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SPOT  WELDING

ÅSpot welding is a process in which two sheet metal 

parts are fused together at localized points by passing 

a large electric current through the parts where the 

weld is to be made. 

ÅThe fusion is accomplished at relatively low voltage 

levels by using two copper (or copper alloy) electrodes 

to squeeze the parts together at the contact points and 

apply the current to the weld area. 

ÅThe electric current result in sufficient heat in the 

contact area to fuse the two metal parts, hence 

producing the weld.
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SPOT  WELDING
Å The two electrodes are squeezed together against the mating parts, 

and the current is applied to cause heating and welding of the 

contacting surfaces

Å The actual welding portion of sequence typically requires less than 

a second. Therefore, the rates of production in spot welding are 

largely dependent on the time required for positioning of the 

welding electrodes and the part relative to each other.

Å Another factor that affects production rate is the wear of the 

electrodes. Because of the heat involved in the process, the tips of 

the electrodes gradually lose their shape and build up a carbon 

deposit which affects their electric resistance. Both of these effects 

reduce the quality of the welds made. Therefore, the electrodes 

must be periodically be dressed to remove the deposits and 

restore the desires shape.
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SPOT  WELDING

Spot welding has traditionally been performed manually 
by either of two methods.

ÅThe first method uses a spot -welding machine in which 
the parts are inserted between the pair of electrodes 
that are maintained in a fixed position. This method is 
normally used for relatively small parts that can be 
easily handled.

ÅThe second method involves manipulating a portable 
spot -welding gun into position relative to the parts. The 
welding gun consists of the pair of electrodes and a 
frame to open and close the electrodes. 

Å In addition, large electrical cables are used to deliver 
the current to the electrodes from a control panel 
located near the workstation. The welding gun with 
cables attached is quite heavy and can easily 
exceed 100 lb in weight. 
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Requirements of Spot Welding Robots

ÅRelatively large robots: work volume, payload

ÅPositioning and orientation capability with 

sufficient DOF.

ÅController: memory capacity, storage of many 

programs
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Benefits of Using Spot Welding Robots

ÅImproved product quality

Consistent welds, better repeatability compared 

to human operators

ÅImproved operator safety

Work hazards due to electrical shocks and burns

ÅBetter control over the production operation

Production scheduling and inventory control
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ÅProton Wira side car 

frame

Å37 welding points

Robotic Spot Welding Study 1

PROTON WIRA SIDE FRAME SPOT WELDING WORKCELL 
USING KUKA ROBOTS



Robotic Spot Welding Study 1
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Å KUKA IR761 robot: to study reachability 
of robot arm: 1350mm (normal) or 
1550mm (extended) upper arm

Å To study use of C -type or G -type 
welding gun

G-type welding gun 

PROTON WIRA SIDE FRAME SPOT WELDING WORKCELL 
USING KUKA ROBOTS



14



Robotic Spot Welding Study 1
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Å Car frame orientation with 

bottom close to robot

PROTON WIRA SIDE FRAME SPOT WELDING WORKCELL 
USING KUKA ROBOTS

Å Car frame orientation with 
roof close to robot 



Robotic Spot Welding Study 1
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SUMMARY OF FINDINGS

Å Cycle time of 64 secs was 
achieved (within 
specification of 69 secs)

Å Use of KUKA IR761 with 
extended upper arm 
(1550mm)

Å Use of G -type welding gun 
for accessibility

Å Spot welds at 0.9 sec for 
each spot

PROTON WIRA SIDE FRAME SPOT WELDING WORKCELL 
USING KUKA ROBOTS



Robotic Spot Welding Study 2
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Objectives

Å Reduce cycle time from 100 seconds to 89 seconds.

Å Propose robot path and teaching points.

