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MOTION CONTROL APPARATUS

BACKGROUND

The present invention generally relates to motion control apparatus
and in particular brakes. Specifically, the present invention relates to brakes
suitable for use with a track to brake motion such as linear motion, and
more specifically relates to linear motioh brakes that have improved piston
life and that are adjustable.

The popularity of linear motion devices in the machine tool,
semiconductor, and medical industries has been increasing as the result of
their ability to move a load in a linear movement direction to a position
with extreme accuracy and at very high speeds. However, problems have
been encountered in stopping linearly moving loads especially in the event
of a power outage. Specifically, as movement and positioning of the load
is dependent upon current being supplied to the linear motor, loads carried
by linear motion devices will move under gravitational and/or inertia forces
in the event that current is interrupted to the linear motor such as the result
of a power outage. This problem is also enhanced in linear motion devices
because of the use of high performance linear bearings, which minimize
sliding friction. Prior workers have devised a brake that cures the above
deficiencies and that works with remarkable reliability and precision, see
U.S. Patent No. 6,460,678 to Henk et al.

Prior art devices have utilized a one piece piston assembly to
accomplish braking motion. A one piece piston assembly may apply

undesirable forces to piston components.

Also, it is desirable to be able to adjust the relative position oi
actuator elements of friction facings to compensate for manufacturing

tolerances and/or friction facing wear.
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Thus, a need exists for a brake for stopping linearly moving loads
and especially for use with linear motion devices and particularly for use in

stopping linearly moving loads that reduces stress on piston parts and that

1s adjustable.
SUMMARY OF THE INVENTION

The present invention solves these needs and other problems in the

field of linear motion brakes by providing, in the preferred form, an
apparatus including a wedge moveable along a first axis. The wedge has a
wedge surface arranged nonparallel to the first axis. An actuator 1s
moveable along a second axis perpendicular to the first axis. The actuator
has a wedge engaging surface that engages with the wedge surtace. The
actuator also has a friction creating portion. Movement of the actuator
along the second axis 1s dependenf on movement of the wedge along the
first axis. A wedge axial mover is in contact with the wedge for moving the
wedge along the first axis. The wedge axial mover 1s m motion 1solated
contact to prevent motion transfer from the wedge to the wedge axial
mover nonparallel to the first axis.

The invention further provides in the preferred aspects that the
wedge axial mover has a first chamber and a first piston moveable 1n the
first chamber along the first axis. The first piston is in motion isolated
contact with the wedge to move the wedge along the first axis in response
to introduction of fluid in the first chamber.

The invention further provides in the preferred aspects that a stem
guide separates the first chamber from the wedge. The first piston further
has a stem, with the stem extending along the first axis in the stem guide

and with the stem abutting the wedge opposite of the stem guide than the

first chamber.
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The invention further provides in the preferred aspects that the
wedge axial mover further has a second chamber and a second piston
moveable in the second chamber along the first axis. The second piston is
in motion isolated contact with the wedge to move the wedge along the first
axis in response to introduction of fluid in the second chamber.

The invention further provides in the preferred aspects that the
second piston has the shape of a disk and that the disk has a surface
perpendicular to the first axis with the surface abutting the wedge.

The invention further provides in the preferred aspects that the
introduction of fluid in the first chamber and the introduction of fluid in the
second chamber moves the first piston and the second piston in the same
direction.

The invention further provides in the preferred aspects that the
wedge axial mover 1s a spring mounted along the first axis. The wedge is

biased by the spring in one direction along the first axis.

The mvention further provides in the preferred aspects that a housing
has an adjustable guide that 1s adjustable in a second axis perpendicular to
the first axis. The wedge further has a guide engaging surface :in contact
with the adjustable guide to adjust the position of the wedge in the second
axis by slideable contact with the adjustable guide.

The invention further provides in the preferred aspects that the
housing has a disk shaped opening, and with the adjustable guide has a disk
shape for receipt in the disk shaped opening with the wedge slidably
mounted on the adjustable guide to adjust the position of the wedge in the
second axis by slideable contact with the adjustable guide.

