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Abstract 

Orbital welding is a relatively precise and accurate welding technique. This technique is mostly used in air craft fissile 

fuel and other industries to achieve circumferential welding. In particular, it can be used for welding of long pipe 

circumferences in pressure vessels. This research gives an overall view of the orbital welding process and equipment. 

The research work carried out till date is presented here for having an all inclusive report on orbital welding.  It 

specially uses aU type of welding head in a specific area of welding whereby arc from tungsten electrode is rotated 

mechanically through 360° or 180
0
 around static workpiece. In orbital welding head process parameter of GTAW like 

welding current, deposition rate, depth of penetration, voltage, arc length, current density, flux, tip angle, shielding gas, 

electrode, etc. are of special importance so far as the quality of weld is concerned.  

 

Keywords: Orbital welding, Gas tungsten arc welding (GTAW), U type of welding head, tungsten electrode, motion 

analysis. 

 

1. Introduction 

Orbital welding was first used in the 1960s, when the aerospace industry felt the need for a reliable joining 

technique for aerospace hydraulic lines. A mechanism was developed in which the arc from a tungsten 

electrode is rotated around the tubing weld joint. The arc welding current is regulated with a control system 

thus automating the entire welding process. This method is found to be more precise and reliable than the 

manual welding method it has replaced. 

In the early 1980s, orbital welding became practical for many industries when combination power 

supply/control systems were developed that operated from 110 VAC. These systems were physically small 

enough to be carried from place-to-place on construction sites for multiple in-situ welds. Recent orbital 

welding systems offer computer control, where welding parameters for a variety of applications can be stored 

in memory and later called up for a specific application. Hence, the skills of a certified welder are built into 

the welding system, producing a large number of identical welds and having less proneness to welding 

defects. 

Orbital welding is a specialized area of welding whereby the arc from a tungsten electrode is rotated 

mechanically through 360° (180 degrees in double up welding) around a static work piece, an object such as a 

pipe, in a continuous process.[1] 

 

2. Tungsten-electrode choice: The right tool for the job  

Tungsten electrode, the source of the welding arc, is the most important element of the welding system. The 

quality of the weld almost entirely depends on the correct choice of the welding electrode. By selecting the 

proper tungsten-electrode type and style, the engineer balances the benefits of a clean arc start and reduced arc 

wander with good weld penetration and satisfactory electrode life.  
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Electrode Tip Geometry: 

Given the ever-increasing weld quality requirements of the final weld, The shape and quality of the tungsten 

electrode tip is also being recognized as a vital process variable .Once a weld procedure has been established, 

it is important that consistent electrode material, tip geometry, and surface condition be used.  

Electrode Taper is usually measured in degrees of included angle (usually anywhere between 14 to 60 

degrees). Grinding an electrode tip diameter to a point helps in starting an arc when preparing short welds on 

small components. However, in most cases, a flat spot or tip diameter at the end of electrode is most suitable. 

This reduces erosion at the thin part of a point and reduces the concern that the tip may fall into the weld. Fig. 

1 shows the different shapes of welding  electrode tips.[2] 

 

Fig. 1 Different shape according to angle [2] 

 

Shielding Gas: 

An inert gas is required on the tube outside and inside diameters during welding to prevent the molten 

material from reacting with the oxygen in the ambient atmosphere. The idea is to create a weld that has zero 

tint at the weld zone inner diameter. 

 Argon is the most commonly used shielding gas (for the O.D. of the tube) and purge gas (for the I.D. 

of the tube). 

 Helium is often used for welding on copper materials. Mixed gases, such as 98 percent Argon/2 

percent Hydrogen; 95 percent Argon/5 percent Hydrogen; 90 percent Argon/10 percent Hydrogen; or 75 

percent Helium/25 percent Argon may be used when the wall thickness to be welded is heavy (.1" and above). 

 Using mixtures of 95 percent Argon/5 percent Hydrogen is incompatible with carbon steels and some 

exotic alloys, often causing hydrogen embrittlement in the resultant weld. As a general rule, for simplicity and 

reduction of shield gas cost, use 100 percent Argon gas. 

Fig. 2 demonstrates how taper selection affects the size of the weld bead and the amount of penetration by 

showing a typical representation of the arc shape and resultant weld profile for different tapers. 

