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50; and a means 66 for fastening the central portion 62 to at least one of the electrode holder 50 and an end portion 38 of a
discharge electrode 36 such that, when the end portion 38 of the discharge electrode 36 Is attached to the electrode holder 50, the
electrically conductive member 60 Is disposed between the end portion 38 of the discharge electrode 36 and the electrode holder
50. The means 66 for fastening may include any one or more of: a clamp, a magnet, an adhesive, an interference fit between the
electrically conductive member 60 and the at least one of the electrode holder 50 and the end portion 38 of the discharge electrode
36, and a crimped portion of the electrically conductive member 60.
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METHOD AND APPARATUS FOR PREVENTING WEAR IN AN
ELECTROSTATIC PRECIPITATOR

ABSTRACT

[0001] An apparatus for preventing wear of an electrode holder 50 on a discharge
electrode frame of an electrostatic precipitator comprises an electrically conductive
member 60 having a central portion 62 generally contoured to a shape of an electrode
holder 50; and a means 66 for fastening the central portion 62 to at least one of the
electrode holder 50 and an end portion 38 of a discharge electrode 36 such that, when
the end portion 38 of the discharge electrode 36 is attached to the electrode holder 50,
the electrically conductive member 60 is disposed between the end portion 38 of the
discharge electrode 36 and the electrode holder 50. The means 66 for fastening may
include any one or more of: a clamp, a magnet, an adhesive, an interference fit
between the electrically conductive member 60 and the at least one of the electrode

holder 50 and the end portion 38 of the discharge electrode 36, and a cnmped portion

of the electrically conductive member 60.
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METHOD AND APPARATUS FOR PREVENTING WEAR IN AN
ELECTROSTATIC PRECIPITATOR

BACKGROUND
[0001] The present invention relates to electrostatic precipitators and, more particularly, a

method and apparatus for preventing wear of electrode holders on a discharge electrode

frame of an electrostatic precipitator.

[0002] In an electrostatic precipitator, a gas laden with entrained particulate material is
passed through an electrostatic field established about a discharge electrode disposed
between two grounded collecting electrodes. The suspended particles become electrically

charged as they pass through the electrostatic field and move under the influence of the

electrostatic field to deposit upon the grounded collecting electrodes flanking the

discharge electrode.

[0003] Typically, each collecting electrode is formed of one or more elongated plates
disposed in a row side-by-side and suspended from the top of a precipitator housing in a
vertical plane. A plurality of such collecting electrodes are disposed transversely across

the precipitator casing in spaced vertical planes parallel to the direction of the gas flow

through the precipitator.

[0004] In what 1s commonly referred to as a rigid-frame electrostatic precipitator, a box-
like framework comprised of a plurality of discharge electrode frames is suspended from
insulators at the top of the precipitator housing. Each discharge electrode frame supports
a plurality of vertically disposed discharge electrodes between adjacent collecting

electrodes. The discharge electrodes are typically wires, bands, or the like, which are

toughly strung across the discharge electrode frame and connected to the electrode frame
at features on the electrode frame called electrode connectors. A voltage is applied to the

discharge electrodes via the electrode frame to generate the electrostatic field.

[0005] During operation, some dust particles will deposit on the discharge electrodes
rather than migrating to the collecting electrode plates. Therefore, it may be necessary to

occasionally clean the discharge electrodes by vibrating the discharge electrode frames,
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typically by means of a rapping mechanism. Over time, this vibrating action as well as
movement of the electrodes due to flue gas velocity and arcing between the electrode 36
and electrode holder tend to wear the end portions of the discharge electrodes and the
electrode holders. Because of this wear, maintenance personnel will typically replace the
discharge electrodes one or more times over the life of the electrostatic precipitator. The
electrode holders are typically not replaced because this would require time-consuming
disassembly of much of the electrostatic precipitator, grinding removal of the worn
electrode holders, and welding attachment of the new electrode holders. Problematically,
however, the worn discharge electrode holders provide uneven surfaces on which the new

discharge electrodes are installed, which can cause premature wear of the new discharge

electrodes.