The invention further provides in the preferred aspects that the

housing further has a threaded guide aperture for receipt of the adjustable
ouide. The adjustable guide further has threads for slidably mounting in the

3
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threaded guide aperture to adjust the position of the wedge in the second
axis by slideable contact with the adjustable guide.

The invention further provides in the preferred aspects that the
wedge further has a first plurality of rollers mounted on a first side of the
wedge and a second plurality of rollers mounted on a second side of the
wedge. The first plurality of rollers contacts the actuator, and the second
plurality of rollers contacts the adjustable guide.

The invention further provides in the preferred aspects that the first
plurality of rollers are mounted on bearings on the wedge and has contact
with the wedge engaging portion of the actuator. The second plurality of
rollers are mounted on bearmngs on the wedge and has contact with the
guide.

The invention further provides 1n the preferred aspects that the
wedge engaging surface forms a wedge shaped slot 1n the actuator to
provide mechanical advantage to the wedge when the wedge engages the

actuator to move the friction creating portion.

The invention further provides i the preferred aspects a housing,
with the friction creating portion comprising a friction facing that i1s

slideably received in the housing along the first axis and that 1s elongated

along the first axis.

The present invention will become clearer in light of an illustrative
embodiment of this invention described 1in connection with the drawings.

DESCRIPTION OF THE DRAWINGS

The illustrative embodiment may best be described by reference to

the accompanying drawings where:

Figure 1 shows a front view of a linear motion brake according to the

preferred teachings of the present invention.

Figure 2 shows a top view of the linear motion brake of Figure 1.

4
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Figure 3 shows a cross sectional view of the linear motion brake of

Figure 1 according to section line 3--3 of Figure 1.

Figure 4 shows a cross sectional view of the linear motion brake of

Figure 1 according to section line 4--4 of Figure 2.

5 Figure 5 shows an exploded view of the linear motion brake of

Figure 1.
All Figures are drawn for ease of explanation of the basic teachings

of the present invention only; the extensions of the Figures with respect to

number, position, relationship, and dimensions of the parts to form the

10 preferred embodiment will be explained or will be within the skill of the art
after the following description has been read and understood. Further, the
exact dimensions and dimensional proportions to conform to specific force,
weight, strength, and similar requirements will likewise be within the skill
of the art after the following description has been read and understood.

15 Where used in the various Figures of the drawings, the same
numerals designate the same or similar parts. Furthermore, when the terms
"first", "second", "mside", "outside", "upper", "lower", "height", "width",
"length", "end", "side", "horizontal", "vertical", and similar terms are used
herein, it should be understood that these terms have reference only to the

20 structure shown in the drawings as it would appear to a person viewing the

drawings and are utilized only to facilitate describing the illustrative

embodiment.
DESCRIPTION OF THE PREFERRED EMBODIMENT

An apparatus for controlling motion shown in the most preferred

25 form as a brake for stoppmng linearly moving loads according to the
preferred teachings of the present invention is shown in the drawings and
generally designated 10. Suitable provisions are provided to house the

mechanisms of the brake 10. According to the preferred teachings of the

d
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present invention, the brake 10 generally includes a housing 120. Those
skilled in the art will recognize that the housing 120 may be constructed
from any suitable material able to maintain dimensional stability under the
forces and stresses of braking. In one example embodiment according to
the preferred teachings of the present invention, the housing 120 is
machined from an aluminum extrusion for strength and for reduced weight.

Housing 120 has two braking actuators 70 that work in concert to
provide a braking action on rail 98. Those skilled in the art will recognize
that a single one of the two actuators 70 may be used without deviating
from the spirit and scope of the invention. The braking actuators 70 each
control a friction creating portion, which in the preferred form is a friction
facing 136, that contacts the rail 98 and provides a braking action by
contacting rail 98 causing a friction force therewith.

Each braking actuator 70 has an axial through bore 122 and a cross
bore 130. According to the preferred teachings of the present invention,
each axial through bore 122 includes a first actuator chamber portion 124
of a generally circular cross section which terminates in a transmission
portion 126 of a generally rectangular cross section’ which in turn
terminates in a second actuator chamber portion 128 of a generally circular
CToss section.

