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INDUCTION PRE-HEATING AND BUTT WELDING DEVICE FOR ADJACENT

EDGES OF AT LEAST ONE ELEMENT TO BE WELDED

i

Description

This 1nvention relates to a device for the induction pre-
heating and butt welding of adjacent edges which need to be
joined 1n at least one 1tem requiring welding (for example
defined by the terminal edges of a curved sheet when forming a
tubular element or by the opposite edges of a pair of adjacent
sheets), 1n particular when the edges which have to be joined
are of considerable thickness. The 1invention also relates to
an 1nduction pre-heating head which can be used 1n such a
device.

Welding systems which use i1nduction pre-heating of the
edges which are to be welded are known for example from
US6265701B1 and US2011/0284527 by the same applicant. In these
systems an 1induction pre-heating head heats the edges which
have to be welded to a predetermined temperature and 1s moved
1in tandem along a welding path together with a conventional
welding head, for example a TIG head or any other known type,
which "follows" the pre-heating head.

Systems of this type are satisfactory. However, 1t has
been found that induction pre-heating heads are unable to heat
the edges which have to be welded to an optimum temperature
over their entire thickness, 1in particular 1f the edges which
have to be welded are of relatively great thickness, except at

the price of excessive energy consumption and undesired
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heating of the i1tems which have to be welded. In addition to

this the pre-heating head is generally of large dimensions.

The present 1nvention overcomes the disadvantages in the
known art by providing aspects of the invention including a
device for the 1nduction pre-heating and butt welding of
adjacent edges which have to be joined 1n at least one 1tem

requiring welding, which 1is compact and efficient.

This 1invention therefore relates to a device for the
induction pre-heating and butt welding of adjacent edges which

need to be joined 1n at least one 1tem which has to be welded.

The inventlon also relates to an induction pre-—heating head for

the above mentilioned device.

An aspect of the invention provides for an induction pre-
heating and butt welding device for adjacent edges to be Jjoined
of at least one element to be welded, of the type including an
inductlion preheating head of the adjacent edges and a welding
head arranged in tandem with respect to the pre-heating head,
immediately downstream of the pre—heating head, with respect to
a welding direction along which, 1n use, the preheating and
welding heads are moved according to a welding trajectory. The
pre—heating head 1includes, 1n combination a support structure
shaped as a sliding block and adapted to move over the edges to
be welded, parallel thereto; a first inductor lying in a first
plane, which 1s parallel to a plane containing, or passing
through, the edges to be welded, which 1is integrally supported
by the support structure at a predetermined distance from the
edges to be welded and which 1s housed within the thickness of
the support structure on the side of a first face thereof; a
second 1nductor 1lying in a second plane, perpendicular to the
first plane and integrally supported by the support structure

in cantilever fashion out from the first face, so as to be in
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use 1nterposed between the edges to be welded and arranged at a
predetermined distance different from 2zero (K) from the first
inductor; and the support structure being provided with
centering means with respect to the edges to be welded, adapted
to keep the second i1nductor, 1in use, constantly equally spaced
apart from both edges to be welded and the first inductor

constantly centered over the edges to be welded.

Another aspect of the invention provides for an 1nduction
pre-heating head for a butt welding device of adjacent edges to
be Jjoined of at least one element to be welded, including, in
comblnation: a support structure shaped as a sliding block and
adapted to move over the edges to be welded, parallel thereto;
a first 1inductor at least partly defined by a first pipe, the
first inductor being U-shaped 1in a first plane, which 1is
parallel to a plane containing the edges to be welded, and
being 1integrally carried by the support structure so that
respective first and second branches of the first pipe are each
arranged 1n use over one of the edges to be welded, at a
predetermined distance from the edges to be welded; a second
inductor at least partly defined by a second pipe, the second
inductor 1s U-shaped in a second plane, perpendicular to the
first plane, and is integrally carried by the support structure
in cantilever fashion s0 that respective first and second
branches of the second pipe are both interposed 1n use between

the edges to be welded, arranged at a predetermined distance

different from =zero (K) from the first inductor; and the
support structure being provided with centering means with
respect to the edges to be welded, adapted to keep the second
inductor, 1n use, constantly equally spaced apart from both
edges to be welded and the first inductor constantly centered

over the edges to be welded.

