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(57) Abrégée/Abstract:

A surface abrader 10 has a first motor M1, M2, a plurality of pulleys P1, P2, P3, P4, with at least some of the pulleys P1, P2, P3, P4
being coupled to the motor M1, M2, and a plurality of shafts S1, S22, $3, S4, with the pulleys P1, P2, P3, P4 being coupled to the
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(57) Abrege(suite)/Abstract(continued):

shafts S1, 52, S3, S4. At least one belt BE1, BEZ Is coupled between two of the pulleys P1, P2, P3, P4 to drive one shaft $1, S2,
S3, 94 via rotation of the other shaft S1, $2, S3, S4 by the first motor M1, M2. A first arm A1 Is coupled to one of the shafts S1, S2,
S3, 94 and a second arm A2 Is coupled to another of the shafts or the same shaft S1, $S2, S3, S4. The arms A1, A2 move In a
reciprocating motion to produce an abrasion pattern 18. An abrasion tool 16 Is coupled between the first and second arms A1, A2
by at least two movable joints H1, H3 for contacting a surface to be abraded or tested for surface abrasion.
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ABSTRACT

A surface abrader 10 has a first motor M1, M2, a plurality of pulleys P1, P2, P3, P4, with
at least some of the pulleys P1, P2, P3, P4 being coupled to the motor M1, M2, and a plu-
rality of shafts S1, S2, S3, S4, with the pulleys P1, P2, P3, P4 being coupled to the shafts
S1, S2. S3, S4. At least one belt BE1, BE?2 is coupled between two of the pulleys P1, P2,
P3, P4 to drive one shaft S1, S2, S3, S4 via rotation of the other shaft S1, S2, S3, S4 by the
first motor M1, M2. A first arm A1l 1s coupled to one of the shafts S1, S2, S3, S4 and a
second arm A2 is coupled to another of the shafts or the same shaft S1, S2, S3, S4. 'The
arms Al, A2 move in a reciprocating motion to produce an abrasion pattern 18. An abra-
sion tool 16 is coupled between the first and second arms Al, A2 by at least two movable

joints H1, H3 for contacting a surface to be abraded or tested for surface abrasion.



10

[S

20

25

CA 02691113 2010-01-26

-1 -

SURFACE ABRADER AND APPARATUS FOR TESTING SURFACE ABRASION

Field

This technology relates to a surface abrader and apparatus for testing surface abrasion.

Background

Known surface abraders typically move in a circle or in a straight line back and forth dur-
ing operation. Such conventional devices typically have a rigid tip that points down-
wardly in the vertical direction. One known surface abrader 1s the Martindale Abrasion
Tester, which 1s primarily designed to determine the abrasion resistance of textile fabrics.
Abrasion resistance 1s measured by subjecting the specimen to a rubbing motion in the
form of a geometric figure. Resistance to abrasion is evaluated by various means, includ-

ing comparison to visual aids in the form of photographs or actual samples.

Another known surface abrader is the Taber Linear Abrader. This device is becoming
more recognized for conducting physical testing of decorated plastics and other contoured
products. It uses a horizontal arm that reciprocates in a linear motion and includes a “free-
floating™ test system attached at one end of the arm. As the arm cycles back and forth, a
spline shaft raises or lowers the arm as the test attachment follows the contours of the

specimen being tested. This device can utilize interchangeable abrader tips.
Both of these abraders abrade in a straight line or a circle. Although some conventional

abraders disclose random motion, the motion is controlled by a computer, which requires

expensive programming and software.

Brief Description of the Drawing Figures

Fig. 1 1s a top view of an example surface abrading device;

F1g. 2 15 a depiction of various abrading patterns that are possible with the abrading device

of I1g. 1;
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. 3 depicts a prior art heim joint, which is a component used in the example abrading

device;

Fig
Fig
Fig
Fig
Fig
Fig

Fig.
Fig.
Fig.
Fig.
F1g.
Fig.
Fig.

7

Fig.

. 4 is a top view of another example surface abrading device;

.5 is a top view of yet another example surface abrading device;

. 6 is a top view of a further example surface abrading device;

.7 is a top view of another example surface abrading device:

. 8 is a top view of yet another example surface abrading device;

. 9 is a top view of a further example surface abrading device;

10 is a top view of another example surface abrading device;

11 is a top view of yet another example surface abrading device;
12 is a top view of a further example surface abrading device;
13 is a top view of another example surface abrading device;

14 is a top view of yet another example surface abrading device;
15 is a top view of a further example surface abrading device;

16 is a front view of an example surface abrading device, similar to that shown 1n Fig.

17 is a side view of an example surface abrading device with a different abrasion tool

holder that causes the abrader tip to push harder down onto the working plane when pull-

Ing

Fig

back:

. 18 is a side view of an example surface abrading device with a different abrasion tool

holder that causes the abrader tip to push harder down onto the working plane when push-

Ing

Fig

forward;

. 19 is a right side view showing the yaw and pitch of an abrader tip utilized with the

example surface abrading device of Fig. 9;

Fig

. 20 is an opposite left side view showing the stroke of an abrader tip utilized with the

example surface abrading device of Fig. 9; and

Fig

.21 is a diagrammatic representation of the roll of a pointer utilized with the example

surface abrading device of Fig. 12.
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Detailed Description

The example surface abrader 10 can abrade in multiple shapes, including rectangles, ovals,
circles, and diamond shapes, among other shapes. The example abrader 10 can also move
in two horizontal axes. The example device 10 provides an abrader tip 12 motion that
moves like a human finger across a surface, instead of a rigid tip that is always pointing
downwardly, as with conventional devices. Because the example surface abrader 10 can
provide more human-like motions, it can be used to more closely mimic real lite operation
and degradation of the keys and surfaces of, among other devices, mobile communication
devices. The example device 10 accomplishes its movement without the need for expen-

sive software or computer programming.

