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(57) The present invention relates to an automatic
welding system for a corrugated membrane sheet of a
membrane type liquefied-gas cargo hold, a structure for
guiding and fixing an automatic welding apparatus for a
corrugated membrane sheet of a membrane type lique-
fied-gas cargo hold, and a structure for guiding an auto-
matic welding apparatus for a corrugated membrane
sheet of a membrane type liquefied-gas cargo hold.
When a corrugated membrane sheet is welded, a
cross-anchor strip having a fixing groove is installed on
a portion where longitudinal and lateral anchor strips,
which are attached to the upper surface of a heat insu-
lating panel on which the corrugated membrane sheet is
mounted, cross each other, which makes it possible to
install a welding guide that supports the automatic weld-
ing apparatus and guides movement of the automatic
welding apparatus using the fixing groove, thereby stably
performing automatic welding on the corrugated mem-
brane sheet.
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Description

[Technical Field]

[0001] The present invention relates to a corrugated
membrane sheet automatic welding system for mem-
brane-type liquefied-gas cargo holds, and, more partic-
ularly, to a corrugated membrane sheet automatic weld-
ing system for membrane-type liquefied-gas cargo holds,
which includes a cross anchor strip having a securing
groove, wherein the cross anchor strip is disposed at a
junction between longitudinal and transverse anchor
strips attached to an upper surface of an insulation panel
on which corrugated membrane sheets to be welded are
placed, such that a welding guide supporting and guiding
an automatic welding apparatus is mounted using the
securing groove, thereby stably performing automatic
welding of the corrugated membrane sheets, a structure
for guiding and securing a corrugated membrane sheet
automatic welding apparatus for membrane-type lique-
fied-gas cargo holds, and a structure for guiding a cor-
rugated membrane sheet automatic welding apparatus
for membrane-type liquefied-gas cargo holds.

[Background Art]

[0002] Generally, natural gas is transported in a gas-
eous state via onshore or offshore gas pipelines, or is
transported to a distant destination by an LNG carrier
after being liquefied into LNG.
[0003] LNG is obtained by cooling natural gas to cry-
ogenic temperatures, for example, about -163°C and has
a volume of about 1/600 that of natural gas in a gaseous
state. Thus, LNG is suited to long distance transport by
sea.
[0004] An LNG carrier, which is designed to carry LNG
by sea to an onshore source of demand, or an LNG re-
gasification vessel (LNG RV), which is designed to carry
LNG by sea to an onshore source of demand, regasify
the LNG, and discharge the regasified LNG to the on-
shore source of demand, is provided with a storage tank
capable of withstanding cryogenic temperatures of LNG
(commonly referred to as "cargo hold").
[0005] Recently, there is increasing demand for float-
ing offshore structures such as LNG-floating production,
storage and offloadings (FPSOs) and LNG-floating stor-
age and regasification units (FSRUs). Such a floating
offshore structure is also provided with a storage tank
that is used in LNG carriers or LNG RVs.
[0006] An LNG-FPSO is a floating offshore structure
that is designed to liquefy produced natural gas, store
the liquefied natural gas in a storage tank, and, if neces-
sary, offload the LNG onto an LNG carrier.
[0007] An LNG-FSRU is a floating offshore structure
that is designed to store LNG offloaded from an LNG
carrier in a storage tank and, if necessary, regasify the
LNG and supply the regasified LNG to an onshore source
of demand.

