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VERTICAL LASER CLADDING SYSTEM

Priority Information

The present invention claims priority to U.S. Provisional Application No.
61/405,747 filed on October 22, 2010, and makes reference herein to same in its
entirety.

Field of Invention

The present invention relates generally to the field of laser cladding of
components, such as tubes and barrels, on irregular surfaces used in a variety of
different applications. In particular, the present invention is directed to a method
and system for cladding or repairing the interiors of tube-like structure, especially
those with smaller diameters.

Background Art

The lining, protecting, or repair of the interior of tubes or tube-like structures
has been a desirable expedient ever since tubes began to be subject to high stress
applications. Some examples have been the use of tubes in hot water heaters, steam
engines or steam generators. However, there are many other applications for the
cladding and/or repair of tube-like structures. These would include fire arms,
hydraulic pistons and the like. Further, cladding and surface repair can be used for
a wide variety of exterior and irregular surfaces, such as those that would interact
with hydraulic pistons and the like. Repair of special surfaces, such as chrome, is
another potential use for cladding. Another application would be for plasticating
tubes or barrels which often must endure substantial stresses or exposure to

degrading substances.
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tubes or barrels which often must endure substantial stresses or exposure to
degrading substances.

Because of the temperatures and duty cycles involved in many of these
applications, many metallic tube materials are rapidly degraded so that tube
deterioration or non-functionality requires replacement of the tubes in question.
When tube-like structures were sufficiently large, special metallic liners could be
inserted to increase the operating life of the tube and to enhance functionality.
However, as tubes grew ever smaller for a certain functions, the insertion of linings
became more difficult.

Cladding the interior of a tube provided a much stronger and more durable
interior surface than many external liner inserts could provide, and so became very
popular for relatively large tubes that would be subject to high stress applications,
such as plasticating barrels. A major problem with arc cladding or oxy acetylene
torch cladding is that the surface developed thereby is extremely rough and
irregular, requiring substantial machining (clean-up) to render the surface thickness
sufficiently uniform and smooth for many uses.

Also, as tube sizes decreased, traditional arc or torch cladding became
impossible. Conventionally, this meant that tube liners could be formed only near
the two ends of the tube. Consequently, for many applications, cladding the interior
of tubes was not an option.

This situation has been addressed to a large extent by the use of centrifugal
casting to clad the interior of tubes. However, certain problems remained, especially
with respect to plasticating barrels having relatively small diameters.

Extruders and tubers (rubber extruders) for high stress plasticating and plastic
extrusion have been in use at least since the beginning of the twentieth century.
With the vastly increasing use of plastics in the last half century, the demand for

such extruders has become substantially greater, and the processing conditions have
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become far more severe. Originally plasticating devices were essentially a simple
screw rotating inside a single-material barrel without a lining. This is no longer the
case due to the more complex and corrosive materials being processed and the need
for plasticating barrels having smaller diameters.

Both the barrel and screw of plasticating barrels are subject to wear from
metal-to-metal contact and from abrasive and/or corrosive fillers in the plastic or
rubber compounds. The earlier barrels had an internal surface that was nitrided to
give improved abrasive wear resistance. In the later 1950's, bimetallic barrels were
developed using a centrifugal casting process, as briefly described in the attached
Spirex publication, entitled Plasticating Components Technology, 1997,
incorporated herein by reference. Also, such improved barrels were adapted for
use with injection molding machines in addition to conventional plastic extruder
systems.

Centrifugal casting of plasticating barrels is a process used to line the internal
surface of a barrel with an abrasion and/or corrosion resistant liner that is different
from the barrel backing material or substrate. The process involves adding a lining
material, such as a powder, inside the heavy-walled barrel cylinder at room
temperature. The ends of the barrel are capped (usually cladded), and the barrel and
unmelted powder are placed in a casting oven. The barrel is then rotated and heated
until the liner materials are melted and uniformly distributed on the internal surface
of the barrel. Early liner materials were iron/boron materials that created some
metal carbides and were very much more wear resistant than conventional nitrited
barrels. In 1968, improved liners became more abrasion resistant by the addition of
very small, discrete metal carbide particles like tungsten carbide and / or equivalent

materials.
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Most rotational casting ovens are gas heated, but some are induction heated. In
either case, the inside of the barrel must be heated to a point where the liner powder
melts, but the thick-walled barrel material or substrate does not melt. After melting the
powder is accomplished, the barrel is slowly cooled by radiation of the furnace heat
into the surrounding environment, so that stresses are not induced and so that the liner
material does not crack. After cooling, the barrel is honed, straightened, and machined
to its final configuration and dimensions. There are a number of disadvantages to these
techniques.

For example, often this process requires installation of a high-pressure sleeve at
the discharge end of the barrel. Furnaces configured for rotating equipment are very
expensive and require extensive maintenance. This includes periodic and prolonged
shutdowns to reline the refractory surfaces of the oven and refurbish the rotating
machinery. Further, even when the furnaces are functioning properly, set up for the
coating of each barrel is an awkward and time-consuming process.

Also, the process of centrifugal coating requires that the liner material, or
material matrix, melt at a lower temperature than the backing or substrate material.
This creates severe limitations on the liner materials that can be used. As a result,
abrasion-resistant and corrosion-resistant materials are limited to formulas that melt at
a lower temperature than the barrel substrate. In many cases the optimum barrel
substrate and liner materials preferred for the materials to be handled, cannot be used
together. There is also the requirement of raising the backing or substrate material to
a temperature close to its melting point, followed by a slow cooling to anneal the
backing material to the liner material. This lowers the strength of the annealed backing
material. Unfortunately, very high strengths are now required for many high stress

applications, such as plasticating barrels. Such barrels can be subject to internal
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pressures of 40,000 psi or higher, and temperatures up to 700°F. These conditions
often require the installation of a high pressure sleeve at considerable expense. Some
newer, higher priced alloys can reduce this effect somewhat by reducing the loss of
strength. However, greater expense is incurred, including greater processing times and
more complex manufacturing facilities.

During the rotational casting process to form a barrel lining, the heavier metal
carbide particles tend to be thrown outward by centrifugal force. This moves these
particles away from the inside surface where they are needed for abrasion resistance.
As aresult, the resulting lining is far more susceptible to wear caused by abrasion than
if the metal carbide particles are properly located on or very near the inner surface of
the lining, or evenly distributed throughout the thickness of the lining or cladding.

