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METHOD AND APPARATUS FOR WELDING
A ROOFING MEMBRANE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application Ser. No. 62/244,311, filed Oct. 21,
2015, the entire disclosure of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] Technical Field

[0003] This invention relates generally to welding equip-
ment. More particularly, this invention is directed to a
welding machine useful for welding roofing membranes and
other flexible fabrics. Specifically, this invention is directed
to a welding machine and a method of welding flexible
fabrics where the machine is operable in forward and reverse
directions.

[0004] Background Information

[0005] Large commercial buildings frequently have some
type of flexible, waterproof roofing membrane installed on
their roofs. The roofing membrane is provided in elongate
strips that are arranged side-by-side across the surface of the
roof. The edges of adjacent strips are overlapped with each
other and are subsequently secured together to provide a
waterproof surface over the roof. There are a number of
ways of securing the overlapped edges of the strips together,
one of which is heat welding them to each other.

[0006] A variety of welding machines have been devel-
oped for this purpose. These machines include a nozzle with
a welding head that is positionable between the overlapped
edges of the strips of roofing membrane and the welding
head is used to apply heat to the overlapped region. One or
more rollers for applying pressure to the heated overlapped
region are also provided on the machine. The rollers are
positioned on one side of the welding head and in such a way
that they will substantially immediately contact the heated
overlapped region and apply pressure thereto. The combi-
nation of heat and pressure bonds the overlapped region of
two adjacent strips of roofing membrane together.

[0007] The nozzle on some of these prior art machines
may be mounted on an arm that extends laterally outwardly
from one side of the machine. The nozzle is slidable along
the arm and is able to be moved away from the side of the
machine when welding is not occurring and toward the side
of the machine when getting ready to weld. The nozzle is
mounted on the arm in such a way that it is able to pivot
about and axis extending along the arm. The nozzle may be
pivoted downwardly toward the roofing surface or upwardly
away from the roofing surface. When the machine is being
readied to weld, the nozzle is first pivoted downwardly
toward the roofing surface and is then slid along the arm
toward the side of the machine. Because of the orientation
of the welding head on the nozzle, when the nozzle is slid
toward the machine, the welding head moves at least par-
tially under the bottom wall of the machine. In this position
the welding head is able to be placed between the overlapped
edge of one strip of roofing membrane and the underlapped
edge of the other strip of roofing membrane. Welding can
then commence. When welding of the overlapped region is
completed, the operator slides the nozzle laterally away from
the side of the machine and then pivots the nozzle upwardly
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about an axis extending along the arm, thus moving the hot
welding head away from the roofing surface

[0008] It should be noted that power is provided to the
welding machine via cables that connect to a generator. The
generator typically is lifted onto the roof for this purpose and
this operation may require the use of a crane because of the
weight of such generators. Additionally, the cables required
to connect the generator and welding machine together may
be long and have to be kept clear of the part of the roofing
membrane that is being welded. Frequently, roofing com-
pany will have to have a person dedicated to watching and
moving the cable on the roof so that this task does not
interfere with the operation of the welding machine.

[0009] During welding operations, several strips of roof-
ing membrane may need to be placed side-by-side to cover
the roof surface. There may therefore be a number of
individual overlapped regions that have to be welded in
order to create the waterproof covering. These overlapped
regions will tend to be spaced laterally from each other and
generally parallel to each other. Additionally, each over-
lapped region tends to extend from proximate a first end of
the roof to proximate a second end thereof. An operator will
position the welding machine at a beginning of a first
overlapped region at the first end of the roof and will weld
that first overlapped region using the machine, ending at the
second end of the roof. The machine then has to then be
moved laterally over to the second overlapped region.
Because of the presence of the cable and the configuration
of the welding machine itself, it is necessary to move the
welding machine from the second end of the roof back to the
first end thereof and then move the welding machine later-
ally across to the beginning of the second overlapped region.
It has been found with prior art machines that turning the
machine around at the second end of the roof so as to face
the other way and then moving the machine laterally across
to the second overlapped region simply does not work. This
is because the nozzle and welding head will then be posi-
tioned to face in the wrong direction to be able to enter
between the overlapped and underlapped edges of the sec-
ond overlapped region. Additionally, if the machine is
rotated through 180°, it is very likely that the cable will then
extend across the second overlapped region and therefore be
in the welding path of the machine. If this is not the case then
the cable may have to be draped over the top of the hot
machine or be positioned rearwardly thereof and thereby be
constantly in the way of the operator. For these reasons
alone, welding with the machine in this rotated orientation
is not possible. Operators therefore have to drag the welding
machine back to the first end of the roof in its original
un-rotated orientation and then shift it laterally across the
roof. Welding of several strips of roofing membrane always
takes place in the same single direction; namely, from the
first end of the roof to the second end of the roof. No welding
takes place from the second end of the roof to the first end
unless the orientation of the overlap of the adjacent strips of
roofing membrane is changed to accommodate the orienta-
tion of the welding head on the machine. In reality, alter-
nating the overlapping just simply won’t occur as it is far to
time consuming for a company to undertake. It is quickly
and easier to drag the machine back to the first end after
completing each welding run.
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SUMMARY

[0010] The Applicant has recognized that it would be
advantageous to be able to weld a series of roofing mem-
brane strips in two directions instead of only in one direc-
tion. The machine disclosed herein makes it possible to
accomplish welding in two directions, i.e., from the first end
of the roof to the second end on the first overlapping region
and from the second end to the first end on the second
overlapping region. This ability to weld in two opposite
directions reduces the overall time involved to weld several
strips of roofing membrane together and therefore reduces
the cost involved. Additionally, the ability to weld in two
directions also tends to reduce operator fatigue as it is not
necessary to drag the machine back to the first end of the
roof after each welding run. So, the machine disclosed
herein also tends to improve working conditions for the
roofers themselves. The machine includes a handle that is
pivotable from one side of the machine to the other and this
pivotable handle enables the machine itself to be oriented in
a single direction whether welding in a first direction or
welding in a second direction. The handle is therefore the
component that enables the machine to weld in two opposite
directions. When the machine is to be moved from one seam
to another seam, the welding nozzle is pivoted from a first
position to a second position. In the first position, the nozzle
is located proximate the material to be welded and in the
second position the nozzle is located a distance away from
the material to be welded.

[0011] The pivotable handle allows an operator to walk
forwards or backwards during movement of the machine
across a material to be welded. Previously known machines
have typically only been operable in such a way that the
operator has to move backwards across the material to be
welded. The operator may therefore orient his or her body so
that they face forwardly or backwardly relative to the
direction in which they move the housing across a material
to be welded using the machine.

[0012] A machine for welding an overlapped region of two
adjacent strips of material and a method of using the same.
The machine includes a housing with front and rear ends, a
wheel train engaged with the housing for moving the hous-
ing across the material; a nozzle on the housing having a
welding head at a free end; the nozzle being positionable at
least partially beneath the housing’s bottom wall for welding
the overlapped region; front and rear pressure rollers
engaged with the housing, where the front roller is posi-
tioned forwardly of the welding head and the rear roller is
positioned rearwardly of the welding head; wherein the rear
pressure roller applies pressure to the overlapped region
when the wheel train moves the housing in a forward
direction; and the front pressure roller applies pressure to the
overlapped region when the wheel train moves the housing
in a reverse direction.

