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ABSTRACT

An assembly for actuating a synchroniZer includes a shift
fork, a shift rail, and a permanent magnet connected to the
shift rail. A ?rst control coil is disposed in proximity to the
permanent magnet. The ?rst control coil is operable to pro
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duce a magnetomotive force on the permanent magnet in a
?rst direction When a current is applied to the ?rst control coil.

A second control coil is disposed in proximity to the perma
nent magnet. The second control coil is operable to produce a
magnetomotive force on the permanent magnet in a second
direction When a current is applied to the second control coil.
The permanent magnet is moved to a ?rst position When the
Current is applied to the ?rst Control @011 and the permanent
magnet is moved to a second position When the current is
appliedtoth‘s second Control Co?' Movemm Ofthe magne‘in

turn moves the synchroniZer between engaged positions.

16 Claims, 3 Drawing Sheets
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ELECTROMAGNETIC SYNCHRONIZER
ACTUATING SYSTEM

direction. The permanent magnet is moved to the second
position When the current is applied to the ?rst control coil in
the second rotational direction and the current is applied to the
second control coil in the second rotational direction, and the
permanent magnet is moved to a third position When the
current is applied to the ?rst control coil in either the ?rst or
second rotational directions and the current is applied to the
second control coil in a rotational direction opposite to that
applied to the ?rst control coil.

FIELD

The present disclosure relates to electromagnetic actuating
systems in transmissions, and more particularly to a three

position electromagnetic synchroniZer actuating system With
self position sensing capability.

In yet another example of the present invention, the ?rst
position of the magnet corresponds to a ?rst engaged position
of the synchroniZer, the second position of the magnet corre
sponds to a second engaged position of the synchroniZer, and

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may or may
not constitute prior art.
A typical manual transmission or a dual clutch transmis
sion (DCT) includes a plurality of gear sets that are selec

the third position of the magnet corresponds to a neutral

position of the synchroniZer.
In yet another example of the present invention, a poWer
source is connected to the ?rst and second control coils by a

tively engaged by a plurality of torque transmitting devices,
such as, for example, dog clutches or synchroniZers. The
synchroniZers are preferably moved betWeen one or tWo

20

engaged positions and a neutral position. The synchroniZers
are actuated by a synchroniZer actuator. The synchroniZer
actuator generally includes a shift fork connected to the syn
chroniZer, a shift rail connected to the shift fork, and an
actuator that contacts and moves the shift rail. Typically, these
actuators that move the shift rail, and therefore the position of
the synchroniZer, are electro-mechanical or electro-hydraulic
actuators. Electro-mechanical and electro-hydraulic actua

sensor is coupled to at least one of the plurality of Wires for
sensing a current in at least one of the plurality of Wires,
25

30

for alternative synchroniZer actuating systems that reduce
complex components, eliminates closed loop position con

trol, and have self-positioning sensing capability.
SUMMARY

35

The present invention provides a synchroniZer actuating
system for use in a manual transmission automated or a dual

clutch transmission. In one example of the present invention,
an assembly for actuating a synchroniZer includes a shift fork
operatively associated With the synchroniZer, a shift rail mov
able along an axis and connected to the shift fork, and a
permanent magnet connected to the shift rail. A ?rst control

coil is disposed in proximity to the permanent magnet. The
?rst control coil is operable to produce a magnetomotive

40
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force on the permanent magnet in a ?rst direction When a
current is applied to the ?rst control coil in a ?rst rotational

direction. A second control coil is disposed in proximity to the
permanent magnet. The second control coil is operable to
produce a magnetomotive force on the permanent magnet in
a second direction When a current is applied to the second
control coil in a second rotational direction. The permanent
magnet is moved to a ?rst position When the current is applied
to the ?rst control coil and the permanent magnet is moved to
a second position When the current is applied to the second
control coil.

In another example of the present invention, the ?rst con
trol coil is operable to produce a magnctomotivc force on the
permanent magnet in the second direction When a current is
applied to the ?rst control coil in the second rotational direc
tion and the second control coil is operable to produce a
magnetomotive force on the permanent magnet in the ?rst
direction When a current is applied to the second control coil
in the ?rst rotational direction. The permanent magnet is
moved to the ?rst position When the current is applied to the
?rst control coil in the ?rst rotational direction and the current
is applied to the second control coil in the ?rst rotational

Wherein the current sensor is in communication With a con

troller, Wherein the controller is in communication With the
poWer source, and Wherein the controller is operable to deter
mine the position of the permanent magnet based on the
sensed current and the applied voltage from the poWer source.

tors typically include closed loop position control and sepa
rate position sensors. While effective, there is room in the art

plurality of Wires, Wherein the poWer source is operable to
apply a voltage to the ?rst and second control coils in order to
induce the current in the ?rst and second control coils.
In yet another example of the present invention, a current

In yet another example of the present invention, the ?rst
control coil and the second control coil are disposed adjacent
one another and are both coaxial With the shift rail, and
Wherein the permanent magnet has an axis of polarity that is
coaxial With the ?rst control coil and the second control coil,
and Wherein the permanent magnet is at least partially dis
posed Within the ?rst control coil and the second control coil.