2a
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The device according to the 1Invention 1ncludes an
induction pre-heating head for the adjacent edges which have to
be welded and a welding head located in tandem with respect to
the pre-heating head immediately downstream from the preheating
head 1n a welding direction along which the preheating and
welding heads are moved along a welding path when 1n use. The
pre—heating head includes a supporting structure in the form of
a sliding block which can move over the edges which have to be
welded, parallel to them, and a first inductor at least partly
defined by a first tube, this first inductor being U-shaped 1n
a first plane parallel to a plane containing the edges which
have to be welded, and is supported as an 1integral part by the
supporting structure 1in such a way that first and second
branches respectively of the first tube each located above one
of the edges which have to Dbe welded at a predetermined

distance from the edges which have to be welded when in use.

20
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According to the principal aspect of the invention the
pre-heating head also comprises a second inductor at 1least
partly defined by a second tube, this second inductor being U-
shaped i1in a second plane perpendicular to the first plane, and
1s supported as an 1integral part by the supporting structure
in such a way that when in use first and second branches
respectively of the second tube are located between the edges
which have to be welded, at a predetermined distance from the
first inductor.

The second 1nductor 1s cantilevered out from the
supporting structure, from a first face which faces the edges
which have to be welded when in use, and across the supporting
structure 1itself; in particular the second inductor 1is
supported by a first bracket mounted on a second face of the
supporting structure opposite the first face and the device
according to the invention also comprises means for adjusting
the predetermined distance between the second inductor and the
first inductor and means for centring the second inductor with
respect to the edges which have to be welded, so as to
maintain the second inductor equidistant from both the edges
which have to be welded at all times when in use.

Finally the sliding block supporting structure directly
carries a corresponding independent converter for each

inductor on a face opposite the inductors and the edges which
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have to be welded, and the inductors are cantilevered out from
the corresponding cylindrically shaped bodies of the

converters, these bodies being supported as an integral part

with the supporting structure. In addition to this the first
and second branches of each i1inductor are provided with flow

concentrators straddling the first and second tubes.

In this way an extremely compact and efficient pre-
heating head which 1s easy to assemble and maneuver and which
makes 1t possible to bring about uniform induction heating of
the adjacent edges which have to be welded 1s obtained, while
at the same time keeping the heating extremely localised to
the edges alone, even 1n the case where the edges which have
to be welded are of a thickness (measured perpendicular to the
plane parallel to that in which the first inductor lies) which
1s relatively great, thus i1improving the welding which can be
achieved, rendering 1t more reliable and at the same time
reducing energy consumption.

Further features and advantages of this i1invention will be
clearly apparent from the following description of a preferred
embodiment provided below purely by way o©of a non-limiting
example with reference to the appended drawings, 1in which:

- Figure 1 1llustrates a perspective view from beneath
of three quarters of an 1induction pre-heating head for the
adjacent edges of at least one mechanical item which have to

be joined by welding according to the invention:

- Figure 2 1llustrates a perspective view of the front

three quarters of the pre-heating head in Figure 1 while pre-
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heating the two edges of plates which are adjacent to each
other;

- Figure 3 diagrammatically i1llustrates a longitudinal
right-angled wview of the pre-heating and welding device
according to the invention i1in elevation, and

- Figure 4 1llustrates a transverse view of the device
in Figure 3 1n elevation from the pre-heating head in Figure
2 .

With reference to Figures 1 to 4, a device for the
induction pre-heating and butt welding of the adjacent edges
2, 3 which have to be joined of at least one i1item 4 which has
to be welded (for example two plates 4 which have to be joined
together or plates defined by the opposite 1longitudinal
extremities ©of a single plate bent 1i1into a tubular shape) 1is
indicated as a whole by 1.

