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(54) STRAPPING MACHINE AND METHOD FOR SECURING A PIECE OF METAL STRAP IN A LOOP 
AROUND ONE OR MORE OBJECTS

(57) A strapping machine comprising:
- a feeding device for feeding a strap (3) around one or
more objects and subsequently retracting the strap to
draw it tightly around said objects;
- a welding device for forming a welded joint between a
first section at the leading end of the strap and an over-
lapping second section at the trailing end of a piece (3a)
of the strap fed around said objects to thereby secure
this piece in a loop around the objects;

- a support member (24) for supporting said overlapping
strap sections during the formation of the joint, a recess
(25) being provided in an upper support surface (26) on
the support member; and
- a pressing element (27) with a shape adapted to the
shape of said recess, the pressing element and support
member being configured to form a permanent bulge (30)
on the first strap section by a press forming action be-
tween the pressing element and the support member.
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Description

FIELD OF THE INVENTION AND PRIOR ART

[0001] The present invention relates to a strapping ma-
chine according to the preamble of claim 1. The invention
also relates to a method according to the preamble of
claim 9 for securing a piece of metal strap in a loop around
one or more objects.
[0002] Automatic strapping machines for applying a
metal strap in a loop around an object or a bundle of
objects, drawing the strap tightly around the object/bun-
dle and thereafter joining overlapping sections of the
strap in order to secure the strap around the object/bun-
dle are known in many different configurations. WO
2017/129679 A1 discloses a strapping machine where a
welding device is used for forming a welded joint between
overlapping sections of a metal strap to thereby secure
the metal strap in a loop around an object or a bundle of
objects. This known strapping machine comprises a grip-
ping device for gripping and locking a first strap section
at the leading end of the strap after the application of a
piece of the strap in a loop around the object/bundle and
before the strap is retracted in order to draw it tightly
around the object/bundle, wherein the gripping device is
configured to grip the strap at an area that will form part
of the final strap loop on the object/bundle and that will
be subjected to tensile stress when the strap loop has
been released from the strapping machine. This is the
normal gripping position for a gripping device of a strap-
ping machine to be used for strapping an object or a
bundle of objects with a strap of metallic material.

SUMMARY OF THE INVENTION

[0003] The object of the present invention is to achieve
a new and favourable strapping machine of the above-
mentioned type.
[0004] According to the invention, this object is
achieved by means of a strapping machine having the
features defined in claim 1.
[0005] The strapping machine of the present invention
comprises:

- a welding device for forming a welded joint between
a first strap section at a leading end of a piece of
metal strap arranged in a loop around one or more
objects to be strapped and an overlapping second
strap section at a trailing end of said strap piece to
thereby secure this strap piece in a loop around said
one or more objects;

- a strapping unit which comprises a support member
for supporting said overlapping first and second strap
sections during the formation of the welded joint,
wherein a recess is provided in an upper support
surface on the support member; and

- a feeding device for feeding the strap through the
strapping unit, in a loop around an object receiving

space configured for receiving one or more objects
to be strapped and then back into the strapping unit
and subsequently retracting the strap to draw it tight-
ly around one or more objects received in the object
receiving space.

According to the invention, the strapping unit comprises
a pressing element, which has a shape adapted to the
shape of the recess in the support member so as to allow
the pressing element to be received in this recess. The
strapping unit further comprises an actuating device
which is configured to move the pressing element and
the support member in relation to each other between a
first mutual position, in which the pressing element is
positioned at a distance from the recess in the support
member, and a second mutual position, in which the
pressing element is received in said recess, wherein the
pressing element and the support member are config-
ured to form a permanent bulge on the first strap section
at a position between the leading end of said strap piece
and said welded joint by a press forming action between
the pressing element and the support member when the
pressing element and the support member are moved in
relation to each other by the actuating device from said
first mutual position to said second mutual position with
a part of the first strap section received in the space be-
tween the pressing element and the support member.
[0006] The permanent bulge formed on the first strap
section will together with the pressing element and the
recess in the support member, and as long as the press-
ing element and the support member are made to remain
in the above-mentioned second mutual position, ensure
that the first strap section is locked to the strapping unit
with a positive locking effect and thereby prevented from
slipping in the longitudinal direction of the strap when the
feeding device retracts the strap and draws it tightly
against the object or bundle of objects to be strapped.
Hereby, the leading end of the strap is locked to the strap-
ping unit in an efficient and reliable manner. Furthermore,
the bulge formed on the first strap section will be located
between the leading end of the strap and the welded joint
between the first and second strap sections, i.e. on a part
of the strap piece that will not be subjected to any tensile
stress when the strap piece has been released from the
strapping unit. Thus, the weakening deformation caused
by the pressing element and the support member on the
strap piece at the area of the bulge will not have any
negative effect on the strength of the loop formed by the
strap piece, in contrast to the previously mentioned nor-
mal case when the strap is gripped and subjected to a
weakening deformation on the opposite side of the weld-
ed joint, i.e. on a part of the strap piece that will be sub-
jected to tensile stress when the strap piece has been
released from the strapping unit. In the latter, previously
known case, the weakening deformation on the strap
piece caused by the gripping of the first strap section will
have a negative effect on the strength of the loop formed
by the strap piece.
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[0007] When the strap piece has been released from
the strapping unit, the bulge formed on the strap piece
by the pressing element will be pressed against an outer
surface on the object/bundle and act as a spacer between
the object/bundle and the loop formed by the strap piece.
Hereby, the bulge will contribute to an increased tension-
al force in the loop and thereby an improved strapping
effect. The gap formed between the loop and the outer
surface of the object/bundle by the bulge will also facili-
tate a cutting of the loop in connection with a later destrap-
ping operation when the metal strap is to be removed
from the object/bundle.
[0008] Further advantageous features of the strapping
machine according to the present invention will appear
from the description following below and the dependent
claims.
[0009] The invention also relates to a method having
the features defined in claim 9.
[0010] Further advantageous features of the method
according to the present invention will appear from the
description following below and the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] With reference to the appended drawings, a
specific description of embodiments of the invention cited
as examples follows below. In the drawings:

