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(57) ABSTRACT 

A synchronizer clutch assembly includes a clutch hub which 
is axially movably mounted on a shaft, a gear which is 
axially spaced from the hub and which is journally mounted 
on the shaft and rotatable independent thereof, one of the 
hub or the gear having a conical friction Surface formed 
thereon, and a synchronizer ring positioned between the hub 
and the gear. The synchronizer ring is coupled to the hub or 
the gear for rotation therewith and has a complementary 
conical friction Surface formed thereon which is engageable 
with the conical friction surface on the hub or the gear. The 
synchronizer ring is composed of a plurality of separate 
arcuate segments arranged in a ring, which are movable 
between a first expanded configuration and a second, con 
tracted configuration. 

19 Claims, 6 Drawing Sheets 
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SEGMENTED SYNCHRONIZER CLUTCH 

BACKGROUND OF THE INVENTION 

The present invention relates to automotive transmissions 
and more particularly to synchronizer clutches for control 
ling changes in transmission gearing. 

Synchronizer clutch assemblies are used to facilitate the 
Smooth engagement of meshing teeth during changes of 
gears in a transmission. A typical assembly includes a hub 
positioned between two gears of different pitch diameter, the 
hub having a central opening in which are formed a plurality 
of teeth for drivingly mounting the hub on a drive shaft. A 
clutch sleeve with internal clutch teeth is mounted for axial 
sliding movement on the hub, and each gear also carries 
corresponding external sleeve teeth which are engageable by 
the inner teeth of the sleeve in order to create a drive path 
from the shaft, through the hub and sleeve to the gear. Each 
gear also carries an external cone clutch Surface which is 
engageable by a complementary internal cone clutch Surface 
formed on a synchronizer ring disposed between the hub and 
each gear. Upon movement of the sleeve towards a gear, the 
associated synchronizer rings are first engaged and caused to 
move axially towards the gear so as to bring its internal cone 
Surface into engagement with the external Surface formed on 
the gear. The resulting frictional engagement ensures that the 
speeds of the hub and gear are synchronized before the 
sleeve is slide further into engagement with the sleeve teeth 
of the gear, thereby ensuring Smooth engagement. Examples 
of Such synchronizers are shown in European Patent no. 
0756098, U.S. Pat. No. 2,221,900 and U.S. Pat. No. 3,366, 
2O8. 

These conventional synchronizers have the disadvantage, 
however, that if the cone surfaces on the gear and the 
synchronizer ring are formed with taper angles that are too 
Small, that is, which are shallower than the friction angles 
determined by the material dependent frictional L factors, 
then cone jam occurs, in which the frictional forces between 
the synchronizer ring and the gear are so great as to prevent 
disengagement of the two parts and hence jam the transmis 
Sion in gear. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided a 
clutch hub assembly which, in use, is non-rotatably but 
axially movably mounted on a torque delivery shaft, at least 
one gear assembly which is axially spaced from the hub 
assembly and which, in use, is journal mounted on the shaft 
so as to be rotatable independent thereof, one of the hub 
assembly and the at least one gear assembly having a conical 
friction Surface formed thereon, at least one synchronizer 
ring positioned between the hub assembly and the at least 
one gear assembly, the or each synchronizer ring being 
coupled to the other of the hub assembly and the at least one 
gear assembly for rotation therewith and having a comple 
mentary conical friction surface formed thereon which is 
engageable with the conical friction surface of the one of the 
hub assembly and the at least one gear assembly in order 
create a drive coupling therebetween, characterized in that 
the or each synchronizer ring is composed of a plurality of 
separate arcuate segments arranged in a ring, which seg 
ments are movable between a first expanded configuration in 
which the synchronizer ring has a first radius and a second 
contracted configuration in which the ring has a second 
radius, movement of the hub assembly towards the at least 
one gear assembly urging the segments of the or each 
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2 
synchronizer ring, into one of said first and second configu 
rations so that the conical friction Surface of the ring is 
pressed against the friction surface of the one or the hub 
assembly and the gear assembly, thereby drivingly coupling 
the hub assembly to the at least one gear assembly. 
The present invention further provides a synchronizer ring 

for a synchronizer clutch assembly according to the inven 
tion, comprising a plurality of separate arcuate segments 
arranged to form a closed ring, each segment including a 
friction surface which together form a conical friction sur 
face for the synchronizer ring. 
A synchronizer clutch assembly according to the inven 

tion and a synchronizer ring therefore has the advantage that 
it simplifies transmission synchronization by eliminating the 
need for a separate synchronizer ring, sleeve Struts and drive 
teeth and all the functional variables associated with these 
separate components. Furthermore, the segmented synchro 
nizer ring eliminates the possibility of cone jam occurring 
during disengagement of a gear, thereby enabling cone 
angles to be used which are much smaller than has been 
possible with conventional synchronizer Systems and hence 
allowing cone torque to be increased. 
The elimination of dog teeth on the synchronizer ring also 

simplifies the structure of the assembly and the associated 
manufacturing costs and also makes engagement much 
Smoother. 

