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Abstract 

In the last decade, the problem of light-weighting vehicles has become very important. The life span of an 

engine of a vehicle is subjected to its maintenance and the weight of the body it is meant to haul. In the future, 

because of stricter environmental rules, this aspect will be more significant. Consequently the automotive 

industry is forced to introduce more extensively lighter materials, but always in a cost control perspective, and 

perfect material combination with respect to welding. One of the most important aspects to consider is the 

weldability of these materials and their behaviour after welding. These are important information for the 

designers, in order to let them design the body parts, and make use of appropriate materials with the correct 

mechanical characteristics. Many metals have different kinds of welding properties that can affect their 

weldability, but at the same time, welding Engineers don't want to have a problem with their welding 

techniques, Some of those who weld don‟t know how to deal with the weld ability of a metal.Therefore the 

materials that can be employed are highly considered and their welding techniques considered while the metals 

properties are the major selection criteria for good weldability. This work was carried out to develop a prototype 

expert system to help welding engineer properly weld a metal. Computer Aided Design Software was developed 

for welding of flat plates, another was developed for welding of cylindrical plates, and the results were 

compared, and finally, a software was developed for the Expert System for CAD welding. The set objectives 

were achieved, the rule-based approach was used to ensure that each step of welding procedure is properly 

adopted and model-based was used to predict the welding transformation product. The results showed the 

weldability of various metals. 
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__________________________________________________________________________________ 
INTRODUCTION 

An expert system is a computer application that 

solves complicated problems that would otherwise 

require extensive human expertise. To do so, it 

simulates the human reasoning process by applying 

specific knowledge and interfaces. 

 

Any successful decision-making is strongly 

dependent upon various capabilities that include the 

effective acquisition, storage, distribution, and 

sophisticated use of the knowledge of the human 

experts in the field. In the context of computer-aided 

systems for monitoring and information processing, 

these capabilities would be achieved through 

developing an Expert System (Nazar, 2001). 

 

Basri (1999) noticed that an expert system attempts 

to emulate how a human expert solves a problem, 

mostly by the manipulation of symbols instead of 

numbers. Whereas conventional algorithmic 

programming replaced most of the sophisticated, 

analytical work of engineers, expert systems are 

especially suitable for the no-less important tasks of 

the ill-structured and less deterministic parts of 

planning and design. 

 

A robot many defined as a special kind of automated 

multi-functional machine or manipulator with an in-

built re-programmable computer used in performing 

repetitive and hazardous task. Robot, computer-

controlled machine that is programmed to move, 

manipulates objects, and accomplishes work while 

interacting with its environment. Robots are able to 

perform repetitive tasks more quickly and accurately 

than humans.(Books, 1991) 

 

Yang and Okrent (1991) had also said that the most 

successful application of Artificial Intelligence (AI) 

in decision making so far is the development of 

Decision Support System (DSS), particularly Expert 

System, which is a computer program that act as a 

'consultant' or 'advisor' to decision makers (Wash, 

1999). Expert Systems are cheaper compared to 

human experts in the long-term scenario; However, 
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Expert Systems are relatively costly to develop but 

easy and cheap to operate. In addition, Expert 

Systems allow automation of many tasks that could 

not be effectively handled by human experts. 

 

Welding, as the most commonly used process for 

joining metals and plastic, is vital to the economy of 

a country because up to 50% of the gross national 

product is related to welding in one way or another 

(Cary and Helzer 2005). 

 

Many factors must be considered before deciding 

what welding technique can benefit your shop or 

production process the most. Cost is a significant 

factor if one needs to add welding processes to a 

production line. Type of materials to be joined, skill 

of workers, automation of processes and type of 

products being made must all be considered 

(Adekunle and Adejuyigbe 2012). 

 

Software Engineering 

According to Adekunle et al, (2014), Software 

engineering (SE) is the application of a systematic, 

disciplined, quantifiable approach to the 

development, operation, and maintenance of 

software, and the study of these approaches; that is, 

the application  of engineering to software. It is the 

application of engineering to software because it 

integrates significant mathematics, computer science 

and practices whose origins are in engineering. It is 

also defined as a systematic approach to the analysis, 

design, assessment, implementation, testing, 

maintenance and reengineering of software, that is, 

the application of engineering to software. 