Suitable provisions are provided to close and fluidically seal the
outer ends 12 of the first actuator chamber portion 124. According to the
preferred teachings of the present mvention, an end cap 84 is provided to
close the outer ends 12 of each first actuator chamber portion 124. End cap
84 further has first and second circular orifices 18 for receipt of a chamber
plug 72. A peripheral groove 24 on each chamber plug 72 is designed to

receive O-ring 36. O-ring 36 seals against the interior of first actuator

chamber portion 124.
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Suitable provisions are provided to close and fluidically seal the
outer ends of the second actuator chamber portions 128. Preferably, an end
cap 82 is provided to close the outer ends of second actuator chamber
portions 128. End cap 82 further has first and second circular orifices 20

5  for receipt of a chamber plug 78. A peripheral groove 42 on each chamber
plug 78 is designed to receive O-ring 48. O-ring 48 seals against the

interior of second actuator chamber portion 128.

In the most preferred form, end cap 82 and end cap 84 are removably
secured to housing 120 by plate screws 101.

10 According to the preferred teachings of the present invention, each
cross bore 130 includes a portion of a generally circular cross section
which terminates at and crosses the transmission portion 126 of the through
bore 122 and which is of a generally rectangular cross section that
terminates in a second generally circular cross section. In the preferred

15 form, cross bore 130 intersects generally perpendicularly to through bore

122. |

Suitable provisions are provided to control the friction facing 136.

According to the preferred teachings of the present invention, each cross

bore 130 has an actuator 138 for braking control of the friction facing 136.

20 Each actuator 138 has a generally circular cross section with a wedge
shaped cross section formed partially through one side.

Suitable provisions are provided for mounting actuator 138 in and
for reciprocal movement inside the cross bore 130. According to the
preferred teachings of the present invention, a portion of cross bore 130 is

25 shaped to accommodate and hold one side of the actuator 138 in the two
axes perpendicular to the axis parallel to the cross bore 130 and to
accommodate and allow axial movement along an axis generally parallel to

the cross bore 130.  Actuator 138 1s of a size and shape for linear
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movement within cross bore 130. Actuator 138 is connected to the friction
facing 136 so that when actuator 138 moves the friction facing 136 also
moves.

Suitable provisions are provided to bias actuator 138 in the cross
bore 130. According to the preferred teachings of the present mmvention,
each actuator 138 is biased by a wave spring 74. The wave spring 74 1s
sandwiched between a spring lip formed in the housing 120 at the end of
the cross bore 130 and a seat formed 1n the actuator 138. A portion of the
actuator 138 protrudes through the wave spring 74 so that one end of the
actuator 138 is held proximate to the friction facing 136. a

Suitable provisions are provided to control the motion of the actuator
138 and to control the force that the actuator 138 applies to the friction
facing 136. According to the preferred teachings of the present invention, a
wedge 142 is provided to transmit motion and braking force to the actuator

138. The wedge 142 is located in the generally rectangular portion of the
cross bore 130 and the transmission portion of the through bore 122. The

~ wedge 142 is generally wedge shaped with a first flattened end and a

second opposing.-flattened end.

Suitable provisions are provided to allow the wedge 142 to move
within the cross bore 130 with respect to actuator 138. According to the
preferred teachings of the present invention, the wedge 142 further has
rollers 152 and 154 for contact with a guide 160. The wedge 142 has four
mounts for rollers 152, 154, 156, and 158. In the most preferred form,
rollers 152, 154, 156 and 158 are suitably secured to each wedge 142 by
bearings 118 mounted into roller cavities 104 in each wedge 142. Each
roller cavity 104 includes a periphery of a size and shape such that the
rollers 152, 154, 156 and 158 are free to individually roll without contact
with each other. The rollers 152, 154, 156 and 158 lower the amount of

