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ABSTRACT

In a first aspect, an apparatus is provided for forming a scrub-
ber brush assembly. The apparatus includes a mandrel
adapted to be inserted into a scrubber brush so as to form a
scrubber brush assembly, the mandrel having: a first end; a
second end; and one or more position guides adjacent at least
one of the first and second ends and adapted to position a
scrubber brush on the mandrel. Numerous other aspects are
provided.




US 2009/0031516 A1l

Feb. 5,2009 Sheet1 of 11

Patent Application Publication

/201

205

203

FIG. 2



Patent Application Publication Feb. 5,2009 Sheet2 of 11 US 2009/0031516 A1

303

7

205
/

oA | s
V4 e
A 4
V4 e
/L 4

4 I,
IV (//
4 I,
S 4
L] W,
v Y4
L] DI

/ 203

201

\\\\//// 777 M
77| |rzzZ .
77 777 52
Al | |72 iy
77 777
s || ore
777 77
777 | |tz
77 77
77| |7z
777 77
g | |z
N 777 77
7z 7
mEL
4 ¢

301



Patent Application Publication Feb. 5,2009 Sheet 3 of 11 US 2009/0031516 A1

405 \

401
203
©O 0O 0O O OO OO OO O O O 0O 0O 0 O O 0 0 O

FIG. 4

403




Patent Application Publication Feb. 5,2009 Sheet 4 of 11 US 2009/0031516 A1

\\\\\\f

NN

201

S
Uy}
T
=]
o [}
o
Uy
/]
"
]
/ ©)
M )
8 O
0 E
¢ 4 o,
L ] k
" 4
K 4
’ 4
‘' [
; 5
4 /
; s
/ 4
[ 9
’ q
[ 4
" 1
/
o /
QO A 11 ®
™~ UrhA O
/ dr1 0
A %
‘ 1/
N
/ /
" 5
H g
¢
/ /
/ /
’ 4
5 1
“ ]
:U)/
1 O /4
1w
7 . 4
H \ U
N\ W
7




Patent Application Publication Feb. 5,2009 Sheet 5 of 11 US 2009/0031516 A1




Patent Application Publication Feb. 5,2009 Sheet 6 of 11 US 2009/0031516 A1

v 2727727727727

FIG. 7



Patent Application Publication Feb. 5,2009 Sheet7 of 11 US 2009/0031516 A1

/801

/ 805

803
( Start Y

Insert One or More Strips
Into Slots of a Housing

/807

Insert the One or More Strips Into an
Opening of a Brush Defined by an
Interior Surface of the Brush

/809

Insert a Mandrel Through an
Opening in the Housing Into the
Opening of the Brush Such that the
One or More Strips Are Between an
Exterior Surface of the Mandrel and
the Interior Surface of the Brush

/811

Remove the One or More Strips

to Allow the Exterior Surface of
the Mandrel to Contact the
Interior Surface of the Brush

813

End

FIG. 8



Patent Application Publication Feb. 5,2009 Sheet 8 of 11 US 2009/0031516 A1

101

505



Patent Application Publication Feb. 5,2009 Sheet9 of 11 US 2009/0031516 A1

303
e

1003




Patent Application Publication Feb. 5,2009 Sheet 10 of 11 US 2009/0031516 A1

1003

FlG. 11



Patent Application Publication Feb. 5,2009 Sheet 11 of 11 US 2009/0031516 A1

FIG. 12



US 2009/0031516 Al

METHODS AND APPARATUS FOR
INSTALLING A SCRUBBER BRUSH ON A
MANDREL

[0001] This application is a division of, and claims priority
to, United States Non-Provisional patent application Ser. No.
11/048,099, filed Jan. 28, 2005, and titled, “METHODS AND
APPARATUS FOR INSTALLING A SCRUBBER BRUSH
ON A MANDREL,” (Attorney Docket No. 8800), which
claims priority to U.S. Provisional Patent Application Ser.
No. 60/540,140, filed Jan. 29, 2004, and titled, “METHODS
AND APPARATUS FOR INSTALLING A SCRUBBER
BRUSH ON A MANDREL” (Attorney Docket No. 8800/L).
Both of these patent applications are hereby incorporated by
reference herein in their entirety for all purposes.