[0008] Such an offshore vessel carrying LNG by sea
or storing LNG, such as LNG carriers, LNG RVs, LNG
FPSOs, and LNG FSRUs, is provided therein with a stor-
age tank storing LNG in a cryogenic state.
[0009] Such a storage tank is divided into an independ-
ent storage tank and a membrane-type storage tank de-
pending on whether an insulator thereof directly receives
a load of a cargo.
[0010] In addition, the membrane-type storage tank is
divided into a GTT NO 96-type tank and a TGZ Mark III-
type, and the independent storage tank is divided into an
MOSS-type tank and an IHI-SPB-type tank.
[0011] Here, the insulation material and structure of
the membrane-type storage tank may vary depending
upon the type of a special metal sheet that is used as a
material for the storage tank. Specifically, the GTT NO
96-type tank is manufactured using an Invar sheet (an
alloy mainly composed of iron and nickel and having a
very low coefficient of thermal expansion) and the Mark
III-type tank is manufactured using a stainless steel
sheet.
[0012] The GTT NO 96-type storage tank has a struc-
ture in which a primary and secondary sealing wall
formed of an Invar sheet having a thickness of 0.5 mm
to 1.5 mm and a primary and secondary insulation wall
formed of a plywood box and perlite are alternately
stacked on an inner wall of a hull.
[0013] In the GTT NO 96-type storage tank, the sec-
ondary sealing wall has almost the same level of liquid
tightness and strength as the primary sealing wall, there-
by safely supporting a cargo for a considerable period of
time even when the primary sealing wall leaks.
[0014] An insulation system of the GTT NO 96-type
storage tank is composed of two layers of insulation box-
es formed of Invar (36% nickel), pearlite, and plywood.
[0015] Now, a typical cargo hold insulation layer for
LNG carriers will be described with reference to the draw-
ings.
[0016] FIG. 1 is a perspective view of a typical cargo
hold for liquefied gas carriers, FIG. 2 is a sectional view
of a typical cargo hold insulation layer for liquefied gas
carriers, and FIG. 3 is a plan view illustrating welding of
corners of adjacent corrugated membrane sheets.
[0017] Referring to FIGS 1 and 2, the typical cargo hold
insulation layer for liquefied gas carriers includes a plu-
rality of insulation panel assembly units 1 disposed in
series, wherein each of the insulation panel assembly
units includes a secondary insulation panel 10, a primary
insulation panel 20, a flat joint 30, a top bridge panel 40,
and a corrugated membrane sheet 50.
[0018] The secondary insulation panel 10 is secured
to an inner wall 2 of a storage tank (or inner hull) using
epoxy mastic 3 and a stud bolt 11.
[0019] The flat joint 30 is disposed in a space between
the secondary insulation panels 10 of the respective in-
sulation panel assembly units 1 facing each other to seal
the space and provide secondary insulation.
[0020] The secondary insulation panel 10 may be
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formed of reinforced-polyurethane foam and is provided
on an upper surface thereof with a rigid triplex 12 (or rigid
secondary barrier (RSB)).
[0021] The primary insulation panel 20 includes a saw-
ing line 21, an anchor strip 23, and a thermal protection
24 and is attached to the upper side of the secondary
insulation panel 10.
[0022] The top bridge panel 40 is disposed in a space
between the primary insulation panels 20 of the respec-
tive insulation panel assembly units 1 facing each other
to seal the space and provide primary insulation.
[0023] The primary insulation panel 20 may be formed
of reinforced polyurethane foam and may be provided on
an upper surface thereof with plywood. In addition, the
primary insulation panel 20 includes a plurality of secur-
ing base supports 22.
[0024] The anchor strip 23 is formed of stainless steel
and is secured to the primary insulation panel 20 using
a rivet R.
[0025] The anchor strip 23 includes a longitudinal an-
chor strip 23a disposed in a longitudinal direction of the
insulation layer and a transverse anchor strip 23b dis-
posed in a transverse direction of the insulation layer.
[0026] The flat joint 30 is disposed in a space between
the secondary insulation panels 10 of the respective in-
sulation panel assembly units 1 facing each other to pro-
vide secondary insulation. The flat joint 30 may be formed
of glass wool.
[0027] The top bridge panel 40 may be attached to an
upper side of a flexible triplex 13 disposed on the primary
insulation panel 10 and the flat joint 30.
[0028] The corrugated membrane sheet 50 is secured
to the upper sides of the primary insulation panel 20 and
the top bridge panel 40 through the anchor strip 23.
[0029] The corrugated membrane sheet 50 may be
embossed to have uneven upper and lower surfaces.
[0030] Since an LNG carrier is intended to carry LNG
at cryogenic temperatures, for example, about -163°C,
by sea, various advanced technologies are required to
provide heat insulation performance, structural perform-
ance, hermeticity and the like to a cargo hold of the LNG
carrier. Particularly, for a membrane-type cargo hold for
LNG carriers, a membrane sheet is welded to an upper
side of a primary insulation panel, thereby providing her-
meticity.
[0031] Referring to FIG. 3, for the typical cargo hold
insulation layer for liquefied gas carriers, adjacent corru-
gated membrane sheets 50: 51 to 54 are temporarily se-
cured to an anchor strip 23 by spot welding (provisional
welding), followed by lap welding of the adjacent corru-
gated membrane sheets 50: 51 to 54 with corners thereof
overlapping one another, thereby providing hermeticity.
[0032] However, typical structures for securing an au-
tomatic welding machine have difficulty in stably support-
ing the automatic welding machine during automatic
welding of corrugated membrane sheets. Particularly,
during welding of upper and side surfaces of a cargo
hold, it is more difficult to support the automatic welding

