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(54) LASER WELDING GUN

(57) A hand maneuverable laser welding gun for join-
ing metal pieces with a weld of predetermined strength,
comprising a laser source, at least one arm provided with
an interior which forms a tunnel configured to guide the
laser light towards a welding zone to produce the weld,
a light trap located on the back side of the welding zone,
a light sensor coupled to the trap and operative to detect
light, which propagates through the welding zone and
output a signal upon detecting the light, and a controller

to adjust the power of the beam to produce the weld of
the predetermined strength. A welding gun can be
equipped with an elongated support column and an op-
tical head axially displaceable along the support column
as well as with a first arm mounted to the support column
along the path and movable with the head to a welding
position in which the arm presses against a front metal
piece for joining metal pieces spaced from one another.
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Description

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] The disclosure relates to the field of hand-maneuverable welding guns for producing a seam weld and particularly
to the hand-maneuverable welding gun provided with a fiber laser. Even more particular, the disclosure relates to the
hand-maneuverable fiber laser welding gun configured with a robust, lightweight configuration, improved laser beam
delivery system, effective welding debris-evacuating system and weld quality control system.

Prior Art

[0002] Welding is commonly employed as an assembly method for joining several metal parts or sheet materials
together into an assembly. Conventional welding methods are readily available and include, for example, arc and resistant
spot welding. Fairly recently laser welding has been developed and proved to have several advantages over more
conventional forms of welding. For example, the sharp focusing of the laser beam allows a concentration of energy
capable of providing faster welding with less heat being introduced into the surrounding portions of the parts.
[0003] Precision automated or manual laser welding can be performed on industrial laser components with a high
degree of accuracy, while eliminating the potential hazards of heat damage and thermal stress to complex manufacturing
materials. The known laser spot welding and laser seam welding guns include high precision assemblies, pressure-
sensitive hermetic assemblies, and other uniquely designed assemblies. Accordingly, the design of a laser welder is not
simple and offers a few structural challenges, as discussed below.
[0004] One of these challenges includes welding of workpieces having a complicated geometry. For example, body
panels of an automobile are transported to a welding station where a clamping system is imposed to hold the body
panels while the welding operations are performed. Due to the configuration of some of the parts to be welded, certain
clamping and welding apparatus cannot be utilized as space confines may limit the amount of space available for the
necessary maneuvering and the proper functioning of the clamping and welding apparatus. To maximize productivity
and efficiency, several different configurations of clamping and welding apparatus must be utilized within one welding
station depending on the configuration, speed and cost of the clamping and welding apparatus. Such an approach may
entail reduced efficiency and high costs.
[0005] A need therefore exists for a compact, lightweight, robust hand maneuverable laser welding gun having a
configuration substantially eliminating the necessity of having multiple guns.
[0006] A further challenge is associated with laser configurations that are typically used for welding: CO2 and Nd:YAG.
Both laser configurations operate in the infrared region of the electromagnetic radiation spectrum, invisible to the human
eye.
[0007] The Nd:YAG operates at a wavelength of about 1.06 microns. This wavelength is absorbed very well by con-
ductive materials, with a typical reflectance of about 20 to 30 percent for most metals. On the other hand, the far infrared
(10.6 micron) output wavelength of the CO2 laser has an initial reflectance of about 80 percent to 90 percent for most
metals but can easily supply 10,000 watts which is much greater than the highest output power of Nd:YAG lasers.
[0008] Both of the above-discussed laser types are characterized by a large physical size. For example, CO2 systems
can occupy an average room to achieve the high powers required. Another commonality between these laser types is
the low wall plug efficiency, i.e., low energy conversion efficiency from electrical power into optical power.
[0009] Another need, therefore, exists for a laser hand maneuverable welding gun with a laser configuration having
a compact and efficient structure.
[0010] Still another challenge that is presented by known robotically operated fiber laser welders relates to the impact
upon the protective window of an optical head by welding debris from the welding zone which are capable of critically
damaging the optics housed in the head. To cope with this problem, a pressurized jet of air is introduced into a light
guiding channel downstream from the laser head at high velocities and transversely to the longitudinal axis of the channel.
Since the jet is introduced at an angle to the light propagation, it is known as a cross-jet.
[0011] The cross-jet however is also associated with a few difficulties. First, because of high velocities, the cross-jet
forms vortexes within the channel. The vortexes, in turn, create a pressure gradient between the central channel zone
and the channel periphery. With a pressure lower in the central zone, the welding debris are accumulated along this
zone and damage the protective window with a relative ease. Still a further undesirable consequence of the cross-jet is
that the pressure gradient negatively affects the laser beam. Also, the cross-jet is accompanied by high noise levels.
[0012] A further need, therefore, exists for a laser head protective system that overcomes the above-discussed prob-
lems.
[0013] Still another challenge stems from the accumulation of welding debris around a welding zone and particularly
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in a supporting arm of known welding systems having a two-arm clamping structure. The debris accumulation is detri-
mental to the quality of a weld and further damages the welder’s arms.
[0014] As a result, another need exists for a laser-based hand-maneuverable welding gun configured with a system
for removing welding debris from the welding zone.
[0015] A further challenge is presented by the lack of control of the quality of the weld. However the weld quality is
one of, if not the most important parameter of a welding process.
[0016] Accordingly, a further need exists for a laser hand-maneuverable welding gun configured with a system for
automatically adjusting laser output based on the quality of the weld.

