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ABSTRACT 
TIG test rig is an automatic special purpose machine which is designed and developed only to weld the destructive test specimens 
with the help of linear motion control mechanisms. Recent TIG welding machine setup works with help of PLC control systems in 
order to control the movement of TIG torch and welding mechanism. Instead of PLC control systems a new concept is implemented 
in this project to control the movement of TIG torch with help of variable speed DC geared motor with respect to the weld area 
length. When compared with PLC control mechanism cost wise geared control mechanism is less expensive. Finally the test 
specimens are welded and weld strength capability is tested in the respective test machines. Accuracy of the weld strength can be 
increased with the help of geared systems. It can be applicable for high productivity range. 

 
KEYWORDS: Thickness, Type of metal, Power of metal, Power source, Availability of filler material, Automation 

testing(Welding parameters).  
 

INTRODUCTION 

 

Tungsten inert gas arc welding is a process in which the source of heat is an arc formed between a non-

consumable tungsten electrode and the work piece, and the molten puddle are protected from the atmospheric 

contamination with a gaseous shield of inert gas such as argon, helium or argon-helium mixture. The essential 

components used in automatic TIG welding are welding power source designed to deliver AC or DC supply, 

welding torch with a tungsten electrode which is gas cooled or water cooled, supply of inert gas and control 

systems. The most important component of all TIG equipment is the high frequency unit by means of which 

high frequency high-voltage is superimposed on the welding current. Due to this, the shielding gas gets ionized. 

The electrons which become free during the process of ionization from a conducting path between the work 

piece and the tungsten electrode. With help of these points automatic welding setup is developed by using linear 

motion control mechanism. 

Automatic linear control system is the application of control theory for the regulation of processes without 

direct human intervention. In the simplest type of an automatic control loop, a controller compares a measured 

value of a process with a desired set value and the processes the resulting error signal to change some input to 

the process, in such a way that process stays at its set point despite disturbances. This closed-loop control is an 

application of negative feedback to a system. Designing a system with features of automatic control generally 

requires the feeding of electrical or mechanical energy to enhance the dynamic features of a system. The control 

is applied by regulating the energy feed. 

The TIG welding test rig is designed with the help of automatic linear control systems to enhance the high 

productivity of products by welding the components in a high accurate range and good welding strength. 
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Though it is an automation part it will eliminate the weld joining errors. The only material which can be welded 

in this test rig is stainless steel material components.  

 

II Literature Review: 

Jun yan Ming Gao, Xiaoyan Zeng  et al, [1] suggested that the microstructure and mechanical properties of 

04 stainless steel joints by tungsten inert gas(TIG) welding, laser welding and laser-TIG hybrid welding. The X-

ray diffraction was used to analyse the phase characters of joints. Tensile tests were performed and the fracture 

surfaces were analysed. The results showed that the joint by laser welding had highest tensile strength and 

smallest dendrite size Furthermore, transition zone and heat affected zone can be observed in the joint of TIG 

welding. The fractograph observations how that the TIG welding joint existed as cup-cone shaped fracture, 

while the laser welding and hybrid welding are suitable for welding 304 stainless steel owing to their high 

welding speed and excellent mechanical properties. 

Binghong, et al, [2] PROPOSED THAT THE HOT ROLLED PLATES OF HIGH BORON Fe-Ti-B alloys 

were butt-welded by gas tungsten arc welding (TIG) using base metal as the filler. The microstructures of the 

TIG weld joints were analysed. The results indicate that the welding quality of the high boron Fe-Ti-B alloys is 

very good, there are no obvious defects such as cracks, lack of fusion, incomplete penetration and strip defects 

in the butt weld joints. The microstructures of the weld metal and the heat affected zone are different from that 

of the base metal significantly. However, the micro-zone composition analysis indicates that the composition of 

the TIG welded joints after the post weld heat-treatment. The result shows that the welds have slightly higher 

yield strength (YS), and lower ultimate tensile strength compared to those of the base metal.[3] 