Å Reduce waiting time between robots

MULTI-ROBOTIC SPOT WELDING WORKCELL DESIGN AND CONTROL
FOR PRODUCTION WIRA UNDER BODY ASSEMBLY

Rear part

Front end

Front



Robotic Spot Welding Study 2
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The Robots ðKawasaki EX100

MULTI-ROBOTIC SPOT WELDING WORKCELL DESIGN AND CONTROL
FOR PRODUCTION WIRA UNDER BODY ASSEMBLY

Front end

With spot welding gun

Side view



Robotic Spot Welding Study 2

The Work Cell

Four-robot work cell

19

MULTI-ROBOTIC SPOT WELDING WORKCELL DESIGN AND CONTROL
FOR PRODUCTION WIRA UNDER BODY ASSEMBLY

Top view



Robotic Spot Welding Study 2
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The Work Cell 87 welding spots

MULTI-ROBOTIC SPOT WELDING WORKCELL DESIGN AND CONTROL
FOR PRODUCTION WIRA UNDER BODY ASSEMBLY

²ŜƭŘƛƴƎ ǎǇƻǘǎ ŘƛǾƛŘŜŘ ƛƴǘƻ ǇƻǊǘƛƻƴǎ !Σ.Σ Χ W



Arc Welding Processes

ARC WELDING
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SYSTEM OVERVIEW OF WELDING SET-UP
The diagram below is a system overview of a typical welding 
set-up. The role of the robot arm is to provide mobility for 
the welding gun. The welding process is controlled by the 
welding transformer unit, gas supply unit and auto-wire feed 
unit. Details of the typical set-up for the different 
technologies involved welding applications are given later.

22



ARC WELDING

23

Å With the shielded metal -arc 

welding, an arc welding 

electrode consisting of metal rod 

of about 1.6 to 8 mm (1/16 to 5/16 

in) in diameter and coating 

material (organic or inorganic 

material or mixture) is held by 

holder.

Å AC and DC voltage is impressed 

between the work (called base 

metal) and the covered 

electrode to strike arc for welding. 



ARC WELDING
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Å Under the influence of high 

temperature of arc, the 

coating material is 

decomposed into gas or slag, 

thereby protecting the molten 

metal from the atmosphere 

and preventing oxidation, 

nitration and, in addition, 

serving to stabilize the arc.
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ARC WELDING
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Å In this welding, fine coiled welding 

wire (0.8 -1.6 mmf(1/32 -1/16 inf)) is 

used in place of manual welding rod.

Å The welding wire is fed to the welding 

torch through the wire feed roll. This 

wire is electrified through the torch 

tip, due to which arc is struck 

between the base metal and the 

wire, and both the base metal and 

the wire are continuously molten by 

arc heat.

Å Since CO2 gas is used to protect the 

arc part from air, this welding 

method is named CO2 gas -shielded 

are welding.



ARC WELDING
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Å Perfect arc start, almost 

spatter free CO2 welding.



ARC WELDING
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Å The welding process using 

mixed gas of Argon and CO2 is 

called MAG (Metal Active Gas) 

arc welding.

Å MAG arc welding is similar to 

CO2 gas shielded arc welding 

in terms of similar basic power 

supply. 

Å Difference between MAG and 

CO2 gas shielded arc welding 

is only using gas and wire.



ARC WELDING
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ÅUpgrading of quality 

without spatter and 

great reduction of 

post processes by 

MAG pulse high speed 

welding



CO2   / MAG gas mixtures :
Inert:  Ar CO2   : active
0%              +           100%   --------Spatters appear

10% + 90%
50% + 50%   --------Normally
75% + 25%   --------USA
80% + 20%   --------Current practice in Japan
90% + 10%
100% + 0%   ---------Arc not stable

Argon makes the bead sharp and narrow
reduces globule size, less spatter

ARC WELDING
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The argon forces the bead ball to be small. Hence, less spatter.

ARC WELDING

1.2f

Globule 1.22 -1.18 mm

MAG/MIG spatter is easy to remix, CO2 is not.
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Å MIG (Metal Inert Gas) welding 

process is similar to CO2 gas 

shielded arc welding and MAG 

arc welding in the principle.