In yet another example of the present invention, the shift
rail, shift fork, and permanent magnet are moveable along an
axis, and the permanent magnet has a ?rst end having a ?rst
polarity disposed on the axis and a second end having a
second polarity disposed on the axis.
In yet another example of the present invention, a detent
system is connected to the shift rail for keeping the permanent
magnet in one of the ?rst, second, and third positions When no
current is applied to the ?rst and second control coils.
In yet another example of the present invention, a second
permanent magnet is connected to an end of the shift rail and
a third control coil is disposed in proximity to the second

50

permanent magnet, Wherein the ?rst control coil is operable to
produce a magnetomotive force on the permanent magnet in
a third direction When a current is applied to the third control

coil, and Wherein the permanent magnet is moved to a third
position When the current is applied to the third control coil.
55

In yet another example of the present invention, the third
control coil is disposed perpendicular relative to the ?rst and
second control coils, the second permanent magnet is dis
posed on the shift rail perpendicular relative to the permanent
magnet, and the third control coil and the second permanent
magnet are coaxial.

60

In yet another example of the present invention, a ?rst
sensor coil and a second sensor coil are each disposed proxi

mate the second permanent magnet, the ?rst sensor coil is
connected With a poWer source for inducing a current in the
?rst sensor coil, the second sensor coil is in communication
65

With a controller, the controller is in communication With the
poWer source, and the controller is operable to determine the
position of the second permanent magnet based on the sensed
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current induced in the second sensor coil and the applied
voltage from the poWer source.
In yet another example of the present invention, an assem
bly for actuating a synchroniZer in a transmission includes a

With reference to FIG. 1, a synchroniZer actuating assem

bly is shoWn and generally indicated by reference number 10.
The synchroniZer actuating assembly 10 is con?gured to

shift fork operatively associated With the synchroniZer, a shift

actuate at least one synchroniZer 12 in an automated manual
transmission or a dual clutch transmission. The transmission

rail moveable along an axis and connected to the shift fork, a
?rst permanent magnet connected to the shift rail, a second

may have any number of synchroniZers 12 and any number of

permanent magnet connected to the shift rail adjacent the ?rst
permanent magnet, and a third permanent magnet connected
to the shift rail adjacent the second permanent magnet,
Wherein the ?rst, second, and third permanent magnets each
have an axis of polarity perpendicular to the axis of the shift
rail. A ?rst control coil is disposed in proximity to the ?rst
permanent magnet, Wherein the ?rst control coil is operable to
produce a magnetomotive force on the ?rst permanent mag

the scope of the present invention. The synchroniZer 12 is a
tWo-Way synchroniZer capable of movement betWeen a ?rst
engaged position, a second engaged position, and a neutral or

synchroniZer actuating assemblies 10 Without departing from

disengaged position. In each of the engaged positions, the
synchroniZer 12 is operable to rotationally couple tWo com
ponents, such as a shaft and gear, together in order to transfer

torque betWeen the tWo components. In the neutral position,

net to move the ?rst permanent magnet to be coaxial With the
?rst control coil When a current is applied to the ?rst control

the synchroniZer 12 is not engaged With at least one of the
components and does not transfer torque betWeen the tWo

coil. A second control coil is disposed in proximity to the
second permanent magnet, Wherein the second control coil is
operable to produce a magnetomotive force on the second
permanent magnet to move the second permanent magnet to

components. Actuation of a plurality of synchroniZers 12 by
a plurality of synchroniZer actuating assemblies 10 alloWs the
transmission to produce a plurality of forWard and reverse
20

be coaxial With the second control coil When a current is

applied to the second control coil. A third control coil is

disposed in proximity to the third permanent magnet, Wherein
the third control coil is operable to produce a magnetomotive
force on the third permanent magnet to move the third per
manent magnet to be coaxial With the third control coil When
a current is applied to the third control coil.

25

In another example of the present invention, alignment of
the axis of polarity of the ?rst permanent magnet With the axis
of the ?rst control coil corresponds to a ?rst engaged position
of the synchroniZer, alignment of the axis of polarity of the
second permanent magnet With the axis of the second control
coil corresponds to a neutral position of the synchroniZer, and
alignment of the axis of polarity of the third permanent mag

fork 14 connected to a shift rail 16 and an electromagnetic
30

second engaged position of the synchroniZer.

35

In yet another example of the present invention, a poWer
source is connected to the ?rst, second, and third control coils
by a plurality of Wires, Wherein the poWer source is operable
to apply a voltage to the ?rst, second, and third control coils
in order to induce the current in the ?rst, second, and third
control coils.
Further areas of applicability Will become apparent from
the description provided herein. It should be understood that
the description and speci?c examples are intended for pur

40

poses of illustration only and are not intended to limit the

45

scope of the present disclosure.
DRAWINGS
50

synchroniZer actuating assembly according to the principles
55

FIG. 2 is a cross-sectional vieW of another embodiment of

FIG. 3 is a cross-sectional vieW of another embodiment of
60

or uses.

member having a ?rst end 24 opposite a second end 26. The
?rst end 24 is connected to the shift fork 14. Both the shift rail
16 and the shift fork 14 are moveable in the direction of the

The electromagnetic actuator 18 includes a housing 40 that
de?nes tWo connected, spaced apart chambers 42A and 42B.
A ?rst opening 44A is disposed in a side 45 of the housing 40

