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(57) ABSTRACT 

A synchroniZer assembly for a vehicle transmission, Where 
the synchroniZer assembly is electrically actuated during a 
shift. The assembly includes a sleeve having an inner surface 
and an outer surface. Arotor is rotably mounted to the outer 
surface of the sleeve and a shift collar is axially mounted to 
the inner surface of the sleeve. The rotor is threadably 
coupled to the shift collar so that When the rotor rotates, the 
shift collar moves in an axial direction relative to the sleeve. 

An armature coil is electrically coupled to the rotor to cause 
it to rotate. Keys are rigidly secured to the shift collar to 
maintain the orientation of the shift collar While it moves. 
The shift collar locks a shift gear to the transmission output 
shaft during a shift. 
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ELECTRICALLY ACTUATED SYNCHRONIZER 
FOR A VEHICLE TRANSMISSION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to a synchroniZer 
for a vehicle transmission and, more particularly, to a 
synchroniZer for a vehicle transmission, Where the synchro 
niZer is electrically actuated. 

[0003] 2. Discussion of the Related Art 

[0004] As is Well understood in the art, vehicles that are 
poWered by an internal combustion engine require a trans 
mission for shifting betWeen gears to effectively transmit the 
poWer generated by the engine to the vehicle Wheels. Mod 
ern transmissions for both manually shifted and automati 
cally shifted gears require precise alignment betWeen the 
speed of the desired shift gear and the output shaft of the 
transmission during a shift to prevent gear clashing, and thus 
gear damage. The desired shift gear is disposed around and 
is freely rotatable relative to the output shaft When it is not 
being used to deliver engine poWer to the output shaft of the 
transmission. It is necessary to synchroniZe the rotation of 
the shift gear With the output shaft of the transmission prior 
to the gear being engaged to the output shaft to deliver 
poWer thereto. In other Words, the speed of a mating main 
shaft gear must be synchroniZed in speed to the output shaft 
of the transmission before the gear is engaged to the output 
shaft. 

[0005] Synchro-mesh mechanisms or synchroniZers are 
employed in transmissions for this purpose, Where multiple 
synchroniZers are required for multiple shift gears. Atypical 
synchroniZer includes an inner hub that is spline mounted to 
the output shaft and thus rotates thereWith. The hub is held 
in a stationary position on the output shaft betWeen the 
various shift gears positioned along and freely rotatably 
relative to the output shaft. The synchroniZer also includes 
an outer sleeve having internal splines that mesh With 
external splines on the inner hub. Thus, the outer sleeve 
rotates at the same speed as the output shaft. 

[0006] Ashift fork engages a groove in an outer surface of 
the outer sleeve and is actuatable to slide the outer sleeve 
relative to the inner hub on the meshed splines in an axial 
direction relative to the output shaft. The shift fork is 
typically driven by a mechanical actuator in a manual 
transmission and by a hydraulic actuator in an automatic 
transmission. Longitudinally extending inserts are rigidly 
mounted to the inner surface of the outer sleeve, and are 
positioned Within cooperating slots on the outer surface of 
the inner hub. 

[0007] The synchroniZer also includes a blocking ring 
positioned betWeen the outer sleeve and the inner hub that 
acts as a clutch to speed up or sloW doWn the shift gear 
during a shift to match the speed of the shift gear to the speed 
of the output shaft. When the shift fork causes the outer 
sleeve to slide on the inner hub during a shift, the inserts 
move axially toWard the blocking ring. The inner splines of 
the outer sleeve engage outer splines of the blocking ring. 
The blocking ring includes chamfered teeth along its outer 
edge that engage With chamfered ends of the internal splines 
of the outer sleeve. The inner splines of the outer sleeve also 
engage With straight-cut teeth on the shift gear once the 
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speed of the gear matches the speed of the blocking ring and 
the sleeve. The blocking ring includes an inner cone surface 
that engages and ?ts over a cone-shaped portion of the shift 
gear. The blocking ring also includes slots in the end for 
receiving the ends of the inserts. 

