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TRANSMISSION SYSTEM

This invention relates to a transmission systemn comprising a drive sprocket and a drive
member and to a drive sprocket forming part of such a transmission system, and to a

drive member forming part of the fransmission system.

Drive sprockets, or pulleys, having a plurality of teeth for use with drive members such
as power transmission chains or belts are well known, and often take the form of a
substantially circular sprocket having a plurality of teeth spaced apart around an cuter

circumference of the sprocket.

A variety of different drive members may be used with such drive sprockets.,

A first type of known drive member is a powser transmission chain in the form of a roller
chain. The rolier chain has a plurality of engaging formations for enabling engagemeant
with the drive sprocket. The engaging formations are in the form of receiving
formations, for receiving the teeth of the drive sprocket. An example of a use of a
roller chain is for a bicycle. The roller chain for a bicycle passes around a front drive
sprocket in the form of a crank drive sprocket, and it alsc passes around a rear drive
sprocket in the form of a gear wheel. The known relier chains are also able {o be used
in many other different types of apparatus including, for example, tricycles,

motorcycies and chain saws.

A second type of known drive member is a power {ransmission chain comprising a
silent chain. The silent chain alsc has a plurality of engaging formations for enabling
engagemeant with the drive sprocket. The engaging formations ara in the form of tooth
formations for being received in receiving recesses formed between adjacent testh on
the drive sprocket. The silent chain is used for high torque applications which need

high efficiency and the transfer of a lot of power.

Typical of such applications is the use of a silent chain as a timing chain for engines.

The silent chain is alsg often referred to as a HY-VO chain.

A third type of know drive member is a belt which is adapted to engage with the teeth
of a sprocket.

As is well known, a drive member enables transmission of power betwesn drive

sprockets. Known drive sprockets may drive the drive member as in the case of a
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front sprocket drive sprocket on a bicycle, or the drive sprockets may be driven by the

drive member as in the case of rear gear drive sprockets on a bicycle.

tis known that power transmission chains are formead by chain links which are pivotaily
contacted together by pivols which extend transversely completely across the chain
tink.

The known drive members and known drive sprockets do not transmit powsr as
efficiently as would be desired. More specifically, the known drive members invariably
make contact with the drive sprockets under significant loads, and in such situations,
the drive members frequently tend to move reiative {0 the teeth of the sprocket whilst
maintaining contact under this high lcading. The resuit is that the known power

transmission chains do not work afficiently on the drive sprockets.

Known power transmission drive members include power transmission chains or belts

which are adapted o engage with the teeth of a drive sprocket or pulley.

For example, rolier or bush chains, or hollow pins chains which are a variation of
standard roller or bush chains are adapted to transmit rotational motion from one
rotating shaft to another by meshing with the teeth of a sprocket attached to each of

the shafts.

Standard bush chains comprise inner and outer links, where the inner links comprise
two spaced apart inner plates connecled by two bushes with press fits between plates
and bushes, The outer links comprise two spaced apart cuter plates connected by two
pins with press fits between plates and pins. In standard roller chains, the bushes of
the inner links pass through rollers which are free to rotate arcund the outer surface
of the bushes and are contained within the inner link by the plates of the link. In both
hollow pin chains and standard bush and roller chains, the links are connected by
means of a pin of an outer link passing through the bush of an adjacent inner link.
Adiacent cuter and inner links are able to rotate relative to one another about this pin-
bush interface whilst simultaneously carrying load. A chain of connected iinks is able
to form a loop and articulate around multiple sprockets, transferring torgue and rotary

rnotion between the sprocket axes.

A hollow pin bush chain is similar to a standard bush chain except that the pins of the
outer link are hollow. Such a configuration allows for attachments to be readily fitted
to the chain, primarily for conveying purposes. Attachments may be fitted by inserting
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pins through the hollow pins of the chain. Hollow pins also allow the weight of the

chain to be reduced whilst maintaining the stiffness of the components.

In known holiow pin bush chains, each tooth of a drive sprocket is received between
two adjacent bushes. Each tooth makes contact with one of the two adjacent bushes

and transfers load between the chain and the sprocket at this contact interface.

A disadvantage of such known power transmission chains is that power is not
transmitted efficiently in many cases. More specifically, known power {ransmission
drive members invariably make contact with drive sprockets under significant ioads,
and in such situations, the drive members freguently tend to move relative to the teeth
of the sprockets whilst maintaining contact under this high lsading. The result is that

known power transmission members do not work efficiently on drive sprockets.

In addition, when the chain links of known drive members articulate at connecting
pivots, friction leads 1o energy losses and component wear. This results in further

efficiency losses and decreased drive lifelime.

Summary of the Invention

According to a first aspect of the present invention there is provided a drive sprocket
comprising a plurality of teeth for meshing with a drive member to ransmit rotary
motion, the drive member including a plurality of engagement pockets engaging the
teeth of the drive sprocket, wherein each tooth has a tooth profile defined by a first
side comprising a first engagerment surface and an opposite second side comprising a
second engagement surface, which engagement surfaces are configured such that
when driven, a tooth meshes to the engagement pocket at a first contact location on
the first engagement surface and also at a second contact location on the second
engagement surface, wherein the first contact location is radially offset from the second

contact location.

By means of the present invention, during use of the drive sprociket, each tooth of the
sprocket will engage with the drive member at two contact locations on opposite sides
of each tooth. In addition, the first contact location will, during use be radially offset

from the second contact location.

(O3]
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Such an arrangement reduces the stress on the sprocket during use thereby reducing
the wear and tear on the drive sprockel as well as the frictional losses, thereby

increasing transmission efficiency.

In addition, the radial offset of the first and second contact locations helps to prevent
the engagement pocket of the drive member from becorning wedged, or stuck, on a

tooth during use of the drive sprocket.

By means of the present invention, therefore, secure engagement of the pitch pocket
with the tooth may be achieved as the drive member makes contact with the drive
sprocket. In addition, the stress on the drive sprockel as the load is ftransferred
between the drive sprocket and the drive member is distributed to reduce localised
peak stresses. Further, disengagement of the pitch pocket from the tooth may be
reliably achieved.

In embodiments of the invention, each footh has a front face and a back face, the
shape of which front and back faces being defined by the first and second sides,
whereain the shape of each face is symmetrical about a radial axis of the tooth, and the
sides of the faces are defined at ieast partially by two arcs. An advantage of having a
tooth where the shape of the front and back faces is symmetrical, is that it is possibie
for the drive sprocket to rotates in both a forward and a reverse direction. A symmelric
tooth alse enables applications with only one drive direction to handie torque reversal
during operation. This resuits in the drive sprocket being more adaptable to different

uses,

In embodiments of the invention, each arc defines a side of a tooth and has a radius
of R, the centres of the arcs being at a distance x from one another, and at a
perpendicular distance, v, from the centre of the drive sprocket, and wherein the centre

of each arc is at +x/2,v.

In embodiments of the invention, adjacent testh are spaced apart from one another

by a connecting portion of the sprocket.

In such embodiments of the invention, the tolerance of a transmission system
incorporating a drive sprocket according to embodiments of the invention {o

dimensional variations within the system’s componeants will be increased.
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According to a second aspect of the present invention there is provided a transmission
system comprising a drive sprocket accerding to embodiments of the first aspect of the
invention, and further comprising a drive member, which drive member is adapted {o

engage with the drive sprocket.

In embodiments of the invention, the drive member comprises a plurality of
engagement pockets, each of which engagement pockets comprises a first engaging
surface and a second engaging surface spaced apart from the first engaging surface,
the first and second engaging surfaces forming an engagement surface pair, which pair
is rotatable about a rotational axis, wherein adjacent engagement pockets are

connected to one ancother by connecting members.

In embodiments of the invention, adjacent engagement pockets are connected to one
another by a primary link, which primary link is rotatable about the rotational axis of

the engagement surface pair.

In such embodiments of the invention, the drive member may engage with the testh
of the drive sprocket, such that each engagement pocket is adapted to receive a tooth
of the drive sprocket and fo engage with the tooth at first and second engaging
surfaces, Because adiacent engagement pockets are connected to one ancther by a
primary link which is rotatable about the rotational axis of the engagement surface
pair, the tooth will thus mesh fo the engagement pocket such that the first contact
location engages with the first engaging surface, and the second contact location

engages with the second engaging surface.

The tooth is thus securely held by the engagement pocket such that little or no
moveament of the tooth relative o the pocket is possibie once the tooth has meshed to
the engagement pocket. In addition, because the first and second contact locations
are radially offset relative to one ancther during use of the transmission system, the
tooth is less likely to become stuck, or wadged in the engagement pocket compared to
when there is no radial offsat.

In embodiments of the invention, sach primary link is rotatable about the rotational
axis of each adjacent engagement pocket. This facilitates the articulation of the drive

mamber.

In embodiments of the invention, the drive member comprises a plurality of first

primary links which are coplanar with one another and are pivotaily connected to one
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another at first and second pivol points, which pivot points are spaced apart from one
another such that adjacent first primary links are pivotable about the axis of rotation

of gach adjacent engagement pocket.

Such an arrangement may be desirable when the drive member comprises a power

transmission chain, for example.

In embodiments of the invention, the drive member comprises a plurality of second
primary {inks coplanar with one another and pivotally connected to one another at first
and second pivot points, which pivot points are spaced apart from one ancther such
that adjacent second primary links are pivotable about the axis of rotation of sach
adjacent engagement pocket, wherein the first primary links are connected to the
second primary links such the first and second primary links are substantially paraliel
te one another, and the first pivot points of the first links are coaxial with the second
pivot points of the second links, and the second pivot points of the first links are coaxial

with the first pivol points of the second links.

In embodiments of the invention, each engagement pocket comprises first and second
transverse members sach having a first end and a second end, the first and second
transverse members being spaced apart from one another, wherein the first and
second engaging surfaces are formed on the first and second transverse members

respectively.