Z.B.Dong, et al [4] recommended that the flux effect on TIG weld shape variations is investigated by 

application of the heat transfer and fluid flow model. The simulation makes use of Nimonic 263 alloy, TiO, 

TiO2 and Ti2O3 as the flux. The arc constriction and the reversed Marangoni convection are considered to be the 

two main factors for increasing penetration of A-TIG weld pool. And the simulated results show that the latter is 

the main factor for changing weld shapes. The surface tension temperature coefficient is sensitive to the active 

elements and the affects the pattern of the fluid flow. By controlling the category and quantity of the active 

elements, different kinds of the weld shapes are obtained. The experimental result shows that increase of active 

flux on the weld bend tends to increase the penetration of the weld pool at first and then decreases steeply. This 

does not coincide with the simulated results[5]. 

 

Interference: 

The various authors have discussed about the test specimen geometry and material properties for the 

materials used in the TIG welding. From the literature study the test specimen geometry has been arrived for the 

new TIG welding test rig. 

 

III Methodology: 

The design and develop a TIG welding test rig was carried out based on the flowchart shown below  

 
IV Test Specimen Design: 
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Fig. 1: Test Specimen Geometry 

 

Test specimen geometry: 

The strength of weldments is ensured by various tests and the geometry of the specimen has to be 

formulated based on the test standards. A single butt weld specimen obtained by varying the process parameters 

like traverse speed, gas flow rate, current, polarity etc.., should be used to conduct various tests. 

Welded structures are subjected to a variety of standard tests to determine their suitability for the 

anticipated service conditions. These tests are designed to check chemical, mechanical and metallurgical 

properties and to locate defects such as incomplete fusion, slag inclusions, porosity, and cracks. These tests are 

also used for the qualification of welding procedures and welders and some of them are suitable for checking the 

quality of welding consumables and base metals. There are also several non-standard tests to determine specific 

properties of the base metal and the weld-metal. 

Some tests are destructive in nature, because they involve sectioning or fracturing of the weldments to 

examine properties and to check on soundness. Destructive tests are performed on sample weldments made with 

procedures similar to those being used in actual fabrication. They may be mechanical test and metallographic 

test.Based on the standard tests the weld specimen and the test specimen dimensions has been arrived. The 

following test specimen geometries are used in this project to test the automatic welding strength and 

capability.[6] 

Weld specimen (support plate)-160mm x 100mm x 6mm. 

Test specimens: 

Test specimens are machined from the weld specimen to the following dimensions as shown in figure  

• Tensile test specimen. 

45mm x 6.35mm x 6.3mm 

• Fillet weld test specimen. 

100mm x 10mm x 6mm 

• Macro etching test specimen. 

75mm x 30mm x 6mm 

• Guided bend test specimen. 

150mm x 40mm x 6mm 

Types of destructive test: 

These are the types of destructive test which should be carried out in this project to test welding strength. 

Macro etching test (ASTM standard). 

Fillet weld test. 

Transverse tension test. 

Guided bend test. 
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IV  Requirements Of Welding Setup: 

The welding parameters are to be first considered in design and development of TIG welding test rig.[7] 

Welding parameters: 

• Thickness. 

• Type of metal. 

• Power of metal. 

• Power source. 

• Availability of filler material. 

• Automation testing. 

 

Thickness: 

Thickness up to 6mm can be welded using TIG welding test rig. TIG welding machine will weld the 

component only up to certain limits. Because it is an arc welding setup where the heat can resisted only up to 

certain limits and conditions 

 

Type of metal: 

Stainless steel, carbon steel and metals as thin as razor blades can be welded. The most commonly used 

metal for welding is stainless steel. Stainless steel is used in a large number of products, especially in products 

and constructions with very high demands as to quality, hygiene and cleanliness, such as in household utensils, 

equipment and systems used in hospitals, cafeterias and hotels. We also find the same demands with regard to 

cleanliness in pipes used for gas or oil on oil rigs, for example. TIG welding is widely used today, and although 

it’s a slow method it has very high weld qualities 

 

Power source: 

Gas tungsten arc welding uses a constant power source, meaning that the current (and thus the heat) remains 

relatively constant, even if the arc distance and voltage change. This is important because most applications of 

GTAW are manual or semiautomatic, requiring that an operator hold the torch. Maintaining a suitably steady arc 

distance is difficult if a constant voltage power source is used instead, since it can cause dramatic heat variations 

and make welding more difficult. 

