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A novel automatic Gas Tungsten Arc Welding (GTAW) 

system has been developed at National Synchrotron 

Radiation Research Centre for welding Taiwan Photon 

Source ( TPS) aluminium bending chambers.  This 

automatic system is designed by using two welding 

torches to implement two welds, which are located on the 

opposite sides of an aluminium chamber simultaneously. 

This automatic GTAW system is designed to increase 

throughput and to provide high quality welds.  Several 

experiments have been conducted to obtain optimum 

welding parameters for leakage-free bending chambers. 

In this paper, a real-time thermal and deformation 

monitoring measurements will  be introduced for 

analyzing the temperature distribution along the chamber 

surface and the thermal deformation during and after 

the welding processes.  A maximum temperature on the 

chamber surface is controlled to minimize the thermal 

deflection due to the high energy heating loads.  The 

welded chambers are checked with leakage-free (leakage 

rate <1×10
-9

 mbar • l/s) and the maximum deformation is 

controlled under 250 µm.
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1.0  Introduction

The 3 GeV Taiwan Photon Source ( TPS) will be 

a new facility at the National Synchrotron Radiation 

Research Centre (NSRRC), which incorporates a storage 

ring 518.4 meters in circumference.  The vacuum system 

for the electron storage ring provides a pressure of 

lower than 1 ×10-9 mbar for the electron beam with 

a long beam lifetime and small  disturbance from 

trapped ions[1].  In order to have an ultra high vacuum 

system, the vacuum chambers are the most important 

components.  Aluminium alloy is chosen as storage ring 

chamber’s material due to its easy machine ability, good 

thermal conductivity, low outgas rate, and low residual 

radioactivity[2,3].  The bending chamber consists with two 

symmetry halves which are welded together by using 

Gas Tungsten Arc Welding (GTAW), or as known as AC 

Tungsten Inert Gas (TIG) welding method.  The average 

size of vacuum chambers to be welded is about 4 meters 

in length and 600 mm in maximum width. 

During traditional manual-welding process, it is 

difficult to control the shrinkage deformation or thermal 

cracks due to high energy input from TIG torch.  It is 

important to have automatic welding system, which can 

control welding input current, torch moving speed, and 

provide a uniform welding seam path control as well 

as longer welding lengths.  Together with a real-time 

monitoring system, both thermal variation and shrinkage 

deformation can be measured.  An automatic welding 

system has been established at NSRRC for developing a 

leakage-free and high throughput welding process to 

meet the above requirements will be introduced.

2.0  Motivations for Automatic TIG System

There will be approximately 2700 aluminium welds 

for total 48 TPS bending chambers.  As we may know, arc 

welding is a continuous process in which the torch and 
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filler are carried along the seam to be welded.   It is a heavy 

working load if these 2700 weld seams must be completed 

by hands.  Therefore, a new automatic system, which can 

provide great promise as a replacement for hand arc 

welding, is required. 

Figure 1 shows the two-axis welding system with a 

unique welding configuration.  This auto welding system 

allows the welding torch to be manipulated in almost the 

same fashion as manual welding method.  Due to high 

heat dissipation from torch during the welding process, 

too long welding seam may cause the welder’s hand 

burned. For automatic welding system, this is not an issue 

and the welding seams can be much longer than manual 

welding.

3.0  Automatic Aluminium Welding System

3.1 Material Preparation

Aluminium alloy (A6061-T6) is used as chamber’s 

material.  Prior to aluminium welding, it is important to 

maintain the cleanliness of the aluminium chamber’s 

surface.  All welding parts must be cleaned with a proper 

cleaning process after receiving from machine-shop. 

Moreover, aluminium oxide acts as an insulator, which 

results in an erratic welding arc and causes poor welding 

quality.  Therefore, the oxide layer must be scraped away 

manually before welding process. The whole welding 

process must be done in a humidity controlled clean room 

(Class 1000).

3.2 Two-Axis Auto Welding System

Two-axis  motion system ensures accurac y of 

welding position.  Rectangular arms are sometimes called 

"Cartesian" because the arm’s axes can be described by 

using the X and Y coordinate system.  One axis is used to 

control the chamber’s movement in X direction.  The other 

one is to move the torch perpendicular to the chamber 

moving axis in Y direction.  In additional to this, there are 

two welding torches with filler mechanisms on opposite 

sides of vacuum chamber.  These two opposite torches 

can be switched on to implement two welds on opposite 

sides of an aluminium chamber simultaneously.  Figure 

1 indicates the two axis’ movement directions and Fig. 2 

illustrates the welding configuration of torch and filler. 

