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Pulsed-current GMA welding of AI-Zn-Mg alloy improves 
the mechanical properties of the weld compared to welds 

produced by continuous-current welding 
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ABSTRACT. Pulsed-current GMA weld- 
ing of an extruded section of AI-Zn-Mg 
alloy (7005) was carried out by using AI- 
Mg (5183) welding wire. During weld- 
ing, the pulse parameters, such as pulse 
frequency and duration, were varied and 
their effects on the zinc pickup due to di- 
lution of base material, porosity content 
and microstructure, as well as the hard- 
ness, tensile and fatigue properties of the 
weld metal were studied. The zinc 
pickup of the weld was correlated to its 
hardness and both the zinc pickup and 
porosity content of the weld were corre- 
lated to the tensile strength and fatigue 
life of the weld. The characteristics and 
mechanical properties of the pulsed-cur- 
rent GMA weld were compared with 
those of a continuous-current weld. It 
was observed that the variation in the 
pulse parameters affects the zinc pickup, 
porosity content and microstructure of 
the weld. The increase in zinc pickup en- 
hanced the hardness, tensile strength and 
fatigue life, whereas, the porosity content 
was found to reduce the tensile strength 
and fatigue life of the weld. The pulsed- 
current GMA welding was found to im- 
prove the weld properties over those of 
continuous-current GMA welds. 

Introduction 

The AI-Zn-Mg alloy has wide accep- 
tance in fabrication of lightweight struc- 

N. B. POTLURI is with the Materials Engi- 
neering Progam, Auburn University, Auburn, 
Ala. P. K. GHOSH, P C. GUPTA and Y. S. 
REDDY are with the Welding Research Labo- 
ratory, Department of Mechanical and Indus- 
trial Engineering, University of Roorkee, Roor- 
kee, India. 

tures requiring a high strength-to-weight 
ratio. During fabrication of bridge gird- 
ers, road and railway transport systems, 
etc., with this alloy, the gas metal arc 
(GMA) welding process is widely used 
for joining of structural members. The 
use of pulsed current during GMA weld- 
ing of this alloy has been found to im- 
prove the mechanical properties of the 
weld, especially when the process is em- 
ployed at a mean current beyond the 
transition current, establishing the spray 
mode of metal transfer (Refs. 1,2). It was 
also observed that during pulsed-current 
GMA welding of the AI-Zn-Mg alloy, the 
variation in pulse parameters affects the 
microstructure, chemical composition 
and porosity content of the weld (Refs. 3, 
4), which may significantly influence its 
tensile and fatigue properties. During 
welding of the AI-Zn-Mg alloy, the zinc 
pickup in the weld deposit, due to dilu- 
tion of the base material, makes it pre- 
cipitation hardenable, which plays a sig- 
nificant role in governing the mechanical 
properties of the weld. Thus, the charac- 

KEY WORDS 

Pulsed GMAW 
Continuous Current 
Weld Characteristics 
Tensile Properties 
Fatigue Life 
AI-Zn-Mg 
Porosity 
Microstructure 
Pulse Parameters 
Zinc Pickup 

terization of tensile and fatigue proper- 
ties of the weld, especially with respect 
to its chemical composition and porosity 
content as a result of pulsed-current 
welding at different pulse parameters, 
may be of great technological impor- 
tance for successful application of the 
pulsed-current GMA process during 
welding of AI-Zn-Mg alloys. 

In this investigation, an attempt has 
been made to study the effect of pulse fre- 
quency and duration on weld character- 
istics such as the zinc pickup, porosity 
content and microstructure of an AI-Zn- 
Mg alloy weld prepared by the pulsed- 
current GMA welding process. Influence 
of the pulse parameters on the hardness, 
tensile and fatigue properties of the weld 
was also studied and correlated to its zinc 
pickup and porosity content. The char- 
acteristics and mechanical properties of 
the pulsed-current GMA weld are com- 
pared with those of a conventional con- 
tinuous current weld. 

