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GEAR ENGAGEMENT MECHANISM FOR TRANSMISSIONS AND
RELATED METHODS

Related Applications

[0001] This application claims priority from United States Application No.
61/615,007 filed 23 March 2012. For purposes of the United States, this application
claims the benefit under 35 U.S.C. §119 of United States Application No.
61/615,007 filed 23 March 2012 and entitled GEAR ENGAGEMENT
MECHANISM FOR TRANSMISSIONS AND RELATED METHODS which is
hereby incorporated herein by reference for all purposes.

Technical Field

[0002] This invention relates to power transmissions. The invention relates
specifically to actuation mechanisms for engaging gears in power transmissions.
Embodiments of the invention provide power transmissions, shift members for use
in power transmissions, and methods for shifting gears in power transmissions.
Another aspect of the invention provides linear position sensing systems that have
application in power transmissions but may also be applied in other contexts.

Background

[0003] Multi-speed power transmission typically comprise gear sets that may be
selectively engaged or disengaged to provide various power transmission paths
between an input shaft and an output shaft. Engagement and disengagement of
different gear sets may be achieved by operating an actuator to move a member,
such as a synchronizer, back and forth between engaged and disengaged positions.

[0004] Gear shifting in multi-speed power transmissions in high-load applications
can cause damage to driven devices in cases where gear shifts occur suddenly.
There is a need for improved gear shifting mechanisms. There is a particular need
for such mechanisms that are useful in large capacity transmissions, such as
industrial power transmissions, in which larger travels of a shifting member may be
required.

[0005] The foregoing examples of the related art and limitations related thereto are
intended to be illustrative and not exclusive. Other limitations of the related art will
become apparent to those of skill in the art upon a reading of the specification and a
study of the drawings.
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Summary
[0006] The following embodiments and aspects thereof are described and illustrated

in conjunction with systems, tools and methods which are meant to be exemplary
and illustrative, not limiting in scope. In various embodiments, one or more of the
above-described problems have been reduced or eliminated, while other
embodiments are directed to other improvements.

[0007] One aspect of the invention comprises a position sensing system with a
plurality of magnetic field sensors each configured to provide an output signal
indicative of a direction of a magnetic field relative to the first magnetic field
sensors. The position sensing system also comprises a processor coupled to receive
the output signals from the first magnetic field sensors, the processor configured to
select a subset of the first magnetic field sensors and based on the output signals of
the subset of the first magnetic field sensors, determine a position of a magnet along
the path.

[0008] In some embodiments the position of the magnet may be determined by
triangulation from the output of two of the first magnetic field sensors. The
triangulation may be performed according to the relationship (or a mathematical
equivalent thereof):

( tan 8 ]
X=B ————
tan ¢+ tan &

wherein x is the position of the magnet determined by triangulation, B is a distance
between the two of the first magnetic field sensors, O is a first angle corresponding
to the direction output by a first of the two first magnetic field sensors and ¢ is a
second angle corresponding to the direction output by a second of the two first
magnetic field sensors.

[0009] In further embodiments, the first magnetic sensors are magneto resistive
sensors and the position sensing system comprises a plurality of second magnetic
field sensors comprising Hall effect sensors. The processor is configured to receive
output signals from the Hall effect sensors and to select the subset of magneto
resistive sensors based on these outputs.
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[0010] Other aspects of the invention comprise a position sensing mechanism in
combination with a transmission, and the position signal indicates a current position
of a component of the transmission such as shift fork.

[0011] Further aspects of the invention comprise an actuator for a shifter in a
transmission comprising a rod and a cylinder having a pair of cylinder heads
sealingly and slidingly disposed on the rod. The actuator comprises a piston fixed to
the rod within the cylinder and sealed to the cylinder such that the piston divides the
interior of the cylinder into first and second fluid chambers on opposite sides of the
piston, and a shifter member coupled to the cylinder.

[0012] The actuator may comprise first and second valves connected to deliver
pressurized fluid to the first and second fluid chambers. It may also comprise a
magnet on the shifter member. Some embodiments combine an actuator for a shifter
and a position sensing system for sensing the position of the magnet and the shifter
member.

[0013] Other aspects of the invention comprise a method for sensing a position of a
magnet along a path comprising sensing a direction of a magnetic field from the
magnet at each of a plurality of locations spaced apart from the path and spaced
apart from one another along the path. The method comprises identifying at least a
first one of the plurality of locations closest to the magnet, and calculating a position
of the magnet along the path based at least in part on the direction of the magnetic
field at the first one of the plurality of locations.

[0014] In some embodiments, the position is determined by triangulation and
according to the relationship (or a mathematical equivalent thereof):

—B( tan & ]
tan ¢+ tan @

wherein x is a linear offset of the magnet from a position, B is a distance between
the two locations for sensing a magnetic field, O is a first angle corresponding to the
direction of the magnetic field at a first location and ¢ is a second angle
corresponding to the direction of the magnetic field at a second location.

[0015] Further aspects and example embodiments are illustrated in the
accompanying drawings and/or described in the following description.
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Brief Description of Drawings

[0016] The accompanying drawings depict non-limiting example embodiments of
the invention.

[0017] Figure 1 is a schematic view of an example gear engagement mechanism
according to an embodiment of the invention.

[0018] Figure 2 is schematic view of an example sensor configuration according to
an embodiment of the invention.

[0019] Figure 3 is a chart of an output of a sensor relative to the position of a
magnet according to an example embodiment of the invention.

[0020] Figure 4 is a schematic view of example sensors and magnets according to an
embodiment of the invention.

[0021] Figure 5 is schematic view of a portion of a second according to an example
embodiment of the invention.

[0022] Figure 6 is a flow chart of a sensing process according to an embodiment of
the invention.

[0023] Figure 7 is a schematic view of a circuit according to an embodiment of the
invention.

[0024] Figure 8 is a schematic view of a hydraulic control system according to an
example embodiment of the invention.

[0025] Figure 9 is a partial cross-section view of a driving mechanism of a shift fork
according to an embodiment of the invention.

[0026] Figure 9A is a partial cross-section view along lines A-A of Figure 9
according to an embodiment of the invention.