SUMMARY OF THE DISCLOSURE

[0017] Structurally, the disclosed hand-maneuverable laser welding gun is inserted within a large-size bearing and
suspended on an external guide by a combination of pulley assemblies. As a result, the welding gun is operable to rotate
about its longitudinal axis, linearly move towards the workpieces to be welded, rotate about a vertical axis, which extends
perpendicular to the longitudinal axis, and tilt about a pivoting axis extending transversely to both longitudinal and vertical
axes. The disclosed gun is configured with structural components and different combinations of these components that
address all of the above-discussed needs. Some of the features are briefly disclosed immediately below and, along with
others, are further discussed in detail in the specific description of the disclosure.
[0018] One of the features addressing the cross-jet problems includes the introduction into a light guiding channel a
pressurized stream of air. The pressurized stream is forced into the channel parallel to the longitudinal axis thereof.
Such a delivery technique, referred to hereinafter as "overjet", practically eliminates the pressure gradient between
central and peripheral zones. As a result, small particles or debris flowing towards the protective window of the optical
head are effectively turned back by the first stream which increases the life time of the protective window and does not
affect the beam quality. Furthermore, high-level noise associated with the cross-jet structure is considerably reduced
by using the disclosed overjet configuration.
[0019] According to another feature, in addition to the overjet, the tunnel is traversed by a second stream of air removing
relatively large welding debris and flowing parallel to the overjet. A pump creating a negative pressure within the tunnel
guides a great volume of ambient air at a slow speed into the upstream end of the tunnel parallel to the overjet. Since
the outlet evacuating both streams from the tunnel is located close to the welding zone, the streams carry out differently
sized welding debris through the outlet.
[0020] Another feature includes a high power fiber laser source emitting a laser beam guided to the gun. An optical
head with a beam focusing optics, which is protected by an output protective window, is mounted to the gun and receives
the laser beam which is further focused on the workpieces to be welded. Preferably, the fiber laser is utilized to output
a kW-level multimode beam with a beam spot of about 500 microns. Alternatively, if necessary, a laser source may be
configured to emit the beam in a substantially single mode.
[0021] In accordance with another feature, the gun is configured with a central support column extending along the
longitudinal axis of the gun. Various assemblies are mounted to the support column so as to define a kinematically
closed circuit in which the column receives the loads generated by these assemblies. In contrast to the known prior art,
the disclosed configuration has a limited number of intermediary components between the load generated assemblies
and the support. Accordingly, the disclosed gun is configured with a lightweight rigid structure.
[0022] According to another feature, one the assemblies coupled to the support includes a clamping system operative
to clamp and hold the workpieces to be welded. The clamping system may have a one-arm configuration or a two-arm
configuration in which one of the arms can be operatively decoupled from the support column.
[0023] Common to both configurations is a displaceable arm actuated to slide along a guide rail which is also mounted
to the support column. The one arm configuration may be used when the clamping of two or more workpieces is not
necessary which happens when an external holding means support the workpieces together.
[0024] Still another feature relates to the disclosed above two-arm configuration in which a stationary L-shaped arm
is provided with an inner channel in which a negative pressure may be created to remove welding debris accumulated
during the welding operation. Alternatively or in addition to vacuuming the channel, the lower arm may have a removable
bottom allowing the operator to manually clean the accumulated debris.
[0025] In accordance with a further feature, the stationary arm is further provided with a photodetector operative to
detect light leaking through the weld. Depending on the detected power of the laser emission propagating through the
weld, its quality is determined and, if necessary, the laser output power is adjusted.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other features of the disclosed device will become more readily apparent from the following
specific description accompanied by the drawings, in which:
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FIG. 1 is a general representation of a typical lay-out of a hand maneuverable laser welding gun;
FIGs. 2 and 3 schematically show respective assemblies for displacing the disclosed laser gun in different planes.
FIG. 4A is an axonometric view of the fully assembled disclosed gun;
FIGs. 4B is an axonometric view of the disclosed gun without a housing assembly;
FIG. 4C is one side view of the disclosed gun of FIGs. 4A - 4B shown with a displaceable gripping arm which is
withdrawn from a welding zone to the initial, home position;
FIG. 4D is another side view of the disclosed gun of FIGs. 4A - 4B shown with both gripping arms which are brought
together in a gripping welding position;
FIG. 4E is a top view of the disclosed gun of FIGs. 4A - 4C;
FIG. 5A is diagrammatic side view of the disclosed gun;
FIG. 5B is a diagrammatic view of the closed kinematic scheme of the disclosed gun;
FIG. 6A is an elevated side view of the displaceable arm;
FIG. 6B is a view of the gun with the assembled displaceable arm of FIG. 6A;
FIG. 6C is a top view of the arm of FIG. 6A;
FIG. 7A is a view of the displaceable arm of FIG. 6A provided with a safety mechanism operable to monitor the
desired contact between the arm and the front workpiece and indicate the structural integrity of the arm itself.
FIG. 7B is an electrical circuitry illustrating the operation of the safety mechanism.
FIGs. 7C - 7D are respective orthogonal and side views of the pressure end piece.
FIG. 8 is an axonometric view of the stationary arm of the disclosed gun.
FIG. 9 is a simplified block diagram illustrating the operational principle of the automatic seam disclosed gun.
FIG. 10 is a flow chart illustrating the principle of operation of the disclosed hand-maneuverable laser gun.

