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The concepts of quality assurance and productivity have been studied in this ariicle. Based on the analysis
of the clectrical data of welding arc, a process monitoring sysiem has been developed to monitor GMA shor
arc welding 1o cnsure weld quality and 1o increase welding productivity. This article deals with only the

welding of thin mild steel plates.

1. INTRODUCTION

Quality and productivity have bccome very impor-
tant concepts in modern manulacturing activities. In
robotized gas mctal arc (GMA) welding, the following
three aspects arc important for quality assurance and
for improved productivity. the first aspect is to de-
velop an optimal welding procedure before the weld-
ing production starts. The sccond is to monitor and
adaptively control the welding process to counteract
disturbances  that occur during the welding opera-
tion. The third is 10 diagnosc the causes of weld
delects and to ke measures 10 quickly remove the
quality disturbances when a weld  delect results.

With the incrcased demand on productivity, quality
and varicty ol products, flexible unmanncd produc-
tion systems are incrcasingly nceded. In arc welding,
the usc of robots intcgerated with llexible positioners
has grcatly contribuicd to the lNexiblity of welding
productions.

In small batch production, the time consumed in
developing a welding procedure or welding parame-
ters  significantly affcets the productivity. This time
should be reduced in order to incrcase the productliv-
ity, which implics that computer-aided planning of
welding  procedure or welding  paramcters is  needed.

Disturbances  during  production must be  quickly
identificd and removed, or automatically compen-
sated in order Lo avoid weld delects. Quality monitor-
ing and adaptive control of the arc welding process is
therelore a pre-requisite of  quality assurance in
unmanned  welding  production.

2. THE CONCEPT OF WELD QUALITY

If a weldment is to have the required reliability
throughout its life, it must have a sufficient level of
quality of fitness for purpose. Here it must be noted
that quality is not a fixed property of a weldment.
Quality is a relative term, depending upon the func-
tion the weldment is intended to serve and upon the
required life of the weldment. In another word, a
weldment may have different levels of quality for
different service requircments.

In practice, weld quality is verified by nondestructive
examination, where the weld is examined in regard to
size, shape, contours and other features. The accep-
tancc standards for the welds are generally related to
the method of nondestructive examination. Welds
that do not satisfy the acceptance standard are clas-
sified as defective.

Many standards relating to weld quality do not gov-
ern product usage and leave maintenance of the
fabricated product to the user. It is the user who must
modify, amplify, or imposc additional weld quality
standards during maintenance activities to ensure
that the product continues to function properly.

The determination of quality requircment for a
weldment involves, thercfore, design, fabrication and
operating and maintenance considerations, which
mcans that cach weldment should be:

®  Adcquatcly designed to mect the intended scrv-
ice for ihc required life.
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® Fabricatcd with spccified materials and in accor-
dance with thc design concepts.

® Opcratcd and maintained properly.

Specifying excessive quality can lead to high cost with
no benefit, while low quality weldments lead to high
maintcnance costs and excessive loss of service. Thus,
quality levels may bc permitted to vary among differ-
ent wcldments and individual welds, depending on
service conditions and rcquirements.

3. WELDING PRODUCTIVITY

Any typc of production must bc efficient. The effi-
ciency of production or productivity can be measured
by the time consumcd in fabricating certain units of
products. The shorter the time, the higher is the
productivity. Of rclevance, the following three factors
arc important for the wclding productivity.

® time consumcd in developing welding procedure.

® wclding specd.

® lime consumcd in repairing defective welds.

A wclding procedure is mainly developed by trials.
This mcthod is timc consuming. This time can signifi-
cantly affcct the productivity in small batch produc-
tion. The dcvelopment of a welding procedure often
rcquircs much knowledge about the basc material,
welding process, quality rcquircments etc. The more
cxpert knowlcdge onc has in this ficld, the more
efficient the devclopment of welding procedure will
be. Therefore, artificial intclligence has recently been
introduccd into this ficld to assist thc procedure
devecloper and thus to improve the efficicncy.