The example device 10 can be used to test the touch screen of a mobile device, or any sur-
face that needs to be tested for large area abrasion, such as the outer surface of a battery
door of a mobile device. Other devices, not limited to mobile devices, may also draw util-
ity from the examples described herein. The example surface abrader 10 has the capability
to test not only an area, but a straight line. As a result, it can be used to test side grips of
mobile devices, or anything where a straight line abrasion would be required, such as key-
pads. In addition, the example surface abrader 10 has the ability to test things with a fin-
oer-tip-like device that tilts and swivels around the surface being tested. These finger-like
or human-like movements allow the device to more accurately mimic the effect of dirt and
oils being wiped into gaps of a keypad, for example. An abrasion tool 12 1n the form of a
ball end (not shown) could roll around the surface of the device 10 and keypad and press

on the various keys with a lubricant in order to “dirty” the surface. Thus, the device 10

can be used to mimic real world operation.

The human-like movements of the example device 10 are advantageous because they ai-
low testing on keys and keypads. Running a finger-like pointer that swivels and rolls and
that 1s coated with foreign substances over some keys will jam some of the foreign sub-
stance in between the cracks and crevices of the keys. A simple straight line abrader, as

with conventional testing devices, would not be able to do this. The ability to mimic real
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world operation allows the user to more effectively test a surface and consider any poten-
tial degradation of keys or surfaces. The example device 10 can be used to determine 1f
the natural motion of a user’s hands will pull up components or displace them sideways or
down. The example device 10 is an effective way for testing how dirt accumulates 1n key-
pad areas, jog balls, and any mating parts of the mobile device that have gaps or do not

match well together.

The example surface abrader 10 is able to abrade an entire surface, such as an entire touch
screen, instead of only 1n a straight line, as with conventional testing devices. Conven-
tional surface abraders often used a larger surface area tool to abrade a surface. This was
akin to a big block. The big block was used to cover an entire surface area, with the block
moving back and forth to perform the abrasion. Unlike conventional surface abraders, the
example device 10 allows testing with a finger-tip type device instead of with a big block
that covers an entire surface. Abrasion using big blocks is different in terms of precision
compared with the use of a small swiveling finger-tip to cover the same area. The use of a
large surface area tool to abrade in a straight line also limits the abrasion testing to a flat
surface only. With the present examples, different types of pointers or abrasion tools 12
may be used to accomplish different results. The example surface abrader 10 is capable of
abrading an entire surface, whether or not 1t 1s flat, such as a keypad, and can maneuver
over small hills into valleys. The area being abraded can also be easily changed by means

of a simple adjustment to a few pins, which are positioned on pulleys P1, P2, P3, P4,
flanges F1, F2, F3, F4, F5, F6 or other parts of the device BE1, BE2 (described in turther

detail below), or by adjusting the speed of the variable speed motors M1, M2. The exam-
ple device 10 accomplishes this without the need for specially controlled motors or soft-

wdare.

Referring to the drawings, Fig. 1 depicts an example surface abrader and apparatus for
testing surface abrasion 10, also known as an area tester abraston device. The device 10 1s
designed to closely follow a surface and includes a series of pulleys P1, P2, P3, P4 posi-
tioned on shafts S1, S2, S3, S4 and variously coupled to either or both motors M1 or M2.
The shafts include a distal or first shaft, which comprises a first shaft portion S1 and a

second shaft portion S3. The first and second shaft portions S1, S3 may be referred to
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herein as the distal shaft portions, distal shafts, or simply shafts. The shatts S1, 83 are
spaced from a proximal shaft, which comprises a first shaft portion S2 and a second shatt
portion S4. The first and second shaft portions S2, S4 may be referred to herein as the
proximal shaft portions, proximal shafts, or simply shafts. Distal shaft portions S1, S3
may be axially aligned and proximal shaft portions S2, S4 may be axially aligned, al-
though this is not required in all examples. Shafts S1, S3 are parallel to shafts S2, S4, al-

though there may be examples where the distal shafts are not parallel to the proximal

shafts.

The example abrasion device 10 has a first motor M1 and a second motor M2. One or
both motors M1, M2 can be used to drive first and second arms Al, A2, which are coupled
to the frame T1. An abrader tool 12 is coupled to the frame T1. In order to move the
frame T1 and abrader tool 12, the device 10 includes a plurality of variable speed and di-
ameter pulleys P1, P2, P3, P4 that are positioned on shafts S1, S2, S3, S4. In the example
shown, variable speed pulleys are pulleys P1, P3 and variable diameter pulleys are P2, P4,
although pulleys P1, P3 could be of variable diameter and pulleys P2, P4 could be of vari-
able speed. The pulleys are coupled to one another with belts. A belt BE1 couples pulley
P1 to pulley P2. A belt BE2 couples pulley P3 to pulley P4. Four shafts are shown, 1n-
cluding shaft S1 that 1s directly connected to motor M1, a shaft S3 that 1s directly con-
nected to motor M2, a shaft S2 that is coupled to shaft S1 via belt BE1 and to arm A1, and
a shaft S4 that 1s coupled to shaft S3 via belt BE2 and to arm AZ2.