Further, the high barrel temperatures that are reached during centrifugal casting
make it difficult to maintain the barrel straightness and integrity, which are critical to
the subsequent plastic processing operation. Straightening of the barrel cannot be done
by conventional straightening presses because reverse bending cracks the relatively
brittle liner. The rotational casting process requires a long time to heat up the liner and
barrel substrate. Additional time is required for slow cooling (by radiating heat into
the environment) after the lining operation. This causes added expense in labor and
electrical costs.

Because a centrifugal lining process can only be successful in a very narrow
range of processing times and temperatures, the results are often not satisfactory. High
temperatures and long time periods spent at these temperatures cause dilution by
migration of the substrate material into the barrel lining material or matrix. This
causes reduced hardness and poor abrasion resistance. Also substrate migration of the

base iron material can cause poor corrosion resistance in certain applications.
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Extended periods at high temperatures also cause the metal carbide particles coating
the inner surface of the liner to melt into solution in the matrix matter (constituting the
liner), rendering the carbide particles useless for anti-abrasion purposes.

When temperatures are too low and the time periods at proper processing
temperatures are too short, an inadequate bond can result. Such an inadequate bond
means that the liner may become separated from the barrel substrate or backing

material. This condition could render the entire barrel useless for any purpose.

Further, in some cases, portions of the liner may come dislodged, corrupting the molten

plastic and/or fouling the screw pushing the molten plastic through the barrel. In either
case, the barrel is subject to major failure, and the plastic processed therein ruined.

Even if the lined tube or barrel is not going to be used in plasticating
applications, the dislodging of the liner with respect to the base material can prove
problematic. For example, in boiler applications the base material of the tube could be
prematurely corroded. Liquid running through the tube may be hindered to the point
that essential heat transfer properties are compromised, and loose liner material could
be stripped away, corrupting the overall water carrying system. Clearly, for these type
applications, a strong metallurgical bond is needed and cannot be compromised.

Conventional MIG or TIG cladding of the inside diameter (ID) of barrels can be
done to form metallurgical bonds, but it is more difficult to get such cladding heads
into smaller diameter barrels. The area affected by heat is much greater than for laser
cladding, and the cladded surface is poorer than that resulting from laser cladding. This
results in far greater expense for post-clad finishing compared to the “near-net shape”
of laser-cladding.

A totally different method to produce barrel liners is constituted by laser

cladding. More specifically, laser cladding can bond liner material onto a base or
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substrate metal, forming a stable metallurgical bond. This new process diminishes or
eliminates all of the disadvantages listed above, but has certain disadvantages of its
own.

Laser cladding of the interior diameter (ID) of barrels, or other tube-like
structures, involves the depositing of a liner material in the form of paste, or a separate
liner tube, prior to cladding or during the cladding process. In the alternative, a powder
or continuous wire can be applied. The laser cladding system is usually constituted by
a laser beam delivered from a remote source via fiber optics and optical systems, or by
a direct laser beam.

This technique has a number of clear advantages. For example, devices have
been made that will allow laser cladding of tube diameters as small as 1 inch. Laser
cladding also has a very shallow heat-affected depth which gives much less dilution of
the liner material into the barrel substrate. This technique also creates much less stress
in the substrate, reducing the tendency to bend or warp. Laser ciadding also allows for
a much more rapid cooling process since much less of the substrate of the barrel or
tube has been heated to cladding temperatures. Rapid cooling has substantial
advantages in overall manufacturing efficiency. However, rapid cooling can lead to
difficulties under certain circumstances, as explained infra.

Laser cladding is a relatively robust process that allows a wide variety of
material to be used, including materials that melt at higher temperatures than the barrel
substrate. This can allow the use of improved matrix materials and improved ceramic
or carbide materials as anti-abrasive coatings on the liner. Discrete abrasion resistant
carbide or ceramic particles do not migrate toward the substrate as in a rotational
casting. This leaves them more evenly distributed near the surface of the liner, where

they are needed.
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Further, the substrate does not necessarily need to be preheated prior to laser
cladding, thus reducing production time and expense. Heat imparted by the laser
cladding process is much more localized and can be quickly removed during the
cladding process by a variety of internal and external methods. This means that a long
cooling time can be eliminated. As a result, this cladding process is far less time-
consuming than centrifugal casting.

Laser cladding is a process with a metallurgical bond, rather than a brazing
process where the liner melts at a lower temperature than the substrate (to form a
mechanical bond) as in rotational furnace casting. The laser cladding equipment is
generally lower in cost than gas-fired or induction furnaces needed to contain the entire
barrel and rotational equipment. Laser cladding is somewhat different than laser
welding in that there is usually less than 2% dilution (migration between the liner
material and the base material), but still sufficient to form a metallurgical bond. In
contrast, welding is usually more than 5% or even 10% dilution of the weld matrix by
migration from the base material. In certain applications, such as plasticating barrels, a
true weld would be inappropriate because of the higher levels of migration or dilution.
Only true cladding (generally less than a 2% dilution rate) is appropriate.

Several systems for laser cladding of the inside of pipes have been invented and
commercialized. These include EPRI Patent Nos. 5,653,897 and 5,656,185 and IHI
Patent No. 5,426,278, Also included are U.S. Patent Nos. 5,496,422; 5,196,272; and,
5,387,292. All of the aforementioned patents are incorporated herein by reference to
facilitate a better understanding of the present invention. These devices are designed to
repair damaged or corroded heat exchanger tubes in power generation plants. More
specifically, these systems are designed to make short, localized repairs in relatively

long, fixed pipes that cannot rotate.
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To accomplish cladding, each of these systems uses a rotating laser head. The
systems described in the aforementioned patents include the insertion of a cladding or
inlay material by wire, powder, paste, or thin wall tube. The paste and the tubes are
already in place before laser cladding. In the case of the EPRI patents, a coiled wire is
placed inside the pipe directly above the repair area in order to have it easily accessible
and easy to feed as the cladding proceeds. This method is limited to short longitudinal
lengths of clads, as are generally required in boiler repair. Powder is difficult to
introduce in the horizontal position because, without gravity assist, it tends to clog and
interrupts cladding. Drawings of these various cladding systems are shown in the
respective patents.

For prolonged or full length cladding of 20:1 (length-to-diameter) or longer
pipes, tubes, and barrels, the cladding head, and especially the reflecting mirrors
associated with it, must be cooled. This can be done by a cooling fluid such as air or
water. The EPRI patent does not have such cooling except for the bearings that are
required to rotate the head inside the pipe. The IHI device allows cooling (by air)
coming from the direction of the laser source.

All of the aforementioned systems must have extensive auxiliary services
introduced from the laser head end of the tube because access from the opposite end is
not available and cannot be coordinated with the activity provided from the laser end.
These auxiliary services can include fiber optical viewer, wire/powder feeds, cooling
media, optics (lenses) and focusing devices.

