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Abstract. The aquatic environment has a sig-
nificant impact on the efficiency of heat input to
the base metal, significantly reducing the effi-
ciency of the arc. As a result, in wet underwater
welding, the penetration of the base metal is re-
duced compared to welding in the air with the
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same mode parameters. The purpose of the re- han
search was to determine the effectiveness of the
influence of the parameters of the process of un- .
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derwater wet welding with rutile-type flux-cored
wire on the geometric parameters of the weld
metal — its width and penetration depth of the
base metal. In this case, the shape coefficient of
the weld was determined - the ratio of width to
penetration depth (W/P). It was found that the
welding speed, wire feed speed and the amplitude
of the welding torch oscillations have a signifi-
cant impact on the ratio of the width to the pene-
tration depth of the welds. The W/P ratio of welds
decreases significantly with increasing welding of the torch oscillations. It was found that the os
speed without oscillation of the welding torch. So, ~ Cillation velocity, elongation of the flux-cored
when welding with transverse oscillations of the ~ Wire, and arc voltage have an insignificant effect
welding torch with an increase in the wire feed ©On the W/P ratio.

speed, it decreased from 7.14 to 3.85. And it line- Keywords: flux-cored wire, underwater wet
arly increased with increasing amplitude welding, width-to — penetration depth ratio.
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INTRODUCTION

Underwater welding can be divided into
three categories according to the operating
environment, namely, wet, dry, and local dry
welding [1, 2]. Wet welding is the simplest
one in the three methods and has the most
widely engineering adaptability [3]. It can
work directly in the water without any special
drainage facilities. The advantages of wet
welding are simple equipment, low cost,
flexible operation, and strong adaptability
and so on [4, 5]. At present the most com-
monly used method is underwater shielded
metal arc welding (SMAW) [6]. However, it
needs divers to dive for welding. The time of
each dive welder working in the water is very
limited and it decreases with the increase of
water depth. In addition, restricted by the
length of the electrode, it needs to replace
electrode frequently in the welding process,
which extends the underwater construction
time and leads to low production efficiency.
And the quality is also difficult to guarantee
[7]. The arc will be unstable when working in
the water more than 80 m with solid wire gas
shielded welding such as GMAW [8]. The
main problems of this method are arc break-
ing and metal particles splashing [9]. Com-
pared with solid wire, the metal and powder
in flux-cored wire can interact more effec-
tively in the heat distribution. And it can im-
prove the arc ionization conditions efficiently
and promote the stability of the transition
metal thanks to the addition of the solder flux
[10]. So the advantages of flux-cored wire
are more prominent when used for welding in
the deep water [11, 12]. Of course, the weld-

ing efficiency of flux-cored wire is signifi-

cantly improved compared with SMAW. The
emergence of flux-cored wire will promote
the underwater welding production to the

development of high-efficiency, low-cost,
high-quality, automation, and intelligence
[13].

The basic research of flux-cored wire
underwater wet welding involves a large
number of objects. There is no special
flux-cored wire for underwater wet welding
in China. So this paper mainly studied the
effects of process parameters on the W/P ra-
tio of rutile type flux-cored wire underwater
wet welding with a flux-cored wire manu-
factured in the Institute of Oceanographic
Instrumentation, Shandong Academy of Sci-
ences, Qingdao. Due to the penetration and
melting width are important parameters for
weld formation, the W/P ratio of welds can
reflect to some extent the characteristics of
the method and the qualified degree of weld
size.

EXPERIMENTAL METHODS
AND MATERIALS

The base metal used in this paper is ship-
building steel plate CCSE40T = 390MIla)
and the size of specimen is 200x100x14 mm.
Its chemical composition is given in Table 1.

The diameter of flux-cored wire is 1.6 mm.
The wire is made with low carbon steel strip
of which the size is 8x0.3 mm. The welding
type used in this paper is D.C. plate welding.
The torch is designed for reciprocating oscil-
lating in the perpendicular direction of the
forward

Table 1. Chemical composition of CCSE4O0 steel plate {jt.