[0027] Figure 10 is a chart of pressure over time during a shift event according to
an example embodiment of the invention.
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Description
[0028] Throughout the following description specific details are set forth in order to

provide a more thorough understanding to persons skilled in the art. However, well
known elements may not have been shown or described in detail to avoid
unnecessarily obscuring the disclosure. Accordingly, the description and drawings
are to be regarded in an illustrative, rather than a restrictive, sense.

[0029] Figure 1 shows a schematic view of an example gear engagement mechanism
10. Mechanism 10 may be part of a power transmission, for example.

[0030] A shaft 11 carries gears 12A and 12B. A synchronizer 13 can be slid along
shaft 11 in one direction (to the left in Figure 1) to engage gear 12A and in the
opposite direction (to the right in Figure 1) to engage gear 12B. Synchronizer 13
may, for example, be coupled to rotate with shaft 11 by means of splines (not shown
in Figure 1) or the like. Synchronizer 13, when fully engaged with gear 12A, locks
gear 12A to rotate with shaft 11. Synchronizer 13, when fully engaged with gear
12B, locks gear 12B to rotate with shaft 11.

[0031] A shifter 14 is moved back and forth in a direction indicated by arrow 15 by
an actuator 16 controlled by a controller 18. Controller 18 and shifter 14 cause
synchronizer 13 to be moved to a position appropriate for a currently desired
configuration of the transmission or other gear train being controlled.

[0032] In some applications it is desired to maintain accurate positional control over
shifter 14. Maintaining such accurate control may be facilitated by having accurate
measurements of the position of shifter 14 in direction 15 by way of a position
sensor 20. In some embodiments it is desired to have accurate control over the
velocity and/or acceleration of shifter 14. Once again, accurate information
regarding the position of shifter 14 can be important in facilitating control over the
velocity and/or acceleration of shifter 14 by controller 18.

[0033] Figure 2 illustrates schematically a possible embodiment of sensor 20.
Sensor 20 comprises a plurality of magnetic sensors 22A, 22B, 22C, and 22D. The
number of magnetic sensors may vary. For example, in some embodiments, there
are between three and twenty magnetic sensors 22. This range is not mandatory.
Magnetic sensors 22 sense a magnetic field from a magnet 21 which is mounted to
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move with a portion of shifter 14. Magnet 21 may, for example, comprise a rare
earth magnet, an electromagnet or the like.

[0034] Magnetic sensors 22 are at known positions and so the position of shifter 14
can be inferred from the signals produced by magnetic sensors 22. Through the use
of a linear array of magnetic sensors 22, a position sensor 20 may be provided
which can monitor the position of a shifter 14 over a travel of any reasonable
length. In an example embodiment, magnetic sensors 22 are spaced apart by
distances on the order of 0.2 inches (about 1/2 cm) to 0.6 inches (about 1 1/2 cm)
and monitor the position of a shifter 14 through a travel of, for example, two to five
inches (about 5 to 13 cm). In other embodiments, magnetic sensors 22 may be
spaced apart by between 0.1 inches (about 1/4 cm) or less and 1 inch (about 2 1/2
¢m) or more.

[0035] The practical range of spacing of magnetic sensors 22 may depend on factors
such as the strength of magnet 21, the sensitivity of magnetic sensors 22, the
distance between magnet 21 and sensors 22, the positional accuracy required and the
like. In some embodiments, sensors 22 are spaced sufficiently closely that for any
position of magnet 21 between two adjacent sensors 22, the outputs of the two
adjacent sensors 22 each correspond uniquely to a corresponding angle from the
sensor 22 to the magnet. In some embodiments, sensors 22 are spaced sufficiently
closely that when magnet 21 is between two adjacent sensors 22 the angles between
a line connecting the two sensors 22 and a line from each sensor 22 to the magnet
21 are both less than or equal to 45 degrees. In some embodiments the angle
between lines from the magnet 21 to two adjacent sensors 22 between which the
magnet 21 is located is acute - less than 90 degrees.

[0036] In an example embodiment, sensors 22 comprise sensors having outputs that
are indicative of a direction (e.g. an angle) to magnet 21. For example, magnetic
sensors 22 may comprise magneto resistive sensors. Figure 3 illustrates an output
signal of a magneto resistive or other sensor as a function of the relative position of
a magnet 21 and the sensor 22. When the sensor 22 is lined up on the axis of
magnet 21, as indicated by position zero in Figure 3, then the output of the sensor
has a value of zero (neglecting any offset that may be present in the single signal
output by the sensor). Movement of the sensor relative to the magnet results in a
signal that varies from a minimum value 26A to a maximum value 26B. Within a
range of positions between position 27A and position 27B, the output signal from a
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sensor 22 is single-valued. The output signal may be viewed as indicating the
direction from the sensor 22 to the magnet 21. Magneto resistive sensors typically
produce single-valued outputs in a range of angles of approximately 90 degrees (45
degrees to either side of alignment between the sensor 22 and the axis of magnet
21).

[0037] As shown in Figure 4, triangulation based on the outputs of magnetic sensors
22 may be used to identify a precise location for magnet 21 along its path 19 relative
to sensors 22 (since magnet 21 is mounted to shifter 14, this is equivalent to
determining a precise location of shifter 14). In an example embodiment, the
accuracy with which the position of shifter 14 is monitored is within approximately
0.010 inches (0.025 cm) or better. In a preferred embodiment, the accuracy is
within approximately 0.005 inches (0.013 cm).