Fig 1 is an outline diagram of a strapping ma-
chine according to an embodiment of the
present invention,

Figs 2a-2i are partly cut outline diagrams of parts in-
cluded in the strapping machine of Fig 1,
as seen at different stages during the proc-
ess of securing a strap piece in a loop
around a bundle of objects,

Fig 3 is a schematic illustration of a support
member and a pressing element included
in the strapping machine of Fig 1, as seen
with the pressing element located in a re-
tracted position at a distance from an as-
sociated recess in the support member,

Fig 4 is a schematic illustration of the support
member and pressing element, as seen
with the pressing element in an advanced
position received in the recess in the sup-
port member,

Fig 5 is a schematic lateral view of a strap piece
secured in a loop around a bundle of ob-
jects,

Fig 6 is a planar view from above of the strap
piece of Fig 5,

Fig 7 is a planar view from above of a part of a
strap secured in a loop around one or more
objects to be strapped, illustrating a heating
area on the strap before the strap loop has
been released from the remaining part of
the strap,

Fig 8 is a planar view corresponding to Fig 7, as
seen when the strap loop has been re-
leased from the remaining part of the strap,

Fig 9 is a cut according to the line IX-IX in Fig 8,

Fig 10 is a planar view from above of a part of a
strap secured in a loop around one or more
objects to be strapped, illustrating a break
line on the strap before the strap loop has
been released from the remaining part of
the strap,

Fig 11 is a cut according to the line XI-XI in Fig 10,

Fig 12 is a planar view from above of a part of a
strap secured in a loop around one or more
objects to be strapped, illustrating an alter-
native type of break line on the strap before
the strap loop has been released from the
remaining part of the strap, and

Fig 13 is a cut according to the line XIII-XIII in Fig
12.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0012] Some of the parts included in a strapping ma-
chine 1 according to an embodiment of the present in-
vention are very schematically illustrated in Fig 1. The
strapping machine 1 comprises:

- a guide track 2 for guiding an elongated strap 3 of
metallic material in a loop around a space 4 config-
ured for receiving one or more objects 10 to be
strapped;

- a strapping unit 20 for securing the strap 3 around
said one or more objects 10;

- a feeding device 5 for feeding the strap 3 from a
supply coil 6, through the strapping unit 20, into said
guide track 2, along the guide track in a loop around
said object receiving space 4 and then back into the
strapping unit 20 and subsequently retracting the
strap 3 to draw it tightly around one or more objects
10 received in said space 4; and

- an accumulator 9 for temporarily accumulating a part
of the strap 3 when the binding element is retracted
by the feeding device 5 and then releasing the ac-
cumulated part of the strap when the strap thereafter
is fed forwards by the feeding device 5.
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[0013] The guide track 2 may for instance have the
form of a rail with a longitudinal opening facing said object
receiving space 4. As an alternative, the strap may also
be feed in a loop around the object or objects to be
strapped without using any guide track. This may be ac-
complished by feeding the strap through a bending de-
vice that is configured to bend the strap in such a manner
that it will move in free space, without contact with any
guide track or the similar, in an essentially circular path
around the object or objects 10 to be strapped, wherein
a funnel-shaped guiding element may be arranged at the
end of said path in order to catch the leading end of the
strap and guide it into the strapping unit.
[0014] The object or objects 10 to be strapped may be
positioned in the object receiving space 4 before, during
or after the feeding of the strap 3 in a loop around this
space 4.
[0015] As an alternative to the use of an accumulator
9, the slackening of the strap 3 when the strap is retracted
by the feeding device 5 may be taken up or avoided by
rotating the supply coil 6 in a reversed direction.
[0016] In the illustrated embodiment, the feeding de-
vice 5 comprises two rotatable feed rollers 5a, 5b, which
are located opposite each other and configured to be in
contact with opposite sides of a part of the strap 3 re-
ceived in the nip between the feed rollers. At least one
of the feed rollers 5a, 5b is rotatably driven by an actuator
(not shown) in the form of a reversible drive motor in order
to move the strap 3 in its longitudinal direction. The drive
motor is preferably an electric motor, but it could as an
alternative be a hydraulic or pneumatic motor. The feed-
ing device 5 may also comprise any other suitable type
of actuator for feeding and retracting the strap 3.
[0017] Some of the parts included in the above-men-
tioned strapping unit 20 are very schematically illustrated
in Figs 2a-2i. The strapping unit 20 comprises a welding
device 21 (see Fig 2a) for forming a welded joint 8 (see
Figs 2h and 2i) between a first strap section 7a at a lead-
ing end of a piece 3a of metal strap arranged in a loop
around one or more objects 10 to be strapped and an
overlapping second strap section 7b at a trailing end of
said strap piece 3a to thereby secure this strap piece 3a
in a loop around said one or more objects 10. The welding
device 21 is configured to form the welded joint 8 as a
lap joint with the second strap section 7b overlapping the
first strap section 7a.
[0018] The welding device 21 may be any suitable type
of welding device. In the illustrated embodiment, the
welding device 21 is a laser welding device provided with
a laser welding head 22, wherein said welded joint 8 be-
tween the first and second strap sections 7a, 7b is formed
by means of a laser beam 23 (see Fig 2g) emitted from
the laser welding head. The welding device 21 comprises
means of conventional type for directing and focusing
the emitted laser beam 23 onto a desired target area.
[0019] The strapping unit 20 further comprises a sup-
port member 24 for supporting said overlapping first and
second strap sections 7a, 7b during the formation of the

