
Some Improvements in Self-Shielded 
Flux Cored Electrodes for Arc Welding 

Weld cross section studies result in minimized gas con
tent and improved weld metal quality, and reduction of 
Al content improves weld metal toughness 

BY O. MORIGAKI, T. MATSUMOTO AND Y. TAKEMOTO 

ABSTRACT. In Japan, self-shielded 
flux cored electrodes for arc welding 
are used for outdoor applications in 
civil engineering, architectural bui ld
ing and shipbuilding. One of the most 
important aspects examined in this 
field has been the reduction of the 
atmospheric gas content to improve 
the impact toughness of the weld 
metal. 

A fundamental study has been con
ducted on these aspects over a long 
period of t ime. The effect of various 
factors on arc and gas absorbing phe
nomena has been elucidated in this 
study. The study on the cross-sec
tional shape and size of the elec
trodes initially provided useful infor
mation for improving the quality of 
commercial electrodes. The gas con
tent could be minimized and the 
quality of the weld metal improved by 
making the electrode cross-section 
more complex and the size as fine as 
possible. In commercial electrodes, 
reducing the Al content to improve 
weld meta l t oughness was also 
achieved by adopt ing a constant 
potential dc power source together 
with the results of fundamental re
search. In addit ion, both the reduc
tion of welding fumes and the use of 
surface treatment without hydrogen-
forming materials have greatly im
proved the usability of the electrodes. 

Introduction 

In Japan the history of flux cored 
e lec t rodes for se l f - sh ie lded arc 
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weld ing, goes back to the early 
1960's. At the beginning, this pro
cess, mainly for economic reasons, 
was limited to an ac welding system 
made up of a combination of a com
paratively large size electrode and an 
ac power supply. After years of re
search, however, the authors recently 
perfected a dc welding system using a 
fine electrode which is more advan
tageous both in quality and usability 
than the ac system. The flux cored 
electrodes for the dc system have 
also been so improved as to be par
ticularly suitable for onsite welding in 
civil engineering, architectural bui ld
ing, ship-building and so forth. 

The main objective of this paper is 
to discuss the fundamental research, 
the improvement of commercial elec
trodes and applications of typical 
electrodes recently developed for the 
dc system. A practical study of com
mercial electrodes was also con
ducted to decrease both the Al con
tent in the electrode and the welding 
fumes which are considered major 
obstacles to more widespread appli
cation of this process. 

In Japan, the ac system still pre
dominates with regard to the quantity 
used (Ref. 1). However, the improve
ments in usability, quality and weld
ability with fine electrodes have led to 
an increased consumption of the 
electrodes for the dc system. 

Research on Welding 
Phenomena 
Arc Phenomena and Electrode 
Metal Transfer 

Effect of Cross-Sectional Shape of 
Electrode. The arc phenomena of flux 
cored electrodes differ substantially 
from that of the manual metal arc 

electrodes. The flux covering of the 
manual arc electrode is inevitably 
melted down from the core; this re
sults in a cylinder at the melting end of 
the electrode. The cylinder facilitates 
smooth transfer of metal droplets to 
the workpiece. On the other hand, the 
unmelted flux cone of the flux cored 
electrode tends to project into the arc 
gap and p r o d u c e s c o n s i d e r a b l e 
spatter and poor reaction between the 
core flux and the metal sheath. In this 
case, it is presumed that the metal 
section of the flux cored electrode is 
the most important factor in over
coming these undesirable features. 

From an examination of the rela
tionship between the melting pattern 
and cross-sectional view of the elec
trode, it was found (Fig. 1) that un
iform melting of the wire can be 
achieved when the metal section is 
more comp lex , i.e., the me l t ing 
pattern is improved in the order of 
electrode (i.e., wire) types O, T and E. 
The cone of the unmelted flux is clear
ly silhouetted in Fig. 1, particularly 
in the case of electrode (wire) O. 

The size of the metal droplets is 
also affected by the electrode cross-
section as shown in Fig. 2. The effect 
of the electrode cross-section on the 
droplet size for the welding current 
range, 300-500 A, is clarified in Fig. 2, 
wherein droplet size increases as the 
electrode cross-section is simplif ied. 
In Fig. 2, d50 denotes the droplet size 
at 50% of droplet weight percentage 
integrated on the graphic relation be
tween integrated weight percentage 
of droplets and droplet size (Ref. 3). 

