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Description

Title

SYSTEM AND METHOD OF WELDING A PLURALITY OF SMALL
DIAMETER PALLADIUM ALLOY TUBES TO A COMMON BASE PLATE
IN A SPACE EFFICIENT MANNER

Field
In general, the present invention relates to methods and procedures used to

manufacture a matrix of parallel tubes. More particularly, the present invention relates to

methods and procedures where multiple parallel tubes are welded to a common base plate.

Prior Art Description

Matrices of parallel tubes are used in many different pieces of equipment. For
instance, many heat exchangers use parallel tubes. One of the more unique uses of a matrix of

parallel tubes can be found in hydrogen gas processing cells.

In hydrogen gas processing cells, such as hydrogen purifiers and hydrogen steam
reformers, tubes of palladium alloy are exposed to gases that contain hydrogen. The
palladium alloy is permeable to hydrogen at high temperatures. Accordingly, the hydrogen
passes through the walls of the tubes and becomes separated from the other gases. An
example of hydrogen processing equipment that utilizes a matrix of parallel tubes can be
found in U.S Patent No. 7,972,417, entitled Hydrogen Gas Separator System Having Micro-
Channel Construction For Efficiently Separating Hydrogen Gas From A Mixed Gas Source.

For many reasons, it is desirable to use very small diameter tubes in hydrogen gas
processing cells. It is also desirable to place the tubes as close together as possible without
touching. In order to hold the tubes firmly in the desired matrix orientation, the various tubes
are typically set into a common metal base plate. In the prior art, holes are drilled into a base.

The tubes are then placed into the holes and are brazed into place.

Tn certain hydrogen gas processing cell applications, hundreds of tubes are set into a
single base. The tubes are packed very densely with only a fraction of a millimeter between

adjacent tubes. Traditional welding techniques cannot be used because of the minute areas
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being welded and the lack of available space around each weld. Accordingly, heat brazing

techniques are applied.

In a hydrogen gas processing cell, tubes of palladium alloy are brazed to stainless
steel end caps. The palladium tubes are then tested for leaks and otherwise conditioned for
commercial use. It is only after a palladium tube has been quality tested that it is added to a
matrix of tubes. This ensures that the matrix of tubes will not contain anyone defective tube

that would render the whole matrix defective.

Once tested tubes are added to a matrix, the tested tubes traditionally undergo a
second brazing procedure that connects the tubes to the matrix. During the second brazing
procedure, the integrity of the pre-tested tubes may be compromised by thermal stresses.
Furthermore, during the second brazing process, the initial brazed connections may become

undone and create leaks. Additionally, when traditional brazing techniques are used on large

" matrices of tubes, it has proven difficult to create consistent brazed seals around all of the

tubes. Often, some tubes have proper brazed seals, others do not. Since hundreds of tubes
may be present in a single matrix, even a brazing technique with 99.9% cffectiveness will

result in every hydrogen gas processing cell being defective because of at least one leaking

brazed seal.

In U.S. Patent No. 8,230,594, the Applicant patented a system that uses laser welding
to weld tubes to a base plate. In this system, tubes are made with flares that rested on the base
plate. The laser welder then welds the flares to the underlying base plate. Such a system is a
vast improvement over prior art brazing techniques. However, some problems still occur.
Mostly, the area required for the weld limits how densely the tubes can be packed into a

matrix. Problems also occur in directing the laser about the dense matrix, since reflections

from the laser light and the brightness caused by the weld tend to blind optical targeting

systems.

A need therefore exists for an improved technique for joining hundreds of small
diameter tubes in parallel to a common base in a very dense matrix. A need also exists for an
improved technique of visualizing the welds as they are created. These needs are met by the

present invention as described and claimed below.
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Summary

The present invention is a tube matrix and the tube assemblies that combine to make
the tube matrix. The tube assemblies are joined together into a matrix by a plate. The plate
has a first surface, an opposite second surface, and a plurality of holes that extend from the
first surface to the second surface. Each hole has a countersunk region that descends into the

plate from the first surface.

A plurality of tube assemblies are provided. Each tube assembly has a first end, an
opposite second end, and a flare structure proximate the first end. The flare structure is sized
to be fully received within the countersunk region. The tube assemblies extend through the
holes in the plate. The flare structure of each tube assembly is welded to the plate within the

countersunk region of each hole through which each tube assembly passes.