There is also a need to make such devices ever smaller. In particular, barrel IDs
as small as 14 mm (0.551 inch) are used for plasticating barrels. Thus, appropriate
cladding devices are necessary to clad or line the interior of the plasticating barrels.

Conventional rotating cladding devices operate entirely from one end of the tube being

—9—
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lined or cladded. Consequently, size reduction for such cladding devices is severely
limited. This is particularly true since the cladding head must include all auxiliary
services, as well as the bearings required for rapid rotation of the cladding head. This
entire structure is fed into the tube to be cladded from only one side of the tube. As a
result, size reduction of the overall cladding apparatus is very problematical, and
cannot accommodate some smaller sizes used for plasticating barrels.

The aforementioned difficulties in conventional systems, the inability to produce
smooth, uniform linings for plasticating barrels has been addressed in large part by the
systems disclosed in U.S. Patent No. 6,486,432 to Colby et al., issued November 26,
2002, and incorporated herein by reference in its entirety. This patent provides a wide
variety of different approaches to obtaining smooth, uniform linings in tubular
structures such as plasticating barrels.

However, there are number of drawbacks that still exist. For example, in a
horizontally-positioned tube, smoke and debris tend to accumulate due to the force of
gravity, especially if the tube is long and the cladding head, rather than the tube, is
moving. This accumulation of smoke and debris compromises the speed of the
cladding process, results in wasted cladding powder, and even degrades the cladding
due to accumulated debris, which can occur even in a spinning tube. Also, in
horizontally aligned tubes, the best cladding angles can sometimes be hard to obtain,
thereby resulting in lost energy and a slower cladding process. Reflection of laser
energy from the smooth, cladded surface that is the object of laser cladding, can also
damage equipment as well as waste energy.

Carbide particles are often added to the clad to present a very hard, anti-abrasive
surface that is necessary with many of the materials being processed in plasticating

screws. Unfortunately, conventional cladding techniques permit migration of these
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carbide particles from the surface of the clad to positions deeper in the clad, where the
particles are far less effective. Also, conventional cladding techniques usually result in
the loss of many of the carbide particles used in the process, thereby entailing
substantial unnecessary expense. Particles within conventional clads also necessitate
that substantial post-clad finishing or polishing techniques be used. Such techniques
can be very extensive in nature and can greatly raise the price and complexity of the
overall manufacturing process. It is important to note that the extent of post-clad
machining or polishing (to smooth and obtain uniform liner thickness) is a major
operational factor in the lining of tubes and barrels, especially plasticating barrels.

Also, there is the well-known problem of cracked laser clads due to overly-rapid
cooling or uneven cooling. This is not addressed in the examples of conventional art,
and can be a major problem with laser cladding, depending upon the types of materials
used in the cladding process. Further, the well-known difficulties of addressing multi-
bore plasticating barrels still exist with the conventional systems.

Accordingly, an improved laser cladding system for barrels, tube-like structures,
and other surfaces would address all of the aforementioned drawbacks of conventional
systems while providing smooth, uniform linings for even small diameter barrels. The
improved laser cladding system would also provide a capability for efficiently cladding
double-bore barrel configurations, and providing a repair system for a wide variety of

surfaces and materials, such as chrome plating.
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Summary of the Invention

It is a primary object of the present invention to overcome, or otherwise
mitigate, the drawbacks of the conventional art of laser cladding and centrifugal
cladding.

It is another object of the present invention to provide a system for cladding
inside surfaces that is sufficiently flexible so that a wide variety of tube sizes and
cladding materials can be accommodated.

It is an additional object of the present invention to provide a system for lining
inside diameters of tubes in which a more uniform lining can be achieved than is
possible with existing cladding techniques.

It is again a further object of the present invention to provide a system for lining
of interior surfaces in which smoothing techniques operate in a uniform manner on
each of the clads constituting the cladding of the plasticating barrel.

It is still another object of the present invention to provide a system for laser
cladding the interior of a metal tube, wherein the system is relatively simple to set up
and operate compared to conventional systems.

It is again a further object of the present invention to provide a process for laser
cladding the interior of a metal tube, permitting reduced operating time.

It is still another object of the present invention to provide a system for quickly
and easily repairing and lining metal tubes at substantially lower costs than those
incurred with conventional systems.

[t is again a further object of the present invention to provide a system for lining
the interior of the metal tube by laser cladding wherein the conventional necessity of a
rotating laser head can be avoided.

It is yet another object of the present invention to provide a system for lining a

—12—-
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metal tube using laser cladding in which movement of the cladding head is required
only along the axis of the tube being cladded.

It is again a further object of the present invention to line a metal tube using
laser cladding to which an anti-abrasive material is added so that the anti-abrasive
material remains uniformly distributed on or near the surface of the laser clads.

It is yet another object of the present invention to provide a smoother, pre-
machined clad than is obtainable from conventional cladding techniques, in particular,
MIG and TIG methods.

It is still a further object of the present invention to provide a laser cladding
system in which post-clad machining is minimized.

It is yet another object of the present invention to provide a method of uniformly
precoating an accurate amount of material on an interior surface to facilitate cladding
operations thereon.

It is still a further object of the present invention to provide a cladding system
for precisely placing a uniform pattern of anti-abrasive material in a clad melt without
melting or otherwise degrading the anti-abrasive material. '

It is yet another object of the present invention to facilitate faster, pre-clad set up
of tubes and barrels.

It is again a further object of the present invention to provide a laser cladding
system in which cracking due to overly rapid cooling can be avoided.

It is again a further object of the present invention to provide a cladding system
that facilitates the manufacturing and cladding of plasticating barrels having double
bores.

It is yet another object of the present invention to provide a cladding system in

which wasted cladding powder is substantially reduced.
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It is still another object of the present invention to provide a cladding system in
which accumulated debris, smoke, and the like are easily evacuated from a tube being
cladded.

It is another object of the present invention to provide a cladding system in
which optimum cladding angles can easily be obtained to facilitate increased cladding
efficiency.

It is still a further object of the present invention to provide a laser cladding
system in which damage to the cladding head from reflected energy is avoided.

It is again another object of the present invention to provide a cladding system in
which unused cladding powder can easily be retrieved.

It is a further object of the present invention to provide a cladding system in
which the contour of existing clads can be used to facilitate the smooth accurate
production of adjacent clads.

It is still a further object of the present invention to provide a cladding system
that results in a product requiring less cleanup (evening of the surface thickness) and
less honing to achieve a smooth finish.