Effect of Core Flux Component. 
Figure 3 indicates the effect of the flux 
component on the droplet size ob
tained by using three kinds of experi-
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mental electrodes: B — containing 
iron powder only; C — titania type 
flux; and N — strong deoxidizer of 
CaF2CaC03 type. 

As shown in Fig. 3, there is a 
great difference between the droplet 
size, dso, of these electrodes. The 
smallest droplets were obtained from 
electrode C and larger droplets from 
both electrodes B and N. Generally 
speaking, a flux core of self-shielded 
arc welding electrode usually con

tains gas-forming materials such as 
metal carbonates and volatile metals 
in order to shield the arc from air con
tamination. A series of tests showed 
clearly that such gas-forming mate
rials have a considerable effect in 
making the metal droplets small and 
causing a spray type mode of 
transfer. 

Figure 4 shows the effect of adding 
a volatile metal to the flux core on the 
electrode metal transfer mode, using 

three kinds of electrodes with dif
ferent amounts of Mg. In Fig. 4, it can 
be seen that the droplets of the elec
trode with high Mg content are blown 
off by the high vapor pressure of Mg 
which is explosively formed from its 
vaporization under the great heat of 
the arc, causing a spray type of metal 
transfer. In the case of the electrode 
with low Mg content, the droplets be
come bigger because the above effect 
of the Mg vapor does not occur. 
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Fig. 3 — Effect of core flux component on droplet size, d&> 
(Ref. 2) 

Fig. 1 — Effect of cross-sectional views of flux cored elec
trodes on their melting patterns in ac welding (3.2 mm elec
trode diameter; 2,500 frames/sec photography speed; 400 A 
welding current; 37-40 V arc voltage) (Ref. 2) 
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Fig. 2 — Effect of electrode cross-section and welding current on 
droplet size, dr* (Ret. 2) 
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Fig. 4 — Effect of Mg addition to flux core on electrode metal trans
fer mode (2.4 electrode diameter; 250 A welding current; dcrp; 2,~ 
500 frames/sec photography speed) (Ref. 4) 
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Effect of Electrode size. The 
authors have investigated the effect of 
electrode size on the arc phenom
ena. Selected results of this research 
are given in Fig. 5 where some frames 
of high speed motion cine-photo
graphs are shown. Contrary to the 
authors' expectations, the smallest 
diameter electrode did not produce 
the finest metal droplets. The metal 
droplets from the large size elec
trodes are somewhat smaller than 
those from the finest electrode, as can 
be seen in Fig. 5. 

Effect of Wind. The width of the 
weld bead deposited on mild steel 
plate has been shown to decrease 
with increase in the velocity as the 
cooling effect of the wind constricts 
the welding arc, making the bead 
weld narrower (Ref. 6). However, the 
authors were unable to achieve the 
obvious effect of wind velocity on the 
electrode metal droplet size as re
ported in Ref. 2. 

Effect of Electrical Polarity. Electri
cal polarity in flux cored electrodes 
welding is one of the factors mark
edly affecting the arc phenomena. 
From the experimental results, it is 
clear that the droplet size can be 
greatly reduced by straight polarity 
welding, and is increased with the re
verse polarity as indicated in Fig. 6. In 
ac welding, the arc phenomenon — in 
other words, the metal transfer mode 
— is rather complicated and is inter
mediate to those of the two dc polar
ities. The same effect of electrical 
polarity as mentioned above is shown 
for the droplet size distr ibution. 

Absorption of Atmospheric Gas 

Effect of Cross-Sectional Shape of 
Electrode. A l though sel f -shielded 

welds are reasonably protected from 
the air contamination by both the slag 
and the gas from the flux core, it is 
fairly difficult to prevent atmospheric 
gases f rom entering the molten metal 
and impairing its properties. There
fore, the gas absorbing phenomena 
of welds should be carefully investi
gated in order to obtain higher qual
ity from both the radiographic and 
physical points of view. 

Studies relating to the nitrogen 
content of both the metal droplets and 
the weld beads from the experimen
tal e lect rodes of d i f ferent c ross-
sections have been reported (Ref. 2). 
It was observed that the air contam
ination (in other words, nitrogen ab
sorption of electrode metal) could be 
appreciably reduced by using a more 

complex cross-sect ion electrode. 
This phenomenon may have resulted 
from the effect of electrode structure 
on the arc phenomena as discussed 
previously. 