Å Usually Aluminum and Stainless 

steel welding is popular as MIG 

arc welding, although various 

metal, copper, high -tension steel, 

Monel, Inconel etc. can be 

welded by this method.



ARC WELDING
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Å Unique synchro -pulse and 

many other developments 

make this MIG -pulse welder 

superior



Metal Inert Gas: MIG Welding

Argon: cheaper, widely used
Helium: previously popular

Xenon: expensive
Neon: expensive

Used for aluminium, alloy, stainless steel, copper

ARC WELDING
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Å The gas tungsten arc welding 

(GTAW) process is some times 

known as òTIGó (tungsten inert gas) 

welding.

Å The inert gases (argon and helium) 

are mainly used for gas tungsten arc 

welding.

Å Since argon gas is extensively used 

as shielding gas, this welding 

method is generally called argon 

arc (TIG) welding.

Å In this welding tungsten electrode 

(nonconsumable ) is used and filler 

wire may or may not be added.

Å The electric arc is produced by 

passing current through the ionized 

inert shielding gas. 



ARC WELDING
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Tungsten Inert Gas: TIG, GTAW.

High Freq. = 2MHz (1.8 MHz)
Typical Voltage = 6KV.
1mm air gap needs 1KV

Practically, 3 - 4mm
Can weld any kind of metal.
High quality welding  

- Air planes
- Satellites
- Chassis

* Very beautiful bead shape

ARC WELDING

Air gap
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Drawback is slow speed for Tungsten Inert Gas TIG, GTAW.

ARC WELDING

TIG: 10-15 cm/min

CO2: 40-55 cm/min   (semi-auto)

MIG: 50-65 cm/min  (semi-auto)

Brief comparison of welding speeds
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ARC WELDING
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Å With the submerged arc welding, flux is 

scattered on the base metal in 

advance, and a bare welding wire is 

fed into the flux layer to perform 

welding.

Å The welding wire is fed automatically 

by the feed motor, and the wire and 

the base metal are fused by the heat of 

arc struck between them to form weld 

point.

Å Being also fused by arc heat, the flux 

becomes slag which covers arc and 

molten metal to protect them from 

atmosphere and effect dioxidation

refining due to chemical reaction with 

molten metal.



ARC WELDING
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Wire sizes

ARC WELDING

CO2, MAG,others

(mm)

0.4

0.6

350 ð500 Amp        

machines

0.8

0.9

1.0

1.2    Common

1.4

1.6 Common
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Submerged   (mm)

2.0

2.3

3.2

1000-1500              

Amp  machines      

4.0

4.8    Common

6.4    Common

8.0
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Å Air plasma cutting is used 

compressed air and high velocity jet 

of compressed air gas emitted from 

the shielded gas cup blows away 

the molten metal to form a kerf.

Å Various types of metal, including 

mild steel, galvanized sheet steel 

and painted steel as well as stainless 

steel, aluminium and copper can be 

cut. Since compressed air is 

extensively used as cutting gas and 

cooling gas, this method is called Air 

plasma cutting.



ARC WELDING
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Å Non -gas welding wire (self 
shielded wire) is automatically 
fed by wire feeding motor and 
wire itself is consisted of coating 
material inside the wire. 
Therefore this process sometimes 
called as self shielded arc 
welding.

Å Since it is unnecessary to use 
conventional shielding gas such 
as CO2 gas or MAG gas, this 
welding method is used 
especially for outdoor welding.



ARC WELDING
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Å Unnecessary to protect 

against the wind, therefore 

suitable for outdoor welding

Å Beautiful finish and high 

quality welding using fine 

sized non gas welding wire.



ARC WELDING

Coating material/ 
flux inside wire

Self-Shielded (Non -Gas)

Coating material/ flux 
inside wire

Why use this?
For CO2, /MAG shield, if wind speed 
> 2m/s, need protection.

In some cases, can erect partition 
for protection of shielding.

Outdoors cannot put partition.

Therefore Use NON -GAS SHIELDING

Self-shield Arc for up to 15m/s wind 
(small typhoon)
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