In such embodiments, the saecondary links may be parallel with the primary links, and
the transverse members may be substantially perpendicular to the primary and

secondary links,

In embodiments of the invention, each engagemeant pocket comprises a first secondary
link positioned at, or close to the first ends of the first and second transverse members,
and a second secondary link positioned at, or ciose to the second ends of the transversa
members, wherein the first and second secondary links are parallel with one another.
In such embodiments of the invention, first and second secondary links may be
positionad opposite one another with the first and second transvarse members
extending substantially parallel to one another and substantially perpendicularly to the
first and second secondary links. Each engagement pocket is thus defined by the first
and second secondary links and the first and second transverse membaers.
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In embodiments of the invention, the first and second transverse members each have
a radius r, wherein the distance between the first and second transverse mambers of
an engagement pocket is p2, and the distance between first and second pivol points

of a primary link is p.

In embodiments of the invention the first and second transverse members comprise
first and second rollers respectively, each of which first and second rollers may have a
radius r and may be rotatable about their respective axas. In other embodiments, the
first and second transverse mambers may comprise first and second pins respeactively,
each of which first and second pins may have a radius of r and may not be rotatable.
In stili cther embodiments, the first and second transverse members comprise first

and second curved surfaces each surface having a radius of curvature of r.

According to a third aspect of the invention, there is provided a drive member forming

part of a transmission system according to embodiments of the invention.

According to a fourth aspect of the present invention there is provided a power
transmission drive member adapted to mesh with a drive sprocket to transmit rotary
rmotion, the drive member comprising a plurality of engaging mechanisms, each
comprising an engaging bedy comprising an engagement pocket adapted te engage
with the drive sprocket, each of which engagement pockets comprising a first engaging
surface and a second engaging surface spaced apart from the first engaging surface,
the first and second engaging surfaces forming an engaging surface pair, which pair is
rotatable about an engaging mechanism rotational axis, wherein the power
transmission drive member comprises a carrier, which carrier is articulated and is

adapted to support the plurality of engaging mechanisms.

By means of the present invention, gach tooth of the drive sprocket will engage with
an engaging body by contacting both the first engaging surface and the second

engaging surface during use.

Such an arrangement reduces both the siress on the sprocket during use, and the
relative movement between the chain and sprocket when engaged, thereby reducing
wear and tear on the drive member as well as the drive sprocket. In addition, frictional

losses are reduced thereby increasing transmission efficiency.

Because the carrier is articulated, the engaging bodias supported by the carrier are
able to articulate arcund the drive sprocket during use.
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In embodiments of the invention, the first and second engaging surfaces are positioned

symmetrically relative to the rotational axis in respect of engaging bodias.

In embodiments of the invention, the engaging surfaces are configured such that when
driven, a tooth of the sprocket mashes to the engagement pocket at a first contact
focation on the first engaging surface, and also at a second contact location on the

second engaging surface.

In embodiments of the invention, the first contact iocation is radially offset from the

second contact location during use.

This helps to prevent the engagement pocket of the drive member from becoming

wedged or stuck on a tooth during uss.

In embodiments of the invention, the first and second engaging surfaces are formed

on first and second pins respectively.

In some embodiments of the invention the pins are formed integrally with the
remainder of the engaging body, whilst in other embodiments the pins are formed
sgparately to the remainder of the engaging body. In such embodiments, the pins
may be attached to the remainder of the engaging body by any convenient method

and may be attached to the attachment portion by means of a press fit, for example.

In some embodiments of the invention, the first and second pins may be circular in
cross-section.  In other embodiments of the invention, one or both of the first and
second pins may be partially circular in cross-section. For example, one of both of the
firet and second pins could have a semi-circular cress-sectional shape, and the
respective engaging surface would be formed on a part of the pin that has a curved

surface.

In embodiments of the invention, each engaging mechanism comprises two engaging

bodies, which engaging bodies are spaced apart from one another.

In embodiments of the invention, each engaging mechanism comprises a connecting
member having a first end and an opposite second end, and attachable to cne
engaging body at the first end, to the other engaging body at the second end, and

extending colinearly with the rotational axis of the respective engaging mechanism
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wherein each engaging body of a respective engaging mechanism comprises a front
face and an opposite back face, wherein the engaging surfaces of each engaging body
extend from the front face of a respective engaging body, and the connecting member
extends from the back face of each engaging body, which connecting member is
adapted to enable connection of a respective engaging mechanism to the carrier.

Because the connecting meamber extends between the back faces of each engaging
body, the connecting member may extend into the carrier in order to secure each
engaging body to an opposite side of the carrier, with the engaging surfaces of each

engaging body extending outwardly, away from the carrier.

In embodiments of the invention, the connecting mermber is attachad to a respective

engaging body by means of a8 press fit with the engaging body.

This means that sach engaging body will rotate with the connecting member., The

engaging bodies cannot rotate independently of rotation of the connecting member.

This can be advantageous, since each engaging member of an engaging mechanism

wili rotate with the other engaging body forming the respective engaging mechanism.

In gther embodiments of the invention, the connecting mermber may be attached to a

respective engaging body by means of a clearance fit.

In such embodiments of the invention, the engaging body is free tc rolate
independently about the connecting maember.

This can be advantageous in embodiments of the invention where the carrier is, for

example, a bush chain. Such chains do not comprise hollow pins.,

In embodiments of the invention comprising a connecting member, the connecting
member may extend transversely through the carrier whereby a first engaging body
may be positioned on a first side of the carrier and a second engaging body may be
positionad on a second, opposite side of the carrier,

In such embodiments of the invention, the engaging bodies may thus face cutwardly
from the carrier, with each engaging mechanism having a first engaging body on one
side of the carrier, a sacond engaging body on an opposite side of the carrier, such
that engagement with the teeth of a drive sprocket takes place externaily to the carrier,
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This is in contrast 1o known power transmission drive members such as bush chains

whare the chain engages with the teeth of a sprocket within the structure of the chain.

In addition, because the connecting membaer is coaxial with the engaging mechanism
rotational axis, sach engaging body of an engaging mechanism is rotatable about the
axis of the connecting member, and thus both engaging bodies rotate about the same

axis.

The connecting member may take any convenient form, and may for example,

comprise a pin.

In such embodiments of the invention, therefore, the connscting member may be

regarded as a central pin of the respective engaging mechanism,

Each engaging body may comprise a receiving portion adapted to receive the
connecting member, which receiving portion comprises an aperture, the centre of

which is coaxial with the rotational axis of a respective engaging mechanism.

By means of the aperture formed in each engaging body, it is possible to attach, or
connect ancther component to the engaging body, whilst allowing rotation of the

engaging body about the rotational axis.

In embodiments of the invention, the carrier comprises holiow pins extending
transversely at least partially across the carrier al spaced apart intervals along the
length of the carrier, wherein each connecting membaer extends through a holiow pin

to thereby connect the engaging mechanisms to the carrier,

I such embodiments of the invention, an engaging body may be fitted to each end of
a connecting member so that one engaging body is on one side of the carrier, and the
cther engaging body is on the opposite side of the carrier, and both engaging bodies

are external to the carrier with the engaging surfaces extending away from the cairier.

In such embodiments of the invention, the carrier may comprise a hollow pin bush

chain.

10
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In such embodiments of the invention, the connecting member may be attached o
each engagement body press fit. This means that the engagement bodies will rotate

with the connecting membaer.

In other embodimants of the invention, the carrier may take different form and may
not be a hollow pin bush chain. For example, the carrier could be a standard bush chain
rather than a helliow pin bush chain.

In such embodimenis of the invention, the carrier comprises pins extending
transversely at least partially across the carrier at spaced apart intervals along the
length of the carrier, wherein each connecting member comprises a pin extending
across the carrier between the engaging bodies of a respective engaging mechanism
and through the aperture of each engaging body, wherein the pin is shaped to form an
interference fit with the link plates of the bush chain, and a clearance fit with the

apertures of each engaging body.

In such embodiments of the invention, the engaging bodies are rotatable about the

axis of a respective pin indepandently of the bush.

An advantage of the present invention is therefore, that a standard chain, such as a
hotlow pin bush chain may be adapted so that it engages with either two sprockets, or
a single sprocket with two sets of teeth, whereby the teeth of the sprocket or sprockets

mash with engagemeant pockets positioned externally to the chain.

In ernbodiments of the invention, the planes of symmetry of both engaging bodies may
be parallel to ong another, such that the engaging surfaces of each engaging body are
aligned with one ancther.

In such embodiments of the invention, the power transmission drive member may be
adapted to mash with two drive sprockets, which drive sprockets are spaced apart from
cne another such that the teeth of a first drive sprockat engage with the engaging
bodies on a first side of the carrier, and the teeth of a second drive sprocket engage

with the engaging bodies on the second, opposite side of thea carrier.

In such embodiments of the invention, the carrier and the engaging mechanisms are
adapted to articulate around the drive sprockels making contact via the engaging
meachanisms. The two sprockets are positioned on either side of the carrier, with the

testh of one drive sprocket engaging with the engaging bodies on a first side of the

11
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carrier, and the feeth of a second sprocket engaging with the engaging bodies on a

second, opposite side of the carrier.

In some embodiments of the invention, the power transmission drive member
comprises a single drive sprocket, which drive sprocket comprises two sets of teeth,

which sets of testh are spaced apart from one another.

In such embodiments of the invention, the carrier and the engaging mechanisms may
be adapted to articulate around the drive sprocket making contact via the engaging
mechanisms. The two sets of testh are positioned on either side of the carrier, with
the first set of teeth engaging with the engaging bodies on a first side of the carrier,
and the second set of teeth engaging with the engaging bodies on a second, opposite

side of the carrier,

As mentioned above, in some embodiments of the invention, the carrier may comprise
a standard hollow pin bush chain or a standard bush chain with solid pins. Such chains
come in saeveral predetermined sizes based on specific applications and international
standards. The dimensions of these known chains are dependent on the sprocket with
which a particular known c¢hain is designed to engage. Key dimensions are the bush
diameter and the inner width of the chain. The inner width of the chain is the distance

betweaen the inner surfaces of the two inner plates forming an inner link in the chain.

Because the teath of the drive sprocket, or drive sprockats engage with the engaging
bodies externally to the chain, by means of the invention, there is no longer a need for
the chain o interact with a sprocket tooth by conventional contact with a bush. This
meaans that the width of the chain may be greatly reduced to the point that a sprocket
teoth would not be able to fif within the remaining space.

