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ABSTRACT. The influence of magnesium 
powder additions to the coating of basic, 
low hydrogen AWS E7016-C2L/8016-C2 
electrodes on the arc stability was stud­
ied, as well as the effects of the welding 
current type and the coating thickness. 
Overall, it was found that the magnesium 
content, the coating thickness and the 
welding current type affected the mecha­
nisms of both metal transfer and electric 
charge transfer. It was concluded that 
magnesium additions to the coating, with 
alternating current (AC) welding, im­
proved both the electric charge and the 
metal transfers. For direct current elec­
trode positive (DCEP) welding, this effect 
appeared to be less significant. An in­
crease in the coating thickness made both 
types of transfer difficult. Finally, with AC 
welding, for the same arc column length, 
the metal transfer became easier and the 
root mean square (rms) voltage value 
lower than for DCEP welding. 

Introduction 

The development of coated manual 
electrodes is fundamentally based on the 
adequate combination of different con­
stituents of the coating (once the wire has 
been chosen) having such functions as to 
produce gas and slag protection and to 
add al loying metals, deoxidizers, arc 
starters and stabilizers, fabrication aids, 
and elements that improve the electrode 
performance. Because of that, formulat­
ing a coating is a very complex process 
that up to now has been based on the 
principle of trial and error. Nowadays, 
the trend researchers follow consists of 
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looking for relationships among the coat­
ing constituents, the technological and 
economical characteristics of the elec­
trodes and the deposited metal metallur­
gical properties to produce theoretical 
models for orientation of the experimen­
tal work. 

One of the biggest challenges for elec­
trode producers is to obtain welding con­
sumables depositing high-strength metal 
with high low-temperature toughness. A 
typical example is the welding of steel 
with 3.5 wt-% nickel, used in the manu­
facture, storage and transport of liquids at 
low temperatures (propylene, carbon 
dioxide, acetylene, ethane, etc.). The 
AWS E7016-C2L-type electrode used for 
welding that steel requires a minimal ten­
sile strength of 480 MPa and 27 ) of ab­
sorbed energy in the Charpy V-notch test 
at -101 °C. The secret for obtaining these 
properties resides in the selection of the 
electrode coating formula, that is to say, 
the combination of the coating raw ma­
terials, especially those combinations re­
lated to the deoxidizing system, which 
wi l l produce a determined weld metal 
oxygen level, one of the controlling fac­
tors for the microstructure of the de­
posited metal. It is known that the use of 
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traditional deoxidizers (Al, Ti, Si-Ti, Si-Zr, 
etc.) produces some transfer of these ele­
ments to the weld metal, which can de­
crease its toughness (Rets. 1 -3). The best 
condition is to use a deoxidant that does 
not transfer itself to the weld metal. 

Two previous experiences showed 
that metallic magnesium could be added 
to the electrode coating as a deoxidant 
without being transferred to the weld 
metal (Refs. 4, 5). These investigations 
showed that magnesium in the indicated 
quantities acts on the deposited metal 
oxygen content without producing sig­
nificant changes in the rest of the chem­
ical composition. Despite the lack of in­
formation about magnesium influences 
on the operational behavior of the elec­
trode and its economical characteristics, 
it is known that magnesium modifies the 
slag properties (especially viscosity and 
basicity). It is necessary to evaluate the 
consequences of the use of magnesium 
on the performance of the electrode, with 
the arc behavior being one of the most 
relevant operational characteristics of 
the manual electrode process. 

Arc Behavior 

When welding with alternating cur­
rent (AC), the current approaches zero in 
a certain interval of the cycle during 
which it is maintained by the effect of 
thermoionic emission (Ref. 8). 