DETAILED DESCRIPTION

The folloWing description is merely exemplary in nature

member 26 biases the ball 30 into one of the detents 32A-C.
With the ball 30 seated in one of the detents 32A-C, the shift
fork 14 is prevented from moving until such time as a force is
exerted on the shift fork 14 su?icient to unseat the ball 30.

arroW shoWn in FIG. 1.

of the present invention.

and is not intended to limit the present disclosure, application,

position, the neutral position, and the second engaged posi
tion of the synchroniZer 12, respectively. When the shift fork

The shift rail 16 is, in the example provided, an elongated

a synchroniZer actuating assembly according to the principles
of the present invention; and
a synchroniZer actuating assembly according to the principles

The shift fork 14 includes a detent or positioning system
24. The detent system 24 is used to maintain the position of
the shift fork 14, and therefore the synchroniZer 12, in either
of the engaged positions and the neutral position, as Will be
described in greater detail beloW. The detent system 24
includes a biasing member 26 disposed Within a housing 28 of
the shift fork 14. The biasing member 26 may be a spring or
any other device operable to provide a biasing force. A ball 30
is disposed at least partially Within the housing 28 and is
biased by the biasing member 26 toWards a plurality of
detents 32A, 32B, and 32C. The detents 32A-C may be dis
posed in any housing or member 34 that is ?xed or stationary
relative to the synchroniZer 12. Each of the detents 32A-C are
positioned relative to the synchroniZer 12 such that each of
the detents 32A-C correspond to one of the ?rst engaged

14 is aligned With one of the detents 32A-C, the biasing

FIG. 1 is a cross-sectional vieW of an embodiment of a

of the present invention;

actuator 18 for actuating the shift fork 14 and the shift rail 16,
as Will be described in greater detail beloW. The shift fork 14

includes a pair of extending fork arms 20, only one of Which
is shoWn, that grip a synchroniZer sleeve 22. The synchroniZer
sleeve 22 is connected With the synchroniZer 12.

net With the axis of the third control coil corresponds to a

The draWings described herein are for illustration purposes
only and are not intended to limit the scope of the present
disclosure in any Way.

gear ratios. It should be appreciated that the synchroniZer 12
may be a one-Way synchroniZer having only one engaged
position Without departing from the scope of the present
invention. Furthermore, it should be appreciated that the syn
chroniZer actuating assembly 10 may be used to engage more
than one synchroniZer 12 Without departing from the scope of
the present invention (e.g., the synchroniZer actuating assem
bly 10 may be used to actuate tWo one-Way synchroniZers).
The synchroniZer actuating assembly 10 includes a shift

65

and communicates With the ?rst chamber 42A. A ?rst linear

bearing 46A is disposed Within the ?rst opening 44A. A
second opening 44B is disposed in a side 47 opposite the side

US 8,210,066 B2
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45 of the housing 40 and communicates With the second
chamber 42B.A second linear bearing 46B is disposed Within
the second opening 44B.
A portion 48 of the shift rail 16 is slidably disposed Within
the housing 40 of the electromagnetic actuator 18 such that
the shift rail 16 is supported by the linear bearings 46A and
46B. The shift rail 16, and accordingly the shift fork 14, are

directions such that the magnetomotive force from both con
trol coils 56A and 56B are in alignment and acting on the
permanent magnet 50 in the same direction, for example to
the right. To move the synchroniZer 12 to the second engaged
position, electrical current from the poWer source 60 is
applied to both the control coils 56A and 56B in rotational
directions such that the magnetomotive force from both con
trol coils 56A and 56B are in alignment and acting on the
permanent magnet 50 in the same direction, for example to
the left. To move the synchroniZer 12 to the neutral position,
electrical current from the poWer source 60 is applied to both
the control coils 56A and 56B in rotational directions such
that the magnetomotive force from both control coils 56A and
56B are opposed and acting on the permanent magnet 50 in
opposite directions. As the shift rail 16 and shift fork 14 move

moveable in a linear direction as indicated by the arroWs

shoWn in FIG. 1. A permanent magnet 50 is disposed on and
connected to the portion 48 of the shift rail 16 Within the

housing 40. The permanent magnet 50 may be any object
made from a ferromagnetic material that is “magnetized” and
creates its oWn constant magnetic ?eld. The permanent mag
net 50 includes a ?rst pole end 52 and a second pole end 54.

The ?rst pole end 52 and the second pole end 54 are disposed
opposite one another and are co-axial With the shift rail 16.