8
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force required to move the actuator 138.by reducing the friction between
the actuator 138 and the wedge 142 and the wedge 142 and the guide 160.
The wedge shaped portion of the actuator 138 includes first and
second Cross .sections of a generally rectangular configuration and having a
rectangular section of increasing spacing from the first flattened end to the
second flattened end. One side of the wedge shaped portion provides a
wedge shaped slot 106 partially through one side of the actuator 138 to
accommodate the plurality of roliers 156 and 158 on the wedge 142. The
wave spring 74 biases the actuator 138 against the plurality of rollers 156

and 158.
Because the wedge shaped slot 106 follows one side of the wedge

shaped portion, the rollers 156 and 158 follow generally wedge shaped slot
106 that takes them increasing deeper into the actuator 138. The wedge
shape provides an inclined plane, with respect to one side of the actuator
138, upon which the plurality of rollers 156 and 158 roll. By holding the
actuator 138 in two axes with respect to the housing 120, an inclined plane
of the actuator 138, formed by the wedge shaped slot 106 along the wedge
portion of the actuator 138, and the shape of the wedge 142 provides

mechanical advantage to help move the actuator 138, which in turn actuates

the friction facing 136.
Those skilled in the art will appreciate that by changing the angle of

the inclined plane of the actuator 138 and the relative angles of the sides of
the wedge 142, the amount of mechanical advantage may be controlled.
Those skilled in the art will also recognize that the actuator 138 may have

any cross sectional shape that allows transmission of the force of braking

from the rollers 156 and 158.

By providing a force axial to the cross bore 130 to one side of the

friction facing 136, the actuator 138 moves the friction facing 136 and

9
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causes the friction facing 136 to come in contact with the rail 98 and
presses the friction facing 136 against the rail 98 providing a braking force

normal to the rail 98. Friction between the friction facing 136 and the rail

98 creates the braking force.

Suitable provisions are provided for guiding and adjusting the
position of the wedge 142 relative to the actuator 138 and ultimately the
position of the friction facing 136. According to the preferred teachings of
the present invention, the rollers 152 and 154 roll on the mside surtace of
the guide 160. The guide 160 is in the shape of a disk with a pair of drilled
holes 162 formed on the outside surface.

Suitable provisions are provided for changing the axial position of
the guide 160 along the axis of the cross bore 130. According to the
preferred teachings of the present invention, the guide 160 has peripheral
threads 164 that mate with mating threads 168 in an opening 14 i the
housing 120 at one end of the cross bore 130. The guide 160 is adjustable
by turning with a spanner wrench received in the pair of drilled holes 162
which in turn turns the guide 160 on its peripheral threads 164 which
changes the axial position of the guide 160 with respect to the housing 120.
Since rollers 152 and 154 roll on one side of guide 160, the axial position
of the wedge 142, and ultimately the axial position of the actuator 138 and
friction facing 136 may also be controlled.

a Suitable provisions are provided to drive or axially move the wedge
142 continuously in both directions generally parallel to the axis of the
through bore 122 and in the most preferred form that is isolated from any
forces that are perpendicular to the axis of the through bore 122, or any non
axial forces, such as torsional and translational forces not axial to the axis
of the through bore 122. According to the preferred teachings of the present
invention, brake 10 further includes two multipart piston assemblies 148.

10
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Each of the multipart piston assemblies 148 has a first piston 140 and a
second piston 144 on opposite ends of the wedge 142. Each first piston
140 includes a periphery of a size and shape for slideable receipt in the first
actuator chamber portion 124. Each second piston 144 includes a
periphery of a size and shape for slideable receipt in the second actuator
chamber portion 128. Each wedge 142 has the first flattened end in contact
with first piston 140 and an opposite second flattened end in contact with
the second piston 144.

Suitable provisions are provided to reciprocate the wedge 142 in
transmission portion 126. According to the preferred teachings of the
present invention, the first piston 140 moves in a first axial direction and
drives the wedge 142 from a first side, reciprocating the wedge 142 in that
direction, and the second piston 144 moves in an opposite axial direction

and drives the wedge 142 from a second side, reciprocating the wedge 142,

in an opposite direction.