FIELD OF THE INVENTION

[0002] The present invention relates generally to semicon-
ductor device manufacturing, and more particularly to meth-
ods and apparatus for installing a scrubber brush on a man-
drel.

BACKGROUND OF THE INVENTION

[0003] A scrubber brush assembly, which includes a scrub-
ber brush coupled to a mandrel, may be used for cleaning a
substrate. For example, the scrubber brush assembly may be
employed in a substrate processing system, such as a sub-
strate cleaning system, to scrub a major surface of a substrate
during substrate processing. Further, the scrubber brush
assembly may be used in other substrate processing systems.
[0004] To assemble the scrubber brush assembly for use in
a substrate processing system, the scrubber brush must be
installed (e.g., slid) onto the mandrel. However, installing a
scrubber brush on a mandrel is difficult due to friction created
between the scrubber brush and the mandrel during assembly.
Accordingly, improved methods and apparatus for installing
a scrubber brush on a mandre] are desired.

SUMMARY OF THE INVENTION

[0005] In a first aspect of the invention, a method is pro-
vided for assembling a scrubber brush assembly. The method
includes the steps of (1) inserting one or more inserts into an
opening of a scrubber brush, wherein the opening of the
scrubber brush is defined by an interior surface of the scrub-
ber brush; (2) inserting a mandrel into the opening of the
scrubber brush such that the one or more inserts are between
an exterior surface of the mandrel and the interior surface of
the scrubber brush; and (3) removing the one or more inserts
to allow the exterior surface of the mandrel to contact the
interior surface of the scrubber brush, thereby installing the
scrubber brush onto the mandrel.

[0006] Ina second aspect of the invention, a first apparatus
is provided. The first apparatus includes a scrubber brush
assembly fixture that includes a housing having (1) a first end
defining a first opening; and (2) a second end defining a
second opening for receiving a mandrel to be installed in a
scrubber brush. The second end includes one or more of
features around a perimeter of the second opening, adapted to
receive a first end of an insert. The first apparatus also
includes one or more inserts adapted to couple to the housing
via the one or more features.
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[0007] Inathird aspect of the invention, a second apparatus
is provided. The second apparatus includes a mandrel adapted
to be inserted into a scrubber brush so as to form a scrubber
brush assembly. The mandrel has (1) a first end; (2) a second
end; and (3) one or more position guides adjacent at least one
of the first and second ends adapted to position a scrubber
brush on the mandrel. Numerous other aspects are provided in
accordance with these and other aspects of the invention.
[0008] Other features and aspects of the present invention
will become more fully apparent from the following detailed
description, the appended claims and the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is an isometric view of a brush that may be
included in a brush assembly in accordance with an embodi-
ment of the present invention.

[0010] FIG. 2 is anend view of a first exemplary mandrel in
accordance with an embodiment of the present invention.
[0011] FIG. 3 is a cross-sectional view of the first exem-
plary mandrel of FIG. 2 in accordance with an embodiment of
the present invention.

[0012] FIG. 4is aside view of a second exemplary mandrel
in accordance with an embodiment of the present invention.
[0013] FIG. 5 is a lengthwise cross-sectional view of a
mandrel being inserted into a brush to form the brush assem-
bly using a brush assembly fixture in accordance with an
embodiment of the present invention.

[0014] FIG. 6 is an end view of a housing of the brush
assembly fixture of FIG. 5 inaccordance with an embodiment
of the present invention.

[0015] FIG. 7 is a cross-sectional view taken along line 7-7
of'the housing of FIG. 6 in accordance with an embodiment of
the present invention.

[0016] FIG. 8illustrates an exemplary method for use of the
inventive brush assembly fixture in accordance with an
embodiment of the present invention.

[0017] FIG. 9 is an isometric view of one or more strips
inserted into a brush opening in accordance with an embodi-
ment of the present invention.

[0018] FIG. 10 is an isometric view of a base coupled to a
mandrel in accordance with an embodiment of the present
invention.

[0019] FIG. 11 is an isometric view of a mandrel inserted
into the brush assembly fixture while the mandrel is coupled
to the base of FIG. 10 in accordance with an embodiment of
the present invention.

[0020] FIG. 12 is an isometric view of a mandrel (shown in
phantom) along with a brush mounted thereon, and portions
of a brush assembly fixture coupled thereto in accordance
with an embodiment of the present invention.