SPECIFIC DESCRIPTION

[0027] Reference will now be made in detail to several embodiments of the disclosure that are illustrated in the
accompanying drawings. Wherever possible, same or similar reference numerals are used in the drawings and the
description to refer to the same or like parts or steps. The drawings are in simplified form and are not to precise scale.
[0028] FIG. 1 illustrates a general principle of operation of the disclosed hand-maneuverable laser gun system 10.
The disclosed welding gun 12 is suspended on an external guide 14 by means of a gun support 20 so as to slide along
an external guide in response to a force applied by the operator. Alternatively, gun support 20 may be suspended on a
movable external structure delivering the gun to the desired location.
[0029] A laser system 16 is placed in any convenient location nd is configured to output a high power beam, which
may reach kW levels, preferably in substantially a single mode. While a high power fiber laser is preferred for reasons
including high efficiency, small dimensions and high powers, laser 16 may have other, traditional configurations. A
delivery fiber guides a laser beam from laser 16 to gun 12. At least part of the fiber, which goes through gun 12 to an
optical laser head, is protected by a sleeve 18.
[0030] Referring to FIG. 2, welding gun 12 may be easily maneuvered by the operator in different planes. For example,
gun 12 is capable of pivoting about axis B, which extends perpendicular to a longitudinal axis A-A of gun 12, in opposite
directions as indicated by double arrow 26. The pivoting is realized by a mechanism, such as a pulley 22, coupled to
gun support 20.
[0031] FIG. 3 illustrates a mechanism providing gun 12 with a rotational motion about its longitudinal axis A-A. The
mechanism can have different configurations including, for example, a bearing 24. The bearing 24 is suspended on gun
support 20 and surrounds the mid-section of gun 12 so that the entire gun rotates in response to a torque applied by
the operator.
[0032] FIGs. 4A - 4E illustrate disclosed hand-maneuverable gun 12 in more detail. Referring particularly to FIG. 4A,
gun 12 is configured with a housing assembly including proximal and distal housings 28 and 30, respectively. The
housings can be easily disassembled and, when assembled as shown, flank bearing 24 in a manner completely isolating
the operator from displaceable inner components, as discussed below.
[0033] The rear side 32 of proximal housing 28 is configured as a control panel supporting a lever 34 with a start/end
welding button 35, a control electronics housing 36, a plurality of connectors coupling laser welding gun 12 to respective
outside supply sources and an interface for manual introduction of the desired parameters. In particular, a connector 38
receives sleeve 18 surrounding the fiber and made from material which protects the fiber from external mechanical
loads. A connector 40 engages a pipe guiding a gaseous medium under high pressure into gun 12 from an external
source. The connectors 42 are structured to receive respective tubes carrying cooling medium in and out of the gun.
Still another connector receives an electrical power cable. The control panel is ergonomically configured to facilitate the
operator to maneuver gun 12 in such a way that none of the cables and tubes interferes with the operator’s work.
[0034] During welding, the operator engages lever 34 with one hand while holding the other hand on one of handles
44 which are mounted to bearing assembly 24. The latter has a cut-out 25 configured to couple gun 12 to gun support
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20 (FIG. 2). The distal housing 30 encloses all movable parts which cannot be easily accessed by the operator. Two
gripping arms - displaceable arm 46 and stationary arm 48 - complete the exterior of gun 12.
[0035] FIG. 4B illustrates the interior of hand-maneuverable laser gun 12 in a closed arm position in which arm 46 is
displaced next to stationary arm 48. The configuration of gun 12 is based on main support column 50 made from
lightweight metal profiles that may have, for example, a hollow interior. The column 50 extends substantially over the
entire length of gun 12 parallel to longitudinal axis A-A. The configuration of gun 12 allows column 50 to receive all of
the loads generated by the gun’s movable parts which are coupled to this column. Such a load distribution defines a
closed kinematic loop in which the generated loads are closed in on the column.
[0036] The opposite elongated sides of column 50 are provided with one broad rail or a pair of separate guiding rails
52 bridged by a support plate 54 which slides along axis AA and moves arm 46 among a plurality of predetermined arm
positions, as will be discussed below.
[0037] Referring briefly to FIG. 5A in combination with FIGs. 4, plate 54 moves linearly along the light propagating
path in response to a force generated by an electromechanical actuator which may include a motor 56 and transmission
58. Various configurations of motors and transmissions, such as belt transmissions 58 (FIG. 4B), can be used, and both
components are mounted on linearly moveable plate 54. As diagrammatically shown, transmission 58 includes a piston
applying a linear force to plate 54 which, in response, slides along column 50 by means of linear bearing 60 mounted
on rail 52 between open and closed positions of displaceable arm 46 (FIG. 4C and FIG. 4D, respectively). The plate 54
is part of a frame further including, among others, a pair of spaced sides 62, which preferably are configured with a
triangular cross-section.
[0038] Returning to FIG. 4B, the upstream side of support plate 54 supports not only the electromechanical means,
but also an optical head 62 receiving the beam delivery fiber in protective sleeve 18 by means of a connector 64. The
sleeve has slack portions that tighten up as plate 54 moves toward the welding zone. With abeam spot of laser emission,
delivered into laser head 62, of about 500 micron, the head 62 may be configured, for example, with an about 300 mm
focal length which removes the protective window at the output of the head from the welding zone at a distance greater
than that of the known prior art.
[0039] The wobbling mechanism 66 for producing a sinusoidal weld and a linear motor for providing the weld with the
desired length are also mounted on plate 54 along with the optical head and electromechanical actuator.
[0040] The opposite, downstream side of plate 54 supports displaceable arm 46 terminating with a pressure end piece
68 which is detachably mounted to the downstream of the arm. The pressure end piece 68 is structured to press against
one of the workpieces to be welded and surround a laser beam such that no emission is escaped outside from the interior
of the end piece. Such a feature qualifies the disclosed gun as a Class 1 laser - the safest under all conditions in the