[0008] During a shift, a clutch disengages the input shaft 
of the transmission from the engine. The shift fork is 
actuated to cause the outer sleeve to move toWard the shift 
gear to be engaged. As the sleeve moves, the inserts mesh 
With the slots in the end of the blocking ring. This causes the 
blocking ring to index properly With the sleeve, Which is 
turning at the speed of the output shaft. As the outer sleeve 
continues to move, it pushes the blocking ring against the 
cone portion of the shift gear. The shift gear is unloaded 
because no engine poWer is being delivered While the clutch 
is disengaged. Friction betWeen the cone surfaces of the 
blocking ring and the shift gear causes the shift gear to begin 
turning at the same speed as the outer sleeve, and thus the 
speed of the output shaft. As the sleeve continues to move 
toWards the shift gear, the shift gear starts moving at the 
same speed as the outer sleeve Which alloWs the splines of 
the sleeve to engage the straight-cut teeth of the shift gear 
Without clashing. This locks the gear, sleeve, hub and output 
shaft together. The gear is noW engaged With the output 
shaft, and the clutch is released to alloW poWer to flow 
through the gear to the output shaft and the drive Wheels. 

[0009] As discussed above, a shift fork is positioned in a 
groove cut in the outer sleeve to alloW the shift fork to slide 
the sleeve and engage the gear. The shift fork is manually 
actuated by a hand-operated shift lever in a manual trans 
mission and is hydraulically actuated in an automatic trans 
mission. Such shifting actuators are bulky and require 
sophisticated linkages that can be improved upon. 

SUMMARY OF THE INVENTION 

[0010] In accordance With the teachings of the present 
invention, a synchroniZer assembly for a vehicle transmis 
sion is disclosed, Where the synchroniZer assembly is elec 
trically actuated during a shift. The assembly includes a 
sleeve having an inner surface and an outer surface. A rotor 
is rotably mounted to the outer surface of the sleeve and a 
shift collar is axially mounted to the inner surface of the 
sleeve. The rotor is threadably coupled to the shift collar so 
that When the rotor rotates, the shift collar moves in an axial 
direction relative to the sleeve. An armature coil is electri 
cally coupled to the rotor to cause it to rotate. Keys are 
rigidly secured to the shift collar to maintain the orientation 
of the shift collar While it moves. The shift collar locks a 
shift gear to the transmission output shaft during a shift. 

[0011] Further areas of applicability of the present inven 
tion Will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and speci?c examples, While indicating 
the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the 
scope of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a perspective vieW of an electrically 
actuated synchroniZer assembly for use in a vehicle trans 
mission, according to an embodiment of the present inven 
tion; and 
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[0013] FIG. 2 is a perspective vieW of the synchroniZer 
assembly shown in FIG. 1 Where a shift collar of the 
synchroniZer assembly has been axially shifted to a shift 
position. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0014] The following discussion of the embodiments of 
the invention directed to an electrically actuated synchro 
niZer for a vehicle transmission is merely exemplary in 
nature, and is in no Way intended to limit the invention or its 
applications or uses. 

[0015] FIG. 1 is a perspective vieW of a synchroniZer 
assembly 10 for use in a vehicle transmission, according to 
an embodiment of the present invention. SynchroniZer 
assemblies are Well knoWn in both manual and automatic 
transmissions for synchronizing the speed of an output shaft 
of the transmission to the speed of the desired shift gear 
during a shift, as discussed above. Therefore, the compo 
nents of the vehicle transmission are not shoWn in this 
diagram, but Would be Well understood to those skilled in the 
art. As Will be discussed in detail beloW, the synchroniZer 
assembly is electrically actuated to provide speed synchro 
niZation betWeen the gear and the output shaft. The electri 
cally actuated design of the synchroniZer assembly of the 
invention replaces the shift forks using manual and hydrau 
lic linkages typically employed in prior art synchroniZer 
designs. 