The flanges F3, F4 may couple the shafts together such that shafts S1, S3 rotate together at
the same speed (in which case one of the motors M1, M2 would be quieted), or may be
disconnected, such that shafts S1, S3 rotate separately from one another at different
speeds, as governed by the associated motors M1, M2, Shafts S2, S4 may be coupled via
flanges F1 and F2, or may operate separately from one another. Flanges IF1, 2, F3, I4,
F3, F6 include pins or other connectors and openings for receiving the pins or connectors
that allow the arms A1, A2 to be either in or out of phase with one another as flanges IS
and F6 rotate, as shown more clearly in Fig. 20, and as described in greater detail below.
The flanges F1, F2 may couple shafts S2, S4 together so that they rotate together at the

same speed, or may be disconnected so that shafts S2, S4 may rotate at different speeds.
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Coupling flanges F1 and F2 allow shatts S2, S4 to rotate along a common axis, while
shafts S1 and S3 are freed from this constraint. In this case, motors M1 and M2 would
both be required. Coupling flanges F3 and F4 would allow shafts S1 and S3 to rotate
along a common axis, while shafts S2 and S4 would be freed from this constraint. In this
case either motor M1 or M2 would be required. Alternatively, flanges F1, F2, F3, and F4
can be left uncoupled and this would then allow shafts S1, 82, S3, and S4 to all rotate

along non-collinear axes. In this case, either motors M1 or M2 or both can be utilized.

Flanges F1, F2, mounted respectively on shafts S2, S4, and flanges I3, I'4 mounted re-
spectively on shafts S1, S3 each have at least one hole to permit their being connected to
cach other: F1 to F2 or F3 to F4. These holes are shown best in Fig. 20, where both flange
F1 and flange F2 are disc shaped. Flange F1 includes two holes 32 and flange F2 includes
numerous holes 34 that are spaced around the periphery of flange F2. As will be discussed
in greater detail below, the phase of the device 10 may be adjusted based upon how flange
F2 1s rotated relative to flange F1. One or more pins may be used to couple tlange I1 to
flange F2, and/or flange F3 to flange F4. Other connecting fasteners may alternatively be

utilized.

Flanges 5, F6 are mounted respectively on shafts S2, S4 and are coupled to arms Al, A2,
respectively. The arms Al, A2 are coupled to frame T1, which 1s coupled to the abrader
tip or pointer 12. Pointer 12 1s used to contact a surface to be tested or abraded. Arms Al,

A2 are coupled to flanges IS5, F6 via joints H1, H3. Frame T1 1s shown coupled to arm

Al via joint H2.

Flanges F3, IF6 are disc-shaped and each have a plurality of holes that are provided
through the disc and spaced from one another 1n a spiral shape on the face of each disc.
This 1s shown best 1n Figs. 17-20. These holes 36 are referred to as arm offset holes and
each hole 1s used to eccentrically mount a precision articulating joint, such as heim joints
HI1, H3 described 1n greater detail below. These holes also allow the arms A1, A2 to be
offset from the center of flanges F5, F6 by distances x and y, respectively, as shown in
Fig. 1. Distances X and Y are determined by which hole 36 1s chosen for the location of

the respective arm. Flanges F5, F6 allow the arms to be offset relative to one another,
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which allows for greater flexibility in terms of abrasion patterns that are possible with the

example device.

Shafts S1, S3 may be joined together axially by at least one pin through rotating flanges
I3, 4. Arms Al, A2 are mounted on joints H1, H3, respectively, which are in turn
mounted on rotating flanges F35, F6 respectively. Depending upon how the arms are cou-
pled to tlanges I35, F6 and how the flanges F1, F2, F3, F4 are coupled to one another, the
device 10 1s induced to provide a back and forth motion of frame T1. Both of the joints
HI1, H3 move axially as flanges F5, Fo6 rotate about shafts S2, S4 utilizing motors M1
and/or M2. As is evident, many different configurations are possible for the present de-
vice and any number of different abrasion patterns are possible based upon which holes
34, 36 are selected, which pulleys are belted, which motors are utilized, and which flanges
are connected to one another, among other choices. A variety of different configurations

are discussed below.

In contrast to Fig. 1, where the abrader tip 12 is coupled to a frame T1, in Figs. 4-15, arm
AT 1s shown coupled to the abrader tip 12 via a swivel joint SW1. Arm A2 is fixed to the
abrader tip 12 The swivel joint SW1 allows the abrader tip 12 to have free movement.
Without the swivel joint SW1 or some similar joint that allows for free movement of the

abrader tip 12, the abrader tip would likely break.

T'he two arms A1, A2 ca-n operate in phase with one another or out of phase with one an-
other. The amount of phase difference and the speed of the arms relative to one another
helps to shape the abrasion pattern provided by the device 10. Figs. 4-15 show a variety of
different abrasion patterns that are provided by different phase shifts and speeds of opera-
tion. The phase of the device may be determined by flanges F1, F2 or flanges F3, F4
along with pulleys P1, P2, P3, P4.