The highest possible welding spced should be used,
which is obvious. However, it often occurs that the
welding  procedurcs or welding  parameters used in
manual welding arc transfcrred into robotized weld-
ing production without any adjustment. This can
causc considerable loss of welding productivity since
a robot arm can move the welding torch much faster
and smoother than a human weclder can.

Productivity deccrcases with incrcascd defective welds,
which implics that improved quality assurance sys-
tems will incrcasc productivity.

9. QUALITY ASSURANCE

To cnsurc weld quality requires that we have both
knowlcdge and control of the factors influcncing the
quality during production. Generally there are five
major factors influcncing the quality in robotized
welding, Fig. 1.

Workpiece

Welding .|| Auxiliary
Equipment Weld Quality Equipment
Monitoring Welding
& Adaptive Procedure
Control
Fig. 1. Factors influencing welding quality in

robotized arc welding.

The principal variables regarding workpiece, work-
piece handling, welding equipment and welding
parameters are listed in the following.

® Process Variables

— Static and dynamic characteristics of weld-
ing power source.

— Wire Composition.

— Wire diameter - current density.

— Shielding gas composition.

— Arrangement of assembly.

— Welding Position.

— Joint preparations - geometric variables.

— Preheat and interpass temperatures and
condition.

— Welding sequence.

— Tacking and clamping arrangement.

— Joint pre-set (predistortion).

— Joint precision (repitition of robot + toler-
ance of position of the part + tolerance of
ltacking + joint preparation tolerance).

— Deviation of arc - magnetic deflection.

— Surface preparation - before welding.

® Welding Parameters

— Primary Parameters
* Wire feed rate (or Welding Current).
*  Welding voltage.
* Weclding speed.
— Secondary Parameters
* Electrode angle - advance attitude.
* Electrode angle - transverse attitude.
* Conlact tip to workpiece distance or ‘‘Stick-
out’.
* Flow of shielding gas.
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For MAG welding, a power source static characteris-
lic of constant potcntial is uscd. The dynamic charac-
lcristic has a profound influcnce on welding proper-
tics. In conventional power sources, the dynamic
properties are usually detecrmined by the inductance
and resistance in the weclding circuit and there are a
few conditions availablc. In modern powcr sources,
the dynamic propertics arc normally predetermined
for various welding conditions. The wire composition
dctermines the mcechanical propertics of the welds
and is chosen according o the chemical composition
of the material to be welded. There arc many commer-
cially available welding wircs. Wirc of 0.8 mm in
diameter is the most often uscd in thin plate welding.
The composition of shiclding gas affects welding
properties. In welding of non-alloyed and low-alloyed
mild steel, shielding gas 80% Ar/20% CO, is widely
uscd. Welding position can influence welding speed
and quality. The flat welding position should be uscd
if possible. With a robotic welding systcm intcgrated
with a flexible positioncr, flat welding position can be
obtaincd for many applications. Prchcat and inter-
pass temperaturc is not nccessary for welding of thin
plates. The surface condition, c.g. grcasc, rust on the
surfacc, can influcnce process stability and cause
weld defects. Deviation of welding arc scldom occurs
in GMA wclding since the arc length is very short in
short arc welding. Weclding scquence may be impor-
tant since it can affect joint fit-up through the mecha-
nism of ‘thermal dcformation. The welding scquence
should be carcfully choscn 0 minimize the effect of
thermal deformation. Tacking and clamping arrange-
ments should also be choscn carefully to minimize the
effcct of thermal dclormation of joint fit-up. The joint
type is choscen according o the thickness of the plates
10 bc welded: I- and V- joints arc most common for thin
plate welding. The choice of joint gap and its tolerance
is very important since it can greatly affect welding
results. The joint gap and its tolerance is specificd by
the designer. In robotized welding, 90% of factors
contributing 10 success relaie 10 joint fit-up  condi-
tions. Higher quality requirements on  welds put
grcater demand on  joint fit-up. Scam tracking sys-
tcms should be used when the joint fit-up is difficult
o cnsure and wcld quality demand is high.