[0038] As noted above, the output of a sensor 22 is indicative of an angle from the
sensor 22 to magnet 21. If sensors 22 are mounted along a line extending parallel
to, and a distance A from the path along which magnet 21 travels when shifter 14 is
actuated, then it can be seen that the position of magnet 21 can be determined from
the outputs of nearby sensors 22. For example, the distance x (which can be viewed
as the linear offset along path 19 from a known sensor position) by which magnet 21
is displaced from sensor 22-1 is given by the equation:

x=Atan @ 4y

Equivalently, the distance y from which magnet 21 is displaced from sensor 22-2
can be determined by the following equation:

y=Atan ¢ 2

Therefore, the position of magnet 21 relative to sensors 22 may be determined
anywhere in the range of motion of shifter 14 by identifying a closest one of
magnetic sensors 22 and using trigonometry according to equation 1 or 2 to
determine the position of magnet 21 relative to the sensor. Since the positions of the
sensors are known then the position of magnet 21 and hence shifter 14 can be
unambiguously determined.
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[0039] The closest one of magnetic sensors 22 may be determined, for example, by
determining the magnetic sensor having the most acute angle 0 or ¢, corresponding
to the smallest distance x or y of the magnet 21 to a sensor 22.

[0040] In other embodiments, the angle determined from the output of any one of
magnetic sensors 22 in range of magnet 21 may be used to determine the position of
magnet 21. In some embodiments outputs or sensors 22 may not be single-valued
over the range of possible positions of magnet 21 (i.e. a sensor 22 may produce the
same output for two or more different positions of magnet 21). For example, where
sensors 22 provide an output that is single-valued only in the range of +45 degrees
sensors 22 at an angle O, ¢ greater than 45 degrees may still detect the magnetic
field of magnet 21. Assuming that outputs of such sensors always correspond to
angles in the range of +45 degrees could result in an erroneous determination of the
position of magnet 21. In such embodiments the angles represented by the outputs of
sensors may be disambiguated based on one or more of: the pattern of outputs of
some or all of sensors 22 and/or historical outputs of sensors 22 and/or previously
determined positions of magnet 21.

[0041] In some embodiments, the distance along the line along which magnetic
sensors 22 are located and the path 19 along which magnet 21 is moved (along with
shifter 14) may not be fixed. For example, in some embodiments, shifter 14 may be
free to move slightly in one or more directions (such as directions 23 for example)
which may result in the value of A changing over time. A sensor 20 as illustrated in
Figure 2 may be operated in a manner which compensates for variations in A. This
may be done by determining the position of magnet 21 using trigonometry from two
in-range sensors 22. In some embodiments, the closest two sensors 22 are used
(which may, for example, be determined by selecting the sensors 22 with the two
smallest angles 0, ¢). In other embodiments, angles determined from the outputs of
any two sensors 22 within range of magnet 21 may be used to triangulate the
position of magnet 21 relative to known locations of sensors 22.

[0042] From the geometry of Figure 4 it can be seen that the distance B between
adjacent sensors 22 is equal to the sum of x and y (it should be noted that in some
embodiments there may be intervening sensors 22 between sensors 22-1 and 22-2).
Therefore, the value A can be eliminated from consideration by using both of
equations 1 and 2 above. It can be shown that x is given by:
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tan ¢+ tan @

[0043] Identifying the nearest magnetic sensors 22 to use for determination of the
position of shifter 14 may be based on outputs of sensors 22 themselves. However,
since over longer distances the outputs of sensors 22 may not be single-valued, this
can sometimes be more complicated than would be desired. In some embodiments,
additional sensors are provided to identify which sensors 22 ought to be used for
triangulation. Figure 5 shows an example of a portion of a position sensor 20. In
the illustrated embodiment, each sensor 22 is paired with a sensor 33 that responds
to or detects the strength of a magnetic field from magnet 21. For example, in some
embodiments, sensors 22 comprise magneto resistive sensors and sensors 33
comprise Hall effect sensors.

[0044] Sensors 33 may provide outputs that vary with the strength of the applied
magnetic field or, in the alternative, sensors 33 may provide binary outputs (e.g.,
outputs having one state when the detected magnetic field from magnet 21 is high,
or above a threshold, indicating that magnet 21 is nearby, and another state when
the detected magnetic field is below a threshold, indicating that magnet 21 is farther
away). In such embodiments, the outputs from Hall effect sensors 33 may be used
to identify a group of magnetic sensors 22 that are closest to the current position of
magnet 21. This may be done, for example, by selecting the group of sensors (e.g.
two sensors 22) corresponding to the group of Hall effect sensors 33 (e.g. two Hall
effect sensors 33) detecting the greatest magnetic field strengths. Outputs from these
nearby magnetic sensors may be used to triangulate the position of magnet 21.

[0045] In some embodiments, sensors 33 are used to identify two of sensors 22
between which magnet 21 is located. For example, if sensors 33 provide a binary
output and two sensors 33 are above the threshold then the two corresponding
sensors 22 may be selected. In another example, if a single sensor 33 provides
output above the threshold then a corresponding sensor 22 and an adjacent sensor
22, or two sensors 22 adjacent the corresponding sensor 22 may be selected. These
two selected sensors 22 may be used to triangulate the position of magnet 21, for
example, as described above.
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[0046] A further advantage that comes from the use of Hall sensors for sensors 33 is
that Hall effect sensors may be made to be unidirectional (i.e. only responding to
one polarity of the magnetic field). Such sensors can ignore interference from some
surrounding magnetic fields.

[0047] The output signals of the sensors 22 and/or sensors 33 may be received by a
processor (not shown). The processor may be configured to process the output
signals as described above to determine the location of magnet 21. The processor
may also select a nearest one or nearest set of sensors 22, or identify a set of sensors
22, to use to determine the position of magnet 21 based on the output of sensors 33
as described above.

[0048] In some embodiments the range of motion of magnet 21 extends past the
location of the last sensor 22 at one or both ends of the row of sensors 22. In such
embodiments an angle determined from the output of the last sensor 22 may be used
to determined the position of magnet 21 along its path 19 and/or triangulation using
outputs of two or more in-range sensors 22 may be applied to determine the position
of magnet 21 along its path 19.

[0049] Although position sensor 20 has been described in an application for
measuring a position of a shifter such as a shift fork in a transmission, a position
sensor like 20 may also be applied to measure positions of other transmission
components. A position sensor like position sensor 20 may also be applied in other
contexts where it is desirable to measure position of a component along an axis.
Such sensors may be particularly advantageous in applications where the axis along
which the component moves may shift over time. Such sensors may also be
particularly advantageous in applications in which the component moves along a
path that is not straight.