Device 1 comprises an 1nduction pre-heating head 5 for
adjacent edges 2, 3 and a welding head 6 arranged 1in tandem
with respect to the pre-heating head 1mmediately downstream
from the pre-heating head in relation to a welding direction D
indicated by an arrow 1in Figures 2 and 3 along which pre-
heating head 5 and welding head 6 move along a welding path
when 1n wuse 1n a manner which 1s known, as for example
described 1n US2011/0284527.

Welding head 6 1s 1ndicated merely diagrammatically by
means of a block and may comprise any known welding head

suitable for the purpose, for example a welding torch orx

electrical wire, for example of the TIG or similar type. In
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any event this 1s located downstream from pre-heating head 5
1in direction D and 1s supported as an integral part by pre-
heating head 5, for example through a common supporting
structure 7 (Figure 3), which 1s also only 1illustrated

diagrammatically in that i1t 1s obvious to those skilled in the

art, for example supported by suitable means for moving heads
5 and 6 along direction D.

Pre-heating head 5 comprises 1n combination a sliding-
block-shaped supporting structure 8 which when in use can move
over edges 2, 3 which have to be welded, parallel to them, and
a first inductor 9 (Figure 1) which 1s defined at 1least 1in
part by a first tube 10 housed within sliding block supporting
structure 8.

Tube 10, and with i1t entire inductor 9, 1s U-shaped 1in a
first plane, this first plane being parallel to a plane
containing/passing through edges 2, 3 which have to be welded,
1in such a way that the aforesaid first plane which coincides
with a plane perpendicular to the plane of the page in Figure
3 comprises the plane 1in which 1inductor 9, U-shaped folded
tube 10 and sliding block supporting structure 8 lie.

Inductor 9 1s also supported as an 1integral part by
supporting structure 8 1n such a way that a first branch 11
and second branch 12 respectively of tube 10 are located each
above one of the edges which have to be welded when 1n use,
above edges 2 and 3 respectively 1n the example 1llustrated,
at a predetermined distance from the edges which have to be

welded.
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In the example 1llustrated, supporting structure 8
defines a box-shaped body which 1s open on at least one first
face 13 which 1n use faces at least one i1item 4 which has to be
welded and the adjacent edges 2, 3 and inductor 9 1s housed
within the thickness of supporting structure 8 on the side of
first face 13 1n such a way that 1t 1s open towards edges 2, 3
of sliding block supporting structure 8.

According to one aspect of the i1invention, i1in combination
with what has been described above, pre-heating head 5 also
comprises a second inductor 14 (Figures 1 and 4) at 1least
partly defined by a second tube 15; inductor 14, and with that
tube 15, 1s U-shaped 1in a second plane which 1s perpendicular
to the said first plane parallel to which inductor 9 1lies;
inductor 14 therefore lies parallel to the plane of the page
in Figure 3 and still according to the invention 1s supported
as an 1ntegral part by supporting structure 8 1in such a way
that a first branch 16 and a second branch 17 respectively of
tube 15 are when 1in use placed between edges 2, 3 which have

to be welded (Figure 4), 1n a direction perpendicular to the

welding direction D; 1n addition to this inductor 14 1is
located at a predetermined distance K from inductor 9 (Figure
1) .

Inductors 9 and 14 are supported by sliding block
supporting structure 8, both on face 13; and second inductor
14 1s cantilevered out from face 13 of supporting structure 8
and across supporting structure 8 1tself; second inductor 14

1s also supported by a first bracket 18 supported by a second
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face 19 of supporting structure 8 opposite first face 13.

Overall, second inductor 14 1s 1in the shape of a blade:
1ts first extremity 20 1s defined by the L-shape folded
terminal extremities of tube 15 connected to branches 16 and
17 of 1inductor 14 which are arranged above and parallel to
each other at a predetermined distance from each other in a
direction parallel to a common plane in which both lie which
coincides with the plane in which entire inductor 14 lies, the
plane being perpendicular to the plane in which inductor 9 and
face 13 1lie; this extremity 14 passes through sliding block
supporting structure 8.