The detcrmination of welding parameters is a  very
important part of thc weclding procedure and is the
main task of a welding cngincer. The determination
of welding paramciers should be donc with the re-
spect 1o joint fit-up condition, quality requircment
and productivity ctc. Among the welding parameters,
the primary paramciers can very greatly for different
applications, while the sccondary parameters can be
the samc for many applications.

The advancc angle of the wire electrode is normally
within 15 degrees from the normal position to ensure
the effect of shielding gas. This torch angle has no
apparent influencc on weld geometry. Normal torch
position is normally used in the flat welding position.
The distance bctween contact tip and workpiece should
be as short as possible to minimize the deviation of
wire electrode from the welding joint; 10-15 mm
distance should be uscd for short arc welding. This
distance can influence weld geometry since this vari-
ation will change the arc current and voltage. De-
creased distance bctween contact tip and workpiece
increases arc current and weld penetration. Shield-
ing gas flow rate docs not influence weld geometry, it
affects only thc shielding effect. Normally 10-20 1/
mm is uscd in GMA (Gas-Metal-arc) welding. Exces-
sive flow rate will deteriorate the shielding effect by
causing turbulent flow of the shielding gas.

The most important part in the determination of
welding paramelcrs is to choose the primary welding
parameters. Herc it should be noted that welding
current is often not a preset parameter, it is mainly
determined by wire feed rate, which is a preset
parameter. Among thc primary welding parameters,
wire fecd raic and welding voltage are the parame-
ters determining the process stability. A stable weld-
ing arc is a prercquisite of a successful welding
application. To achieve a stable short arc, the combi-
nation of wire fced rate (or current) and voltage must
be optimized. The optimal combination between were
fecd rate and vollage may be different for welding
power sources with different static and dynamic
characteristics. Welding spced is the parameter af-
fecting productivity. The higher the welding specd
uscd, the higher productivity is achicved.

Proccss monitoring and adaptive control are particu-
larly important in fully mechanized welding, for
quality assurancc. The factors affecting weld quality
must bc monitorcd during production so that when a
parameter is disturbed to such a degree that the weld
quality is risked the production should be stopped. A
monitoring sysicm should be able to help the operator
to locate thc disturbance so that correct counteract-
ing measurcs can bc taken 1o quickly remove the
quality disturbancc. In a more advanced welding
system, thc system should be adaptively controlled,
which means that when a quality disturbance occurs
the system can automatically adjust itself to counter-
act or remove the disturbance.
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Standard deviation of arcing time, Sd(ta), is a parameter to assess arc stability. The influence of

welding voltage on the standard deviation of arcing time (a)‘and short-circuiting time (b), as well
as on the mean of arcing time (c) and short-circuiting time (d).

5. DEVELOPING A PROCESS MONITOR-
ING SYSTEM

5.1 Experiments

At Lund University an advanced computer-based
data acquisition system has been developed, which
allows that the electric data of a welding arc can be
sampled at a frequency up to 70 KHz. In our tests, a
sample rate of 4KHz was used. The sampled data is
stored in the computer memory for later processing
and analysis. The data analysis program was devel-
oped in Pascal and run on an IBM PS/2. It has the
following main functions:

Display current and voltage waveforms.

Make histograms of various parameters.

Plot various parameters against each other.
Calculate statistical values of various parame-
ters.

The main welding cquipments used were:

® six-axis arc welding robot ABB 2000.

® two axis positioner ESAB Orbit 500.

® ransistorized welding power supply ESAB LAK
S00R with synergic control.

The workpieces were mild steel, and the welds were
made in form of bead-on-plate. The wire electrode
used was solid wire type ESAB OK Autrod 12.51
diameter 1 mm and the shielding gas was 80% Ar/
20%CO, with a flow rate of 12 1/min. The variables
during the experiment were wire feed rate (or cur-
rent), welding voltage and welding speed. All the
other parameters were kept constant.