Furthermore, the space in which a conventional roller chain tooth typically sits can be
completely removed such that the inner link of the chain can be reduced to a singls
plate. Such a design reduces the number of components to the chain and allows the
width of the chain Lo be drastically reduced, thereby reducing the width of the required
sprocket and thus the entire system.

In some embodiments of the invention the inner link may be thicker than the outer
fink.

i2
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In other embodiments of the invention, the inner link of the chain may comprise a
composite inner link formed from a plurality of thinner link plates. An advaniage of
such an embodiment is that by manufacturing thinner link piates, it is possibie to
readily manufacture a composite link having a desired thickness by combining an
appropriate number of the thinner link platss.

In embodiments of the invention, each engaging mechanism comprises first and
second extension members which extension members are spaced apart from, and
coaxiali with one another, and each have first and second end portions, whergin the
extansion membars extend across the width of the engaging mechanism and through
each engaging body such that the first and second end portions of seach extension
member extend from the first face of each engaging body, away from the carrier to
form a pin, wherein the first engaging surfaces of each engaging body are formed on
the first and second end portions respectively of the first extension member, and the
second engaging surfaces of each engaging body are formed on the first and second

end portions respectively of the second extension member, .

In such embodiments of the invention, the first and second extension mermbers serve
to connect the two engaging bodies o one anocother; thus, parts of the engaging
rmeachanism are integrally formed.

In such embodiments of the invention the powser transmission drive member may be
a chain formed from links, comprising a body portion and first and second legs
extending from the body portion to define a space between the legs and the body
portion, wherein each leg comprises a hollow pin receiving portion, wherein the hollow
pin receiving portion of a first leg of a link is coaxial with the rotational axis of a first
engaging mechanism, and the hollow pin receiving portion of the second leg of the link
is coaxial with the rotational axis of a second, adiacent, engaging mechanism, and
wherein sach connecting member is adapted to extend through a respective holiow
pin and engaging body, to thereby link the engaging bodies fo the links, such that
each engaging body is rotatabie about its rotational axis, the space of each link

providing space for such rotation.

In embodiments of the invention comprising an aperture, the hollow pin receiving
portion of the first leg of a link will be coaxial with the aperture of a first engaging
body, and the holiow pin receiving portion of the second leg of a link will be coaxial
with the aperture of a second, adjacent engaging body, and the hollow pins will extend
through the apertures of the engaging bodies.

13
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By means of the present invention, when the chain is in tension, there is little, or no
force transmitted to the central pin of the engaging mechanism. This means that the
central pin is free to rotate aboul its axis regardless of the icading condition of the
chain. This increases the efficiency of power transmission since during engagement, as
the engaging mechanism rotates upon making contact with the tooth, it does so
without significant load at its contact interface with the interior surface of the hollow

pin chain or pin link, thereby greatly reducing the frictional fosses,

On the other hand, it is possible that when traveliing between sprockets, becauses the
engaging mechanisms are essentially free to rotate without any resistance, they may
adopt an undesirable orientation with respect {0 the teeth of the sprockets with which
they are to engage. In other words, a position in which the orientation of the engaging
beody may cause it to get stuck on top of a tooth rather than adopting the correct
position with engaging surfaces sither side of the tooth may occur. If this situation
arises, then it can either rectify itself by snapping into position when the chain tension
increases sufficiently to pull it into position, causing undesirabie vibrations and wear,
or it may remain stuck in the incorrect position and disrupt the engagement of the
foilowing engaging mechanisms, thereby increasing the tension of the system and

potentially causing the whole system to fail.

In embodiments of the invention, therefore the carrier comprises angle of rotation

limiters adapted to limit the rotation of the engaging mechanisms,

The angie of rotation limiters may comprise stops formed on the carrier, such as folded
portions, punched portions, and punched and folded portions. Such portions provide
physical stops to the rotational movement of the engaging mechanisms.

In embodiments of the invention, the angle of rotation limiters may be formed on the

finks of & chain forming the carriar.

In each of the embodimants described above, each engagement body comprises an
engagement pocket adapted to engage with the drive sprocket, each of which
engagement pockets comprising a first engaging surface and a second engaging
surface spaced apart from the first engaging surface, the first and second engaging
surfaces forming an engaging surface pair, which pair is rotatable about an engaging

meachanism rotational axis, wherein the power transmission drive member comprises

14
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a carrier, which carrier is articulated and adapted to support the plurality of engaging
bodies.

By means of present invention, each tooth of the drive sprocket will engage with an
engaging body by contacting both the first engaging surface and the second engaging
surface during use.

The engaging mechanisms forming part of the present invention are thus dual engaging
mechanisms ensuring dual engagement of the testh of a sprocket engaged with a

power transmission drive member according to the first aspect of the inventicon.

According to a fifth aspect of the invention there is provided an engaging mechanism
forming part of a power transmission drive member according to the first aspect of the

invention,

According to a sixth aspect of the invention, there is provided a power transmission
system comprising a power transmission drive member according to the first aspect of
the invention, and a drive sprocket, wherein the power transmission drive mermber is

adapted to mesh with the drive sprocket o transmit rotary motion.

According to a seventh aspect of the invention there is provided a drive sprocket
comprising a plurality of teeth for meshing with a drive member to transmit rotary
motion, the drive member including a plurality of engagement pockets engaging the
teeth of the drive sprocket, wherein each tooth has a tooth profile defined by a first
side comprising a first engagerment surface and an opposite second side comprising a
second engagement surface, which engagement surfaces are configured such that
when driven, a tooth meshes to the engagement pocket at a first contact location on
the first engagement surface and also at a second contact iocation on the second
engagement surface, the first contact location being radially offset from the second
contact location, and wherein each tooth has a front face and a back face, the shaps
of which faces being defined by the first and second sides such that the shape of each
face is symmetrical about a radial axis of the tooth, and the first side of each face is
defined at igast partially by a first face arc, and the second side of each face is defined
at ieast partially by a second face arc, wherein the distance between the centre of the
first face arc and the centre of the second face arc of sach teoth is substantially the
same as the distance betwean the centre of the first face arc of a first tooth and the

centre of the second face arc of an adjacent tooth.

i5
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By means of the present invention therefore a drive sprocket is provided in which not
only is each tooth symimetrical, and all teeth are shaped substantiaily the same, but
the distance between adjacent teath is defined by the radius of an arc forming the first

face arc and the second face arc.

In some embodiments of the invention the first face arc forms a base portion of the
first side of each tooth, and the second face arc forms a base portion of the second
side of each tooth, wherein the first and second face arcs each comprise a roller seating

curve,

In such embodiments of the invention the roller seating curve is adapted to receive a
rofler or other engaging part of the drive meamber which is adapted o mesh with the

sprocket.

In some embodiments of the invention each first and second side comprises a second
portion comprising a convex arc exiending from a respective roller seating curve

towards a tip portion of a respective tooth.

In such embodiments of the invention, the second portion comprising a convex arc
may comprise a working curve. The convex arc shape of the working curve allows the
drive membaer to articulate during engagement and disengagement without making

contact with a tooth of the sprocket.

The drive sprocket may further comprise a supporting curve extending from the roller
seating curve of a first tooth towards the rolier seating curve of an adjacent tooth.

In such embodiments of the invention, the supperting curve is adapted to receive a

rofler gr other member of the drive member to support the rolier or other mamber.

According to an eighth aspect of the invention there is provided a transmission system
comprising a drive sprockel according to embodiments of the first aspect of the
invention, and further comprising a drive member, which drive member is adapted to

rnesh with the drive sprocket.

In embodiments of the invention the drive member comprises a plurality of
engagement pockets, each of which engagement pockets comprising a first engaging

surface and a second engaging surface spaced apart from the first engaging surface.
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In embodiments of the invention, the drive member comprises a roller chain and the

engagement pockets are defined between adjacent rollers forming the roller chain.

An engaging pocket of a drive member is considered {0 be a pair of paraliel cylindrical
rotlers at a fixed distance from one another, forming a space in which the teeth of the

drive member are adapted to sit.

In embodiments of the invention where the drive member comprisas a roller chain, an

engagement pocket is defined between adiacent roliers of the roller chain.

When an engagement pocket is engaged with a tooth, it has a single degree of freedom
only.  This is the articuiation of the engagement pocket about the centre of the

respective reller,

In embodiments of the invention, the roller chain has a pitch p, and the distance
between the centre of the first face arc and the centre of the second face arc of each
tooth, and the distance between the centre of the first face arc of a first tooth and the
centre of the second face arc of an adjacent tooth is substantially equal to p.

In embodiments of the invention, two roliers will be positioned between adiacent teeth
of the sprocket to form an engagement pair. This means that every other engagement
pocket will engage with a tooth of the sprocket because only every other pair of rollers
will be positioned around a tooth to form an engagement pair of rollers. The remaining
pairs of rollers will be positioned between adjacent teeth of the sprocket and so the
engagement pockets of these roller pairs will not be in contact with a tooth.

This is advantageous since only half of the rolters will be load bearing during articuiation
of the drive member on the sprocket. The other half will be supporting and will
therefore have reducad contact load during their articulation. This in turn decreases
some of the transmission system wear and fricticnal losses leading to higher

transmission efficiency.

This is in sharp contrast to known sprockets for use with roller chain drive members

where each rolier is positioned betweean two adjacent teeth during use of the sprocket.
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In embodiments of the invention where the drive member is a roller chain, the radius
of each rolier is substantially equal to, or slightly smailer than, the radius of each

sgating curve.

By means of the present invention, the rollers of the roller chain will be supported by
the roller seating curve in such a way that the engagement pocket defined between
adjacent rollers of the drive member will mesh with the tooth such that the engagement

pocket meashes at two contact locations.

Due to the dimensions of the arc defining the roller seating curve, and due o the radius
of each roller relative to that arc, during use of the fransmission system, the roiler

chain will engage such that two rollers are positioned between adjacent testh.

In addition, the radius of the first face arc and second face arc remains substantially

the same regardiess of the number of teeth on the sprocket.

This simplifies the production process of the sprocket.