Experimental Procedure 

Pulsed-current GMA welding of an 
extruded section 50 x 10 mm (2 x 0.4 in.) 
of an AI-Zn-Mg (7005) alloy was carried 
out using 1.6-mm (0.064-in.) diameter 
welding wire (5183) and commercial 
argon (99.98%) as the shielding gas at a 
f low rate of 15 L/min (7.1 ft3/h). The 
chemical compositions of the base metal 
and welding wire are given in Table 1. 
Welding was carried out by filling the 
weld groove (Fig. 1 ) in a single pass. Prior 
to welding, the plates were thoroughly 
cleaned to remove the excess oxide layer 
and any dirt or grease adhering to the 
groove surface. The pulsed-current weld- 
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Fig. 1 - -  Schematic diagram o f  the weld groove. 
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Fig. 2 - -  Schematic diagram o f  the tensile specimen. 

ing was carried out at a mean current of 
235 A where the pulse frequency and 
pulse duration were varied in the range 
of 25 to 100 Hz and 4.5 to 8.5 ms, re- 
spectively, as stated in Table 2. For a 
comparative study, the welds were also 
produced by a conventional continuous- 
current (0 Hz) GMA welding process 
using a welding current the same as that 
of the mean current used in pulsed-cur- 
rent welding. During welding, the arc 
voltage and welding speed were kept 
constant at 23 V and 203 mm/min (8 
in./min), respectively. Welding was car- 
ried out using a grooved copper backing 
plate, and the setup was rigidly held in a 
suitable fixture. During welding, the 
pulse characteristics were recorded with 
the help of an oscilloscope. The level of 
current at the desired position of the 
pulse and the pulse duration were esti- 
mated (Table 2) with the aid of a digital 
oscilloscope. 

Before collection of specimens for 
various testing, the weldments were 
stored at room temperature (295 K) for 
more than 30 days so that they could 
reach a sufficient degree of natural aging. 
A length of 0.8 in. (20.3 mm) was dis- 
carded from each end of the weldment to 

avoid any irregularities that may have oc- 
curred during weld initiation or termina- 
tion. Both the top and bottom surfaces of 
the weldments were machined to a depth 
of 0.02 in., excluding the weld reinforce- 
ment, to avoid the notch effect and the ef- 
fect of possible excessive grain growth in 
the heat-affected zone (HAZ) at the root 
of the reinforcement. The zinc content of 
the weld deposit and detailed chemical 
compositions of the base and filler met- 
als were determined by atomic absorp- 
tion spectroscopy. 

Specimens for metallographic exami- 
nation were collected from the central 
part of the weldment to ensure a true rep- 
resentation of the weld characteristics. 
The transverse section of the specimens 
was prepared by standard metallo- 
graphic technique and suitably etched in 
Keller's reagent (HF 1 mL, HCI 1.5 mL, 
HNO 3 2.5 mL and water remainder) to 
reveal the microstructure. The mi- 
crostructure of the weld was studied at its 
central region. The porosity content of 
the weld (excluding reinforcement) was 
revealed under optical microscope as 
round dark spots on the metallographi- 
cally polished and unetched transverse 
section of the weld. The level of porosity 
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Fig. 3 - -  Schematic diagram o f  the fatigue specimen. 

was quantified under the optical micro- 
scope following the standard point 
counting method (Refs. 5). 

The hardness study of the weld center 
was carried out on the metallographic 
specimen by Vicker's microhardness test- 
ing with an indentation at a load of 50 N. 
The hardness of the base material was 
also determined at the same load. A ten- 
sile test of the weld joint was performed 
using a servo-hydraulic universal testing 
machine and flat tensile specimens (DIN 
50215) having the weld at its center as 
shown in Fig. 2. The tensile properties of 
the base metal were also determined by 
a similar procedure. The tensile tests 
were carried out at a cross-head speed of 
1 mm/min (0.04 in./min). The elongation 
of the joint was estimated at a gauge 
length of 32.5 mm (1.28 in.). 

Fatigue testing of the weldments was 
carried out using specimens of a rectan- 
gular cross-section, having the weld at 
their center as schematically shown in 
Fig. 3. The tests were carried out in a 
high-frequency resonance fatigue testing 
machine generating a pure bending 
stress in the specimen. During testing, the 
mean stress and stress ratio R were kept 
constant as 93.5 N/mm 2 and 0.1, respec- 
tively, and the number of cycles for frac- 
ture was recorded. 