It is yet another object of the present invention to provide a cladding system
capable of effecting superior repairs to a wide variety of different surfaces, including

those having anti-abrasive materials, so that there is near identity of the repaired

- portion with the original cladding.

It is again an additional object of the present invention to provide a laser
cladding system capable of controlling the migration of the base material with the
welding material, while establishing a true metallurgical bond.

These and other goals and objects of the present invention are achieved by a

laser cladding system arranged for cladding the interior of a metal tube-like structure
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where the cladding system includes a subsystem for holding and rotating the tube-like
structure at a predetermined speed and a predetermined non-horizontal angle. A
cladding head is arranged to irradiate an internal surface of the tube-like structure at a
predetermined non-perpendicular angle to the internal side of the tube-like structure.
Also included is a translating system for moving the laser cladding head from the
bottom to the top of the tube-like structure.

Another embodiment of the present invention includes a method of cladding the
interior of a tube-like structure. This method includes the steps of placing the tube-like
structure in a non-horizontal position and rotating the tube-like structure at a
predetermined speed. Then the interior surface of the tube-like structure is irradiated
downward from a moving laser head at a non-normal angle to the interior surface of
the tube-like structure. Finally, the laser cladding head is moved from proximate the
bottom opening of the tube-like structure upward to proximate the top opening of the
tube-like structure.

Yet another embodiment of the present invention includes a method of
manufacturing a double barrel structure with a clad interior, the double barrel structure
preferably has two overlapping cylindrical bores in a single piece of solid substrate
stock. In the manufacturing process, radial laser cladding is conducted in each of the
bores from the bottom to the top of each bore, and linear cladding is conducted from

the bottom to the top of each of the apices between the overlapping bores.
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Brief Description of the Drawings

Figure 1 is a side view schematic diagram depicting the laser-clad head of the
present invention arranged in a tube;

Figure 2(a) is a top view schematic diagram depicting a double-bore barrel
structure constituting an embodiment of the present invention;

Figure 2(b) is an enlarged sectional view of the schematic diagram shown in
Figure 2(a) depicting an interface in the double-bore barrel structure;

Figure 3 is an elevational sectional view of the system of the present invention,
depicting the relationship of the induction heating coil to a single-bore barrel
embodiment being clad;

Figure 4 is a schematic diagram showing an elevational side view of the present
laser cladding system, including a downdraft subsystem to remove gas and particulate
material; and

Figure 5 is a flow diagram depicting the steps used for conducting the cladding

of a double barrel structure such as that depicted in Figure 2(a).
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Detailed Description of the Preferred Embodiments

The first embodiment of the present invention 1s depicted in Figure 1. Cladding
head 10 is depicted as being within the interior of tube 100. The laser head 2 (part of
cladding head 10) directs laser beam 20 against an interior surface 101 of tube 100.
Cladding nozzle 3 is associated with the laser head 2, and functions to provide cladding
powder to the precise irradiation site to form the cladding layer 30 on the interior
surface 101 of tube 100.

During the cladding process, distance sensor 6 determines the correct distance
between the laser head 2 and the surface 101. The data from distance sensor 6 permits
adjustment in the cladding head 10 (including distance, power, and other cladding
parameters) to maintain or adjust clad characteristics, thereby achieving the desired
results. After the cladding occurs, cladding thickness sensor 4 determines if the
cladding layer 30 is within acceptable tolerances. Mirror 5 serves to protect the portion
of the cladding head 10 from radiated energy that might otherwise damage the cladding
head 10.

It is important to note that cladding head 10 moves from the bottom of tube 100
upwards towards the top of tube 100 during the cladding process, and that tube 100 is
in a vertical position. Tube 100 is held in a vertical position in a manner so that it can
be rotated at high speeds. Any number of different motivating and holding
arrangements can be used to effect the rotation of tube 100. Some examples are found
in the attached Appendix and depicted schematically in Figure 4.

Preferably, systems of the present invention operate at speeds from 2 revolutions
per minute (hereinafter “rpm”) up to 50 rpm. The system of the present invention uses
a laser beam having a width of approximately 1/8 inch. The combination of these

speeds with the characteristics of the inventive vertical cladding arrangement means
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that the difference between the peaks and valleys is always going to be less than 1/100
inch. The result is less post-cladding machining than with conventional systems.

The cladding is effected by irradiation from a laser beam 20 to form a
continuous spiral clad line or bead 31 from the bottom to the top of tube 100. The
spiral bead 31 forming the clad is created by a laser operating between 1/2 and 20
kilowatts. Since the tube 100 rotates, a smaller cladding head 10 is permitted. The
smallest tube size that can be clad using the present system is approximately 25mm.

Further, in many cases the difference between bead heights is virtually
immeasurable. The smoother finish provided by the vertical cladding characteristics,
results in post-clad finishing time approximately 1/5 of that necessary with
conventional processes. In many cases, virtually no post-clad finishing (i.e., “clean-
up”) 1s required to form a layer of uniform thickness.

Weld bead 31 is laid down in a continuous spiral with the subsequent layers of
the bead moving upward along the interior of the tube-like structure 100. There is an
overlap of between 30% and 50% from one layer to the next. It has been found that
this spacing, when used in a vertical tube, creates a very uniform weld thickness
throughout the length of the tube.

The smoother the finish of the cladding, the less time that is needed for post-clad
grinding and polishing of the cladded product. The non-horizontal cladding process of
the present invention results in a more even level of cladding so that the thickness of
the clad 30 is relatively near to being uniform along the entire length of the clad. This
means that far less “clean up” (making the thickness of the clad uniform) is required
with the present invention. This “clean-up” process is normally more problematical
than simply polishing the clad to a smooth finish. As a result of even cladding

thickness, the overall process of the present invention is rendered more efficient and
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substantially less expensive.

Laser beam 20 is irradiated at an angle to the interior wall 101 of tube 100. This
angle is preferably between 30° and 60° from perpendicular to the interior wall of the
tube, with the laser head 2 above the point at which the clad bead 31 is being formed.
Cladding powder to form the clad is dispensed from the cladding nozzle 3, which is
also located above the clad.

The cladding process begins at the bottom of the tube 100. The original layer of
cladding 31 can be supported using a form to support the cladding at the very end of
tube. Subsequent beads or tiers 31 of cladding layer 30 are then formed on the upper
side surface 32 of each lower tier or bead 31 of cladding layer 30.