[0013] Inone aspect, the invention may provide a machine
for welding an overlapped region of two adjacent strips of a
material, said welding machine comprising a housing having
a front end and a rear end, and having a longitudinal axis
extending between the front and rear ends; a wheel train
engaged with the housing and adapted to move the housing
across the material to be welded; a nozzle engaged with the
housing and having a welding head at a free end thereof; and
wherein the welding head is positionable at least partially
beneath a bottom wall of the housing during a welding
operation; a front pressure roller engaged with the housing
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and positioned forwardly of the welding head; and a rear
pressure roller engaged with the housing and positioned
rearwardly of the welding head; wherein the rear pressure
roller is adapted to apply pressure to the overlapped region
when the wheel train moves the housing in a forward
direction parallel to the longitudinal axis; and the front
pressure roller is adapted to apply pressure to the overlapped
region when the wheel train moves the housing in a reverse
direction parallel to the longitudinal axis.

[0014] In another aspect, the invention may provide a
method of heat welding a series of overlapped regions of
adjacent strips of flexible material that extend from a first
end of a structure to a second end of the structure; said
method comprising the steps of:

[0015] providing a heat welding machine comprising: a
housing with front and rear ends and with a longitudi-
nal axis extending therebetween; a wheel train engaged
with the housing; a nozzle engaged with the housing
and having a welding head at a free end thereof; a front
pressure roller engaged with the housing and positioned
forwardly of the welding head; and a rear pressure
roller engaged with the housing and positioned rear-
wardly of the welding head;

[0016] positioning the welding machine at the first end
of the structure and adjacent a first end of a first
overlapped region;

[0017] inserting the welding head between an overlap
layer and an underlap layer of the first overlapped
region;

[0018] heating the welding head,

[0019] moving the housing via the wheel train in a
forward direction along the first overlapped region and
toward the second end of the structure;

[0020] applying heat from the welding head to the first
overlapped region as the housing moves in the forward
direction;

[0021] applying pressure to the heated first overlapped
region as the housing moves in the forward direction;

[0022] welding the first overlapped region;

[0023] reaching the second end of the structure and a
second end of the first overlapped region;

[0024] moving the welding machine laterally from the
second end of the first overlapped region to a first end
of a second overlapped region, where the first end of
the second overlapped region is located at the second
end of the structure;

[0025] engaging the welding head in the second over-
lapped region;

[0026] moving the welding machine from the second
end of the structure toward the first end of the structure
in a reverse direction;

[0027] applying heat from the welding head to the
second overlapped region as the housing moves in the
reverse direction;

[0028] applying pressure to the heated second over-
lapped region as the housing moves in the reverse
direction;

[0029] welding the second overlapped region with the
welding head while moving in the reverse direction;
and

[0030] reaching the first end of the structure and a

second end of the second overlapped region.
[0031] Inanother aspect, the invention may provide (insert
language from claim)
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0032] A sample embodiment of the invention is set forth
in the following description, is shown in the drawings and is
particularly and distinctly pointed out and set forth in the
appended claims.

[0033] FIG. 1 is a rear perspective view of a welding
machine for roofing membranes;

[0034] FIG. 2 is a right side view thereof;

[0035] FIG. 3 is a left side view thereof and showing the
handle of the machine in a first position and, in phantom, in
a second position;

[0036] FIG. 4 is a top view of the welding machine;
[0037] FIG. 4A is a top view of the welding machine
showing various components that are specifically colored to
indicate to an operator that the components are not hot and
safe to touch;

[0038] FIG. 5 is a bottom view of the welding machine;
[0039] FIG. 6 is a rear view thereof;
[0040] FIG. 7 is a longitudinal cross-section of the weld-

ing machine taken along line 7-7 of FIG. 4;

[0041] FIG. 8 is a top view of a roof of a building with a
plurality of overlapped strips of roofing membrane laid out
thereon and the welding machine of FIG. 1 positioned at a
first end of a first pair of overlapped strips;

[0042] FIG. 9 is a lateral cross-section of the welding
machine taken along line 9-9 of FIG. 8, and showing the
nozzle in the first position and ready to begin welding;
[0043] FIG. 10 is a top view of the roof of the building
shown in FIG. 8, showing the welding machine part way
down the first pair of overlapped strips and showing the
seam welded by the machine;

[0044] FIG. 11 is a partial right side view of the welding
machine taken along line 11-11 of FIG. 10;

[0045] FIG. 12 shows a workman guiding the welding
machine using the handle that is in a first position and
moving in a first direction down the first pair of overlapped
strips from FIG. 10;

[0046] FIG. 13 is a top view of the roof of the building
shown in FIG. 10 with the first seam completed and the
welding machine at the end of the first pair of overlapped
strips;

[0047] FIG. 14 is a top view of the roof of the building
shown in FIG. 13 with the welding machine positioned at a
beginning of a second pair of overlapped strips and showing
the handle moved to the second position;

[0048] FIG. 15 is a top view of the roof of the building
shown in FIG. 14 with the welding machine positioned part
way along the second pair of overlapped strips and showing
the welded second seam formed by the welding machine;
[0049] FIG. 16 is a side view of the operator holding the
handle in the second position and guiding the welding
machine along the second pair of overlapped strips and the
welding machine moving in the opposite direction to the
direction of movement during welding of the first pair of
overlapped strips;

[0050] FIG. 17 is a perspective view of a second embodi-
ment of a welding machine in accordance with an aspect of
the present invention;

[0051] FIG. 18 is a right side view thereof;
[0052] FIG. 19 is a left side view thereof;
[0053] FIG. 20 is a longitudinal cross-section of the weld-

ing machine taken along line 20-20 of FIG. 17.
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[0054] Similar numbers refer to similar parts throughout
the drawings.

DETAILED DESCRIPTION

[0055] Referring to FIGS. 1-7, there is shown a welding
machine in accordance with an aspect of the present inven-
tion, generally indicated at 10. Welding machine 10 includes
a housing 12 that includes a top wall 12a FIG. 5), a bottom
wall 125, a front wall 12¢, a rear wall 12d, a left side wall
12¢ (FIG. 4), and a right side wall 12f. Housing 12 has a
longitudinal axis “Y” (FIG. 4) that extends between front
wall 12¢ and rear wall 12d. The walls 124-12f bound and
define an interior chamber 12g (FIG. 7) within which a
plurality of components are housed. These components will
be discussed in greater detail later herein.

[0056] As can be seen in FIGS. 4 and 7, a portion of each
of the left and right side walls 12¢, 12/ and bottom wall 125
extends beyond front wall 12¢ and a portion of each of the
left and right side walls 12e, 12f and bottom wall 125
extends beyond rear wall 12d. A first gripper bar 12/ extends
between front ends of the portions of the left and right side
walls 12e, 12f. A second gripper bar 12i extends between
rear ends of the portions of the left and right side walls 12e,
12f. First and second gripper bars 124, 12i are provided to
help and operator lift and maneuver housing 12.