Power source needed for this type of TIG welding test rig 

• Ampere=40-200 amps. 

• Frequency=50HZ. 

• Input supply=230v. 

• Tungsten diameter=2.4mm. 

Inverter TIG 200A is the model which has all these above mentioned specifications. This type of inverter 

converts AC to DC signal or DC to AC signal. The IGBTs in an inverter based machine are controlled by a 

microcontroller, so the electrical characteristics of the welding power can be changed by software in real time, 

even on a cycle by cycle basis, rather than making changes slowly over hundreds if not thousands of cycles. 

Typically, the controller software will implement features such as pulsing the welding current, providing 

variable frequencies, and providing timing as needed for implementing automatic spot-welding; all of these 

features would be prohibitively expensive to design into a transformer-based machine, but require only program 

memory space in a software-controlled inverter machine. 

 

Electrode: 

The electrode used in GTAW is made of tungsten or a tungsten alloy, because tungsten has the highest 

melting temperature among pure metals, at 3422ᵒC (6192ᵒF). As a result, the electrode is not consumed during 

welding, though some erosion (called burn-off) can occur. Electrodes can have either a clean finish or a ground 

finish-clean finish electrodes have been chemically cleaned, while ground finish electrodes have been ground to 

a uniform size and have a polished surface, making them optimal for heat conduction. The diameter of the 

electrode can range from 75 to 610 milllimeters (3 to 24 in). The table given below shows the colour indication 

to identify alloying elements present in the electrode. 

 
ISO CLASS ISO COLOUR AWS CLASS AWS COLOUR ALLOY 

WP Green EWP  Green None 

WC20 Gray EWCe-2 Orange 2% CeO2 

WL10 Black EWLa-1 Black 1% La2O3 

WL15 Gold EWLa-1.5 Gold 1.5%La2O3 

WL20 Sky blue EWLa-2 Blue 2%La2O3 

WT10 Yellow EWTh-1 Yellow 1% ThO2 

WT20 Red EWTh-2 Red 2%ThO2 

WT30 Violet   3% ThO2 
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WT40  Orange   4%ThO2 

WY20 Blue   2%Y2O3 

WZ3 Brown EWZr-1 Brown 0.3%ZrO2  

WZ8 White   0.8%ZrO2 

 

TIG Torch: 

GTAW welding torches are designed for either automatic or manual operation and are equipped with 

cooling systems using air or water. The automatic and manual torches are similar in construction, but the manual 

torch has a handle while the automatic torch normally comes with a mounting rack. The angle between the 

centre line of the handle and the centre line of the tungsten electrode, known as the head angle, can be varied on 

some manual torches according to the preferences of the operator. Air cooling systems are most often used for 

low-current operations (up to about 200 A). The torches are connected with cables to the power supply and with 

hoses to the shielding gas source and where used, the water supply. 

 

Solenoid Valve: 

A solenoid valve is an electromechanically operated valve. The valve is controlled by an electric current 

through a solenoid, in case of a two-way valve the flow of the gas is controlled by on or off switch. 

The table shows the technical specification of solenoid valve used in the project to control the gas flow. 

 
Motion 2/2 way, direct action, Normally closed 

Port size Female 1/8 

Body material Brass 

Sealing Material NBR 

Max Working pressure 10Bar 

Medium Gas, Air, Water, Steam, etc..,  

Temperature 90/160 deg C 

Working Voltage On request, such as AC 24V, DC 24V, AC 220V,AC 110V 

 

Sensors Used For TIG Welding: 

Tactile sensors: 

Electric contact sensors for joint tracking and/or work piece measurement are representing one type of 

tactile sensors. The sensor makes electric contact with the workpiece, the electrically conductive work piece is 

included into the measuring circuit of the sensor. The mechanical contact sensors belong to the second category 

of the tactile sensors. The mechanical deflection of a scanning element which makes contact with the work piece 

is evaluated. 