machine using such a typical securing structure due to
the weight of the automatic welding machine, causing
deterioration in workability and stability.

[Disclosure]

[Technical Problem]

[0033] Embodiments of the present invention have
been conceived to solve such a problem in the art and
aspects of the present invention are to provide a corru-
gated membrane sheet automatic welding system for
membrane-type liquefied-gas cargo holds, which in-
cludes a cross anchor strip having a securing groove,
wherein the cross anchor strip is disposed at a junction
between longitudinal and transverse anchor strips at-
tached to an upper surface of an insulation panel on
which corrugated membrane sheets to be welded are
placed, such that a welding guide supporting and guiding
an automatic welding apparatus is mounted using the
securing groove, thereby stably performing automatic
welding of the corrugated membrane sheets, a structure
for guiding and securing a corrugated membrane sheet
automatic welding apparatus for membrane-type lique-
fied-gas cargo holds, and a structure for guiding a cor-
rugated membrane sheet automatic welding apparatus
for membrane-type liquefied-gas cargo holds.

[Technical Solution]

[0034] In accordance with aspects of the present in-
vention, there are provided a corrugated membrane
sheet automatic welding system for membrane-type liq-
uefied gas cargo holds, a structure for guiding and se-
curing a corrugated membrane sheet automatic welding
apparatus for membrane-type liquefied gas cargo holds,
and a structure for guiding a corrugated membrane sheet
automatic welding apparatus for membrane-type lique-
fied gas cargo holds.
[0035] The corrugated membrane sheet automatic
welding system for membrane-type liquefied gas cargo
holds includes: a longitudinal anchor strip disposed in a
longitudinal direction of an insulation layer including cor-
rugated membrane sheets as a first barrier; a transverse
anchor strip disposed in a transverse direction of the in-
sulation layer; a cross anchor strip disposed at a junction
between the longitudinal anchor strip and the transverse
anchor strip, the cross-anchor strip having a securing
groove; a vertical support securely disposed in the se-
curing groove; a welding guide connected to the vertical
support; and an automatic welding apparatus movable
along the welding guide to lap-weld corners of the cor-
rugated membrane sheets adjacent to one another.
[0036] The automatic welding apparatus may include:
a main body including a rail into which the welding guide
is inserted; a moving wheel disposed on the rail to move
the main body; a horizontal rotor mounted on an upper
side of the main body to be rotatable in a horizontal di-
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rection; an X-axis/Y-axis rotor mounted on an upper side
of the horizontal rotor to be rotatable in X-axis and Y-axis
directions; an articulated arm connected at one end
thereof to the X-axis/Y-axis rotor and provided at the oth-
er end thereof with a torch and a sensor detecting a weld-
ing field; and a wheel driver driving the moving wheel.
[0037] The articulated arm may be composed of two
segments connected by a hinge, wherein each of the
segments may have a telescopic structure.
[0038] The corners of the adjacent corrugated mem-
brane sheets may be secured to one another by lap-weld-
ing using the automatic welding apparatus.
[0039] The structure for guiding and securing a corru-
gated membrane sheet automatic welding apparatus for
membrane-type liquefied gas cargo holds includes: a
cross anchor strip disposed at a junction between anchor
strips respectively disposed in longitudinal and trans-
verse directions of an insulation layer including corrugat-
ed membrane sheets as a first barrier, the cross anchor
strip having a securing groove; a vertical support securely
disposed in the securing groove; and a welding guide
mounted on the vertical support to guide the automatic
welding apparatus.
[0040] The structure for guiding a corrugated mem-
brane sheet automatic welding apparatus for membrane-
type liquefied gas cargo holds includes: a cross anchor
strip disposed at a junction between anchor strips re-
spectively disposed in longitudinal and transverse direc-
tions of an insulation layer including corrugated mem-
brane sheets as a first barrier, the cross anchor strip hav-
ing a securing groove; a vertical support securely dis-
posed in the securing groove; and a welding guide mount-
ed on the vertical support to guide the automatic welding
apparatus, wherein the welding guide is longitudinally
and transversely disposed immediately above the anchor
strips.