normal use. The plate 54 along with arm 46 move along multiple predetermined positions discussed immediately below.
[0041] Referring to FIGs. 5A and 5B, displaceable arm 46 is initially located in home position 71 (FIG. 5B) at a large
distance from the welding zone. The operator initiates the arm displacement by pressing start button 35 (FIGs. 4B and
4E). The arm 46 is initially displaced at a first linear speed to an open position 73 and stops there at a small distance
from the workpiece. The displacement of arm 46 to the position 73 is monitored and, if any object is sensed along the
way, the arm is stopped, until the object is removed. The arm 46 is further displaced to a closed position 75 at a second
speed lower than the first speed and stops a predetermined distance from the workpiece which is a function of the piece’s
thickness. Finally, the arm is displaced to a welding/gripping position 77 in which it presses against the piece with the
desired pressure.
[0042] Referring to FIGs. 6A - 6C, displaceable arm 46 is configured to be a multifunctional component: in addition to
a gripping function, the interior of this arm serves as the guide for the laser beam and fluid flow. One of the streams of
the gaseous medium is formed to prevent or at least substantially minimize exposure of the protective glass window,
which is mounted to the output end of optical head 62 (FIG. 6A), from sparks and small particles or debris scattered
from the welding zone in a direction counter to the light propagation direction. The other air stream, travelling parallel to
the first stream at a pressure lower than that of the pressurized stream, deals with larger particles.
[0043] Turning specifically to FIGs. 6A and 6B, arm 46 is structured with a hollow elongated interior which defines a
tunnel 75 extending along longitudinal axis A-A of the gun between input and output ends of arm 46. The arm includes
a housing 82 (FIG. 6B) capped by a flange 71 which removably couples arm 46 to support plate 54 (FIG. 6B). The
housing structure may be monolithic or assembled from multiple components. For example, housing 82, as shown,
includes a generally frustoconical two-part structure tapering towards a welding zone.
[0044] The flange 71, as shown in FIG. 6B, is recessed at input end 72 thereof and configured with a multi-step
peripheral wall terminating with an axially extending shoulder 74 which overlaps the upstream end (along the light and
air path) of housing 82. A short T-shaped tube 84 is received in the recessed end of flange 71 and extends inwards so
that it axially overlaps the upstream end of housing 82 and is spaced radially inwards from this end.
[0045] The relative position of the above-discussed housing, flange and tube defines a first relatively large annular
space 88 and a relatively narrow axially extending passage 90 which opens into annular space 88 by one of its ends
and into the interior of housing 82 by the other end.
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[0046] The annular space 88 receives a jet of pressurized gaseous medium, such as air, through radially extending
inlet 85 (FIG. 6A). As the pressurized air jet fills up space 88, it bleeds through axial passage 90 (FIG. 6B) into the interior
or tunnel 75 of housing 82 parallel to axis A-A (FIG. 6A). As the pressurized air flows through the tunnel, its pressure
falls practically to the atmospheric pressure. The axial delivery and further flow of initially pressurized air stream along
the tunnel is referred to hereinafter as an "overjet." The overjet effectively prevents small welding debris from damaging
the protective glass window of optical head 62 (FIG. 4B), which dramatically increases the life time of the laser head.
[0047] Referring to FIGs. 6B and 4B-4E, the configuration of displaceable arm 46 allows creating a negative pressure
in the tunnel for removing, in addition to small particles, large particles also originated in the welding zone. Such pressure
can be created by using an air inlet 94 provided anywhere along the upstream region of housing 82 or even using the
optical head as an air guide. This second air stream enters the tunnel, as mentioned above, at a pressure lower than
that of the first stream of pressurized air and hence at low velocity. Preferably, the second stream is under the atmospheric
pressure. In the end, the pressure of the second stream is so selected that air vortexes, which are typical for a pressurized
cross-jet entering the tunnel at a high speed in the known devices, are eliminated.
[0048] A suction outlet 96, better seen in FIGs. 4C - 4E, opens into the tunnel within housing 82 close to pressure end
piece 68 (FIG. 4C) and is in fluid communication with an external negative pressure generating source 100 through a
hose 98 which creates a pressure gradient between upstream and downstream ends of tunnel 75. The second air stream
under the atmospheric pressure is sucked into tunnel 75 in a volume substantially exceeding the air volume of the overjet
within the tunnel. Both air streams are axially unidirectional and under substantially the same, relatively low pressure
along a larger stretch of the air path along the tunnel. The overjet, slow speed and large volume of second air stream
and uniform direction of both streams, in combination, practically eliminate the interference between the air streams,
provide effective evacuation of small and large welding debris and do not affect the quality of the laser beam traversing
the tunnel.
[0049] Referring to FIGs. 7A and 7B in addition to FIG. 5B, pressure end piece 68 of displaceable arm 46 is provided
with a safety mechanism 105 operable to monitor the desired contact between the arm and front workpiece. The mech-
anism 105 is also configured to control the structural integrity of pressure end piece 68.
[0050] In particular, mechanism 105 includes two pre-stressed axially displaceable contacts 107 extending along
respective sides of pressure piece 68. In the initial prestressed condition, both contact 107 extend beyond the edge 113
(FIG. 7A) of pressure end piece 68 at a predetermined distance. If the front workpiece and arm 46 are correctly positioned,
both contacts 107 touch the surface of the workpiece. If, however, the position is not correct, at least one of contacts
107 does not press against the workpiece, laser 16 (FIG. 1) cannot be fired, as explained below.
[0051] The electrical circuitry on FIG. 7B includes three components: side contacts 107 and a wire 111 which are
electrically connected to one another in series. If at least one of these components does not generate a signal received
by microcontroller 125, the circuitry remains open and the controller does not output a control signal to a power source
of laser 16, which thus remains inactivated.
[0052] The wire 111 is mounted at a short distance from edge 113 (FIG. 7A) of end piece 68 to a closed groove running
around the perimeter of end piece 68. If end piece 68 damaged so that wire 111 comes in direct contact with the surface