Effect of Flux Core Components. 
Figure 7 illustrates the marked effect 
of gas-forming and degasifying ingre
dients in the flux core on the content 
of the nitrogen absorbed by the elec
trode metal droplets. In Fig. 7, it can 
be seen that the droplets from elec
t rode (or wire) B, with only iron 
powder, absorb the most nitrogen, 
because of the absence of any gas 
shield. In addit ion, electrode B ap
pears to exhibit the same behavior in 
nitrogen absorption as solid wire for 
sel f -shie lded weld ing, where the 
nitrogen absorption is markedly af-

Fig. 5 — Effect of electrode diameter on arc phenomena (250 and 450 A welding current; 
dcrp; 2,500 frames/sec photography speed) (Ref. 5) 

DCRP DC-5P-
Fig. 6 — Effect of electrical polarity on arc phenomena (2.0 mm 
electrode diameter; 250 A welding current; 2,500 frames/sec 
photography speed) (Ref. 7) 

o 

I 

0.10 -

0.08 -

™ 0.06 -

a 
o 
u 
c 
as 
o 

0.04 • 

0.02 
300 500 

Welding current(A) 
700 

Fig. 7 — Effect of flux core compositions on nitrogen content in 
electrode metal droplets (Ref. 2) 
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fected by welding current, as re
ported elsewhere (Ref. 8). On the 
other hand, the nitrogen content can 
be more reduced when welding with 
electrodes (or wires) C and N which 
were originally designed for the C 0 2 

arc and the self-shielded arc welding 
process respectively. In the case of 
electrode (i.e. wire) N, it can be ob
served from some of the frames in the 
high speed cine-fi lm of Fig. 8, that the 
metal droplets transferring through 
the arc gap have a vapor blanket of 
volatile metal (Ref. 9) surrounding 
them; the vapor blanket is consid
ered to be an ideal shielding medium 
to protect the droplets from air con
tamination. 

Fig. 8 — Effect of volatile metal vapor sur
rounding metal droplets to protect them 
from air contamination (Ref. 2) 
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Fig. 9 — Effect of electrode size on atmo
spheric gas content tn weld deposits in 
ac and dc self-shielded arc welding 
(Ref. 5) 

It should be noted that such flux 
types as ilmenite, lime titania and iron 
oxide are apt to pick up more nitro
gen and oxygen from the air, com
pared with the basic CaF2-CaC03 type 
and commercial self-shielded welding 
electrodes containing a large amount 
of Al. 

Effect of Electrode Size. As shown 
in Fig. 9, nitrogen contained in self-
shielded weld deposits can appar
ently be decreased by reducing the 
electrode size. This may be caused by 
such combined effects as the in
creased melting rate of the electrode 
(due to the reduction in electrode 
size) which shortens the reaction time 
between the metal droplets and the 
atmospheric gas and the reduction of 
the surface area of the molten pool 
beneath the arc; this also determines 
the gas absorption. 

It is also shown that the nitrogen 
content is obviously affected by the 
electrical polarity. This matter is dis
cussed elsewhere in this paper. 

Effect of Wind. The self-shielded 
arc welding process is usually stable 
against wind disturbances, although it 
has not been reported that this pro
cess can eliminate any welding prob
lems caused by air currents created 
by fans or in outdoor applications. Ac
cording to the extensive research on 
self-shielded arc welding electrodes 
with strong deoxidizer CaF2-CaC03 

type flux, some effects of wind have 
been revealed on the fundamental 
phenomena, including the a tmo
spheric gas absorption, the arc phe
nomenon, the weld quality, etc. 

The effects of air current or wind 
velocity as reported elsewhere (Ref. 
6) were that the nitrogen absorption of 
weld deposits increases proport ion
ally as the wind velocity increases, 
while the diffusible hydrogen content 
in the weld beads on mild steel plate 
decreases with increasing wind veloc
ity. This trend is more clearly defined 
for the head wind compared with the 
tail wind. From Ref. 6 it can be con
cluded that the atmospheric gas ab
sorption of deposits is almost inde
pendent of wind velocity except for 
the finer droplets under 35 mesh, 
whose nitrogen content decreases 
sl ightly as the wind velocity in
creases. 

Effect of Electrical Polarity. The at
mospheric gas absorption of the elec
trode metal is greatly affected by the 
electrical polarity (Refs. 10,11). As 
shown in Fig. 10, nitrogen absorption 
in metal droplets is greatest for dcsp 
welding, followed by ac and dcrp. The 
extremely high nitrogen content in 
dcsp is probably due to the fact that 
the nitrogen ions, or the chemically 
active nitrogen atoms produced by 
electrical dissociation of molecular 
nitrogen in the arc, tend to be easily 
absorbed by the cathode (Ref. 10), 

i.e.. the electrode. In Fig. 10, a close 
relationship could not be established 
between the nitrogen content and the 
welding current for any of the polar
ities. As illustrated in Fig. 11, the 
atmospheric gas content in the weld 
deposits is increased in the order of 
dcrp, dcsp and ac. 