DETAILED DESCRIPTION

[0021] A scrubber brush assembly, which includes a scrub-
ber brush coupled to a mandrel, may be used for cleaning a
substrate. For example, the scrubber brush assembly may be
employed in a substrate processing system, such as a sub-
strate cleaning system, to scrub a major surface of a substrate
during substrate processing. Further, the scrubber brush
assembly may be used in other substrate processing systems.
[0022] To assemble the scrubber brush assembly for use in
a substrate processing system, the scrubber brush must be
installed (e.g., slid) onto the mandrel. However, installing a
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scrubber brush on a mandrel is difficult due to friction created
between the scrubber brush and the mandrel during assembly.
The present methods and apparatus reduce friction created
between the scrubber brush and mandrel while assembling
the brush assembly.

[0023] FIG.1 is an isometric view of a brush 101 that may
be included in a brush assembly in accordance with an
embodiment of the present invention. The brush 101 may be
cylindrical in shape and may be a length L.1. The brush 101
includes an exterior surface 103, which may be of a diameter
D1. The exterior surface 103 of the brush 101 may be profiled.
For example, the exterior surface 103 of the brush 101 may
include raised surface features 107, such as nodules. Alterna-
tively, in other embodiments, the exterior surface 103 of the
brush 101 may include a smooth geometry. The brush 101
may, for example, be porous and/or sponge like and/or may be
comprised of a resilient material such as polyvinyl acetate
(PVA). The brush 101 may comprise other and/or different
materials, and may exhibit other and/or different material
characteristics.

[0024] The brush 101 may include an interior surface 105
which defines an opening 106 of a diameter D2. The interior
surface 105 of the brush 101 may include features, such as
knurling, grooves, a rough finish, etc., which create high
friction when the interior surface 105 of the brush 101 con-
tacts a mandrel of a brush assembly (as described below) and
thereby deter slippage between the brush 101 and mandrel.
The interior surface 105 of the brush 101 may include addi-
tional and/or other features.

[0025] FIGS. 2 and 3 are an end view and a cross-sectional
view, respectively, of a first exemplary mandrel 201 in accor-
dance with an embodiment of the present invention. The
mandrel 201 is cylindrical in shape with a diameter D3, which
is approximately the diameter D2 of the interior surface 105
of the brush 101. The mandrel 201 includes an exterior sur-
face 203 that contacts the interior surface 105 of the brush 101
when the mandrel 201 is inserted into the brush 101 (e.g., the
brush 101 is installed onto the mandrel 201) to form a brush
assembly. Similar to the interior surface 105 of the brush 101,
the exterior surface 203 of the mandrel 201 may include
features, such as knurling, grooves, a rough finish, etc., which
create high friction when the exterior surface 203 of the
mandrel 201 contacts the brush 101. In some embodiments,
the mandrel 201 may include one or more notches or tabs 205
along a perimeter of an end of the mandrel 201 to ensure that
the brush 101 does not extend therepast. In this manner, the
tabs 205 along the first end 301 and second end 303 of the
mandrel 201 may serve as position guides for the brush 101 as
well as prevent the brush 101 from moving (e.g., sliding) off
the mandrel 201 during operation of the brush assembly. As
will be described further below, the tabs 205 included along
the one or more ends 301, 303 of the mandrel 201 may serve
to guide a portion of an inventive brush assembly fixture
(described below), as well. Alternatively or additionally, in
some embodiments, the exterior surface 203 of a mandrel
may include a different type of position guide, such as one or
more grooves (e.g., V-shaped grooves). For example, FIG. 4 is
a side view of a second exemplary mandrel in accordance
with an embodiment of the present invention. With reference
to FIG. 4, the second exemplary mandrel 401 may be similar
to the first exemplary mandrel 201. The second exemplary
mandrel 401 may include a first and/or second groove 403,
405 along the exterior surface 203 of the mandrel 401. The
first and/or second groove 403, 405 may serve as a position
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guide for a brush installed on the mandrel 401. For example,
when installing a brush 101 on the mandrel 401, a user may
align an end of the brush with one of the first and/or second
grooves 403, 405.

[0026] As shown in FIGS. 3-4, the first and/or second
exemplary mandrel 201, 401 may be a single-piece mandrel.
However, in some embodiments, the first and/or second man-
drel 201, 401 may include a plurality of pieces coupled
together.