[0057] A handle 14 is mounted onto left side wall 12¢ of
housing 12 by way of a pivot rod 16 (FIG. 3). Handle 14 has
a first side surface 144 and an opposed second side surface
145. Handle 14 further includes a handle bar 14¢ with a grip
144 applied thereto and which is grasped by the operator
during operation of welding machine 10. A first flange 18
and a second flange 20 extend outwardly from left side wall
12¢ in a region adjacent pivot rod 16. First and second
flanges 18, 20 are provided to limit the extent to which
handle 14 may be pivoted about an axis that extend along
pivot rod 16. The axis in question is oriented at right angles
to left side wall 12¢ and at right angles to longitudinal axis
“Y”. Handle 14 is movable between a first position and a
second position. The first position of handle 14 is illustrated
in FIG. 1 and is also illustrated in FIG. 3 where the handle
14 is drawn in solid lines. In this first position handle 14
angles rearwardly toward rear wall 124 of housing 12. In the
second position, handle 14 angles forwardly toward front
wall 12¢ of housing 12. This second position is illustrated in
dashed lines in FIG. 3. Handle 14 is selectively movable
between the first and second positions as indicated by arrow
“A” in FIG. 3. When handle 14 is in the first position, a first
side wall 14a of handle 14 rests against first flange 18. When
handle 14 is in the second position, a second side wall 145
ot handle 14 rests against second flange 20. Pivot rod 16 may
be of a type that includes a rod that secures handle 14 to
housing 12 and includes some type of locking mechanism to
secure handle 14 in place. For instance, pivot rod may
include some type of spring-loaded locking mechanism that
is disengaged to move handle 14 between the first and
second positions and is then re-engaged when handle 14 is
in the new position. The spring loaded locking mechanism
could be disengaged by pulling the head 16a (FIG. 4) of
pivot rod 16 outwardly in a direction indicated by arrow “B”
and then, after the handle has been pushed or pulled in the
desired direction, head 16a could be released to return to its
original position and thereby become re-engaged. It will be
understood that any other type of locking mechanism may
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be utilized in conjunction with handle 14 to releasably
secure handle 14 in each of the selected first and second
positions.

[0058] One or more weights 22 are selectively engageable
with housing 12. Weight 22 is positioned adjacent one of
front and rear walls 12¢, 12d and rests on the portion of
bottom wall 125 that extends outwardly beyond front and
rear walls 12¢, 12d. This can be seen in FIG. 7. Weight 22
may be secured in some manner to the adjacent front or rear
wall 12¢, 12d or to bottom wall 125. Each of the one or more
weights 22 may be of a different weight. For example,
weight 22 may be anywhere from 2 1bs to 25 Ibs in weight.
The one or more weights 22 may be selectively engaged
with housing 12 to change the overall weight of welding
machine 10. Welding of materials such as roofing mem-
branes typically requires the application of both heat and
pressure. Adding one or more weights 22 to housing 12
changes the pressure that may be applied to roofing mem-
branes by welding machine 10. As illustrated in FIG. 1, each
weight 22 may define a slot 224 in an end wall thereof. Slot
22a may be used as a hand-hold for holding and manipu-
lating weight 22.

[0059] Welding machine 10 further includes a weld train
24 that is used to move welding machine 10 over a surface
“S” (FIG. 9). Weld train 24 as illustrated includes a front
wheel 24a, a rear wheel 245, a front follower wheel 24¢ and
a rear follower wheel 24d. Front wheel 24a and front
follower wheel 24c¢ are connected together by a first shaft
24¢. Rear wheel 245 and rear follower wheel 24d are
connected together by a second shaft 24f. First and second
shafts 24e, 241 also extend through apertures defined in first
and second mounting plates 12/, 12k (FIG. 7) that extend
downwardly from bottom wall 125 of housing 12. Wheels
24a-24d are thereby engaged with housing 12. A drive belt
24g is received in a groove defined in each of front and rear
wheels 24a, 24b. This groove can be seen in FIGS. 5 and 9.
Belt 24g is an air dam belt that traps hot air from the welding
nozzle 36 in the area of the membranes that are to be welded
together. This air dam belt 24g aids in creating a “clean”
weld with an easily identifiable line of welded material.
Drive belt 24g also ensures that front wheel 24a and rear
wheel 245 rotate in unison and therefore also ensures that
front follower wheel 24¢, and rear follower wheel 24d rotate
in unison with front and rear wheels 24a, 24b. Wheels
244-24d are operatively engaged with a stepper motor 26
(FIG. 7) via a drive belt 28. Drive belt 28 engages first drive
shaft 24e and rotates same, thereby rotating front wheel 24a
and front follower wheel 24¢. The rotation of front wheel
24a causes rotation in drive belt 24g and drive belt 24g, in
turn, causes rotation of rear wheel 245 and rear follower
wheel 24d.

[0060] Although not illustrated herein, it will be under-
stood that wiring is provided within welding machine 10 and
this wiring connects stepper motor 26 to a control panel 30
provided on top wall 12a of housing 12. The operator will
activated and deactivate stepper motor 26 by engaging
appropriate controls on control panel 30. Stepper motor 26
may be activated in such a way that current may flow
therethrough in a first direction or in a second direction. The
specific direction is selected via controls on control panel 30.
If current is caused to flow in the first direction through
motor 26, then welding machine 10 will be caused to move
in a forward direction (i.e., with front wheel 32 leading the
way). If current is caused to flow in the second direction
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through motor 26, then welding machine 10 will be caused
to move in a reverse direction (i.e., with rear wheel 34
leading the way). Movement of welding machine 10 in
either of the forward or reverse directions is preceded by the
operator engaging the appropriate control on control panel
30.

[0061] Welding machine 10 is also provided with a front
roller 32 and a rear roller 34. Front roller 32 is mounted on
a first mounting bracket 12m that extends downwardly and
forwardly from first mounting plate 12/. Front roller 32 is
positioned forwardly of front wheel 24a and generally below
a weight 22 engaged with front wall 12¢ of housing 12. Front
roller is mounted for rotation about an axle 32a that is
oriented generally parallel to drive shaft 24e.

[0062] Rear roller 34 is mounted on a second mounting
bracket 127 that extends downwardly and rearwardly from
second mounting plate 124. Rear roller 34 is mounted for
rotation about an axle 34a that is oriented substantially
parallel to drive shaft 24f. Rear roller 34 is located rear-
wardly of rear wheel 245 and generally below one of
weights 22 that is positioned adjacent rear wall 12d of
housing 12.

[0063] Front roller 32 and rear roller 34 are not driven
components of welding machine 10 but, instead, simply
rotate about their respective axles 32a, 34a as front and rear
wheels 24a, 245 rotate and move welding machine 10 across
surface “S”.

[0064] Welding machine 10 further includes a nozzle 36
that is mounted on a nozzle mounting bracket 38 which in
turn is mounted into a notched region defined in the top wall
12a and right side wall 12f of housing 12. This is notched
region is illustrated in FIGS. 1 and 9 and indicated by
reference number 13. Mounting bracket 38 comprises a first
mounting plate 384 and a second mounting plate 385 that are
spaced a distance longitudinally apart. A flange 38¢ extends
outwardly from each of the first and second mounting plates
38a, 38b. The first and second mounting plates 38a, 385 are
positioned so that the flanges 38¢ extend into the notched
region 13 on housing 12. A pivot rod 40 extends through
aligned apertures defined in the two flanges 38¢ and into
adjacent portions of the exterior wall of housing 12 that
defines notch 13. Pivot rod 40 permits nozzle mounting
bracket 38 to pivot between a first position shown in FIGS.
1, 2, 4, 6; and a second position shown in FIGS. 9 & 11. A
gap 384 is defined between interior surfaces of first mount-
ing plate 384 and second mounting plate 385. A handle 38¢
extends between an uppermost end of first mounting plate
38a and an uppermost end of second mounting plate 385.
Handle 38e gives an operator a place to grip nozzle mount-
ing bracket 38 so that they can move bracket 38 more easily
between the first and second positions, as will be discussed
later herein.