A second extremity 21 of 1inductor 14 opposite extremity
20 1s supported by a second bracket 22 which 1s supported as
an 1ntegral part and longitudinally cantilevered out £from
supporting structure 8 on the side opposite first extremity 20
of second inductor 14, which according to a further aspect of
the 1nvention extends over a greater 1length 1n welding
direction D than first inductor 9.

According to another aspect of the invention inductor 14
158 supported by supporting structure 8 1n such a way that it
can move 1n a direction perpendicular to the aforesaid first
plane 1n which the entire extent of 1inductor 9 lies and can
move perpendicularly to face 13, which 1s generally flat; also
according to another aspect of the invention device 1, or head
5 thereof, comprises means for adjusting the predetermined
distance K from the first inductor, 1i1indicated as a whole by

reference number 23.
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In the non-restrictive embodiment i1llustrated, adjustment
means 23 comprise slots 24 made perpendicular 1in faces 13 and
19 through the side walls of bracket 18 and removably engaged
by i1mmobilising bolts 25 which are of one piece with extremity
20 of i1inductor 14, and an incorporated threaded rod 26 passing
through bracket 22 perpendicularly thereto and to faces 13 and
19 and provided with two i1mmobilising bolts 27 on bracket 22;
rod 26 1s fixedly attached to end 21 of inductor 14, for
example by an electrically conducting block 28 which 1s welded
as an 1ntegral part to rod 26. Bracket 22 1s 1nstead made of
an electrically insulating material.

In particular both inductors 9 and 14 are provided with
corresponding electrical power converters 29 and 30 which are

independent of each other and are supported directly on face

19 of supporting structure 8. nductors 9 and 14 are also
cantilevered out on respective cylindrically-shaped bodies 31

and 32 of converters 29, 30, these bodies 31, 32 being

supported as an 1integral part by supporting structure 8. 1In
the embodiment 1llustrated inductor 9 also ends at extremity
20 of i1inductor 14 with 1ts extremity 33 1n an L-shape thanks
to suitable folding of the terminal extremities of i1its tube 10
1n a manner similar to that of the extremities of tube 15.
These extremities 20 and 33 are cantilevered out as an
integral part by respective converters 30 and 29 and
corresponding bodies 32 and 31 1in such a way that they extend
towards face 19 (and across faces 19 and 13 1in the case of

extremity 20) while the rest of inductors 9 and 14 then extend
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from extremities 33 and 20 parallel to direction D and the
longitudinal extension o©of Dbodies 31 and 32, which are
supported and immobilised on face 19 of supporting structure 8
by respective pairs of clamps 34 supported as an integral part
by supporting structure 8; clamps 34 which support body 32 and
therefore 1i1ndirectly entire inductor 14 are of one piece with
bolts 25 and are attached to supporting structure 8 by the
latter via rod 18 1in such a way as to ensure that inductor 14
1s able to engage 1n the relative movement already described.

Obviously cooling water circulates within tubes 10 and 15
when 1n use; the water and electrical feeds to i1nductors 9 and
14 are provided 1in a known way via multipurpose pipes 35
(Figures 1 and 2).

According to another aspect of the invention, second
inductor 14 extends over a greater distance 1n welding
direction D than first inductor 9.

According to a further and i1important aspect of the
invention, sliding block supporting structure 8 18 also
provided with means 36 for centring 1inductors 9 and 14 with
respect to edges 2, 3 which have to be welded, and when 1in use
these are capable of holding inductor 14 equidistant from both
edges 2, 3 which have to be welded at all times and inductor 9
1s always centred above edges 2, 3 which have to be welded.

These centring means 36 comprise a first and second bush,
37 and 38 respectively, supported on face 13 of supporting
structure 8 and upstream and downstream respectively of

inductor 14 1n welding direction D; bushes 37 and 38 are

10
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cantilevered out perpendicularly with respect to face 13 of
the side opposite face 19 (and therefore when 1n use towards
edges 2, 3 which have to be pre-heated) and can rotate about
respective axes A and B (Figure 3) perpendicular to the said
first plane which i1includes the plane in which inductor 9 lies.
Each bush 37, 38 1s provided with a pair of i1dling rollers 39
on the side opposite supporting structure 8 which when 1n use
can act together from opposite sides with edges 2, 3 which
have to be welded.