of the front workpiece, the wire easily breaks up and the laser source is not turned on.
[0053] Referring to FIGs. 7C-7D, pressure end pieces 68 each coupled to the arms and has a contact surface which
abuts the workpiece to be treated. To prevent excessive wear of the contact surface 103, a plate 101 of material, which
has hardness greater than that of the rest of the end piece, is coupled to the contact surface 103. The plate 101 may
be welded to surface 103. Alternatively, as shown in figures, plate 101 is detachably coupled to surface 103 by fasteners
105.
[0054] If plate 101 is coupled by fasteners 105, its inner surface is grooved to accommodate wire 111. In case of
welding, a tube is placed between the surface 103 and plate 101 before these parts are welded. The wire 111 is then
pulled through the tube. The addition of plate 101 not only increases the useful life of the end piece. It also facilitates
both the assembly of the disclosed device and its maintenance.
[0055] Referring to FIGs. 8 and 4B, stationary L-shaped arm 48 has a component 106, which extends parallel to
longitudinal axis A-A’ of gun 10 when arm 48 is mounted to support column 50, while a component 102 extends per-
pendicular to the same axis. The component 106 is removably mounted to support column 50 (FIG. 4B) by any suitable
type of fasteners 104 (FIG. 7). Accordingly, gun 12 can be used with single, displaceable arm 46.
[0056] During welding, debris may penetrate into the interior of arm’s component 102 through bottomless pressure
end piece 68 and, if not removed, the accumulated debris can damage this component and generally negatively affect
the quality of a weld. To prevent the accumulation, the hollow interior of component 102 is in fluid communication with
an outside pump. The latter may be pump 100 (FIG. 4C) or a different pump operative to create a pressure gradient
sufficient for the removal of the debris through a hose 110 which is received by a connector 108. In addition to the
pressure-evacuating technique, the bottom of component 102 can be detached for further removal of the accumulated
debris.
[0057] Referring to FIG. 9 in addition to FIG. 8, the output power of laser 16 (FIG. 1) is continuously controlled while
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the workpieces are being welded. As optical head 62 (FIG. 4B) moves along a predetermined length while wobbling at
a predetermined frequency, a laser beam melts overlaid sheets so as to create a passage which extends through front
and rear workpieces. As the beam moves further, molten metal flows back closing up the passage, but not before the
passage is traversed by the laser beam. The measured intensity of the penetrated laser beam is indicative of the quality
of the weld. If the measured intensity is higher than a reference value, as explained hereinbelow, the passage is too
large and the output power of the laser is reduced. Conversely, if the measured intensity is lower than the reference
value, the output laser power is increased.
[0058] In a particular realization of FIG. 9, a photodetector 112 is mounted in a through-going nest 114 (FIG. 8) which
is provided in component 102 of stationary arm 48. The detector 112 senses the radiation, which in the shown configuration
is reflected from the bottom of component 102, and generates a signal augmented in an amplifier 116. The reflected
light may have higher or lower intensity with the high intensity corresponding to light peaks. Upon being converted in an
analog-to-digital converter 118, the average (Vav) and peak (Vpeak) powers of the signal are determined in micro-
controller 125. The controller can be of a type of integrated circuit known as field programmable gate array (FPGA)
which can perform a variety of functions, including, for example integrator and peak detector functions 120, and has a
lightweight structure. The analyzer 122 processes the determined powers and outputs a control signal corresponding
to a Vav to Vpeak ratio. The latter is fed back to a laser power source 126 if the ratio is either smaller or greater than a
reference value. In response, the laser beam power may be either increased or decreased so as to have the desired
seam. The above-disclosed power control feature may be easily realized by a different configuration. Instead of the
stationary arm, any light trap configuration, provided on the back of the welding zone and, optionally, having its interior
isolated from ambient light, can be used in combination with a photodetector. Accordingly, laser 16, integrated in the
disclosed single-arm configuration, can be also controlled in accordance with the above-disclosed technique. Further-
more, instead of sensing reflected light, sensor 112 can be positioned to directly detect the incident light.
[0059] FIG. 10 illustrates the operation of disclosed gun 12. It is worth noting that all controllers incorporated in a
controlling scheme of gun 12 are based on the FPGA platform which considerably decreases the overall weight of gun
12 compared to somewhat similarly configured guns which are based on a programmable logical controller (PLC) platform.
[0060] In response to pressing on-button 35 (FIG. 4A), the external source of pressurized medium starts operating to
provide the overjet within tunnel 75 (FIGs. 6A, 6B) as shown at 120. Simultaneously with or subsequent to the overjet,
motor 56 (FIGs. 4B and 5) is actuated until the desired pressure upon the workpiece, weld length and wobbling frequency
are set, as shown at 122 and 124, respectively. Provided all of the above disclosed steps are completed, motor 56 starts
displacing arm 46 from the home position to the open position (FIG. 5B) as illustrated by numeral 126. As arm 46 moves
toward the open positions at a relatively high speed, the presence of any obstacles along the path is continuously
controlled at 128. A further displacement of arm 46 to the closed position at 130 is provided at a relatively slow speed.
Finally, arm 46 is displaced to the welding position so as to provide the desired pressure on the workpiece at 132.
[0061] In the welding position, the contact between end pressure piece 68 and the surface of the workpiece is verified
as shown at 134. Either after the contact control or somewhere before, pump 10 (FIG. 4D) is actuated to create a pressure
gradient evacuating all air streams along with welding debris. Only after all of the above, the laser outputs a beam and
a welding operation begins, as indicated by 136. During the welding operation, the quality of the seam is controlled, as
disclosed above and indicated here by 138. If necessary the beam’s power is adjusted at 140. Once the process is over
at 150, all pumps and laser source are turned off which considerably conserves the energy consumption and helps
characterize the disclosed gun as an energy saving technology.
[0062] The disclosed gun may be configured with the following parameters which are given as an example.