[0065] Nozzle 36 includes a pair of flanges 36a (FIG. 9)
and 365 (FIG. 1) that are spaced apart from each other and
are spaced so as to be positioned adjacent first and second
mounting plates 38a, 38, respectively. Each of the flanges
36a, 365 defines a slot 36¢ therein and through which a
fastener 42 is selectively engaged. Fastener 42 extends
through slot 36¢ and through an aligned slot or aperture in
each of first and second mounting plates 38a, 385. Fastener
42 thus secures nozzle 36 to nozzle mounting bracket 38 in
an adjustable manner. Fastener 42 will freely move in slot
36¢ via a spring loaded mechanism. The arrangement allows
nozzle 36 to be a ‘floating nozzle”, i.e., capable of moving
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slightly up and down. The “floating nozzle” 36 aids in
solving any welding issues that arise as machine 10 travels
over an uneven roof or over insulation materials that may be
positioned underneath the roofing membrane that is being
welded by machine 10.

[0066] A first end of a hose 44 is engaged with a first end
of nozzle 36 and extends through gap 384 defined between
first and second mounting plates 38a, 385. Hose 44 extends
through an aperture 12p (FIG. 1) in top wall 12a of housing
12 and connects to a blower motor assembly 46 (FIG. 7).
Assembly 46 is operatively engaged with control panel 30
and is activated and deactivated thereby. Blower motor
assembly 46 is activated by engaging a control on control
panel 30. Blower motor assembly 46 is provided to heat air
which then flows through hose 44, through nozzle 36 and
into a welding head 48 provided at a second end of nozzle
36. Air vents 50, 52 for blower motor assembly 46 are
provided on first and second side walls 12e, 12f of housing
12.

[0067] Welding head 48 comprises a generally T-shaped
member that includes a shaft 48a and a welding plate 485.
Shaft 48a is engaged with a second end of nozzle 36.
Welding plate 485 has an upper surface 48¢ and a lower
surface 48f. One or both of the upper surface 48¢ and lower
surface 48/ defines a plurality of apertures 48¢ (FIG. 6)
therein. Welding plate 485 also includes side edges 48g and
an end 48/ that extend between upper surface 48¢ and lower
surface 48f. One or more openings 484 are defined in one or
more of side edges 48g and end 48/%. Each opening 484 may
comprise an elongate slit that is formed in the associated side
edges 48¢g and/or end 48/%. Apertures 48¢ and openings 484
are in fluid communication with a bore of nozzle 36 and
thereby with the bore 44a (F1G. 9) ofhose 44. Apertures 48¢
and openings 484 enable heated air generated by blower
assembly 46 to flow out of welding plate 485 and into the air
surrounding an exterior of plate 48. When welding plate 485
is placed into an overlapped region of the roofing membrane
or other material being welded the heated air flowing out of
apertures 48¢ and openings 484 will heat up the material of
the roofing membrane. The provision of openings 48d
ensures that heated air flows in front of and behind welding
plate 485 and therefore ensures that the material to be
welded is adequately preheated when machine 10 is moved
in the forward direction and in the rearward direction.

[0068] Welding machine 10 also includes a cooling assem-
bly 54 (FIG. 7) that is operatively engaged with control
panel 30. Cooling fan 54 is activated when welding with
welding machine 10 is completed to lower the temperature
of machine 10. Cooling fan 54 may also be automatically
activated if the temperature in cavity 12g rises beyond a
certain point. Welding machine 10 is also provided with a
power source and controller 56 that are operatively engaged
with control panel 30. The controller may be an AMD board
or any type of central processing unit that includes program-
ming for controlling welding machine 10. It will be under-
stood that the power source may be a battery that is retained
within chamber 12g of housing 12. The power source 56
may be operatively engaged with each of the components in
welding machine that requires power to be provided thereto.
Power source 56 may therefore be operatively engaged with
one or both of stepper motor 26 and blower motor assembly
46. Alternatively, welding machine 10 may be operatively
engaged with a remote generator via one or more cables (not
shown).
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[0069] Referring now to FIG. 8, there is shown a plurality
of roofing membrane strips 60, 62, 64, and 66 that have been
laid over a roof. An exterior perimeter of the roof is indicated
herein by the reference number 68 and the surface “S”
illustrated in FIGS. 9, 11, 12, and 16 is the upper surface of
the roof. The roofing membrane may be comprised of any
suitable type of thermoplastic or other material that is able
to be welded via application of heat and pressure. Strips
60-66 are arranged in a parallel side-by-side configuration.
First strip 60 has a first edge region 60a and a second edge
region 605. Second strip 62 has a first edge region 62a and
a second edge region 624. Third strip 64 has a first edge
region 64a and a second edge region 645. Fourth strip 66 has
a first edge region 66a and a second edge region that is not
illustrated in the attached figures. First edge region 62a of
second strip 62 overlaps second edge region 605 of first strip
60 to form a first overlapped region that is indicated by the
reference character “C1” in FIG. 8. First edge region 64a of
third strip 64 overlaps second edge region 625 of second
strip 62 to form a second overlapped region “C2”. First edge
region 665 of fourth strip 66 overlaps second edge region
645 of third strip 60 to form a third overlapped region “C3”.

[0070] FIG. 8 shows welding machine 10 positioned upon
a roof “R” (or other surface) that has a first end 68A, a
second end 68B, a first side 68C and a second side 68C. A
plurality of strips of material are placed onto roof “R”; these
strips are indicated in FIG. 8 as strips 60, 62, 64, 66 and edge
regions thereof are overlapped with each other as will be
described later herein. Welding machine 10 is positioned on
the surface of this material and at a first end of the over-
lapped first and second strips 60, 62. The housing of welding
machine 10 is placed in a first orientation relative to the first
end 68A and second end 68B of the structure. As shown in
FIG. 8, the housing is oriented generally at right angles to
first end 68 A and second end 68B. It should be noted that the
front roller 32, front wheel 24a, rear wheel 245, and rear
roller 34 are all aligned with first overlapped region “C1”.
Additionally, handle 14 is set in the first position as is shown
in FIG. 12 and when ready to weld an operator “P” (FIG. 12)
will move to a position where they may stand rearwardly of
rear roller 34. (In other instances, the operator “P” may stand
in front of front roller 32. The operator “P” may decide to
face second end 68B and walk forwardly toward second end
68B or may decide to face first end 68A and walk back-
wardly toward second end 68B.)

[0071] The operator will engage control panel 30 to set the
appropriate parameters for welding first overlapped region
“C1”. These parameters may include the temperature to
which the air supplied to welding plate 485 or welding plate
485 itself may be heated (a suitable temperature may be in
the range of 500° C. for some thermoplastic roofing mate-
rials. The parameters may also include the speed at which
the front and rear wheels 24a, 245 will be driven and thereby
move welding machine 10 along the first overlapped region
“C1”. The operator will also determine what size weights
should be utilized for welding and will engage the appro-
priate weights 22 on welding machine 10.

[0072] Welding head 48 also has to be moved from the
first position shown in FIG. 6 to the second position shown
in FIG. 9 in order to bring welding plate 484 into engage-
ment with first overlapped region “C1”. This is accom-
plished by the operator grasping handle 38¢ and moving
handle 38¢ in the direction indicated by arrow “D” in FIG.
9. This motion causes the second end of nozzle 36 and the
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welding head 48 engaged therewith to pivot about an axis
“X” (FIG. 4) extending along pivot rod 40 and to move
downwardly toward surface “S”. This axis “X” is substan-
tially parallel to longitudinal axis “Y” of welding machine
10. The pivotal motion about pivot causes plate 485 to move
from where it is at angle relative to bottom wall 1256 to an
orientation where plate 485 is substantially parallel to bot-
tom wall 125 and thereby to surface “S”. The operator will
ensure that welding plate 485 slides between a lower surface
of second strip 62 and an upper surface of first strip 60.