SUMMARY

[0006] The above-described defects and deficiencies are overcome or alleviated by a
method for preventing wear of electrode holders on a discharge electrode frame of an
electrostatic precipitator, the method comprising: attaching electrically conductive
members to at least one of: the electrode holders on the discharge electrode frame, and
end portions of a discharge electrode; and attaching the discharge electrode to the
discharge electrode frame such that the electrically conductive members are positioned

between the end portions of the discharge electrode and the electrode holders.

[0007] In another aspect, there is provided an apparatus for preventing wear of an
electrode holder on a discharge electrode frame of an electrostatic precipitator. The

apparatus comprises an electrically conductive member having a central portion generally
contoured to a shape of an electrode holder; and a means for fastening the central portion
to at least one of the electrode holder and an end portion of a discharge electrode such
that, when the end portion of the discharge electrode is attached to the electrode holder,

the electrically conductive member is disposed between the end portion of the discharge

electrode and the electrode holder.

[0008] In yet another aspect, there is provided an electrostatic precipitator comprising a
discharge electrode frame, a plurality of discharge electrodes, and a plurality of
electrically conductive members. The discharge electrode frame includes an outer frame

-
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portion generally defining a perimeter of the discharge electrode frame, and a
plurality of electrode holders attached to the outer frame portion. The discharge
electrodes each have a pair of end portions, and the electrically conductive
members are disposed between the end portions of the discharge electrodes and
the electrode holders. Each of the electrically conductive members includes: a
central portion generally contoured to a shape of an electrode holder in the
plurality of electrode holders; and a means for fastening the central portion to at
least one of the electrode holder and an end portion of a discharge electrode in
the plurality of discharge electrodes such that, when the end portion of the
discharge electrode is attached to the electrode holder, the electrically conductive
member is disposed between the end portion of the discharge electrode and the
electrode holder.

In still another aspect, there is provided a method for preventing
wear of electrode holders on a discharge electrode frame of an electrostatic
precipitator, the method comprising: attaching electrically conductive members to
at least one of: the electrode holders on the discharge electrode frame, and end
portions of a discharge electrode; and attaching the discharge electrode to the
discharge electrode frame such that the electrically conductive members are
positioned between the end portions of the discharge electrode and the electrode
holders, wherein the electrically conductive members each include: a central
portion generally contoured to a shape of the electrode holder; and a means for
fastening the central portion to at least one of the electrode holder and an end

portion of a discharge electrode such that, when the end portion of the discharge

electrode is attached to the electrode holder, the electrically conductive member is

disposed between the end portion of the discharge electrode and the electrode
holder.

In a further aspect, there is provided an apparatus for preventing
wear of an electrode holder on a discharge electrode frame of an electrostatic
precipitator, the apparatus comprising: an electrically conductive member having a
central portion generally contoured to a shape of an electrode holder: and a

means for fastening the central portion to at least one of the electrode holder and
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an end portion of a discharge electrode such that, when the end portion of the
discharge electrode is attached to the electrode holder, the electrically conductive
member is disposed between the end portion of the discharge electrode and the
electrode holder, wherein the means for fastening includes at least one of: a
clamp, a magnet, an adhesive, an interference fit between the electrically
conductive member and the at least one of the electrode holder and the end
portion of the discharge electrode, and a crimped portion of the electrically

conductive member.

In a still further aspect, there is provided an electrostatic precipitator
comprising: a discharge electrode frame including: an outer frame portion
generally defining a perimeter of the discharge electrode frame, and a plurality of
electrode holders attached to the outer frame portion; a plurality of discharge
electrodes attached to the electrode holders, each discharge electrode having a
pair of end portions; and a plurality of electrically conductive members disposed
between the end portions of the discharge electrodes and the electrode holders,
each of the electrically conductive members including: a central portion generally
contoured to a shape of an electrode holder in the plurality of electrode holders,
and a means for fastening the central portion to at least one of the electrode
holder and an end portion of a discharge electrode in the plurality of discharge
electrodes such that, when the end portion of the discharge electrode is attached
to the electrode holder, the electrically conductive member is disposed between
the end portion of the discharge electrode and the electrode holder, wherein the
means for fastening includes at least one of: a clamp, a magnet, an adhesive, an
interference fit between the electrically conductive member and the at least one of
the electrode holder and the end portion of the discharge electrode, and a crimped
portion of the electrically conductive member.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Referring now to the drawings wherein like items are numbered alike in the
various Figures:

[0010] Fig. 1 is a perspective, cut-away view of an electrostatic precipitator of the prior
art,

[0011] Fig. 2 is a side elevation view of a discharge electrode frame of the prior art
having discharge electrodes attached thereto,

[0012] Fig. 3 is a perspective view of a portion of the discharge electrode frame of the
prior art, depicting an end portion of a single discharge electrode attached to an electrode
holder on the discharge electrode frame;

[0013] Fig. 4 is a side elevation view of an electrically conductive member disposed
between the end portion of the discharge electrode and the electrode holder, in accordance
with an embodiment of the present invention;

[0014] Fig. 5 is a side elevation view of the electrically conductive member of Fig. 4;
[0015] Fig. 61s a\ sectional view of the electrically conductive member taken along
section 6-6 of Fig. 5;

[0016] Fig. 7 1s a side elevation view of an electrically conductive member disposed
between the end portion of the discharge electrode and the electrode holder, in accordance
with another embodiment of the present invention;

[0017] Fig. 8 is a side elevation view of the electrically conductive member of Fig. 7;

{0018} Fig. 9 is a tront elevation view of the electrically conductive member of Fig. 7;

3b
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[0019] Fig. 10 is a side elevation view of an electrically conductive member in

accordance with another embodiment of the present invention;

[0020] Fig. 11 is a front elevation view of the electrically conductive member of Fig. 10;

[0021] Fig. 12 is a section view of the electncally conductive member of Fig. 10, taken

along line A-A of Fig. 10;

[0022] Fg. 13 is a section view of the electrically conductive member of Fig. 10, taken
along line A-A of Fig. 10, after cnmping the leg portions of the electrically conductive
member ;

[0023] Fig. 14 is a side elevation view of an electrically conductive member in
accordance with another embodiment of the present invention; and

[0024] Fig. 1515 a front elevation view of the electrically conductive member of Fig. 14.

DETAILED DESCRIPTION

[0025] Fug. 1 1s a perspective, cut-away view of an electrostatic precipitator 10, which
includes a casing 12 with an inlet 2, an outlet 4 and a precipitation chamber 6 disposed
between the inlet 2 and outlet 4. The particulate laden flue gas to be cleaned passes
through the housing 12 of the precipitator 10 from the gas inlet 2 through the precipitation
chamber 6 and out the gas outlet 4. The precipitator 10 is shown for purposes of
tllustration and not Iimitation, and it 1s contemplated that the present invention may be

embodied 1n electrostatic precipitators having a different design than that shown.

[0026] The basic configuration of the precipitator 10 shown in Fig. 1 is well known in the
prior art, and is typically referred to as a rigid frame-type electrostatic precipitator. A
plurality of substantially rectangular collecting electrode plates 22, forming collectively a

collecting electrode plate assembly 20, are disposed in substantially parallel, spaced

relationship in vertical planes within the precipitation chamber 6. Disposed in the spaces
between the collecting electrode plate assemblies 20 is a plurality of discharge electrode

assemblies 32. Both the collecting electrode plate assemblies 20 and the discharge
electrode assemblies 32 are aligned parallel to and extend in the direction of gas flow

through the precipitation chamber 6 from the inlet 2 to the outlet 4 thereof.

[0027] Each collecting electrode plate 22 is suspended and supported from upper support

beams 14 disposed across the top of the precipitation chamber 6. The lower end of each

4 -
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of the suspended collecting electrode plates 22 is laterally constrained from movement by
inserting it into a guide member 16 which i1s mounted to the lower support beams 18
disposed in the bottom of the precipitation chamber 6. Thus, the suspended electrode
plates 22, which may range anywhere from 12 to 50 feet 1in height, are free to move
vertically downward within the guide members 16 due to temperature effects but are

constrained from any lateral movement by guide members 16.

[0028] The collecting electrode plates 22 are shown in the drawing as being of a
particular cross section merely for purposes of illustration and not limitation. It is to be
understood that the present invention contemplates utilizing collecting electrode plates of
any of a number of cross-sectional designs with the particular design utilized in any given
situation being selected on an individual basis to give optimal precipitation efficiency and

a quiescent zone at the surface of the collecting electrode plates 22.