In the preferred embodiment, the conical friction surface 
of the one of the hub and the gear is formed as an external 
cone Surface which is engaged by an internal friction cone 
Surface formed on the synchronizer ring, biasing means 
being associated with the segments of the ring which urge 
them into their expanded configuration. This has the advan 
tage that, upon release of the engagement force from the 
hub, the segments will automatically lift off from the friction 
Surface of the hub/gear, thereby ensuring reliable disengage 
ment of drive through the gear. Movement of the hub 
towards the gear then causes the segments to be pressed 
towards their contracted configuration and into engagement 
with the friction surface against the biasing load of the 
biasing means. The biasing means particularly advanta 
geously takes the form of a plurality of segment springs 
which are positioned between adjacent segments and urges 
them circumferentially apart. Each segment is, then, advan 
tageously formed with a recess in each circumferential end 
for location of the segment springs. 

In an alternative embodiment not shown, the one of the 
hub and the gear is formed with an internal friction cone 
Surface which is engaged by an external cone surface formed 
on the synchronizer ring, the segments being urged into their 
expanded configuration upon movement of the hub towards 
the gear So as to frictionally engage the cone and effect a 
drive coupling between the hub and the gear. A spring band 
member may also then be provided around the segments, for 
example, housed within a circumferential groove formed in 
the segments which urges them into their contracted con 
figuration upon movement of the hub away from the gear. 

In one embodiment, the gear is formed with a first internal 
friction cone Surface and a second external cone surface, the 
assembly including a first segmented synchronizer ring 
associated with the first cone surface, which first ring has an 
external cone surface formed thereon, and a second seg 
mented synchronizer ring associated with the second cone 
Surface, which second ring has an internal cone surface 
formed thereon, movement of the hub towards the gear 
urging the segments of the first synchronizer ring radially 
outward into engagement with the first cone Surface of the 
gear and urging the segments of the second synchronizer 
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ring radially inwards into engagement with the second cone 
Surface of the gear. In this way, the torque capacity of the 
clutch is significantly increased in a manner which has not 
been possible with conventional assemblies due to the high 
risk of friction locking. 

In one further embodiment, the conical friction surface is 
formed on the gear and the synchronizer ring is housed 
within the hub. However, the reverse configuration, with the 
conical friction surface or surfaces being formed as the hub 
may also be used. 

Drive coupling between the or each synchronizer ring and 
the other of the hub and the gear is preferably effected by 
means of a plurality of radial tabs formed on the segments 
which engage radial pockets formed in the other of the hub 
and the gear. This arrangement provides a reliable coupling 
between the hub which is also easy to assemble. The relative 
radial extent of the tabs and pockets should be such that 
engagement is maintained in both the expanded and the 
contracted configurations of the segments. 

Further objects and advantages of the present invention 
will become apparent by reference to the following descrip 
tion of the preferred embodiment and appended drawings 
wherein like reference numbers refer to the same compo 
nent, element, or feature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the invention may be well understood, there 
will now be described some embodiments thereof, given by 
way of example, reference being made to the accompanying 
drawings, in which: 

FIG. 1 is a sectional side view of a synchronizer assembly 
of a first embodiment of the invention; 

FIG. 2 is a sectional side view of a hub which forms part 
of the assembly of FIG. 1; 

FIG. 3 is a perspective view of the hub of FIG. 2: 
FIG. 4 is a perspective view of a segment of a synchro 

nizer ring which forms part of the present invention; 
FIG. 5 is an exploded perspective view of the hub and 

synchronizer ring; 
FIG. 6 is an end view of the hub of FIG. 2 with the 

segmented synchronizer ring mounted therein; 
FIG. 7 is a perspective, cut away view of left and right 

segmented synchronizer rings with associated release 
Springs; 