C Mn Si S P Mo Ni Cr \Y
<0.18 1.2 <0.5 <0.035 <0.035 <0.08 <0.4 <0.20 0.06
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direction. There is no dwell time on both equipment’'s are showed in Fig.1. It needs to
sides of the torch oscillating. The amplitude remove the rust on the specimen with the
and speed of oscillating can be changed indi- method of mechanical grinding before weld-
vidually. The test is carried out in a glass tank, ing. Vernier caliper is used to measure the
of which the size is 900x450x400 mm. And  penetration and width of welds to research
the tank is filled with fresh water, the depth the effect of different parameters on the W/P
of which is 0.3 m. The temperature of water ratio after cutting the specimens transversely.
used in this paper is 20 and the main

a b

Fig.2. Formation and macro morphology of welds appeaequgible:
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RESULT AND DISCUSSION

For mation and macro mor phology
of welds

Fig.2a shows the formation of weld that
welded with the homemade flux-cored wire.
As seen in the figure, it exhibits an excellent
appearance on the specimen. There are no
obvious defects on the surface of welds, ex-
cept a little spatter. Figi2shows the macro
morphology of cross section surface on the
weld. As shown in the figure, there is no slag
or crack in the weld. The welding material
combines closely with the base metal and the
boundaries of each area.

The effect of welding speed on the
W/P ratio of welds

In this paper, W1 and P1 stands for the
width and penetration depth of welds that
welded without torch oscillating, meanwhile,
W2 and P2 stands for the width and penetra-
tion depth of welds that welded with torch
oscillating.

The effect of welding speed on the W/P
ratio of welds is showed in Figa3And the
experimental result is obtained with welding

voltage of 31 V, wire feeding speed of 3.3
m/min, wire extension of 20 mm and without
torch oscillating. As showed in Fig@a3the
W/P ratio of welds decreases with the in-
creasing of welding speed. The W/P ratio of
weld increases significantly with the increas-
ing of welding speed when the welding speed
increases from 125 mm/min to 250 mm/min.
It also decreases with the increase of the
welding speed when the welding speed in-
creases from 250 mm/min to 350 mm/min,
but the trend of decreasing slows down ap-
parently. This is because the width of welds
decreases rapidly with the increase of weld-
ing speed, while the penetration depth of
welds maintains within a small range of
fluctuation. This trend is showed clearly in
Fig.3b.

Another line in Fig.a8 shows the effect of
welding speed on the W/P ratio of welds
when the oscillatingamplitude is5 mm and
the oscillating speed is 1000 mm/min. It
changes within a small range when the weld-
ing speed increases from 125 mm/min to 350
mm/min. The trend is not as obvious as that
without the torch oscillating. It can accelerate
the heat dissipating to the water when the
torch oscillates actively, resulting in reducing
the heat input to the base material. So the
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Fig.3. Effect of welding speed on W/P ratep:- D/W ratio of welds,
b — penetratiordepth and width of wel
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Fig.4. Effect of torch oscillatingmplitudeon W/P ratio:a— W/P ratio of welds;
b —Penetration depth and width of welds

WI/P ratio of welds is larger than that when It can be seen from Figadahat the W/P ratio

the torch does not oscillate.

of welds increases linearly with the increase

The effect of torch oscillating amplitude of torch oscillating amplitude. It is obvious

that the width of welds would increase with
the increase of torch oscillating amplitude,

on the W/P ratio of welds

The effect of torch oscillatingmplitude just as shown in Fight? In the case of other
on the penetration depth-to-width ratio of parameters remains unchanged and the heat
welds is showed in Figad The experimental input remains all the same, the depth of pen-

conditions of this part are as follows. The etration would not change apparently, how-
welding voltage is 31V, the wire feeding ever, the width of welds would increase,
speed is 3.3 m/min, the wire extension is which could cause the increase of W/P ratio
20mm, the welding speed is 175 mm/min and of welds.

the torch oscillating speed is 1000 mm/min.
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Fig.5. Effect of torch oscillatingpeedon W/P ratio:a —W/P ratio of welds;
b — penetration depth and width of welds
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The effect of torch oscillating speed
on theW/Pratio of welds

The effect of torch oscillating speed on the
WI/P ratio of welds is showed in Fig.5The
experimental conditions of this part are as
follows. The welding voltage is 31 V, the
wire feeding speed is 3.3 m/min, the wire ex-
tension is 20 mm, the welding speed is 175
mm/min and the torch oscillatingmplitude
is 5 mm. As can be seen from the figure,
there is no clear trend for the W/P ratio in
pace with the increase of the torch oscillating
speed. The W/P ratio is maintained within a
small range (5.26 — 6.67) of fluctuation. In
other words, the effect of the torch oscillating
speed to W/P is not obvious and the changing
of the torch oscillating speed could not cause
bad weld formation. Figlb shows that the
depth and width of welds also maintains
within a small range.