[0029] The individual discharge electrode assemblies 32 are supported and suspended
from a support beams 34 disposed at the top of the precipitation chamber 6 and mounted
to the casing 12 through electrical insulators 40. As best seen in Fig. 2, each of the
individual discharge electrode assemblies 32 includes rigid vertical and horizontal support
members 33 which may be welded or otherwise fastened together to form a discharge
electrode frame 30. The support members 33 generally define a perimeter of the discharge
electrode frame, and intermediate support members 33 may be welded between vertical
support members 33 so as to divide a discharge electrode frame 30 into upper, middle and

lower sections 42, 43 and 44 respectively.

[0030] Referring to Fig. 1 and Fig. 2, mounted within each section 42, 43 and 44 of the
discharge electrode frame 30 are a plurality of vertically strung discharge electrodes 36
disposed at spaced intervals along the direction of gas flow so as to provide an
electrostatic field along the length at a precipitation chamber 6. End portions 38 of each
discharge electrode 36 are mechanically and electrically connected to the support
members 33. The discharge electrodes 36 may be tensioned to limit the movement of the
discharge electrodes 36 relative to the frame 30 and to ensure good electrical contact

between the discharge electrodes 36 and the frame 30.

W04/021-0
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[0031] Although any number of discharge electrode designs may be utilized, the typical
discharge electrode 36 comprises one of: a spirally-wound wire element; a flat, thin,
rectangular in cross-section strip-like element; or a round wire-like element having a
plurality of corona discharge points (e.g., barbs) disposed at spaced intervals along its
length. Other discharge electrode designs that may be employed include smooth round
wires, twisted or spiraled wires or bands, twisted wire pairs, barbed wires or bands, saw
tooth bands, or any combination of such designs. It is to be understood that the present
invention contemplates utilizing discharge electrodes of any of a number of designs with

the particular design utilized in any given situation being selected on an individual basis

to give optimal precipitation efficiency.

[0032] Referring to Fig. 3, a portion of the discharge electrode assembly 32, depicting an
example of a connection between an end portion 38 of a discharge electrode 36 and a
support member 33, 1s shown. For purposes of clarity, only one electrode holder 50 and
end portion 38 is shown; however, it will be appreciated that the discharge electrode

assembly 32 will include a plurality of electrode holders 50, one for each end portion 38

of the discharge electrodes 36.

[0033] In the example shown in Fig. 3, the support member 33 includes an electrode
holder 50 attached thereto for receiving the end portion 38 of the discharge electrode.

The electrode holder 50 is formed by a rigid bar having a circular cross-sectional shape,
which is attached to the support member 33 by welding or other fastener. The electrode
holder 50 has a generally V-shaped central portion 52, with a surface of the electrode
holder proximate a crux of the V-shaped portion 52 being in contact with the end portion
38 of the discharge electrode 36. The end portion 38 includes a rigid, hook-shaped sleeve
disposed over the otherwise flexible discharge electrode 36. It is contemplated that the
electrode holder 50 and end portion 38 may be of any convenient design. For example,

the electrode holder 50 may be formed as a notch on, or hole in the support member 33,
which receives the end portion 38 of the discharge electrode 36. As such, the term
"electrode holder", as used herein, includes any portion of the frame that receives an end
portion of a discharge electrode. Likewise, the end portion 38 may be of any design that

provides electrical and mechanical coupling between the electrode holder 50 and

discharge electrode 36.

W04/021-0
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[0034] Referring to Figs. 1-3, in operation, a particulate laden gas enters the precipitator
casing 12 through the inlet 2 thereof and flows through the precipitation chamber 6 to the
outlet 4. In traversing the precipitation chamber 6, the particulate laden gas flows in the
space between the collecting electrode plate assemblies 20 and the discharge electrode
assemblies 32. Due to the action of the corona formed about the discharge electrodes 36
and the electrostatic field extending between the discharge electrodes 36 and the
collecting electrode plates 22, the particulates within the gas are 1onized and migrate to
and deposit upon the collecting electrode plates 22. However, some dust particles will,
rather than migrating to the collecting electrode plates 22, deposit on the discharge
electrodes 36. Therefore, it is necessary to occasionally clean the discharge electrodes 36

by vibrating the discharge electrode frames 32 typically by means of a rapping

mechanism, not shown.