[0050] Figure 6 is a flowchart illustrating one example method for determining the
location of a shifter 14 which carries magnet 21. In method 60, block 62 reads
outputs of sensors 33 and identifies a plurality of sensors 22 that are nearest to the
current position of magnet 21. In block 64, a group of nearby sensors 22 is
selected. The selection in block 64 is based upon the outputs read in block 62. In
block 66 outputs from the selected sensors 22 are read and, if necessary,
normalized. Normalization may be applied to compensate for any offset and/or
variation in the outputs of different sensors 22. For example, normalization may
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comprise applying a gain and an offset to the output of each sensor 22. The gain
and offset may have been determined by a calibration procedure.

[0051] In block 68, the location of magnet 21 may be determined by triangulation.
The position may be output in block 70.

[0052] Since there are a plurality of sensors 22, the possibility may exist for
checking the validity of a position determined by triangulation block 68. In an
example embodiment, the location of magnet 21 is determined by triangulation using
a different set of sensors 22. For example, the different set of sensors 22 may
comprise nearest neighbours of the sensors 22 used for triangulation of block 68.

[0053] For example, the alternative sensors are selected in block 72. Triangulation
from the outputs of the alternative sensors may be performed in block 74.

[0054] The positions resulting from the triangulations in blocks 68 and 74 may be
compared at block 76. If the positions match within a desired tolerance then the
position determined by block 68 may be output at block 70. Otherwise, an alarm 78
may be provided.

[0055] In a further alternative embodiment that may be used separately from or
combined with any of the embodiments described above, sensors 22 may be used to
compensate for failures of one or more of sensors 33. For example, outputs from
one or more sensors 22 near to a sensor 33 may be processed to determine what the
output of the sensor 33 ought to be. If the output of the sensor 33 is different from
the calculated value then the calculated value may be supplied in place of the output
of the sensor 33. That is, the output of sensors 22 may be used to replace a
"missing" output of a sensor 33. This procedure may be used to compensate for
failures of one or more sensors 33.

[0056] Some embodiments use outputs from one or more sensors 22 near to a sensor
33 to verify that Hall effect sensors 33 are functioning properly. For example, the
outputs of a group of nearby sensors 22 (e.g. the group may comprise 2, 3, 4, or the
like sensors) may be examined to verify the outputs of sensors 33 by checking
whether each sensor 22 is outputting a direction of magnet 21 that points towards a
particular sensor or sensors 33. One or more of this group of sensors 22 may be too
far from magnet 21 to provide an accurate location measurement for magnet 21, but
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may still provide sufficient directional information to confirm the approximate
location of magnet 21 and to check the output of one or more sensors 33 near the
magnet 21. In some embodiments, if no outputs of Hall effect sensors 33 are
detected or if multiple Hall effect sensors appear to be maltfunctioning then position
sensing system 20 may signal an error condition or shut down.

[0057] In a further alternative embodiment, an alternative position sensing
mechanism, which may be a low-accuracy position sensing mechanism, is used to
identify the approximate position of shifter 14. The information from the low-
accuracy position sensing mechanism may then be used to identify a set of sensors
22 to be used for determining the position of shifter 14. The low accuracy
mechanism could comprise, for example, an optical encoder or the like.

[0058] Temperatures of components in and around a transmission can vary very
significantly depending upon the ambient conditions and also on the amount of heat
generated through operation of the transmission itself. The output voltages of
position sensors 22 may vary with these temperature changes. Power supply
voltages may also be caused to change as a result of temperature changes or other
factors. Sensor 20 is preferably designed in such a way that it is relatively
insensitive to voltage and/or temperature variations.

[0059] In some embodiments, outputs of sensors 22 are sampled by an analog to
digital converter (ADC). The ADC may be a stand-alone device or may be
integrated with a processor. For example, some single-chip processors have
onboard ADCs. In some embodiments, a reference voltage used by the ADC(s)
used to measure outputs of sensors 22 is directly tied to the power supply voltage
used to power sensors 22. In cases where the output signals from sensors 22 vary
directly with the voltage of a power supply supplying power to sensors 22, this
construction will result in the measured values of the signals from sensor 22, after
being digitized, being insensitive to fluctuations in the power supply voltage. The
power supply voltage may be supplied directly both as a reference voltage and as the
power supply to sensors 22. In the alternative, the reference voltage may be
provided by way of a voltage follower, voltage divider, or other circuit which
causes the reference voltage of the ADC(s) to vary with the power supply voltage
being delivered to sensors 22.
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[0060] The triangulation process as described above, for example, also helps to
make sensor 20 relatively insensitive to temperature and/or power supply voltage
variations. For example, where sensors 22 have the characteristic that temperature
and/or power supply voltage variations affect the outputs of sensors 22 by
increasing or decreasing the output signal for the same detected angle (or increasing
or decreasing the magnitudes of the angles 0, ¢ that are determined from the signal
outputs for the same position of magnet 21) then the computed position of magnet
21 along its path may be unaffected, at least to first order, by such variations.

[0061] Referring to Figure 4 for example, if the position of magnet 21 along path 19
is determined by triangulation from sensors 22-1 and 22-2 and both sensors 22-1,
22-2 are similarly affected by any temperature and/or power supply voltage
changes, then the detected position of magnet 21 (which is based on distance B) will
not vary much or at all. If both angles O and ¢ are increased (or decreased) slightly
due to a temperature or power supply voltage change, then the detected linear offset
of magnet 21 along path 19 will change little or not at all.

[0062] Figure 7 shows an example circuit 80 which includes a plurality of sensors
22, and a multiplexer 82, which selects an output from one sensor 22 at a time to
provide to an analog to digital converter 83. The output from analog to digital
converter 83 is supplied to a processor 84. Processor 84 reads outputs from the
sensors 22, and may, for example, execute a method like method 60 to determine
the position of a shifter 14 from the values of the signals output by sensors 22. In
the illustrated embodiment, a power supply 85 supplies power to sensors 22 and also
is connected to a reference voltage input 87 of analog to digital converter 85. In
other embodiments multiple ADCs may be provided. Each ADC may be connected
such that its reference voltage is provided by the power supply voltage.