[0073] Air flowing from blower motor assembly 46,
through hose 44, through nozzle 36, through passageway
48¢ and out of opening(s) 484 is heated to a predetermined
temperature and thereby heats welding plate 4856 and the
edge regions 60b, 62a of the roofing membrane in first
overlapping region “C1”. It should be noted that welding
plate 486 is heated to a temperature sufficient to weld the
overlapped materials together. As welding machine 10 is
moved in the direction of arrow “F” (FIG. 10), rear wheel
24b and rear roller 34 roll over the heated first overlapping
region “C1” and the pressure applied by welding machine in
conjunction with the heat applied thereby causes edge
regions 605, 62a to become welded into a seam. Welding of
first overlapping region “C1” continues until the entire first
overlapping region “C1” is welded in a seam. This is
illustrated in FIG. 13.

[0074] Once the welding machine 10 reaches the second
end of first strip 60, the operator will move nozzle 36 from
the second position to the first position. This is accomplished
by the operator grasping handle 38e and moving handle 38e
and thereby nozzle mounting bracket 38 in the opposite
direction to arrow “D” (FIG. 9). Nozzle mounting bracket 38
rotates about axis “X” and the motion slides welding plate
48b out from first overlapping region “C1”, moving plate
48b from an orientation where the plate 485 is substantially
parallel to bottom wall 125 to a position where plate 485 is
angled relative to bottom wall 125. The operator also moves
handle 14 from the first position (FIG. 1) to the second
position shown in dashed lines in FIG. 4. Welding machine
10 is shifted laterally (in the direction of arrow “G”—FIG.
14) from proximate first overlapping region “C1” to proxi-
mate second overlapping region “C2” (FIG. 14). This lateral
shifting may be accomplished by wheeling welding machine
10 across second strip 62 or by lifting welding machine 10
with gripper bars 12/, 12 and carrying it over to proximate
“C2”. When the machine 10 is shifted laterally, the operator
will maintain the first orientation of the housing relative to
the first and second end of the structure. In other words, if
the front roller 32 faced second end 68B and rear roller 34
faced first end 68A when the first welding pass was made
then when machine is shifted laterally, front roller 32 will
still face second end 68B and rear roller 34 will still face first
end 68A.

[0075] The operator will then rotate nozzle mounting
bracket 38 about axis “X’ from the first position to the
second position as indicated by arrow “D” in FIG. 9, sliding
welding plate 485 between a lower surface of third strip 64
and an upper surface of second strip 62. Welding machine
10, except for handle 14, is in exactly the same orientation
as was the case when welding of first overlapping strip “C1”
occurred. In other words, welding machine 10, even if
carried from “C1” to “C2” is not rotated through 180°. So,
while welding “C1”, front roller 32 is the leading component
of welding machine 10 traveling in the direction of arrow
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“F’ in FIG. 12, when machine 10 is used to weld “C2” in the
direction of arrow “H” (FIGS. 15 & 16) the rear roller 34 is
the leading component of welding machine 10. Handle 14 is
also pivoted from the position shown in FIG. 13 to the
position shown in FIG. 14. The operator will then engage a
control on control panel 30 that reverses the direction of
current flowing through the motor of blower motor assembly
46. This causes the motor to rotate in the opposite direction,
thereby driving drive belt 28 in the opposite direction,
thereby rotating front wheel 24q in the opposite direction.
The effect of this change in the direction of current is that
welding machine essentially reverses along second over-
lapped region “C2” being guided by the operator grasping
handle 14. The operator may face first end 68A of structure
and walk behind machine 10, i.e., behind front roller 32.
[0076] When the end of second overlapping region “C2”
is reached, the operator will move nozzle 36 from the second
position back to the first position and will move handle 14
from the second position back to the first position. The
operator will also engage control panel 30 and adjust the
direction of current flowing through blower motor assembly
46 so that it the same as was utilized when first overlapping
region “C1” was welded. Welding machine 10 will thus be
returned to the condition illustrated in FIGS. 1 and 8-10.
Welding machine 10 is then shifted laterally to position it
adjacent third overlapping region “C3”. Nozzle 36 is rotated
from the first position back to the second position and so that
welding plate 485 is inserted between the lower surface of
fourth strip 66 and the upper surface of third strip 64.
Welding of the third overlapping region “C3” is then accom-
plished by moving welding machine in the direction of
arrow “F” along third overlapping region “C3”. Again, front
roller 32 comprises the leading component of welding
machine 10 during the welding of third overlapping region
“C3”. At the end of the third overlapping region “C3”,
nozzle 36 is rotated from the second position back to the first
position and if a fourth overlapping region is to be welded
the machine 10 will be moved into the condition required to
weld the second overlapping region “C2”.

[0077] It will be understood that the operator may push
welding machine 10 via handle 14, thereby actively moving
the same across surface “S. Alternatively, the operator may
simply guide welding machine 10 that is moved under
self-propelled power by the rotating front and rear wheels
24a, 245 by simply using handle 14 to guide machine 10
along surface “S” but not actively pushing handle 14. In yet
other instances, the AMD board may include programming
that allows welding machine 10 to both be self-propelled
and self-guided. Sensors may be provided on welding
machine 10 to enable the self-guidance.

[0078] Referring to FIGS. 17-20 there is shown a second
embodiment of a welding machine in accordance with an
aspect of the present invention, generally indicated at 110.
Welding machine 110 is substantially similar in structure
and function to welding machine 10 except that various
components have been slightly differently configured from
the components of machine 10. As such, welding machine
110 includes a housing 112 and a handle 114 that is engaged
with housing 112.

[0079] Housing 112 includes a top wall 112a, a bottom
wall 11256 (FIG. 20), a front wall 112¢, a rear wall 1124, a
left side wall 112e, and a right side wall 112f and a
cross-wall 112/. A control panel 130 is provided on top wall
1124. A handle grip 113 is provided on top wall 112a
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proximate each of the front and rear walls 112¢, 112d.
Handle grips 113 are provided to aid an operator in manipu-
lating and/or lifting welding machine 110. A hole (not
shown) is defined in top wall 112¢ and hose 144 extends
through this hole and connects to a blower motor assembly
146 (FIG. 20) within an interior chamber 112g of housing
112.