Software can be developed for a variety of purposes, 

the three most common being to meet specific needs 

of a specific client/business (the case with custom 

software), to meet a perceived need of some set of 

potential users (the case with commercial and open 

source software), or for personal use (e.g. a scientist 

may write software to automate a mundane task). 

Embedded software development, that is, the 

development of embedded software such as used for 

controlling consumer products, requires the 

development process to be integrated with the 

development of the controlled physical product. The 

need for better quality control of the software 

development process has given rise to the discipline 

of software engineering, which aims to apply the 

systematic approach exemplified in the engineering 

paradigm to the process of software development 

[Laplante, 2007]. 

 

Welding 
Welding, in engineering, is any process in which two 

or more pieces of metals are joined together by the 

application of heat, pressure, or a combination of 

both. Most of the processes may be grouped into two 

main categories namely pressure welding, in which 

the weld is achieved by pressure; and heat welding, 

in which the weld is achieved by heat. Heat welding 

is the most common welding process used today. 

Brazing and soldering are other means of joining 

metals (Brzakovic, and Khani, 1991 and Craig, 

1989). 

 

The Knowledge-Based System 

The Knowledge-based System is a system that 

contains a large amount of information. Expert 

System actually contains an expert's experience, rules 

for deductions and making educated guesses (called 

heuristics). Too often, the term “Expert-system” is 

used it describe both types of Systems. Expert 

systems are not developed for the purpose of experts, 

but to proliferate their knowledge and expertise 

throughout the addition, once an expert system is 

developed, it cannot create new ways to solve 

problems. It is up to the human experts to continually 

refine their knowledge and find better ways of 

solving problems. 

 

The spectrum of applications of expert systems 

technology to industrial and commercial problems is 

so wide such that it defies easy characterization. The 

implications find their way into most areas of 

knowledge work. Expert systems are used to preserve 

knowledge and in training new employees. They are 

also used when expertise is scarce, expensive, or 

unavailable. They help under time and pressure 

constraints. 

 

Today, joining metallic material using welding 

process is the most common method or ways of 

producing permanent joint for the production of 

machine parts, equipment and instruments. 

Welding is the process of joining metals or 

plastics together through the coalescences of the 

surface at the point of contact. Coalescence is 

generally produced by heat, or pressure or a 

combination of the two and critical is often required 

to attain adequate bonding and weld strength 

without deterioration of material properties. 

 

Welding, as the most commonly used process for 

joining metals and plastic, is vital to the economy of 

a country because up to 50% of the gross national 

product is related to welding in one way or another 

(Cary and Helzer 1998) 

 

CURRENT PROBLEMS 

Labour Cost  

Cost of setting up of robot is so high to the extent that 

an ordinary man can‟t afford it. In fact, major 

software for robots are not user‟s friendly because 

one might needs to be a programmer before one can 

operate or make use of robot to weld (Adekunle et al 

2012). In this manner, if one needs to weld manually 

in order to boycott robotic welding expenses, there 

might be problem of material selection for welders 

that have little or no knowledge of welding, and this 
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might require the attention of a welding Engineer or 

an expert which will eventually lead to high labour 

cost. The software developed is user‟s friendly, once 

one can input the parameters, the software will send 

the signal to the inference engine for actions, and it is 

easily affordable.   

 

MATERIALS AND METHOD 

Methodology 
1. The software was designed using Microsoft 

visual C# 

2.  The relational database was designed using 

Microsoft SQL server. 

3.  The algorithm to be used in searching the 

Knowledge Base is breadth-first approach. 

4. Oral interviews with welders and recognized 

welding organization. 

 

Design, Data Collection and Analysis 
In order to implement an expert system such as this, 

substantial amount of information must be gathered 

about the properties of metals and alloys, the 

different welding processes and properties that 

determine weldability. 

1. Computer characteristics (recommended 

system requirement): - The system was 

designed to work as a desktop application. Any 

system configuration capable of running 

Windows Vista upward should be capable of 

running the application. 

2. Hardware and software interface: - the 

system takes input from the graphical user 

interface, query its knowledge base system and 

make decisions based on the output from the 

inference engine. 

3. Software function: - the system is designed 

mainly to determine the weldability of metals 

and also to give information about different 

metals and alloys. 

4. Timing constraints: - for each of the welding 

process enumerated in the application, the 

system will be able to determine some metal 

pairs which the welding process is capable of 

welding. 

5. Accuracy constraints: - each match pair 

selected for a particular welding process is 

expected to be accurately predicted or has a 

very high probability that the materials are 

weldable. 