With respect to phase shifts created utilizing flanges F1, F2, as previously discussed,
tflange 2 has a plurality of holes 34 spaced around the periphery thereof. In order to un-
derstand phase, consider flanges F5, F6. When the flanges F1, F2 are in phase with one

another, a tixed point on flange F5 will always align with a fixed point on flange F6.
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When flanges F1, F2 are out of phase with one another, such as by rotating flange F2 90
degrees relative to flange F1, the fixed point on flange F5 will be rotated 90 degrees rela-
tive to the same fixed point on Flange F6. In this example, the fixed point on flange F5
will always be 90 degrees different from the fixed point on flange F6. Examples of con-

figurations with phase shifts are shown in Figs. 4 and 7.

[t 1s also possible to have a device 10 where the phase between flange F5 and flange F6
varies constantly. In this example, which 1s not shown, flange F5 may be rotationally
fixed while flange F6 rotates. Here the fixed point on flange F5 will always remain at the
same location while the fixed point F6 on flange F6 constantly rotates. In this example,
flange F6 will have phase shift from 0 to 360 degrees. All the while, flanges F5, F6 may
remain axially aligned, but the arms A1, A2 may be out of phase with one another, as
known by those of skill in the art. The speed of flanges F5, F6 may vary depending upon
whether or not flanges F1, F2 are connected to one another. Speed of operation 1s differ-

ent from the phase of the arms A1, A2 relative to one another.

Ditferent phase shifts are shown in the examples of Figs. 4-15. In Fig. 4, arm A2 1s
shifted 90 degrees relative to arm Al. This 1s evident from the location of joint H1, which
1s positioned at the bottom of flange F5 while joint H3, and thus arm A2, 1s rotated 90 de-
orees on flange Fo6 relative to the location of joint H1 on flange F5. Fig. 6 shows an ex-
ample where arms Al, A2 are in phase with one another. This 1s evident from the location
of joint H1, which is positioned at the bottom of flange F5 compared to the location of
joint H3, which 1s positioned at the bottom of flange F6. Since flanges F5, F6 are operat-
Ing at the same speed. arms Al, A2 will remain in phase with one another. Fig. 7 shows
arm Al being out of phase with arm A2 by 180 degrees. This is evident from the location
of joint H1, which 1s positioned at the bottom of flange F5 while joint H3 1s positioned at
the top of flange F6. Since flanges F5, F6 are operating at the same speed, arms Al, A2

will remain 180 degrees out of phase.

[t 1s also possible to vary the phase of arm Al relative to arm A2 when flanges F1, F2 are

not connected to one another. This may be accomplished by coupling flanges F3, F4 to-

gether while flanges F1, F2 are not connected to one another. An example of this is shown
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in Fig. 5. In this example, at a starting point as shown, joint H1 is out of phase 90 degrees
relative to joint H3. Pulleys P1, P2 are coupled together with belt BE1 and pulleys P3, P4
are coupled together with belt BE2. Pulley P1 1s coupled to motor M1 and pulley P3 is
coupled to motor M2. Motors M1 and M2 are operating at different speeds. In this con-
figuration, the phase of arm A1l relative to arm A2 varies from 0 to 360 degrees. If pulleys
P1, P2, P3, P4 were configured the same way such that shafts S2 and S4 rotated at the
same speed, 1t would be possible to keep the same phase shift of 90 degrees (or any other
angle), although this 1s not shown in Fig. 5. Thus, while the description in Fig. 5 states

that the arms are 90 degrees out of phase, this phase shift will vary as the device moves.

The speed of the arms A1, A2 may be varied relative to one another. This may be accom-
plished by connecting flanges F3, F4 axially, while allowing flanges F1, F2 to remain un-
coupled. Pulleys are selected that have different sizes such that flanges F5, F6 rotate at
different speeds while utilizing a single motor, either M1 or M2. Examples of this are
shown 1n Figs. 5 and 8-15. Shafts S2, S4 could be axially aligned with one another in this

example, although that 1s not critical.

Flanges F1, F2, F3, F4 may be disconnected from one another and motors M1 and M2
may control the movement of the flanges either mechanically or electronically so as to
produce any combination of in phase or out of phase rotation of joints H1, H3 and arms
Al, A2. Any differential speed of rotation of shafts S2 and S4 may be produced by this

combination to provide a wide range of motion for frame T1 and the abrasion tool 12.

During operation, the arms move frame T1 in a reciprocal motion while holding an abra-
sion tool 12. The abrasion tool 12 is attached to the top end 14 of frame T1, which is
shown 1n Fig. 1 as being triangular 1n shape, although other shapes may be utilized. Joints
H1, H2, H3 are positioned between the frame T1 and the pulleys P1, P2, P3, P4 in order to
allow the frame T1 and abrasion tool 12 to move in a reciprocating motion that is not lim-
ited to the dimensions of the triangle-shaped frame T1. The abrasion tool 12 shown is a
pointer and moves in a pattern 18 when positioned against a surface to be abraded or
tested, such as the surface of a mobile device. Other types of abrasion tools may also be

utilized.
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In Fig. 1, flange F5 is shown coupled between shaft S2 and arm Al. Flange F5 1s coupled
to arm A1l at a lower end of the arm A1l via a joint, which in this example 1s a heim joint
H1. The lower end of arm Al is coupled a distance x from the axis of rotation of shaft S2.
A heim joint H2 is positioned at the upper end of arm Al and couples arm Al to the frame
T1. A flange F6 is shown coupled between shaft S4 and arm A2. Flange F4 1s coupled to
arm A2 at a lower end of the arm A2 via a heim joint H3. Heim joint H3 1s spaced a dis-
tance y from the axis of rotation of shaft S4. An upper end of arm A2 is coupled to the
frame T1 via a welded joint J1 such that arm A2 1s fixedly connected to the frame T1.