FIG. 8 is an end view of the segmented synchronizer ring: 
FIG. 9 is a cut away view of the assembled synchronizer 

rings and release springs; 
FIG. 10 is a perspective view of a hub and synchronizer 

ring assembly according to a second embodiment of the 
invention in which each side of the hub is provided with a 
pair of segmented synchronizer rings; 

FIG. 11 is an exploded view of the clutch hub assembly 
of FIG. 10 with mating synchronizer engagement plates; and 

FIG. 12 is a sectional side view of a synchronizer assem 
bly according to a second embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED AND ALTERNATE 

EMBODIMENTS 

Referring first to FIGS. 1 and 2, there is shown a sectional 
side view of a bi-directional segmented synchronizing clutch 
assembly according to the invention. The assembly includes 
a hub 1 having a central opening 2 on the inner circumfer 
ential surface of which is formed a plurality of teeth 3 as 
shown more clearly in FIG. 3. A shaft member 5 extends 
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4 
through said opening 2 in the hub 1 and has a plurality of 
external splines or teeth 6 which engage with the teeth 3 of 
said opening 2 so that the hub 2 is secured to and rotates with 
the shaft 5 whilst permitting axially movement of the hub 1 
along the shaft. Such axial movement of the hub 1 is effected 
by means of a linkage arm (not shown) which engages a 
circumferential groove 7 formed in the outer surface of the 
hub 1 and may be achieved manually, hydraulically, elec 
tronically, electro-magnetically or by any other well known 
CaS. 

The hub 1 is positioned on the shaft 5 between a pair of 
gears 10, 11 having different gear ratios. In the assembly 
shown in FIG. 1, the left hand gear 10 is a large pitch 
diameter gear and the right hand gear 11 is a small pitch 
diameter gear. Each gear 10, 11 is journally mounted on the 
shaft 5 so as to be rotatable about the longitudinal axis of the 
shaft independent thereof and each meshes with an associ 
ated second gear (not shown) which is, in turn, drivingly 
mounted on a second shaft (not shown) for transmitting 
drive between each of the gears 10, 11 and the second shaft. 

Each gear 10, 11 is further formed with a circumferen 
tially extending conical friction surface 12, 13 on its side 
facing the hub 1, which surface tapers inwardly towards the 
hub 1 as shown in FIG. 1. Synchronizer rings 15, 16 are 
positioned in axially extending recesses 17, 18 formed in 
opposite sides of the hub 1 and the inner circumferential 
surface 19, 20 of each ring 15, 16 is formed as an internal 
cone clutch Surface having an angle of inclination corre 
sponding to the angle of the corresponding cones Surfaces 
12, 13 of the gears 10, 11. The inner surfaces 19, 20 of the 
rings 15, 16 may also be covered with friction members (not 
shown) which are well known in the art. The matching 
contact angles on the cone surface of the gears 10, 11 and the 
synchronizer rings 15, 16 are calculated from the LL factor of 
the construction material used to achieve ease of cone 
disengagement. 
As more clearly shown in FIGS. 5 and 8, each ring 15, 16 

is formed from a plurality of individual arcuate segments 
15a, 15b, 15c, 15d, which are arranged circumferentially to 
form a closed segmented synchronizer ring 15. One Such 
segment is shown in FIG. 4. In the illustrated embodiment, 
the ring 15 is formed from four identical segments which 
each subtend an angle of substantially 90 degrees. However, 
it will be understood that more or fewer segments may be 
used and that the segments may be of differing circumfer 
ential extents. Each segment furthermore includes a plurality 
of radially extending tabs 21 on its outer circumferential 
Surface which engage complementary shaped pockets 22 
formed in the inner circumferential Surface of each opening 
17, 18 of the hub 1 so as to couple the segments to the hub 
1 to prevent relative rotational movement therebetween. 
Camming Surfaces (not shown) are also provided in the 
openings 17, 18 in the hub 1 which press the segments 
towards the gear cone 12, 13 upon movement of the hub 1 
towards the gear 10, 11, and a separating spring 25 is 
positioned between adjacent segments 15a, 15b which urges 
the segments apart and hence biases the segmented ring 15. 
16 into an expanded configuration in which it adopts its 
maximum possible radial size. The extent of this expansion 
is limited by the relative radial sizes of the segmented rings 
15, 16 and the recesses 17, 18 in the hub 1 in which they are 
housed. 

The camming action may be developed between the outer 
surfaces of the tabs 21 and the inner surfaces of the pockets 
22 in the openings 17.18, or may be developed between the 
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outer Surfaces of the portions of the segments extending 
between the tabs 21 and the corresponding portions of the 
openings 17.18. 