The ?rst pole end 52 is disposed Within the ?rst chamber 42A
of the housing 40 and the second pole end 54 is disposed
Within the second chamber 42B. In the example provided, the
?rst pole end 52 is a “South” pole and the second pole end 54
is a “North” pole end, hoWever, it should be appreciated that
the ?rst pole end 52 and the second pole end 54 may be
sWitched Without departing from the scope of the present
invention.
The electromagnetic actuator 18 further includes a ?rst
control coil 56A and a second control coil 56B disposed
Within the housing 40. The ?rst control coil 56A is disposed
Within the ?rst chamber 42A. The ?rst control coil 56A is

Wound around the ?rst pole end 52 of the permanent magnet
50 forming a cylinder With the permanent magnet 50 disposed
therein. The second control coil 56B is disposed Within the
second chamber 42B. The second control coil 56B is Wound
around the second pole end 54 of the permanent magnet 50
forming a cylinder With the permanent magnet 50 disposed
therein.
An electrical current is selectively applied to the control

betWeen the plurality of positions, the detent system main

20

25

The control logic includes a plurality of logic routines for

35

ingly, by sensing Which of the control coils 56A and 56B has
an induced current, the controller 70 can determine Whether

the permanent magnet 50 is moved to the right in a ?rst
engaged position, to the left in a second engaged position, or
50

Turning to FIG. 2, an alternate embodiment of a synchro

100 is similar to the synchroniZer actuating assembly 10
55

shoWn in FIG. 1 and like components are indicated by like

reference numbers. HoWever, the synchroniZer actuating sys
tem 100 includes an electromagnetic actuator 102. The elec
tromagnetic actuator 102 includes a ?rst housing 104 and a
60

alloWing the synchroniZer 12 to be selectively positioned
betWeen the engaged positions and the neutral position
position, electrical current from the poWer source 60 is
applied to both the control coils 56A and 56B in rotational

in the neutral position.

niZer actuating assembly is shoWn and generally indicated by
reference number 100. The synchroniZer actuating assembly

in either a ?rst rotational direction or a second rotational

depending on the direction of the magnetomotive force. For
example, to move the synchroniZer 12 to the ?rst engaged

synchroniZer 12, by comparing the applied voltage to the
actual currents sensed in each of the control coils 56A and
56B. When the voltage is applied to one of the control coils
56A and 56B, the electrical current induced on the other
control coil is a function of the position of the permanent
magnet 50 relative to the control coils 56A and 56B. Accord

apply a current through either one of the lead lines 64A and
64B in order to apply a current to the second control coil 56B

Depending on the direction of the magnetomotive force, the
permanent magnet 50 can be moved in either direction along
the axis of the shift rail 16. As the permanent magnet 50 is
moved, the shift rail 16 and shift fork 14 move, thereby

ler 70 receives data signals from the sensors 66A and 66B
indicative of the current applied to the control coils 56A and
56B and in addition the controller 70 is in communication
With the poWer source 60 and receives data signals from the
poWer source 60 indicative of the applied voltage. The con
troller 70 includes control logic to determine the position of

the permanent magnet 50, and therefore the position of the
40

through the ?rst control coil 56A creates a magnetic ?ux

direction.
The magnetic ?ux created by the control coils 56A and 56B
create a magnetomotive force on the permanent magnet 50.

memory used to store data, and at least one l/O peripheral.

monitoring, manipulating, and generating data. The control

current to the ?rst control coil 56A in either a ?rst rotational
direction or a second rotational direction. The applied current

having poles dependent on the rotational direction of the
applied current. Likewise, the poWer source 60 is operable to

current sensors 66A and 66B. Current sensor 66A is coupled
to lead line 62B and is operable to detect or sense the applied
current Within the lead line 62B. Current sensor 66B is
coupled to lead line 64B and is operable to detect or sense the
applied current Within the lead line 64B. The current sensors
66A and 66B are in communication With a controller 70. The
controller 70 may be a transmission control module and is
preferably an electronic control device having a prepro

grammed digital computer or processor, control logic,
30

coils 56A, 56B by a poWer source 60. The poWer source 60 is

in electrical communication With the ?rst control coil 56A via
?rst and second lead lines 62A and 62B and the poWer source
60 is in electrical communication With the second control coil
56B via ?rst and second lead lines 64A and 64B. The ?rst and
second lead lines 62A and 62B connect With the ends of the
?rst control coil 56A and the ?rst and second lead lines 64A
and 64B connect With the ends of the second control coil 56B.
The poWer source 60 is operable to apply a current through
either one of the lead lines 62A and 62B in order to apply a

tains the position of the shift fork 14 in the event of no
electrical current is applied to the control coils 56A and 56B.
The electromagnetic actuator 18 further includes a pair of

second housing 106. The ?rst housing 104 de?nes tWo con
nected, spaced apart chambers 108A and 108B. A ?rst open
ing 110A is disposed in a side 112 of the housing 104 and
communicates With the ?rst chamber 108A. A ?rst linear

bearing 114A is disposed Within the ?rst opening 110A. A
second opening 110B is disposed in a side 118 opposite the
65

side 112 of the housing 104 and communicates With the
second chamber 108B. A second linear bearing 114B is dis

posed Within the second opening 110B.

US 8,210,066 B2
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The second housing 106 de?nes tWo connected, spaced
apart chambers 120A and 120B. A ?rst opening 122 is dis

source 170 is in electrical communication With the ?rst con

trol coil 156A via ?rst and second lead lines 172A and 172B,
With the second control coil 156B via ?rst and second lead
lines 174A and 174B, and With the control coil 166 via ?rst

posed in a side 124 of the housing 106 and communicates
With the ?rst chamber 120A and With the second opening
110B of the ?rst housing 104.
A portion 48 of the shift rail 16 is slidably disposed Within
the ?rst housing 104 such that the shift rail 16 is supported by
the linear bearings 114A and 114B. The second end 26 of the
shift rail is disposed Within the second housing 106. The shift
rail 16, and accordingly the shift fork 14, are moveable in a

and second lead lines 176A and 176B. The poWer source 170

is operable to selectively apply a current through the lead
lines 172A, 1728, and 176A in order to apply a current to one

of the ?rst control coil 156A, the second control coil 1568,
and the control coil 166.