welded joint 8. The support member 24 is configured to
be located between the first strap section 7a and an outer
surface of the object or objects 10 to be strapped during
the formation of the welded joint 8. A recess 25 is provided
in an upper support surface 26 on the support member
24. When the welded joint 8 has been formed, the support
member 24 is moved laterally out of the area between
the strapped object/objects 10 and the strap loop 11 (see
Figs 2h and 2i) formed around the object/objects to there-
by release the strap loop from the strapping unit 20.
[0020] In the examples illustrated in Figs 7-12, the
welded joint 8 has an elliptical shape, as seen in a planar
view. However, the welded joint 8 between the overlap-
ping binding element sections 7a, 7b may of course also
have any other suitable configuration.
[0021] The strapping unit 20 also comprises a pressing
element 27, which has a shape adapted to the shape of
the recess 25 in the support member 24 so as to allow
the pressing element 27 to be received in this recess 25.
The pressing element 27 has an upper surface 28 which
is flush or at least essentially flush with the upper support
surface 26 on the support member 24 when the pressing
element 27 is received in the recess 25 in the support
member, as illustrated in Fig 2a.
[0022] An actuating device 29 (very schematically il-
lustrated in Fig 1) included in the strapping unit 20 is
configured to move the pressing element 27 and the sup-
port member 24 in relation to each other between a first
mutual position (see Figs 2c, 2d and 3), in which the
pressing element 27 is located outside and at a distance
from the recess 25 in the support member 24, and a sec-
ond mutual position (see Figs 2a, 2b, 2e-2h and 4), in
which the pressing element 27 is received in said recess
25. The pressing element 27 and the support member
24 are configured to form a permanent bulge 30 (see
Figs 2e-2i, 4, 5 and 9) on the first strap section 7a by a
press forming action between the pressing element 27
and the support member 24 when the pressing element
27 and the support member 24 are moved in relation to
each other by the actuating device 29 from said first mu-
tual position to said second mutual position with a part
of the first strap section 7a received in the space between
the pressing element 27 and the support member 24,
wherein this bulge 30 is formed at a position between the
leading end 12 of said strap piece 3a and the welded
joint 8 to be formed by the welding device 21.
[0023] In the embodiment illustrated in Figs 2a-2i, the
actuating device 29 is configured to achieve said relative
movement between the pressing element 27 and the sup-
port member 24 by moving the pressing element 27 in
relation to the support member 24. In this case, the press-
ing element 27 is moved downwards towards the support
member 24 in order to achieve the movement from the
first mutual position to the second mutual position and
upwards away from the support member 24 in order to
achieve the movement from the second mutual position
to the first mutual position, wherein the support member
24 remains in a fixed position during the movements of
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the pressing element 27. As an alternative, the actuating
device 29 may be configured to achieve said relative
movement between the pressing element 27 and the sup-
port member 24 by moving the support member 24 in
relation to the pressing element 27 or by moving the
pressing element 27 as well as the support member 24
in relation to each other.
[0024] The pressing element 27 is also moveable hor-
izontally by means of the actuating device 29 in order to
allow the pressing element to be moved laterally out of
the bulge 30 when the first and second strap sections
7a, 7b have been secured to each other by the welding
device 21 and the strap loop 11 thereby formed is to be
released from the strapping unit 20. According to a first
alternative, the pressing element 27 is formed as a single-
part element and moveable out of the bulge 30 by a dis-
placement in a horizontal direction. According to another
alternative, the pressing element 27 is divided into two
parts, which are located opposite each other and move-
able out of the bulge 30 by being displaced laterally in
opposite directions away from each other.
[0025] The support member 24 may comprise first and
second support jaws located opposite each other in the
manner shown in WO 2017/129679 A1, wherein the sup-
port jaws are moveable in relation to each other between
an advanced supporting position, in which the support
jaws form a support for the first strap section 7a, and a
retracted releasing position, in which the support jaws
are retracted from each other in order to allow the first
and second strap sections 7a, 7b, after having been
joined to each other, to pass through a gap between the
support jaws. Each support jaw may be fixed to a pivot
arm, which in its turn is pivotally mounted to a housing
36 of the strapping unit 20. Thus, in this case, the support
jaws are pivotable between the supporting and releasing
positions. As an alternative, the support jaws could be
linearly moveable between the supporting and releasing
positions. The support jaws are moveable between the
supporting and releasing positions by means of the ac-
tuating device 29. As an alternative, the support member
24 is formed as a single-part member and moveable be-
tween the supporting and releasing positions by a dis-
placement in a horizontal direction.
[0026] The actuating device 29 may be electrically,
pneumatically or hydraulically driven and may comprise
one or more electrically, pneumatically or hydraulically
driven actuators.
[0027] The strapping unit 20 illustrated in Figs 2a-2i
comprises a squeezing device 34 for squeezing the sec-
ond strap section 7b against the first strap section 7a with
the second strap section 7b overlapping the first strap
section 7a, wherein the squeezing device 34 is config-
ured to keep the second strap section 7b squeezed
against the first strap section 7a during the moment when
the welded joint 8 between the first and second strap
sections 7a, 7b is formed by the welding device 21. In
the illustrated example, the squeezing device 34 com-
prises a squeezing member 35 which is configured to co-