 

Fig. 2 Fusion zone profile [3] 
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3. History of orbital welding  

In an automated GTAW (Gas Tungsten Arc Welding) process; the parent material remains stationary while 

the welding electrode is moved around the weld joint. The process does not require any filler material. Orbital 

welding is employed to join tubing or thin walled pipes. The growing need for systems that clean-up quickly 

and offer high resistance to corrosion from the inside or the environment in which it must exist makes orbital 

welding one of the fastest growing segments of the welding industry.[4] 

Eduardo J. Lima II et al. demonstrated the development of a robot, designed for the orbital welding of pipes. 

The design of robot consisted of a small car pressed against the pipe by means of chains used by the robot to 

move around it. To provide the necessary torch movement, the robot had four degrees of freedom namely; 

torch travel speed, stick-out, torch angle and lateral motion. It was shown that the bead aspect did not suffer 

great variations from a welding position to another one, by the use of a gradual change of the parameters 

(voltage, current, welding speed, torch angle and stick-out).[5] 

Dong-yen Chang et al. designed (AUT) equipment. The orbit welding head was attached to a pipe near girth 

weld. The travellers travelled along the orbit with an angle adjusting mechanism used to make the scanner 

adapt to pipes of different diameters and a self –locking mechanism used for the constrain between the orbit 

and the traveller. The traveller is driven by a DC servo motor. The location of traveller was measured using an 

encoder. The traveller controlled by PID speed feedback loop to make it travel along the orbit smoothly. The 

scanner was applied in pipeline ultrasonic scanning later. [6]
 

 

4. Advantages of orbital welding 

The process provides the following advantages 

a. For the welder: repeatable, reliable, higher purity welds, lightweight, portable and more control 

throughout weld process. It is short learning process vs. TIG. 

b. For the process: increased safety, short set up time, superior weld quality and consistency from the 

first weld through the last weld of the day, ability to track each and every weld with others. 

c. For the process: safest connections with fewer potential leak paths throughout the system and because 

of that, better instrument readings. 

 

Inconveniences 

The process is time-intensive and costly. Development is necessary to determine the weld procedures and the 

exact values of weld parameters which are necessary to control the process. The welding equipment is 

sophisticated. It requires much more capital investment cost than for manual welding. 

 

Applications 

Orbit welding is used in very special areas which require circumference welding like aircraft industry, food, 

diary and beverage industries, pharmaceutical and biotechnology industries, chemical industries, fossil and 

nuclear power plants, heat exchanger, boiler tube, pressure vessel, etc. 

 

5. Influence of gas tungsten arc welding process parameters 

Yu Kang Liu et al. discussed the model-based predictive control of well penetration in gas tungsten arc 

welding. An innovative 3-D vision sensing system was used to measure the characteristic parameters of the 

weld pool in real-time in gas tungsten arc welding. The measured characteristic parameters were used to 

estimate the backside bead width, using an adaptive neuron-fuzzy inference system (ANFIS) as an emulation 

of skilled welder. Top side sensing method used in now days like pool oscillation, ultrasonic, infrared, 

radiography, vision sensing etc.[7]
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Yu Ming Zhang et al. modelled the 3D weld pool geometry in GTAW process. This model was based on 

predictive control of the pool geometry. An innovative GTAW 3D vision sensing system capable of 

measuring the weld pool characteristic parameters like a width, length, convexity  in real-time was utilized. 

Dynamic experiments were conducted to establish the model of the front side weld pool geometrical 

characteristic parameters in relation to the welding current and speed. Linear model was first constructed as an 

average model over certain range of welding parameters. Adaptive model was then adopted to represent the 

dynamic and time-varying welding process. The adaptive model based predictive control algorithm was 

developed and an analytical solution of the predictive controller was derived. Simulation results indicated the 

effectiveness of the proposed controller for tracking various set-points and under varying welding 

conditions.[8] 

B Rakesh Chandra et al. discussed about the microstructure and mechanical properties of a GTA weldment. 