Suitable provisions are provided to adjust the position of the wedge

142 in the transmission portion 126. In the preferred form, wedge 142 1s

biased in a first axial direction by the combination of the wedge 142

geometry, the actuator 138 geometry and the geometry of concentric

compression springs 176 that are located in first actuator chamber portion
124 and sandwiched between the chamber plug 72 and the first piston 140.
A proper bias position either positions the friction facing 136 away from
the rail 98 to prevent drag, or positions the friction facing 136 in a partial or
total braking position depending on the mmtended default function of friction
facing 136. Those skilled in the art will appreciate that the biasing
position of the wedge 142 can be changed by altering, for example, the
angle of the wedge portion of the actuator 138, the angle of the wedge 142
sides, to a small extent by the adjustment of the guide 160, and the length

11
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and position of the compression springs 176. In an alternate embodiment
according to the preferred teachings of the present invention, other means
of providing a bias or default position of the wedge 142 can be used in
combination or alternately without deviating from the spirit and scope of
the invention such as fluid pressure in the first actuator chamber portion
124,

Suitable provisions are provided to drive or axially move the wedge
142 in a direction parallel to the axis of the through bore 122. According to
the preferred teachings of the present invention, piston 140 1s operationally
interrelated to wedge 142 and moveably mounted to housing 120 between
reciprocating positions by being slideably received in through bore 122 m
one most preferred form. Particularly, each first piston 140, in the most
preferred form, has a cross section of a size and shape for slideable receipt
in through bores 122, which in the most preferred form is circular. In
particular, each first piston 140 has surfaces for slideable contact with the
first actuator chambef portion 124 and point or push contact, motion
isolated contact, with wedge 142. Each second piston 144 further includes
an inner surface 58 to mechanically engage wedge 142. The inner surface

58 of first piston 140 is in contact with, but not attached to, wedge 142 to

prevent unwanted motion of the wedge 142.

The compression springs 176 rest directly on a first end of the first
piston 140, the opposite end of the first piston 140 contacts the wedge 142
on one end. The through bore 122 at this point reduces in diameter to
become a stem guide 46 to accommodate the piston stem.

Suitable provisions are provided to fluidically seal parts of the first
actuator chamber portion 124. In the most preferred form, each first piston
140 is provided in sealing receipt in the respective first actuator chamber

portion 124. In the most preferred form, each first piston 140 1s sealed with

12
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the first actuator chamber portion 124 by an elastomeric seal such as an 0-
ring 1408 received in a peripheral groove 26, and an O-ring 140P received
in a piston stem groove 28. Thus, a first sealed fluid chamber 1s created in
first actuator chamber portion 124 by chamber plug 72 and O-ring 36 and
by first piston 140 and O-ring 140S. Fluid is fed to the first sealed fluid
chamber by conduit 52. A second sealed fluid chamber 1s created in first
actuator chamber portion 124 by the first piston 140 and O-rings 140S and
140P. Fluid is fed to the second sealed fluid chamber by conduit 50.

Suitable provisions are provided to drive or axially move the wedge
142 from a direction opposite the first piston 140. According to the
preferred teachings of the present invention, the brake 10 further includes
the second piston 144 in each brake actuator 70. The second piston 144 1s
operationally interrelated to wedge 142 and moveably mounted to housing
120 between reciprocating positions by being slideably received i through
bore 122 in one most preferred form. Particularly, each second piston 144,
in the most preferred form, has a cross section of a size and shape for
slideable receipt in through bores 122, which in the most preterred form 1s
circular. In particular, each second piston 144 has surfaces for slideable
contact with the second actuator chambers 128 and point or push contact,
motion isolated contact, with wedge 142. Each second piston 144 further
includes an inner surface 38 to mechanically engage wedge 142. The inner
surface 38 of second piston 144 is in contact with, but not attached to,
wedge 142 to prevent unwanted motion of the wedge 142.

Suitable provisions are provided to fluidically seal parts of the
second actuator chamber portions 128. The second piston 144 has O-rings
1448 that fit in a peripheral groove 30 of second piston 144. Thus, a sealed

fluid chamber is created in second actuator chamber portion 128 by

13




10

15

20

25

CA 02556924 2006-08-18

WO 2005/083291 PCT/US2005/005252

chamber plug 78 and O-ring 48 and by second piston 144 and O-ring 144S.
Fluid is provided to the sealed fluid chamber by conduit 50.

It should be appreciated that the free receipt of wedge 142 1n the
transmission portion 126 prevents rotation and misalignment of wedge 142
in cross bores 130 even when the friction facing 136 places nonaxial loads
on the actuator 138. The first piston 140 is free to move with respect to the
housing 120 but is contained by the first actuator chamber portion 124.
The first piston 140 can also move with respect to the wedge 142 m non-
axial directions. The second piston 144 can also move with respect to the
wedge 142 in non-axial directions. This configuration allows the wedge

142 to move freely within the transmission portion 126 without

" transmitting unwanted non-axial forces, such as torsional or translational

forces directly to the second piston 144 and the first piston 140 as they

move to actuate the wedge 142. These unwanted motions and forces cause

premature wear on internal parts such as the O-rings and causes increased

friction on components of wedge 142.