[0063] The position of shifter 14 is determined with a frequency suitable for the
control mechanism being applied and the desired velocities of shifter 14. In an
example embodiment, the position of magnet 21 is determined at a rate of several
Hertz to several hundred Hertz. This sampling rate is sufficient in many cases.
Higher sampling rates could also be used.

[0064] Figure 8 illustrates an example case in which a position of shifter 14 is
controlled hydraulically. In this embodiment, shifter 14 comprises a shift fork 14.
In the illustrated embodiment, a hydraulic pump 90 has an output 92 at which
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pressurized hydraulic fluid is supplied. Shift fork 14 is actuated by a piston 93.
Chambers 94A and 94B on either side of piston 93 are coupled to hydraulic pump
90 by way of valves 96A and 96B. Each valve 96A and 96B is electronically
controlled and is able to couple the corresponding chamber either to the output 92 of
hydraulic pump 90 or to a hydraulic reservoir 97. In some embodiments, valves
96A, 96B are proportional control valves which operate to maintain a set output
pressure based on an electrical control signal. A controller 98 may control valves
96A, 96B to move piston 93 in one direction or the other, as desired, to actuate shift
fork 14. Controller 98 may also receive position information from position sensor
20 to provide feedback on the position of shift fork 14.

[0065] Figures 9 and 9A illustrate an alternative design for a driving mechanism
100 for a shifter (embodied in Figure 9A by shift fork 14). In this embodiment, the
driving mechanism comprises a fixed rod 101. A cylinder 102 is slidably disposed
onrod 101. Rod 101 carries a flange or piston 104. In the illustrated embodiment,
piston 104 is circumferentially disposed around rod 101. Piston 104 divides the
space inside cylinder 102 into two chambers 105A and 105B. Seals 106 at the ends
of chambers 105A and 105B prevent the egress of fluid from the ends of the
chambers. A seal 107 on piston 104 prevents fluid from directly flowing between
chambers 105A and 105B. For example, seal 107 may substantially isolate chambers
105A, 105B from fluid flow through piston 104. Control fluid may be forced into or
allowed to flow out of chambers 105A and 105B by way of longitudinal fluid
passages 109A and 109B in fixed rod 101 and radial fluid passages 108A, 108B
which connect the channels 109A and 109B with the corresponding chambers 105A
and 105B. Shift fork 14 is mounted to cylinder 102. By introducing fluid into
chamber 105A and removing fluid from chamber 105B or vice versa, shift fork 14
can be made to move back and forth as indicated by arrow 112. The illustrated
design provides a relatively compact actuator for shift fork 14 which can
nevertheless be sufficiently robust for heavy-duty applications.

[0066] Mechanism 100 may also have wear bands 110 adjacent to chambers 105A,
105B. When cylinder 102 nears the end of its stroke on either side (e.g. the left in
Figure 9) on stationary rod 101, wear band 110B is moved over radial passage
108B. As a result, wear band 110B provides a cushion to slow down the motion of
shift fork 14 near the end of its range of travel (e.g. by restricting the egress of
control fluid from chamber 105B). Additional passages comprising orifices or
metering valves may extend between channels 109 and the corresponding chambers
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105. Openings to such additional passages in chambers 105 may be provided in or
close to piston 104 (e.g. between passages 108 and piston 104) to allow shift fork 14
to be moved through a full stroke even where wear bands 110A, 110B completely
block radial passages 108.

[0067] The control fluid may be forced into and allowed to flow out of chambers
105A, 105B by one or more pumps (not shown in Figure 9), such as those known in
the art. The one or more pumps may be controlled by a controller such as an
electrical or electronic or programmable controller, for example.

[0068] Figure 9A is a cross section on the line A-A of Figure 9 illustrating a
possible position at which a magnet 21 may be located for the purpose of monitoring
the position of shift fork 14. Figure 9A also shows a sensor board 115 which may
carry sensors 22, for example, as described above. It can be appreciated that shift
fork 14 may rotate slightly around rod 101 during operation and this will vary the
distance between magnet 21 and sensor board 115. Similarly, deflection in the arm
of shift fork 14 may cause a variation in the distance between magnet 21 and sensor
board 115.

[0069] Figure 9A shows slider blocks 117 which engage a synchronizer or other
component that is moved to shift gears. Figures 9, 9A also show keyway 119 which
receives a key 119A on shifter 14 . Key 119A can slide back and forth along
keyway 119 but reduces or prevents shift fork 14 from rotating around rod 101
Other suitable locking mechanisms may be provided to limit rotation of cylinder 102
about rod 101. The interaction of key 119A and keyway 119 may also reduce the
wear on slider blocks 117 by reducing contact or rubbing between slider blocks 117
and the synchronizers or a gear shaft of the transmission (not explicitly shown).

[0070] In some embodiments, stationary rod 101 may be a structural member of the
transmission as it is unnecessary for stationary rod 101 to move or rotate. In such
embodiments rod 101 may be anchored at each end to a structural component of the
transmission. When stationary rod 101 acts as a structural member it provides
another load path within the transmission, reducing the loading requirements on
other components and allowing for reduced weight. Stationary rod 101 may, for
example, resist axial forces acting between structures to which rod 101 is anchored.
Such axial forces may arise for example as a result of preload and operational forces
on tapered bearings and/or the interaction of helical gears or the like.
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[0071] Hydraulic actuation of a shifter 14 has the advantage that control of the
force applied by shifter 14, the velocity of shitter 14, and/or the acceleration of
shifter 14 is facilitated. In some embodiments pressure in chambers 105A and 105B
are monitored by pressure sensors (not shown) and feedback from the pressure
sensors is applied in the control of valves 96 (see Figure 8).