The magnetic ?uxes created by the control coils 156A,

linear direction as indicated by the arroWs shoWn in FIG. 2. A

156B, and 166 creates a magnetomotive force on the perma
nent magnet 150 and 160. Depending on the direction of the

permanent magnet 150 is disposed on and connected to the
portion 48 of the shift rail 16 Within the housing 104. The
permanent magnet 150 may be any object made from a fer
romagnetic material that is “magnetized” and creates its oWn
constant magnetic ?eld. The permanent magnet 150 includes
a ?rst pole end 152 and a second pole end 154. The ?rst pole
end 152 and the second pole end 154 are disposed opposite

magnetomotive force, the permanent magnets 150 and 160
can be moved in either direction along the axis of the shift rail
16. As one of the permanent magnets 150 and 160 are moved,
the shift rail 16 and shift fork 14 move, thereby alloWing the

synchroniZer 12 to be selectively positioned betWeen the
engaged positions and the neutral position depending on the
direction of the magnetomotive force.

one another and are co-axial With the shift rail 16. The ?rst

pole end 152 is disposed Within the ?rst chamber 108A of the
housing 104 and the second pole end 154 is disposed Within
the second chamber 108B. In the example provided, the ?rst
pole end 152 is a “South” pole and the second pole end 154 is
a “North” pole end, hoWever, it should be appreciated that the
?rst pole end 152 and the second pole end 154 may be
sWitched Without departing from the scope of the present
invention.

20

ating a magnetomotive force that acts on the permanent mag
net 150 and moves the permanent magnet 150 in the direction
25

156B is disposed Within the second chamber 108B. The sec
ond control coil 156B is Wound around the second pole end

tive electrical current from the poWer source 60 is applied to
force that acts on the permanent magnet 150 and moves the
30

35

154 of the permanent magnet 150 forming a cylinder With the
permanent magnet 150 disposed therein. The control coils
156A and 156B are con?gured such that When a current is

applied, the magnetomotive force from each control coil
156A and 156B act in opposite directions.
The end 26 of the shift rail 16 is slidably disposed Within

40

the second housing 106. A permanent magnet 160 is disposed
on and connected to the end 26 of the shift rail 16 Within the

housing 106. The permanent magnet 160 may be any object
made from a ferromagnetic material that is “magnetized” and

45

creates its oWn constant magnetic ?eld. The permanent mag
net 160 includes a ?rst pole end 162 and a second pole end
164. The ?rst pole end 162 and the second pole end 164 are
disposed opposite one another and are perpendicular to an

axis de?ned by the shift rail 16. In the example provided, the
?rst pole end 162 is a “South” pole and the second pole end
164 is a “North” pole end, hoWever, it should be appreciated
that the ?rst pole end 162 and the second pole end 164 may be
sWitched Without departing from the scope of the present
invention.
A control coil 166 is disposed Within the housing 106. The
control coil 166 is disposedWithin both of the chambers 120A

coils 156A, 156B, and 166 by a poWer source 170. The poWer

poWer source 60 is applied to the control coil 166 thereby
generating a magnetomotive force that acts on the permanent
magnet 160 and moves the permanent magnet 160 to a bal
anced position betWeen the control coil 1 66 in alignment With
the centerline 168.
A pair of sensor coils 180 and 182 are disposed Within the
second housing 106 and are used to determine the position of

the permanent magnet 160, and therefore the position of the
synchroniZer 12. The sensor coils 180 and 182 are disposed
Within both of the chambers 120A and 120B. The sensor coils
180 and 182 are Wound around and concentric With the cen
terline 168. The sensor coil 180 is stacked atop the sensor coil
182 and is disposed betWeen the sensor coil 182 and the
permanent magnet 160. The sensor coils 180 and 182 are

appreciated that the sensor coils 180 and 182 may be located

proximate the pole end 164 Without departing from the scope
50

of the present invention if the control coil 166 is located

proximate the ?rst pole end 162.
The sensor coil 180 is in electrical communication With the
poWer source 170 or an alternate, separate poWer source. The
sensor coil 182 is in electrical communication With the con
55

troller 70. In order to determine the position of the permanent
magnet 160, an excitation current is applied to the sensor coil
180. The current induced in the sensor coil 182 is a function

60

disposed proximate the pole end 164, hoWever, it should be
appreciated that the control coil 166 may be located proxi
mate the pole end 162 Without departing from the scope of the
present invention.
An electrical current is selectively applied to the control

permanent magnet 150 in the direction of the magnetomotive
force, for example to the right. To move the synchroniZer 12
to the neutral position, a positive electrical current from the

disposed proximate the pole end 162, hoWever, it should be

and 120B. The control coil 166 is Wound around and concen

tric With a centerline, indicated by reference number 168, that
corresponds to the neutral position of the shift rail 16, the shift
fork 14, and the synchroniZer 12. The control coil 166 is

of the magnetomotive force, for example to the left. To move
the synchroniZer 12 to the second engaged position, a nega

the control coil 156B thereby generating a magnetomotive

A ?rst control coil 156A and a second control coil 156B are

disposed Within the housing 104. The ?rst control coil 156A
is disposed Within the ?rst chamber 108A. The ?rst control
coil 156A is Wound around the ?rst pole end 152 of the
permanent magnet 150 forming a cylinder With the perma
nent magnet 150 disposed therein. The second control coil