For this purpose rollers 39 are eccentrically mounted
with respect to axes A and B 1n positions which are
diametrically opposite each other and rotating bushes 37, 38
are provided with i1mmobilising nuts 41 to stop rotation in any
angular position desired. When in use, once nuts 41 have been
released, bushes 37, 38 are rotated until rollers 39 touch
edges 2, 3; then rotation 1s 1mmobilised by tightening nuts

41, thus 1mmobilising bushes 37, 38 1in the angular position

which they have taken up, thus ensuring that zrollers 39
continue to act together with edges 2, 3, thus consequently
centring the "blade" defined by inductor 14.

In this way, when 1inductor 14 1s 1nserted between edges
2, 3 and bushes 37, 38 are caused to rotate manually, rollers
39 contact edges 2, 3 1n such a way as to place branches 16,
17 of inductor 14 1n a perfectly centred position in the space
defined by edges 2, 3 (Figure 4). At the same time branches
11, 12 of inductor 9 are located so as to "cover" edges 2, 3

and during the operations of pre-heating and the i1immediately

11
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subsequent welding zrotate on adjacent edges 2, 3 which have
not yet been welded together, keeping both inductors 9 and 14
1n the most appropriate position to provide pre-heating.

As 1nductor 14 can be 1located 1in such a way that it
enters the space defined between edges 2, 3, the induction
pre-heating thereof 1s uniform and perfectly 1located over
their entire thickness without the dispersion of heat, which
when not dangerous 1s useless.

In order to further i1improve the performance of inductors
9, 14 and therefore head 5 and device 1 as a whole, at least
the first and second branches, 11, 12 and 16, 17 respectively
of each inductor 9 and 14 respectively are provided with flow
concentrators 40 (Figure 1) formed of saddle-shaped ferrite
elements straddling first tube 10 and flat ferrite elements

inserted between branches 16, 17 of second tube 15

respectively.

12
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CLAIMS

What is claimed 1s:

1. An induction pre-heating and butt welding device (1)
for adjacent edges(2,3) to be Joined of at least one element (4) to
be welded, of the type comprising an 1induction preheating head (5)
of the adjacent edges and a welding head (6) arranged 1in tandem
with respect to the pre—-heating head, i1mmediately downstream of the
pre—-heating head, with respect to a welding direction (D) along
which, in use, the preheating and welding heads are moved according
to a welding trajectory; wherein the pre-heating head (5)

comprises, 1n combination:

i) - a support structure (8) shaped as a sliding block and
adapted to move over the edges (2,3) to be welded, parallel

thereto;

ii) - a first inductor (9) lyving in a first plane, which 1is
parallel to a plane containing, or passing through, the edges (2, 3)
to be welded, which 1s 1ntegrally supported by the support
structure (8) at a predetermined distance from the edges to be
welded and which 1s housed within the thickness of the support

structure(8) on the side of a first face (13) thereof;

iii) - a second 1inductor (14) 1lying 1n a second plane,
perpendicular to the first plane and 1integrally supported by the
support structure (8) in cantilever fashion out from the first face
(13), so as to be in use interposed between the edges (2,3) to be
welded and arranged at a predetermined distance different from zero

(K) from the first inductor (9); and

iv) - the support structure (8) being provided with centering
means (36) with respect to the edges (2,3) to be welded, adapted to
keep the second inductor (14), 1in use, constantly equally spaced
apart from both edges to be welded and the first 1nductor (9)

constantly centered over the edges to be welded (2, 3).

13
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2 A device according to c¢laim 1, wherein +the first
inductor (9) 1s accommodated within the thickness of the support
structure (8), which deflnes a box-like body open at least at the
first face (13); and the second inductor (14) is supported so as to
protrude from the support structure (8), on the side of the first
face (13), and through the support structure; the second inductor
(14) beling supported by a first bracket (18) carried by a second

face (19) of the support structure (8) opposite to the first face.