operate with the support member 24 and which is move-
ably mounted to the housing 36 of the strapping unit 20.
The first and second strap sections 7a, 7b are receivable
in a space between the squeezing member 35 and the
support member 24 and the squeezing member 35 is
moveable in relation to the support member 24 between
a retracted first position (see Figs 2a-2f, 2i and 3), in
which the squeezing member 35 is retracted from the
support member 24, and an advanced second position
(see Figs 2g, 2h and 4), in which the squeezing member
35 is pressed against the support member 24 in order to
squeeze together the first and second strap sections 7a,
7b. The squeezing member 35 is provided with a passage
37, through which a laser beam 23 from the laser welding
head 22 of the welding device 21 may be directed towards
an area on the second strap section 7b, in order to form
the welded joint 8 between the first and second strap
sections 7a, 7b, when the squeezing member 23 is in
said second position and keeps the first and second strap
sections 7a, 7b squeezed together between the squeez-
ing member 35 and the support member 24. The squeez-
ing member 35 is moveable between said first and sec-
ond positions by means of an actuator (not shown), which
may be electrically, pneumatically or hydraulically driven.
The actuator is with advantage a hydraulic cylinder.
[0028] The support member 24, the pressing element
27 and the squeezing device 34 may of course also have
any other suitable design in addition to the designs illus-
trated in Figs 2a-2i.
[0029] The strapping machine 1 further comprises an
electronic control device 60 (very schematically illustrat-
ed in Fig 1) for controlling the operation of the strapping
machine. The electronic control device 60 is connected
to the welding device 21 and configured to control the
welding device to direct and focus the laser beam 23 of
the welding device onto a desired part of the strap 3. The
electronic control device 60 is also connected to the feed-
ing device 5, the actuating device 29 and the actuator of
the squeezing device 34 and configured to control the
operation thereof.
[0030] The electronic control device 60 is configured
to control the feeding device 5 to stop the feeding of the
strap 3 when the leading end 12 of the strap during its
second passage over the support member 24 has passed
over the recess 25 in the support member from a first
end 25a (see Fig 3) of the recess to an opposite second
end 25b thereof and has reached a final position beyond
said second end 25b of the recess. The pressing element
27 and the support member 24 are thereafter moved in
relation to each other, by a vertical movement down-
wards of the pressing element 27 and/or a vertical move-
ment upwards of the support member 24, until the press-
ing element 27 has been received in the recess 25 and
a permanent bulge 30 has been formed on the first strap
section 7a. The strap 3 is thereafter retracted in order to
draw it tightly around one or more objects 10 positioned
in the object receiving space 4 of the strapping unit 20,
wherein a part 15 (see Fig 4) of the second strap section
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7b is pressed, under the effect of the tensional force in
the strap 3, towards the upper support surface 26 on the
support member 24 and tightly against a part 16 of the
first strap section 7a located between said second end
25b of the recess 25 in the support member and the lead-
ing end 12 of the strap. Said part 16 of the first strap
section 7a is hereby clamped between the support mem-
ber 24 and the second strap section 7b during the tight-
ening of the strap 3. The positive locking between the
bulge 30 and the support member 24 and pressing ele-
ment 27 will together with the clamping force exerted by
said part 15 of the second strap section 7b on said part
16 of the first strap section 7a achieve a gripping and
locking effect on the first strap section 7a and keep the
first strap section locked to the support member 24 during
the tightening of the strap 3.
[0031] The distance D between the above-mentioned
first and second ends 25a, 25b of the recess 25 is at least
10 mm, preferably at least 15 mm. The recess 25 has a
depth d of at least 5 mm, preferably at least 6 mm.
[0032] In the example illustrated in Figs 2a-2i, 3 and
4, the recess 25 and the pressing element 27 have a
cross-sectional shape in the form of an isosceles trape-
zoid, as seen in a vertical plane. However, the recess 25
and the pressing element 27 may also have any other
suitable cross-sectional shape.
[0033] The electronic control device 60 may be config-
ured to control the welding device 21 to direct a laser
beam 23 (see Fig 2h) onto an area 14 (see Figs 7, 10
and 12) extending across the strap 3 at the trailing end
of the second strap section 7b, i.e. at the end of the sec-
ond strap section 7b facing the feeding device 5, in order
to reduce the tensile strength of the strap 3 at the trailing
end of the second strap section 7b, wherein electronic
control device 60 is configured to control the feeding de-
vice 5 to retract the strap 3 in order to subject said area
14 to tensile stress and thereby cause the strap to be
broken off at the trailing end of the second strap section
7b. Hereby, the strap loop 11 arranged around the object
or objects 10 to be strapped is released from the remain-
ing part 3b of the strap. As an alternative, the electronic
control device 60 may be configured to control the weld-
ing device 21 to cut off the strap 3 at the trailing end of
the second strap section 7b by means of a laser beam
23 which cuts across the strap 3 in the entire thickness
thereof, to thereby release the part 3a of the strap fed in
a loop around said space 4 from the remaining part 3b
of the strap.
[0034] The laser welding head 22 may comprise one
or more computer-controlled scanning mirrors for con-
trolling the direction and movement of the laser beam 23
emitted from the laser welding head. As an alternative,
the direction and movement of the laser beam 23 may
be controlled by computer-controlled movements of the
entire laser welding head 22. The laser welding head 22
is provided with a focusing lens 38, through which the
laser beam 23 leaves the laser welding head.
[0035] In the illustrated embodiment, the welding de-