An angle of between 30° and 60° above an axis perpendicular to the inner
surface 101 of tube 100 provides a number of beneficial results. First, energy
efficiency is enhanced since reflected irradiated energy is vastly reduced. Also, since
there is no direct reflection of the irradiated laser beam 20 back into the laser head 2,
damage to the laser head 2 or cladding nozzle 3 is avoided. Still further, the upper side
surface 32 of cladding bead 31 creates a better arrangement for absorbing the energy of
laser beam 20 to create a more efficient overall process.

The shelf-like upper surface 32 of cladding bead 31 creates a place to hold
cladding powder from cladding powder nozzle 3. It is this powder that is melted by the
energy from the laser beam 20 to form the next tier or cladding bead 31. Because
upper side surface 32 of cladding bead 31 holds the powder, far less of it is lost, and far
more of it is used to form the next cladding bead 31.

The present invention, in contrast to a horizontally positioned tube, utilizes more

of the cladding powder and easily disposes of that powder which is not used, through

the simple action of gravity. As a result, far less debris accumulates in the tube 100
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during the cladding process.

Also, because the tube 100 is clad in a substantially vertical position, smoke is
not held in the tube to turn into debris and contaminate the cladding layer 30. Rather,
smoke can easily escape upwards through the upper open end of the tube 100. Asa
result, smoke contamination of subsequent cladding tiers (beads) is substantially
eliminated.

The exhausting of smoke through the upper open end of the tube 100 also serves
as a means for evacuating additional heat that is built up during the cladding process.
When the tube is in the horizontal position, as is done with the cited conventional art,
heat and smoke buildup can become a problem. This is avoided with the instant
invention wherein heat is exhausted upwards with the smoke from the cladding
process.

In the alternative, a downdraft system 7 can be used to exhaust smoke and
recover particulate matter such as the cladding powder. Such a system is depicted in
Figure 4. The system is mounted below a rotary table 80 that supports and moves the
barrel being clad. A support cylinder 81 mounted to the rotary table 80 serves to
support the barrel 100 (not shown in Figure 4) being clad. The area beneath the
support cylinder 81 and the rotary table 80 is encompassed by a funnel-like gathering
portion 71 which is independently mounted near the rotary table 80. The entire area
beneath the rotary table 80 is encompassed by the gathering portion 71 in order to
contain and move all of the smoke and particulate matter from the cladding process. A
vacuum pump and reclamation system 73 powers the downdraft system by pulling air
from the top of the cylinder/barrel arrangement, down through the barrel/cylinder, past
the rotary table 80 and into the gathering portion 71. From the gathering portion 71,

the vacuum pump draws both smoke and particulate matter through airflow tube 72
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into a reclamation system that is associated with the vacuum pump.

The major advantage of the downdraft system 7 of Figure 4 is that there is little
chance for relatively heavy fumes to linger in the barrel 100 being clad before
eventually rising to the top of the barrel. Removal of undesirable fumes, smoke and
particulate material is facilitated and made far more efficient by the downdraft system.
Further, the downdraft system is capable of gathering unused cladding powder so that
it can be reused in other operations. The results of using the downdraft system is that
the cladded surface remains cleaner, cladding time is minimized, the process is less
expensive because of recycled cladding material, and the overall environment near the
cladding system can be kept much cleaner.

The fact that the tube 100 rotates rather than cladding head 10, means that a
much smaller laser cladding head 10 can be used. This means that the system can
accommodate smaller inner tube diameters, down to 25mm, than can be accommodated
conventionally. Further, the use of the shelf created by upper cladding surface 32
facilitates more uniform cladding beads 31 from tier to tier. As a result, far less post-
clad machining or polishing is required. This is especially important with tubes for
plasticating barrels having relatively small inner diameters.

While it is known to clad the interior of tubes to repair them in existing
installations, such as boilers, the conventional art does not disclose systems where the
vertical tube 1s spun, and where the upper end of the tube is open. As a result, the
advantages obtained with the present invention cannot be found in any of the
conventional systems.

Another advantage of the present invention is found when cladding a structure
such as that depicted in Figures 2(a) and 2(b). Double bore plasticating barrels are

highly desirable, but are very difficult to manufacture conventionally. Traditionally,
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two pieces of stock are bored with a cutting machine. Then each is cut so that it can be
welded to the other in the “figure-eight” pattern as depicted in Figure 2(a). Once the
two pieces of stock are welded together, the double barreled structure is then lined.
Normally, this is accomplished by metal sleeve inserts, which are brazed (using a
variety of different techniques) to hold them to the stock material.

Conventional double bore barrels are very expensive, and somewhat unstable.
Further, a conventional brazed lining is unsuitable for certain uses. The present
invention corrects this situation. In particular, with the present invention, bores 51, 52
are formed (preferably by drilling) in a single piece of stock 50 so that the pieces of
stock do not have to be welded back together. The double bore structure can be rotated
in a vertical position, and cladded from bottom to top in a manner similar to that
previously described with respect to a single tube or barrel 100.

To clad stock 50, the cladding head 10 is inserted into each of the bores 51, 52
and the piece of stock 50 rotated. The software which controls the movement of the
cladding head (10 in Figure 1), in conjunction with the rotation of the stock 50, can be
modified so that cladding does not occur in the open space 53 between the two bores
51, 52. This is an easy software modification and only differs from the software used
to direct the cladding of a single bore, in that cladding is stopped during a certain
portion of the rotation of the stock piece. In this manner, the conventionally difficult
double barrel arrangement can be made almost as easily as a single barrel arrangement.

Further, the direct cladding of the stock surface provides a more desirable product than
the conventional insertion of a separate metal liner, which must be brazed.

The flow diagram of Figure 5 depicts the manufacturing steps that are carried
out when creating a laser-cladded double barreled structure. The first part of this

process is to provide stock 50 with overlapping double barrels, as depicted in Figure
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2(a). The double barrel stock 50 is placed on the rotary table 80 or turning mechanism
(depicted in Figure 4) in such a position so that the laser cladding head 10 can be
moved directly up the center of a first bore (step 60). The first bore is then radially
clad in a manner similar to that previously described with closed tubes (step 61). The
difference is that the software controlling the laser cladding operation is adjusted so
that the operation does not take place at the intersection space 53 between the two
bores 51, 52. The rest of the cladding operation is the same as previously described.

At step 62, the double bore stock 50 is adjusted on the rotary table or turning
mechanism so that the cladding head is now in the center of the second bore 80. In the
alternative, the second bore can be moved to a different position on the rotary table. At
step 63, the second semi-cylindrical interior surface is clad in the same manner as was
done with the first bore at step 61. As always, the cladding process takes place with
the cladding head 10 moving from a lower position to a higher position along the
surface to be clad.