[0035] Over time, this vibrating action as well as movement of the electrodes 36 due to
flue gas velocity and arcing between the electrode 36 and electrode holder 50 tend to
wear the end portions 38 of the electrodes 36 and the electrode holders 50. Because of
this wear, maintenance personnel will typically replace the discharge electrodes 36 one or
more times over the life of the electrostatic precipitator 10. The electrode holders 50 are
typically not replaced because this would require time-consuming disassembly of much
of the electrostatic precipitator 10, grinding removal of the worn electrode holders 50, and
welding attachment of the new electrode holders 50. Problematically, however, the worn
discharge electrode holders 50 provide uneven surfaces on which the new discharge

electrodes 36 are installed, which can cause premature wear of the new discharge

electrodes 36.

[0036] Referring to Fig. 4, in accordance with various embodiments of the present
invention, an electrically conductive member 60 is disposed between the discharge
electrode holder 50 and the end portion 38 of the discharge electrode 36. The electrically
conductive member 60 provides a wear surface that can be replaced along with the
discharge electrodes 36, thus extending the life of the discharge electrode holders 50 by
preventing wear of the discharge electrode holders 50. This is accomplished without the

need for welding repairs, which can be time consuming. Also, the electrically conductive

2T
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member 60 is believed to increase the life of the discharge electrodes 36 by providing a
smooth surface on which to mount the end portions 38 of the discharge electrodes 36 each
time the discharge electrodes 36 are replaced. While the electrically conductive members
60 are particularly useful when installing new discharge electrodes 36 onto worn
electrode holders 50, 1t 1s contemplated that the electrically conductive members 60 may

be installed on a new frame 30, thus helping to prevent any wear of the electrode holders

50.

[0037] In general, the electrically conductive member 60 is a rigid structure formed from
an electrically conductive material (e.g., a metal) and having a central portion 62 that is
generally contoured to a shape of the electrode holder 50. By " generally contoured to a
shape of the electrode holder" it is meant that the central portion 62 has a surface shaped
stmilarly to a surface on the electrode holder. As a result of being contoured to the shape
of the electrode holder 50, an electrical connection can be established between the
electrically conductive member 60 and the electrode holder 50 when the electrically
conductive member 60 is attached to the electrode holder 50. The electrically conductive
member 60 may be formed from a material having a hardness less than or equal to a
hardness of the electrode holder 50, thus preventing wear of the electrode holder 50. The
end portion 38 of the discharge electrode 36 contacts an outer surface of the central
portion 62, which is a generally smooth surface to prevent wear of the discharge electrode

36 and promote an electrical connection between the discharge electrode 36 and the

electrically conductive member 60.

[0038] In the embodiment of Fig. 4, the electrically conductive member 60 includes end
portions 64, which are disposed on opposite sides of the central portion 62. The end
portion 38 of the discharge electrode 36 rests on the central portion 62 of the electrically
conductive member 60, which is positioned at the crux of the V-shaped portion 52. As
shown in Fig. 5, the electrically conductive member 60 is also generally contoured to a V-

shape to promote electrical contact between the electrically conductive member 60 and

the electrode holder 50.

[0039] The electrically conductive member 60 also includes fastening means 66 for

fastening the central portion 62 to the electrode holder 50, thereby facilitating the

_8 -
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installation of the electrically conductive member 60. For example, during installation of
the electnically conductive member 60 and the discharge electrode 36 onto the electrode
holder 50, a technician may use the fastening means 66 to first secure the electrically
conductive member 60 to the electrode holder 50, and thereafter the technician can attach
the discharge electrode 36. The fastening means 66 simplifies the installation process.
Once the discharge electrode 36 and electrically conductive member 60 are installed,
tension in the discharge electrode 36 helps to retain the electrically conductive member

60 between the end portion 38 and the electrode holder 50.

