopic analysis of a compliant weld 
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4. Conclusions 

The weld inspection process is an important part of the 

manufacturing process. Visual evaluation of welds is provided by 

operators who evaluate welds based on experience. The human 

factor, the high number of inspected welds and the speed of the 

process lead to incorrect evaluation or overlooking some of the 

errors that are undesirable from the point of view of the quality of 

the welded joint. The use of cameras for automatic evaluation of 

welds appears to be one of the solutions to this problem. Inspection 

system with the help of cameras that take photos and compare them 

with the set parameters of the weld. The entire system can be 

"taught" and thus adapted to the specifics of individual welds. After 

the end of the production of the given product, the robotic 

workplace can be adapted to a new type of product, which 

significantly reduces costs. The error rate of the robotic workplace 

when the welding control parameters are correctly set is practically 

zero. The very parameters for the evaluation of the weld are 

compared with the metallographic evaluation of each inspected 

weld before starting the workplace and, if necessary, they are fine-

tuned. A workplace prepared and debugged in this way can be put 

into continuous operation. Defective welds are noted and repaired in 

the next process step. The implementation of an automated welding 

inspection workplace would bring a number of advantages for the 

company, such as the reliability of the inspection, the quality of 

production and the elimination of complaints. The design of a 

robotic inspection workplace can be the basis for further research 

and development in the field of welding joint inspection 

automation. 
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