Table

Weight 35 kg

Adjustable Clamping Force (Z-hub) 0.6-3.0 kN

Opening Width C-gun 130 mm

Welding Seam Length max. 40 mm

Wobble Amplitude (Wobble) 61 mm

Frequency (Wobble Frequency) 3-25 Hz

Welding Speed max. 80 mm/s

Focal Length 250 or 300 mm

Compressed Air Consumption 250 l/min at 5 bar
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2.0 Technical Specifications: Laser/ Controller

[0063]

[0064] Although shown and disclosed is what is believed to be the most practical and preferred embodiments, it is
apparent that departures from the disclosed configurations and methods will suggest themselves to those skilled in the
art and may be used without departing from the spirit and scope of the invention. Accordingly, the present invention is
not restricted to the particular constructions described and illustrated in regard to, for example, fiber lasers, but should
be construed to cohere with all modifications that may fall within the scope of the appended claims.

Claims

1. A method for welding a plurality of overlaid workpieces together with a weld of predetermined strength, the method
comprising
outputting a laser beam with a power sufficient to form a weld within the welding zone;
sensing light propagating through the welding zone to the backside thereof;
generating a signal in response to the sensed light;
comparing the signal to a reference; and
increasing or decreasing the power of a laser source (16, 126) so that the weld of predetermined strength is created.

2. A hand maneuverable laser welding gun (12) for joining one or more metal pieces with a weld of predetermined
strength, comprising:

a laser source (16, 126) emitting a beam of light;
at least one arm (46, 48) provided with an interior which forms a tunnel (75) configured to guide the light towards
a welding zone so as to produce the weld joining the workpieces;
a light trap located on the back side of the welding zone;
a light sensor coupled to the trap and operative to detect light, which propagates through the welding zone, and
output a signal upon detecting the light; and
a controller (125) operable to:

receive and compare the detected light to a reference, and
output a control signal coupled into the laser source (16, 126) so as to adjust the power of the beam to
produce the weld of the predetermined strength.