[Advantageous Effects]

[0041] As described above, the corrugated membrane
sheet automatic welding system according to the present
invention may be used in securing a corrugated mem-
brane sheet to an upper side of a primary insulation layer
or a secondary insulation layer.
[0042] In addition, the present invention provides a cor-
rugated membrane sheet automatic welding system
which can establish a stable automatic welding guide
route simply by adding a cross anchor strip to a typical
anchor strip configuration and can implement constant
automatic welding conditions irrespective of the installa-
tion position of a cargo hold insulation system.
[0043] Further, the present invention provides a corru-
gated membrane sheet automatic welding system which
allows easy attachment/detachment of a welding guide,
allows the center of a cross anchor strip to serve as a
barrier without any additional finishing process, and al-
lows a securing groove of the cross anchor strip to be
used as an anchor point for a vertical support even during

placement of additional insulation layers on an insulation
layer having a membrane welded thereto.

[Description of Drawings]

[0044]

FIG. 1 is a perspective view of a typical cargo hold
for liquefied gas carriers.
FIG. 2 is a sectional view of a typical cargo hold in-
sulation layer for liquefied gas carriers.
FIG. 3 is a plan view illustrating a typical method of
welding corners of adjacent corrugated membrane
sheets.
FIG. 4 is a perspective view of a membrane-type
liquefied gas cargo hold according to the present in-
vention.
FIG. 5 is a perspective view of a cross anchor strip
according to one embodiment of the present inven-
tion.
FIG. 6 is a sectional view taken along line A-A of
FIG. 5.
FIG. 7 is a perspective view of a cross anchor strip
according to another embodiment of the present in-
vention.
FIG. 8 is a sectional view taken along line B-B of
FIG. 7.
FIG. 9 is a perspective view of a cross anchor strip
according to a further embodiment of the present
invention.
FIG. 10 is a perspective view illustrating mounting
of a rectangular welding guide according to the
present invention.
FIG. 11 is a perspective view illustrating mounting
of a straight welding guide according to the present
invention.
FIG. 12 and FIG. 13 are sectional views taken along
line C-C of FIG. 5.
FIG. 14 shows a method of welding corners of adja-
cent corrugated membrane sheets according to the
present invention, wherein a vertical support dis-
posed at the center of a cross anchor strip does not
interfere with the welding process.
FIG. 15 is a perspective view illustrating mounting
of an automatic welding apparatus according to the
present invention.
FIG. 16 is a side view of an automatic welding ap-
paratus according to the present invention.

[Best Mode]

[0045] A corrugated membrane sheet automatic weld-
ing system for membrane-type liquefied gas cargo holds
according to the present invention includes: a longitudinal
anchor strip disposed in a longitudinal direction of an in-
sulation layer including corrugated membrane sheets as
a first barrier; a transverse anchor strip disposed in a
transverse direction of the insulation layer; a cross an-
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chor strip disposed at a junction between the longitudinal
anchor strip and the transverse anchor strip, the cross-
anchor strip having a securing groove; a vertical support
securely disposed in the securing groove; a welding
guide connected to the vertical support; and an automatic
welding apparatus movable along the welding guide to
lap-weld corners of the corrugated membrane sheets ad-
jacent to one another.
[0046] The automatic welding apparatus may include:
a main body including a rail into which the welding guide
is inserted; a moving wheel disposed on the rail to move
the main body; a horizontal rotor mounted on an upper
side of the main body to be rotatable in a horizontal di-
rection; an X-axis/Y-axis rotor mounted on an upper side
of the horizontal rotor to be rotatable in X-axis and Y-axis
directions; an articulated arm connected at one end
thereof to the X-axis/Y-axis rotor and provided at the oth-
er end thereof with a torch and a sensor detecting a weld-
ing field; and a wheel driver driving the moving wheel.
[0047] The articulated arm may be composed of two
segments connected through a hinge, wherein each of
the segments may have a telescopic structure.
[0048] The corners of the adjacent corrugated mem-
brane sheets may be secured to one another by lap-weld-
ing using the automatic welding apparatus.