In embodiments of the invention, during use of the transmission system, a first roiler
or other drive member engaging part, witl be a load bearing roller or part, and a second
rotler or drive member part will serve as a supporting roller or part. When a roller or
other engaging part is acling as a support it may be supported and received by the

rotler seating curve,

According to a ninth aspect of the present invention there is provided a transmission
system comprising a drive sprocket and a drive mermber adapted to mesh with the
drive sprocket, the drive sprocket comprising a plurality of teeth for meashing with the
drive member to transmit rotary motion and the drive member comprising a plurality
of engagement pockets adaptad to engage the teeth of the drive sprocket,

wherein each tooth of the drive sprocket has a tooth profile defined by a first
side comprising a first engagement surface and an opposite second side comprising a
sacond engagement surface, which engagement surfaces are configured such that
when driven, a tooth meshes to an engagement pocket at a first contact lecation on
the first engagement surface and also at a second contact iocation on the second
engagement surface, the first contact location being radially offsel from the second
contact location,

wherein the drive member comprises a roller chain comprising a plurality of

spaced apart roliers, each rolisr being spaced apart from adjacent rollers by a
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predetermined distance, and connected to an adjacent roller by a rigid connecting
member extending between two adjacent rollers whereby the engagement pockets are
defined between adjacent rollers,

wherein, a first engagement pocket is formed by first and second rollers which
are adjacent to one ancther, a second engagement pockest is formed by the first rolier
and a third roller, and a third engagement pocket is formed by the second roller and a
fourth rolier, the third roller being adjacent to the first roller, and the fourth rolier being
adjacent to the second roller,

and wherein an angle formed between a conneciing member connecting the
first and second roilers, and a connecting member connecting the first and third rollers,
comprises a first articulation angle, and an angle formed between the connecting
member connecting the first and second rollers, and a connecting member connecting
the second and fourth rollers comprises a second articulation angle,

wherein, the magnitude of the first articuiation angle formed when the first
sacond and third rollers are all in contact with a tooth is different to the magnitude of
the second articulation angle formed when the first second and fourth rollers are all in

contact with a tooth.

By means of the present invention therefore, a transmission system is provided in
which the articulation angie at a first roller that is in contact with a first tooth at a first
contact point is different to the articulation angle at a second roller which is in contact
with the same tocth on an opposite side of the tooth at a second contact point when a
third roller is in contact with a second tooth adjacent to the first tooth on the first side
of the first tooth, and a fourth rolier is in contact with a third tocth adjacent to the first

tooth on the second side the first tooth.

The drive member may be regarded as comprising a plurality of articulation points,

and the articulation angles are defined at the articulation points.

In embodimeants of the inventicn, the connecting members comprise links. In such
embodiments of the invention, the links articulate about the articuiation points, and
the articulation angles define the degree of articulation between a first link and a

second link,

In embodiments of the invention, a roller is situated on each articulation point such
that each tooth is engaged by two rollers where:
the two roiler contact points are on opposite sides of the tooth;

the contact points are radially offset fromt one ancther; and
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the distance between two adjacent roiler cenires is always the same.

By having the magnitude of the first articuiation angle not equal to the magnitude of
the second articuiation angle, the efficiency of the sprocket is improved. This is
bacause in a conventional roller chain, alternate links articulate via two different typas
of articulation, known as bush articulations and pin articulations. During pin
articulations, the pin of the articulating link rotates within the bush of the adjacent link
which remains stationary relative to the sprocket. In bush articulations, the bush of
the articuiating link rotates within the roller and arcund the pin of the adjacent link
which remains stationary reiative to the sprocket. Bush articulations thus cause sliding
at two surfaces during articulation, whilst pin articulations cause sliding at only one.
This means that more energy is lost during a bush articulation than during a pin
articulation. On a conventional roller chain, the articulation type alternates each
articulation. By means of the present invention, the nel energy losses of the drivetrain
can be reduced by reducing the size of the articulation angle associated with the less
efficient bush articulation and increasing the size of the articulation angle associated

with the more efficient pin articulation.

The difference in articulation angle can aiso be emploved to reduce the wear at the
pin-bush interface that leads to chain elongation, known as chain stretch. The load at
the pin-bush interface during bush articulations is less than that during pin
articulations. This means that bush articulations lead tc more wear than pin
articulations. By means of the present invention, the net pin-bush wear in the drive
member can be reduced by reducing the size of the articulation angle asscciated with
the higher wearing pin articulation and increasing the size of the articulation angle

associated with the lower wearing bush articulation

In ermnbodimeants of the invention, the first roller is a lcad bearing rolier, and the second

roller is a supporting roller.

In embodimeants of the invention, the magnitude of the first articulation angie is greater

than the magnitude of the second articulation angle.
In embodiments of the invaention, the magnitude of every other articulation angle is

the same. In such embodiments, the articulation angle will therefore alternate

betwaan two values.
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In embodiments of the invention, where the first roller is a load bearing roller and the
second roller is a support roller the first articulation angle at sach load bearing roller

will be the same, and the second articulation angle at each support roller will the same.

In other embodiments of the invention, there may be a different variation betwesan the
articulation angles at articulation peints around the sprocket. The magnitude of the

articulation anglaes may be chosen to suit the prevailing conditions.

In embodiments of the invention, the shape of each tooth face is symmetrical about a

radial axis of the tooth.

In embodiments of the invention, the first side of each face is defined at least partially
by a first face arc, and the second side of each face is defined at least partially by a
sacond face arc.

In some embodiments of the invention the first face arc forms a base portion of the
first side of each footh, and the second face arc forms a base portion of the second
side of sach tooth, whergin the first and second face arcs each comprise a rolier seating

curve,

In such embodiments of the invention, the roller seating curve is adapted to receive a
rofler or other engaging part of the drive member which is adapted to mesh with the

sprocket.

In some embodiments of the invention sach first and second side comprises a second
portion comprising a convex arc extending from a respective roller seating curve

towards the tip portion of a respective tooth.

In such embodiments of the invention the second portion comprising a convex arc may
comprise a working curve. The convex arc shape of the working curve allows the drive
member o articulate during engagement and disengagement without making contact

with a tooth of the sprocket.

The drive sprocket may further comprise a supporting curve extending from the roller
seating curve of a first tooth towards a rolier seating curve of an adjacent tooth.

In such embodiments of the invention, the supporting curve is adapted to receive a

roller to support the rolier,
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In embediments of the invention the roller chain comprises a plurality of inner links,
each of which serves to connect two rollers to form a roller pair, and a plurality of outer
links, each of which serves o connect rolier pairs to one another to form the roller
chain, such that a space is defined between inner surfaces of facing inner links, and
alsg between inner surfaces of facing outer links whersin sach tooth has a width which
is the same as, or slightly less than the distance between inner surfaces of facing outer

tinks, and greater than the distance between inner surfaces of facing inner links,

In such embodiments of the invention, because each tooth of the sprocket has a width
which is the same as, or slightly less than the distance between inner surfaces of facing
outer links, the tooth will fit between facing ocuter links with very little clearance
between putside surfaces of the tooth and the inside surfaces of the facing cuter links,
The width of the tooth will also pravent the testh from engaging between facing inner
links, so the sprocket will be able to engage with the teeth between outer links only,
and not between inner links. This helps {0 maintain the alignment of the rolier chain

during use.

This is in sharp contrast to the situation in known fransmission systems, where,
because the width of each tooth is less than the distance between inner surfaces of
facing inner links, it is possible for the teeth of a known sprocket Lo engage with either
the inner links or the cuter links of the chain. This means that when the teeth of a
known sprocket engage with the cuter links, there will be significant clearance between

the outside surfaces of the tooth and the inside surfaces of facing outer links.

In embodiments of the invention, each tooth of the sprocket comprises a first width
which is the same as or slightly less than the distance between inner surfaces of facing
inner links, and a second width that is the same as or slightly tess than the distance

between the inner surfaces of facing outer links.

In such embodiments, the portion of sach tooth that has the first width prevents the
inner links from interfering with the tooth when the tooth is engaged between facing
outer links.

According to a tenth aspect of the invention there is provided a sprocket forming part

of a transmission system according to embodiments of the first aspect of the invention,

and further comprising a drive member comprising a pluraiity of spaced apart rollers.
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BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will now be further described by way of exampie only
with reference tc the accompanying drawings in which:

Figure 1 is a schematic repressntation of a8 drive sprocket accoerding to an
embodiment of the first aspect of the invention;

Figure 2 is a detailed reprasentation of a part of the drive sprocket of Figure 1;

Figure 3 is a schematic representation of the drive sprocket of Figures 1 and 2
engaged with a drive member according to embodiments of the third aspect of the
invention and comprising a power chain, to form a transmission system according to
embodiments of the second aspect of the invention;

Figure 4 is 3 more detailed schematic repraesentation of the transmission system
of Figure 3;

Figure 5 is a schematic representation of the fransmission system of Figures 3
and 4 with the primary links from one side removed,

Figures 6, 7 and 8 are schematic representations of part of the transmission
system as shown in Figure 5 showing the position of the secondary links during rotation
of the drive sprocket;

Figures @ and 10 are schematic representations showing dimensions of the
primary and secondary links of the transmission chain;

Figure 11 is a schematic representation showing the position of the arc centres
defining the sides of the feeth of the drive sprocket reiative to the centre of the drive
sprocket;

Figure 12 is a schaematic representation showing the radial offset of the first and
second contact locations of a tooth of the drive sprocket of Figure 1; and

Figure 13 is a schemnatic diagram showing the dimensions of the drive sprocket
shown in Figures 1 and 2.