The emission capacity of the elec­
trode when the cathode is formed, dur­
ing the change of polarity, plays a funda­
mental role in the arc restriking and 
depends on both the electrode tempera­
ture and work funct ion. However, in 
some cases, the work function under a 
slag is lower than that under an arc, re­
sulting in low arc stability (Ref. b). Then, 
other factors must be taken into account. 
Pokhodnya, el al. (Ref. 6), generalized 
the controlling factors of the arc restrik-
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Fig. I Effect of coating magnesium content on the ease of AC 
electric charge transfer. 

ing process dur ing the instantaneous po ­

larity change to be as fo l lows : 

A) T h e t e m p e r a t u r e s o f t he e l e c ­

t rode, w e l d poo l and gas present in trie-

arc c o l u m n . 

B) The compos i t i on of the gases pre­

sent in the arc c o l u m n . 

C) The emiss ion capaci t ies of bo th the 

e lec t rode and the w e l d p o o l . 

D) The intensity of the electr ic f ie ld 

app l ied to the arc c o l u m n . 

Farias and Dutra (Ref. 7) also reported 

the impor tant effect that the power source 

has on arc stabil i ty. They showed that, for 

a square w a v e p o w e r source, B and C 

above are less impor tant . This observa­

t i o n happens because , as o p p o s e d to 

what occurs w i t h convent iona l sine wave 

power sources, there is no reduct ion of 

the current in the instant polar i ty transi­

t ion du r ing this signif icant 
interval . 

Besides, in the square 
w a v e sources the a v a i l ­
ab le vo l t age for the arc 
r e i g n i t i o n ( i m p o s e d by 
the source) acts du r ing a 
ve ry shor t t i m e . In th is 
case, the a c t i o n o f the 
source is more impor tant 
than the act ions o f bo th 
the arc c o l u m n compos i ­
t i o n and the e l e c t r o d e 
emission character ist ics. 

W h e n w e l d i n g w i t h 
d i rec t cu r ren t (DC) , arc 
e x t i n c t i o n takes p l ace 
du r i ng metal transfer for 
the short c i r cu i t transfer 

mode . D u r i n g the short c i rcu i t , the cur­
rent remains h igh and is even ab le to 
reach the doub le of the w e l d i n g current 
for e l e c t r o m a g n e t i c c o n t r o l l e d p o w e r 
sources. Then , the most important factors 
act ing o n the arc restr ik ing are the e lec­
t rode and the w e l d poo l temperatures. It 
is be l ieved that, in this case, the other 
factors d o not s igni f icant ly affect the arc 
restr ik ing mechan ism because the h igh 
short c i rcu i t currents are enough to guar­
antee the ion iza t ion and subsequent arc 
restr ik ing. 

O t h e r o p e r a t i o n a l cha rac te r i s t i cs , 
such as the bead geometry, the slag de-
t a c h a b i l i t y and the ef fect o f the c o n e 
(cannon effect), are also impor tant and 
must be ana lyzed . The cannon effect is 
character ized by the fo rmat ion of a cone 
at the e lect rode t ip (that is to say near the 

arc). This cone prov ides better arc p ro ­
tect ion and directs the mol ten metal to 
the w e l d p o o l . O n the other hand, the 
cannon effect makes successive arc re­
str ik ing d i f f icu l t . 

Bear ing these ideas in m i n d , e igh t 
m a n u a l e lec t rodes w i t h va r i a t i ons in 
magnes ium coat ing content and t w o dif­
ferent values for the coat ing factor (CF) = 
D/d ( coa t i ng d i a m e t e r - w i r e d i ame te r ) 
we re invest igated. W i t h these electrodes 
the f o l l o w i n g w o r k i n g p l a n was d e ­
s igned: to study in detai l the effect of the 
coat ing magnes ium content o n the a l l -
we ld -meta l microst ructure and mechan ­
ical propert ies, the econom ica l charac­
ter is t ics , the p e r f o r m a n c e o f the 
electrodes and the arc behavior. In this 
paper, the results o f the arc behav ior w i t h 
d i rect current e lect rode posi t ive and w i t h 
al ternat ing current are presented. 