[0027] FIG. 5 is a lengthwise cross-sectional view of a
mandrel 201 being inserted into a brush 101 to form a brush
assembly using a brush assembly fixture 501 in accordance
with an embodiment of the present invention. The brush
assembly fixture 501 includes a housing 503 and one or more
strips 505, each of which has a first end 506 and a second end
507, coupled thereto. A first end 508 of the housing 503 may
be adapted to couple to an end of the brush 101 so as to allow
items inserted into the housing 503 to be inserted into the
brush 101. A second end 509 of the housing 503 may be
adapted to couple to and receive a first end 506 of the one or
more strips 505 and an end 301, 303 of the mandrel 201. As
will be described further below, the brush assembly fixture
501 may be used for assembling the brush assembly (e.g., the
brush 101 and the mandrel 201).

[0028] FIGS. 6 and 7 are an end view and a cross-sectional
view taken along line 7-7, respectively, of the housing 503 in
accordance with an embodiment of the present invention.
With reference to FIGS. 6 and 7, the second end 509 of the
housing 503 includes one or more slots 601 for receiving one
or more strips 505 (FIG. 5) to form the brush assembly fixture
501. In one embodiment, the number of slots 601 included in
the housing 503 may correspond to the number of tabs 205
included along the perimeter of one or more ends 301, 303 of
the mandrel 201. Other numbers of slots 601 may be
employed. Each strip 505 may be formed from a low-friction
material, such as polytetrafluoroethylene (e.g., Teflon®) for
example, or from other materials. Each strip 505 is sized such
that the first end 506 of the strip 505 may be inserted into a slot
601 included in the housing 503. A second end 507 of each
strip 505 preferably is bent to allow the second end 507 of the
strip 505 to rest in the housing 503 without going through the
slot 601. The length of each strip 505 may be greater than the
combined lengths of the housing .2 and the brush L.1. Other
strip lengths may be employed. For example, a strip 505 may
be other lengths so long as when the strip 505 is inserted into
a slot 601 of the housing 503, the strip 505 extends through
the housing 503 and into the interior surface 105 of the brush
101. In one exemplary embodiment, for a brush assembly
including a brush about 12.5 inches long, each strip 505 may
be approximately 11-12.75 inches long, approximately 0.2
inches wide and approximately 0.1 inch thick. Other strip
dimensions may be employed.

[0029] The first end 508 of the housing 503 may include a
first opening 701 of a diameter D4 for coupling to and/or
receiving the exterior surface 103 of the brush 101. The diam-
eter D4 of the first opening 701 may be approximately equal
to the diameter D1 of the exterior surface 103 of the brush
101. In other embodiments, the diameter D4 of the first open-
ing 701 may be larger or smaller.

[0030] Similarly, the second end 509 of the housing 503
may include a second opening 603 of a diameter D5 for
receiving an end 301, 303 of the mandrel 201. The diameter
D5 of the opening 503 may be approximately equal to the
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diameter D3 of the mandrel 201. In other embodiments, the
diameter D5 of the second opening 503 may be larger or
smaller.

[0031] The operation of the brush assembly fixture 501 for
assembling a brush assembly is now described with reference
to FIGS. 1-7 and 9 and with reference to FIG. 8 which illus-
trates an exemplary method 801 for use of the inventive brush
assembly fixture in accordance with an embodiment of the
present invention. More specifically, an exemplary method
for installing a brush 101 onto a mandrel 201, 401 (e.g.,
inserting a mandrel 201, 401 into a brush 101) is described.
With reference to FIG. 8, in step 803, the method 801 begins.
In step 805, one or more strips may be inserted into a housing
503 of the brush fixture assembly. More specifically, a first
end 506 of one or more strips 505 may be inserted into one or
more slots 601 included around a perimeter of a second open-
ing 603 in a second end 509 of the housing 503, respectively.
The first end 506 of the strip 505 is inserted into the slot 601
until asecond end 507 (e.g., the bent end) of the strip 505 rests
in the housing 503. The first end 506 of the strip 505 extends
through the first opening 701 of the housing 503. In one
embodiment, a strip 505 may be inserted into each slot 601
included in the housing 503. In this manner, the brush assem-
bly fixture 501 is assembled.