Figure 14 is a power {ransmission drive member accerding to an embodiment
of the invention in which the carrier comprises a hollow pin chain with a plurality of
engaging bodies articulated arcund a drive sprockat;

Figure 15 is an exploded view of a portion of the hollow pin chain of Figure 14
showing the links of the chain;

Figure 16 is a detailed representation of links of the hollow pin chain of
Figure 14;

Figure 17 is an exploded view of two engaging mechanisms forming part of the
power transmission drive mechanism of Figure 14, showing the connecting members
of each engaging mechanism passing through the pins of the hollow pin chain of Figure
14;
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Figure 18 is a schematic representation of an engaging mechanism forming part
of the chain of Figure 14;

Figure 19 is a schematic perspective view of an engaging hody suitable for
forming part of an engaging mechanism forming part of a drive transmission drive
rmamber according to embodiments of the invention;

Figure 20 is a schematic representation of a drive sprocket suitable for engaging
with the drive member of Figure 14;

Figure 21 is a schematic representation of an embodiment of a power
transmission member with a thinner width than that of the power transmission drive
member of Figure 14, articulated around a drive sprocket alse having a thinner width
than that of the sprocket of Figure 20;

Figure 22 is a schematic representation of a portion of the chain of Figure 21;

Figure 23 is a sectional view of a portion of the chain shown in Figure 22 showing
the engaging mechanisms in placs;

Figure 24 is a schematic representation of a portion of a chain according o
ancther ambodiment of the invention showing engagement bodies connected o the
links of the chain;

Figure 25 is a schematic representation of the links of Figure 24 withoul the
engagement bodies;

Figure 26 is an exploded schematic representation of a part of a chain according
to another embodiment of the invention in which the inner links are formed from a
plurality of link plates;

Figure 27 is an exploded schematic reprasentation of part of a chain according
to another embodiment of the invention in which the chain is a bush chain with solid
pins;

Figure 28 is a schematic perspective view of a part of the chain shown in Figure
27 without the engaging bodies in place;

Figure 29 is an exploded schematic representation of a portion of a chain
forming a power transmission drive membaear according to another embodiment of the
invention;

Figure 30 is an exploded schematic representation of the portion of the chain of
Figure 29 showing holiow pins extending through the chain;

Figure 31 is a perspective view from above of the portion of the chain of Figure
29;

Figure 32 is a perspective view from above of the portion of the chain of Figure
29 having engaging surfaces formed from single bodies extending across the width of

a chain; and
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Figure 33 is a schematic representation of an outer link piate with angle limiters
formed thareon.

Figure 34 is a schaematic reprasentation of a roller chain engaged with a sprockst
according to an embodiment of the invention and forming a transmission system
according to an embodiment of the invention;

Figure 35 is a schematic representation of the transmission system of Figure 34
with some links removed to show more clearly how the rollers of the chain engage with
the sprocket;

Figure 30 is a perspective view of part of the sprocket of Figure 34 showing the
tooth profile of the teeth of the sprocket;

Figure 37 is a schematic representation of the transmission system of Figure 34
showing how the roliers of the roller chain engage with the teeth of the sprocket;

Figure 38 is a schematic representation of the transmission system of Figure 34
showing where the engagement pockets lie during use of the transmission system;

Figure 39 is a schematic representation showing the dimensions of the rollers
of the roller chain shown in Figure 34;

Figure 40 is a schematic representation of the sprockel arc construction of the
transmission system shown in Figure 34, and

Figure 41 is a schematic representation showing movement of the rollers caused
by wear of the drive member shown in Figure 34.

Figure 42 is a schernatic representation of the transmission system of Figure 34
showing how the rollers of the roller chain engage with the teeth of the sprocket and
showing the articulation angles;

Figure 43 is a schematic representation of a polygon formed by the articulation
points of a sprocket forming part of a transmission system according to an embodiment
of the invention;

Figure 44 is a schematic representation of the polygon of Figure 43
superimposad on the sprocket of Figure 42 showing the roliers arranged around the
sprocket;

Figure 45 is a schematic representation of a portion of the rolier chain of Figure
34 showing inner links and outer links;

Figure 46 is a schematic representation of a sprocket according {0 another
embodiment of the invention wherein sach tooth has a first width and a second width,
the second width being greater than the first width; and

Figure 47 is a schematic representation showing the sprocket of Figure 46
engaged with a standard roller chain of the type shown in Figure 45,

DETAILED DESCRIPTION

a5



10

i5

20

25

35

WO 2022/013538 PCT/GB2021/051787

Referring initially to Figures 1 and 2, a drive sprocket according to an embodiment of

the first aspect of invention is designated generally by the reference numeral 10,

The sprocket 10 comprises a plurality of teeth 12 that are spaced apart from one

angther around an outer circumference 14 of the sprocietl 10,

Each tooth has a tooth profile defined by a first side 16 comprising a first engagement
surface 18, and an opposite second side 20 comprising a second engagemeant surface
22. Each tooth further comprises a front face 24 and a back face 28, the shape of
which faces being defined by the first and second sides 18, 20, which in this
embodiment comprise first and second engagement surfaces. The shape of each face

is symmaetrical about a radial axis 28 extending along the length of each tooth.

The shape of each side 16, 20 is defined at least partially by an arc. Because each
tooth 12 is symmetrical about the axis 28, the dimensions of the arcs forming ali sides

is the samea.

Referring now to Figure 11, it can be seen that in this embodiment, each arc defining
a side of a tooth 12 has a radius of R, The centres of the arcs are at a distance x from
ona another, and at a perpendicular distance y, from the centre of the drive sprockst.
to define a connecting portion 30, as shown in Figure 2, for example. In the illustrated
embodimant, the connecting portion is substantially flat. However, it is 1o be
understood that in other embodiments of the invention the connecting portion may not

be flat, or there may not be a connecting portion at all.

Turning now to Figures 3 to 8, a transmission system accerding to an embeodiment of
the second aspect of the invention is designated generally by the reference numeral
108, The transmission system 140 comprises the sprocket 10 illustrated in Figures 1
and 2 and described hereinabove. The transmission system 100 further comprises a
power transmission chain 110, The power transmission chain 110 is adapted to engage
with the sprocket 10 as will be described herginbelow in order to enable transmission

of power between the drive sprocket L0 and ancther drive sprocket (not shown).

As shown particularly in Figures 6, 7 and 8 for example, the power transmission chain

110 comprises a plurality of engagement pockats 150 extending along the chain 110.
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Each engagement pocket 150 comprises a first engaging surface 152, and a second
engaging surface 154 which is spaced apart from the first engaging surface 152, The
first and second engaging surfaces 152, 154 together form an engaging surface pair
156,

Each engaging surface pair 156 is rotatable about a rotational axis 158, Adjacent
engagement pockets 150 are connected to one another by at least one primary link

112, which primary link 112 is rotatable about the rotational axis 158.

In this embodiment there is a set of first primary links 114 which are co-planar with
one another, a set of second primary links 116 which are co-planar with one another,
a set of third primary links 118 which are co-planar with one another and a seat of
fourth primary links 120 which are also co-planar with one another. Each set of primary
links is substantially parallel with each other set of primary links.

The primary links 112 in a particular set, which are co~-planar to one another, are aisc
pivotally connected to one another. Each primary link 112 has a first pivot point 122,
and a second pivol point 124, the first and second pivol points 122 and 124 being
spaced apart from one ancther along each primary link 112, such that adjacent primary
links 112 are pivotable about the first and secend primary pivel points 122, 124,

In the iliustrated embodiment of the invention, the first 114 and second 116 primary
links are connected to and abut one another such that the first pivot point 122 of a
first primary link 114 is coaxial with the second pivot point 124 of a second primary
link 116, and vice versa.

Similarty, the third 118 and fourth 120 primary links are connected to and abut one
another such that the first pivol point 122 of a third primary link 118 is coaxial with

the sacond pivot point 124 of a fourth primary link 120, and vice versa.

The power transmission chain 110 further comprises a plurality of secondary links 130
each of which secondary links is adapted to rotate substantially about the rotaticnal
axis 158 of the respective engagement pocket 150. Each secondary link 130 is
positionad to be substantially parallel with a respective primary link 112 such that the
rotational axis 158 of a particular engagement pocket 150 is coaxial with the first 122,
or second 124, pivot points of the corresponding primary links 112, This in turn means

that adjacent primary links 112 are pivotable about the axis of rotation 158.
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In this embodiment, the plurality of secondary links 13Z comprises a piurality of first
secondary links 138, and a plurality of second secondary links 140. Each first
sacondary link 128 abuts a second primary link 116, and sach second secondary link
140 abuts a third primary fink 118,

In this embodiment, two first secondary links 138 abut each second primary link 1186,

and two second secondary links 140 abut sach third primary link 118.

In this embodiment of the invention, the first secondary links 138 are substantiaily
coplanar with one ancther, and the second secondary links 140 are substantiaily
coplanar with one ancther, the first secondary links 138 are spaced apart from the
second secondary links 140 such that each first secondary tlink 138 faces a

corresponding second secondary ink 140 to form a pair of secondary links 142,

In this embodiment, each engagement pocket 150 comprises first and second
transverse members 144, 146, which are spaced apart from one another and on which
the first and second engaging surfaces 152, 154 respectively, are formed. The first and
second transverse members 144, 146 extend transversely between the corresponding
first and second secondary links forming the pair. The transverse members 144, 146
thus connect the secondary links together. In this embodiment, the first and second
transverse members 144, 146 each comprise a roller 148, In other embodiments,

each transverse member 144, 146 may comprisa a pin.

The space defined between the first and second transverse members of a secondary
link forms an engagement pocket 150, The engagement pockels 150 are shaped and
positioned to receive and engage with a tooth 12 of the sprocket 10, as shown in the
Figures,

In use of the transmission system 100, a tooth 12 of the drive sprocket 18 will mesh
to the engagement pocket 150 at a first contact location 160 on the first engagement
surface 18 and also at a second contact location 162 on the second engagement surface
20, as shown in Figure 6, for exampie. Once engaged, the first contact location 160
will engage with the first engaging surface 152 of the engagement pocket 150, and the
second contact location 162 will engage with the second engaging surface 154 of the

engagement pocket 150.

Due to the inter-relationship between the primary links and secondary links as
explained hereinabove together with the transverse members 144, 146 and the
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features of the drive sprocket 1{, during use of the fransmission system 100 the first

contact iocation 160 is radiaily offset from the second contact location 162.

This in turn results in the rollers 148 maintaining contact with the first and second
engagement surfaces 18, 20 of gach corresponding tooth 12, and each secondary link
130 sitting at an offset angle such that one roller 148 sits radially higher on one side
the tooth 12 than the roller 148 on the other side of the tooth.

The geometry of the teeth 12 and of the transmission chain 110 will now be described

in more detail with particular reference to Figuras 9 to 13.

Referring initially te Figures 9 and 10 a portion of the fransmission chain 110 is

iHustrated schamaticaliy.

As ¢can be seen, the distance between first and second p pivot points 122, 124 of a
primary link 112 is p, the distance between the axes of first and second transverse

members 144, 146 is p2, and the radius of each rolier 148 is r.