Joint J1 is a stationary joint. Other types of joints may be used, 1f desired.

During operation, variable speed pulley P1 turns variable diameter pulley P2 on shaft S2.
Variable speed pulley P3 turns variable diameter pulley P4 on shaft S4. Shaft S2 turns
arm Al and shaft S4 turns arm A2. Arms Al, A2 reciprocate either in or out of phase with
each other depending on the connections and pulleys as described above, which moves the
frame T1. Joints H1, H2, H3, which are described in greater detail below, allow the arms
A1, A2 to reciprocate without being restricted by the dimensions of the frame T1. The
abrader tip 12 could be coupled to the frame T1 at other points. In addition, while the

frame T1 1s shown as being triangular, other shapes could be used for the frame.

Figs. 4-15 show how bearings B1, B2, B3, B4, B5, B6, B7, B8 may also be interspersed

between the various parts. Bearings, such as pillow block bearings, may also be used 1n
the example shown in Fig. 1, although not shown. Bearings Bl, B2, B3, B4, BS5, B6, B7,
B8 may be positioned between each moving part, such as on either side of each pulley P1.

P2, P3, P4 and adjacent to each motor M1, M2 and flanges k1, F2, I3, F4, I35, I6.

During operation, the abrader tip 12 moves 1n a pattern 18 represented by the shaded area
at the top end 14 of the frame T1, as shown in Fig. 1. The range of motion of the frame T1
In two dimensions, known as slew, 1s shown in Fig. 1. Slew 1s movement from side to
side. Fig. 16 1s a front view of a device 10 similar to that shown 1n Fig. 1, showing how
the movement of the device 10 has both a roll and slew. In Fig. 16, slew 1s shown as

movement from side to side (left and right) while roll 1s shown as the rotating movement
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of the pointer 12. The roll movement is similar to the movement of a pendulum. Side
views Fig. 19 and 20 show various views of the device 10 and depicts the yaw (axial rota-
tion of the tip), pitch (front to back axial tilt), and stroke (back and forth movement) of the
device 10. These various movements work together to produce an abrasion pattern 18,

such as that shown in the figures.

Other abrasion patterns 18 are shown in Fig. 2. These various patterns include circular,
oval, figure eight, straight line, diamond shaped, and rectangular. The number of patterns
and shapes possible with the example device 10 1s almost limitless. Some of the patterns
are linear 1n nature, such as a straight line, an arc, a circle, an oval, or a trapezoid. Other
patterns cover a complete surface area, such as the diamond pattern shown in Fig. 2. It 1s

also possible to obtain random motion of the abrader tip 12.

Referring to Fig. 3, a heim joint 20 (H1, H2, H3), also known as a rod end bearing, 1s
shown. A heim joint i1s a type of joint that may be used with the present examples and 1s a
mechanical articulating joint that 1s typically used on the ends of control rods, steering
links, tie rods, or anywhere a precision articulating joint 1s required. The heim joint 1s
useful in the present examples because 1t provides an inexpensive, simple, strong, multi-
axis joint that provides a wide range of motion. There are different types of heim joints
that may be utilized, such as a rotating or sliding heim joint. Other types of joints, such as
universal joints or other joints, may alternatively be used. A heim joint H1, H2, H3 in-
cludes a ball swivel 22 with an opening 24 through which a bolt or other attaching hard-
ware (not shown) may pass. The ball swivel 22 1s pressed 1into a circular casing 26 that
has a threaded shaft 28 attached. The threaded portion 28 may be either male or female.
As shown 1n Fig. 3, the heim joint 20 has a male threaded portion with a casing 26 having
a width B and a thickness F, a ball swivel 22 having a thickness C, an opening 24 tor at-
taching hardware having a diameter A, and a threaded shaft 28 having a length E. The
center of the opening 24 1s spaced D from the bottom of the threaded shaft 28.

Using the example device, 1t 1s possible to obtain abrasion coverage over a complete sur-
face area. In order to accomplish this, the device 10 can be configured so that shaft S2 and

shaft S4 are not connected together via flanges F1 and F2. In addition pulleys P1, P2, P3,
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P4 may not have the same diameters--and arms Al, A2 may not have the same lengths.
Different degrees of area coverage can be obtained by increasing or decreasing the ditter-
ences 1n diameter between the pulleys P1, P2, P3, P4 and between the offset lengths x, y

and various lengths of arms Al, A2.

[t 1s also possible, using the device, to obtain abrasion patterns 18 1n an arc, circle, oval, or
trapezoid. In order to abrade in an arc pattern, flanges F3, F4 are connected and set to 180
degrees phase difference while flanges F1 and F2 are disconnected. Alternatively, an arc
pattern may be created when the flanges F1 and F2 are connected 180 degrees out of phase
and shafts S2 and S4 rotate at the same speed. In order to abrade 1n a generally circular or
oval pattern, flange F2 is coupled to flange F1 such that there is a 90 degree phase ditfer-
ence between the joints H1, H3. In order to abrade 1n a trapezoid pattern tlanges F5 and

F6 should be rotating at different speeds.

[t is further possible to obtain random motion of the abrader tip 12. In order to obtain ran-

dom motion, the second motor M2 is connected to the fourth shaft S4 and 1s set at a speed
that 1s not a real number fraction of the speed of the first motor M1. The first arm A1l and
the second arm A2 have different offset lengths, x and y, that are not a real number frac-

tion ot one another.