vice 21 further comprises a laser source 39 (see Fig 2a)
for generating the laser power required for producing the
laser beam 23 used for forming the welded joint 8 be-
tween the first and second strap sections 7a, 7b and for
releasing the strap loop 11 from the remaining part 3b of
the strap. The laser source 39 can be of any type com-
monly used for welding. In the illustrated example, the
laser source 39 is connected to the laser welding head
22 via an optical fibre cable 40, which is configured to
guide the laser power generated by the laser source 39
to the laser welding head 22. The optical fibre cable 40
is in a conventional manner connected to the laser weld-
ing head 22 by means of an optical connector 41 com-
prising focusing optics. The focal point of the laser beam
23 emitted from the laser welding head 22 may be ad-
justed by computer-controlled movements of one or more
optical members included in the focusing optics of the
optical connector 41.
[0036] The electronic control device 60 may be config-
ured to control the welding device 21 to reduce the tensile
strength of the strap 3 at the trailing end of the second
strap section 7b by heating the above-mentioned area
14 at the trailing end of the second strap section 7b under
the effect of said laser beam 23 and without cutting or
penetrating into the strap 3. In order to heat the area 14
at the trailing end of the second strap section 7b, the
welding device 21 is made to sweep the laser beam 23
over the area 14 (schematically illustrated with dotted
lines in Fig 7), which extends between the longitudinal
edges 17a, 17b of the strap 3. In order to make sure that
the laser beam 23 will heat the area 14 in question without
cutting into the strap 3, the focal point of the laser beam
23 is adjusted, for instance by means of the above-men-
tioned focusing optics of the optical connector 41, in such
a manner that the laser beam is out of focus when hitting
the area 14 at the trailing end of the second strap section
7b. When the area 14 has been rapidly heated by the
laser beam 23, the feeding device 5 is operated to pull
the strap 3 backwards with such a force that the strap 3,
under the effect of the tensile stress produced in the strap
between the feeding device 5 and the second strap sec-
tion 7b, is broken off at the heated area 14.
[0037] As an alternative, the electronic control device
60 may be configured to control the welding device 21
to reduce the tensile strength of the strap 3 at the trailing
end of the second strap section 7b by forming one or
more depressions 18, 18’ (see Figs 10-13) across the
strap 3 at the trailing end of the second strap section 7b
under the effect of the laser beam 23 so as to thereby
provide a break line 19 across the strap 3 at the trailing
end of the second strap section 7b. In this case, the laser
beam 23 is made to cut into the strap 3, but without cutting
through it. The depressions 18, 18’ may for instance have
a depth corresponding to approximately half the thick-
ness of the strap 3. The laser beam 23 is preferably pre-
vented from reaching any of the longitudinal edges 17a,
17b of the strap 3 when forming the depressions 18, 18’.
The break line 19 may be formed by several shorter de-
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pressions 18 arranged in line with each other across the
strap 3 at the trailing end of the second strap section 7b,
as illustrated in Figs 10 and 11, or by one longer depres-
sion 18’ extending across the strap 3 at the trailing end
of the second strap section 7b, as illustrated in Figs 12
and 13. When the break line 19 has been formed by the
laser beam 23, the feeding device 5 is operated to pull
the strap 3 backwards with such a force that the strap 3,
under the effect of the tensile stress produced in the strap
between the feeding device 5 and the second strap sec-
tion 7b, is broken off at the break line 19.
[0038] The electronic control device 60 may be imple-
mented by one single electronic control unit or by two or
more mutually cooperating electronic control units.
[0039] An operating sequence for securing a strap 3
in the form of a strap in a loop around a bundle of objects
10 by means of the above-described strapping machine
1 will now be described with reference to Figs 2a-2i.
[0040] In a first step, a motor of the feeding device 5
is operated in a first direction in order to feed the strap 3
forwards from the supply coil 6, through the strapping
unit 20, in a loop around the object receiving space 4 of
the strapping machine 1 and then back into the strapping
unit 20. The leading end 12 of the strap is first moved
over the support member 24 and the pressing element
27, thereafter in a loop around the object receiving space
4 and then into a space between the pressing element
27 and the recess 25 in the support surface 26 on the
support member 24, wherein the feeding of the strap 3
is stopped when the leading end 12 of the strap has
passed over said recess 25 from the first end 25a thereof
to the opposite second end 25b thereof and has reached
a final position beyond the second end 25b of the recess.
[0041] During the feeding of the strap 3, the squeezing
member 35 is in its retracted first position.
[0042] In the illustrated example, the pressing element
27 is positioned in the recess 25 in the support member
24 before the initial feeding of the leading end 12 of the
strap through the strapping unit 20 and maintained in the
recess 25 until the leading end 12 of the strap has passed
over the upper surface 28 of pressing element 27 and
the upper support surface 26 on the support member 24,
as illustrated in Figs 2a and 2b. Thus, in this case the
upper surface 28 of pressing element 27 is flush or at
least essentially flush with the upper support surface 26
on the support member 24 when the leading end 12 of
the strap is fed through the strapping unit 20 before being
fed around the object receiving space 4. The actuating
device 29 thereafter effects a relative movement between
the pressing element 27 and the support member 24 in
order to cause the pressing element 27 to be positioned
at a distance from the recess 25 in the support member
24, wherein the strap 3 is lifted by the pressing element
27 from the upper support surface 26 on the support
member 24, as illustrated in Fig 2c.
[0043] When the strap 3 has been fed through the
guide track 2 in a loop around the object receiving space
4, the leading end 12 of the strap 3 will leave the guide