Furthermore, the separating springs 25 may be housed 
within recesses in the Surface of the segments as shown or 
may take the form of compression springs which are housed 
in circumferentially extending bores formed in the mating 
circumferential faces of the segments. 
A return spring 26 is also positioned around the conical 

friction surface 12, 13 of each gear 10, 11, between each gear 
10, 11 and its associated synchronizer ring 15, 16, each 
return spring 26 engaging the front axial face of the asso 
ciated synchronizing ring 15, 16 and urging it away from the 
gear, towards the hub 1, and hence out of engagement with 
the conical friction surface of the gears 10, 11. Due to the 
speed differential between the gears 10, 11 and the hub 1 
before synchronization commences, a spring plate 30 is 
positioned between the segments and each return spring 26 
So as to provide a true running Surface. 
The assembly operates as follows: 
In the neutral position, the hub 1 is positioned mid-way 

between the two gears 10, 11 in which position the biasing 
force of the return springs 26 associated with the gears 10, 
11 is balanced. The separating springs positioned between 
the segments of each synchronizer ring 15, 16 bias the 
segments apart and cause the rings 15, 16 to expand radially 
to their maximum permissible size, thereby ensuring that the 
inner surfaces 19, 20 of the synchronizer rings 15, 16 are 
fully disengaged from the conical friction surfaces 12, 13 of 
the gears 10, 11 and hence that the hub 1 and shaft 5 are free 
to rotate together independently of each of the gears 10, 11. 

In order to engage the large pitch diameter gear 10, the 
hub 1 is moved axially on the shaft 5 towards the gear 10 by 
operation of the linkage arm, against the loading of the 
return spring 26. As the hub 1 moves along the shaft 5, the 
segments 15a, 15b, 15c, 15d of the synchronizer ring 15 are 
initially moved axially towards the gear 10 by the engage 
ment drive due to the engagement of the inner axial faces of 
the tabs 21 with the axial end faces of the recesses 22 of the 
hub 1, until the inner cone surface 19 of the synchronizer 
ring 15 makes contact with the outer cone surface 12 of the 
gear 10 and begins to synchronize the speed of the two parts. 
At this stage, the frictional contact between the two cone 
surfaces inhibits the further axial movement of the segments 
and the engagement force on the hub 1 causes the segments 
to be pressed firmly against and eventually locked onto the 
gear cone 12, thereby achieving the drive coupling between 
the hub 1 and the gear 10. Since the drive coupling is 
effected only by means of the frictional engagement between 
the two cone surfaces, synchronization is achieved auto 
matically through slippage between the friction Surfaces 
during the initial engagements. 

In order to disengage the drive to the gear, the hub 1 is 
moved axially away from the gear 10, releasing the engage 
ment pressure of the synchronizer ring cone surface 19 on 
the gear friction surface 12. The return spring 26 is then free 
to urge the ring segments 15a, 15b, 15c, 15d axially away 
from the gear 10, thereby disengaging them from the cone 
surface 12 of the gear 10 and hence breaking the drive 
linkage between the shaft and the gear 10. Once the engage 
ment pressure of the hub 1 on the segments is removed, it is 
impossible for so called cone-lock to occur, that is for the 
segments 15a, 15b, 15c, 15d to remain locked on the gear 
cone, since the action of the separating spring 25 urges the 
individual segments of the synchronizer ring 15 apart, 
thereby ensuring that segments 15a, 15b, 15c, 15d lift off of 
the cone face 12 of the gear 10 so as to break the frictional 
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6 
engagement therebetween and hence that there is no impedi 
ment to the return spring 26 moving the segments with the 
hub 1 to the neutral position. Reliable disengagement of the 
gear 10 is thereby ensured for all cone angles, and the radial 
gap between the synchronizer rings 15, 16 and the cone 
Surfaces 12, 13 of the gears resulting from the expansion of 
the rings when in their neutral position ensure drag is 
eliminated whilst enabling lubrication of the friction mate 
rial to take place. 

Engagement and disengagement of the Small pitch diam 
eter gear is achieved in a similar fashion, with the separating 
springs 26 on the free running gear side of the hub 1 ensuring 
that the synchronizer ring on that side is kept clear of the 
cone surface of that gear. 