Results and Discussion 

Chemical Analysis 

Table 1 shows that the fi l ler metal 
does not contain zinc. However, as a re- 
sult of welding, the weld deposit was 
found to contain zinc that was diluted or 
picked up from the base metal. During 
pulsed-current welding, the influence of 
pulse frequency and duration on the zinc 
pickup in weld deposit are shown in Figs. 
4 and 5, respectively. Figure 4 also shows 
the amount of zinc pickup in the weld 
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Fig. 5 - -  The influence of  pulse duration on zinc pickup in the 
weld deposit at a given pulse frequency. 

deposit during continuous-current (0 Hz) 
welding. Figure 4 illustrates that at a 
given pulse duration the increase in pulse 
frequency from 25 to I00 Hz enhances 
the zinc pickup of the weld. Figure 5 de- 
picts that at a given pulse frequency the 
increase in pulse duration from 4.5 to 8.5 
ms also results in a similar behavior. 
However, it may be noted that the zinc 
pickup in the pulsed-current weld de- 
posit is comparatively lower or on par 
(Fig. 4) with that of the continuous-cur- 
rent weld, when the pulse frequency is 
kept as 25, 50 and 100 Hz at a given 
pulse duration of 4.5 ms or the pulse fre- 
quency is maintained as 25 and 50 Hz at 
a pulse duration of 6.5 ms. 

The presence of zinc in the weld de- 
posit increases its ability to be precipita- 
tion hardenable due to the formation of 

Mg3Zn3AI2 strengthening precipitate. 
The amount of precipitate in the weld de- 
posit may also increase (Ref. 4) with the 
increase in zinc pickup, and thus it may 
beneficially affect the mechanical prop- 
erties of the weld. 

M i c r o s t r u c t u r e  

The microstructure of the extruded 
base metal shows a highly deformed 
morphology as seen in Fig. 6. The mi- 
crostructure of the weld deposit observed 
during continuous current welding is 
presented in Fig. 7. The figure shows the 
presence of a highly dendritic structure 
typical of the fusion zone for this alloy. 

The influence of pulse frequency and 
duration on the microstructure of the 
weld deposit has been shown in Fig. 8. 

The figure shows that at a given pulse du- 
ration the increase in pulse frequency re- 
fines, to some extent, the dendritic mi- 
crostructure of the matrix. However, the 
refinement of the microstructure with the 
increase in pulse frequency has been 
found to be reduced with the increase in 
pulse duration. The refinement of the mi- 
crostructure with the change in pulse pa- 
rameters may be primarily attributed to 
an interruption in solidification (Ref. 3). 
The effect of interruption during solidifi- 
cation is largely dependent upon super- 
heating, size of droplets and pulse off- 
time. The increase in pulse frequency 
reduces the peak current (Table 2) and 
thus reduces superheating and enhances 
the size of the droplet. The reduction in 
superheating and size of droplet makes 
the interruption in solidification more ef- 

Table 1 - -  Chemical Composition of Base Metal and Welding Wire (Wt/%) 

Chemical Composition 
Material AI Zn Mg Mn Fe 

Base Metal Balance 4.5 1.25 0.45 0.45 
Filler Metal Balance - -  4.9 0.7 - -  

Si Cu Cr Ti 

0.3 0.15 - -  - -  
- -  - -  0.15 0.15 
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fective by establishing a comparat ively 
faster solidif ication rate for the droplets. 
Whereas, the increase in pulse duration 
reduces the pulse off-time and decreases 
the interruption in sol idi f icat ion by al- 
lowing less t ime for the droplets to solid- 
ify before forming the next droplet• 

Porosity Content 
of Weld Deposit 

The weld deposits were found to con- 
tain porosity (Fig. 8), which varied de- 
pending on the pulse parameters• At a 
given pulse duration, the inf luence of 

1able 2 - -  Welding Parameters 
Fig. 6 - -  Typical microstructure of the base 

metal. Mean Travel 
Welding Base Peak Pulse Pulse Arc Speed 
Current Current Current Frequency Duration Voltage cm/min 

(A) (A) (A) (Hz) (ms) (V) (in./min) 

235 - -  - -  0 - -  23 20 (8) 
235 205 463 25 4.5 23 20 (8) 
235 175 434 50 4.5 23 20 (8) 
235 110 388 100 4.5 23 20 (8) 
235 190 470 25 6.5 23 20 (8) 
235 150 415 50 6.5 23 20 (8) 
235 70 323 100 6.5 23 20 (8) 
235 170 466 25 8.5 23 20 (8) 
235 125 385 50 8.5 23 20 (8) 
235 50 267 100 8.5 23 20 (8) 

Fig. 7 -  Typical microstructure of the contin- 
uous-current weld. 
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Fig. 8 - -  Influence of pulse frequency and duration on the microstructure of  the weld deposit. 
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Table 3--Mechanical Properties of Base 
Material 