6. Changes: - the system can be extended to 

update its knowledge base and to automatically 

learn to adapt and predict the weldability of 

newly added metals in the future. 

 

RESULT AND DISCUSSIONS 

 

 
Fig. 1 Splash Screen/+ 

 

Splash screen: the interface in fig 1 above shows the 

report of the loading page; giving feedback on how 

far the page is being loaded. 

Fig. 2: Interface with Five sections 

 

The interface shown above is the Home where we 

have five sections. 

The first section is the base metals to be welded, the  

second is weldable metals, the third is *the welding 

process, the fourth is metal properties, while the fifth 

is welding joints. 
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Fig 3: Weldability of Metals 

 

Weldability of metals: the interface in fig 2 above 

shows the weldables of metals; it also helps in 

reducing the work of a welder by giving them the 

total weldable metals, or which metal can be welded 

with; e.g. aluminum – copper, steel, and stainless 

steel and it also change the welding process for each 

one of the weldable metals e.g. aluminum – copper 

cold pressure welding; aluminum – steel friction 

welding; aluminum – stainless steel gas welding, 

thermit welding, electron beam welding, arc welding. 

 

Fig 4: Aluminium chosen as a base metal: copper, stainless steel and steel reflected as weldable metal. 
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Fig 5: Aluminium chosen as a base metal:  

 

Fussion welding and pressure welding is displayed as 

the possible welding type, clicking pressure welding 

on the interface brings the possible welding process  

 

 

which are forge welding, electric resistance welding, 

cold pressure welding, friction welding and ultra 

sorce welding. 

 

 

 
Fig 6: Welding Processes 

 

Welding process: the interface in fig.6 above show 

the type of welding process. And there are two major 

type of welding, friction welding and pressure  

welding under friction welding we have; gas  

 

 

welding, arc welding, thermit welding, electron beam 

welding, and pressure welding we have; forge 

welding, electric resistance welding, cold pressure 

welding, friction welding, ultra source welding. 
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Fig 7: Metal Properties 

 

This Is Where We Have the Properties of the 

Metals Being Displayed  

Metal properties: the interface in fig 7 above shows 

the properties of all the metals for welding; it helps 

the welders to know the properties a metal is having, 

and can withstand during a welding process, e.g. 

Ductility: ability to be moulded easily to form a 

desire shape without breaking. 

Tensile strength: it is the measure of how much 

pulling strain a material can withstand  

Corrosion resistance: ability to resist (not to rust 

easily) 

Machinabilty: it refers to the ease with which a 

metal can be machined to an acceptable surface finish 

or ability of a metal to be turned or drilled and the 

size, shape and joined through removal of a material 

that can be strained.  

Heat conductivity: it is the properties which enables a 

metal to carry heat or electricity. 

Toughness: it is dependent of temperature; it enables 

a material to withstand shock and to be deformed 

without rupturing.  

Melting point: it is a point at which a solid 

temperature changes state from solid to liquid at the 

melting point the solid and liquid phase exist in 

equilibrium. 

Density: it is the weight of a unit volume of a 

material 

Strength: ability of a material to resist fracture. 

 

 

Fig 8: Butt Welding Joints Animation 

 

Welding joint animation:  this interface in fig 4.5 

above shows the animation of the four different types 

of joint in welding, which are butt welded joint, V-

welded joint, overlap welded joint, and T. Joint. 
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Fig. 9: Vee Welding Joint Animation 

 

 
Fig. 10: Overlap welded joint Welding Joint Animation 

 

 
Fig. 11: Tee jont welded type 
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CONCLUSION 

Many factors must be considered before deciding 

what welding technique can benefit your shop or 

production processes the most. Cost is a significant 

factor if one needs to add welding processes to a 

production line. Though it cannot be denied that the 

role of expert system in almost every part of human‟s 

life is expanding, this is because the performance of 

expert system shown in what it can do to help the 

human being; people‟s life seems to be easier in 

many ways with the presence of expert system. 

Academically, expert system can help the human by 

replacing the human expert‟s function whenever the 

expert can„t be accessed or by assisting the human 

expert system in situations where it has to cover 

many things.  

 

It is an attempt to fill the gap between what the user 

needs and what the body of software normally 

provides. More specifically it aims to give the user 

the impression that the computer is providing him/her 

with the assistance that an expert might have given in 

making effective use of the software with less 

stress/pain as possible. 
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