For example, to move the synchroniZer 12 to the ?rst

engaged position, a positive electrical current from the poWer
source 60 is applied to the control coil 156A thereby gener

of the location of the permanent magnet 160 Within the mag
netic ?ux of the sensor coil 180. Accordingly, the controller
70 can determine Whether the permanent magnet 160 is
moved to the right in a ?rst engaged position, to the left in a

second engaged position, or in the neutral position.
With reference to FIG. 3, another embodiment of a syn

chroniZer actuating system is generally indicated by refer
65

ence number 200. The synchroniZer actuating assembly 200
is similar to the synchroniZer actuating assembly 10 shoWn in
FIG. 1 and like components are indicated by like reference

US 8,210,066 B2
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numbers. However, the synchroniZer actuating system 200

control coil 256A via ?rst and second lead lines 278A and
278B, With the second control coil 256B via ?rst and second
lead lines 280A and 280B, and With the control coil 256C via
?rst and second lead lines 282A and 282B. The poWer source

includes an electromagnetic actuator 218. The electromag
netic actuator 202 includes a housing 240 that de?nes four

connected, spaced apart chambers 242A, 242B, 242C, and
242D. A ?rst opening 244A is disposed in a side 245 of the
housing 240 and communicates With the ?rst chamber 242A.

274 is operable to selectively apply a current through the lead

A ?rst linearbearing 246A is disposed Within the ?rst opening

of the ?rst control coil 256A, the second control coil 256B,
and the third control coil 256B.

lines 278A, 280A, and 282A in order to apply a current to one

244A. A second opening 244B is disposed in a side 247
opposite the side 245 of the housing 240 and communicates
With the fourth chamber 242D. A second linear bearing 246B

The magnetic ?uxes created by the control coils 256A,
256B, and 256C creates a magnetomotive force on the per
manent magnets 250A-C. Depending on the direction of the

is disposed Within the second opening 244B.
A portion 48 of the shift rail 16 is slidably disposed Within
the housing 240 of the electromagnetic actuator 218 such that
the shift rail 16 is supported by the linear bearings 246A and

magnetomotive force, the permanent magnets 250A-C can be
moved in either direction along the axis of the shift rail 16. As
the permanent magnets 250A-C are moved, the shift rail 16

246B. The shift rail 16, and accordingly the shift fork 14, are
moveable in a linear direction as indicated by the arroWs

and shift fork 14 move, thereby alloWing the synchroniZer 12

shoWn in FIG. 3. Three permanent magnets 250A, 250B, and

to be selectively positioned betWeen the engaged positions

250C are disposed on and connected to the portion 48 of the

and the neutral position depending on the direction of the

shift rail 16 Within the housing 240. The permanent magnets

magnetomotive force.

250A-C may be any object made from a ferromagnetic mate
rial that is “magnetized” and creates its oWn constant mag
netic ?eld. The permanent magnets 250A-C each include a

20

?rst pole end 252A-C and a second pole end 254A-C, respec
tively. The ?rst pole ends 252A-C and the second pole ends
254A-C are disposed opposite one another and are perpen

ating a magnetomotive force that acts on the permanent mag
net 250A and moves the permanent magnet 250A in the
25

dicular to an axis de?ned by the shift rail 16. In the example
provided, the ?rst pole ends 252A are “South” poles and the
second pole ends 254A-C are “North” poles, hoWever, it
should be appreciated that the ?rst pole ends 252A-C and the

second pole ends 254A-C may be sWitched Without departing
from the scope of the present invention. The permanent mag
nets 250A-C are disposed adjacent one another and have

similar pole end orientation.
Three control coils 256A, 256B, and 256C are disposed
Within the housing 240. The control coil 256A is disposed

30

cal current from the poWer source 274 is applied to the control

coil 256B thereby generating a magnetomotive force that acts
35

on the permanent magnet 250B and moves the permanent
magnet 250B to a balanced position betWeen the control coil
256B in alignment With the centerline 270.
A pair of sensor coils 290 and 292 are disposed Within the
housing 240 and are used to determine the position of the

40

permanent magnet 250B, and therefore the position of the

located proximate the pole end 252A Without departing from
45

appreciated that the sensor coils 290 and 292 may be located

proximate the pole end 254B Without departing from the
50

poWer source 274 is in electrical communication With the ?rst

scope of the present invention if the control coil 256B is

located proximate the ?rst pole end 252B.
The sensor coil 290 is in electrical communication With the
poWer source 274 or an alternate, separate poWer source. The
sensor coil 292 is in electrical communication With the con
55

troller 70. In order to determine the position of the permanent
magnet 256B, an excitation current is applied to the sensor
coil 290. The current induced in the sensor coil 292 is a