Referring now to Figure 11, according to Cartesian coordinates where the crigin is at
the sprocket centre and the centreline of the tooth is paraliel with the y axis:

A symmetrical tooth geometry is proposed with two arcs of radius R with arc centres
at (1%}), where, R, x, & v are defined such that when the chain is articulated around

the sprocket and a ioad is applied to the chain:

1. the rollers of each secondary link maintain contact with the two arcs of each

corrasponding tooth, and;

2. the secondary links sit at an offset angle such that one roller sits higher on
one side of the tooth than the rolier on the other side of the tooth.

Furthermore, straight lines of length / extend above the tooth from the ends of the arcs
towards the centreling at an angle, y, relative to the tooth centreline such that as the
chain wears, causing the pitch, p, of the chain to elongate and the corresponding pitch

circle radius, rp, to increasa:

1. contact can be maintained with the tooth by both rollers, and;
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2. the normal contact force acting on the load-bearing upper rolier remains
parallel to the tensile force in the primary link on the high-tension side of

the chain.

5 Referring now to Figures 12 and 13, the geometry of the sprocket will be considered

in more detail.

Equations 1 & 2 below give g, the angle of articulation, and rp, the pitch circle radius,

for an n-toothed sprocket of pitch p.

10
-
o= —
1 (1)
T, =
P 2sing 2

15  The values of the arc parameters, R, x & y are given by the sclutions to the set of
simultaneous equations given by Equations 3 {o 6, where
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Tabie 1 Example values for R, x & y given p, p2, r, n, B & &

Chain Geometry

8] 12.7 mm
pd 7.5 mim
3 mm

General Sprocket Geometry

n 19

a 0.165 rad
rp 38.58 mm

Tooth Geometry Parameters
f 0.262 to 1.466 rad
& 0.021t00.102 rad
Tooth Geometlry

R 1.68tp 6.62 mim
X 7.6%9 to 17.50 mm
@ 0.0002 1o §.0065 rad
Y 60.85 10 61.68 mm

Referring to Figures 14 to 20, and initially to Figure 14, a power transmissicn drive
member according to an embodiment of the invention is designated generally by the
reference numeral 100. The drive member 100 is shown articulating arcund a drive
sprocket 200, shown in more detall in Figure 20. As can be seen, particularly from
Figure 20, sprocket 200 comprises a first set of teeth 210 and a second set of testh
220, The sets of teeth 210, 220 are spaced apart from one another by the sprockst
body 230, In other embodiments of the invention, the drive sprocket 200 may be
raplaced by two separate sprockels each having a single set of teeth and spaced apart

from one another so that the teeth of both sprockets engage with the drive member,

In this embodiment of the invention, the drive member comprises a hollow pin bush
chain 110 comprising inner links 120 and outer links 130, the links 120, 130 beaing
connected together by hollow pins 140 as shown particularly in Figures 15 and 16, for

example.

The drive member 100 further comprises engaging mechanisms 300, as shown
particularly in Figure 18. In this embodiment of the invention each engaging
mechanism comprises two engaging bodies 310. Each of the engaging bodies 310
comprises an engagement pocket 320 adapted to engage with the drive sprocket 200.
Each engagerment pocket comprises a first engaging surface 330 and a second

engaging surface 240 spaced apart from the first engaging surface 330. Together the
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first and second engaging surfaces 330, 340 form an engaging surface pair 350 which
is rotatable about an engaging mechanism rotational axis shown by the dotted line 360

in Figure 18,

Whan the drive member 100 articuiates with the sprocket 200, each tooth 240 of the
drive sprocket 200 will engage with an engaging body 310 by contacting both the first
engaging surface 330 and the second engaging surface 340 of the engaging body 310.
In other words the engaging mechanisms 300 are adapted to engage with each tooth
240 of the sprocket 200 using the principle of dual engagement, whereby contact is
made on both sides of each tooth 240 to enable a secure engagement that is
energetically efficient and able to distribute the ioad of the chain over a larger number
of teeth of the sprocket 200.

The first and second engaging surfaces 330, 340 are configured such that when driven,
a tooth 240 of the sprocket 200 meshes to the engagement pocket 320 of an engaging
mechanism 300 at a first contact location 250 on the first engaging surface 330, and

alsc at a second contact location 260 on the second engaging surface 340,

During use, the first contact location 250 is radially offsel from the second contact
location 260, This helps to prevent the engagement pockets 320 from becoming

wedged or stuck on a tooth 240 during use.

In this embodiment of the invention, the first and second engaging surfaces 330, 340

are formed on first and second pins 280, 290 respectively.

The pins 280, 290 may be integrally formed with the remainder of the engagement
bedy 310.

In another embodiment of the invention, the pins 280, 290 may be formed separately
from the remainder of the engagement body 310 as shown in Figure 19. In this
embodiment, the engaging body 310 comprises pin apertures 370 shaped such that
the pins 280, 250 may be press fitted into the pin apertures 370.

In another embodiment of the invention, the pins 280, 290 have a semi-circular cross-
section, with the engaging surfaces being formed on the curved portion of the pins
288, 250,



10

i5

20

25

35

WO 2022/013538 PCT/GB2021/051787

In another embodiment, the first and second engaging surfaces 330, 340 are formed
from folded sheet material. Alternatively, the engaging body 310 is shaped to optimise

engagement with a sprocket tooth 240.

Each of the engaging bodies 310 comprises an aperiure 270, the centre of which is

coaxial with the engaging mechanism rotational axis 360.

The engaging mechanisms 300 each further comprise a connecting member 400,
having a first end 410 and a second end 420. The connecting member 400 is
attachable to a first engaging body 310 at its first end 410 and to a second engaging
body 310 at its second end 420, such that it extends coaxially with the rotational axis
of the respective engaging mechanism.

In this embodiment of the invention, the first and second ends 410, 420 of the
connecting member 400 sach fit into an aperture 270 of an engaging body 310 such
that both engaging bodies 310 of an engaging mechanism 300 rotate about the
rotational axis 360 with the connecting member 400. In other words, the engaging
bodies 310 are not able to rotate independently of the connecting member. The
aperture 270 thus serves as a receiving portion adapted to receive the connecting
rmember 400.

In some embodiments of the invention, the aperture 270 is profiled. This may aid

orientation of the engaging body 310 relative to the connecting member 400.

In this embodiment of the invention, each connecting member 400 extends through a
hollow pin 140, thereby connecting the engaging mechanisms 300 to the chain 110,
such that a first engaging bedy 310 is on one side of the chain 110, and the cother
engaging body 310 is on the other side of the chain. Both of the engaging bodies 310
are thus external to the chain 110, with the engaging surfaces extending away from
the chain, and the connecting member 400 extending transversely across the chain,

In addition, both engaging bodias 310 rotate about the rotation axis 360,

By means of the invention, therefore, a standard hollow pin bush chain may be readily
adapted so that it can engage with sither two sprockets, or, as is the case in this
embodimeant, it can engage with a single sprocket 200 having two sets of teeth 210,
220, whereby the teeth 240 of the sprocket 200 mash with engagement pockets 320

positioned externally to the chain.
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Referring now to Figures 21 to 23, a power transmission drive member 1100 according
te another embodiment of the invention is shown articulating around a drive sprocket
1200, having teeth 1240.

In this embodiment of the invention, the power transmission drive member 1100
comprises a hollow pin chain 1110 which is narrower than a conventional hollow pin
chain of the type shown in Figure 34 for example. The chain 1110 comprises inner
tinks 1120, and outer links 1130 which are similar to the links 110 and 120 of the chain
110 of Figure 3, except that the width of the chain 1110 no ionger has to be wide
enough to accommodate sprocket teeth., This is because the teeth 1240 of sprocket
1200 engage externally of the chain 1110 in the same way as described herein above
with respect to the embodiment illustrated in Figures 14 to 20,

Because the width of the chain 1110 is narrower than that of chain 110, the space
between the two sets of teeth of sprocket 1200 is correspondingly narrower than the

space betwesan the two sets of {eeth of sprocket 200.

In an alternative embodiment illustrated in Figures 24 and 25, the inner links 1120 are
replaced by a single plate 1135, which plate comprises first and second hollow pin
raceiving portions adapted to receive a holiow pin in a similar manner {o the previous

embodimeants described abovea,

In all other respecits, the power transmission drive member 1100 contains
corresponding parts and operates in the same way as power transmission drive

meaember 100.

Turning now to Figure 26 a further embodiment of the invention is shown. In this
embodiment, the inner link 1135 has been replaced by a plurality of thinner link plates
1235 forming a composite inner link. This can be advantageous from a manufacturing
peoint of view, and ailsc means that by having a plurality of link plates 1235, the
thickness of the composite link can be varied accerding to suit the epplication,

Turning now to Figures 27 and 28, another embodiment of a power transmission drive

chain according to an embodiment of the invention is shown.

In this embodiment of the invention, the power transmission drive member comprisas
a bush chain 4200 comprising solid pins 4300 which extend across the width of the
chain 4200.
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Each of the pins 43CC has a pin extensicn 4320 at either end of each pin 4300. Each
of the pins 4300 passes through apertures in the cuter link plates 4130 and the inner
link plates 4120 as well as bushes 4150, The pins are sized and shaped so that there
is an interference fit between each pin and a respective outer link piate 4130, Each
pin extends between respective engaging bodies 310, and sach pin extension 4320 is
adapted to pass through the aperture 270 of sach engaging body 310, Each pin
aextansion is sized and shaped such that there is a clearance fit between =ach pin

extension 4320 and a respective engaging body 310.

In such embodiments of the invention each engaging body 310 is abie fo rotate

independently about a respective pin extension 4320,

Each pin 4300 may have a head formed at each send thereof in order {o prevent each

engaging body 310 from becoming detached from a respactive pin 4300.

Referring now to Figures 29 to 32 part of a power transmission drive member 2100

according to another embodimeant of the invention is shown,

In this embodiment, gach engaging mechanism 2300 comprises two engaging bodias
2310 which are spaced apart from one ancther. Each engaging mechanism further
comprises first and second extension members 2500, 2510, which extend through =ach

engaging body and serve {o connect two engaging bodies 2310 to one another,

Fach extension member 2500, 2510 extends through the engaging bodies 2310 to
form pins 2280, 2290 on which the first and second engaging surfaces 2330, 2340 are
formed. The first and second engaging surfaces of both engaging bodies 2310 are thus

integrally formed.