[0072] Figure 10 is an example graph of hydraulic pressure as a function of time for
a shift sequence of shift fork 14. The graph illustrates a command signal 202 and a
shift fork pressure response 204. An initial command 206 is initiated to move shitt
fork 14 from a neutral position. The response 204 increases and peaks at peak 207
when the shift fork 14 begins to move. The response 204 dips while the shift fork
14 is moving and begins to increase again as slider blocks 117 (on shift fork 14)
make contact with a synchronizer during slider block event 208. The increase in the
response due to contact with slider block 117 is followed by an increase 209 in the
command signal 202 to further increase the shift fork pressure to initiate a
synchronization event 210. The response 204 continues to increase in pressure until
reaching a plateau 211 during the synchronization event 210. The response 204 then
drops again during displacement of the shift fork 14 (and the synchronizer) into a
gear's splines at trough 212. As the shift fork 14 reaches full engagement with a
gear, the response 204 rises again to match the command signal 202 and the shift
event is complete.

[0073] Mechanism 100 comprising cylinder 102 provides a compact actuator that
may be applied to move any of various transmission components. For example,
cylinder 102 may be coupled to move a gear, synchronizer, clutch or the like. Any
suitable mechanical linkage may be provided between cylinder 102 and a component
actuated by cylinder 102. Cylinder 102 may be controlled to move a component to
effect a gear shift or a step in making a gear shift and in such embodiments cylinder
102 may be referred to as a shifter (while in other embodiments a shifter may refer
to, for example, shift fork 14). While a mechanism comprising cylinder 102 may be
applied to move a synchronizer or gear, for example by way of a linkage comprising
a shift fork, the application of cylinder 102 is not limited to this context.

[0074] In some embodiments, the pump(s) and cylinder 102 may be controlled by a
controller based on the position of, for example, shift fork 14 determined by sensor
board 115 as described above. For example, if shift fork 14 is in a first position
with no gear engaged and the transmission is to engage a first gear, the controller
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may direct the pump(s) to fill a chamber 105A with fluid and drain some fluid from
chamber 105B such that cylinder 102 is moved to a second position detected by
sensors 22, which may result in the engagement of the first gear. If the transmission
is then to be shifted to a neutral gear, the controller may direct the pump(s) to
introduce fluid into chamber 105B and drain some fluid from chamber 105A such
that cylinder 102 and shift fork 14 are moved back to the first position, as detected
by sensors 20 of sensor board 115. In another example, the first position may
correspond to engagement with a first gear and the second position may correspond
to engagement with a second gear.

[0075] In some embodiments the shift fork has a neutral position between two
engaged positions. A detent may optionally be provided to assist in holding the shift
fork in the neutral position. A detent is not mandatory. In some embodiments
position feedback from the position controller is used to actively control the shift
fork to remain in the neutral position until it is desired to move the shift fork into an
engaged position.

[0076] In some example embodiments, a transmission comprises several
synchronizers, shift forks and/or other movable components for implementing ratio
changes. The transmission may, for example, be a constant-mesh synchromesh dual-
clutch transmission. Each of the synchronizers may be actuated by a corresponding
mechanism 100. Operation of the actuator mechanisms 100 may be coordinated by a
central controller. The controller may comprise an electrical or electronic or
programmable controller, for example, which may control mechanisms 100
electrically. A single controller may control positions of all shifting forks in the
transmission and may facilitate shifting between one gear and another as required
for operational purposes.

[0077] Gear engagement mechanisms as described herein can be advantageous in
high power applications (e.g. transmissions involving transfer of power in excess of
1800 horsepower), though such gear engagement mechanisms are not limited
thereto. One advantage is that a gear engagement mechanism as described herein
may be controlled to provide smooth transfer of torque throughout a gear shift. This
may be assisted by accurate position information determined by a position sensor
and/or method as described herein for example. This smooth gear transfer, in turn,
can reduce damage to pumps or other driven elements resulting from shock as gears
are changed suddenly. In a dual-clutch transmission having a gear engagement



WO 2013/138942 PCT/CA2013/050237

10

15

20

25

30

35

- 18 -
mechanism as described herein, one or both clutches may be allowed to slip in a
controlled manner to achieve smooth upshifts that do not expose driven components

to excessive shock.

Interpretation of Terms

[0078] Unless the context clearly requires otherwise, throughout the description and
the claims:

o "comprise,” "comprising," and the like are to be construed in an inclusive
sense, as opposed to an exclusive or exhaustive sense; that is to say, in the
sense of "including, but not limited to" .

] "connected,” "coupled,” or any variant thereof, means any connection or
coupling, either direct or indirect, between two or more elements; the
coupling or connection between the elements can be physical, logical, or a
combination thereof.

. "herein,"” "above," "below," and words of similar import, when used to
describe this specification shall refer to this specification as a whole and not
to any particular portions of this specification.

] "or," in reference to a list of two or more items, covers all of the following
interpretations of the word: any of the items in the list, all of the items in the
list, and any combination of the items in the list.

o the singular forms “a”, “an” and “the” also include the meaning of any
appropriate plural forms.

[0079] Words that indicate directions such as "vertical”, "transverse", "horizontal",
"upward", "downward", "forward", "backward", "inward", "outward", "vertical",
"transverse", “left”, “right” , “front”, “back” , “top”, “bottom”, “below”,
“above”, “under”, and the like, used in this description and any accompanying
claims (where present) depend on the specific orientation of the apparatus described
and illustrated. The subject matter described herein may assume various alternative
orientations. Accordingly, these directional terms are not strictly defined and should
not be interpreted narrowly.

[0080] In addition, where elements such as steps, acts, processes or blocks of a
method may presented in a given order, alternative examples may perform routines
having steps, or employ systems having blocks, in a different order, and some
processes or blocks may be deleted, moved, added, subdivided, combined, and/or
modified to provide alternative or subcombinations. Each of these processes or
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blocks may be implemented in a variety of different ways. Also, while processes or
blocks are at times shown as being performed in series, these processes or blocks
may instead be performed in parallel, or may be performed at ditfferent times or in
different sequences.

[0081] Where a component (e.g. a gear, bearing, shaft, assembly, clutch, device,
etc.) is referred to above, unless otherwise indicated, reference to that component
(including a reference to a "means") should be interpreted as including as
equivalents of that component any component which performs the function of the
described component (i.¢., that is functionally equivalent), including components
which are not structurally equivalent to the disclosed structure which performs the
function in the illustrated exemplary embodiments of the invention.