[0080] A mounting bracket 115 is also provided on top
wall 112a and a pivot rod 140 engages mounting bracket 115
and secures nozzle mounting bracket 138 thereto. Nozzle
mounting bracket 138 includes a first mounting plate 138a
and a second mounting plate 1385 that are spaced a distance
longitudinally apart. A flange 138¢ extends outwardly from
each of the first and second mounting plates 1384, 1385. The
first and second mounting plates 1384, 1385 are engaged by
pivot rod 140 and are secured to mounting bracket 115 on
housing 112. A gap 1384 (FIG. 19) is defined between
interior surfaces of first mounting plate 1384 and second
mounting plate 1385. A handle 138¢ extends between an
uppermost end of first mounting plate 138a and an upper-
most end of second mounting plate 138b. A portion of hose
144 extends through gap 1384 and engages a first end of
nozzle 136. Nozzle 136 includes a pair of flanges 1364, 1365
(FIG. 19) that are spaced apart from each other and are
particularly spaced so as to be positioned adjacent first and
second mounting plates 138a, 1385, respectively. Each of
the flanges 1364, 1365 defines a slot therein and through
which a pair of fasteners 142 are selectively engaged.
Fastener 142 extend through a slot 138/ (FIG. 18) defined in
each of the first and second mounting plates 1384, 1385.
Again, as with fasteners 42, fasteners 142 will move freely
in slot 138 via a spring loaded mechanism and this allows
nozzle 136 to be a floating nozzle that accommodates
variations in the surface upon which the roofing membrane
are placed. Slots 138/ align at least partially with the slot
defined in the adjacent flanges 136a, 1365. Fasteners 142
may be engaged at any point along the aligned slots in the
nozzle mounting bracket 138 and on the nozzle 136 so that
the position of nozzle 136 relative to housing 112 may be
adjusted so as to correctly position welding head 149
beneath housing 112.

[0081] Nozzle 136 includes an elongate tube 136d (FIG.
18) that may be generally circular in cross-section. A con-
nector assembly 137 is provided at a top end of tube 1364.
Connector assembly 137 defines a first aperture therein and
into which the top end of tube 1364 is inserted and secured.
Connector assembly 137 also defines a second aperture
therein that is generally at right angles to the first aperture.
Hose 144 enters connector assembly 137 through this sec-
ond aperture. Connector assembly 137 has a width/diameter
that is greater than the width of gap 1384 defined between
first and second brackets 1384, 1385 of nozzle mounting
bracket 138. Because of this disparity, connector assembly
137 cannot pass through gap 1384 and hose 144 is thus held
in place between nozzle mounting bracket 138 and the
region where hose 144 enters top wall 1124 of housing 112.

[0082] Welding head 149 may be connected to a second
end of tube 1364 of nozzle 136. FIGS. 17 and 18 show that
the second end of tube 1364 includes a neck region indicated
by the reference number 136e. A tapered region 136/ may
connect neck 136e to the second end of tube 136d4. Neck
136¢ may be of a reduced diameter relative to a remaining
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portion of tube 1364 and this narrowing may cause an
acceleration in the air flow through neck 136e.

[0083] Welding head 149 may be generally L-shaped
when viewed from the front or back (FIG. 17) and generally
T-shaped when viewed from the left or right side (FIG. 18).
Welding head 149 includes a first leg 149a and a second leg
14954 that are oriented generally at right angles to each other.
First leg 149aq is straight along substantially its entire length,
where the length of the first leg 1494 is measured from the
second end of the tubular member 136 i.e., proximate the
lowermost end of neck 136¢ to proximate the corner 149¢
where first leg 1494 and second leg 1495 meet. Additionally,
first leg 149a and tubular member 1364/136¢ are substan-
tially aligned along a common axis or plane. First leg 149a
has a first end that is generally circular in cross-section and
is engaged with neck 136e of nozzle 136. First leg 149a is
of substantially the same diameter as neck 136¢ until proxi-
mate the corner 149c¢ first leg 149a becomes wider but
narrower. The width of first leg 1494 is that distance between
front surface and a rear surface thereof, where the front
surface faces the same direction as front wall 112¢ of
housing and the rear surfaces faces the same direction as rear
wall 1124. The narrowness of first leg 1494 is that distance
between the left and right side surfaces thereof, i.e., the
surfaces that face generally the same directions as left and
right sides 112e, 112f of housing 112.

[0084] Second leg 1495 of welding head 149 proceeds
outwardly from the corner 149¢ and flattens into a planar
member (FIG. 17). This planar member may be generally
rectangular in shape and has an upper surface, seen in FIG.
17, that faces bottom wall 1126 of housing when welding
head 149 is in the operational position for welding (shown
in FIG. 17). The lower surface of this planar member is
positioned proximate the surface over which welding
machine 110 travels when welding head 149 is in the
operational position. One or both of the upper and lower
surfaces of second leg 1495 define a plurality of openings
1494 therein that allow heated air from hose 44 to flow
outwardly therefrom. The planar member of welding head
149 may also define openings therein that are similarly
positioned to openings 484 in welding head 48.

[0085] Nozzle 136 and welding head 149 are used in the
same manner as nozzle 38 and welding head 48 and there-
fore the operation of the same will not be described herein
in any further detail. Welding machine 110 does include a
locking mechanism 139 that is engaged with nozzle mount-
ing bracket 138.

[0086] Locking mechanism 139 may includes a locking
handle 1394 and one or more cables 1395 that extend from
locking handle 139a to pivot rod 140. Although not illus-
trated herein, locking mechanism 139 may also include a
spring that urges locking handle 1394 into the position
shown in FIGS. 17-19. Cable(s) 1395 engage in apertures
140a (FIG. 19) in pivot rod 140. When it is desired to pivot
nozzle 136, the operator will squeeze handle 1394 toward
handle 138¢ in the direction of arrow “J” (FIG. 19). This
motion will pull cables 1395 in the direction of arrow “J”
which in turn releases pivot rod 140 from a locking engage-
ment with mounting bracket 115 and so that rod 140 may be
able to rotate about an axis extending along its length.
Nozzle mounting bracket 138 and thereby nozzle 136 is then
free to be pivoted between a first and second position in the
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same manner as described with reference to nozzle mount-
ing bracket 38 and nozzle 36. When it is desired to lock
nozzle mounting bracket 138 in place, handle 139qa is
released and the handle therefore returns to its original
position by moving in the opposite direction to arrow “J”
under the force of the spring in handle 1394 returning to its
original position. Although not illustrated in the attached
figures, it will be understood that pivot rod 140 may include
locking detents which engage in slots provided in mounting
bracket 115 when rod 140 is pivoted back to its original
position by cables 1395 when handle 139« returns to its
original position.

[0087] Inaddition to blower motor assembly 146, housing
112 also retains within chamber 112g a cooling assembly
154, a power source and AMD board 156 and stepper motor
126, all of which are operatively engaged with control panel
130. Air vents 150 (FIG. 19) and 152 (FIG. 17) for blower
motor assembly 146 are also provided on housing 112 and
serve the same purpose as vents 50 and 52.

[0088] Stepper motor 126 is operatively engaged, via
drive belt 128 (FIG. 20), to a roller assembly 146. Drive belt
128, line drive belt 24g, is an air dam belt that traps hot air
from welding nozzle 136 in the area of the membrane to be
welded. This air dam belt aids in creating a clean weld.
Roller assembly 125 includes a front roller 1254, a rear
roller 12554, and a drive belt 126 that extends around front
and rear rollers 125a, 1255b. Drive belt 128 rotates front
roller 1254 and that motion is transferred to drive belt 125¢
and thereby to rear roller 12556. Front roller 125a is posi-
tioned in front of the planar member/second leg 1496 of
welding head 149. Rear roller 1255 is positioned rearwardly
of the planar member/second leg 1495. A weight 122 is
provided within chamber 112g of housing 112. Weight 122
extends from proximate front wall 112¢ to proximate rear
wall 1124 and may be positioned in such a way that it is
aligned along the same plane as front and rear rollers 125a,
125b. This arrangement of weight 122 relative to rollers
125a, 1255 ensures that the weight is directed to those parts
of' welding machine 110 that apply pressure to an overlapped
region of the material being welded.