3. A welding gun (12) for joining two or more metal pieces spaced from one another at a predetermined distance,
comprising:

an elongated support column (50) extending along a longitudinal axis (A-A);
an optical head (62) axially displaceable along the support column (50) and provided with optics which are
configured to focus a laser beam along a path to a welding zone,
a first arm (46) mounted to the support column (50) along the path and movable with the head (62) to a welding
position in which the arm (46) presses against a front metal piece in the front of the emission zone with a
predetermined force so as to prevent laser emission from escaping outside the welding zone during welding
and preserve the predetermined distance between the pieces,
a laser emission trap juxtaposed with a rear metal piece on the back of the welding zone and having an interior,
the interior being configured to receive light emission, which propagates through the welding zone, and prevent

Operation Mode CW, modulated
Wavelength 1070 nm
Nominal Output Power max. 4 kW
Spot Size 0.5 mm
Power Consumption 12 kW (without chiller)

Dimensions Controller L x B x H 806 x 856 x 1508 mm
Weight 400 kg
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exiting the received emission outside the trap;
a sensor coupled to the trap and operative to detect the emission within the interior; and
a controller (125) operative to match a signal from the sensor with a reference and output a control signal to
adjust the force so as to maintain the predetermine distance between the metal pieces.

4. A welding gun (12) for joining two or more metal pieces with a weld of predetermined strength, comprising:

an elongated support column (50) extending along a longitudinal axis (A-A);
an optical head (62) axially displaceable along the support column (50) and provided with optics which are
configured to focus a laser beam along a path to a welding zone,
a first arm (46) mounted to the support column (50) along the path and movable with the head (62) to a welding
position in which the arm (46) presses against a front metal piece in the front of the emission zone with a
predetermined force so as to prevent laser emission from escaping outside the welding zone during welding,
a laser emission trap juxtaposed with a rear metal piece on the back of the welding zone and having an interior,
the interior being configured to receive light emission, which propagates through the welding zone, and prevent
exiting the received emission outside the trap;
a sensor coupled to the trap and operative to detect the emission within the interior; and
a controller operative to receive and match a signal from the sensor with a reference, the controller outputting
a control signal to adjust a power of the emission.

5. A hand maneuverable laser welding gun (12) for joining two or more overlaid metal pieces, comprising:

an elongated support column (50) extending along a longitudinal axis (A-A);
an optical head (62) axially displaceable along the support column (50) and provided with optics which are
configured to focus a laser beam along a path through a protective window of the optical head (62) on a welding
zone ,
a first arm (46) mounted to the support column (50) along the path downstream from the protective window and
coupled to the optical head (62) to axially move between a home position and a welding position in which the
arm (46) presses against one of the metal pieces so as to enclose the welding zone to prevent laser emission
from escaping outside the welding zone during welding,
characterized in that
the first arm (46) being structured with an inner peripheral surface which defines an elongated tunnel (75)
configured with open upstream and downstream ends, the tunnel (75) being configured to be axially traversed by:

the laser beam,
a first axially flowing stream of pressurized gaseous medium, and
a second axially flowing stream of gaseous medium at a second pressure lower than that of the first stream,
the second pressure being selected to prevent formation of air vortexes; and

a first vacuum source (100) in fluid communication with the downstream end of the tunnel (75) and operable to
extract the first and second streams from the tunnel (75) upon generating a pressure gradient between the
upstream and downstream ends of the tunnel (75) so that welding debris within the tunnel (75) exit the down-
stream end of the tunnel with the first and second streams.

6. The laser welding gun (12) of claim 5 further comprising

a second stationary arm (48) detachably coupled to the support column (50), and
first and second material supporting pressure ends aligned to one another and detachably mounted to respective
first and second arms (46, 48), the pressure ends pressing against respective metal pieces to be welded with
a predetermined force during a welding operation with the laser beam.

7. The laser welding gun (12) of claim 6, wherein the stationary arm (48) is configured with first and second components
(106, 102) which are coupled together to define an L-shape, the first component (106) of the stationary arm (48)
being provided with a fastening unit (104) configured to detachably couple the stationary arm (48) to the column
(50) so that the first components (106) extends parallel to the longitudinal axis (A-A).

8. The laser welding gun (12) of claim 7, wherein the second component (102) of the stationary arm (48) extends
perpendicular to the longitudinal axis (A-A) in a mounted position of the stationary arm (48), the second component
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(102) being configured with an inner surface defining a hollow interior.

9. The laser welding gun (12) of claim 8 further comprising a vacuum unit (100) in fluid communication with a free end
of the second component (102) of the stationary arm (48), the vacuum unit (102) being operable to create a pressure
differential within the interior sufficient to remove the welding debris therefrom
and/or
further comprising a photodetector (112) removably nested in the second component (102) of the stationary arm
(48) and configured to detect the light beam propagating through the pieces to be welded, wherein an intensity of
the reflected light is matched to a reference value so that if the measured intensity does not match the value, a
power of the laser beam is adjusted and a quality of the seam is improved
and/or
wherein the stationary arm (48) is configured with a detachable bottom receiving welding debris which are removed
therefrom upon displacing the bottom.

10. The laser welding gun (12) of claim 5 further comprising a support plate (54) displaceably mounted to and extending
in a plane perpendicular to the longitudinal axis (A-A), the optical head (62) and first arm (46) being mounted to the
support plate (54) and extending in opposite axial directions therefrom
and/or
wherein the first arm (46) is configured with:

a housing (82) providing with the peripheral surface and having a frustoconical shape tapering towards the
downstream end;
a recessed flange (71) configured with a peripheral wall narrowing towards the downstream end and axially
overlapping an upstream region of the housing (82); and
a T-shaped tube (84) received in a recess of the flange (71) and extending axially into the housing (82) to overlap
the upstream end thereof so as to define a large annular space with the flange (71) and a narrow axial passage
with the housing, the annular space and passage being in fluid communication so that the first stream of gaseous
medium enters the space and further axially flows through the passage into the tunnel (75) towards the down-
stream end of the housing (82).