[Mode for Invention]

[0049] Hereinafter, a corrugated membrane sheet au-
tomatic welding system for membrane-type liquefied gas
cargo holds, a structure for guiding and securing a cor-
rugated membrane sheet automatic welding apparatus
for membrane-type liquefied gas cargo holds, and a
structure for guiding a corrugated membrane sheet au-
tomatic welding apparatus for membrane-type liquefied
gas cargo holds will be described.
[0050] FIG. 4 is a perspective view of a membrane-
type liquefied gas cargo hold according to the present
invention, FIG. 5 is a perspective view of a cross anchor
strip according to one embodiment of the present inven-
tion, FIG. 6 is a sectional view taken along line A-A of
FIG. 5, FIG. 7 is a perspective view of a cross anchor
strip according to another embodiment of the present in-
vention, FIG. 8 is a sectional view taken along line B-B
of FIG. 7, and FIG. 9 is a perspective view of a cross
anchor strip according to a further embodiment of the
present invention.
[0051] A corrugated membrane sheet automatic weld-
ing system for membrane-type liquefied-gas cargo holds
according to the present invention may be applied to both
a secondary insulation layer including a second insula-
tion panel, a second barrier, a first insulation panel, and
a corrugated membrane sheet as a first barrier and a
primary insulation layer including a first insulation panel
and a corrugated membrane sheet as a first barrier.
[0052] The corrugated membrane sheet automatic
welding system according to the present invention in-
cludes a cross anchor strip 123 having a securing groove