Although in the above described embodiment the gears 
carry the conical friction Surface and the segments of the 
synchronizer ring are housed in and permanently non 
rotatably coupled to the hub, it will, of course, be understood 
that the present invention also allows this configuration to be 
reversed so that the hub is provided with a conical friction 
Surface associated with each gear and each synchronizer is 
non-rotatably coupled to a gear, movement of the hub 
towards one of the gear causing the synchronizer ring 
mounted to that gear frictionally to engage the friction 
surface of the hub and hence to drivingly couple the hub to 
the gear. 

Referring now to FIGS. 10 to 12, there is shown a second 
embodiment of the invention. The hub 101 of this embodi 
ment again has a central opening 102 for mounting onto a 
drive shaft and splines 103 formed on the surface of the 
opening 102 for non-rotatably but axially slidably mounting 
the hub 101 to the shaft. The hub 101 has a tapering annular 
axial extension 108a, 108b formed on each side, the outer 
annular surface 109 of which tapers radially inwardly as it 
extends away from the hub 101 so as to form an outer 
frustoconical friction surface 109 and the inner annular 
surface 110 of which tapers radially outwardly in a direction 
away from the hub 101 so as to form an inner frustoconical 
friction surface 110. 
A first outer segmented Synchronizer ring 115 is arranged 

around the outer frustoconical surface 109 of the hub 101, 
the outer segmented ring 115 having an inner frustoconical 
friction surface formed thereon which, upon contraction of 
the ring 115, engages the outer friction surface 109 of the 
hub 101 so as to effect a drive coupling therewith. A second 
inner segmented synchronizer ring 120 is positioned radially 
inwardly of an inner frustoconical friction surface 110 of the 
hub 101, the inner segmented ring 120 having an outer 
frustoconical friction surface 121 formed thereon which, 
upon radial expansion of the inner ring 120, engages with 
the inner frustoconical friction surface 110 of the hub 101 so 
as to effect a drive coupling therewith. Separating springs 
125a are provided between the segments of the outer ring 
115 which operate to urge the segments radially apart and 
hence bias the first outer ring 115 into a de-energized 
position, whilst Suitable compliant restraining means such as 
a spring clip 125b extends around the segments of the inner 
synchronizer ring 120 so as to urge the segments thereof 
radially inward into engagement with each other and hence 
bias the inner ring 120 also into a de-energized position. 
Each of the segments of the inner and outer rings 120, 115 
also have radial tabs 126 formed on the radial surface 
opposite the friction surface, the tabs 126 of the outer ring 
115 extending radially outwardly from the outer surface of 
the segments and the tabs 126 of the inner ring 120 extend 
ing radially inward from the inner Surface of the segments. 
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An engagement plate 111a, 111b is provided on each side 
of the hub 101, each plate 111a, 111b being non-rotatably 
mounted on its associated gear and having an annular recess 
112 formed in its side facing the hub 101 in which the facing 
annular extension 108a, 108b, of the hub 101 engages. The 
inner and outer radial surfaces 112a and 112b of the recess 
112 have pockets 119 formed therein in which the tabs 126 
of the synchronizer rings 115.120 engage so as to non 
rotatably couple the synchronizer rings 115,120 to the 
engagement plate 111a. The height of the tabs 126 and depth 
of the pockets 119 are such that the tabs 126 remain engaged 
in the pockets 119 and hence the rings 115,120 remain 
coupled to the plate 111a as each ring moves between its 
expanded and its contacted configuration. The relative 
dimensions of the engagement plate 111a, the hub 101 and 
the drive shaft are such that the engagement plate 111a does 
not interfere with rotation of the drive shaft whilst the inner 
and outer surfaces 112a and 112b of the recess 112 limit 
respectively the maximum expansion and contraction of the 
outer and inner synchronizer rings 115,120 and hence main 
tains the segments in place around the friction Surfaces 
formed on the hub 101. 
As illustrated in FIGS. 11 and 12, the engagement plates 

111a, 111b are formed separately from the gears and have 
splines 130 formed on their inner circumferential surface 
129 which engage with complementary shaped splines 131 
formed on an outer circumferential surface 132 of each gear 
So as non-rotatably to lock each engagement plate 111a, 111 
b to its associated gear 117a, 117b, this arrangement having 
the advantage of simplifying manufacture and assembly of 
the clutch. However, the skilled person will understand that 
each engagement plate may alternatively be integrally 
formed with its associated gear. 