Comparing Figs. 10 and 11, it can 
be observed that there is a distinct 
difference in the nitrogen absorption 
by the metal droplets and that by weld 
deposits in dcsp and ac welding. This 
difference must be caused by the 
differences in the slag covering on the 
weld deposits in dcsp and ac welding. 
Therefore, the effect of polarity on the 
nitrogen absorbing phenomenon will 
be more marked in the case of metal 
droplets with little slag covering. 

Figure 12 shows the distribution of 
nitrogen, oxygen and other chemical 
compositions, analyzed diametrically 
over the cross-sect ions of metal 
droplets for each polarity by means of 
X-ray micro-analysis (X.M.A.). In Fig. 
12, particular attention should be paid 
to the fact that the distribution of the 
chemical composit ion including nitro
gen was ideal over the complete 
cross-section of the droplets for all 
polarities; this occurred even when 
the X-ray microanalysis Was con
ducted on the comparatively large 
droplets, where greater segregation 
of the composit ion can be antic
ipated, compared with the smaller 
one. 

Slight discrepancies can be ob
served in the case of oxygen and Al, 
which exhibit minor variations in their 
X.M.A. curves . These va r ia t i ons 
perhaps indicate an aluminum oxide, 
judging from a good correlation be
tween the oxygen and Al variation in 
the X.M.A. charts. According to this 
analysis, it can be concluded metal
lurgically that some elements added 
to the flux core are homogeneously 
alloyed during the growth of the metal 
droplet at the end of the wire and dur
ing transfer across the arc gap. 

Research on Commercial 
Electrodes 

Fundamental Research for Developing 
and Improving Commercial Electrodes 

In Japan, electrodes with strong 
deoxidizes of the CaF2-CaC03 type 
are now widely used in ac or dc self-
shielded welding, especially in open 
field applications (Ref. 1). However, in 
their initial development, they had 
many difficulties, such as lack of im
pact toughness, poor usability, heavy 
w e l d i n g f u m e s , p o o r e l e c t r o d e 
feeding and so forth, which pre
cluded their more widespread appli
cation. Recently, the authors suc
ceeded in solving these difficulties 
after many years of research. 

Reduction of Al Content. An ob-
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vious degasifier of this type electrode 
is Al, which greatly affects impact 
t oughness and the rad iog raph i c 
quality of the welds. In ac welding util
izing the arc voltage controlled elec
trode feeding system, welders had to 
use a long arc length in order to pre
vent the electrode from sticking in 
short-circuiting arc welding, while 
long arc welding was apt to invite a 
poor X-ray quality caused by blow 
hole formation. Therefore, in order to 
solve this problem in the ac welding 
system, more Al is added to the flux, 
resulting in poor impact toughness. 

After a long period of research, it 
was concluded that the Al content in 
the self-shielded electrode could be 
subtantially reduced by using the dc 
power source without causing the dif
ficulties described above. From the 
usable arc voltage range, the impact 
energy absorbed at 0 C by weld 
depos i t s and the Al con ten t as 
reported in Ref. 12, it may be con
cluded that, due to the opt imum arc 
voltage range being broadened by the 
constant potential dc power source, 
it is possible to use the low Al content 
electrode for outdoor applications 

without any problems. 
With regard to the impact tough

ness, the energy level in ac welding is 
somewhat better than in dc welding 
with high Al contents, while dc is 
better than ac with low Al contents. In 
addit ion, dc welding is more stable 
than ac with regard to gas pocket for
mation. These phenomena are prob
ably a result of differences in the Al 
consumption with dc and ac welding. 
In conclusion, dc welding should be 
recommended for use in the more im
portant applications where a higher 
degree of X-ray quality and excellent 
toughness are prerequisites. 

Reduction of Electrode Diameter. 
Reduction of electrode diameter was 
included in the research program with 
the aim of improving both the usabil
ity in positional welding and the port
ability of the electrode feeder for 
semi-automatic welding process. A l 
though the first trial with a reduced 
electrode size had been made in ac 
welding the expected results were not 
obtained. However, in dc welding 
with a constant potential dc power 
supply, the desired objective end was 
attained. This success with the dc 
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Fig 10 — Effect of electrical polarity on nitrogen absorption of metal droplets 
(Ref. 7) 

system realized many technical ad
vantages for the self-shielded welding 
process. The improvement of weld
ing efficiency, weight reduction of 
electrode feeder, improvement of 
usability and weld quality in posi
tional welding, etc. are all merits of 
smaller electrode diameter. 