123a, wherein the cross anchor strip is disposed at a
junction between longitudinal and transverse anchor
strips 121, 122 attached to an upper surface of an insu-
lation panel 20 on which corrugated membrane sheets
to be welded 110: 111 to 114 are placed, such that a
welding guide 140 supporting and guiding an automatic
welding apparatus 200 is mounted using the securing
groove 123a, thereby stably performing automatic weld-
ing of the corrugated membrane sheets 110: 111 to 114.
[0053] In the corrugated membrane sheet automatic
welding system according to the present invention, the
longitudinal anchor strip 121 is disposed in a longitudinal
direction of an insulation layer, the transverse anchor
strip 122 is disposed in a transverse direction of the in-
sulation layer, and the cross anchor strip 123 having the
securing groove 123a is disposed at a junction between
the longitudinal anchor strip 121 and the transverse an-
chor strip 122.
[0054] The securing groove 123a is formed at the cent-
er of the cross anchor strip 123, and the cross-anchor
strip 123 is formed at an edge thereof with a securing
hole 123b for securing the cross anchor strip 123 to the
upper surface of the insulation panel 20 using a rivet R.
[0055] The cross-anchor strip 123 may adjoin the lon-
gitudinal anchor strip 121 and the transverse anchor strip
122 in a face-to-face relationship, as shown in FIG. 5 and
[0056] FIG. 6, or may be stepped to overlap the longi-
tudinal anchor strip 121 and the transverse anchor strip
122, as shown in FIG. 7 and FIG. 8.
[0057] Referring to FIG. 9, the cross anchor strip 123
may be stepped in both directions rather than in one di-
rection as in FIG. 7. Alternatively, a stepped portion may
be formed in the longitudinal anchor strip and the trans-
verse anchor strip rather than in the cross anchor strip,
although not shown in the drawings.
[0058] FIG. 10 is a perspective view of a rectangular
welding guide according to the present invention, and
FIG. 11 is a perspective view of a straight welding guide
according to the present invention.
[0059] Referring to FIGS 10 and 11, a vertical support
130 serving as an automatic welding support may be
disposed in the securing groove 123a, such that the weld-
ing guide 140 is connected to the vertical support 130.
[0060] FIG. 12 and FIG. 13 are sectional views taken
along line C-C of FIG. 5.
[0061] For fastening the vertical support 130 to the se-
curing groove 123a, the securing groove 123a may be
internally threaded and the vertical support 130 (see FIG.
10) may be externally threaded at a lower end, as shown
in FIG. 12. Alternatively, the vertical support 130 (see
FIG. 10) may be fastened to the securing groove 123a
by a push-and-flip mechanism in which the lower end of
the vertical support is inserted into the securing groove,
rotated, and caught by the securing groove, as shown in
FIG. 13. In both of these embodiments, the securing
groove 123a has a blind-hole shape to prevent leakage
of liquefied gas.
[0062] FIG. 14 is a plan view illustrating welding of cor-
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ners of adjacent corrugated membrane sheets, wherein
the vertical support disposed at the center of the cross
anchor strip does not interfere with the welding process,
and FIG. 15 is a perspective view illustrating mounting
of the automatic welding apparatus according to the
present invention.
[0063] Referring to FIG. 14 and FIG. 15, the automatic
welding apparatus 200 is moved along the welding guide
140 to lap-weld the corners of the adjacent corrugated
membrane sheets 110: 111 to 114.
[0064] Each of the corrugated membrane sheets 110:
111 to 114 has a generally rectangular shape and is
chamfered at four corners thereof, such that the vertical
support 130 disposed at the center of the cross anchor
strip 123 does not interfere with the welding process
when the corners of the adjacent corrugated membrane
sheets 110: 111 to 114 are lap-welded to one another.
[0065] Since the chamfered four corners of the corru-
gated membrane sheets are also welded to the cross
anchor strip 123 and the securing groove 123a of the
cross anchor strip 123 has a blind-hole shape, the cross-
anchor strip 123 can serve as a barrier, like the corrugat-
ed membrane sheets 110: 111 to 114 even when the
center of the cross-anchor strip 123 is not covered with
the corrugated membrane sheets 110: 111 to 114. In
addition, the securing groove 123a of the cross-anchor
strip 123 does not need to be subjected to any additional
finishing process after the welding process and may be
used as an anchor point for the vertical support during
placement of additional insulation layers.
[0066] FIG. 16 is a side view of the automatic welding
apparatus.
[0067] Referring to FIG. 15 and FIG. 16, the automatic
welding apparatus 200 includes a main body 210, a mov-
ing wheel 220, a horizontal rotor 230, an X-axis/Y-axis
rotor 240, an articulated arm 250, and a wheel driver 260.
[0068] The main body 210 includes a rail 211 into which
the welding guide 140 is inserted. The rail 211 may have
a rectangular channel-like shape.
[0069] The moving wheel 220 is disposed on the rail
211 to move the main body 210, and the wheel driver
260 drives the moving wheel 220. The wheel driver 260
includes a motor.
[0070] The horizontal rotor 230 is mounted on an upper
side of the main body 210 to be horizontally rotatable
about a vertical shaft 231.
[0071] The X-axis/Y-axis rotor 240 is mounted on an
upper side of the horizontal rotor 230 to be rotatable in
X-axis and Y-axis directions.
[0072] The articulated arm 250 is connected at one
end thereof to the X-axis/Y-axis rotor 240 and is provided
at the other end thereof with a torch 270 and a sensor
280 detecting a welding field.
[0073] The articulated arm 250 is composed of two
segments connected by a hinge 251, wherein each of
the segments may have a telescopic structure. By way
of example, the segment may have a double tubular
structure.