Effect of wire extension on the
W/Pratio of welds

The effect of wire extension on the W/P
ratio of welds without torch oscillating is
conditions of this part are as follows. The
welding voltage is 31 V, the wire feeding
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speed is 3.3 m/min and the welding speed is
175 mm/min. As can be seen from the figure,
the W/P ratio first decreases with the increase
of wire extension (from 10 mm to 20 mm)
and then increases showed in Fé&g.And the
experimental with the increase of wire exten-
sion (from 20 mm to 25 mm). But the varia-
tion range of the W/P ratio is not great.
Namely, the minimum value is 4,7and the
maximum value is only 5,56. The penetration
depth and the width of welds change in a
small range with the increase of wire exten-
sion, just as been showed in Fiy.6

The effect of wire extension on the W/P
ratio of welds with torch oscillating is
showed in Fig.&. All the other parameters of
this part are the same as above except the
followings. The torch oscillatingmplitude is
5 mm and its oscillating speed is 1000
mm/min. As been showed in Fig.6the W/P
ratio of welds changes in a small range (from
5,26 to 5,88) with the increase of wire exten-
sion. Thus, regardless of whether the welding
torch oscillates, the effect of wire extension
on the penetration depth-to-width ratio of
welds is not significant.

Effect of welding voltage
on theW/Pratio of welds
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Fig.6. Effect of wire extension on W/P rati@—W/P ratio of welds;
b- depth and width of welds
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b—- Penetration depth and width of welds

The effect of welding voltage on the W/P
ratio of welds without torch oscillating is
showed in Fig.@ The parameters of this part
are as follows. The wire feeding speed is 3.3
m/min and the welding speed is 175 mm/min.
As can be seen from Fig,7/the W/P ratio of
welds decreases smoothly with the increase
of welding voltage and its changing range is
not large, only from 5,56 to 7,14. This is be-
cause the penetration depth and width of
welds changed smoothly with the increase of
welding voltage, just as been showed in

Fig.7b.

The effect of welding voltage on the W/P
ratio of welds with torch oscillating is also
showed in Fig.d@. All the other parameters of
this part are the same as above except the
followings. The torch oscillatingmplitude is
5 mm and its oscillating speed is 1000
mm/min. It is showed in Figasthat the W/P
ratio of
welds first decreases and then increases with
the increase of welding voltage. However, the
changing range of the W/P ratio of welds is
not large. Namely, the minimum value is 6,25
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Fig.8. Effect of wire feeding speed on W/P ratio—W/P ratio of welds;
b- Penetration depth and width of welds
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and the maximum is just 8,33. In a word, no
matter whether the welding torch oscillate,
the effect of welding voltage on the penetra-
tion depth-to-width ratio of welds is not great.
The W/P ratio of welds is not sensitive to the
change of welding voltage within the scope
of this paper.

The effect of wire feeding speed
on the W/Pratio of welds

The effect of wire feeding speed on the
WI/P ratio of welds is showed in Fig.8The
parameters of this part are as follows. The
welding voltage is 31 V, the wire extension is
20 mm, the welding speed is 175 mm/min,
the torch oscillatingamplitude is5 mm and
its oscillating speed is 1000 mm/min. As seen
from Fig.&, the W/P ratio of welds decreases
(from 3,85 to 7,14) with the increase of wire
feeding speed.

The reasons for this phenomenon are as
follows. In the flux-cored wire welding, in-
creasing the wire feeding speed will cause
increasing the welding current. In the case of
other conditions remain unchanged, the in-
creasing of welding current means that the
increasing of heat input to the base metal,
which will lead to the increasing of penetra-
tion depth and width of welds, Fidgp8
Therefore, the W/P ratio of welds decreases
with the increase of wire feeding speed. It is
obviously showed in Figa88 But if increase
the wire feeding speed continually, the weld-
ing process would not be stable and a bad
formation of welds can be got. So the W/P
ratio of welds is not showed in this paper
when the wire feeding speed increased great-
er than 6m/min.