Percentage Elongation 
Hardness UTS over 32-mm 
VHN N/mm 2 Gauge Length 

122 447 7.3 

5"C i , 

pulse frequency on porosity content of 
weld deposit is shown in Fig. 9. Similarly, 
at a given pulse frequency, the influence 
of pulse duration on the porosity content 
of weld deposit may be found in Fig. 10. 
Both figures show that with a variation in 
pulse parameter the porosity content of 
the weld deposit varies significantly. In 
agreement with earlier observations 
(Refs. 3, 6), it may be considered that the 
variation in porosity content with a 
change in pulse parameter is attributed to 
a change in the ratio of peak current (Ip) 

to base current 
(I b) where, the 

'PULSE DURATION ratio of I ; [  b 
varies with a 
change in pulse 
frequency and 
duration as de- 
picted in Figs. 11 
and 12, respec- 
tively. In support 
of this considera- 
tion, the influ- 
ence of Ip/l b on 
the porosity con- 
tent of the weld 
deposit is pre- 
sented in Fig. 13. 
Like an earlier 
observation (Ref. 
6), it was found 
that the porosity 
content of the 
weld deposit is 
minimized at the 
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Fig. 9 - -  At a given pulse duration, the influence of  pulse frequency on 
porosity content in the weld deposit. 

Ip/I b ratio of the order of 4 to 5. With a 
variation of Ip/Ib, the change in porosity 
content of the weld deposit may be pri- 
marily attributed to a fluctuation of arc 
pressure, which may cause air aspiration 
within the inert shielding gas jacket due 
to the formation of a vortex (Refs. 3, 6). 
This assumption is believed to be true 
since other aspects that may influence 
pore formation, such as the purity and 
flow rate of the inert gas as well as qual- 
ity of the welding wire, were kept con- 
stant. In support of the above discussions 
regarding the influence of pulse current 
on porosity formation, it may be pointed 
out that in the absence of the question of 
the lp/I b ratio, the continuous current 
weld was found to have comparatively 
lower porosity (Fig. 9) than that of the 
pulse current welds. 

Hardness 

The hardness of the base metal is given 
in Table 3. At a given pulse duration, the 
influence of pulse frequency, and at a 
given pulse frequency, the influence of 
pulse duration on the hardness of the 
weld are shown in Figs. 14 and 15, re- 
spectively. The figures show that the vari- 
ation in pulse parameters has a relative in- 
fluence on the hardness of the weld. The 
variation in hardness of the weld deposit 
with a change in pulse frequency and du- 
ration shows a similar trend, as is ob- 
served in the case of the influence of pulse 
frequency and duration on zinc pickup 
(Figs. 4 and 5, respectively). 
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Fig. 18 - -  The influence of  pulse duration on tensile strength of  
the weld deposit at a given pulse frequency. 

Thus, it may be concluded that the 
change in hardness of the weld has pri- 
marily resulted from the alloying by zinc 
pickup, which improved the response to 
precipitation hardening during natural 
aging. But in this regard, the influence of 
microstructure also may not be ignored. 
The morphology of precipitation harden- 
able weld metal, influencing its hard- 
ness, may be primarily considered by 
grain size/cell size along with the 
amount, size, number and distribution of 
precipitates in the matrix. The influence 
of grain size or cell size on the hardness 
of the weld comes in mind especially be- 
cause of the observation that in spite of a 
comparatively higher zinc pickup (in cer- 
tain cases), the hardness of the continu- 
ous current weld, having comparatively 
coarser microstructure, is always found 
to be relatively lower than that of the 
pulsed-current weld. This may be pri- 
marily attributed to the presence of com- 
paratively fewer heterogeneously distrib- 
uted coarser precipitates in the matrix 
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containing coarser grains or cells. The in- 
fluence of zinc pickup (Zp) on the hard- 
ness (VHN) of the weld (Fig. 16) has been 
found to follow a correlation at 80% 
probability as given below. 

VHN = 9.05 InZp + 84.34 (1) 

Tensile Properties 

The tensile properties of the base 
metal are given in Table 3. At a given 
pulse duration, the influence of pulse fre- 
quency and for a given pulse frequency, 
the influence of pulse duration on the ul- 
timate tensile strength of the weldment 
are shown in Figs. 17 and 18, respec- 
tively. During tensile tests all the speci- 
mens were found to fracture within the 
weld region. Thus, it may be assumed 
that the ultimate tensile strength depicted 
in Figs. 17 and 18 is primarily the ulti- 
mate tensile strength of the weld. 