At least one of the pockets 119 formed in the recess 112 
of each engagement plate 111a, 111b and the tabs 126 of the 
synchronizer rings 115, 120 are formed with camming 
surfaces such that, upon movement of the hub 101 towards 
one of the gears 117a, 117b, interaction of the tabs 126 with 
the bottom of the pockets 119 develops a camming action 
which urges the tabs 126 out of the pockets 119 and hence 
presses the segments into engagement with the associated 
friction surface 109, 110 of the hub 101 in similar manner to 
the embodiment of FIGS. 1 to 9. In this way, as the hub 101 
is pressed towards one of the gears, both the inner ring 120 
and the outer ring 115 simultaneously engage opposite sides 
of the annular axial extension 108 of the hub 101, producing 
a particularly effective synchronizing load whilst minimiz 
ing stresses in the axial extension 108 due to the engagement 
forces being balanced. Alternatively, the camming action 
may be developed between the sections of the segments 
extending between the tabs 126 and the corresponding 
surfaces of the recesses 112. 
Upon releasing the axial engagement load from the hub 

101 in order to disengage drive through the engaged gear, 
thereby removing the cam loading on the segments, if there 
is any cone lock between the segments and the hub 101, the 
segments will initially move axially with the hub 101 away 
from their associated gear into a position in which there is 
a radial clearance between the inner and outer segments 120, 
115 and the associated plate 111a, 111b. The biasing force 
exerted on the outer ring 115 by the separating springs 125a 
located between the outer segments will then cause the outer 
ring 115 to expand, disengaging it from the outer cone 
surface of the hub 101 so as to break the drive coupling 
therethrough. Similarly, the biasing force exerted on the 
inner ring 120 by the spring clip 125b provided around the 
segments of the inner ring 120 will then cause the inner ring 
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8 
120 to contract into the radial clearance, disengaging it from 
the inner cone surface of the hub 101 and hence breaking the 
drive coupling through the inner ring 120. If there is no cone 
lock between the inner and outer rings 120, 115 and the cone 
of the hub 101, the friction surfaces 109, 110 of the hub 101 
will simply retract from between the inner and outer rings 
120, 115 leaving the segments axially unmoved. 

In the embodiment illustrated in FIG. 12, outer and inner 
release springs 135a, 135b, preferably in the form of wave 
of plate springs, are provided between the inner and outer 
rings 120, 115 respectively and the hub 101, which operate 
to urge the segments axially towards their associated 
engagement plate 111a, 111b. In this way, in the case when 
the segments initially move axially with the hub 101 due to 
cone lock, once released, they will move back towards the 
engagement plate 111a, 111b under the action of the release 
spring 135a, 135b, thereby maintaining the maximum sepa 
ration between the segments and the cone surfaces of the hub 
101 when the hub 101 is disengaged. It will, however, be 
understood that in some circumstances, the release springs 
135a, 135b may be positioned on the other side of the 
synchronizer rings So as to urge the segments away from the 
engagement plates 11a, 11b into positions in which they can 
expand/retract away from the cone surfaces of the hub 101. 
Furthermore, the release spring may, in Some configurations, 
be omitted completely. It will, of course, be understood that 
in all configurations the relative angles of the engaging 
camming Surfaces must be such that no friction lock can 
occur between the segments and the engagement plates 
111a, 111b, which might prevent disengagement. 

Although the above embodiment has been described with 
the annular recess 112 formed in the engagement plates 
111a, 111b and the annular axial extension upon which the 
inner and outer friction surfaces are carried formed on the 
hub 101, it will, of course, be understood that the invention 
may also operate with the reverse configuration, i.e. with the 
or each conical friction Surface formed on the gear or 
engagement plate and the pockets in which the tabs of the 
synchronizer rings engage formed in the hub 101. 

Furthermore, in an embodiment which is not illustrated, a 
single segmented synchronizer ring having an outer conical 
friction Surface may be associated with each gear, that single 
friction ring operating in a similar manner to the internal 
synchronizer ring of the embodiment of FIGS. 10 to 12 
during engagement and disengagement of drive through the 
gear. 