[0040] Fig. 6 is a cross-sectional view of an end portion 64 of the electrically conductive
member 60 taken along section 6-6 of Fig. 5. It will be appreciated that both end portions
64 and the central portion 62 may have a similar cross-section. The electrically
conductive member 60 has an internal surface 68 that 1s contoured to an external surface
of the electrode holder 50. In the embodiment shown, the internal surface 68 is radiused
with a diameter 70 approximately equal to an outside diameter of the electrode holder 50.
The electrically conductive member 60 has an opening 72 formed therein, which
separates and partially defines two leg portions 74. Each leg portion 74 has an outwardly
rolled edge 76, and a distance 78 between the leg portions 74 (i.e., the width of the
opening 72) 1s less than the outside diameter of the electrode holder 50. To install the
electrically conductive member 60 onto the electrode holder 50, the electrode holder 50 is
first positioned at the opening 72, and then the electrically conductive member 60 is
forced onto the electrode holder 50 such that the electrode holder 50 is received within
the radiused inside diameter of the electrically conductive member 60, as depicted in Fig.
6. Thus, the legs 74 provide a clamp for attaching the electrically conductive member 60
to the electrode holder 50. As can be seen in Fig. 5, notches 78 are disposed between the
central portion 62 and the end portions 64 to allow the leg portions 74 to flex as the

electrically conductive member 60 is being installed onto the electrode holder 50.

[0041] In the embodiment of Fig. 5, the central portion 62 has substantially the same
cross sectional shape as the end portions 64, which is shown in Fig. 6. Thus, the central
portion 62, in addition to the end portions 64, have leg portions 74 for attaching the

electrically conductive member 60 to the electrode holder 50. Alternatively, it is

contemplated that only the end portions 64 include leg portions 74. In this embodiment,

_0.
W04/021-0



CA 02575419 2007-01-25

the central portion 62 would not assist in fastening the electrically conductive member 60
to the electrode holder 50. In another alternative embodiment, it is contemplated that the
electrically conductive member 60 includes only a central portion 62 having a cross-

sectional shape as depicted in Fig. 6, with no end portions 64.

[0042] Fig. 7 depicts an alternative electrically conductive member 60, which is shown
disposed between the end portion 38 of the discharge electrode 36 and the electrode
holder 50. Fig. 8 is a side elevation view of the electrically conductive member 60 of Fig.
7; and Fig. 9 1s a front elevation view of the electrically conductive member 60 of Fig. 7.
In this embodiment, the central portion 62 includes a fastening means 66 that is
configured to attach the electrically conductive member 60 to the end portion 38 of the
discharge electrode 36. For example, during installation of the electrically conductive
member 60 and the discharge electrode 36 onto the electrode holder 50, a technician may
use the fastening means 66 to first secure the electrically conductive member 60 to the
discharge electrode 36, and thereafter the technician can attach the discharge electrode 36
and the electrically conductive member 60 to the electrode holder 50. The fastening
means 66 simplifies the installation process. Once the discharge electrode 36 and
electrically conductive member 60 are installed, tension in the discharge electrode 36

helps to retain the electrically conductive member 60 between the end portion 38 and the
electrode holder 50.

[0043] In the embodiment of Fig. 8, the fastening means 66 is comprised of leg portions
80, which are configured to clamp onto the end portion 38 of the discharge electrode 36.
Each leg portion 80 has an outwardly rolled edge 82, and a distance 84 between the leg
portions 80 is less than the outside diameter of the end portion 38 of the discharge
electrode 36. The electrically conductive member 60 is attached to the discharge
electrode 36 by positioning the end portion 38 between the leg portions 80, and forcing
the electrically conductive member 60 onto the end portion 38 such that the end portion

38 is received between the leg portions 80, as shown in Fig. 8.

[0044] Fig. 10 is a side elevation view of another alternative electrically conductive
member 60; and Fig. 11 is a front elevation view of the electrically conductive member of
Fig. 10. In the embodiment of Figs. 10 and 11, the fastening means 66 may comprise an

- 10 -
w04/021-0



CA 02575419 2007-01-25

adhesive or magnetic material. For example, an adhesive may be placed on either a top
surface 90 or a bottom surface 92 of the electrically conductive member 60 for use in
attaching the electrically conductive member 60 to the discharge electrode 38 or to the
electrode holder 50, respectively. Alternatively, all or part of the material forming the
electrically conductive member 60 may be magnetic, thus allowing the electrically

conductive member 60 to be magnetically attached to either the discharge electrode 36 or

to the electrode holder 50.