[0016] The synchroniZer assembly 10 includes a cylindri 
cal synchroniZer sleeve 12 having an outer surface 22 and an 
inner surface 18. The outer surface 22 of the sleeve 12 is 
rigidly mounted to a coil housing 14 by any device suitable 
for the purposes described herein. Amotor armature coil (not 
shoWn) is Wound on a suitable core Within the housing 14. 
The sleeve 12 includes splines 16 mounted on the inner 
surface 18. A shift collar 20 is slidably mounted to the 
internal surface 18 of the sleeve 12 so that the shift collar 20 
is capable of moving in an axial direction relative to the 
sleeve 12. To alloW or this movement, he shift collar 20 
includes splines 24 that engage and mesh With the splines 
16. 

[0017] A transmission output shaft (not shoWn) extends 
through the sleeve 12 and a synchroniZer hub (not shoWn) is 
positioned betWeen the shaft and the collar 20 as in the 
knoWn designs. The hub includes splines that mesh With the 
splines on the output shaft and mesh With the splines 24 so 
that the hub and shift collar 20 rotate at the same speed as 
the output shaft, as discussed above. A plurality of keys 26 
are rigidly secured to the shift collar 20 and de?ne gaps 28 
therebetWeen. Tabs 36 are mounted to the coil housing 14, 
and are aligned With the gaps 28 as shoWn. The keys 26 and 
the tabs 36 operate in the same manner as the inserts 
described above so that as the shift collar 20 moves axially 
relative to the output shaft during a shift, the shift collar 20 
is maintained in the proper orientation relative thereto. 

[0018] A motor rotor 30 is rotatably mounted to the outer 
surface 22 of the sleeve 12, and is electrically and magneti 
cally coupled to the armature coil. The rotor 30 can be 
mounted to the sleeve 12 by any technique suitable for the 
purposes described herein. Threads (not shoWn) are pro 
vided on an internal diameter of the rotor 30 and engage the 
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splines 24 on the shift collar 20. Thus, When the rotor 30 
rotates on the sleeve 12, the shift collar 20 moves axially 
relative to the sleeve 12. 

[0019] By applying current to the armature coil from a 
control circuit, such as a TCU, the rotor 30 is caused to rotate 
on the outer surface 22 of the sleeve 12 to move the shift 
collar 20. Thus, shift forks are not employed to move the 
collar 20 in this design. Current flowing in one direction 
through the coil Will cause the rotor 30 to rotate in one 
direction, and current flowing in an opposite direction 
through the coil Will cause the rotor 30 to rotate in an 
opposite direction. In this embodiment, rotation of the rotor 
30 in the clockWise direction causes the shift collar 20 to 
move to the left, and rotation of the rotor 30 in the coun 
terclockWise direction causes the shift collar 20 to move to 
the right. FIG. 2 shoWs the assembly 10 Where the shift 
collar 20 has been moved to the shift position from the 
non-shift position shoWn in FIG. 1. 

[0020] When a shift is initiated, the shift collar 20 is 
caused to move toWards a blocking ring (not shoWn) and is 
engaged thereWith in the manner as discussed above. The 
blocking ring then engages the shift gear (not shoWn) to 
cause the shift gear to turn at the same speed as the sleeve 
12 and to lock the shift gear to the output shaft through the 
assembly 10 in the manner discussed above. 

[0021] The description of the invention is merely exem 
plary in nature and, thus, variations that do not depart from 
the gist of the 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. 

What is claimed is: 
1. A synchroniZer for a vehicle transmission, said syn 

chroniZer comprising: 

a sleeve including an inner surface and an outer surface; 

a rotor rotatably mounted to the outer surface of the 

sleeve; 
a shift collar mounted to the inner surface of the sleeve 

and being mechanically coupled to the rotor; and 

an electric coil electrically coupled to the rotor, said coil 
being responsive to an electric current so as to cause the 
rotor to rotate on the sleeve, Wherein rotation of the 
rotor causes the shift collar to move in an axial direc 
tion relative to the sleeve. 