The guide 160 and actuator 138 confine the wedge 142 1n its motion
in a straight path. Since the guide 160 can be adjusted, the position that it
holds the internal elements in can be continuously adjusted. The actuator
138 confines the motion of the rollers 156 and 158 along the wedge shaped
slot 106 on the wedge shape in the actuator 138. In one direction, the
movement of the wedge 142 will tend to push on the guide 160 and the
actuator 138. Since the actuator 138 is the member free to move with
respect to the housing 120, it will move out and initiate a braking action
through friction facing 136. Since the guide 160 1s adjustable, the position
at which the guide 160 engages the wedge 142 in turn will adjust the
position of the actuator 138 and in turn adjust the position of the friction
facing 136 and the points that each friction facing 136 engages the rail 98.

14
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Particularly, in the preferred form, suitable provisions are provided

in housing 120 for removably mounting friction facing 136 of a size
corresponding to and for receipt of iriction facing 136 and screws
extending through friction facing 136. The friction facing 136 1s generally

rectangular with rectangular cross sections.

The friction facing 136 is of a size and shape for slideable receipt on
the outer surface of guide rail 98 in channel 80. Guide rail 98 1s formed of
suitable material that can withstand the forces of braking. Additionally,
housing 120 is C-shaped for clearance of shoulders 96 of guide rail 98.

Each wedge 142 includes a periphery of a size and shape for

slideable receipt in transmission portion 126 on two sides, 1n one axis, and
in sliding receipt on two sides, in a second axis, and are constrained by the
first piston 140 on one end and by the second piston 144 on a second end.
The wedges 142 are free to align themselves, in one axis, with movement
of the rollers 152, 154, 156 and 158 as they roll on the actuator 138 and the

guide 160, respectively. Since the guide 160 is adjustable, the alignment of
the wedge 142 can be adjusted in the axis parallel to the adjustable axis ot

the guide 160. ..
Fluid caps 110, 112, 114 and 116, located on housmg 120, seal

conduits 50 and 52 after drilling. The fluid connections 76A and 76B are
provided to move the fluid connect point for side access. Those skilled in
the art will recognize that fluid cap 110 and any one of fluid caps 112, 114,
and 116 can be replaced by a fluid connection for fluid access.

Suitable provisions are provided for controlling the operation of the
brake 10. According to the preferred teachings of the present invention, the
fluid connection 76A allows fluid to exhaust providing an atmospheric or

low pressure connection. The fluid connection 76B, when connected to a

fluid pressure source, provides conduit 50 with a source of fluid under
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pressure into the fluid chamber defined in first actuator chamber portion
124 and the fluid chamber behind the first piston 140. The two fluid
chambers provide additional force by adding additional area, the areas of

the first piston 140 and second piston 144.

Thus, if the fluid pressure is insufficient to offset the bias force of

compression springs 176, compression springs 176 will move wedge 142 to
a predetermined position, such as the engaged position or to the disengaged
position or any position in between. If the pressure in conduit 50 and thus
the pressure in the fluid chambers defined in the second actuator chamber
portion 128 and behind the first piston 140 is sufficient to offset the bias
force of the compression spring 176, the first piston 140 will move the

wedge 142. As pressure in conduit 50 increases, the wedge 142 will move

more.

Those skilled in the art will recognize that concentric compression
springs 176 can be replaced with a single spring or more than two springs
without deviating from the spirit and scope of the invention. According to
an alternate preferred embodiment of the inventibn, when connected to a
fluid pressure source, conduit 52 provides. fluid under pressure into the |
fluid chamber defined in first actuator chamber portion 124. This alternate
embodiment can replace or be in addition to the compression springs 176.