Experimental Procedure 

Electrodes 

Four c o v e r e d basic A W S E7016 -

C2L/801b-C2 type electrodes, 5 m m in 

diameter, w i t h di f ferent levels o f meta l l ic 

m a g n e s i u m a d d i t i o n s to the c o a t i n g , 

w e r e i nves t i ga ted . These e lec t rodes , 

w h i c h are presented in Table 1 , we re p ro ­

duced w i t h t w o coa t ing factors, CF = D/d 

(coat ing d iamete r -w i re d iameter ) . Each 

magnes ium content a l terat ion was c o m ­

pensated for w i t h Fe-powder changes. 

O n the other hand , as magnes ium coat­

ing content increased, it was necessary to 

decrease manganese and Fe-Si (40 w t -%) 

Table 1 — Coating Composition of Experimental Electrodes 

X 

u 
< 
UJ 
(0 
UJ 

Type of Electrode 

A 
B 
C 
I) 
E 
I 
G 
I I 

Mg 

2.4 
3.9 
5.8 
7.7 
1.9 
3.1 
4.6 
6.1 

Fe 
3.3 
2.7 
1.2 
0.0 
6.2 
5.8 
4.9 
3.9 

Coating composition (wt-%) 

Mn 

1.5 
I J 
I 1 
1.0 
1,1 
I I 
0.9 
0.8 

Fe-S 

6.5 
5.8 
5.6 
5.0 
6.2 
5.7 
5J 
i 9 

Ni 

9.4 
9.4 
9.4 
9.4 
7.4 
7.4 
7.4 
7.4 

Coating factor 

1.60 
t.60 
1.60 
1.60 
1.72 
1.72 
1.72 
1.72 

UJ 
> 
UJ 
o 
x 
o 
< 
UJ 
en 
UJ 

Table 2 — Weld Metal Chemical Composition on AC Welding (wt-%) 

Element 

( 
Mn 
Si 
P 
S 
Ni 

0.070 
0.78 
0.40 
0.02 
0.003 
3.53 

B 

0.074 
0.71 
0.33 
0.02 
0.003 
3.44 

0.086 
0.60 
0.34 
0.02 
0.003 
3.42 

Type 

D 

0.104 
0.69 
0.32 
0.02 
0.003 
3.37 

of Electrode 

E 

0.066 
0.76 
0.39 
0.02 
0.003 
3.36 

0.074 
0.70 
0.41 
0.02 
0.003 
3.47 

0.082 
0.68 
0.38 
0.02 
0.003 
3.27 

I I 

0.097 
0.65 
0.35 
0.02 
0.003 
3.07 

OI»: Mg, V,AI.W.Mu<0.01 
Ti = 0.02 Co, Nb = 0.01 
i II ii.ni, 0.1)11 Cr = 0.01 -0.04 
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coating powders due to the deoxidant 
role of magnesium, because the investi­
gation was designed not to incorporate 
another variable but to obtain approxi­
mately the same all-weld-metal alloy 
(Table 2). The total amount (% in weight 
of coating) of the mineral constituents 
(76.9 wt-%) was maintained constant in 
all the electrodes, as described below. 

1 % SiO,, 16% CaF„ 9% TiO,, 1.4% 
K.O, 1.0% Na,C), 2.5% Zr .O, 46% 
CaCO,. 

Table 3 presents the slag chemical 
composition of the electrodes. It can be 
observed that with the increase of mag­
nesium in the coating, the slag MgO con­
tent increased and the MnO and SiOj 
contents decreased, as expected. 

Weldments 

With the electrodes described above, 
bead-on-plate weldments in the flat po­
sition were made on 50 x 200 x 10 mm 
ASTM A-36 plates with both DCEP and 
AC. An electromagnetic, 300-A, constant 
current power supply (sine wave recti­
fier) was used. 

Arc Stability Measurements 

Data was compiled with the assis­

tance of a computer-aided data acquisi­
tion system of programmable frequen­
cies up to 12 kHz in each channel (volt­
age and current). Each experimentwas 
repeated four times using the welding pa­
rameters that appear in Table 4. 