5.2 Process Analysis

For an ideally stable welding arc, the waveforms of
arc current and voltage should be possible to be
subdivided into a number of repeated cycles of exactly
the same type. In another word, the standard devia-
tions of arcing time and short-circuiting time should
be equal to zero.
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Figure 2 shows the standard deviations and mean of
arcing time (1) and short-circuiting time (1) as a
function of welding voltage, where the welding arc
was visually observed to be most stable at a voltage of
18 volits. When voltage was below 17 volts, the arc was
unstable with metal spatter, and the instability be-
came worsc with decreased welding voltage: the arc
was more frequently extinguished and a greater
amount of metal spatter was caused when the voltage
decreased. The extinction of a welding arc can be
explained by the following. When the voltage is not
sufficient the wire tip is littie melted. When a solid
wire tip contacts the workpiece, the heating of the
electrode tip proceeds silowly and covers a large length
of the wire; further electrode melting is accompanied
by an explosion, causing a large gap between the
electrode and the workpiece so that the arc cannot
immediately ignite.

When the voltage was above 21 volts, the arc was also
unstable with metal spatter, but the instability was
vary different from the instability with a voltage
below 17 volts. The arcing time was long and droplets
transferred were large. The metal spatter was mainly
caused by the large droplet transfer. The arc was
ncver observed to be extinguished.

From Fig. 2 it can be seen that the standard deviation
of arcing time reaches a minimum at 18 volts. The
mean of arcing time first decreases with welding
voltage and then increases after 17 volts. The reason
that the mean incrcases with voltage below 17 volts is
explained in the following. The arcing time is here
dcfined as the time pcriod between the preceding
short-circuit and the next one. This time is deter-
mined by the wire feed speed and the gap between the
electrode and the workpiece. Since when the voltage
was 17 volts, the extinction of the arc due to large gap
between the clectrode and workpiece increased with
decrcased voltage, it is apparent that the mean arcing
time will be increased. When the voltage was above 17
volts, the arc was never extinguished and the arc
length was regulatcd by the voltage. Increased volt-
age will increase the arc length, i.e. the gap between
the electrode and workpiece, and thus increase the
mean arcing time.

The standard deviation of short-circuiting time de-
creascs rapidly at first and then keeps almost con-
stant after the welding arc becomes stable. The mean
of short-circuiting time is almost constant between 17
and 20 volts.

From the above analysis it should be concluded that
the standard deviation of arcing time is a parameter
indicating the stability of a welding arc.

This result can be used in dcvcloping the optimal
combination of wire feed rate and welding voltage to
ensure a stable welding arc.

Here it must be noted that a statistical value like
standard deviation describes only an event as a
whole. The standard deviation of arcing time cannot
teli when and where an instability occurs and the
cause of the instability., It is however important to
know where and when an arc instability occurs and
what is the cause.

If we plot arcing time against short-circuiting time,
see Fig. 3, the above goal can be reached. If we
compare Fig. 3¢ with Fig. 3d, where the arc was very
stable for Fig. 3d and for Fig. 3c only slight instability
was observed, it can be found in Fig. 3d all the short-
circuiting times are less than 8 ms while in Fig. 3c a
few short-circuiting times are longer than 8 ms. If we
compare Fig. 3¢ with Fig. 3b, where the arc stability
was worse for Fig. 3b than Fig. 3¢ and the arc was
occasionally extinguished in Fig. 3b, it can be found
that the number of short circuiting times longer than
8 ms has been increased. The following conclusions
can therefore be drawn:

® 8 ms is a critical time for the stability of short-
circuiting metal transfer.

® When short-circuiting lasts longer than 8 ms, an
instability may occur.

®  When short-circuiting lasts less than 8 ms, insta-
bility is not likely to occur.

If we compare Fig. 3b with Fig. 3a, where the arc was
very unstable and was frequently extinguished in
Fig. 3a, it can be found that the number of short-
circuiting times longer than 30 ms has been greatly
increased. It can aiso be observed that such a long
short-circuiting period is often followed by long arc-
ing times, indicating that a large gap was caused
between that electrode and the workpiece. When the
current and voltage wavcforms were checked, it was
found that during these long arcing times the arc was
often not burning, but extinguished. Therefore, the
following conclusions can be drawn:

® 30 ms is another critical time for short-circuiting
metal transfer stability.