2. The synchroniZer according to claim 1 further com 
prising a plurality of keys mounted to the shift collar, said 
plurality of keys de?ning key gaps therebetWeen. 

3. The synchroniZer according to claim 2 further com 
prising tabs mounted to the inner surface of the sleeve and 
being aligned With the key gaps, said tabs maintaining the 
orientation of the shift collar When it moves in the axial 
direction. 

4. The synchroniZer according to claim 1 Wherein the coil 
is positioned Within a coil housing and the coil housing is 
mounted to the outer surface of the sleeve. 

5. The synchroniZer according to claim 1 Wherein the 
rotor is threadably coupled to the shift collar. 

6. The synchroniZer according to claim 1 Wherein the 
sleeve includes sleeve splines on the inner surface of the 
sleeve and the shift collar includes shift collar splines that 
mesh With the sleeve splines. 
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7. The synchroniZer according to claim 1 wherein rotation 
of the rotor in a clockwise direction moves the shift collar in 
one axial direction and rotation of the rotor in a counter 
clockwise direction moves the shift collar in an opposite 
aXial direction. 

8. A synchroniZer for a vehicle transmission, said syn 
chroniZer synchronizing the speed of a shift gear with the 
speed of an output shaft of the transmission, said synchro 
niZer comprising: 

a cylindrical sleeve including an inner surface and an 
outer surface, said sleeve including sleeve splines on 
the inner surface of the sleeve; 

a rotor rotatably mounted to the outer surface of the 

sleeve; 
a shift collar mounted to the inner surface of the sleeve 

and being threadably coupled to the rotor, said shift 
collar including shift collar splines that mesh with the 
sleeve splines; and 

an electric coil electrically coupled to the rotor, said coil 
being responsive to an electric current so as to cause the 
rotor to rotate in either a clockwise or counterclockwise 

direction on the outer surface of the sleeve, wherein 
rotation of the rotor in the clockwise direction causes 
the shift collar to move in one aXial direction relative to 
the sleeve and rotation of the rotor in the counter 
clockwise direction causes the shift collar to move in an 
opposite aXial direction. 

9. The synchroniZer according to claim 8 further com 
prising a plurality of keys mounted to the shift collar, said 
plurality of keys de?ning key gaps therebetween. 

10. The synchroniZer according to claim 9 further com 
prising tabs mounted to the inner surface of the sleeve and 
being aligned with the key gaps, said tabs maintaining the 
orientation of the shift collar when it moves in the aXial 
direction. 
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11. The synchroniZer according to claim 8 wherein the 
coil is positioned within a coil housing and the coil housing 
is mounted to the outer surface of the sleeve. 

12. Amethod of synchroniZing the speed of a shift gear in 
a transmission to the speed of an output shaft of the 
transmission, comprising: 

slidably mounting a shift collar to an inner surface of a 

sleeve; 

rotatably mounting a rotor to an outer surface of the 
sleeve, said rotor being mechanically coupled to the 
shift collar; and 

applying a current in a predetermined direction to a coil, 
said coil being electrically coupled to the rotor so as to 
cause the rotor to rotate on the sleeve and cause the 

shift collar to move in an aXial direction relative to the 
sleeve. 

13. The method according to claim 12 wherein applying 
current to the coil in one direction causes the rotor to rotate 
in a ?rst direction and the shift collar to move in a ?rst 
direction, and applying current to the coil in an opposite 
direction causes the rotor to rotate in a second opposite 
direction and the shift collar to move in a second opposite 
direction. 

14. The method according to claim 12 further comprising 
maintaining the orientation of the shift collar relative to the 
output shaft when the shift collar is axially moved. 

15. The method according to claim 12 further comprising 
providing the coil in a coil housing and mounting the coil 
housing to the outer surface of the sleeve. 

16. The method according to claim 12 wherein the rotor 
is threadably coupled to the shift collar. 