Brief Description Of Drawings

For a better understanding of the present invention, reference is made to the following
description of exemplary embodiments thereof, considered in conjunction with the

accompanying drawings, in which:
FIG. 1 is a prior art image of a laser beam weld showing a surface diffusion zone;

FIG. 2 is a cross-sectional prior art image of a laser beam weld showing a subsurface

diffusion zone;

FIG. 3 is a fragmented cross-sectional view of a segment of a tube maitix;
FIG. 4 is an exploded view of a tube assembly having a welding termination;

FIG. 5 is an enlarged cross-sectional view of the flare structure on a welding

termination;

FIG. 6 is a schematic showing a segment of a tube matrix in a laser welding machine;

and
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FIG. 7 is a cross-sectional view of a segment of an aiternate embodiment of a tube

matrix.
Description of Embodiments

Referring to both Fig. 1 and Fig. 2, it will be understood that when a laser beam 12 is
used to create a weld 14, that weld 14 has a surface fusion zone 16 of a first diameter D1. The

weld 14 also has a subsurface fusion zone 18 of a maximum depth D2.

Within the fusion zones 16, 18, the metal being welded melts and fuses together to
create the desired weld. The diameter D1 of the surface fusion zone 16 is typically
significantly wider than the diameter of the laser beam 12. Both the diameter D1 and the
depth D2 of the fusion zones 16, 18 are affected by the strength of the laser, the duration of

the laser's pulse and the materials being welding.

It will therefore be understood that as objects are being laser welded into a dense
pattern, the primary factors in determining the density are the dimensions of the fusion zones

16, 18 created by the welds, The smaller the fusion zones that are made, the denser the welds

that can be made.

The system and methodology of the present invention can be used to weld a denser
mairix of tubes than has previously been possible. The tubes in the matrix can be made of
many different materials, such as stainless steel, palladium alloys and the like. The tube
material selected depends upon the intended use of the tube matrix. The present invention is
especially useful in making a matrix of tubes for use in a hydrogen gas processor. Some
meodels of hydrogen processor cells use both a matrix of stainless steel tubes and a matrix of
palladium alloy tubes. As such, the present application presents two exemplary embodiments ‘
that show tubes of palladium alloy and tubes of stainless steel being welded into matrices.
Such embodiments present the best modes contemplated for the invention. However, the

examples are merely exemplary and should not be considered limitations to the scope of the

claims.

Referring to Fig. 3, a segment of a tube matrix 20 is shown. The tube matrix 20

contains a plurality of tube assemblies 22. Each tube assembly 22 contains a tube 24 of

-4
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palladium alloy. A welding termination 26 is connected to one end of the palladium alloy
tube 24. The welding termination 26 is a short tubular element that slips over one end of the

palladium alioy tube 24.

Referring to Fig. 4 and Fig. 5 in conjunction with Fig. 3, it can be seen that the
welding termination 26 has a cylindrical body 28 with a top end 30 and a bottom end 32. The
welding termination 26 is preferably made of the same material as is the base plate to which
it will eventually be welded. Both the top end 30 and the bottom end 32 of the cylindrical
body 28 are open, therein defining the opposite ends of an open central conduit 34. A ridge
36 is formed in the open central conduit 34, wherein the inside diameter of the open central
conduit 34 abruptly changes from a first inside diameter to a larger second inside diameter.

The ridge 36 is disposed a length I.1 from the top end 30 of the welding termination 26.

The top end 30 of the welding termination 26 has a complex flare structure 40. Most
of the welding terminations 26 have a common outside diameter D3, In the flare structure 40,
the outside diameter increases between 5% and 20% to a second larger outside diameter D4.
The top of the flare structure 40 has a flat surface 42. The flare structure 40 has an inside -
beveled surface 44 that extends from the flat surface 42 to the inside wall 45 that defines the
open central conduit 34. The inside beveled surface 44 is beveled at an acute angle Al, which

is preferably between 20 degrees and 45 degrees below the horizontal.

The flare structure 40 also has an outside beveled surface 46 that extends from the flat
surface 42 to the outside wall 48 of the cylindrical body 28. The outside beveled surface 46

is beveled at an acute angle A2 which is preferably between 40 degrees and 75 degrees.

The palladium alloy tube 24 is inserted into the open bottom end 32 of the welding
termination 26 until the palladium alloy tube 24 seats against the ridge 36. The paliadium
alloy tube 24 is brazed in place in a separate procedure. After the welding termination 26 is
brazed to the palladium ally tube 24 to form the tube assembly 22, the tube assembly 22 is
quality tested. If a tube assembly 22 passes quality testing, it is known that the braze between
the weld termination 26 and the palladium alloy tube 24 is proper. It is further known that the

palladium alloy tube 24 itself is not cracked, ruptured or otherwise defective.
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In Figs. 3 and 4, a segment of a base plate 50 is shown. The base plate 56 is metal and
is preferably a stainless steel alioy. However, other non-reactive alloys such as Hastelloy®
can also be used. It is preferred that the base plate 50 and the welding termination 26 be the
same alloys or compatible alloys to promote ease of welding and to reduce stresses that may
be caused by using alloys with different expansion coefficients. The base plate 50 has a first
surface 51 and an opposite second surface 53. Holes 52 are machined through the base plate
50 from the first surface 51 to the second surface 52 in a dense matrix pattern. Each hole 52
has a primary inside diameter which is only slightly larger than the primary outside diameter
D3 of the tube assemblies22. Accordingly, the tube assemblies 22 can pass into the holes 52
and have little lateral play once in the holes52. The diameter of the holes 52 is smaller than
the diameter D4 of the flare structures 40 on the tube assemblies22. Accordingly, the flare
structures 40 prevent the tube assemblies 22 from passing completely through the holes 52.