The instantaneous values of arc volt­
age and current were recorded at 11 kHz 
(with 1 2-bit resolution) for 5 s, totaling 20 
s of acquisition for each type of electrode 
and i urrent. All the variables determined 
with both DCEP and AC, as well as those 
quantities employed in the fol lowing 
equations, are listed and defined in the 
Appendix. 

It can be seen in the literature (Refs. 6, 
8) that the term "arc stability" is widely 
used, but there is no consensus regarding 
its definition or its evaluation. In the ma­
jority of the cases, the arc stability evalu­
ation considers the metal transfer and the 
electric charge transfer mechanisms sep­
arately. The authors believe that a stable 
arc has to achieve two basic require­
ments: easy and uniform metal transfer, as 
well as electric charge transfer. Based on 
this statement, it was proposed to follow 
the criterion that uses the instantaneous 
values of welding voltage and current to 
evaluate the arc stability, considering 
both the electric charge transfer and the 
metal transfer mechanisms (Ref. 8). 

Electric Charge Transfer Mechanism 

The ease of electric charge transfer 
was evaluated through the index FE, (Ref. 
8) with DCEP and the index HV (Ref. 9) 
with AC. 

FE.-J--
2000 

E, (P, -P„) - t , 
( W ' s - 1 ) (1) 

FE, is the inverse of the restriking 
mean energy after the short-circuit oc­
currence with DC welding. (E,, P,, P„and 
t, are defined in the Appendix.) 

When welding with alternating cur­
rent, during each new half-cycle, a par­
ticular time, t,, passes before the power 
supplied to the electrodes attains a level 
required for the recovery of the arc dis­
charge (Ref. 9). When U, and I, are, re­
spectively, the voltage on the electrodes 
and the current in the interelectrode 
space at the moment of discharge recov­
ery, the characteristic of stable arc burn­
ing, B, for the positive half-cycle, can be 
determined as (Ref. 9) 

B + ',+ 

U + t + 

i I 

1000 (Q- 's - 1 ! (2) 

B- is the mean speed of increase in 
electrical conductivity of the interelec-

Table 3 — Slag 

Type of Oxide 
MnO 
FeO 
CaO 
K 2 0 
CaF, 
MgO 
Na 2 0 
T i 0 2 

A l . O , 
Zr. ,0, 
SiO, 
NiO 

Chemical Composition 

A 
2.10 
2.40 

34.6 
2.00 

16.0 
4.80 
1.80 

12.0 
0.60 
2.90 

22.2 
0.20 

on AC Welding (wt-%) 

B 
1.40 
2.20 

33.5 
2.00 

16.2 
7.90 
2.30 

11.5 
0.50 
2.80 

21.2 
0.20 

C 
0.90 
1.80 

32.1 
1.70 

16.8 
11.2 
2.40 

11.2 
0.50 
2.70 

20.5 
0.10 

Type 

D 
0.85 
2.00 

30.8 
1.30 

16.6 
13.6 

1.80 
10.8 
0.50 
2.70 

19.7 
0.10 

of Electrode 

E 
1.60 
2.50 

34.2 
2.30 

18.0 
3.90 
2.40 

1 1.7 
0.50 
2.80 

22.0 
0.30 

F 
1.40 
2.20 

32.8 
2.00 

18.1 
6.30 
2.20 

11.5 
0.50 
2.70 

22.0 
0.20 

G 
1.00 
1.90 

33.4 
2.00 

16. r> 
9.10 
1.60 

11.5 
0.60 
2.70 

21.4 
0.10 

H 
0.80 
1.80 

11.1 
1.50 

17.3 
11.9 

1.90 
11.0 
0.50 
2.70 

19.5 
0.10 
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troclc space during the positive pre-arc 
period. ( I , - , U, ' and t,- are defined in the 
Appendix.) 