The size, orientation, and area of coverage of all the abrading patterns and shapes 18 can
be adjusted by rotating the angle of phase shift between flanges F1, F2, F3, F4, by chang-
ing the diameters of the variable diameter pulleys P1, P2, P3, P4, by adjusting the length
of the offsets x and y of arms A1l and A2, by adjusting the position of the Heim joints H1,
H3 respectively on Flanges F5, F6, and by adjusting the speeds of motors M1, M2.

Various examples of patterns 18 that may be created by configuring the device accord-

ingly are shown in Figs. 4-15. The devices 10 shown in Figs. 4 — 15 are somewhat difter-
ent from the device shown in Fig. 1. In particular, the triangle-shaped frame 1s replaced by
two longer arms, only two heim joints are used and one swivel joint SW1, and the abra-

sion tool 1s coupled to the frame T1. The first and second arms Al, A2 create a frame by
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their size and shape. The abrasion tool 12 may be a pointer, such as shown in Figs. 16-20.

When the abrasion tool 1s a pointer, the frame T1 1s also a pointer holder.

Fig. 4 depicts a circular motion for the abrading tool 12. In this example, a single motor
M1 or M2 drives the device via belt BE1. As shown, bearings B1, B2, B3, B4 are posi-
tioned between motor M1 and pulley P1, pulley P1 and flange F3, flange F4 and pulley
P3, and pulley P3 and motor M2, respectively. Bearings B5, B6, B7, B8 are also posi-
tioned between flange F5 and pulley P2, pulley P2 and flange F1, tflange F2 and pulley P4,
and pulley P4 and flange F6, respectively. The example shown in Fig. 4 1s an example
device 10 where the arms A1, A2 have the same displacement (x=y) and are 90 degrees

out of phase, but operating at the same speed.

Fig. 5 depicts an example device 10 where the arms Al, A2 have the same displacement
(x=y), are operating 90 degrees out of phase, but are operating at a 2:1 rotational speed
ratio, with arm Al operating faster than arm A2. The arms Al, A2 will have the same
displacement (x=y) when the ends of arms Al, A2 are coupled to the same holes 36 1n
flanges F3, F6. In this example, the resultant abrasion pattern 18 1s a figure eight. This
example utilizes a single motor M1 or M2 to operate belts BE1 and BE2, which 1n turn

drives arms A1, A2 via connected flanges F3, F4.

Fig. 6 depicts an example device 10 where the arms A1, A2 have the same displacement
(X=y), are 1n phase, and are operating at the same rotational speed ratio. The resultant
abrasion pattern 18 1s a straight line. As with the examples 1in Fig. 4, a single motor M1 or
M2 drives belt BE1, which, in turn drives pulley P2. Pulley P2 is coupled to shaft S2 and
drives shatt S4. Shatt S4 1s coupled to shaft S2 by flanges F1, F2, which are fixed to one

another 1n phase.

F1g. 7 depicts yet another example device 10 where the arms Al, A2 have the same dis-
placement (x=y) and are operating at the same rotational speed ratio, but are out of phase
180 degrees. The resultant abrasion pattern 18 1s an arc. The operation of this device is

similar to that described above for Figs. 4 and 6, where a single motor M1 or M2 drives a
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single belt BE1. In this example, flanges F1, F2 are out of phase 180 degrees. Theretore,

the details of operation will not be repeated.

Fig. 8 depicts another example device 10 where the arms A1, A2 are displaced by a ratio
of 1:2 (2x=y) and are 1n phase with one another. Once again, displacement of arms Al,
A2 relative to one another 1s determined by which holes 36 are selected in flanges F3, F6.
In this case, a hole 36 in flange F5 1s chosen that is different from the hole chosen 1n
flange F6 such that arm A1 1s spaced a distance 2x while arm A2 is spaced a distance y.
The rotational speed ratio is 3:1 between the first arm Al and the second arm A2. The
resultant abrasion pattern 18 1s an extended figure eight, where three loops are created. In
this example, the first or second motors M1, M2 can operate to drive belts BE1 and BE2
via coupled flanges F3 and F4.

Fig. 9 depicts yet another example device 10 where the arms Al, A2 have the same dis-
placement and are operating in phase with one another at a rotational speed ratio of 3:1.
The resultant abrasion pattern 18 1s an S-shaped pattern. The operation of this device 1s

similar to that described above in connection with Fig. 8.

Fig. 10 depicts another example device 10 where the arms A1, A2 have the same dis-
placement (x=y), are 180 degrees out of phase, and are operating at a rotational speed ratio
ot 3:1. The resulting abrasion pattern 18 1s a Z-shape. The operation of this device 1s

similar to that described above 1n connection with Fig. 8.

Fig. 11 depicts another example device 10 where the arms A1, A2 have the same dis-
placement (x=y), are 90 degrees out of phase, and are operating at a rotational speed ratio
of 3:1. The resulting abrasion pattern 18 1s a modified figure eight pattern having three
loops that 1s similar to that shown in Fig. 8, but wider in dimension than the pattern shown
in Fig. 8. The operation of this device 1s similar to that described above in connection

with Fig. 8.