Each hole 52 has a countersunk region 55 that extends into the base plate 50 from its
first surface 51. The countersunk region 55 is sized to receive the flare structure 40 of the
welding termination 26. In the shown embodiment, the countersunk region 55 is defined .by a
beveled surface 54 that funnels toward the hole 52 from the first surface 51. The angle of the
beveled surface 54 matches the outside beveled surface 46 of the flare structure 40 of the
welding termination 26. Furthermore, the depth of the countersunk region 55 is generally
equal to the height of the flare structure 40, Consequently, the flare structure 40 on the
welding termination 26 seats flush against the beveled surface 54 of the corresponding hole

52 with none of the flare structure 40 extending above the hole 52,

Referring now to Fig. 6, the flare structure 40 of a welding termination 26 is shown
seated against the beveled surface 34 of a base plate hole 52. This causes a surface-to-surface

abutment between the outside beveled surface 46 of the flare structure 40 and the full length

of the beveled surface 54 at the top of the hole 52.

In Fig. 6, the surface-to-surface abutment is also shown being welded by the laser
beam 12 of a laser welder 56. The laser beam 12 is powered to create a subsurface fusion
zone 16 that penetrates at least as deep as the bottom of the beveled surface 46. However, the
beveled surface 46 is deepest near the center and shallow near its periphery. Consequently,

very little energy is needed to create the desired weld near the periphery. The surface-to-
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surface contact along the length of the beveled surface 54 is welded together in the
subsurface fusion zone 16. The subsurface fusion zone 16 can be shifted inwardly way from
the periphery. This creates very little overflow and the diameter of the weld zone is not much
larger than the flare structure 40 being welded. Furthermore, it will be understood that since
none of the mass of the welding termination 26 extends above the top of the base plate 50, the
laser welding does not create any molten flow that would flow downhill and spread across the
top surface 51 of the base plate 50. The result is a surface fusion zone 18 with a diameter that

is only slightly larger than the diameter of the flare structure 40,

The fusion zones 16, 18 created by the laser beam 12 are created in a highly efficient
manner. Accordingly, the braze that joins the weld termination 26 to the palladium alloy
tubes 24 experience only a minimal amount of heat and stress from the welding. As a
consequence, palladium alloy tube assemblies 22 that have been quality tested as good can be

consistently maintained in that condition throughout the laser welding process.

It will therefore be understood that the beveled surface 54 atop the hole 52 of the base
plate 50 and the flare structure 40 on the welding termination 26 serve three important
functions. First, these features combine to set the welding termination 26 at the right depth
into the base plate 50. Second, these features create a long area of surface-to-surface contact
that are joined by welding. This results in a particularly strong and high quality weld. Third,
since no material being welded is above the top surface of the base plate 50, the fusion zones
created by the weld are small and only slightly larger than the diameter of the beveled surface

54 on the base plate 50. Consequently, tube assemblies 22 can be welded through holes 52 in

a common base plate 50 in a highly dense pattern.

Yet another benefit can be obtained by using the welding termination and beveled
hole of the present invention. Referring again to Fig. 6, it will be understood that in certain
laser welding systems, the laser welder 56 is controlled using optical targeting software. Such
systemns have a difficult time maintaining imaging when a bright metal, such as stainless steel
is being welded. This is because a lot of the energy of the laser beam and illumination lights

are reflected back toward the targeting system by the reflectivity of the metal.

The welding termination 26 is made with an inside beveled surface 44, The inside

beveled surface 44 is at an acute angle with respect to the horizontal. A light source 60 is

-7-
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positioned to the side of the laser welding unit. The light source 60 creates beams of light 62
at an angle that is complimentary to the angle of the inside beveled surface 44. The result is
that the inside beveled surface 44 reflects the light vertically upward toward an optical
targeting system 64. The optical targeting system 64 can therefore maintain better targeting

control during the laser welding process.

As has been previously mentioned, hydrogen gas processors also contain tube
matrices that are made with stainless stee! tubes. Referring to Fig. 7, a segment of a matrix is
shown where tubes 70 of stainless steel or Hastelloy® are welded directly to a base plate 72.
In this embodiment, flare structure dimensions that have been previously shown as part of the
welding termination can be machined directly onto the end of each tube 70. The base plate 72
has the same beveled holes 74 as have been previously described. The tubes 70 pass into the
holes 74, wherein each flare structure 75 seats into the beveled hole 74 in the manner
previously described. The flares structures 75 are then laser welded to the base plate 72 in the

same manner as has been previously described.