The regularity of the electric charge 
transfer was also evaluated by means of 
the indexes RE, with DCEP and RB' with 
AC. They represent the inverse of the rel­
ative root-mean-square deviations of the 
indexes E, and B'. 

R E , - - ^ - (3) 

R B + = — (4) 

Metal Transfer Mechanism 

In this case, the ease of the metal 
transfer was evaluated through the in­
dexes F„ and F,m. They represent the ease 
of short-circuit occurrence and the ease 
of drop transfer in the short circuit transi­
tion mode, respectively. 

is"') 

IS"') 

(5) 

(6) 

The consistency of metal transfer was 
evaluated through the indexes Rr, and 
Rtm. They represent the inverse of the rel­
ative root-mean-square deviation of the 
short circuit period (T) and of the short 
circuit time (t„), respectively. 

Table 4 -

Type of 
Current 

DCEP 
AC 

- Welding 

Irms 
(A) 

200 
200 

Parameters 

Urms 
(V) 

25-26 
22-24 

Vs 
(mm/s) 

2.5 
2.5 

(7) 

(8) 

All the dependent variables were sub­
mitted to a variance analysis (Ref. 10) 
with a confidence level of 95%, for de­
termination of the significance level (a) 
of the analyzed effects. As the variation 
of the chemical composition differed for 
each coating factor, these analyses were 
done separately. With the exception of 
the figures related to the electric charge 
transfer with AC, the rest of the analyses 
refers to the process with metallic trans­
fer, that is to say, that only short-circuits 
with larger duration than 2.0 ms were 
considered, because they actually trans­
fer the metallic drop (Ref. 8). 

Results and Discussion 

Electric Charge Transfer with AC Welding 

The analysis of Fig. 1 indicates that the 
addition of magnesium to the coating in­
creased the ease of electric charge trans­
fer, measured with index B', but the coat­
ing factor did not seem to have any 
notable effect. The magnesium could 
play a similar role as described by 
Pokhodnya, et al. (Ref. 9), for titanium. 
These elements, with high affinity for 
oxygen, oxidize themselves intensively 
and are transferred to the slag as oxides, 
increasing the slag thermoionic capacity. 
These oxides have a low work function 
and the slag containing them would have 
its work function reduced. Figure 2 
shows that the ease of the charge transfer 
increased wi th the increment of slag 
MgO content (that is to say with the slag 
magnesium content increment, Table 3). 
Furthermore, to make the reignition of 
the arc easier, the magnesium improved 

the consistency of the electric charge 
transfer, as is indicated in Fig. 3, inde­
pendent of the coating factor. 

Electric Charge Transfer with DC Welding 

Under normal welding condit ions, 
with DCEP, the arc extinction takes place 
at the short circuit, during which the cur­
rent remains high and as much as twice 
the welding current, depending on the 
type of power source. This behavior pro­
duces high temperatures in the electrode 
tip and the weld pool, thus facilitating the 
arc reignition process after the drop has 
been transferred. It is believed that, in this 
case, the slag chemical composit ion 
(Table 3) does not affect the arc restriking 
mechanism because the high short cir­
cuit currents are enough to guarantee the 
ionization and subsequent arc restriking. 
The analysis of Fig. 4, checked by the 
variance analysis, indicated that the 
magnesium did not influence the ease of 
the charge transfer with DCEP. However, 
the effect of the coating thickness ap­
peared to be more important with DCEP 
than with AC. The coating factor incre­
ment (from 1.60 to 1.72) made the elec­
tric charge transfer with DCEP more dif­
f icult. The electrodes wi th a higher 
coating factor, presented higher arc 
power peaks at the instant of reignition, 
as a result of higher voltage peaks. It was 
observed that there was an augmentation 
of the "cannon effect" with the rise of the 
coating factor. In this way, it is consid­
ered that the coating factor rise propor­
tionally elevated the quantity of gases to 
be ionized. This result can explain the 
higher power peaks of the electrodes 
with CF = 1.72 with DCEP. The regular­
ity of the charge transfer was indepen­
dent of the magnesium content and the 
coating factor with DCEP, as is indicated 
in the statistical texts and illustrated in 
Fig. 5. 