® When short-circuiting lasts longer than 30 ms,
the arc may be extinguished.

® When a short-circuiting lasts less than 30 ms, the
arc is not likely to be extinguished.
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90 (a) . 90 (b)
Very unstable weldlng arc Unstable we|ding arc
80 with a great amount of metal spatter 80 with rather much metal spatter
and frequent arc extinction and occasional arc extinction
70 Voltage = 15 Volts 70 Volatge = 16 Volts
60 60
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40 40
30 30
20 20
10 10
LA XSS
e
20 40 60 80 100120 140 160 180 200 220 240 Ta ms 20 40 60 80 100120 140 160 180 Z00 220 240 Ta ms
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Rather stable welding arc Stable welding Arc
80 with only slight metal spatter 80 without metal spatter
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Maffins —
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Rather stable welding arc Unstable welding arc
with a small amount of metal spatter 80 with large droplet transfer
due to large droplet transfer Voltage = 23 Volts
Voltage = 21 Volts 10
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40
30
20
10
10 20 30 40 50 60 70 80 90 100 110 120 , 20 40 60 80 100 120 140 160 180 200 220 240 Ta ms

Fig. 3. Plotting arcing time (1a) vs. short-circuiting time (ts) is a method to reveal arc characteristics.
The successive form of ta-1s distribution and the change of arc characteristics when the welding
voltage increases from 15 (a) to 23 volts (f).
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If we compare Fig. 3d, 3e and 3f, it is immediatcly
found that when the welding voltage is above the
optimal voltage (i.e. 18 volts in our case), no short-
circuiting lasts longer than 8 ms, but the arcing times
becomes longer with incrcased welding voltage. For
Fig. 3f the arc stability was worsc than 3e: larger
droplct transfer droplet transfer and more metal
spatter were obscrved. In Fig. 3d no arcing time is
longer than 45 ms, while in Fig. 3e some arcing times
arc longer than 45 ms and in Fig. 3f the number of
arcing time is increased. Thercfore, 45 ms of arcing
lime can be chosen in our case as an indicator for large
droplet transfer.

To sum up, the following conclusions can be made
according to thc above analysis:

® The distribution of arcing and short-circuiting
times can revcal the characteristics of a welding
arc.

® When short-circuiting lasts longer than 8 ms, an
instability is probable.

® When short-circuiting lasts longer than 30 ms,
the arc is likely to be cxtinguished.

® The causc of long short-circuiting period is insuf-
ficicnt welding voltage.

® With a welding voltage cqual or greater than the
optimal, no short-circuiting lasts longer than 8
ms.

® When welding voltage is greater than the opti-
mal, if an arcing period lasts than 45 ms, instabil-
ity duc to large droplet transfer is likely to occur.

5.3  Process Monitoring

A computer program has becn developed in Pascal to

monitor various parametcrs of a welding arc and to

cvaluatc the stability of a welding arc. The paramc-
ters  monitored  are:

— heat input per unit length of weld.
— avecrage arc voltage and current per unit
length of weld.

The cvaluation of arc stability includes:

~— locating where an instability probably oc-
curs.

— locating wherc the arc is cxtinguished.

— identifying the probable causc of the arc in-
stability.

Arc_extinction
25
Metal spatter
!
J 25 50 mm
Monitored weid length: 50 mm
Metal spatter: 27.3 % of the Mean heat input:
total short-circuitings. 370.8 J/mm.
Arc extinction: 1.5 % of Max. heat input:
total welding time, with 496.0 J/mm.
max. extinction time Min. heat input:
of 0.2 s at 39.7 mm. 168.2 J/mm.
Unstable welding arc.
Defective weld.
Cause: insufficient voltage.
Fig. 4. The information shown by the monitoring

system

The heat input is defined in thc system as:

h= Y i

0
where
h - heat input (J/mm)
i - welding current (Amp)
u - welding voltage (Volt)
v - welding spced (mm/s)
t - time (s)

The avcrage voltage and current arc defincd as:
udt when u > 12 volts and i # 0

u= 7
0

/v
=/ idt when u > 12 volts and # 0
0

were u and i are respectively the average arc voliage
average arc current per unil length of weld.