3. A device according to claim 1 or 2, wherein the first
inductor (9) 1is at least partly defined by a first pipe (10), 1is
U-shaped in the first plane and 1s carried by the support structure
(8) so that respective first and second branches (11, 12) of the
first pipe are each arranged 1in use over one of the edges (2,3) to
be welded; and in that the second inductor (l14) 1s at least partly
defined by a second pipe (15), is U-shaped in the second plane and
is carried by the support structure (8) so that respective first
and second branches (16, 17) of the second pilipe are 1in use

interposed between the edges (2,3) to be welded.

4 A device according to claim 3, wherein the second
inductor (14) has: a first end (20) defined by L - folded terminal
ends of the second pipe (15) connected to the first and second
branches (lo,17) of the second 1nductor and passing through the
sliding-block-shaped support structure (8); and a second end (21),
opposite to the first one, which 1s supported by a second bracket
(22) integrally carried by and protruding from the support
structure (8) on the opposite side with respect to the first end

(20) of the second inductor.

5. A device according to claim 1, wherein the centering
means (36) comprise a first and a second bush (37,38), both carried
sO as to protrude from the support structure (8) on the side of the
first face (13) and upstream and downstream of the second inductor

(14), respectively, 1n the welding direction (D),; the bushes (37, 38)

14
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being rotating on respective axes (A,B) perpendicular to the first
plane and each being provided on the side opposite to the support
structure with a pair of 1idling rollers (39) adapted to cooperate

on opposite sides with the edges (2,3) to be welded.

6 . A device according to claim 1, wherein at least the
first and second branches (11,12,16,17) of each inductor (9,14) are
provided with flux concentrators (40), respectively defined by
saddle—-shaped ferrite element mounted straddling the first (10)
pipe and by flat ferrite elements mounted 1inserted between the

branches (16,17) of the second (15) pipe.

7. A device according to any one of claims 1 to 6, wherein
the second inductor (14) has a length extension 1n the welding

direction (D) longer than that of the first inductor (9).

8 . A device according to any one of claims 1 to 7, wherein
the second inductor (14) 1s carried by the support structure (8)
movable in a direction perpendicular to the first plane; the device
further comprising adjusting means (23) of the predetermined

distance (K) from the first inductor.

9. A device according to any one of claims 1 to 8, wherein
the sliding-block-shaped support structure (8) directly carries a
respective 1ndependent converter (29,30) for each inductor (9,14)
on the side of a face (19) thereof opposite to the inductors (9, 14)
and to the edges (4,3) to be welded, the inductors (9,14) Dbeing
carried so© as to protrude from respective <cylindrical bodies
(31,32) of the converters, which bodies (31,32) are 1integrally

carried by the support structure (8).

10. An 1induction pre-heating head (5) for a butt welding
device of adjacent edges (2,3) to be jJoined of at least one element

to be welded, comprising, in combination:

15
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i) - a support structure (8) shaped as a sliding block and
adapted to move over the edges to be welded, parallel

thereto;

ii) - a first inductor (9) at least partly defined by a first
pipe (10), the first inductor being U-shaped 1n a first
plane, which is parallel to a plane containing the edges to
be welded, and being integrally carried by the support
structure (8) so that respective first and second branches
(11,12) of the first pipe are each arranged 1n use over one
of the edges (2,3) to be welded, at a predetermined distance

from the edges to be welded;

iii) - a second inductor (14) at least partly defined by a
second pipe (15), which second inductor 1is U-shaped 1in a
second plane, perpendicular to the first plane, and 1s
integrally carried by the support structure (8) 1n cantilever
fashion so that respective first and second branches (16,17)
of the second pipe(l5) are both interposed 1in use between the
edges (2,3) to be welded, arranged at a predetermined
distance different from zero (K) from the first inductor (9);

and

iv) - the support structure (8) being provided with centering
means (36) with respect to the edges (2,3) to be welded,
adapted to keep the second inductor (14), 1n use, constantly

equally spaced apart from both edges to be welded and the
first inductor (9) constantly centered over the edges to Dbe

welded (2, 3) .

16
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