The position between torch and filler in the two-axis auto 

welding system is evaluated carefully which is similar to 

human welding position.  The movement of B-Chamber 

is driven by two servo motors.  These two motors are 

controlled by LabVIEW motion program, which provides a 

high accurate welding positioning control.

Fig. 1: Design for two-axis 
welding system with 
two TIG torches: (a) 
torch set 1, (b) torch 
set 2, (c) chamber 
moving direction, 
(d)  torch moving 
direction.
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3.3 LabVIEW Motion Control

This is an innovation of using a computer 

based controlling program LabVIEW, instead of 

conventional programmable logic controller 

(PLC) for controlling welding procedures.  This 

computer based controlling program LabVIEW 

is a tool for acquiring user interface, determining 

inputs/outputs, and controlling motion and 

other related welding sequences.  The whole 

program can be separated into three parts:

1. Graphical User Interface (GUI),

2. Digital Input/Output (DIO),

3. Motion and welding sequences

The above three parts were written into 

LabVIEW as three parallel “While” loop processes. 

Figure 3 shows the flowchart for the auto welding system.

First of all, operator can 

set the welding parameters, 

such as torch current, travel 

speed, feeder motion modes, 

feeding speed, duration time 

in the graphical user interface 

(GUI).  Figure 4 shows GUI for 

inputting all parameters by 

operator.  These parameters 

can be saved as a welding 

r e c i p e .  O n c e  t h e s e  u s e r 

parameters are saved into the 

system, the operator can then 

start to teach both X- and Y- 

coordinator’s servo motors for 

both start and end positions.  

After completing setting the 

starting and ending points, 

the welding procedure can be 

started. 

4.0  Results and Discussion

A 520mm long aluminium test  chamber was 

fabricated.  It consists of two A6061 plates.  The overall 

Fig. 2:  Design for welding configuration of torch and 
filler: (a) TIG torch, (b) Feeder Mechanism

Fig. 3:  Auto Welding System’s Flow Chart
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dimensions of the testing chamber are 500 W × 

520 L × 100 H (in mm).   The overall dimensions 

are same as the portion of B-Chamber near the 

sextupole magnet.  By using dial gages and 

thermocouples, both thermal and deformation 

data were collected while and after welding 

process was conducting. 

All welding conditions are listed in Table 

1.   From Fig. 5, it indicates the sequence of the 

experiment setup.  The chamber was placed on 

the welding stage and aligned carefully.  For 

welding a massive aluminium chamber, pre-

heating the chamber was necessary.  Therefore, 

a heater was wrapped around the chamber.   

Then, dial gages and thermocouples were 

installed.  Finally, the chamber started to bake to 100°C.

Once reaching 100°C, the welding process started 

immediately.  Figure 6 shows that there are three zones: 

preheat zone, welding period, and cool-down zone.  In 

the preheat zone, there are thermal expansion as the 

temperature increases.  The deformation measurements 

show the testing chamber is expanded due to heat energy 

Fig. 4:   Graphical user interface (GUI)

Table 1:  TIG Welding Conditions

Welding System Used 2-axis auto welding system

TIG Machine Two AC TIG torches

Base Metal A6061

Filler A4043 Φ3.2 mm

Torch Type Pure TungstenΦ3.2 mm

Start Current 220 A

Final Current 210 A

Welding Length 520 mm

Temperature Before Welding 100 ºC

Welding Speed 180 mm/min

Welding Fixture Type Free-Floating method

Ar Protection Flow Rate 10  l/min

Humidity 38% RH

Room Temperature 27ºC

is added.  From Fig. 6, the maximum deformation of 

0.7 mm takes place when the chamber reaches the 

maximum temperature.   The heating energy from 

w r a p p e d  h e a t e r  c a u s e s  t h e  d o m i n a t e  c h a m b e r 

deformation.  After the welding process is completed, the 

chamber is cooled down with a stable cooling rate due to 

the heat dispersion to air or fixtures.  However, the sample 

chamber shrinks when the chamber is cooled to room 

temperature.  According to the deformation data, there 

is still an irreversible deformation which is <0.227 mm 

after the welding process is completed and the sample 

chamber is cooled down to room temperature.  This is still 

acceptable for this welding method.  The sample chamber 

is also conducted a leak test and measured a leakage rate 

of 1 × 10-9 mbar • l/s helium.

5.0  Conclusion

A new automatic TIG welding system was introduced 

in this paper.  This two-axis automatic system is using 

two welding torches to implement two parallel welds on 

opposite sides of an aluminium chamber simultaneously. 

According to the thermal and deformation data for the 

testing chamber, this automatic welding system provides a 

promise of welding TPS aluminium vacuum chambers.◆
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Fig. 5:   Sequences for welding aluminium chamber

Fig. 6:  Thermal and vertical (Y)/horizontal (X) deformation curves
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