[0032] In step 807, the one or more strips 505 are inserted
into an opening 106 of a brush 101. The opening 106 of the
brush 101 may be defined by an interior surface 105 of the
brush 101. The first end 506 of the one or more strips 505,
which extends through the first opening 701 of the housing
503, are inserted into the opening 106 of the brush 101 such
that the one or more strips 505 are adjacent the interior surface
105 of the brush 101. As described above, the length of the
one or more strips 505 may be defined such that the one or
more strips 505 are adjacent the interior surface 105 of the
brush 101 throughout the entire length [.1 of the brush 101.
Alternatively, strips of other lengths may be employed.

[0033] FIG.9isanisometric view of one or more strips 505
inserted into an opening of a brush 101 in accordance with an
embodiment of the present invention. More specifically, with
reference to FIG. 9, after step 807 is performed, the one or
more strips 505 may extend through the housing 503 and into
the opening of the brush 101 in the manner described above.
[0034] In step 809, a mandrel 201, 401 may be inserted
through an opening in the housing 503 into the opening 106 of
the brush 101 such that the one or more strips 505 are between
an exterior surface 203 of the mandrel 201, 401 and the
interior surface 105 of the brush 101. More specifically, an
end 301, 303 ofthe mandrel 201, 401 may be inserted through
the second opening 603 of the housing 503, the first opening
701 of'the housing 503, the opening 106 of the brush 101, and
through the interior surface 105 of the brush 101 until the end
301, 303 of the mandrel 201, 401 exits the other opening (not
shown in FIG. 1; 511 in FIG. 5) of the brush 101. While the
end 301, 303 of the mandrel 201, 401 is inserted into and
through the brush 101, the one or more strips 505 are between
the mandrel 201, 401 and the brush 101. Preferably, the
exterior surface 203 of the mandrel 201, 401 will predomi-
nately contact the one or more strips 505 while being inserted
into the brush 101 to form the brush assembly. As stated, the
one or more strips 505 are formed from polytetrafluoroeth-
ylene (e.g., Teflon®) or similar low-friction material. There-
fore, in contrast to the high-friction interface created when the
exterior surface 203 of the mandrel 201, 401 which may
include features such as knurling, grooves, a rough finish,

Feb. 5, 2009

etc., directly contacts the interior surface 105 of the brush
101, the interface between the mandrel 201, 401 and the one
or more strips 505 creates little or no friction while the man-
drel 201, 401 is inserted into the brush 101.

[0035] The notches or tabs 205 which may be included
along the perimeter of one or more ends 301, 303 of the
mandrel 201, 401 may serve to guide a portion (e.g., the one
or more strips 505) of the brush assembly fixture 501, and
therefore ensure alignment of the portion of the brush assem-
bly fixture 501 (e.g., the one or more strips 505) with the
mandrel 201, 401.

[0036] Inone or more embodiments, (e.g., during step 807
and/or 809) the housing 503 may be coupled to an end of the
brush 101 that includes the opening 105. Alternatively, the
housing 503 may not be coupled to the brush 101 (e.g., during
step 807 or 809).

[0037] In step 811, the one or more strips 505 are removed
to allow the exterior surface 203 of the mandrel 201, 401 to
contact the interior surface 105 of the brush 101. The second
end 507 of a strip 505 may be employed to pull the strip 505
from the housing 503. Alternatively, the first end 506 of the
strip 505 may be employed to push the strip 505 from the
housing 503. Because the one or more strips 505 are made of
polytetrafluoroethylene (e.g., Teflon®) or similar low-fric-
tion material, little or no friction is created at the interface of
the one or more strips 505 and the exterior surface 203 of the
mandrel 201, 401 and at the interface of the one or more strips
505 and the interior surface 105 of the brush 101. In this
manner, the mandrel 201, 401 may be inserted into the brush
101, thereby assembling the brush assembly. Thereafter, if the
housing 503 was coupled to the brush 101 in step 807 and/or
809, the housing 503 is removed from the brush 101.

[0038] Through the use of the method 801 of FIG. 8, abrush
assembly fixture 501 may be employed to assemble a brush
assembly by installing a brush 101 onto a mandrel 201, 401
(e.g., inserting a mandrel 201, 401 into abrush 101) with little
difficulty. More specifically, the inventive brush assembly
fixture 501 may be employed to reduce and/or eliminate the
friction of the interface between the exterior surface 203 of
the mandrel 201, 401 and the interior surface 105 of the brush
101 while assembling the brush assembly.