The evaluation of arc stability is bascd the analysis of
the preceding section, but the location of arc extinc-
tion is done according the criterion that arc current i
is zero. Fig. 4 shows the result of a monitoring.

6. PROCESS MONITORING AS A TOOL FOR
QUALITY ASSURANCE AND FOR IMPROVED
PRODUCTIVITY

6.1 Determination of Optimal Combination
of Wire Feed Rate (or Current) and Welding
Voltage

As discussed in the scction process analysis the stan-
dard deviation of arcing time is a paramcter indicat-
ing arc stability. Figurc 5 illustrates the relationship
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Fig. 5. The influence of weldine voliage and Fig. 6. Quality class as a function of current and
current on arc stability welding speed in welding of I-joint with
Jjoint gap = 0 and thickness = 2 mm

bctween wire feed rate, welding vollage and arc  Table 1. A summary of the relationship be-

stability for wirc feed rate, welding voltage and arc
stability for wirc fced rate between 2 and 6.5 m/min,
where (*) indicates the optimal welding voltage ac-
cording to the standard deviation of arcing time.

Within the tested range of wirc fced rate, there exists
a minimum voltage for each wire fecd rate, below
which the welding arc is unstable, with much metal
spatter and the arc is frequently cxtinguished (zonc
1). This critical voltage incrcascs with increased wire
feed raic. When the voltage is about onc or two volts
above the minimum value, the arc stability was
obscrved to be best (zone 3). It can be seen that the
optimal voltages determined bc the analysis of the
standard deviation of arcing times agrces well with
this observation. When the combinations of wirc fced
ratc and voltage are within zone 2 the arc is stable,
but occasional instability with metal spatter of smali
sizc can occur. In zone 4, the arc stability is a little
dcteriorated; metal transfer frequency is lower than
in zonc 3 and the size of transferring metal drops arc
larger. In zone S5, the metal transfer frequency is
rather low and the sizes of transferring metal drops
arc further incrcased. The irregularity of arcing
times increases with incrcased metal drop size or
voltage, thus dcteriorating the smoothness of weld
dcad surface. In this zone, morc mctal spatter of large
sizc occurs. When the vollage is about 7-9 volts above
the critical voliage, the arc length becomes so large
that the burning of clectrode wirc onto the contact lip
frcquently occurs.

To sum up, the relationship between wire feed rate (or
current), voltage and arc slability can be described by
lable 1.

tween welding current), voltage and arc stabil-
ity (ref. Fig. 5).

Zone | Welding Arc
1 very unstable, frequently extinguished
2 occasionally unstable
3 stable
4 unstable

From Fig. 5 it can be seen that the optimal combina-
tion of wire feed rate (or current) and voltage can be
linearly expressed by:

U=0.08.1+84 1)

where
U - programmed voltage (Volt)
I - programmed current = 80 to 170 Amp, or

U=16.w+ 108

where
w - wire feed ratc = 2.0 to 6.5 m/min.

When wire feed raie and voltage satisfy this relation-
ship, the arc is frce of metal spatter and the melal
transfer is rcgular. Thus the heat gencration of the
arc or heat input to the joint is also regular.

This above equations and the information containcd
in Fig.5 can bc put into an expert system.

6.2 Determination of Optimal Welding Speed
Figurc 6 shows the the weld quality as a function of
welding speed and welding current for MAG welding
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o

he GMAW (Gas Metal Arc Welding)

process uses the heat generated by
an electric arc to fuse the jointarea. The
arcs formed between the tip of a
consumable, continuously fed filler wire
and the work-piece and the entire arc
area is shielded by an inert gas. The
principle of operation is illustrated in
Fig. 1.