Those skilled in the art will appreciate that the motion of the wedge
142 can accomplish any number of default and actuated results including
braking with fluid pressure off and braking with fluid pressure partially on
or fully on. This can be controlled by the direction of the wedge 142 and
wedge portion of the actuator 138 with respect to the first piston 140 by
having the widest portion of the wedge 142 closest to the first piston 140.
Those skilled in the art will also recognize that the compression springs

176 can be installed on the other side of the first piston 140.
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Those skilled in the art will appreciate that any suitable tluid can be
used as the working fluid in the fluid portions of the brake 10 and are
within the spirit and scope of the invention such as a gas such as air.

It should be appreciated that movement of wedge 142 in the first
axial direction in transmission portion by compression springs 176 1n the
most preferred form shown moves the friction facing 136 toward their
engaged position whereas movement of wedge 142 in the second axial
direction in transmission portion by fluid pressure in the fluid chamber in
the most preferred form shown moves the friction facing 136 toward its
disengaged position.

Now that the basic construction of brake 10 according to the
preferred teachings of the present invention has been explained, a method
of operation of brake 10 can be set forth. Speciﬁcally, in normal operation

of brake 10 and specifically in other than power outage, emergency stop,

parking and similar situations, fluid is provided to the fluid chambers of
brake 10 with sufficient pressure to move wedge 142. When friction facing
136 is in a spaced relation from channel 80, a drag force is not created
between brake 10 and rail 98. Also, it should also be appreciated that in the

most preferred form, brake 10 is disengaged in normal operations and 1s
engaged in only limited circumstances such that wear of friction facing 136
1s minimal.

Specifically, all components of brake 10 are formed of lightweight
material and preferably aluminum to minimize mass and inertia forces, but

those skilled in the art will appreciate that any suitable material can be used

without deviating from the spirit and scope of the invention.

Brake 10 according to the teachings of the present invention can be

utilized to stop linearly moving loads in the event of a power outage,

emergency stop, parking or similar situation. However, according to the
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teachings of the present invention and in the event of a power outage,
power would be simultaneously mterrupted to the motive force, which is
moving and holding wedge 142 against the bias of compression springs
176. In the case of the most preferred form wherein the m(;tive force 1s
fluid, the interruption of power could release solenoid valves, which would
dump fluid from the fluid chamber of brake 10. In any case, when fluid
pressure decreases, compression spring 176 will move wedge 142 from its
disengaged position to its engaged position. Movement of wedge 142
causes actuator 138 to move outwardly against the bias of wave spring 74
to thereby engage friction facing 136 with side walls of channel 80 and
thereby providing a braking force against relative movement ot brake 10
and channel 80 to thereby stop movement of the brake 10 relative to the
guide rail 98.

It should then be appreciated that the angle of the wedge surface of
actuator 138 mechanically multiplies the force provided by compression
spring 176 and redirects axial displacement of wedge 142 nto
displacements of friction facing 136, with the transverse displacements of
the friction facing 136 relative to the axial displacement of wedge 142

being dependent upon the angle of the wedge surface.

Brake 10 according to the preferred teachings of the present
invention is formed from relatively few components, which are easily
manufactured and assembled. Specifically, the components of brake 10

which cannot be purchased off the shelf can be easily machined from
extruded or conventional stock. Likewise, assembly can be quickly

performed without requiring extraordinary skill, tools, jigs, or the like.

Prior attempts at braking linear motion devices with a piston directly
connected to internal drive mechanisms has resulted in uneven wear or

other detraction in the efficiency of piston components. Brake 10
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according to the preferred teachings of the present invention applies all
braking force between friction facings 136 and channel 80, which are separate
and face each other providing material force of braking. Those skilled in the
art will recognize that in a system with only one friction facing being driven
by an actuator assembly will minimize side loading where a single friction
facing 136 is engaged to a single channel 80.

In the most preferred form, brake 10 can easily be used as an add on
module for a linear motion device of any design.

The scope of the claims should not be limited by the embodiments set
forth in the examples, but should be given the broadest interpretation

consistent with the description as a whole.
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Claims

1. Apparatus comprising, in combination: a wedge moveable
along a first axis, with the wedge having a wedge surface arranged
nonparallel to the first axis; an actuator moveable along a second axis
perpendicular to the first axis, with the actuator having a wedge engaging
surface slideably mounted on the wedge surface, with the actuator having
a friction creating portion; an adjustable guide, with the adjustable guide
disposed to adjust the wedge in the second axis, with movement of the
actuator along the second axis being dependent on movement of the
wedge along the first axis; and a wedge axial mover in motion isolated
contact with the wedge for moving the wedge in both directions along the

first axis.