11. The laser welding gun (12) of claim 5 further comprising a support plate (54) displaceably mounted to and extending
in a plane perpendicular to the longitudinal axis (A-A), the optical head (62) and first arm (46) being mounted to the
support plate (54) and extending in opposite axial directions therefrom and further comprising:

a first actuator (56, 58) operable to displace the support plate (54) along the column (50);
a second actuator operable to provide a seam with the desired length; and
a third actuator (66) operative to provide the seam with a sinusoid shape, the actuators being movably coupled
to the support plate (54).

12. The laser welding gun (12) of claim 11, wherein the first actuator (56, 58) is operative to linearly displace the support
plate among a plurality of spaced sequential positions including:

a home position (71) in which the displaceable arm (46) is spaced from the welding zone at a first distance,
an open position (73) in which the displaceable arm (46) is spaced from the welding zone at a second distance
smaller than the first distance;
a closed position (75) with the displaceable arm (46) located between the open position and the welding zone, and
a gripping position (77) in which the displaceable arm (46) presses against the workpiece with a desired force.

13. The laser welding gun (12) of claim 12, wherein the first actuator (56, 58) is operable to displace the support plate
(54) between the home and open positions (71, 73) at a linear speed higher than a linear speed of the support plate
(54) between the open and closed positions (73, 75).

14. The laser welding gun (12) of claim 5 further comprising a fiber laser (16) emitting the laser beam having up to a
kW-level power
and/or
further comprising a suspension system (20) coupling a housing of the gun (12) to an external guide (14) and
configured so that the gun is operable to:
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rotate about the longitudinal axis (A-A),
rotate about a vertical axis extending transversely to the longitudinal axis (A-A),
tilt about a pivot axis extending transversely to the longitudinal and vertical axes, and
move linearly towards and away from the workpieces to be welded.

15. A method of welding two or more metal pieces by laser hand-maneuverable gun (12) according to one of the above
claims having a displaceable arm (46), comprising:

guiding a laser (16) emission through a tunnel (75) defined by an inner surface of the arm (46);
guiding a first stream of pressurized gaseous medium through the tunnel (75), the first arm (46) being displaceably
mounted to a support column (50) of the gun;
generating a pressure gradient between upstream and downstream ends of the tunnel;
simultaneously with generating the pressure gradient, introducing a second stream of gaseous medium into the
tunnel (75) under a pressure, which is lower than that of the first stream and insufficient to create vortexes within
the tunnel (75), and guiding the second stream parallel to the first stream, wherein the first and second streams
exit through the downstream end; and
training a laser beam to the welding zone through an optical head (62), mounted upstream from and movable
with the arm (46),

wherein the first and second streams carry out at least part of the welding debris, flowing through the tunnel towards
the optical head, through the downstream end of the tunnel so as substantially minimize a collision between welding
debris and a protective window of the optical head (62).

16. The method of claim 15 further comprising advancing the first arm (46) along the column (50) towards the workpieces
to be welded before training the beam to the welding zone.

17. The method of claim 16, wherein the advancing of the first arm (46) includes:

guiding the first arm (46) towards the welding zone from a home position (71) to a closed position (75) at a first
speed;
displacing the first arm (46) from the open position (73) to the closed position (75) at a second speed lower than
the first speed; and
advancing the arm from the closed position (75) to a gripping position (77) in which an end pressure piece urges
against the workpieces.

18. The method of claim 17 further comprising controlling a pressure of the arm (46) upon a front workpiece and a
contact between the pressure end piece and the front workpiece in the gripping position (77) of the arm (46).

19. The method of claim 18 further comprising preventing firing a laser (16) if the contact does not exist.

20. The method of claim 11 further comprising detachably mounting an L-shaped stationary arm (48) to the support
column (50) so that pressure end pieces of respective arms (46, 48) are aligned as the first arm (46) moves along
the column (50).

21. The method of claim 16 further comprising evacuating welding debris falling through the pressure end piece of the
stationary arm (48) into a hollow interior thereof.

22. The method of claim 17, wherein the evacuating of the welding debris includes creating a pressure differential within
the hollow interior so that the debris is guided therefrom through a free end of the L-shaped stationary arm (48)
and/or
wherein the evacuating of the welding debris includes removing a bottom of the stationary arm (48) so as to access
the welding debris accumulated thereon.

23. The method of claim 15 further comprising
detecting the laser emission propagating through the workpieces to be welded; determining a peak power of the
detected emission;
determining an average power of the detected emission;
calculating a ratio between the peak and average powers so as to match the ratio and a reference value, and
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altering an output power of a laser in response to the calculated ratio and, if necessary, adjusting a power of the
laser beam to improve a quality of a weld.
and/or
further comprising controlling a frequency of wobbling and length of a seam weld produced by the laser beam.
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