[0074] Although not shown in FIG. 16, the articulated
arm 250 may have a multi-degree of freedom articulated
structure in which the torch 270 is freely movable accord-
ing to welding posture and position of a welding field. In
addition, the articulated arm 250 may include a power
supply (not shown).
[0075] In accordance with another aspect of the
present invention, a structure for guiding and securing a
corrugated membrane sheet automatic welding appara-
tus for membrane type liquefied-gas cargo holds in-
cludes: a cross anchor strip 123 disposed at a junction
between anchor strips 121, 122 respectively disposed in
longitudinal and transverse directions of an insulation lay-
er including corrugated membrane sheets 110: 111 to
114 as a first barrier, the cross anchor strip having a
securing groove 123a; a vertical support 130 securely
disposed in the securing groove 123a to serve as an au-
tomatic welding support; and a welding guide 140 mount-
ed on the vertical support 130 to guide an automatic weld-
ing apparatus 200. Here, the welding guide 140 may be
integrally formed with the vertical support 130.
[0076] In accordance with a further aspect of the
present invention, a structure for guiding a corrugated
membrane sheet automatic welding apparatus for mem-
brane-type liquefied gas cargo holds includes: a cross
anchor strip 123 disposed at a junction between anchor
strips 121, 124 respectively disposed in longitudinal and
transverse directions of an insulation layer including cor-
rugated membrane sheets 110: 111 to 114 as a first bar-
rier, the cross anchor strip having a securing groove
123a ; a vertical support 130 securely disposed in the
securing groove123a; and a welding guide 140 mounted
on the vertical support 130 to guide an automatic welding
apparatus 200, wherein the welding guide 140 is longi-
tudinally and transversely disposed immediately above
the insulation layer.
[0077] In the corrugated membrane sheet automatic
welding system for membrane-type liquefied-gas cargo
holds, the lower end of the vertical support 130 is inserted
and secured into the securing groove 123a of the cross
anchor strip 123 and an upper end of the vertical support
130 supports the welding guide 140. The automatic weld-
ing apparatus 200 is mounted on the welding guide 140
and is moved along the welding guide 140 to weld the
corners of the corrugated membrane sheets 110: 111 to
114 as the first barrier.
[0078] Each of the corrugated membrane sheets 110:
111 to 114 has a generally rectangular shape and is
chamfered in advance at corners thereof, such that, when
the corners of the adjacent corrugated membrane sheets
110: 111 to 114 are lap-welded to one another, the ver-
tical support 130 disposed at the center of the cross-
anchor strip 123 does not interfere with the welding proc-
ess.
[0079] Since the chamfered four corners of the corru-
gated membrane sheet are also welded to the cross an-
chor strip 123 and the securing groove 123a of the cross
anchor strip 123 has a blind-hole shape, the cross-anchor
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strip 123 can serve as a barrier, like the corrugated mem-
brane sheets 110: 111 to 114, even when the center of
the cross-anchor strip 123 is not covered with the corru-
gated membrane sheets 110: 111 to 114. In addition, the
securing groove 123a of the cross-anchor strip 123 can
serve as a barrier without being subjected to any addi-
tional finishing process after the welding process.
[0080] In operation of the automatic welding apparatus
200, the wheel driver 260 is operated to rotate the moving
wheel 220, and the automatic welding apparatus 200 is
moved by friction contact between the moving wheel 220
and the welding guide 140. The articulated arm 250 in-
cludes: two or more segments connected by the hinge
251 to be movable in X-axis, Y-axis and horizontal direc-
tions; the sensor 280 detecting a welding field; and the
torch 270 producing a hot flame for welding. Herein, "X-
axis direction" and "Y-axis direction" may refer to direc-
tions perpendicular and parallel to the plane on FIG. 16,
respectively. In addition, a universal joint structure may
be employed for rotation of the articulated arm in the X-
axis direction and the Y-axis direction.

[Industrial Applicability]

[0081] As described above, a corrugated membrane
sheet automatic welding system according to the present
invention may be used in securing a corrugated mem-
brane sheet to an upper side of each of a primary insu-
lation layer and a secondary insulation layer.
[0082] In addition, the present invention provides a cor-
rugated membrane sheet automatic welding system
which can establish a stable automatic welding guide
route simply by adding a cross anchor strip to a typical
anchor strip configuration and can implement the same
automatic welding conditions irrespective of the installa-
tion position of a cargo hold insulation system.
[0083] Further, the present invention provides a corru-
gated membrane sheet automatic welding system which
allows easy attachment/detachment of a welding guide,
allows the center of a cross anchor strip to serve as a
barrier without any additional finishing process, and al-
lows a securing groove of the cross anchor strip to be
used as an anchor point for a vertical support even during
placement of additional insulation layers on an insulation
layer having a membrane welded thereto.