2. The apparatus of claim 1 with the wedge engaging surface
forming a wedge shaped slot in the actuator to provide mechanical
advantage to the wedge when the wedge engages the actuator to move the
friction creating portion.

3. The apparatus of claim 1 or 2 with the wedge axial mover
comprising a spring mounted along the first axis, with the wedge being
biased by the spring in one direction along the first axis.

4, The apparatus of any one of claims 1-3 with the wedge
axial mover comprising, in combination: a first chamber; and a first piston
moveable in the first chamber along the first axis; with the first piston in
motion isolated contact with the wedge to move the wedge along the first

axis in response to introduction of fluid in the first chamber.
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5. The apparatus of claim 4 with the first chamber separated
from the wedge by a stem guide, with the first piston further having a
stem, with the stem extending along the first axis in the stem guide and
with the stem abutting the wedge opposite of the stem guide than the first
chamber.

6. The apparatus of claim 4 or 5 with the wedge axial mover
further comprising, in combination: a second chamber; and a second
piston moveable in the second chamber along the first axis, with the
second piston in motion isolated contact with the wedge to move the
wedge along the first axis in response to introduction of fluid in the
second chamber.

7. The apparatus of claim 6 with the second piston having the
shape of a disk, with the disk having a surface perpendicular to the first
axis and with the surface abutting the wedge.

8. The apparatus of claim 6 or 7 with the introduction of fluid
in the first chamber and the introduction of fluid in the second chamber
moving the first piston and the second piston in the same direction.

9. The apparatus of any one of claims 1-8 further comprising,
in combination: a housing, with the adjustable guide adjustable outside
the housing opposite to the actuator and adjustable in the second axis
perpendicular to the first axis, with the wedge further having a guide
engaging surface slideably mounted on the adjustable guide to adjust the
position of the wedge in the second axis by slideable contact with the
adjustable guide.

10.  The apparatus of claim 9 with the housing having a disk
shaped opening, with the adjustable guide having a disk shape tfor receipt
in the disk shaped opening, and with the wedge slidably mounted on the
adjustable guide to adjust the position of the wedge in the second axis by

slideable contact with the adjustable guide.
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11.  The apparatus of claim 9 or 10 with the wedge further
having a first plurality of rollers mounted on the wedge surface of the
wedge and a second plurality of rollers mounted on the guide engaging
surface of the wedge, with the first plurality of rollers contacting the
wedge engaging surface of the actuator, and the second plurality of
rollers contacting the adjustable guide.

12.  The apparatus of any one of claims 1-8 further comprising,
In combination:

a housing having a disk shaped opening, with the adjustable guide
having a disk shape for receipt in the disk shaped opening, and with the
wedge slideably mounted on the adjustable guide to adjust the position of
the wedge in the second axis by slideable contact with the adjustable
ouide.

13.  The apparatus of claim 12 with the wedge further having a
first plurality of rollers mounted on the wedge surtace of the wedge and a
second plurality of rollers mounted on a second side of the wedge, with
the first plurality of rollers contacting the wedge engaging surface of the
actuator, and the second plurality of rollers contacting the adjustable
guide.

14.  The apparatus of claim 10 or 12 with the disk shaped
opening having a threaded guide aperture for receipt of the adjustable
ouide, with the adjustable guide further having threads for slideably
mounting in the threaded guide aperture to adjust the position of the

wedge in the second axis by slideable contact with the adjustable guide.
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15, The apparatus of claim 11 or 13 with the first plurality of
rollers mounted on bearings on the wedge and having contact with the
wedge engaging surface of the actuator, and with the second plurality of
rollers mounted on bearings on the wedge and having contact with the

adjustable guide.

16. The apparatus of any one of claims 1-8 further comprising, in

combination:

a housing, with the friction creating portion comprising a first
friction facing that is slideably received in the housing along the first axis,

with the first friction facing being elongated along the first axis.
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