track 2 and pass through the gap between the pressing
element 27 and the support member 24 (see Fig 2d),
whereupon the leading end 12 of the strap 3 actuates a
stop member (not shown) and the motor of the feeding
device 5 is stopped. The actuating device 29 thereafter
effects a relative movement between the pressing ele-
ment 27 and the support member 24 in order to cause
the pressing element 27 to be received in the recess 25
(see Fig 2e) and thereby form a permanent bulge 30 on
the first strap section 7a by a press forming action be-
tween the pressing element 27 and the support member
24. Thereafter, the motor of the feeding device 5 is re-
versed in order to pull the strap 3 backwards and thereby
tighten the strap 3 around the objects 10 received in the
object receiving space 4, as illustrated in Fig 2f. As illus-
trated in Figs 2e and 2f, the strapping unit 20 and the
guide track 2 are moveable in relation to the objects 10
and configured to move towards the objects 10 when the
strap 3 is tightened around the objects. During the re-
traction of the strap 3, a part 15 of the second strap sec-
tion 7b is pressed, under the effect of the tensional force
in the strap 3, towards the upper support surface 26 on
the support member 24 and tightly against a part 16 of
the first strap section 7a located between the second end
25b of the recess 25 in the support member and the lead-
ing end 12 of the strap, whereby this part 16 of the first
strap section 7a is clamped between the support member
24 and the second strap section 7b, as illustrated in Fig
4. During the retraction of the strap 3, the second strap
section 7b comes into contact with the upper surface 28
of the pressing element 27 and thereby prevents the
pressing element 27 from moving vertically out of the
recess 25 in the support member 24. Hereby, the press-
ing element 27 will remain in the recess 25 during the
tightening of the strap 3 without requiring that the press-
ing element 27 and the support member 24 are pressed
against each other under the effect of the actuating de-
vice 29.
[0044] When the strap 3 has been drawn tightly around
the objects 10, the motor of the feeding device 5 is
stopped and the squeezing member 35 is moved to its
advanced second position in order to squeeze together
the first and second strap sections 7a, 7b between the
squeezing member 35 and the support member 24 (see
Fig 2g). The welding device 21 is then operated to focus
a laser beam 23 onto the mutually overlapping strap sec-
tions 7a, 7b in order to form a welded joint 8 between the
strap sections 7a, 7b. The strap 3 is thereby secured in
a loop around the objects 10. Thereafter, the welding
device 21 is operated to direct a laser beam 23 onto an
area 14 across the strap 3 at the trailing end of the second
strap section 7b in order to reduce the tensile strength
of the strap 3 at the trailing end of the second strap section
7b, as illustrated in Fig 2h. The part of the strap extending
between the squeezing member 35 and the feeding de-
vice 5 is with advantage held in a slacked state during
the moment when the laser beam 23 is directed onto said
area 14. Thereafter, the feeding device 5 is configured
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to retract the strap 3 in order to subject said area 14 to
tensile stress and thereby cause the strap to be broken
off at the trailing end of the second strap section 7b. Fi-
nally, the squeezing member 35 is returned to its retract-
ed first position and the pressing element 27 and support
member 24 are removed from the bulge 30 on the first
strap section 7a in order to release the strap loop 11 from
the strapping unit 20. Hereby, the bulge 30 will come into
contact with the objects 10 and will thereby act as a spac-
er between the objects 10 and the strap loop 11, as illus-
trated in Figs 2i and 5.
[0045] The intended welding area on the first and sec-
ond strap sections 7a, 7b is with advantage preheated
by means of a laser beam emitted from the laser welding
head 22 of the welding device 21 before the formation of
the welded joint 8. The welding area is preferably pre-
heated to such a temperature that possible layers of paint
and/or wax on the first and second strap sections 7a, 7b
are removed by vaporization at the intended welding ar-
ea. The pre-heating temperature is preferably also so
adapted that the metallic material of the first and second
strap sections 7a, 7b is subjected to metallurgical chang-
es which result in improved welding conditions.
[0046] The welding area on the first and second strap
sections 7a, 7b is with advantage also postheated by
means of a laser beam emitted from the laser welding
head 22 of the welding device 21 after the formation of
the welded joint 8, wherein the post-heating temperature
is so adapted that the metallic material of the first and
second strap sections 7a, 7b is subjected to metallurgical
changes which influence the strength of the welded joint
8 in a favourable manner.
[0047] In order to make sure that the laser beam will
heat the welding area without cutting into the strap 3 in
connection with the pre-heating and post-heating, the fo-
cal point of the laser beam is adjusted, for instance by
means of the above-mentioned focusing optics of the op-
tical connector 41, in such a manner that the laser beam
is out of focus when hitting the second strap section 7b
during the pre-heating step and the post-heating step.
The pre-heating and post-heating laser beam is directed
onto an outer surface of the second strap section 7b,
wherein heat energy is transmitted from the second strap
section 7b to the first strap section 7a by thermal con-
duction.
[0048] The invention is of course not in any way re-
stricted to the embodiments described above. On the
contrary, many possibilities to modifications thereof will
be apparent to a person with ordinary skill in the art with-
out departing from the basic idea of the invention such
as defined in the appended claims. The strapping ma-
chine according to the present invention may for instance
be design for co-operation with a compacting machine
in order to strap a coil of wire compacted by the com-
pacting machine. In the latter case, several strapping
units are mounted to the compacting machine and used
simultaneously in order to apply strap loops at different
positions around the compacted coil of wire, wherein