[0045] Fig. 12 1s a section view of the electrically conductive member of Fig. 10, taken
along line A-A of Fig. 10. As can be seen in Fig. 12, the central portion 62 includes leg
portions 94, which extend therefrom. The leg portions 94 may be separated by a distance
96, which may be less than the outside diameter of the electrode holder 50, thereby
establishing an interference (press) fit between the leg portions 94 and the electrode
holder. The interference fit may provide at least a portion of the fastening means 66. The

fastening means 66 may also be provided by crimping the leg portions 94 toward the

electrode holder 50, as shown in Fig. 13, with or without the use of the interference fit.

[0046] Fig. 14 1s a side elevation view of another alternative electrically conductive
member 60; and Fig. 15 is a front elevation view of the electrically conductive member of
Fig. 14. In the embodiment of Figs. 14 and 15, the central portion 62 includes leg
portions 98, which extend therefrom. The leg portions 98 may be separated by a distance
100, which may be less than the end portion 38 of the discharge electrode 36, thereby
establishing an interference (press) fit between the leg portions 98 and the end portion 38.
The interference fit may provide at least a portion of the fastening means 66. The
fastening means 66 may also be provided by crimping the leg portions 98 toward the end

portion 38, with or without the use of the interference fit.

[0047] It should be understood that, unless stated otherwise herein, any of the features,
characteristics, alternatives or modifications described regarding a particular embodiment
herein may also be applied, used, or incorporated with any other embodiment described
herein. For example, it is contemplated that any of the various means 66 for fastening the

electrically conductive member 60 to the electrode holder 50 and/or to the discharge

_ 1] -
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electrode 36 may be used alone or in combination with other such means 66. Also, the

drawings herein are not drawn to scale.

[0048] Since the invention is susceptible to various modifications and alternative forms, it
should be understood that the invention is not intended to be limited to the particular
forms disclosed. Rather, the scope of the invention extends to all modifications,

equivalents and alternatives falling within the spirit and scope of the invention as defined

by the appended claims.

-12 -
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CLAIMS:

1. A method for preventing wear of electrode holders on a discharge

electrode frame of an electrostatic precipitator, the method comprising:
attaching electrically conductive members to at least one of:
the electrode holders on the discharge electrode frame, and
end portions of a discharge electrode; and

attaching the discharge electrode to the discharge electrode frame
such that the electrically conductive members are positioned between the end
portions of the discharge electrode and the electrode holders, wherein the

electrically conductive members each include:

a central portion generally contoured to a shape of the electrode

holder: and

a means for fastening the central portion to at least one of the
electrode holder and an end portion of a discharge electrode such that, when the
end portion of the discharge electrode Is attached to the electrode holder, the
electrically conductive member is disposed between the end portion of the

discharge electrode and the electrode holder.

2. The method of claim 1, wherein the means for fastening includes at

least one of: a clamp, a magnet, an adhesive, an interference fit between the

electrically conductive member and the at least one of the electrode holder and
the end portion of the discharge electrode, and a crimped portion of the electrically

conductive member.

3. The method of claim 2, wherein each of the electrode holders
includes a generally V-shaped portion having a circular cross-sectional shape, the
central portion is generally contoured to the crux of the V-shaped portion, and the

means for fastening includes at least one of:

13
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leg portions disposed on the central portion and configured to
receive the at least one of the electrode holder and the end portion of the

discharge electrode therebetween; and

end portions disposed on opposite sides of the central portion, the
end portions each including leg portions configured to receive the at least one of
the electrode holder and the end portion of the discharge electrode therebetween.

4. The method of claim 3, wherein at least one of the leg portions on
the central portion and the leg portions on the end portions are separated by a

distance less than or equal to a diameter of the at least one of the electrode holder
and the end portion of the discharge electrode to provide at least a portion of the

means for fastening.
5. The method of claim 3, further comprising:

crimping the at least one of the leg portions on the central portion
and the leg portions on the end portions to provide at least a portion of the means

for fastening.