Although the invention has been described in connection 
with synchronizer rings for clutches, it will be understood by 
the skilled reader that the segmented ring of the invention 
has wider application in any field in which a rotational 
friction drive coupling is required where cone lock might be 
a problem, and also may be utilized where rotational fric 
tional engagement is used as a means for arresting motion, 
Such as in a braking system. 
The present invention therefore further provides a friction 

coupling assembly comprising a first member having at least 
one conical friction Surface formed thereon, a second mem 
ber having a segmented ring non-rotatably coupled thereto, 
the segmented ring having a friction Surface formed thereon 
which is engageable with the conical friction surface of the 
first member, and being movable between a first expanded 
configuration in which the ring has a first radius and a 
second contracted configuration in which the ring has a 
second radius Smaller than said first radius, at least one of 
said first and second members being rotatable, whereby 
actuation of the assembly, in particular upon movement of 
one of said first and second members towards said other of 
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said first and second members, said ring is urged into one of 
said expanded and contracted configurations such that said 
friction Surface is pressed against the conical friction Surface 
of the first member so as to frictionally couple said first and 
second members. 
One of the members may be rotationally fixed such that, 

upon actuation, a rotation arresting force is applied to the 
other member, the members, for example, forming part of a 
vehicle braking system. Alternatively, both members may be 
rotatable, the segmented ring providing a drive coupling 
between members. The system may also have applications in 
torque drive systems and devices, during acceleration or 
declaration, or in any other drive coupling or drive assisting 
system which utilized a friction coupling. 

It will further be understood that all developments and 
variants described above in connection with the synchro 
nizer clutch embodiment of the invention are also applicable 
to the other possible applications for the friction coupling 
assembly. 
We claim: 
1. A synchronizer clutch assembly comprising a clutch 

hub assembly non-rotatably but axially movably mounted 
on a torque delivery shaft, at least one gear assembly axially 
spaced from the hub assembly and journally mounted on the 
shaft so as to be rotatable independent thereof, one of the 
hub assembly and the at least one gear assembly having a 
conical friction Surface formed thereon, at least one syn 
chronizer ring positioned between the hub assembly and the 
at least one gear assembly, the or each synchronizer ring 
being housed within an annular recess formed in the other of 
the hub assembly and the at least one gear assembly and 
coupled to the other of the hub assembly and the at least one 
gear assembly for rotation therewith and having a comple 
mentary conical friction surface formed thereon which is 
engageable with the conical friction surface of the one of the 
hub assembly and the at least one gear assembly in order 
create a drive coupling therebetween, characterized in that 
the or each synchronizer ring is composed of a plurality of 
separate arcuate segments arranged in a ring, and movable 
between a first expanded configuration in which the Syn 
chronizer ring has a first radius and a second contracted 
configuration in which the ring has a second radius and 
having biasing means associated with the or each synchro 
nizer ring which urges said segments into the other of said 
first and second configurations in which the conical friction 
Surface of the or each ring is disengaged from the friction 
surface of the one of the hub assembly and the gear 
assembly, movement of the hub assembly towards the at 
least one gear assembly urging the segments of the or each 
synchronizer ring, into one of said first and second configu 
rations so that the conical friction Surface of the ring is 
pressed against the friction surface of the one or the hub 
assembly and the gear assembly, thereby drivingly coupling 
the hub assembly to the at least one gear assembly. 

2. A synchronizer clutch assembly according to claim 1, 
wherein each segment includes a plurality of radial tabs 
which engage complementarily shaped pockets formed in 
the other of the hub assembly and the gear assembly so as 
to non-rotatably couple the segments thereto. 

3. A synchronizer clutch assembly according to claim 1, 
wherein the one of the hub assembly and the gear assembly 
has an external conical friction surface formed therein which 
is engageable by an internal conical friction Surface formed 
on the at least one synchronizer ring, the other of the hub 
assembly and the gear assembly co-operating with the or 
each synchronizer ring to press said segments radially 
inwardly towards their second contracted configuration and 
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10 
into engagement with said external friction Surface upon 
axial movement of the hub assembly towards the gear 
assembly. 

4. A synchronizer clutch assembly according to claim 3, 
wherein said biasing means urges said segments into their 
first, expanded configuration. 

5. A synchronizer clutch assembly according to claim 3, 
wherein the other of the hub assembly and the gear assembly 
limits the radial expansion of the synchronizer ring. 

6. A synchronizer clutch assembly according to claim 3, 
wherein the other of the hub assembly and the gear assembly 
includes inclined surfaces which engage with the segments 
and urge them toward their contracted configuration upon 
axial movement of the hub assembly toward the gear assem 
bly. 

7. A synchronizer clutch assembly according to claim 1, 
wherein said biasing means comprises a separating spring 
positioned between adjacent ring segments which urges said 
segments apart circumferentially. 