Claims

1. A corrugated membrane sheet automatic welding
system for membrane-type liquefied gas cargo
holds, comprising:

a longitudinal anchor strip disposed in a longi-
tudinal direction of an insulation layer including
corrugated membrane sheets as a first barrier;
a transverse anchor strip disposed in a trans-
verse direction of the insulation layer;

a cross anchor strip disposed at a junction be-
tween the longitudinal anchor strip and the trans-
verse anchor strip, the cross-anchor strip having
a securing groove;
a vertical support securely disposed in the se-
curing groove;
a welding guide connected to the vertical sup-
port; and
an automatic welding apparatus movable along
the welding guide to weld corners of the corru-
gated membrane sheets adjacent to one anoth-
er.

2. The corrugated membrane sheet automatic welding
system according to claim 1, wherein the corners of
the adjacent corrugated membrane sheets are se-
cured to one another by lap-welding using the auto-
matic welding apparatus.

3. The corrugated membrane sheet automatic welding
system according to claim 1, wherein the securing
groove is internally threaded and the vertical support
is externally threaded at a lower end thereof.

4. The corrugated membrane sheet automatic welding
system according to claim 1, wherein the vertical
support is fastened to the securing groove by a push-
and-flip mechanism in which a lower end of the ver-
tical support is inserted into the securing groove, ro-
tated, and caught by the securing groove.

5. The corrugated membrane sheet automatic welding
system according to claim 1, wherein the securing
groove has a blind-hole shape.

6. The corrugated membrane sheet automatic welding
system according to claim 1, wherein the automatic
welding apparatus comprises:

a main body comprising a rail into which the
welding guide is inserted;
a moving wheel disposed on the rail to move the
main body;
a horizontal rotor mounted on an upper side of
the main body to be rotatable in a horizontal di-
rection;
an X-axis/Y-axis rotor mounted on an upper side
of the horizontal rotor to be rotatable in X-axis
and Y-axis directions;
an articulated arm connected at one end thereof
to the X-axis/Y-axis rotor and provided at the
other end thereof with a torch and a sensor de-
tecting a welding field; and
a wheel driver driving the moving wheel.

7. The corrugated membrane sheet automatic welding
system according to claim 6, wherein the articulated
arm is composed of two segments connected by a
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hinge, each of the segments having a telescopic
structure.

8. A structure for guiding and securing a corrugated
membrane sheet automatic welding apparatus for
membrane-type liquefied gas cargo holds, compris-
ing:

a cross anchor strip disposed at a junction be-
tween anchor strips respectively disposed in
longitudinal and transverse directions of an in-
sulation layer comprising corrugated membrane
sheets as a first barrier, the cross anchor strip
having a securing groove;
a vertical support securely disposed in the se-
curing groove; and
a welding guide mounted on the vertical support
to guide the automatic welding apparatus.

9. A structure for guiding a corrugated membrane sheet
automatic welding apparatus for membrane-type liq-
uefied gas cargo holds, comprising:

a cross anchor strip disposed at a junction be-
tween anchor strips respectively disposed in
longitudinal and transverse directions of an in-
sulation layer comprising corrugated membrane
sheets as a first barrier, the cross anchor strip
having a securing groove;
a vertical support securely disposed in the se-
curing groove; and
a welding guide mounted on the vertical support
to guide the automatic welding apparatus,
wherein the welding guide is longitudinally and
transversely disposed immediately above the
anchor strips.

10. The structure according to claim 9, wherein the se-
curing groove is internally threaded and the vertical
support is externally threaded at a lower end thereof.

11. The structure according to claim 9, wherein the ver-
tical support is fastened to the securing groove by a
push-and-flip mechanism in which the lower end of
the vertical support is inserted into the securing
groove, rotated, and caught by the securing groove.

12. The structure according to claim 9, wherein the se-
curing groove has a blind-hole shape.
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