Z 
UJ 

•2 09 

X CF-1.60 
-•-CF-1.72 

Mg content (%) 

Fig. 4 — Effect of coating magnesium content on the facility of the elec-
trh < h.irge transfer with DCEP. 
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Fig. 5 — Effect of coating magnesium content on the regularity of the 
electric charge transfer with DCEP. 
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Metal Transfer 

The slag composition variations can 
affect both the sla^ and l iquid metal 
properties. However, for the analyzed 
values, magnesium additions did not 
produce enough alterations in these 
properties to influence the metal transfer 
mechanism. According to Figs. 6-9 and 
the analysis of variance, it can be seen 
that magnesium additions to the coating 
did not modify the metal transfer signifi­
cantly. The most significant effect was the 
one produced by the current type. The 
ease ol the metal transfer with AC, char­
acterized by a larger ease of both the 
short circuit occurrence (Fig. 6) and the 
metal transfer (Fig. 8), was higher than 
with DCEP, but the regularity was greater 
wi th DCEP. The comparison between 
DCEP and AC welding results offered a 
complication that must be taken into ac­
count. It is not easy to obtain identical 
parameters on both currents wi th the 
same electrode. For the same art length, 
the rms voltage depends on both the 
coating type and the current type. On the 
other hand, when the objective is to find 
identical rms voltages, different arc 
lengths are achieved. In this paper, the ef­
forts were concentrated on maintaining a 

constant arc length as much as possible 
throughout the experiments. However, a 
difference in the actual arc length with 
the electrodes with two different coaling 
factors was expected, due to the "cannon 
effect." The rms voltage was always 
lower for the liner electrode and with AC 
(Table 4). It is thought that the higher 
short circuit frequencly lowers the rms 
value with AC. 

With DCEP, the coating factor had no 
effect on the metal transfer mechanism. 
In fact, with AC, the higher possibility of 
short circuit occurrence for a finer coat­
ing electrode could be reported — Fig. 6, 
According to Pokhodnya, ct a/. (Ret. 11), 
the increase in coating thickness of basic 
electrodes drastically decreases the short 
circuit time (increases the ease of metal 
transfer). Nevertheless, these results were 
not confirmed in this investigation. The 
augmentation of the coating (actor 
slightly increased the ease of the metal 
transfer with AC, but did not produce a 
significant effect with DCEP — Fig. 8. 

In spite of the fact that the ease of both 
short circuit occurrences and metal trans­
fer improved with AC, they were less reg­
ular. This result means that with AC there 
is a higher variation of these values 
around their averages. 

Final Considerations 

The variation of the magnesium con-
lent in the (oating was compensated with 
iron powder, manganese ami Fe-Si, as in­
dicated in Table 1. It is supposed that this 
fact did not alter the arc ionization po­
tential, as a result of the similar values of 
ionization energy of iron (7.8.5 eV), mag­
nesium (7.61 eV) and silicon (7.94 eV). 
Because manganese presents lower ion­
ization energy (4.70 eV), it seems possi­
ble that its maximum variation of only 
0.55 wt-% was not enough to influence 
the arc behavior. These tacts can justify 
the absence of magnesium effect on the 
charge transfer wi th DCEP — Fig. 4. 
However, with AC, the arc electric con­
ductivity during the polarity transition 
period depends on the emission proper­
ties of the slag. In this case, the magne­
sium played an important role due to its 
effect on the slag work function and, con­
sequently, on the slag emission proper­
ties. For magnesium contents under 3 wt-
%, the obtained values of arc stability 
(ease and consistency of the charge trans­
fer wi th AC) were higher than those 
achieved with AWS E6013 rutile-type 
electrodes (Ref. 8). This result character­
ized the magnesium as an excellent arc 
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stabilizer with AC. Besides, it had no sig­
nificant effect on the metal transfer on ei­
ther type of current. Meanwhile, a re­
duction of the slag viscosity was 
observed with the increment of electrode 
coating magnesium content. This viscos­
ity reduction caused incomplete slag 
protection of the weld bead during its so­
lidification. A more difficult slag detach-
ability for Mg content higher than 6.0 wt-
% was also observed. In spite of that, 
there was no significant influence of the 
mjf>nL 's ium content on the weld bead 
geometry. 