Fig. 12 depicts a further example device 10 where the arms A1, A2 have the same dis-

placement (x=y), are 90 degrees out of phase with one another, and operate at a rotational
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speed ratio of 4:1. The resulting abrasion pattern 18 is a modified figure eight pattern hav-
ing four loops that i1s similar to that shown in Fig. 11. The operation of this device 1s simi-

lar to that described above 1n connection with Fig. 8.

Fig. 13 depicts a further example device 10 where the arms A1, A2 have the same dis-
placement (x=y), are 72 degrees out of phase with one another, and operate at a rotational
speed ratio of 4:1. The resulting abrasion pattern 18 1s a modified figure eight pattern hav-
ing four loops that 1s similar to that shown in Fig. 12, but the loops are flatter than the
loops 1n the pattern shown in Fig. 12. The operation of this device 1s similar to that de-

scribed above 1in connection with Fig. 8.

Fig. 14 depicts a further example device 10 where the arms Al, A2 have the same dis-
placement (x=y), are 90 degrees out of phase with one another, and operate at a rotational
speed ratio of 29:4. The resulting abrasion pattern 18 1s a modified figure eight pattern
having seven loops that 1s similar to that shown 1n Fig. 12, but with the loops being flatter
than the loops depicted in Fig. 12. The operation of this device 1s similar to that described

above 1n connection with Fig. 8.

Fig. 15 depicts a further example device 10 where the arms Al, A2 have a 2:1 displace-
ment ratio (x=2y), are 180 degrees out of phase with one another, and operate at a rota-
tional speed ratio of 2:1. The resulting abrasion pattern 18 1s an M-shaped pattern. The

operatton of this device 1s similar to that described above in connection with Fig. §.

Fig. 16 depicts a front view of the example device 10 where the arms A1, A2 are out of
phase with one another by 180 degrees and represents the resulting roll and slew of the
frame T1 and abrasion tool 12. Figs. 19 and 20 depict a side view of the example shown
in F1g. 9, with Fig. 19 representing a view of the right side and Fig. 20 representing a view

of the left side of the device 10.

Figs. 17-18 show the lengths of alternative pointers or abrasion tools 12 which are differ-
ent from the tools shown in Figs. 16 and 19-20. Fig. 17 1s a side view of an example sur-

face abrading device with a different abrasion tool. The device in Fig. 17 has a working
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plane that 1s above the axis of rotation of flange F6. Because of the orientation of the
pointer on the working surface relative to the axis of rotation of the arm A2, when the
pointer 1s pulled back toward shafts S2, S4, it pushes down harder than when the pointer 1s
pushed away from shafts S2, S4. Fig. 18 1s a side view of an example surface abrading

device with a different abrasion tool holder. In this example, the working plane 1s below

the axis of rotation of flange F5. This configuration causes the abrader tip 12 to push
down harder onto the working plane when arm A2, and thus abrader tip 12, moves away
from shafts S2 and S4, while the abrader tip does not push down as hard when the tip 12 is
pulled toward shafts S2 and S4. As 1s evident, 1t 1s possible to change the force applied by
the pointer 12 by changing the location of the working plane relative to the axis of rotation

and by changing the length and configuration of the pointer 12.

Figs. 19 and 20 depict a side view of a device 10 where the arms Al, A2 have the same
displacement, are in phase with one another, and are operating at a rotational speed ratio of
4:1. Fig. 19 represents the pitch and yaw of the frame T1 and tool holder 12. Fig. 20
shows the stroke of the device 10 and also depicts how the phase of the device can be ad-
justed by rotating flange F1 relative to flange F2, with flange F1 having pins 32 and flange
2 having holes 34 at several locations for receiving the pins 32 resulting in different

phase differences between tlanges F1, F2.

Figs. 1, 2, and 4-19 show different examples of the motion of the example surface abrader
10. The drawings demonstrate some of the motion capabilities of the example device, but

do not show every possible abrading path of the pointer tip 12.

Fig. 21 1s a diagram that represents the degrees of roll of the pointer 12 when the device 1s
set up under the conditions of 90 degrees out of phase, a rotational speed ratio of 4:1, and

the same arm displacement (x=y). This diagram is a graphical representation of the rolling
motion of the pointer tip 12 at one specific setting of the abrader 10. The upper line shows
the angle of roll of the pointer 12. The lower lines represent an approximate graphical
representation of the roll at the same points. The lower lines are given as degrees of rota-

tion of the slow arm for every 90 degrees rotation of the fast arm. The upper line repre-

sents more than one rotation of the slow arm. The boxed in area of the diagram represents
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one tull rotation of the slow arm. Note also that a similar motion will be seen in the “yaw”
and “pitch,” but this has not been shown. The motion in the other directions will be of a

similar style, but 1n a different pattern. Yaw, pitch, roll, and slew all occur simultane-

ously.

While various features of the claimed examples are presented above, it should be under-
stood that the features may be used singly or in any combination thereof. Therefore, the

claimed examples are not to be limited to only the specific embodiments depicted herein.

Further, 1t should be understood that variations and modifications may occur to those
skilled 1n the art to which the claimed examples pertain. The examples described herein
are exemplary. The disclosure may enable those skilled in the art to make and use alterna-
tive designs having alternative elements that likewise correspond to the elements recited in
the claims. The intended scope may thus include other examples that do not differ or that
insubstantially differ from the literal language of the claims. The scope of the disclosure

1s accordingly defined as set forth in the appended claims.
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CLAIMS
1. A surface abrader comprising:
a first motor;

a plurality of pulleys, with at least some of the pulleys being coupled to the first

motor;
a plurality of shafts, with the pulleys being coupled to the shafts;

at least one belt coupled between two of the pulleys to drive one of said shafts via

rotation of the other shaft by the first motor;

a first arm coupled to one of said shafts and a second arm coupled to another of
said shafts, said arms moving in a reciprocating motion; and

an abrasion tool coupled between the first and second arms for contacting a sur-

face.