[0089] Welding machine 110 also includes a front wheel
assembly 127 and a rear wheel assembly 129. Front wheel
assembly 127 comprises front wheels 127a, 12756 that are
connected by a shaft 127¢. Shaft 127¢ is operative engaged
with housing 112 via mounting flanges 127d4. Rear wheel
assembly 129 comprises rear wheels 129q, 1295 that are
connected by a shaft 129¢. Shaft 129¢ is operatively engaged
with housing 112 via mounting flanges 129d. Preferably,
front wheel 1276 and rear wheel 1295 are longitudinally
aligned with front and rear rollers 125a, 12556 as this
configuration aids in applying sufficient pressure to weld a
heated overlapped region of the material being welded by
machine 110 whether machine 110 is operated in a forward
direction or in a reverse direction.

[0090] Welding machine 110 also includes a handle 114
that is pivotally engaged with housing 112 via a pivot rod
116 (FIG. 19). A pair of receiving brackets 131a, 1315 may
be provided on left side wall 112¢ of housing 112, with
bracket 131a being located on an upper region of left side
wall 112e proximate front wall 112¢ and bracket 1315 being
located on an upper region of left side wall 112¢ proximate
rear wall 112d. Brackets 131a, 1315 are mounted on exten-
sions of handle grips 113 or on housing 112 in such a way
that a gap is defined between left side wall 112¢ and the
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respective bracket 131a, 1315. A portion of handle 114 is
selectively received in this gap when handle 114 is pivoted
between one or the other of the first and second positions.
Brackets 131a, 1315 may serve as anchors for the handle
114 to be twisted to steer machine 110 during a welding
operation. When handle 114 contacts brackets 131a, 1315
they act a s a stop that will receive forces from handle 114
in order to tilt machine 110 onto front or rear wheel
assemblies 127, 129.

[0091] Handle 114 may be adjustable in length and com-
prise two shafts 114q, 1145 (FIG. 17) that re received in a
mounting block 114¢. An adjustment knob 1144 is provided
on mounting block 114¢ and knob 1144 is rotated in a first
direction to release shafts 114a, 1145 so that handle 114 may
be selectively extended or reduced in overall length. Knob
1144 is rotated in the opposite direction to lock shafts 114aq,
1145 to mounting block 114¢ and thereby lock handle 114 at
a selected length.

[0092] Handle 14 or 114 is also used to help tilt machine
10/110 so that it may be more easily maneuvered over a
surface. Handle 14/114, when in either of the first and
second positions, may be used to tilt machine 10/110 back
onto one or the other of front and rear rollers 32, 34 or front
or rear wheel assemblies 127, 129. When so tilted by handle
14/114, the machine 10/110 may be wheeled across the
surface on the roller 32, 34 or wheel assembly 127, 129
closest to the operator.

[0093] As shown in FIG. 4A, various parts of welding
machine 10 may be specially colored, such as by painting,
s0 as to indicate to an operator that those particular parts of
machine 10 are not hot or at least cool enough to touch and
are therefore able to be safely touched and handled by the
operator. The specially colored parts differ in color from a
remainder of the machine. For example first and second
gripper bars 124, 12/ may be painted orange to indicate that
an operator may safely touch these components and lift and
maneuver the machine 10. The rest of the machine 10 may
be colored in any color other than orange, such as green, for
example. Additionally, handle 38¢ on nozzle 36/48 may also
be painted orange to indicate it may be safely grasped to
manipulate nozzle 36. (It will be understood that the color
“orange” is an exemplary color only and that any other
desired color, such as green, may be used for this purpose.)
Still further, handles 14 and/or 114 (FIG. 4A and FIG. 17)
may be specially colored to indicate they may be safely
touched.

[0094] A method of heat welding a series of overlapped
regions “C1”, “C2”, “C3” of adjacent strips of flexible
material that extend from a first end 68A (FIG. 10) of a
structure to a second end 68B of the structure includes the
steps of:

[0095] providing a heat welding machine 10 (or 110)
comprising a housing 12 with front and rear ends and
with a longitudinal axis “Y” extending therebetween; a
wheel train 24 engaged with housing 12; a nozzle 36
engaged with housing 12 and having a welding head 48
at a free end thereof; a front pressure roller 32 engaged
with housing 12 and positioned forwardly of welding
head 48; and a rear pressure roller 34 engaged with
housing 12 and positioned rearwardly of welding head
48;

[0096] positioning welding machine 10 at first end 68A
of the structure and adjacent a first end of first over-
lapped region “C1”;
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[0097] inserting welding head 48 between an overlap
layer 62a and an underlap layer 60qa of first overlapped
region “C17;

[0098] heating welding head 48,

[0099] moving housing 12 via wheel train 24 in a
forward direction “F” along first overlapped region
“C1” and toward second end 68B of the structure;

[0100] applying heat from welding head 48 to first
overlapped region “C1” as housing 12 moves in for-
ward direction “F”;

[0101] applying pressure to the heated first overlapped
region “C1” as housing 12 moves in forward direction
“p,

[0102] welding first overlapped region “C1”;

[0103] reaching second end 68B of the structure and a
second end of first overlapped region “C1”;

[0104] moving welding machine 10 laterally from the
second end of first overlapped region “C1” to a first end
of'a second overlapped region, “C2” where the first end
of the second overlapped region “C2” is located at
second end 68B of the structure;

[0105] engaging welding head 48 in second overlapped
region “C2”;

[0106] moving welding machine 10 from second end
68B of the structure toward first end 68A of the
structure in a reverse direction (opposite to “F”);

[0107] applying heat from welding head 48 to second
overlapped region “C2” as housing 12 moves in the
reverse direction;

[0108] applying pressure to heated second overlapped
region “C2” as housing 12 moves in the reverse direc-
tion;

[0109] welding second overlapped region “C2” with
welding head 48 while moving in the reverse direction;
and

[0110] reaching first end 68A of the structure and a
second end of second overlapped region “C2”.

[0111] It will be understood that while welding machine
10 has been described herein as being useful for welding
strips of a thermoplastic, flexible roofing membrane
together, welding machine 10 may be utilized in other
industrial applications to weld other types of materials
together. Welding machine 10 may therefore be able to be
downsized or upsized and caused to travel across surfaces
other than roofs. Additionally, the operation of welding
machine may be automated by inclusion of appropriate
programming in a CPU or AMD board so that an operator is
not necessarily needed to engage handle 14 to move welding
machine 10 across a surface. In these instances, the handle
14 may be completely omitted or be detachable or be folded
during use and only moved into an operational position for
manipulating welding machine 10 from one overlapped
region of a material to another overlapped region. Welding
machine 10 may also be provided with guide wheels, GPS
type positioning or tracking or any other mechanism that
would aid the machine in being self-guided or self-pro-
pelled.

[0112] In the foregoing description, certain terms have
been used for brevity, clearness, and understanding. No
unnecessary limitations are to be implied therefrom beyond
the requirement of the prior art because such terms are used
for descriptive purposes and are intended to be broadly
construed.
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[0113] Moreover, the description and illustration set out
herein are an example and the invention is not limited to the
exact details shown or described.