[0039] The foregoing description discloses only exemplary
embodiments of the invention. Modifications of the above
disclosed apparatus and methods which fall within the scope
of'the invention will be readily apparent to those of ordinary
skill in the art. For instance, in some embodiments, the brush
assembly fixture 501 may include a base adapted to couple to
a mandrel 201, 401. FIG. 10 is an isometric view of a base
coupled to a mandrel in accordance with an embodiment of
the present invention. With reference to FIG. 10, the base
1001 may include a plate 1003, which is adapted for place-
ment on a flat surface, and a pusher 1005 adapted to extend
therefrom. For example, when the plate 1003 is on a flat
surface (e.g., in the xy-plane), the pusher 1005 may extend in
a direction substantially perpendicular thereto (e.g., in a
direction substantially along the z-axis). However, in other
embodiments, the orientation of the plate 1003 relative to the
pusher 1005 may differ. The plate 1003 and/or pusher 1005
may be formed from plastic or the like (although different
materials may be employed).

[0040] Inembodiments in which the brush assembly fixture
501 includes the base 1001, before step 809 of the method 800
is performed, the mandrel 201, 401 may be coupled to the
base 1001. More specifically, an end 301, 303 of the mandrel
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201, 401 may be adapted to couple with the pusher 1005.
When coupled to the pusher 1005, the mandrel 201, 401 may
extend therefrom. For example, the mandrel 201, 401 may
extend from the pusher 1005 in a direction substantially along
the z-axis (although the orientation of the pusher 1005 rela-
tive to the mandrel 201, 401 may differ).

[0041] Thereafter, the base 1001 may be employed to per-
form step 809. More specifically, one end 301, 303 of the
mandrel 201, 401 may be inserted through an opening 603,
701 in the housing 503 into the opening 106 of the brush 101
such that the one or more strips 505 are between an exterior
surface 203 of the mandrel 201, 401 and the interior surface
105 of the brush 101, while the other end 301, 303 of the
mandrel 201, 401 is coupled to the base 1001. FIG. 11 is an
isometric view of a mandrel inserted into a brush assembly
fixture while the mandrel is coupled to the base in accordance
with an embodiment of the present invention. With reference
to FIG. 11, the assembly shown in FIG. 9, which includes one
ormore strips 505 extending through the housing 505 and into
the opening of the brush 101 may be installed on the assembly
(shown in FIG. 10) including the mandrel 201,401 coupled to
the base 1001.

[0042] Thereafter, the mandrel 201, 401 along with the
brush 101 mounted thereon, and the portion of the brush
assembly fixture coupled thereto (e.g., the housing 503 and
the one or more strips 505) may be removed from the base
1001. Once the mandrel 201, 401 is removed from the base
1001, step 811 (described above) may be performed. FIG. 12
is an isometric view of the mandrel 201, 401 (shown in
phantom) along with the brush 101 mounted thereon, and
portions of the brush assembly fixture coupled thereto from
which the one or more strips 505 are being removed in accor-
dance with an embodiment of the present invention. Once the
one or more strips 505 are removed and/or the housing 503 is
removed, the interior surface 105 of the brush 101 may con-
tact the exterior surface 203 of the mandrel 201, 401, and in
this manner, the brush 101 may be installed on the mandrel
201, 401.

[0043] Although in one or more embodiments, the one or
more strips 505 are flat, the one or more strips 505 may be
other shapes. In such embodiments, the slots 601 included in
the housing 503 may be adjusted accordingly. Further,
although in one or more embodiments, one or more strips 505
are inserted into the housing 503, in other embodiments,
rather than using strips, a cylinder (e.g., a cylinder formed of
polytetrafluoroethylene (e.g., Teflon®) or similar low-fric-
tion material) with a first end and a second end, which is bent,
may be inserted into the housing 503 such that the second end
rests in the housing 503. In such an embodiment, the slots 601
are replaced with an appropriate opening to receive the first
end of the cylinder. Although, in some embodiments
described above, the brush assembly fixture 501 may be a
two-piece assembly, the one or more strips 505 may be per-
manently coupled to the housing 503 to form a one-piece
brush assembly fixture such that removal of the housing also
removes all of the strips. Although a cylindrical housing 503
and brush 101 are employed, other shapes may be used for the
housing 503 and/or the brush 101. In sum, the invention
employs a low friction material insert (e.g., strips) that may be
coupled so as to be between the brush and mandrel during
assembly. In this manner, brush/mandrel assembly is facili-
tated. The insert(s) may be coupled to a housing which may be
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coupled to or held adjacent the brush or mandrel, or the
insert(s) may be directly coupled to the brush and/or mandrel
rather than to a housing.