[0082] Specific examples of systems, methods and apparatus have been described
herein for purposes of illustration. These are only examples. The technology
provided herein can be applied to systems other than the example systems described
above. Many alterations, modifications, additions, omissions and permutations are
possible within the practice of this invention. This invention includes variations on
described embodiments that would be apparent to the skilled addressee, including
variations obtained by: replacing features, elements and/or acts with equivalent
features, elements and/or acts; mixing and matching of features, elements and/or
acts from different embodiments; combining features, elements and/or acts from
embodiments as described herein with features, elements and/or acts of other
technology; and/or omitting combining features, elements and/or acts from
described embodiments.

[0083] It is therefore intended that the following appended claims and claims
hereafter introduced are interpreted to include all such modifications, permutations,
additions, omissions and sub-combinations as may reasonably be inferred. The
scope of the claims should not be limited by the preferred embodiments set forth in
the examples, but should be given the broadest interpretation consistent with the
description as a whole.
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WHAT IS CLAIMED IS:

A position sensing system comprising:

a plurality of first magnetic field sensors arranged in a row adjacent
to a path, the first magnetic field sensors each configured to provide an
output signal indicative of a direction of a magnetic field relative to the first
magnetic field sensors; and

a processor coupled to receive the output signals from the first
magnetic field sensors, the processor configured to:

select a subset of the first magnetic field sensors; and
based on the output signals of the subset of the first magnetic
field sensors, determine a position of a magnet along the path.

A position sensor system according to claim 1 wherein the subset comprises
two of the first magnetic field sensors and the processor is configured to
determine the position of the magnet by triangulation.

A position sensor system according to claim 2 wherein the two first magnetic
field sensors are selected such that a location of the magnet on the path lies
between first and second planes perpendicular to the path that respectively
include a first of the two first magnetic field sensors and a second of the two
first magnetic field sensors.

A position sensor system according to claim 2 or 3 wherein the processor is
configured to perform the triangulation according to the relationship:

[ tan @ ]
x=B —
tan ¢+ tan &

or a mathematical equivalent thereof wherein: x is the position determined by
triangulation, B is a distance between the two of the first magnetic field
sensors, 0 is a first angle corresponding to the direction output by a first of
the two first magnetic field sensors and ¢ is a second angle corresponding to
the direction output by a second of the two first magnetic field sensors.

A position sensor system according to any of claims 1 to 4 wherein the first
magnetic field sensors comprise magneto resistive sensors.
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A position sensor according to claim any of claims 1 to 5 wherein the
processor is configured to identify and to include in the subset of the first
magnetic field sensors one or more of the sensors that is closest to the
magnet.

A position sensor according to claim 6 comprising a plurality of second
magnetic field sensors wherein the processor is connected to receive output
signals from the second magnetic field sensors and to select the subset of the
first magnetic field sensors based on the output signals of the second
magnetic field sensors.

A position sensor system according to claim 7 wherein the output signals of
the second magnetic field sensors indicate whether or not a detected
magnetic field has a strength greater than a threshold.

A position sensor system according to claim 8 wherein the output signals of
the second magnetic field sensors are binary signals.

A position sensor system according to one of claims 7 to 9 wherein the
second magnetic field sensors are sensitive to only one magnetic field
polarity.

A position sensor system according to any of claims 7 to 10 wherein the
second magnetic field sensors comprise Hall effect sensors.

A position sensor system according to any of claims 7 to 11 where the first
magnetic field sensors are each paired with one of the second magnetic field
Sensors.

A position sensor system according to claim 12 wherein corresponding ones
of the first and second magnetic field sensors both lie on a line that is
generally at right angles to the path.

A position sensor system according to claim 12 wherein corresponding ones
of the first and second magnetic field sensors both lie in one plane extending
perpendicular to the path.
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A position sensor system according to any one of claims 1 to 14 comprising
an analog-to-digital converter connected to digitize the output signals of the
first magnetic field sensors, the analog-to-digital converter comprising a
reference voltage input, wherein the reference voltage input is directly or
indirectly connected to a power supply voltage such that fluctuations in the
power supply voltage cause corresponding fluctuations in the reference
voltage.

A position sensor system according to any one of claims 1 to 15 wherein the
first magnetic field sensors are constructed such that:

when the first magnetic field sensor is in a plane perpendicular to the
path at the current location of the magnet, the output signal has a specified
value; and

when the first magnetic field sensor is not in a plane perpendicular to
the path at the current location of the magnet, power supply voltage
increases cause the output signal to change toward or away from the
specified value and power supply voltage decreases cause the output signal to
change away from or toward the specified value.

A position sensor system according to claim 1 wherein the processor is
configured to calculate the position of the magnet according to the
relationship:

x =Atant
wherein x is the position of the magnet along the path, A is a perpendicular

distance between the row of first magnetic field sensors and the path, and O
is an angle corresponding to the output signal of one of the first magnetic
field sensors.

A position sensor system according to claim any of claims 1 to 17
comprising an actuator coupled to the magnet for moving the magnet along
the path, wherein the processor is configured to control the actuator based on
the calculated position of the magnet.

A position sensor system according to claim 18 wherein the magnet is
mounted to a shifter in a transmission and the shifter is constrained to move
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such that the magnet moves along the path as the shifter is moved by the
actuator.

A position sensor system according to any of claims 1 to 19 in combination
with a transmission wherein the position sensor system is arranged to
determine a position of a component of the transmission and to provide a
position signal indicating a current position of the component to a
transmission controller.

A combination according to claim 20 wherein the component comprises a
shifter.

A combination according to claim 21 wherein the shifter comprises a shift
fork coupled to move a synchronizer along a shaft.

A combination according to claim 22 wherein the transmission controller is
configured to control motion of the shift fork in response to feedback from
the position sensor system.

Use of a position sensor according to any of claims 1 to 17 to monitor a
position of a component of a transmission.

The use of a position sensor according to claim 24 wherein the component
comprises a shifter.

An actuator for a shifter in a transmission, the actuator comprising:

arod;

a pair of cylinder heads sealingly and slidably disposed on the rod,
a cylinder extending between the cylinder heads,

a piston fixed to the rod within the cylinder, the piston sealed to the
cylinder such that the piston divides the interior of the cylinder into first and
second fluid chambers on opposite sides of the piston,

a shifter member coupled to the cylinder.