Once the radial cladding of the two semi-cylindrical surfaces of each bore 51, 52
is concluded, the apices 54, 55, where the two bores come together, are addressed. The
cladding head 10 is again repositioned (step 64). The first interfacing apex receives a
series of linear clads 33 from bottom to top (step 65). The linear welds 33 are repeated
until the apex is fully covered and the cladding extends over the radial claddings (step
66).

The cladding head 10 is then repositioned to the second apex (step 67). The
linear cladding is then carried out (step 68) and repeated (step 69) until the apex is
fully cladded. Usually, the linear welding at the apices will require two to five
cladding passes for each. The linear clads are carried out in a continuous manner so

that each weld 33 is a continuous line from the top to the bottom of the apex of the
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barrel. The linear clads overlap with each other from between 25% and 75% of the
width of the weld.

A major advantage of the present invention is that old tubes or bores that had
been previously coated, brazed, or provided with chemical surface treatments, can be
cladded using the process of the present invention. Thus, a previously bored and lined
piece of tubing can be subjected to the process of the present invention to be provided
with a cladded (metallurgical) bond between lining material and the substrate stock. By
refurbishing a previously manufactured and lined barrel, substantial savings can be
made, and refurbishing becomes economically practical.

A major issue in cladding technology is the control of the heat. Laser cladding
is already well known for solving many of the heat problems inherent to conventional
(non-laser) cladding, as previously described. Heating with a laser is very intense and
localized. As a result, both rapid heating and cooling are facilitated, and in many
cases, preheating of the work piece is entirely unnecessary. However, over-rapid
cooling of the piece may cause the clad to crack. This can be especially prevalent with
the rapid cooling caused by the chimney effect of the open upper end of the vertical
tube. The characteristics of the present invention facilitate rapid cooling of the cladded
surface and thus, lead to the problem of clad cracking. This could render the entire
cladded barrel to be useless, and constitute a waste of time and resources, despite the
present system’s higher efficiency over conventional arrangements.

An additional embodiment of the present invention addresses this drawback by
using induction heaters arranged around the vertically aligned tube or barrel 100.
Induction heating does not complicate the overall process despite the barrel rotating
during the cladding. In the present invention, the induction heaters can be used before,

during and after the cladding process takes place. Such heating can be used to
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lengthen the cooling time and thereby avoid clad cracking. Induction heaters are
particularly efficient since they can penetrate from the outside and away from the tube
or barrel 100 while still providing substantial heat to the its interior where the cladding
bead 31 has been formed by laser cladding.

Figure 3 depicts one arrangement of induction heaters mounted to assist in the
laser cladding operation of a barrel. The induction heating system can be permanent or
temporary. In either case, the windings 91 of the induction heater are arranged around
an insulating layer 92 which surrounds the rest of the cladding system. This can
include a stationary arrangement around the rotating table 80 or the support cylinder 81
(both depicted in Figure 4), but is not necessarily required. All that matters is that the
heat be conveyed efficiently to the tube or barrel 100 being clad.

The power supply 93 is sized to provide sufficient power to heat the barrel 100
in a pre-heating operation up to 1300° F. The pre-heat of the barrel being clad is done
in order to prevent cracking of the clad. Further, many of the alloys used in cladding
cool too fast, creating tension inside the cladding that can result in a crack. The pre-
heating process (along with post-clad heating) permits a slower cooling process. The
induction heater can be maintained at any suitable level in order to control the cool
down period, from two hours to two days. Also, insulating blankets (not shown) can
be used to further control the cool down period. The induction heating system permits
the use of various types of insulation without complications to the overall system. It
should be noted that the insulation 92 is also important to protect the plastic-coated
induction coil. Such insulation is also useful to help control the cool down period of
the cladded barrel. At the same time, the insulation prevents transmission of excessive
heat from the cladded barrel to the coils of the induction heating system and the

environment surrounding the cladding system.
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The induction heaters 91 can be mounted in virtually any configuration around
the vertical tube 100 that allows the interior of the tube 100 to be heated. Such
configurations are already well known in the art of induction heating. However,
induction heating has not previously been applied to a spinning vertical tube 100 to
slow down the cooling process. Examples of a vertical cladding arrangement of the
present invention with a surrounding induction heater are found in the photographs of
the attached Appendix.

While the tube in the Appendix is relatively limited in length, it should be
understand that the present system is capable of cladding tubes 20 feet in length. It
should also be understood that the present invention is not confined to the system
depicted in the attached photographs of the Appendix. Rather, the present invention
can accommodate a wide variety of tube sizes and materials.

The advantages of the present invention are considerable. Each detail of the
present invention contributes to the overall unexpected results and operational
superiority. For example, waste of expensive cladding powder is reduced anywhere
from 25% to 50% using the arrangement of the present invention. Further,
contamination by cladding debris is reduced by almost 100%. Cladding time is
decreased substantially in comparison to all well known cladding systems and
arrangements. Further, all of this can be done for the smallest inside diameter tubes
(down to 14mm) used in plasticating barrels.

Preferably, the tubes, or tube-like structures 100, are mounted in a vertical
position for cladding, and the cladding head 10 moves linearly from the bottom of the
tube to the top. Very little in the way of special rotating arrangements are required.
Once the teachings of the present invention are known, any number of different

mechanical arrangements 80 can be used to rotate the tube in a vertical position.
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Examples are found in the Appendix. As such, further descriptions of these various
arrangements are not necessary for an understanding of the present invention.

The vertical arrangement also permits a more accurate disposition of anti-
abrasive material, which should be kept near the surface of the cladding 30. As with
the cladding powder, waste of this anti-abrasive material is minimized, as is the
possibility of pollution by those particles not being held by the clad. As a result, more
of the anti-abrasive material is used and a greater percentage of it remains near the
surface of the cladding 30. The placement of the anti-abrasive material near the surface
of the clad (rather than deeper in the body of the clad) means that far less clad material
must be machined or polished down to expose the anti-abrasive material. As a result,
overall manufacturing time and expense is reduced.

The present invention permits reduced processing times due to the
characteristics of laser cladding, high speed tube rotation, and the aforementioned
advantages of vertical tube positioning. The drawbacks of rapid cooling are also
addressed using inexpensive auxiliary induction heaters (Figure 3). As a result, the
cooling time can be precisely controlled so as not to negate all of the advantages of the
rapid cooling facilitated by the present system. Time savings is also facilitated by the
placement of anti-abrasion particles closer to the surface of the clad, thereby requiring
less post-clad machining and polishing to expose the anti-abrasion particles.