[0044] Inone aspect of the invention, methods and appara-
tus are provided for assembling a brush assembly by (1)
inserting one or more inserts into an opening of a brush,
wherein the opening of the brush is defined by an interior
surface of the brush; (2) inserting a mandrel into the opening
of the brush such that the one or more inserts are between an
exterior surface of the mandrel and the interior surface of the
brush; and (3) removing the one or more inserts to allow the
exterior surface of the mandrel to contact the interior surface
of the brush, thereby installing the brush onto the mandrel.
[0045] Accordingly, while the present invention has been
disclosed in connection with exemplary embodiments
thereof, it should be understood that other embodiments may
fall within the spirit and scope of the invention, as defined by
the following claims.

The invention claimed is:

1. An apparatus, comprising:

amandrel adapted to be inserted into a scrubber brush so as

to form a scrubber brush assembly, the mandrel having:

a first end;

a second end; and

one or more position guides adjacent at least one of the
first and second ends and adapted to position a scrub-
ber brush on the mandrel.

2. The apparatus of claim 1 wherein the one or more posi-
tion guides include one or more notches or tabs along a
perimeter of at least one of the first and second ends.

3. The apparatus of claim 2 wherein the one or more tabs
are adapted to couple to one or more corresponding slots in
the scrubber brush assembly fixture.

4. The apparatus of claim 2 wherein the one or more
notches or tabs are adapted to ensure that the scrubber brush
does not extend beyond at least one of the first and second
ends of the mandrel when the mandrel is inserted into the
scrubber brush.

5. The apparatus of claim 2 wherein the one or more
notches or tabs are adapted to prevent the scrubber brush from
moving off the mandrel during operation of the brush assem-
bly.

6. The apparatus of claim 2 wherein the one or more posi-
tion guides are further adapted to guide one or more portions
of a scrubber brush assembly fixture to position the scrubber
brush assembly fixture relative to the mandrel.

7. The apparatus of claim 1 wherein the one or more posi-
tion guides include one or more grooves along a perimeter of
at least one of the first and second ends.

8. The apparatus of claim 7 wherein the one or more
grooves are adapted to align with at least an end of the scrub-
ber brush.

9. The apparatus of claim 1 wherein the mandrel is a single-
piece mandrel.

10. The apparatus of claim 1 wherein an exterior surface of
the mandrel is adapted to contact an interior surface of the
scrubber brush when the mandrel is inserted onto the scrubber
brush.

11. The apparatus of claim 10 wherein the exterior surface
of the mandrel includes at least one of knurls, grooves and a
rough finish.

12. The apparatus of claim 11 wherein the interior surface
of'the scrubber brush includes at least one of knurls, grooves,
and a rough finish.
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13. The apparatus of claim 12 wherein the at least one of
knurls, grooves and rough finish are adapted to create high
friction when the exterior surface of the mandrel contacts the
interior surface of the scrubber brush.

14. The apparatus of claim 1 wherein the first end of the
mandrel is adapted to couple to a base of a scrubber brush
assembly fixture adapted to insert the mandrel into the scrub-
ber brush.

15. The apparatus of claim 14 wherein the first end of the
mandrel is adapted to be inserted into an opening in the base
of the scrubber brush assembly fixture.

16. The apparatus of claim 14 wherein a diameter of the
opening in the base of the scrubber brush assembly fixture is
approximately equal to a diameter of the mandrel.
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17. The apparatus of claim 14 wherein the base of the
scrubber brush assembly fixture further comprises a plate,
wherein the plate is adapted for placement on a flat surface.

18. The apparatus of claim 17 wherein the plate further
comprises a pusher adapted to extend from the plate.

19. The apparatus of claim 18 wherein the first end of the
mandrel is adapted to couple with the pusher.

20. The apparatus of claim 1 wherein a diameter of the
mandrel is approximately equal to a diameter of an interior
surface of the scrubber brush.
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