An actuator according to claim 23 comprising a magnet on the shifter
member.
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An actuator according to claim 26 or 27 wherein the shifter member
comprises a shift fork.

An actuator according to any of claims 26 to 28 comprising first and second
passages extending longitudinally in the rod, the first and second passages
respectively in fluid communication with the first and second fluid chambers.

An actuator according to claim 29 comprising radial passages extending
through the rod into the first and second fluid chambers, the radial passages
entering the first and second fluid chambers at first openings spaced apart
from the piston.

An actuator according to claim 30 comprising wear rings on the cylinder
heads, the wear ring on one of the cylinder heads covering the first openings
in the corresponding fluid chamber when the cylinder head is displaced
toward the piston before the cylinder head can contact the piston.

An actuator according to claim 31 comprising additional fluid passages
extending between the first and second passages and the corresponding one
of the first and second fluid chambers, the additional fluid passages each
comprising an orifice and/or a metering valve and entering the first and
second fluid chambers at second openings located toward the piston from the
first openings.

An actuator according to any one of claims 26 to 32 comprising first and
second valves respectively connected to deliver pressurized fluid to the first
and second fluid chambers.

An actuator according to claim 33 wherein the valves are proportional
control valves constructed to control a pressure of fluid delivered to the
corresponding fluid chamber according to a control signal.

An actuator according to any one of claims 26 to 34 comprising a guide
mechanism that permits sliding movement of the cylinder along the rod but
limits rotation of the cylinder about the rod.
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An actuator according to claim 35 wherein the guide mechanism comprises a
key engaged in a keyway extending parallel to the rod.

An actuator according to any one of claims 26 to 36 comprising fittings at
each end of the rod, the fittings configured for attaching the rod to each of
two parts of a structure of a transmission such that the rod serves as a
structural component of the transmission.

An actuator according to any one of claims 26 to 37 in combination with a
position sensing system according to any one of claims 1 to 19 wherein the
magnet whose position is determined by the position sensing system is
mounted to move with the cylinder.

A method for sensing a position of a magnet along a path, the method
comprising:

sensing a direction of a magnetic field from the magnet at each of a
plurality of locations spaced apart from the path and spaced apart from one
another along the path;

identifying at least a first one of the plurality of locations closest to
the magnet of the magnetic field; and

calculating a position of the magnet along the path based at least in
part on the direction of the magnetic field at the first one of the plurality of
locations.

A method according to claim 39 wherein determining the direction of the
magnetic field comprises determining an angle between the magnet and a
reference line at the first one of the locations.

A method according to claim 40 wherein the angle is an acute angle between
a first line extending from the magnet to the first one of the locations and a
second line parallel to the path.

A method according to claim 41 comprising determining a tangent of the
angle.
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A method according to claim 42 wherein calculating a position of the magnet
along the path comprises calculating a linear offset from the first one of the
locations using the relationship:

x=atan 0

wherein x is the linear offset, A is the first distance, and O is the angle.

A method according to claim 40 wherein the angle is a first angle and
determining the direction of the magnetic field comprises determining a
second angle between the magnet and the reference line at a second one of
the locations.

A method according to claim 44 wherein calculating a position of the magnet
along the path comprises calculating a linear offset from the first one of the
locations using the relationship:

or a mathematical equivalent thereof wherein: x is the linear offset, B
is a distance between the two of the plurality of locations, O is the first angle
and ¢ is the second angle.

A method according to any of claims 39 to 45 wherein sensing the direction
of the magnetic field at the plurality of locations comprises receiving outputs
from a plurality of magneto resistive sensors respectively located at the
plurality of locations.

A method according to claim 46 comprising:
powering the magneto resistive sensors with a power supply voltage;
sampling an output of the magneto resistive sensors with an analog to
digital converter while providing a reference voltage to a reference input of
the analog to digital converter;

[ tan @ ]
X=B —————
tan ¢+ tan @

wherein the reference voltage is tied to the power supply voltage.

A method according to any of claims 39 to 47 wherein the magnet is
mounted to a shifter in a transmission and the method comprises controlling
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a position of the shifter and/or motion of the shifter based at least in part on
the position of the magnet.

Apparatus comprising any new and useful and inventive feature, combination
of features or subcombination of features as described anywhere herein
and/or depicted in the drawings.

Methods comprising any new and useful and inventive steps, acts,
combinations of steps and/or acts or subcombinations of steps and/or acts as
described anywhere herein and/or depicted in the drawings.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following
reasons :

1 ] Claim Nos. :

because they relate to subject matter not required to be searched by this Authority, namely :

2. [X] ClaimNos.: 49 and 50

because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent
that no meaningful international search can be carried out, specifically

Claims 49 and 50 : unduly broad as no features or limitations are defined within the claims themselves

3. [ ] Claim Nos. :

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIT Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows :

Claims 1-25 and 39 - 48 (Group A): a system and method for sensing a position emploving magnetic sensors at a plurality of locations for
positional determination wherein signals representative of the direction of the magnetic field 1s output from the sensors.

Claims 26 - 38 (Group B): a actuator for a shifter for a transmission emploving a rod, a pair of cvlinder heads, a piston, and a shifter.

1. [X] Asall required additional search fees were timely paid by the applicant, this international search report covers all

searchable claims.

2. [ ] Asall searchable claims could be searched without effort justifving additional fees, this Authority did not invite

pavment of additional fees.

3. [ ] Asonlysome of the required additional search fees were timely paid by the applicant, this international search report
covers only those claims for which fees were paid, specifically claim Nos. :

4. [ ] Norequired additional search fees were timelv paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claim Nos. :

Remark on Protest | | The additional search fees were accompanied by the applicant’s protest and. where applicable,

the pavment of a protest fee.

[ ] The additional search fees were accompanied by the applicant's protest but the applicable protest

fee was not paid within the time limit specified in the invitation.

[ ] No protest accompanied the pavment of additional search fees.
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