Further, the present invention can be modified so that the cladding head 10
rotates rather than the tube 11. However, the drawbacks of doing this are well-known,
so that this arrangement is preferable only for larger tube diameters. Nonetheless,
many of the advantages of the vertical arrangement, including less post-clad polishing,
less waste of cladding powder and anti-abrasive material, less contamination from

loose cladding powder; and, more efficient use of all the materials involved, can be
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achieved, even with a stationary vertical tube.

Still further, a variety of different cladding heads can be used within the concept
of the present invention, in particular the vertical arrangement of the tube. Examples
are provided in the Applicants’ earlier patent (i.e., Patent No. 6,482,432 to Colby et
al.), already incorporated herein by reference. Accordingly, an omni-directional
cladding arrangement, or a spinning cladding head, can be used within the concept of
the present invention. Further, while the present invention is particularly effective for
reducing the loss of cladding powder or its contamination of other clad sites, a cladding
wire can be used effectively within the concept of the present invention. Any waste
will drop to the bottom of the tube away from all the cladding sites and the smoke
generated from the cladding process will be exhausted out of the top of the tube.

While one of the preferred embodiments of the present invention has been
directed to the lining of a steel (or steel alloy) plasticating barrel, other metal tubes, or
tube-like structures, can be lined using the various embodiments or any combination
thereof of the previously-described invention. Also, other metallic materials can be
lined using the techniques of the present invention in any number of variations of the
preferred embodiments described herein. The lining material need not be a particular
type. Rather, a wide range of materials can be used as is appropriate with the substrate,
and the application of the final product.

While the present invention is particularly effective for an improved technique
for lining the metal tubes, other, non-cylindrical interior surfaces can be lined by the
techniques of the present invention. A variety of different shapes are applicable to the
cladding operation of the present invention. For example, irregular interior and
exterior surfaces can be clad using the laser head 2. For such operations, it is

necessary such that the laser head be moveable. More specifically, because the angle
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of the laser beam can be adjusted (between 30° and 60° from perpendicular), it is
possible to adjust the radiation angle during the cladding process to address irregular
surfaces. All that need be done is that the movement of the head be controlled using
the software that would normally control the laser head 2 while the tube is spinning as
described in the process of the first embodiment of the present invention. Irregular
surfaces, such as the double-bore of Figure 2 can be rotated to achieve the advantages
thereof.

While a number of the preferred embodiments of the present invention are
directed to vertical cladding, in which the structure to be cladded is held in a vertical
position, other angled orientations are possible. For example, the tube can be rotated at
a 45° angle with respect to horizontal to achieve much of the same benefit previously
described with regard to the present invention. Based on such factors as the cladding
materials, rotational speeds, cladding thickness and tube diameter, a wide range of
different orientation angles “off horizontal” can be used within the concept of the
present invention.

As a finally note, laser cladding is particularly useful in regards to repairing
chrome-plated surfaces. There are a wide variety of surfaces, both interior and
exterior, that are subject to chrome plating. Some examples include firearms and
hydraulic cylinders (such as those used for aircraft landing gears). However,
applications for chrome plating are not limited to these examples.

While a number of embodiments and variations have been made by way of
example, the present invention is not to be limited thereby. Rather, the present
invention should be construed to include any and all modifications, permutations,
variations, adaptations and embodiments that would occur to one skilled in this

technology once taught the present invention by this application. Accordingly, the
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present invention should be considered as being limited only by the following claims.
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APPENDIX A

Attorney Docket No: 4949.53
Attorney Customer No: 22977
Utility Application: VERTICAL LASER CLADDING SYSTEM
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Current Products:
Bimetallic Barrels for Plastics
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Existing Manufacturing
Process
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Video of ID Laser Cladding

US Patent # 6,486,432
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Surface as Clad and Finished

Surface as Clad 8rms Hone Finnish

¢ US Patent # 6,486,432
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Laser Cladding Advantages
Vs. Existing Technology:

= Centrifigal Casting
» HVOF

= HIP

= Chrome Plating

= Conventional Welding
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Laser Repair of Existing
Carbide Surface
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Conventional Repair Vs.
Laser Clad Repair: Singles

Worn 1o tion Barrel Repaired Injection Barrel
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Conventional Manufacturing
Vs. Laser Clad: Twins
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Laser Clad of Twin Barre

US Patent # 6,486,432
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Advantages of Laser Clad
Twin Barrels:

» Elimination of liners pressed into a Castlng and the cost
to produce the liner

= No heat transfer issues between the liner and casting

= No liner seam at the apex

= ability to repair instead of replacing liners or scraping
worn barrels

Wc wear resistance at nitrided price
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Laser Cladding Advantages
for other Industries
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Industries |ID Laser Cladding
can benefit:

» Oil and Gas

= Aerospace

= Heavy Equipment
= Plastics

= Defence
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Questions?

Paul Colby  p.colby@us.xaloy.com  724-656-5638  www.Xaloy.com
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Cost Comparison

Maplan TS100

1st Time RELINE
100 mm (D x 79" DAL

Current Laser Clad
Technology Technology
REPAIR REPAIR
LABOR {on Casing) HOURS HOURS
Mactine & insert plug lor Bore #1 5 NA
Machine Bore #1 10 NA
Machine & insert plug for Bora #2 2 NA
Machine Bore #2 10 NA
ID grind both bores (Casing only) 12 8
Press in Liners 8 NA
Seal Weld Liners (ends and port) 3 NA
Machine Starter Bore ] (]
Lager Clad 1D NA 8
Finich Gringd 1.D. (both bores) 20 15
Paolish (D (Finish Hono) 4 4
Finish Machine-Latho 0 0
Finish Machine-Dnl! 4 4
EDM Port § ]
Polish Port 1 {
Grind barvel ends 8 4
Insped 4 4
Box & Ship 2 2
Miscellanesus $ §
Sub total 102 59
LABOR (on Liners) HOURS
Saw cut steel for liner 1 NA
Deep hole bore liner 10 NA
Fumace strip 4 NA
Lozd and cap 2 NA
Cast 2 NA
Decap 2 NA
Rough hone 10 NA
Spot 2 NA
Rough straighten 3 NA
Rough machine 4 NA
Finish Straighten 2 NA
Finish machine 8 NA
Misc, Liner operations 6 NA
Layout 1 NA
Mouni Lner in Fixture 3 NA
EDM Apox 8 NA
Mill tner top off ] NA
Surface Grind top of inar 10 NA
inspoaction { NA
Assemble fixtures for welding liners 4 NA
Weld liners togethar § NA
Remove from Fixture 2 NA
Inspection 1 NA
Miscallaneous 10 NA
Subtotal 53 0