each strap loop extends along the inside of the coil
through a central axial opening therein and along the
outside of the coil.

Claims

1. A strapping machine for securing a piece (3a) of met-
al strap in a loop (11) around one or more objects,
the strapping machine (1) comprising:

- a strapping unit (20) provided with:

 a welding device (21) for forming a weld-
ed joint (8) between a first strap section (7a)
at a leading end of a piece (3a) of metal
strap arranged in a loop around one or more
objects (10) to be strapped and an overlap-
ping second strap section (7b) at a trailing
end of said strap piece (3a) to thereby se-
cure this strap piece (3a) in a loop around
said one or more objects (10), and

 a support member (24) for supporting
said overlapping first and second strap sec-
tions (7a, 7b) during the formation of the
welded joint (8); and

- a feeding device (5) for feeding the strap (3)
through the strapping unit (20), in a loop around
an object receiving space (4) configured for re-
ceiving one or more objects (10) to be strapped
and then back into the strapping unit (20) and
subsequently retracting the strap (3) to draw it
tightly around one or more objects (10) received
in the object receiving space (4);

characterized in:

- that a recess (25) is provided in an upper sup-
port surface (26) on the support member (24);
- that the strapping unit (20) comprises a press-
ing element (27), which has a shape adapted to
the shape of the recess (25) in the support mem-
ber (24) so as to allow the pressing element (27)
to be received in this recess (25); and
- that the strapping unit (20) comprises an ac-
tuating device (29) which is configured to move
the pressing element (27) and the support mem-
ber (24) in relation to each other between a first
mutual position, in which the pressing element
(27) is positioned at a distance from the recess
(25) in the support member (24), and a second
mutual position, in which the pressing element
(27) is received in said recess (25), wherein the
pressing element (27) and the support member
(24) are configured to form a permanent bulge
(30) on the first strap section (7a) at a position
between the leading end (12) of said strap piece
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(3a) and said welded joint (8) by a press forming
action between the pressing element (27) and
the support member (24) when the pressing el-
ement (27) and the support member (24) are
moved in relation to each other by the actuating
device (29) from said first mutual position to said
second mutual position with a part of the first
strap section (7a) received in the space between
the pressing element (27) and the support mem-
ber (24).

2. A strapping machine according to claim 1, charac-
terized in that the pressing element (27) has an up-
per surface (28) which is flush or at least essentially
flush with the upper support surface (26) on the sup-
port member (24) when the pressing element (27) is
received in said recess (25).

3. A strapping machine according to claim 1 or 2, char-
acterized in that the actuating device (29) is con-
figured to achieve said relative movement between
the pressing element (27) and the support member
(24) by moving the pressing element (27) in relation
to the support member (24).

4. A strapping machine according to claim 1 or 2, char-
acterized in that the actuating device (29) is con-
figured to achieve said relative movement between
the pressing element (27) and the support member
(24) by moving the support member (24) in relation
to the pressing element (27).

5. A strapping machine according to any of claims 1-4,
characterized in that the recess (25) has a depth
(d) of at least 5 mm, preferably at least 6 mm.