 

Electric contact sensors: 

The electric contact sensor systems are scanning the weld start or other track points via contacting the work 

piece with parts/components which have been subjected to voltage (direct voltage of several ten Volt up to 1KV, 

depending on material and surface) of the welding equipment (shielding gas nozzle, welding electrode, stylus, or 

similar). This means the offline-measuring of lthe weld start, the part position or part geometry before welding. 

Knowing the scheduled path, a transformation of the track point in accordance with the measured conditions is 

carried out. In this case, corrective action is not carried out during the welding process. 

 

Linear Motion and Its Control: 

Linear motion and its control depends upon the following factors 

1. Welding length-minimum of 160mm to maximum of 400mm 

 Travel speed=255mm/min 

 Argon flow rate=7 I/min 

2. Clamping arrangement-toggle clamps with copper bottom backing. 

3. Automation mechanism depends upon the motor drives. 

 

Clamping mechanism: 

Clamping mechanism is the main part to design the TIG welding test rig. Clamp is a mechanical device 

used to hold the test specimen rigidly in a holding device. So that the test specimen will not move during the 

welding time.[8] 

 

Toggle clamps: 

A clamp is a fastening device to hold or secure objects tightly together to prevent movement or separation 

through the application of inward pressure. With the help of toggle clamps the copper baking sheet can holded 

rigidly, so that heat dissipation can be absorbed with the help of the sheet. 
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Fixture design: 

Fixture is a work-holding or support device used in the manufacturing industry. 

Fixtures are used to securely locate (position in a specific location or orientation) and support the work, 

ensuring that all parts produced using the fixture will maintain conformity and interchangeability. Fixtures must 

always be designed with economics in mind; the purpose of these devices is to reduce costs, and so they must be 

designed in such a way that the cost reduction outweights the cost of implementing the fixture. It is usually 

better, from an economic standpoint, for a fixture to a result in a small cost reduction for a process in constant 

use, than for a large cost reduction for a process in constant use, than for a large cost reduction for a process 

used only occasionally. 

 

Automation mechanism: 

Automation mechanism depends on the component used for welding, dimensions of the test specimen, 

movement of motor drives, rails.[9] 

 

Motor drives: 

Brushless DC motor (BLDC motors, BL motors) also known as electronically commutated motors (ECMs, 

EC motors) are synchronous motors that are powered by a DC electrical source via an integrated 

inverter/switching power supply. 

 

Linear potentiometer: 

A linear potentiometer is the electrical characteristics of the device, not the geometry of the resistive 

element has a resistive element of constant cross-section, resulting in a device where the resistance between the 

contact wiper and one end terminal is proportional to the distance between them. Linear taper potentiometers are 

used when the division ratio of the potentiometer must be proportional to the angle of shaft rotation or slider 

position. The voltage across the variable terminal and the reference is proportional to the shaft displacement of 

the potentiometer, when a voltage is applied across the fixed terminals the device can be used to indicate the 

absolute position of a system or the relative position of two mechanical outputs. 

 

Control panel: 

A control panel is a device, or a set of devices, that manages, commands, directs or regulates the behaviour 

of other devices or systems. Industrial control systems are used in industrial production for controlling the 

equipment or a machine. 

There are two common classes of control systems used for control panel, open loop control systems and 

closed loop control systems. In open loop control systems output is generated based on inputs. In closed loop 

control systems current output is taken into consideration and corrections are made based on feedback. A closed 

loop system is also called a feedback control system.[10] 

 

VI  Design Setup: 
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Conclusion: 

The new setup is used to test the specimens that are used for Destructive testing. Specimen length up to 

150mm and maximum thickness of 10mm can be welded with the help of this test rig. Intricate shapes of the test 

specimen can also be welded with setup by changing the base plate size. Test rig reduces the welding time and 

gives the accurate weld strength. This setup can be used for both large and small scale industries where a man 

power is less. Stainless steel test specimen can alone be welded in this test ri 
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