2. The surtace abrader of claim 1, wherein the reciprocating motion produces an abra-

sion pattern and the pattern is either a line pattern or an area pattern.

3. The surface abrader of claim 1 or 2, further comprising a frame coupled between
the first and second arms via at least one movable joint, with the abrasion tool being

coupled to the frame.

4. The surface abrader of claim 3, wherein at least two movable joints are provided,
with one movable joint being coupled to the first arm and one movable joint being coupled

to the second arm.

5. The surface abrader of claim 3 or 4, further comprising a second motor coupled to
at least some of the pulleys and the plurality of shafts comprising a first shaft and a second
shaft, with the first shaft being displaced from, but parallel to the second shaft, said second
shaft having the at least one movable joint associated with both ends thereof, said joints

each being coupled to the first and second arms.
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6. The surface abrader of any one of claims 1 to 5, wherein the abrasion tool 1s a

pointer, or a finger-like pointer, or an abrasion device.

7. The surface abrader of claim 5, further comprising a plurality of bearings inters-

persed between the motors and pulleys.

8. The surface abrader of any one of claims 1 to 7, wherein the plurality of shafts
comprises a first shaft and a second shaft, with at least one pulley coupled to each of the

shafts and with opposing pulleys coupled to one another via at least one belt.

9. The surface abrader of claim 8, wherein the first shaft comprises a first portion and
a second portion, with the first portion being coupled to the second portion via at least one
flange, and the second shaft comprises a first portion and a second portion, with the first

portion being coupled to the second portion via at least one flange.

10.  The surface abrader of claim 9, wherein the first arm is coupled to the first portion
of the second shaft and the second arm 1s coupled to the second portion of the second
shaft, the at least one flange that couples the first and second portions of the second shaft
includes first and second flanges that are coupled by at least one pin, with at least one of
the first or second flanges having a plurality of openings spaced around a face thereof for
accepting the at least one pin therein, said at least one pin and openings for adjusting the

phase of the first arm relative to the second arm.

11.  The surface abrader of claim 9 or 10, further comprising a fifth flange coupled be-
tween the first portion of the second shaft and the first arm, with a first movable joint
coupled between the fifth flange and the first arm; a sixth flange coupled between the
second portion of the second shaft and the second arm, with a second movable joint
coupled between the sixth flange and the second arm; and a third movable joint coupled

between the first arm and the abrasion tool.

12. The surface abrader of claim 5, wherein the motors, pulleys, arms, shafts, joints

and adaptor tool together provide a device having a yaw, pitch, roll, and stroke.
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13.  An apparatus for contacting a surface to be abraded or tested for surface abrasion
comprising:

at least one motor;

a distal shaft coupled to the at least one motor;

a proximal shaft coupled to the distal shaft;

a belt and pulley structure coupling the proximal shaft to the distal shatft;

a first arm coupled to one end of the proximal shaft;

a second arm coupled to the other end of the proximal shaft; and

an abrasion tool coupled between the first and second arms for contacting a sur-

face.

14.  The apparatus of claim 13, wherein the distal shaft includes a first portion and a
second portion and the proximal shaft includes a first portion and a second portion, with
the first arm being coupled to the first portion of the proximal shaft and the second arm
being coupled to the second portion of the proximal shaft, with the first arm being mova-

ble either in phase or out of phase with respect to the second arm.

15.  The apparatus of claim 13 or 14, further comprising a movable joint coupled be-
tween the first arm and the proximal shaft and a movable joint coupled between the second

arm and the proximal shaft.

16.  The apparatus of claim 14 or 15, wherein the at least one motor includes a first
motor for driving the first portion of the distal shaft and a second motor for driving the

second portion of the distal shatft.

7. The apparatus of any one of claims 14 to 16, wherein the first and second portions
of the proximal shaft are coupled together such that they rotate at the same speed and dif-

ferent phases, or the same speed and the same phase.

18.  The apparatus of any one of claims 14 to 17, wherein the first portion of the distal

shaft 1s coupled to the second portion of the distal shaft via a first flange and a second
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flange, and the first portion of the proximal shaft is coupled to the second portion of the
proximal shaft via a third and a fourth flange, and the first portion of the proximal shaft is
coupled to the first arm via a fifth flange and the second portion of the proximal shaft is
coupled to the second arm via a sixth flange, and the first and second flanges may be one
of fixed to each other or movable relative to each other, and the third and fourth flanges
may be one of fixed to each other or movable relative to each other, wherein the first and
second flanges, when coupled together may determine the phase of the first arm relative to
the second arm and the third and fourth flanges, when coupled together, may determine

the phase of the first arm relative to the second arm.

19. The apparatus of claim 18, wherein the first flange is fixedly coupled to the second
flange and the third flange is movable relative to the fourth flange, and the first flange has
at least one hole extending therethrough and the second flange has a plurality of holes ex-
tending therethrough around the periphery thereof, and a pin extends through the at least
one hole 1n the first flange into one of said plurality of holes in the second flange in order

to select a phase shift from 0 to 360 degrees for the first arm relative to the second arm.
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