It will be understood that the embodiments of the present invention that are illustrated
and described are merely exemplary and that a person skilled in the art can make many
variations to those embodiments. For example, any desired distance can be made between
tubes, other than the maximum density embodiment shown, Furthermore, the diameter of the
tubes and of the flare structures can be varied within functional limitations. Likewise, tubes
and flare structures with shapes other than round can be used. For example a square tube with
a square flare can be used. All such variations, modifications and alternate embodiments are

intended to be included within the scope of the present invention as defined by the claims.
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WHAT IS CLAIMED IS:

CLAIMS

1. A tube matrix comprising:

a plate having a first surface, and an opposite second surface and a plurality of holes

that extend from said first surface to said second surface,

wherein each hole from said plurality of holes has a first beveled surface that funnels

into said hole from said first surface;
a plurality of hydrogen permeable tube elements,

wherein each tube element from said plurality of hydrogen permeable tube elements

has a first end, an opposite second end and a flare structure proximate said first end,
wherein said flare structure has a second beveled surface;

wherein said plurality of hydrogen permeable tube elements extend through said
plurality of holes in said plate, and wherein said second beveled surface of each said tube

element is welded to said first beveled surface of each said hole through which each said tube

element passes.

2. The tube matrix according to claim 1 wherein each said tube element in said
plurality of hydrogen permeable tube elements is an assembly comprising a palladium alloy

tube and a welding termination attached to said palladium alloy tube and wherein said flare

structure is part of said welding termination.

3. The tube matrix according to claim I wherein said plate is comprised of a

metal alloy and each said welding termination is also comprised of said metal alloy.

4, The tube matrix according to claim 1 wherein said first end of each said tube

element does not extend beyond said first surface of said plate.

5. The tube matrix according to claim 1 wherein each said flare structure has a
flat top surface with an internal edge and an external edge and wherein said second beveled

surface begins at said external edge of said flat top surface.
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6. The tube matrix according to claim 5 further including a third beveled surface

that begins at said internal edge of said flare structure and funnels inwardly.
7. A tube matrix comprising:

a plate having a first surface, an opposite second surface, and a plurality of holes that

extend from said first surface to said second surface,

wherein each hole from said plurality of holes has a countersunk region that descends

into said plate from said first surface;
a plurality of hydrogen permeable tube elements,

wherein each tube element from said plurality of hydrogen permeable tube elements
has a first end, an opposite second end, and a flare structure proximate said first end, wherein

said flare structure is sized to be fully received within said countersunk region;

wherein said plurality of hydrogen permeable tube elements extends through said

plurality of holes in said plate, and

wherein said flare structure of each said tube element is welded to said plate within

said countersunk region of each said hole through which each said tube element passes.

8. The matrix according to claim 7 wherein said plurality of hydrogen permeable

tube elements has a welding termination and each said flare structure is formed directly onto

said welding termination.
9. The matrix according to claim 7 wherein said plurality of hydrogen permeable

tube elements are tube assemblies that include pailadium alloy tubes and stainless steel

welding terminations that cap said palladium alloy tubes and wherein each said flare structure

is formed on said welding terminations.

10.  The matrix according to claim 7 wherein each said countersunk region

presents a first beveled surface that funnels toward said hole.

11.  The matrix according to claim 10 wherein said flare structure presents a

second beveled surface that abuts against said first beveled surface within each said

countersunk region.

=10 -
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12.  The matrix according to claim 11 wherein said first beveled surface and said

second beveled surface are welded together in said countersunk region.
13. A tube assembly for use in a tube matrix comprising:
a palladium alloy tube having a first end and a second end; and

a welding termination capping said first end of said palladium alloy tube, wherein said

welding termination has a flare structure with a flat top and an exterior surface that is beveled

at an acute angle.

14, The assembly according to claim 13 wherein said welding termination has a

bottom end and a top end, and wherein said flare structure is formed at said top end of said

welding termination.

15.  The assembly according to claim 14 wherein said welding termination has a
constant outside diameter between said bottom end and said flare structure and wherein said

flare stricture has a second diameter that is larger than said outside diameter.

16.  The assembly according to claim 13 wherein said welding termination defines

an open interior conduit that communicates with said palladium alloy tube.

17.  The assembly according to claim 16 wherein said welding termination is made

of stainless steel and is affixed to said palladium alloy tube with a brazed connection.

18.  The assembly according to claim 17 wherein said flare structure also has an

interior beveled surface that funnels into said open interior conduit at an acute angle.

-11-
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