6. The method of claim 1, wherein attaching the discharge electrode to

the discharge electrode frame includes:

providing a tension in the discharge electrode that is suitable for
retaining the electrically conductive members between the ends portions and the

electrode holders.

/. An apparatus for preventing wear of an electrode holder on a
discharge electrode frame of an electrostatic precipitator, the apparatus

comprising:

an electrically conductive member having a central portion generally

contoured to a shape of an electrode holder: and

a means for fastening the central portion to at least one of the
electrode holder and an end portion of a discharge electrode such that, when the
end portion of the discharge electrode is attached to the electrode holder, the
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electrically conductive member is disposed between the end portion of the
discharge electrode and the electrode holder, wherein the means for fastening
iIncludes at least one of: a clamp, a magnet, an adhesive, an interference fit
between the electrically conductive member and the at least one of the electrode
holder and the end portion of the discharge electrode, and a crimped portion of the

electrically conductive member.

8. The apparatus of claim 7, wherein each of the electrode holders
Includes a generally V-shaped portion having a circular cross-sectional shape, the
central portion is generally contoured to the crux of the V-shaped portion, and the

means for fastening includes at least one of:

leg portions disposed on the central portion and configured to
receive the at least one of the electrode holder and the end portion of the

discharge electrode therebetween; and

end portions disposed on opposite sides of the central portion, the
end portions each including leg portions configured to receive the at least one of
the electrode holder and the end portion of the discharge electrode therebetween.

9. The apparatus of claim 8, wherein at least one of the leg portions on
the central portion and the leg portions on the end portions are separated by a
distance less than or equal to a diameter of the at least one of the electrode holder
and the end portion of the discharge electrode to provide at least a portion of the

means for fastening.

10. The apparatus of claim 8, wherein the means for fastening includes
a crimped portion of the at least one of the leg portions on the central portion and

the leg portions on the end portions.

11. The apparatus of claim 7, wherein a tension in the discharge
electrode retains the electrically conductive member between the ends portion of

the discharge electrode and the electrode holder.
12. An electrostatic precipitator comprising:

a discharge electrode frame including:
15
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an outer frame portion generally defining a perimeter of the

discharge electrode frame, and

a plurality of electrode holders attached to the outer frame portion;

a plurality of discharge electrodes attached to the electrode holders,

each discharge electrode having a pair of end portions; and

a plurality of electrically conductive members disposed between the
end portions of the discharge electrodes and the electrode holders, each of the

electrically conductive members including:

a central portion generally contoured to a shape of an electrode
holder in the plurality of electrode holders, and

a means for fastening the central portion to at least one of the
electrode holder and an end portion of a discharge electrode in the plurality of
discharge electrodes such that, when the end portion of the discharge electrode is
attached to the electrode holder, the electrically conductive member is disposed
between the end portion of the discharge electrode and the electrode holder,
wherein the means for fastening includes at least one of: a clamp, a magnet, an
adhesive, an interference fit between the electrically conductive member and the
at least one of the electrode holder and the end portion of the discharge electrode,

and a crimped portion of the electrically conductive member.

13. The electrostatic precipitator of claim 12, wherein each of the
electrode holders includes a generally V-shaped portion having a circular cross-
sectional shape, the central portion is generally contoured to the crux of the V-

shaped portion, and the means for fastening includes at least one of:

leg portions disposed on the central portion and configured to
receive the at least one of the electrode holder and the end portion of the
discharge electrode therebetween; and

end portions disposed on opposite sides of the central portion, the
end portions each including leg portions configured to receive the at least one of

the electrode holder and the end portion of the discharge electrode therebetween.
16
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14. The electrostatic precipitator of claim 13, wherein at least one of the
leg portions on the central portion and the leg portions on the end portions are
separated by a distance less than or equal to a diameter of the at least one of the

electrode holder and the end portion of the discharge electrode to provide at least

a portion of the means for fastening.

15. The electrostatic precipitator of claim 13, wherein the means for
fastening includes a crimped portion of the at least one of the leg portions on the

central portion and the leg portions on the end portions.
SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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