The drive member 2100 comprises a chain 2110, part of which is shown particularly in
Figure 30, The chain comprises outer links 2120, and inner links 213C connected
tegether by a holiow pin 2140.

Each link 2120, 2130 comprises a body portion 2520, and first and second legs 2530,
2540 integrally formed with the body portion 2520, and extend from the body portion
2520 to define a space 2550 between the legs 2530, 2540 and the body portion 2520.
Each leg 2530, 2540 comprises a hollow pin receiving portion 2560, and each link
2120, 2130 is positionable on the engaging bodies 2310 such that the hollow pin
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receiving portion 2560 of a first leg 2530 of a link is coaxial with the rotational axis of
a first engaging mechanism, and the hollow pin receiving portion 2568 of the second
leg of the link is coaxial with the rotational axis of a second, adjacent engaging
rmechanism. This means that the hollow pin receiving portions 2560 are coaxial with
the apertures 2270 of the engaging bodiss 2310,

Each engaging mechanism 2300 further comprises a central pin 2570 which passes

through a respective holiow pin 2140,

Each holiow pin 2140 fits through the holiow pin receiving portion 2560 of a respective
inner link 2130, The central pin 2570 extends through the hollow pin 2140 and the
respective apertures 2270 of both engaging bodies 2310, with the engaging bodies

2310 positioned on either side of the outer link 2120.

This arrangement enables the engaging mechanisms to rotate about their respective

rotational axes. The space 2550 provides space for the rotation.

The engaging mechanism 2300 and the engaging bodias 2310 are equivalant to the
engaging mechanism 300 and the engaging bodies 310 and function in the same wav.
In particular, the first and second engaging surfaces 2330, 2340 form an engagement
pocket 2320 which is eguivalent to engagement pocket 320 and therefore results in
dual engagement of the tooth of a sprocket in the pitch pocket as described with

referance to the previous embodiment.

Turning now to Figures 33 a further embodiment of an cuter link plate 3120 is shown
including angle of rotation limiters. These limiters are designed to prevent over

rotation of the engaging bodies during use.

I the embodiment shown in Figure 33, the cuter link plate 3120 comprises limiters
3600 formed from bent sections of the outer link plate 3120. The angle limiters 3600
limit the rotational movement of the engaging bodies 3310 and thus reduce the

likelinood that the engaging bodies will become stuck.

By means of the present invention, and as described above, each tooth of a drive
sprocket will engage with an engaging body by contacting both a first engaging surface
and a second engaging surface. This dual engagement reduces the stress on the

sprocket as well as relative movemeant between the chain and sprocket during use

w
(o3}
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thereby reducing wear and tear on the drive member as well as the drive sprocket. In

addition, frictional losses are reduced, thereby increasing transmission efficiency.

Referring now to Figures 34 and 35 a transmission system accerding to an embodiment
of the invention is designated generally by the reference numeral 2. The transmission

systermn comprises a sprocket 4 and a drive member comprising a roller chain &,

In this embodiment of the invention the roller chain & is a standard roller chain
comprising a plurality of rollers 8 which extend transverssaly across the {ransmission
member and are spaced apart along the length of the drive member to form the chain.
The roilers are connected to one ancther by links 10 in a known manner. The roller
chain & is able to articulate between adjacent roliers 8. An engagement pocket 40 is
defined between adjacent rollers 8, Each engagement pocket 40 is adapted to engage
with a tooth 12 as will be describad in more detail below.

By means of the present invention, however, only every other engagement pocket 40
will engage with a tooth during use of the transmission system 2. The remaining every
other engagemeant pockets 40 will effectively engage with the space between adjacent
testh 12

Turning now to Figure 36, the sprocket 4 is shown in more detail,

The sprocket 4 comprises a plurality of teeth 12 which are all shaped substantially
identically to one another. Each tooth has a tooth face or profile 14 which is
symmetrical about a radial axis R of the sprocket 4,

The tooth profile 14 is defined by a first side 16 comprising a first engagement surface
18, and a second side 20 defining a second engagement surface 22, Each of the first
and second sides 16,20 comprises a base portion 24 which forms a roller seating curvea
25. Each side further comprises a portion 26 extending from the roller seating curve
towards a tip 28 of the toocth. The portion 26 is convex and defines a working curve 29,

The sprocket 4 comprises a further curve 30 forming a supporting curve 31 which

extends between adjacent testh.

As shown in Figures 37 and 38 particularly, in use of the transmission system 2, every
other engagemant pocket 40 will engage with a respective tooth 12 whilst the
remaining every other engagement pocket 40 will not engage a tooth. This is because,
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due to the dimensions of the sprocket, and particularly the profile of the tooth, relative
te the dimensions of the rollers 8, whan the roller chain 6 Is engaged with the sprocket
4 there will be two rollers 8 positioned between adjacent teeth. This in turn means
that every other engagement pocket 40 will engage with a tooth 12, with every other
engagement pocket effectively sngaging with spaces betwsen adjacent testh 12 of the

sprocket.

Referring to Figure 37 the manner in which the rollers 8§ engage with the sprocket 4

during use of the fransmission systemn 2 is shown schematicaily.

When considering a pair of rollers 8 positioned on either side of a tooth 12, one roller
32 will be a load bearing roller, and the second rolier 8 will be a supporting roller 34,

The roller seating curve 25 provides an initial seating position for the engaged rollers 8
of the roller chain 6. For both load bearing and supporting rollers, this curve helps to
distribute the contact load over a larger area reducing material stresses, at least
initially when the chain wear is low. The roiler seating curve 25 enables rollers {o sasily
transition between supporting and load bearing positions if the drive direction is ever

reversad.

The ioad bearing roller 32 will engage with the tooth 12 on a first engagemeant surface
36, and the support rolier 34 will engage with the tooth at a second engagement

surface 38.

The first and second engagement surfaces 36,38 are radially offset from one anocther.
This enables the pair of rollers 8 engaging the tooth 12 to engage with dual
engagement, since the roller chain makes contact with the sprocket testh 12 at two

contact points 37, 39 on engagement surfaces 36, 38 in each tooth of the sprocket.

The two contact points 37, 39 are thus on opposing sides of the tooth relative to its
radial centreline R, and are radiaily offsel from one another and therefore not

symumnetric relative {0 the radial centreline R,

The combination of these features leads to a secure engagement of the drive sprocket,
tooth by the rolier chain 6 and ensures that the rollers 8 do not become wedged on the
teoth. In addition, there is little to no relative movement between the tooth and the

roflers 8§ whilst in contact.
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The first contact point 37 is locad bearing and transfers the ioad between the roiler
chain 6 and the tecth 12. The second contact point 356 is supporting and thus stabilises
the rolier chain 6 on the sprocket 4 and increases the load distribution over the sprocket
teeth 12.

As shown in Figures 36 and 37, each tooth 12 further comprises a working curve 26

that extends from the roller seating curve towards the tip 28 of the tooth.

The working curve 26 is convex, and the convex arc forming the working curve 26
curves towards the tooth centreline R. The surface of working curve 26 makes contact
with the load bearing rolier 32, enabling torgue transfer between the roller chain & and
the sprocket 4. As the chain pitch elongates due to internal wear, this surface also

accommgodates the climbing of the lead-bearing roller as shown in Figure 40.

The tip 28 of sach tooth does not need to have a pointed profile. This is because when
an engagement pocket 40 is at the point of engagement with the footh 12 it has a
singie degree of freedom onily which is the articulation of the engagement pocket about
the centre of the roller,

The working curve is the primary load bearing contact surface situated on an upper
portion of the sides of each tooth. It is this surface that makes contact with the load
bearing roller 32, enabling torgue transfer between chain and sprocket. As the chain
pitch elongates due to internal wear, this surface also accommuodatas the climbing of
the load bearing roller ensuring that the sprocket is abie to transfer load through the
entire lifetime of the chain.

Turning again te Figure 36, the sprocket further comprises a supporting curve 50 which

extends between the roller seating curves of adjacent teeth.

The supporting curve is designed te accommodate the supporting roller 34,  The
supporting curve may alsg accommeoedate some movement of the supporting rolier 34
over the lifetime of the roller chain 6, as the worn chain adopis an altered position on
the sprocket.

Refarring specifically to Figures 37 and 38, the engaging pockets 40 are represented
by iines 42.
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The line 42 of each engagement pocket sits with endpoints situated on a circle 44
known as the pitch circle. The pitch circie defings the centre point of all the roller

seating curvas 25.

In this embodiment of the invention the radius of each roller seating curve is slightly
targer than the radius of each roller. This resulis in the engagement pockets 40 sitting
marginally off the pitch circle 44, This in turn ensures that the rollers adopt their
respective load bearing and supporting positicns and prevents the engagement pockets
from getting stuck on the teeth.

Referring to Figure 39, the dimensions of the roller chain 6 are shown in more detail.

As can be seen from Figure 392, the distance between adjacent rollers, known as the
chain pitch, may be represented by the letter p, and the diameater of each roller may

be represented by d-.

Referring now to Figure 40, a schematic representation of part of the transmission
systermn 2 of Figure 34 is shown. The circle radius rp reprasents the pitch circle. This
is the circie which passes through all of vertices of a regular polygon of n sides, for a
sprocket 4 which has n/2 teeth. Each side of the regular polygon has a length p. Figure

40 shows three of the sides of the regular polygoen showing the length as p.

The radius of the arc forming the first face arc and the second face arc may be
represented by r.. The centre of a roiler sealing curve 25 with radius £ sits at sach
vertex of the regular polygon forming the bases of the teeth. The radius of the arc may
be compared with the radius of the roller and given as a ratio g. In addition, the
steepness of the working curve relative {o the centreline of the tooth at the contact
point of the lcad bearing roller 32 may be denoted by . In embodiments of the
invention, the ratio p was found to be 1.01 regardiess of the number of teath on the

sprocket 12,

& was found to vary depending on the number of teeth forming the sprocket.