As shown in Fig. 13, the impact en
ergies of the weld deposits absorbed 
at the low temperature of - 2 0 C are 
markedly affected by the electrode 
size with a proportionally greater im
provement with the smaller electrode 
sizes. In this case, the electrical polar
ity also has a distinct effect on the im
pact toughness — that is, the dcrp 
weld deposit has superior toughness 
values while dcsp weld deposit has in
ferior values. 

Electrode size apparently has no 
effect on the tensile strength of the 
weld deposits, but does have some 
effect on the elongation. Contrary to 
impact toughness, the elongation is 
improved gradually as electrode size 
is increased. Moreover, the effect of 
polarity on the tensile properties is 
not as clearly defined as with impact 
toughness (Ref. 5). 

Reduction of Welding Fumes. The 
general application of this process 
has been limited to both outdoor and 
indoor use where ventilation is good 
because of the voluminous welding 
fumes. Accordingly, a reduction in the 
welding fumes is one of the impor
tant objectives in eliminating these 
limitations and in extending the pres
ent applications. 

Judging from Fig. 14 which out
lines the relationship between the 
amount of fumes produced and per
centage of the flux ingredients added 
to the flux core, the ingredient which 
produces the most fumes must be 
metallic Mg followed by metallic Al 
while the role of other minerals in the 
fume formation is not clear. Accord
ing to a technical reference covering 
the physical properties of different 
materials, high fume producing ingre
dients may be presumed to be the 
light metals which have a greater 
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chemical affinity for oxygen, a lower 
boiling point and a higher vapor 
pressure. 

In arc welding, these metals are 
easily vaporized by the great heat of 
the arc and oxidized at elevated tem
perature to form a dense shield of 
their oxide particles, i.e., welding 
fumes. Mg and Al may be grouped 
with these metals. So far as the miner
als are concerned, such volatile ones 
as metallic fluorides may produce 
more fumes in a similar manner to 
volatile metals as explained above. 
However, they are less effective than 
other volatile metals such as Mg and 
Al in the amount of fume produced. 

The authors recently developed a 
new type of wire (N-55S) to be used in 
combination with a dc power supply. 
The relative amounts of welding fume 
from two kinds of wire (N-55S for dc 
and N-54 for high toughness ac 
welding) are clearly shown in Fig. 15. 
As shown in Fig. 16, the effect of re
ducing the fume content in N-55S 
does not prevent high impact tough
ness in the weld metal. 

Surface Treatment of Electrode. A 
flux cored electrode, especially with a 
complex cross-section, is inevitably 
more difficult to feed than solid elec
trodes. In addition, surface rust has 
sometimes troubled users of flux 
cored electrodes in Japan where the 
weather tends to be more humid in 
summer. It is also considered that 
these difficulties have been a great 
barrier to the wider application of this 
type electrode. 

Accordingly, a series of research 
experiments concerning wire elec
trode surface treatment has been 
conducted to overcome these diffcul-
ties. From the results, the authors 
concluded that the best way to solve 
such difficulties should be to coat the 
wire surface with an oily lubricant 
mixed with powdered lubricants. In 
this process, any hydrogen sources 
should be eliminated from the lubri
cant ingredients since the hydrogen 
will become more active in a strongly 
deoxidized molten metal such as that 
from the self-shielded arc welding 
electrode of the strong deoxidizer 

CaF2-CaC03 type which could then 
give rise to cracking and porosity for
mation in the welds. 

Some oscil lograms were made of 
the armature current change of the 
e lec t rode feed ing moto r du r i ng 
feeding two test electrodes, i.e., with 
and without surface treatment with 
the new lubricant. In this test, the con
duit without any supply of powdered 
lubricant such as MoS2, commonly 
used for welding operations, was 
coiled to a small diameter of 400 mm 
in order to make the test more strin
gent. 

The oscil lograms indicated that the 
surface treatment permits smoother 
feeding with lower armature current, 
while in the case of untreated elec
trodes, feeding is sometimes inter
rupted with unsteady higher armature 
current. 

It has also been found that the 
treated electrode has excellent resis
tance to rust formation even when it 
has been exposed to the air for a long 
period. In addition, this treatment has 
another advantage in which the 
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treated electrode does not produce 
more diffusible hydrogen than an un
treated one even after exposure to 
the air for 16 days. 