8. A synchronizer clutch according to claim 1, wherein the 
one of the hub assembly and the gear assembly has an 
internal friction Surface formed thereon which is engageable 
by an external conical friction surface formed on the at least 
one synchronizer ring, the other of the hub assembly and the 
gear assembly co-operating with said at least one synchro 
nizer ring to press said segments thereof radially outwardly 
towards their first expanded configuration and into engage 
ment with said internal friction Surface upon axial move 
ment of the hub assembly towards the gear assembly. 

9. A synchronizer clutch according to claim 8, wherein 
said biasing means urges said segments of said at least one 
synchronizer ring into their second contracted configuration. 

10. A synchronizer clutch assembly according to claim 8. 
wherein the other of the hub assembly and the gear assembly 
includes inclined surfaces which engage with the segments 
to urge them toward their expanded configuration upon axial 
movement of the hub assembly toward the gear assembly. 

11. A synchronizer clutch according to claim 1, wherein 
said biasing means comprises a spring clip which extends 
around the outside of the segments and urges them radially 
inward. 

12. A synchronizer clutch according to claim 1, wherein 
the other of the hub assembly and the gear assembly limits 
the radial contraction of said at least one synchronizer ring. 

13. A synchronizer clutch assembly according to claim 1, 
wherein a return spring is provided between the one of the 
hub assembly and the or each gear assembly and the 
synchronizer ring which urges the synchronizer ring axially 
away from said one of the hub assembly and the or each gear 
assembly. 

14. A synchronizer clutch assembly according to claim 13, 
wherein the return spring is a compression spring. 

15. A synchronizer clutch assembly according to claim 13, 
wherein a spring plate is located between the return spring 
and the synchronizer ring. 

16. A synchronizer clutch assembly according to claim 1, 
wherein the hub assembly has a central through opening in 
which are formed a plurality of teeth which, engage with 
splines formed on the outer surface of the shaft to rotatably 
couple the hub assembly to the shaft. 

17. A synchronizer clutch assembly according to claim 1, 
further including a second gear assembly which is journal 
mounted on the shaft, the hub assembly being position 
between the first and the second gear assemblies and having 
a second synchronizer ring positioned between the hub 
assembly and the second gear assembly. 
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18. A synchronizer clutch assembly according to claim 1, 
wherein a pair of segmented synchronizer clutch rings are 
coupled to the other of the hub assembly and the or each gear 
assembly for rotation therewith, one of said rings having an 
internal conical friction Surface for engagement with a 
complementary external friction Surface formed on the one 
of the hub assembly and the at least one gear assembly and 
the other of said rings having an external conical friction 
Surface for engagement with a complementary internal fric 
tion surface formed on the one of the hub assemblies and the 
at least one gear assembly, whereby the drive coupling 
between said hub assembly and the or each gear assembly is 
effected through both of said pair of rings simultaneously. 

19. A synchronizer clutch assembly comprising a clutch 
hub assembly non-rotatably but axially movably mounted 
on a torque delivery shaft, at least one gear assembly axially 
spaced from the hub assembly and journally mounted on the 
shaft so as to be rotatable independent thereof, one of the 
hub assembly and the at least one gear assembly having a 
conical friction Surface formed thereon, at least one syn 
chronizer ring positioned between the hub assembly and the 
at least one gear assembly, the or each synchronizer ring 
being coupled to the other of the hub assembly and the at 
least one gear assembly for rotation therewith and having a 
complementary conical friction Surface formed thereon 
which is engageable with the conical friction surface of the 
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one of the hub assembly and the at least one gear assembly 
in order create a drive coupling therebetween, characterized 
in that the or each synchronizer ring is composed of a 
plurality of separate arcuate segments each including a 
plurality of radial tabs which engaged complementarily 
shaped pockets formed in the other of the hub assembly and 
the gear assembly so as to non-rotatably couple the segments 
together, said segments arranged in a ring, and movable 
between a first expanded configuration in which the Syn 
chronizer ring has a first radius and a second contracted 
configuration in which the ring has a second radius and 
having biasing means associated with the or each synchro 
nizer ring which urges said segments into the other of said 
first and second configurations in which the conical friction 
Surface of the or each ring is disengaged from the friction 
surface of the one of the hub assembly and the gear 
assembly, movement of the hub assembly towards the at 
least one gear assembly urging the segments of the or each 
synchronizer ring, into one of said first and second configu 
rations so that the conical friction Surface of the ring is 
pressed against the friction surface of the one or the hub 
assembly and the gear assembly, thereby drivingly coupling 
the hub assembly to the at least one gear assembly. 