Figure 18 shows that the use of 
pulsed-current welding improves the 

strength of the 
weld over that 
observed for 
the case of con- 
tinuous-current 
(0 Hz) welding. 
The strength of 
the weld pri- 
marily depends 
upon its poros- 
ity content with 
chemical com- 
position affect- 

, ing precipita- 
2.2 2.1, tion behavior. 

In the case of 
pulsed-current 
welding under 
suitable pulse 
parameters, the 

Fig. 19 - -  Correlation of  zinc pickup (Zp) with the ultimate tensile strength 
of  the weld deposit. 

refinement of microstructure results in an 
uniform distribution of fine precipitates, 
more effectively governed by its zinc 
pickup enhancing the amount of precip- 
itates in the matrix. At a given pulse fre- 
quency, the significant increase in ulti- 
mate tensile strength of the weld deposit 
with an increase in pulse duration 
(Fig.18) is in agreement with this view 
concerning zinc pickup as confirmed in 
Fig. 5. In this regard, it is interesting to 
note that in spite of higher zinc pickup in 
certain cases (Fig. 4) and lower porosity 
content in all cases (Fig. 9), the ultimate 
tensile strength of the continuous-current 
weld was always found to be lower than 
that of the pulsed-current welds. This 
may be primarily attributed to the ten- 
dency to form a more refined mi- 
crostructure within the fusion zone dur- 
ing pulsed-current welding, as discussed 
above. However, the quantification of 
the influence of microstructure on the ul- 
timate tensile strength is beyond the 
scope of this investigation. The correla- 
tion of zinc pickup (Zp) with ultimate ten- 
sile strength (UTS) of the weld (Fig. 19), 
having a coefficient of correlation of the 
order of 86% is found as 

UTS = 49.16 InZp + 278.36 (2) 

The influence of porosity content (P) 
on the ultimate tensile strength (UTS) of 
the welds having two different levels of 
zinc pickup, such as 1.415 +0.035 and 
1.94 +0.3 wt-%, is shown in Fig. 20. The 
figure shows that the increase in porosity 
decreases the tensile strength of the weld 
by following a comparatively higher gra- 
dient at a higher zinc content. This pri- 
marily happened due to the compara- 
tively higher strength of the weld at a 
higher zinc content, where the material 
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becomes more sensitive to porosity due 
to its lower capacity to undergo plastic 
deformation around a pore. At different 
levels of zinc pickup, the correlation of 
the UTS of the weld with porosity con- 
tent, having coefficient of correlations of 
the order of 96%, are evaluated as 

At a zinc pickup in the range of 
1.415 _+0.035 wt-% 
UTS = 309.929- 7.568 P (3) 

At a zinc pickup in the range of 
1.94 _+0.3 w t - %  
UTS = 337.504- 12.138 P (4) 
At a given pulse duration, the influ- 

ence of pulse frequency and at a given 
pulse frequency, the influence of pulse 
duration on the percent elongation of the 
joint are shown in Figs. 21 and 22, re- 
spectively. However, since all of the 
specimens failed within the fusion zone 

during tensile testing, the vast majority of 
deformation occurred within the weld re- 
gion. Therefore, the elongation depicted 
in Figs. 21 and 22 may be primarily as- 
sumed as representing the ductility of the 
weld deposit. Figures 21 and 22 show 
that the increase in pulse frequency and 
pulse duration, respectively, significantly 
enhances the elongation of the weld. The 
increase in elongation is primarily 
caused by both the refinement of mi- 
crostructure and the amount of precipi- 
tate in the weld. In the case of fine mi- 
crostructure, the precipitates may 
contribute a positive influence on the 
elongation due to their more uniform dis- 
tribution in the matrix. 