Industrial Applications 
of Commerc ia l Electrodes 

Indoor Applications 

When used for applications such as 
these shown in Fig. 17, this process 
can greatly increase efficiency in in
door weld ing where manual arc 
welding had previously been em
ployed. In this case, the N-55S elec
trode which produces less fume is 
preferred. 

Outdoor Applications 

Outdoor Applications in Civil Engi
neering and Building Construction. 
This process is also characterized by 
its excellent applicability to outdoor 
welding work, such as civil engineer
ing and architectural building con
structions, where auxiliary gas shield
ed and submerged arc welding pro
cesses are less favored by welders 
because of their comparatively t rou
blesome operation. 

For the purpose of establishing the 
applicability of this process to an 
architectural building construction, 

the authors have constructed model 
test joints approximating the 50 
kg /mm 2 HT steel column to column 
and column to beam joints on a bui ld
ing construction site. In this test, an
other commercial electrode (N-55A) 
for dc welding has assured sound 
welds with an impact value of about 7 
kg-m at 0 C. The process was used 
for the field application of N-55A on a 
building construction site, and has 
also been applied to off-shore con
structions. 

Outdoor Application in Shipbuild
ing. The process has been used to 
apply a high toughness electrode (N-
55) to the upper deck structures of an 
ore carrier on the building berth; the 
electrode can guarantee an impact 
value of more than 10 kg-m at 0 C in 
this application. 

X10000 
5 

Conclusion 

The study described in this paper 
has clarified the welding phenomena 
character ized in sel f -shie lded arc 
welding and provided useful infor
mation for improving commercial flux 
cored electrodes. The flux cored elec
trodes recently improved through a 
long period of research will be uti
lized in two ways. 

One of these is an ac welding 
system which will be readily adopted 
from the economical point of view — 
that is, with respect to low investment 
in welding equipment. However, with 
regard to the welding equipment with 
arc voltage controll ing system em
ployed in ac welding, light gauge steel 
and positional welding will be diff i
cult, even though a small size elec
trode is used. 
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Fig. 14 (right) — Welding fumes concentration vs. percentage of 
flux ingredients added to the flux core (Ref. 4) 

Fig. 15 — Comparison of welding fumes produced from two kinds of electrodes in downhand welding (300 A welding current; 27 V arc 
voltage; 35 mm electrode stickout; 2.4 mm electrode diameter). Left — N-55S for dc welding; right — N-54 for ac welding (Ref. 4) 
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T h e o the r is a dc w e l d i n g s y s t e m , in 
w h i c h a t m o s p h e r i c gas c o n t e n t c a n 
be d e c r e a s e d to s u c h a low level tha t 
t he A l c o n t e n t in t he e l e c t r o d e can be 
m i n i m i z e d . T h e arc l e n g t h s e l f - c o n 
t ro l l i ng c h a r a c t e r i s t i c s of t h e c o n 

s tan t po ten t i a l d c p o w e r s o u r c e is 
a lso bene f i c i a l in s tab i l i z ing t he a rc , 
e v e n at a l ow c u r r e n t in pos i t i ona l 
w e l d i n g c o m p a r e d w i t h t he ac p o w e r 
s o u r c e . In a d d i t i o n , t h e w e l d me ta l 
qua l i t y in d c w e l d i n g is gene ra l l y 

20 
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10 

Wilding conditions 
Welding current; 300A 
Arc voetage; 27V 
Interpass temp.; 100°C 
Wire size; 2.4 mm 

-20 0 
Test temperature (°C) 

20 

Fig. 16 — Comparison of impact toughness of deposit metal from two kinds of 
electrodes (Ref. 4) 

Fig. 17 — Horizontal fillet welding in factory (Courtesy Kakogawa plant, Kawasaki Heavy In
dustries Co , Ltd.) 

bet te r t h a n tha t in dc w e l d i n g . 
A l t h o u g h s e l f - s h i e l d e d a rc w e l d i n g 

w a s o r i g i n a t e d w i t h t h e ac w e l d i n g 
s y s t e m in th i s c o u n t r y , f u t u r e p r o 
g ress of th i s p r o c e s s o n the bas is of 
t h e a b o v e m e r i t s wi l l be c o n c e r n e d 
w i th t h e f ine w i re d c w e l d i n g sys tem 
ra ther t h a n w i th t he l a rge s ize e lec 
t r o d e ac w e l d i n g . 
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