60

disposed proximate the pole end 254C of the permanent mag
net 250C, hoWever, it should be appreciated that the control
coil 256C may be located proximate the pole end 252C With
out departing from the scope of the present invention.
An electrical current is selectively applied to the control
coils 256A, 256B, and 256C by a poWer source 274. The

synchroniZer 12. The sensor coils 290 and 292 are disposed
Within both of the chambers 242B and 242C. The sensor coils
290 and 292 are Wound around and concentric With the cen
terline 270. The sensor coil 290 is stacked atop the sensor coil
2922 and is disposed betWeen the sensor coil 292 and the
permanent magnet 250B. The sensor coils 290 and 292 are

disposed proximate the pole end 252C, hoWever, it should be

disposed proximate the pole end 254B of the permanent mag
net 250B, hoWever, it should be appreciated that the control
coil 256B may be located proximate the pole end 252B With
out departing from the scope of the present invention.
The control coil 256C is disposed Within both of the cham
bers 242C and 242D and is located adjacent the control coil
256B. The control coil 256C is Wound around and concentric
With a centerline, indicated by reference number 272, Which
corresponds to a second position of the shift rail 16, the shift
fork 14, and the synchroniZer 12. The control coil 256C is

274 is applied to the control coil 256C thereby generating a
magnetomotive force that acts on the permanent magnet
250C and moves the permanent magnet 250C in the direction
of the magnetomotive force, for example to the left. To move

the synchronizer 12 to the neutral position, a positive electri

it should be appreciated that the control coil 256A may be
the scope of the present invention.
The control coil 256B is disposed Within both of the cham
bers 242B and 242C and is located adjacent the control coil
256A. The control coil 256B is Wound around and concentric
With a centerline, indicated by reference number 270, Which
corresponds to a neutral position of the shift rail 16, the shift
fork 14, and the synchroniZer 12. The control coil 256B is

direction of the magnetomotive force, for example to the
right. To move the synchroniZer 12 to the second engaged
position, a positive electrical current from the poWer source

Within both of the chambers 242A and 242B. The control coil
256A is Wound around and concentric With a centerline, indi
cated by reference number 268, Which corresponds to a ?rst

engaged position of the shift rail 16, the shift fork 14, and the
synchroniZer 12. The control coil 256A is disposed proximate
the pole end 254A of the permanent magnet 250A, hoWever,

For example, to move the synchroniZer 12 to the ?rst

engaged position, a positive electrical current from the poWer
source 274 is applied to the control coil 256A thereby gener

function of the location of the permanent magnet 256B Within
the magnetic ?ux of the sensor coil 290. Accordingly, the
controller 70 can determine Whether the permanent magnet
292 is moved to the right in a ?rst engaged position, to the left
in a second engaged position, or in the neutral position.

The description of the invention is merely exemplary in
nature and variations that do not depart from the gist of the
65

invention are intended to be Within the scope of the invention.
Such variations are not to be regarded as a departure from the

spirit and scope of the invention.
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We claim the following:
1. An assembly for actuating a synchroniZer in a transmis

permanent magnet is at least partially disposed Within the ?rst
control coil and the second control coil.

sion, the assembly comprising:
a shift fork operatively associated With the synchroniZer;
a shift rail movable along an axis and connected to the shift

fork;
a permanent magnet connected to the shift rail;
a ?rst control coil disposed in proximity to the permanent
magnet, the ?rst control coil operable to produce a mag
netomotive force on the permanent magnet in a ?rst
direction When a current is applied to the ?rst control coil
in a ?rst rotational direction; and
a second control coil disposed in proximity to the perma
nent magnet, the second control coil operable to produce
a magnetomotive force on the permanent magnet in a
second direction When a current is applied to the second
control coil in a second rotational direction;

Wherein the permanent magnet is moved to a ?rst position
When the current is applied to the ?rst control coil, and
Wherein the permanent magnet is moved to a second posi
tion When the current is applied to the second control
coil.
2. The assembly of claim 1 Wherein the ?rst control coil is
operable to produce a magnetomotive force on the permanent
magnet in the second direction When a current is applied to the
?rst control coil in the second rotational direction, Wherein
the second control coil is operable to produce a magnetomo
tive force on the permanent magnet in the ?rst direction When
a current is applied to the second control coil in the ?rst

20

25

30

35

a shift fork operatively associated With the synchroniZer;
a shift rail moveable along an axis and connected to the
40

second permanent magnet connected to the shift rail
adjacent the ?rst permanent magnet, and a third perma
nent magnet connected to the shift rail adjacent the sec
45

50

source connected to the ?rst and second control coils by a

ond permanent magnet, Wherein the ?rst, second, and
third permanent magnets each have an axis of polarity
perpendicular to the axis of the shift rail;
a ?rst control coil disposed in proximity to the ?rst perma
nent magnet, the ?rst control coil operable to produce a
magnetomotive force on the ?rst permanent magnet to
move the ?rst permanent magnet to be coaxial With the
?rst control coil When a current is applied to the ?rst

control coil;
55

sensor coupled to at least one of the plurality of Wires for
sensing a current in at least one of the plurality of Wires,

a second control coil disposed in proximity to the second
permanent magnet, the second control coil operable to
produce a magnetomotive force on the second perma
nent magnet to move the second permanent magnet to be
coaxial With the second control coil When a current is