CONCLUSIONS

1. Under the condition that without weld-
ing torch oscillating, the W/P ratio of welds

niagBOAHI TEXHONOTrI « 2020 Bun.10, 30-38
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increases significantly with the increase of
welding speed. And it increases (from 3,85 to
7,14) with the increase of wire feeding speed.

2. The W/P ratio of welds changes within
a small range in pace with the increase of
welding speed while the welding torch oscil-
lating. It increases linearly with the increase
of torch oscillating amplitude. But the effect
of torch oscillating speed to the W/P ratio of
welds is not obvious and the changing of the
torch oscillating speed would not cause bad
weld formation.

3. Regardless of whether the welding torch
oscillating, the effect of wire extension on the
WI/P ratio of welds is not significant. And the
W/P ratio of welds is not sensitive to the
changing of welding voltage within the scope
of this paper.
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KoHTpoab reoMerpuieckux napaMmeTpos

CBAPHOIO IIBA NIPM MOKPOI IOIBOIHOM CBapKe

Xan Aandpeii, I'vo Hune, ene Yicaii

AnHoTaumusi. BogHast cpena oka3bIBaeT 3Ha-

MPOIUTABJIEHUE OCHOBHOTO METajula yMEHBIIIAET-
Csl M0 CPaBHEHHWIO CO CBapKOW Ha BO3IyXe MpH
OJIMHAKOBBIX TMapaMeTpax pexuma. llemapro mpo-
BEJICHHBIX UCCIICJOBAaHUI OBLIO OMpPEeNUTh (-
(h)eKTUBHOCTh BIMSHHS MApaMeTPOB Tpollecca
MOJIBOHOM MOKPOU CBapKu MOPOILIKOBOM MpPOBO-
JIOKOH PYTHJIOBOTO THIIAa HA TEOMETPUYCCKUC TMa-
paMeTphl MeTalIa IIBa — €ro IUPUHY U TIyOuHY
MPOIUTABJICHUS. OCHOBHOTO Metaiia. llpu 3tom
ompenensuii k03hureHT GopMbl IBa — OTHO-
HICHHE IIUPHUHBI K TiTyonHe nporutaBienus (W/P).
YCTaHOBIEHO, YTO CKOPOCTh CBAapKH, CKOPOCTh
MoJjauyMl TPOBOJIOKM U aMIUIUTyAa KoJicOaHWiH
CBapOYHOW TOPEJKH OKa3bIBAIOT CYIICCTBEHHOE
BIUSHHEC HA OTHOUICHWE WIMPUHBI K TIIyOWHE
MpOTUIaBIEHUs cBapHbIX mBOB. OtHomenue W/P
CBapHBIX IIBOB 3HAYUTEIBHO YMEHBINACTCS C
YBEJIMYCHUEM CKOPOCTH CBapKu 0Oe3 KoJeOaHui
CBapouYHOW ropenku. Tak, mpu cBapke c ToOIe-
PEYHBIMH KOJICOAHUSMHU CBapOYHOW TOPEIKH C
YBEJIMUCHUEM CKOPOCTH TIOAa4YH MPOBOJIOKH OHO
ymenbmmiock ¢ 7,14 no 3,85. 1 oHo nmHEHHO
BO3pacTajio C YBEIUYCHUEM aMIUIUTYIBI KojeOa-
HUU TOPENKHU. YCTaHOBJIEHO, YTO CKOPOCTh KOJje-
OaHWii, YIUIMHCHUE BBLICTA MOPOIIKOBON TPOBO-
JIOKU W HANPSOHKCHHUE YT OKa3bIBAIOT HECYIIEe-
CTBEHHOE BinsHue Ha otHomenue W/P.

KiroueBble ¢JIoBa: MTOPOIIKOBAs IPOBOJIOKA,
MTOJIBOJTHASI MOKpasi CBapKa, OTHOIICHHUE IITMPUHBI
K TIyOMHE MPOTUTaBICHUSICHUS.

YUTCJIIBHOC BJIIMAHHUC Ha 3(1)(1)6KTI/IBHOCTB TCILIO-
BIIOKCHHS B OCHOBHOH MCTaJlJI, 3HA4YUTCIBHO
CHHMKas KOB(l)(i)I/ILII/IeHT IIOJIC3HOTO ,I[CI>’ICTBPI$I AyTH.

B pesynbraTte, mpu moaBOJHONW MOKpPOH CBapke
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