This effect is in accordance with what 
is generally known trom empirical results 
as regards the development of basic 
coated electrodes (for example, E7018 
type). The E7018 coating, when the elec­
trode is only for DCEP, does not need to 
have any other deoxidizer/stabilizer than 
silicon and manganese. But, if it is re­
quested for AC, it is necessary to add an 
arc stabilizer, for example, titanium or 
a luminum. Unfortunately, these ele­
ments are partially transferred to the weld 
metal, and, above certain values, they 
are pernicious for toughness (Ref. 1-3). 
Then, it is probable that the use of mag­
nesium in this type of electrode improves 
its performance with AC, without de­
creasing toughness as happens wi th 
E7016-type electrodes, which do need 
the addition of arc stabilizers because 
they are especially requested for AC. 

A study with similar electrodes with 
AC (Ref. 4), concluded that the increase 
in magnesium content in the coating 
from 4 to 6 wt-% affected neither the mi-
crostructure nor the all-weld-metal ten­
sile strength, but there was a reduction in 
the oxygen content (from 470 to 300 
ppm), which affected the Charpy V-notch 
impact values directly (from 32 to 61 ) at 
-101°C). 

The results here presented refer to 
welding carried out with a specific power 
source. It is expected that the use of other 
constant current power sources can alter 
these results, because the arc stability de­
pends on the static and dynamic charac­
teristics of the power source. 

Conclusions 

The effect of magnesium content on 
the arc stability of E7016-C2L/8016-C2 
covered electrodes was studied. On the 
basis of the present investigation, a 
methodology to evaluate the arc stability 
was proposed. The results indicated that 
the increase in coating magnesium con­
tent increased the ease and consistency 
of the charge transfer, measured through 
indexes B' and RB' with AC, but did not 
markedly affect the charge transfer with 

DCEP. On the other hand, the metal 
transfer was not significantly affected by 
magnesium additions. 
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Appendix: Definitions 
of Arc Variables 

I The restriking mean energy after 
the short-circuit occurrence with 
DC welding (W.s) 

E J P I - P Q ) I; 

(2000) 

P, The restriking mean power after 
the short circuit (W) 

P, = U,-I, 
where U, is the restriking mean voltage 

(V), I, is the restriking mean current 
(A), and P„ is the reference power 
(W) 

P„ = U„l„ 
where U„ is the reference voltage (U,, = 

10 V), I,, the reference current (A) 
(the correspondent value of cur­
rent in the beginning of the arc re­
striking), and I, the restriking mean 
time (ms) 

Observation: The variable El represents 
the area over the dynamic behav­
ior (P x t) of the arc power, during 
the arc restriking after the short-cir­
cuit occurrence, which was con­
sidered approximately as a trian­
gle. 

The variables determined with AC and 
with DC were: 
The root-mean-square current (A). 
The root-mean-square voltage (V). 
The short circuit period average 
(ms). 

Root-mean-square deviation of T. 

The short circuit time average (ms). 

The Root-mean-square deviation 

oft,. 
The variables determined only with AC, 

at the polarity change for the posi­
tive half cycle, were: 

I V The positive restriking mean volt­
age (V). 

I,' The positive restriking mean cur­
rent (A). 

t,' The positive restriking mean time 
(ms). 

oB The root-mean-square deviation of 

B\ 

"rms 

o-T 

I. 
oc 
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