Wherein the current sensor is in communication With a con

troller, Wherein the controller is in communication With the
poWer source, and Wherein the controller is operable to deter
mine the position of the permanent magnet based on the
sensed current and the applied voltage from the poWer source.
6. The assembly of claim 1 Wherein the ?rst control coil and
the second control coil are disposed adjacent one another and
are both coaxial With the shift rail, and Wherein the permanent
magnet has an axis of polarity that is coaxial With the ?rst
control coil and the second control coil, and Wherein the

shift fork;
a ?rst permanent magnet connected to the shift rail, a

synchroniZer.
plurality of Wires, the poWer source operable to apply a volt
age to the ?rst and second control coils in order to induce the
current in the ?rst and second control coils.
5. The assembly of claim 4 further comprising a current

magnet based on the sensed current induced in the second
sensor coil and the applied voltage from the poWer source.
12. An assembly for actuating a synchroniZer in a trans

mission, the assembly comprising:

?rst or second rotational directions and the current is applied
to the second control coil in a rotational direction opposite to
that applied to the ?rst control coil.

4. The assembly of claim 1 further comprising a poWer

sensor coil and a second sensor coil each disposed proximate
the second permanent magnet, Wherein ?rst sensor coil is
connected With a poWer source for inducing a current in the
?rst sensor coil, Wherein the second sensor coil is in commu
nication With a controller, Wherein the controller is in com

munication With the poWer source, and Wherein the controller
is operable to determine the position of the second permanent

control coil in the ?rst rotational direction and the current is
applied to the second control coil in the ?rst rotational direc

3. The assembly of claim 2 Wherein the ?rst position of the
magnet corresponds to a ?rst engaged position of the syn
chroniZer, the second position of the magnet corresponds to a
second engaged position of the synchroniZer, and the third
position of the magnet corresponds to a neutral position of the

axes of the ?rst and second control coils.

11. The assembly of claim 10 further comprising a ?rst

rotational direction, Wherein the permanent magnet is moved
to the ?rst position When the current is applied to the ?rst
tion, Wherein the permanent magnet is moved to the second
position When the current is applied to the ?rst control coil in
the second rotational direction and the current is applied to the
second control coil in the second rotational direction, and
Wherein the permanent magnet is moved to a third position
When the current is applied to the ?rst control coil in either the

7. The assembly of claim 6 Wherein the shift rail, shift fork,
and permanent magnet are moveable along an axis, and the
permanent magnet has a ?rst end having a ?rst polarity dis
posed on the axis and a second end having a second polarity
disposed on the axis.
8. The assembly of claim 1 further comprising a detent
system connected to the shift rail for keeping the permanent
magnet in one of the ?rst, second, and third positions When no
current is applied to the ?rst and second control coils.
9. The assembly of claim 1 further comprising a second
permanent magnet connected to an end of the shift rail and
having an axis of polarity perpendicular to the axis of the shift
rail, and further comprising a third control coil disposed in
proximity to the second permanent magnet, the third control
coil operable to produce a magnetomotive force on the second
permanent magnet to move the second permanent magnet to
be coaxial With the third control coil When a current is applied
to the third control coil.
10. The assembly of claim 1 Wherein the ?rst direction of
magnetomotive force is parallel With the axes of the ?rst and
second control coils and the second direction of magnetomo
tive force is opposite the ?rst direction and parallel With the
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applied to the second control coil; and
a third control coil disposed in proximity to the third per
manent magnet, the third control coil operable to pro
duce a magnetomotive force on the third permanent
magnet to move the third permanent magnet to be
coaxial With the third control coil When a current is
applied to the third control coil.

13. The assembly of claim 12 Wherein alignment of the axis
of polarity of the ?rst permanent magnet With the axis of the
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?rst control coil corresponds to a ?rst engaged position of the

in one of the ?rst, second, and third positions When no current

synchroniZer, Wherein alignment of the axis of polarity of the

is applied to the ?rst, second, and third control coils.
16. The assembly of claim 12 further comprising a ?rst

second permanent magnet With the axis of the second control
coil corresponds to a neutral position of the synchroniZer, and
Wherein alignment of the axis of polarity of the third perma
nent magnet With the axis of the third control coil corresponds
to a second engaged position of the synchroniZer.
14. The assembly of claim 12 further comprising a poWer
source connected to the ?rst, second, and third control coils
by a plurality of Wires, the poWer source operable to apply a
Voltage to the ?rst, second, and third control coils in order to
induce the current in the ?rst, second, and third control coils.
15. The assembly of claim 12 further comprising a detent
system connected to the shift rail for keeping the synchroniZer

sensor coil and a second sensor coil each disposed proximate
the second permanent magnet, Wherein ?rst sensor coil is
connected With a poWer source for inducing a current in the
?rst sensor coil, Wherein the second sensor coil is in commu
nication With a controller, Wherein the controller is in com

munication With the poWer source, and Wherein the controller

is operable to determine the position of the second permanent
magnet based on the sensed current induced in the second
sensor coil and the applied Voltage from the poWer source.
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