1. A machine for welding an overlapped region of two
adjacent strips of a material, said welding machine com-
prising:

a housing having a front end and a rear end, and having

a longitudinal axis extending between the front and rear
ends;

a wheel train engaged with the housing and adapted to

move the housing across the material to be welded;

a nozzle engaged with the housing and having a welding

head at a free end thereof;

a front pressure roller engaged with the housing and

positioned forwardly of the welding head; and

a rear pressure roller engaged with the housing and

positioned rearwardly of the welding head; wherein the
rear pressure roller is adapted to apply pressure to the
overlapped region when the wheel train moves the
housing in a forward direction parallel to the longitu-
dinal axis; and the front pressure roller is adapted to
apply pressure to the overlapped region when the wheel
train moves the housing in a reverse direction parallel
to the longitudinal axis.

2. The welding machine as defined in claim 1, further
comprising a motor provided on the housing, said motor
being operatively engaged with the wheel train and being
configured to selectively drive the wheel train in the forward
direction or in the reverse direction.

3. The welding machine as defined in claim 2, further
comprising a blower motor assembly that is operatively
engaged with the nozzle and the welding head, said blower
motor assembly being operable to heat the welding head to
a temperature sufficient to weld the overlapped region
together.

4. The welding machine as defined in claim 1, wherein the
nozzle is pivotably engaged with the housing; and wherein
the nozzle is pivoted about an axis that is oriented generally
parallel to the longitudinal axis of the housing.

5. The welding machine as defined in claim 1, wherein
said nozzle is pivotable relative to the housing in a first
direction to move the welding head at least partially under
a bottom wall of the housing; and wherein the nozzle is
pivoted relative to the housing in a second direction to move
the welding head outwardly from under the bottom wall of
the housing.

6. The welding machine as defined in claim 1, further
comprising a handle engaged with the housing, wherein the
handle is movable between a first position where at least a
portion of the handle extends beyond the front end of the
housing and a second position where the at least the portion
of the handle extends beyond the rear end of the housing.

7. The welding machine as defined in claim 1, further
comprising a handle pivotably engaged with the housing
between a first position and a second position; and when the
handle is in the first position the handle is adapted to be used
by an operator to move the housing in the forward direction;
and when the handle in the second position the handle is
adapted to be used by the operator to move the housing in
the reverse direction.

8. The welding machine as defined in claim 3, further
comprising a power source retained within the housing, said
power source being operatively engaged with one or both of
the motor and the blower motor assembly.
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9. The welding machine as defined in claim 1, further
comprising a first gripper bar fixedly engaged with the
housing.

10. The welding machine as defined in claim 1, wherein
the first gripper bar is provided in a first color and a
remaining portion of the housing is provided in a second
color and the first color differs from the second color; and
wherein the first color is indicative of the first gripper bars
being sufficiently cool enough to touch when the welding
machine is operational.

11. The welding machine as defined in claim 10, wherein
the nozzle is provided with a handle; and wherein the nozzle
handle is provided in the same first color as the first gripper
bar and is indicative of the nozzle handle being sufficiently
cool enough to touch when the welding machine is opera-
tional.

12. A method of heat welding a series of overlapped
regions of adjacent strips of flexible material that extend
from a first end of a structure to a second end of the
structure; said method comprising the steps of:

positioning a welding machine in a first orientation;

moving the welding machine in a first direction;

welding a first overlapped region while moving the weld-
ing machine in the first direction;

laterally moving the welding machine to a second over-

lapped region;

maintaining the welding machine in the first orientation;

moving the welding machine in a second direction, where

the second direction is opposite to the first direction;
and

welding the second overlapped region while moving the

welding machine in the second direction.

13. The method as defined in claim 12, further comprising

placing a housing of the welding machine in the first

orientation relative to the first end and the second ends
of the structure;

positioning the welding machine proximate the first end

of the structure and adjacent a first end of the first
overlapped region;

inserting a welding head on the welding machine between

an overlap layer and an underlap layer of the first
overlapped region;

heating the welding head;

moving the housing in the first direction along the first

overlapped region and toward the second end of the
structure;

applying heat from the welding head to the first over-

lapped region as the housing moves in the first direc-
tion; and

applying pressure to the heated first overlapped region as

the housing moves in the first direction.

14. The method as defined in claim 13, further compris-
ing:

welding the first overlapped region until the second end of

the structure is reached;

pivoting the welding head into a rest position where the

welding head does not extend beneath a bottom wall of
the housing;

laterally moving the welding machine to the second

overlapped region;

maintaining the first orientation of the housing relative to

the first end and the second end of the structure;
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pivoting the welding head into a use position and inserting
the welding head between an overlap layer and an
underlap layer of the second overlapped region;
heating the welding head;
moving the housing in the second direction along the
second overlapped region and towards the first end of
the structure;

applying heat from the welding head to the second

overlapped region as the housing moves in the second
direction;

applying pressure to the heated second overlapped region

as the housing moves in the second direction; and
welding the second overlapped region.

15. The method as defined in claim 13, further compris-
ing:

setting a handle on the welding machine into a first

position relative to the housing;

engaging the handle; and

moving the welding machine in one of the first direction

or the second direction.

16. The method as defined in claim 15, further compris-
ing:

setting the handle on the welding machine into a second

position relative to the housing;

engaging the handle; and

moving the welding machine in one of the first direction

or the second direction.

17. The method as defined in claim 12, wherein the step
of laterally moving the housing from the first overlapped
region to the second overlapped region comprises:

lifting the welding machine upwardly away from a sur-

face upon which the machine rests using two gripper
bars that are provided on a housing of the welding
machine.

18. The method as defined in claim 14, wherein pressure
is applied to the heated first overlapped region by a first
pressure roller provided on the welding machine; and
wherein pressure is applied to the heated second overlapped
region by a second pressure roller provided on the welding
machine.

19. The method as defined in claim 12, wherein the step
of moving the welding machine in the first direction is
preceded by causing a current to flow in one direction
through a motor provided on the welding machine.

20. The method as defined in claim 19, wherein the step
of moving the welding machine in the second direction is
preceded by causing a current to flow in an opposite direc-
tion through the motor.

21. A nozzle for a welding machine used to heat weld
materials together; said nozzle comprising:

a tubular member having a first end and a second end;

a connector assembly engaged with the first end and being

adapted to be engaged with a hose extending outwardly
from a housing of the welding machine; and

a welding head provided at the second end of the housing,

wherein the welding head is substantially [-shaped
when viewed from a first direction and the welding
head comprises a first leg that is engaged with the
second end of the nozzle and a second leg that extends
outwardly from the first leg.

22. The nozzle as defined in claim 21, wherein the
welding head is substantially T-shaped when viewed from a
second direction that is oriented at 90° to the first direction.
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23. The nozzle as defined in claim 22, wherein the second
leg comprises a planar member that is oriented generally at
right angles to the first leg of the welding head.

24. The nozzle as defined in claim 23, wherein the planar
member includes an upper surface and an opposed lower
surface; wherein the lower surface is adapted to be oriented
generally parallel to a material surface upon which the
welding machine is positioned during a welding operation.

25. The nozzle as defined in claim 24, wherein one or both
of'the upper and lower surfaces of the planar member defines
a plurality of apertures therein that are in communication
with a bore of the nozzle and are adapted to allow heated air
to flow outwardly from the bore of the nozzle and into air
surrounding an exterior of the planar member.

26. The nozzle as defined in claim 25, wherein the planar
member has a first side edge and a second side edge and an
end that extends between the first and second side edges; and
wherein one or more of the first and second side edges and
the end defines an aperture therein; and wherein the aperture
is in communication with a bore of the nozzle and is adapted
to allow heated air to flow from the bore and into air
surrounding an exterior of the planar member.
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