Total Labor 155 59
Matarial
Liner backing steel $1.000 [
Powder carbide alloy $2,400 $2,400
Ptug tor Bore 91, #2 $300 $300
Total Material 3,700 2,700
[ TOYALCTOST

(using $65/hr-labor) $13,775 $6,536
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Key Advantages of Laser Clad

1.) Elimination of liners pressed into a casing
and cost to produce the liner

2.) NO heat transter Issues between the iner and ¢asing
3.) No liner seams at the apex
4.) Faster throughput by eliminating numerous operations

5.) Ability to repair instead of replacing liners or scrapping
when the barrel wears out after its service life
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Cost Comparison
Maplan TS100

NEW
100 mm 10 x 79" QAL

Current Laser Clad
Technology Technology
‘ | Yy Advantapes of Lager Clad
LABOR (on Casing) HOURS HOURS
Machine Bore #1 12 12 1.) Elimination of liners pressed into a casing
Machine & insert plug for Bore #1 § 5 and cost to produce the liner
Machine Bore #2 12 12
1D grind both bores {Casing onty) 16 8 2.) NoO heat transter 1Issues between the iner and casing
Press in Liners 8 NA
Seal Weld Liners (ends and port) 3 NA 3.) No liner seams at the apex
Machine Starter Bore 6 [
Laser Clad 10 NA 8 operations
Finish Grind .0. (both bores) 20 20
Palish |D (Finish Hone) 4 4 scrapping
Finish Machine-Lathe 12 12 when the barrel wears out after its service life
Finish Machine-Dnll 8 L]
EOM Port 5 5 8.) Can now compete with nitrided twin barrels on price
Polish Port 1 1
Grind barrel ends [ 6
inspect 4 4
Box & Ship 2 2
Miscellaneous 10 8
Sub total 134 121
LABOR (on Liners) HOURS
Saw cut steel for liner 1 NA
Deep ho'le bore liner 10 NA
Fumagce strip 4 NA
Load and cap 2 NA
Cast 2 NA
Decap 2 NA
Rough hone 10 NA
Spot 2 NA
Rough straighten 3 NA
Rough machine 4 NA
Finish Straighten 2 NA
Finish machine 8 NA
Misc. Liner operations -] NA
Layout 1 NA
Mount liner in Fixture 3 NA
EDM Apex 8 NA
Mill tincr top off 8 NA
Surtace Grind top of finer 10 NA
inspeciion 1 NA
Agsemble (ixtures for welding liners 4 NA
Weld liners together ) NA
Remove from Fixture 2 NA
Inspection 1 NA
Miscellaneous 10 NA
Subtotal 53 0
Total Labor 187 121
Material
Casing $2.440
Liner backing steel $1,000 0
Powder carbide allay $2,400 $2,400
Plug for Bore #1 $300 $300
Total Material 3,700 2,700
TOTAL COST
(using $65/hr-labor) $15,855 $10,885
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We claim:

1. A laser cladding system for cladding the interior of a metal tube-like structure,
said cladding system comprising:

a)  a subsystem for holding and rotating said tube-like structure at a
predetermined speed and a predetermined non-horizontal angle;

b)  a laser cladding head arranged to irradiate an internal surface of said
tube-like structure at a predetermined angle to a normal direction of the
internal side of said tube-like structure; and

c) a translating system arranged for moving said laser cladding head in a

direction from bottom to top of said tube-like structure.

2. The laser cladding system of claim 1, further comprising:
d)  aheater arranged to raise temperature of said tube-like structure to above

1500 degrees Fahrenheit.

3. The laser cladding system of claim 1, wherein said laser cladding head

comprises a cladding powder dispensing nozzle.
4, The laser cladding system of claim 1, wherein said holding and rotating
subsystem is arranged to rotate said tube-like structure at a speed from 2 to 50

revolutions per minute.,

5. The laser cladding system of claim 2, wherein said heater comprises an

induction heating unit,
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10.

11.

WO 2012/054078 PCT/US2011/001776

The laser cladding system of claim 3, wherein said cladding powder dispensing

nozzle includes a tungsten carbide composition coating.

The laser cladding system of claim 2, further comprising:
e)  adowndraft system arranged to pull air from an upper opening of said

tube-like structure to a lower opening of said tube-like structure.

The laser cladding system of claim 1, wherein said predetermined angle to the

normal direction of the internal side of said tube-like structure is between 30°

and 60°.

The laser cladding system of claim 8, wherein said laser cladding head further

COMPrises a mirror.

The laser cladding system of claim 9, wherein said laser cladding head further

comprises at least one sensor to guide the operation of said laser cladding head.

A method of cladding the interior of a tube-like structure, comprising the steps
of:

a) placing said tube-like structure in a non-horizontal position;

b)  rotating said tube-like structure at a predetermined speed,

c) irradiating an interior surface of said tube-like structure downward from a
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12.

13.

14.

15.

16.

17.

WO 2012/054078 PCT/US2011/001776

moving laser head at a non-normal angle to said interior surface of said
tube-like structure; and

d)  moving said laser cladding head from proximate a bottom opening of said
tube-like structure upward to proximate a top opening of said tube-like

structure.

The method of claim 11, wherein said non-normal angle to said interior surface

of said tube-like structure is between 30° and 60°.

The method of claim 11, further comprising the step of heating said tube-like

structure at predetermined points throughout said cladding.

The method of claim 13, wherein said heating of said tube-like structure is

effected using an induction heater.

The method of claim 11, wherein said predetermined speed for rotating said

tube-like structure is between 2 and 10 revolutions per minute.

The method of claim 11, wherein said laser head operates between ' kilowatt

and 20 kilowatts.

The method of claim 11, wherein said method creates a continuous spiral
cladding bead from a beginning point approximate a bottom opening of said
tube-like structure and ending at a point approximate a top opening of said tube-

like structure.
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18.  The method of claim 17, wherein adjacent portions of said bead overlap

between 30% and 50%.

5 19. A method of manufacturing a double barrel structure with a cladded interior, the
double barrel structure having two overlapping cylindrical bores in a single
piece of substrate stock, said method comprising the steps of:

a)  conducting radial laser cladding of each of said bores from bottom to top;
and
10 b)  conducting at least one linear clad from bottom to top at each interfacing

apex between said bores.

20.  The method of manufacturing of claim 19, wherein step “b” further comprises
15 conducting a plurality of overlapping linear claddings at each said interfacing

apex.

20
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