Terminology

GMAW is the preferred terminology for
this process in the USA and is becoming

— Reprinted from Welding & Metal Fabrication — March’'89

more widely accepted over the terms
‘MIG’ or ‘MAG' welding as it is more
specific and leads to less ambiguity.
MIG (metal Inert Gas) welding
technically uses a totally inert gas
shield, e.g. argon, whereas MAG (metal
Active Gas) indicates that the shielding
gas contains active constituents, e.g.
carbon dioxide or oxygen. The process
is sometimes called CO2 welding or
semi-automatic welding. In these
Training Modules the process will be
referred to as GMAW.

y

filler wire

contact tip

+inert gas

FUNDAMENTALS
Equipment requirements

The basic arrangement of the GMAW
welding system is shown in Fig. 2 and
consists of

* awelding power source,
* awire feed unit, and
e atorch.

For the GMAW process, a
power source with a direct

Figure 1. The principle cf GMAW operation.

filler [

wire ! wire feed unit
1 torch
o I
o |
o | power
- source
o

work return

Figure 2. The basic arrangement of the GMAW

welding system.
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of I-joints of 2 mm with 0 mm joint gap. The welding
voltage used was chosen according to the equation
established in the previous section.

As can be seen, for each current or wire feed rate,
there exists a minimum welding speed. With a weld-
ing speed less than this critical speed, the plate is
burned through. The burning-through is caused by
excessive heat input, which increases with decreased
welding speed. This critical welding speed increases
with increased current.

When welding speed is above the critical speed, no
burning-through of plate occurs, but the height of the

weld root decreases with increased welding speed.
When welding speed exceeds a certain value, the heat
input becomes insufficient to melt through the plates
and a defect - inadequate joint penetration - is caused.

From the Fig. 6 it can be seen that when the current
is 170 Amp, maximum welding speed is achieved, but
the weld quality is sensitive to the variation of weld-
ing speed or heat input. A small variation of heat
input can result in defective welds. Therefore, in this
case the monitoring of the heat input during welding
is neccesary in order to achieve high welding speed
and to ensure weld quality. -

Back to the Basic — GMA Welding Process
— Continued from page 21

current (DC) output is used and the filler wire is
normally connected to the positive output terminal.
The wire feed unit feeds the wire from a spool,
through the torch, to the arc at a predetermined and
accurately controlled speed. Both the consumable
filler wire and the shielding gas are directed into the
arc area by the torch, and the welding current is
transferred to the wire by means of a copper alloy
contact tip as shown in fig 1.

Consumables

The consumables for the GMAW process include the
shielding gas and the filler wire. The shielding gas
protects the weld area from atmospheric contamina-
tion but also has a significant effect on the stability of
the process, fusion characteristics and weld  bead
shape. Argon and helium, inert gases, may be used for
some materials ( eg aluminium and copper alloys ) but
active gases containing oxygen and carbon dioxide
are often used to give improved operating character-
istics particularly with ferrous materials.

The filler wire used for GMAW welding is supplied as
a solid wire. The diameter is usually in the range 0.6
mm to 3.2 mm and the chemical composition is similar
to that of the material being welded.

Operating modes

The characteristics of the GMAW process depend on
the mode of metal transfer from the electrode to the
weld pool. The common modes of transfer are usually
classified as shown in fig 3.

Free fight transfer occurs when the material crosses
the arc in the form of droplets, whereas in dip transfer

the arc is extinguished at regular intervals when the
filler wire comes into contact with the weld pool.

Free flight modes

Globular transfer occurs at low currents and may be
found when steel wires are used in a carbon dioxide
shield. It is typified by the formation of very large
droplets which are detached from the end of the wire
by gravity (fig. 4a). Transfer is often irregular and
unstable, and large amounts of spatter are produced.

If the welding current is increased and an argon
based gas is used, the droplet size decreases until the
droplet diameter is similar to that of the filler wire
(fig.4b). The frequency of transfer is increased and
the arc is stable with low spatter levels. This type of
is called spray. Although the current at which it
occurs varies with wire composition, wire diameter
and shielding gas it is normally found above 200
amps.

— Continued on page 53
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Fig. 3. The common modes of metal transfer in
GMAW.
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