6. A strapping machine according to any of claims 1-5,
characterized in that the strapping machine (1)
comprises a squeezing device (34) for squeezing
the second strap section (7b) against the first strap
section (7a), wherein the squeezing device (34) is
configured to keep the second strap section (7b)
squeezed against the first strap section (7a) during
the moment when the welded joint (8) between the
first and second strap sections (7a, 7b) is formed by
the welding device (21).

7. A strapping machine according to any of claims 1-6,
characterized in that the welding device (21) is a
laser welding device.

8. A strapping machine according to claim 7 in combi-
nation with claim 6, characterized in:

- that the squeezing device (34) comprises a
squeezing member (35) which is configured to
co-operate with the support member (24),
wherein the first and second strap sections (7a,

7b) are receivable in a space between the
squeezing member (35) and the support mem-
ber (24) and wherein the squeezing member
(35) is moveable in relation to the support mem-
ber (24) between a retracted first position, in
which the squeezing member (35) is retracted
from the support member (24), and an advanced
second position, in which the squeezing mem-
ber (35) is pressed against the support member
(24) in order to squeeze together the first and
second strap sections (7a, 7b); and
- that the squeezing member (35) is provided
with a passage (37), through which a laser beam
(23) from a laser welding head (22) of the laser
welding device (21) may be directed towards an
area on the second strap section (7b) when the
squeezing member (35) is in said second posi-
tion and keeps the first and second strap sec-
tions (7a, 7b) squeezed together between the
squeezing member (35) and the support mem-
ber (24).

9. A method for securing a piece (3a) of metal strap in
a loop (11) around one or more objects, the method
comprising the steps of:

- feeding the strap (3) through a strapping unit
(20) of a strapping machine (1) and in a loop
around an object receiving space (4) of the
strapping machine, wherein the leading end (12)
of the strap is first fed over a support member
(24) and a pressing element (27) of the strapping
unit (20), thereafter in a loop around said object
receiving space (4) and then into a space be-
tween the pressing element (27) and a recess
(25) in an upper support surface (26) on the sup-
port member (24), the feeding of the strap being
stopped when the leading end (12) of the strap
has passed over said recess (25) from a first
end (25a) thereof to an opposite second end
(25b) thereof and has reached a final position
beyond said second end (25b) of the recess;
- pressing a part of a first strap section (7a) at
the leading end of the strap (3) into the recess
(25) in the support member (24) by effecting a
relative movement between the pressing ele-
ment (27) and the support member (24) and
thereby causing the pressing element (27) to be
received in said recess (25) and a permanent
bulge (30) to be formed on the first strap section
(7a) by a press forming action between the
pressing element (27) and the support member
(24);
- retracting the strap (3) to draw it tightly around
one or more objects (10) positioned in said ob-
ject receiving space (4), wherein a part (15) of
a second strap section (7b) at the trailing end of
the piece (3a) of strap fed in a loop around the
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object receiving space (4) is pressed, under the
effect of the tensional force in the strap (3), to-
wards the upper support surface (26) on the sup-
port member (24) and tightly against a part (16)
of the first strap section (7a) located between
said second end (25b) of the recess (25) in the
support member and the leading end (12) of the
strap to thereby clamp this part (16) of the first
strap section (7a) between the support member
(24) and the second strap section (7b); and
- forming, by means of a welding device (21)
included in the strapping unit (20), a welded joint
(8) between said first and second strap sections
(7a, 7b) to thereby secure said strap piece (3a)
in a loop (11) around said one or more objects.

10. A method according to claim 9, characterized in
that said relative movement between the pressing
element (27) and the support member (24) is effect-
ed by moving the pressing element (27) towards the
support member (24).

11. A method according to claim 9, characterized in
that said relative movement between the pressing
element (27) and the support member (24) is effect-
ed by moving the support member (24) towards the
pressing element (27).

12. A method according to any of claims 9-11, charac-
terized in:

- that the pressing element (27) is positioned in
the recess (25) in the support member (24) be-
fore the initial feeding of the leading end (12) of
the strap through the strapping unit (20) and
maintained in this recess (25) until the leading
end (12) of the strap has passed over the press-
ing element (27) and the upper support surface
(26) on the support member (24); and
- that a relative movement between the pressing
element (27) and the support member (24) is
thereafter effected in order to cause the pressing
element (27) to be positioned at a distance from
the recess (25) in the support member (24) to
thereby lift the strap (3) from the upper support
surface (26) on the support member (24) and
allow the leading end (12) of the strap to pass
into the space between the pressing element
(27) and the upper support surface (26) on the
support member (24) when the leading end of
the strap returns to the strapping unit (20) after
having passed around the object receiving
space (4).

13. A method according to claim 12, characterized in
that the last-mentioned relative movement between
the pressing element (27) and the support member
(24) is effected by moving the pressing element (27)

away from the support member (24).

14. A method according to claim 12, characterized in
that the last-mentioned relative movement between
the pressing element (27) and the support member
(24) is effected by moving the support member (24)
away from the pressing element (27).

15. A method according to any of claims 9-14, charac-
terized in that the distance (D) between the first end
(25a) of the recess (25) and the second end (25b)
of the recess (25) is at least 10 mm, preferably at
least 15 mm.
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