Fatigue 

At a given pulse frequency of 25, 50 
and 100 Hz, the influence of pulse dura- 

tion on the fatigue life of the joints, which 
essentially failed from the weld center, is 
shown in Fig. 23. I-he figure shows that 
at a given pulse frequency the increase in 
pulse duration enhances fatigue life c.on~ 
siderably. With the increase in pulse du- 
ration, the increase in UTS (Fig. 18)may 
have also increased the yield strength of 
the weld. Thus, it has reduced the ratio of 
Gmo~,~ to yield stress, which may also 
have resulted in enhancement of the fa- 
tigue life (studied at a given (~m~,.~ = 
93.5N/mm 2) with the increase of pulse 
duration. As the zinc pickup has played 
a primary role in increasing the tensile 
strength of the weld (Fig. 19), so it be- 
comes a matter of interest to understand 
the influence of zinc pickup on the i:a- 
tigue properties of the weld. At a given 
range of porosity (2.1 _+ 0.6 vol-%) the 
correlation of the fatigue life (N) of the 
weld with its zinc pickup (Fig. 24), hav- 
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Fig. 22 The influence of pulse duration on percentage elong, ation of 
the weld deposit at a given pulse t?equency. 
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joint at a given pulse frequency. 
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Fig. 25 - -  Correlation of  the tensile strength of  the weld deposit 
with fatigue life of  the joint. 
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with its tensile strength, fol- 
lowing a coefficient of cor- 
relation of 74%, as 

Fig. 26 - -  Infuence of  porosity content on fatigue life of  the joint. 

ing a coeff icient of correlat ion of the 
order of 51%, has been evaluated as 

N = (3.275 InZp + 4.595) x 105 (5) 

The significant dependency of fatigue 
life on the tensile strength of the weld is 
further clarified in Fig. 25, which shows 
that the fatigue life of the weld increases 

N -- (0.081 UTS 
-18.23) x 105 (6) 

However, the signifi- 
cant scattering, evident by 
a comparatively low coeffi- 
cient of correlation (51%) 
observed (Fig. 24) in the 
correlat ion of N and Zp 

may be due to the variation 
in size and distribution of 

pores in the matrix, as well  
as the consideration of a 
relatively broad spectrum 
of the amount of porosity. 
Thus, it may be inferred 
that besides the zinc 
pickup, the porosity con- 
tent of the weld may also 
have a signif icant role in 
governing the weld fatigue 
life. At a given range of 
zinc pickup (1.5 +0.11 wt- 
%), the influence of poros- 
ity content (P) on the fa- 
tigue life (N) of the weld 
has been shown in Fig. 26. 
The figure shows that the 
increase in porosity con- 
tent reduces the fatigue life 
exponent ia l ly  as given 
below, fo l lowing a coeffi- 
cient of correlat ion of 
69%. 

N = (6.94- 1.2451nP) x 105 

(7) 

The reduction in fa- 
tigue life of the weld with 
the increase in porosity 
content discussed above is 
in agreement wi th earlier 
observations (Ref. 7). The 
increase in porosity con- 
tent typically enhances the 

3 possibi l i ty of porosity at 
the surface or subsurface 
of the specimen, which re- 
duces the fatigue life by in- 
ducing crack in i t iat ion.  
However, in spite of a 

comparatively low porosity content, the 

fatigue life (4.5 x 105 cycles) of the con- 
tinuous-current weld is found to be sub- 
stantially lower than the fatigue life of the 
pulsed-current welds. 

C o n c l u s i o n s  

1) At a given pulse duration, the in- 

crease in pulse frequency from 25 to 1 00 
Hz and at a given pulse frequency, the in- 
crease in pulse duration from 4.5 to 8.5 
ms, enhances zinc pickup within the fu- 
sion zone. 

2) The porosity content of the weld is 
found to be dependent on the ratio of 
Ip/I b governed by the pulse parameters 

and is minimized atthe Ip/Ib on the order 

of 4 to 5. 
3) The increase in zinc pickup en- 

hances the ultimate tensile strength and 
fatigue life of the weld, whereas in- 
creased porosity content reduces the 
strength and fatigue life of the weld. 

4) The variation in pulse parameters 
has been shown to produce a refined mi- 
crostructure within the fusion zone. 

5) Fusion zone hardness of the pulsed- 
current welds was always found to be 
relatively higher than that of the contin- 
uous-current weld. 

6) The porosity content of the contin- 
uous current weld is in general found to 
be comparatively lower than that of the 
pulsed-current GMA weld, whereas the 
zinc pickup of the cont inuous-current 
weld may be lower, similar or higher than 
the pulsed-current weld depending on 
the pulse parameters. 

7) In spite of the low porosity content, 
the tensile and fatigue properties of the 
continuous-current weld are found to be 
comparatively lower than those of the 
pulsed-current weld. 
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