The properties depend on physical and thermal properties of work piece, the arc efficiency and the area of heat 

incident on the work piece surface. In this study of variation in area of heat incident on the work piece surface 

is found to be dependent of change in electrode diameter and welding current. The arc parameters were 

obtained by capturing the arc image by using a gray scale CCD camera and it was processed by Sherlock 

machine vision software. It was found from the experiment that the arc characteristics depend on welding 

current and electrode diameter and increase the current and electrode diameter.[9] 

Fredrik Sikstr¨om et al. studied the model based feedback control of gas tungsten heat conduction. The 

identification has been performed both on the finite element simulation and on physical welding. The low 

order model responses show a good agreement with both the finite element simulation result and the physical 

process response. In this paper it has successfully been shown that a simulation is a valuable tool in the design 

of feedback control in welding. Finally, experimentation shows that arc irradiation and emissivity are 

considerable sources of uncertainty when measuring temperature with a radiation pyrometer in the vicinity of 

the weld pool in GTAW. This is an important issue to further investigate although feedback control is able to 

mitigate this influence.[10]  

Ning Huang et al. discussed the skills possessed by human welders typically requiring a long time to develop. 

Especially, maintaining the torch to travel in desired speed is challenging. A feedback control system was 

designed and implemented to assist the welder to adjust the torch movement for the desired speed in manual 

gas tungsten arc welding (GTAW) process. An innovative helmet based manual welding platform was 

proposed and developed. The vibrators are installed on the helmet to generate vibration sounds to instruct the 

welder to speed up or slow down the torch movement. The torch movement is monitored by a leap motion 

sensor. The torch speed is used as the feedback for the control algorithm to determine how to change the 

vibrations. To design the control algorithm, dynamic experiments are conducted to correlate the arm 

movement (torch speed) to the vibration control signal. Linear model is firstly identified using standard least 

squares method, and the model is analyzed. A nonlinear Adaptive Neuro-Fuzzy Inference System (ANFIS) 

model was then proposed to improve the modelling performance.. Based on the response model, a PID control 

algorithm has been designed and implemented to control the welder arm movement for desired torch speed. 

Experiments verified the effectiveness of the system for the desired speed with acceptable accuracy.[11]
 

S. ARUNKUMAR et al. [2] compared transverse shrinkage, mechanical and metallurgical properties of 

AA2219 aluminium weld joints prepared by gas tungsten arc and gas metal arc welding processes. The major 

problems that arise in arc welding of AA2219 are the development of residual stresses, the re-distribution and 

dissolution of copper rich phase in the weld joint. These effects increase with increase in heat input. Hence the 

25 mm-thick AA2219-T87 aluminium alloy plate was butt welded by GTAW and GMAW processes using 

multi-pass welding procedure in double V groove design. The transverse shrinkage, conventional mechanical 

and metallurgical properties of both the locations on weld joints were studied. It was observed that the fair 

copper rich cellular (CRC) network is on side-A of both the weldments. It was also noticed that, the severity 

of weld thermal cycle near to the fusion line of HAZ was reduced due to low heat input in GTAW process 

which resulted in non-dissolution of copper rich phase. Based on the mechanical and metallurgical properties, 

it is inferred that GTAW process improved the aforementioned characteristics of welded joints in comparison 

to GMAW process. [2] 
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6. Hardware Components of Orbital Welding Equipment: 

Independent of the welding tasks to be carried out, orbital welding equipment is generally composed of the 

following components. A programmable power source and a remote control pendant, (distinct or as an integral 

part of the welding head). The welding head requires a wire feeding device. The performance of the 

equipment depends on the design of the aforementioned components.  

ORBITAL WELD HEADS 

Orbital welding heads are available in the following varieties; 

1. Tube and tube welding heads 

 Closed chamber welding heads 

 Open welding heads of U type 

 Carriage-type welding head 

2. Tube and tube sheet welding heads  

 Enclosed orbital tube to tube welding heads without filler.  

 Open tube to tube welding heads with or without filler wire  

    Open welding heads of the U type: 

Open welding heads are conceived as tools for orbital TIG welding with or without filler wire. The diameters 

of the tubes to be welded cover a range from 8 mm up to 275 mm (ANSI 5/16" to 11").Open welding heads of 

U-type (see fig 3. ) are equipped with a TIG-torch with gas diffuser. Sufficient gas protection is achieved only 

at a zone around the torch which is covered by the shielding gas streaming out of the gas lens. Fig. 3 shows 

the orbital U-type welding head.  

 

 

Fig. 3 Orbital U type welding head [12] 

 

7. Conclusion 

In this review paper, motion and size specification of orbital welding head are specific issues. Material 

property and welding parameters are calculated by performing prototype of  U type orbital welding head. 

Motion can be achived by the of orbital welding head by opposite friction gear pulley drive and holding 

mechanism can be achived by the left and right handed threded drive mechanism. 
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