A representative, bul non-exhaustive list of values for @ is set outl below:

40
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NUMBER OF TEETH IN THE SPROCKET THETA (DEGREES)
& 0.3
8 2.3
10 2.7
25 5.4
30 4.5
32 4.2

Thus, it can be seen that in a transmission system according to an embodiment of the
invention, the teeth 12 of the sprocket 4 will have a prefile that hardly varies depending

on the number of teeth forming the sprocket.

By means of the embodiments of the invention therefore a standard roller chain, for
example a rolier chain meeting the IS0 606 standard, is able to engage a sprocket
such that dual engagement is achieved.

In embodiments of the invention where the sprockel 4 has n teeth, the roller seating
arc has a fixed radius rs for all 7, and this radius is slightly larger than the radius of

each roller 8,

Referring initially to Figures 34 and 35 a transmission system according to an
embodiment of the invention is designated generally by the reference numeral 2. The
transmission system comprises a sprocket 4 and a drive member comprising a roller

chain 6.

In this embodiment of the invention the roller chain & is a standard roiler chain
comprising a plurality of rollers & which extend transversely across the transmission
member and are spaced apart along the length of the drive member {o form the chain.
The rollars are connected to one ancther by links 10 in a known manner. The roller
chain 6 is able to articulate between adjacent roliers 8. An engagement pocket 40 is
defined between adjacent roliers 8. Each engagement pocket 40 is adapted to engage

with a tooth 12 as will be describad in more detail below.

By means of the present invention, however, only avery other engagement pocket 40

will engage with a tooth during use of the transmission systemn 2. The remaining every

41
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other engagemeant pockets 40 wiil effectively engage with the space between adjacent
teeth 12,

Turning now o Figure 36, the sprockel 4 is shown in more detail.

The sprocket 4 comprises a plurality of teeth 12 which are all shaped substantially
identically toc one another. Each tooth has a tooth face or profile 14 which is

symmetrical about a radial axis R of the sprocket 4.

The tooth profile 14 is defined by a first side 16 comprising a first engagement surface
18, and a second side 20 defining a second engagement surface 22. Each of the first
and second sides 16,20 comprises a base portion 24 which forms a roller seating curve
25. Each side further comprises a portion 26 extending from the roller seating curve
towards a tip 28 of the tooth. The portion 26 is convex and defines a working curve 29,

The sprocket 4 comprises a further curve 20 forming a supporting curve 31 which

extends between adjacent testh.

As shown in Figure 37 particularly, in use of the transmission system 2, every other
engagement pocket 40 will engage with a respective tooth 12 whilst the remaining
every other engagement pocket 40 will not engage a tooth, This is because, due to
the dimensions of the sprocket, and particularly the profile of the tooth, relative to the
dimensions of the rollers 8, when the roller chain & is engaged with the sprocket 4
there will be two roilers 8 positioned between adjacent teeth. This in turn means that
evary other engagement pocket 40 will engage with a tooth 12, with every cther
engagement pocket effectively engaging with spaces between adiacent testh 12 of the
sprocket.

Raferring to Figure 37 the manner in which the rollers 8 engage with the sprocksat 4

during use of the transmission system 2 is shown schematically.

When considering a pair of rollers 8 positionad on either side of a tooth 12, one roiler
32 wili be a load bearing rolier, and the second rolier 8 will be a supporting roller 34,

The roller seating curve 25 provides an initial seating position for the engaged roliers 8
of the roller chain 6. For both load bearing and supporting roilers, this curve helps to
distribute the contact load over a larger area reducing material stresses, at ieast
initially when the chain wear is low. The roiler seating curve 25 enables rollers to easily
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transition between supporting and load bearing positions if the drive direction is ever

reversad.

The ioad bearing rolier 32 will engage with the tocth 12 on a first engagement surface
36, and the support roller 34 will engage with the tooth at a second engagement

surface 38.

The first and second engagement surfaces 36,38 are radially offset from one another,
This enables the pair of roilers & engaging the tooth 12 to engage with dual
engagement, since the roller chain makes contact with the sprocket teeth 12 at two

contact points 37, 39 on engagement surfaces 36, 38 in each tooth of the sprocket.

The two contact points 37, 39 are thus on opposing sides of the tooth relative to its
radial centreline R, and are radially offset from one ancther and therefore not

symimetric relative to the radial centreline R,

The combination of these features ieads to a secure engagement of the drive sprocket
tooth by the rolier chain 6 and ensures that the rollers 8 do not hecome wedged on the
tooth. In addition, there is little to no relative movement between the tooth and the
roflers 8 whilst in contact.

The first contact point 37 is locad bearing and transfers the load between the roiler
chain 6 and the tooth 1Z. The second contact point 39 is supporting and thus stabilises
the rolier chain 6 on the sprocket 4 and increases the load distribution over the sprocket
testh 12.

As shown in Figure 37, each tooth 12 further comprises a working curve 26 that
extends from the roller seating curve towards the tip 28 of the tooth.

The working curve 26 is convex, and the convex arc forming the working curve 26
curves towards the tooth centreline R. The surface of working curve 26 makes contact
with the load bearing roller 32, enabling torgue transfer between the roller chain 6 and
the sprocket 4. As the chain pitch elongates due to internal wear, this surface also
accommodates the climbing of the load-bearing roller.

Turning again to Figure 36, the sprocket further comprises a supporting curve 50 which

extends between the roller seating curves of adjacent testh.
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As mentioned above, the roilers 8 of the rolier chain 6 are able to articulate relative {o

cne another via the links connecting adjacent rollers to one another.

In Figure 44 two articulations angies are shown, a: and a2 and these will now be

explained further,

First roller 32 and second roller 34 are shown forming a first engagement pocket 401
which mesheas with a first tooth 112. A third roller 322 is in contact with a second
tooth 212 and is positionad Lo one side of the first roller 32. The third rolier 322 and

the first roller 32 together form a second engagement pocket 4G2.

A fourth rolier 422 is positioned adiacent to second roller 34 and is in contact with a
third tooth 312. The second and fourth roliers 34, 422 togsther form a third
engagement pocket 403,

In this embodiment of the invention, the first roller 32 is a load bearing roller, and the
second roiler 34 is a support roller. Eveary other rolier starting with the load bearing
rotler 32 will also be a load bearing roller., With reference to Figure 42 therefore, the
fourth roller 422 is also a load bearing roller. This pattern will repeat itseif around the

sprocket 4.

At the point that first roller 32 makeas contact with first tooth 112, and third rolter 322
is alse in contact with a second tooth 212, first roller 32 and third roller 322 are
positioned on their respective engagement surfaces, and the second roller 34 is in
position, a first articuiation angle a: is formed at an articulation point 400, which in

this embodiment coincides with the axis of the first roller 32.

Considering now the second roller 34 and fourth rolier 422, the second articuiation
angle azis formed at the second roller 34 when the second roller 34 and the fourth
roller 422 are in contact with a respectiva tooth 12, and the first roller 322 is in contact
with tooth 112.

The magnitude of the first articulation angie a: at the point defined above, is in this

example greater than the second articulation angle a2 at the point defined above.
Similarty, every other roller starting with the second roller 34 is a support roller. In
this embodiment therefore the third roller 322 is also a support roller and this pattern

will repeat itself around the sprocket 4.
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In this embodiment, every other articulation angie will be the same. This means that
the articuiation angle a: will be at every lcad bearing rolier, and the articuiation angie

az will be at every support roiler,

Adijacent roliers are connected to one another by a link which provides a rigid
conneaction between adjacent rollers.

In this embodiment, first rolier 32 is connecied to second roller 34 by link 450, Third
rofler 322 is connected to first roller 32 by link 452, and second rolier 34 is connected
to fourth roller 422 by link 454,

It is the links 450, 452, 454 which articuiate relative to one another as shown by the
articulation angles.

Bacause the articulation angle at each load bearing roller 32, 422 is larger in this
embodiment that the articulation angle a2 at every support roller 34, 322, each locad
bearing rolier 332 will articulate for a longer duration than is the case with each support

roller 34, This can improve the efficiency of the transmission systern.

By means of the present invention therefore it is possible te achieve selective
articulation by satiing the articuiation angle at each tooth to be different, or to follow

a ragular patitern as is the case in this embodiment.

This is desirable from the perspective of both power transmission efficiency and chain
wear, Articulation under load causes inevitable friction between adjacent chain links.
This leads to both energy loss and component wear. The size of these losses is roughly

proportional to the size of the articulation angle,

The losses associated with each articulation afternates with the alternating inner and
ocuter chain iinks of a standard power transmission rolier chain. The articulation of the
outer link is more efficient than the inner, while the articulation of the inner link leads
to less chain elongation than the cuter. By using selective articulation, the magnitude
of the beneficial or deleterious effects of a given articuiation can be manipulated to

improve the drive trains overall performance.
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As shown particularly in Figures 43 and 44, the articuiation points 400 in a transmission
system according to embodiments of the invention define a n sided irreguiar polygon
500,

In embeodiments of the invention where the first articulation angle is a: and the sscond

is a2, the pattern is repeated for svery pair of links around the sprocket circumferance.

Thus, the relationship between these new articulation angles and the original exterior
angie of a polygon of n sides, a is, ai+a2=2a as shown in Figure 43.

To achieve this n sided irregular polygon, a sprockel of n/2 teeth is used, where a tooth
sits between the vertices of every other side of the polygon. This is shown more clearly

in Figure 44,

Turning now to Figures 45 to 47, a sprocket 904 according to ancther embodiment of
the invention is iHustrated schematically. The sprocket 904 forms part of a

transmission system 1002 comprising the sprocket 904 and a rolier chain 6.

Parts of the transmission system 1002 that are equivalent to the transmission system
Z described above will be given corresponding reference numerals for ease of

raference,

As shown particularly in Figure 45, the roller chain & comprises a plurality of rollers 8.
The rollers 8 are connected to adjacent rollers by means of inner links 810 and outer
links 820.

The inner links 810 serve to connect two roliers 8 together to form a roller pair 850.
The outer links serve to connect roller pairs 850 together to form the roller chain &,
The distance between inner surfaces 8§60 of inner links 810 is indicated by the reference
numeral d; in Figure 45. The distance between inner surfaces 870 of facing outer links
§20 is indicated by the reference numeral dz. As shown in Figure 45, d» is greater than
di.

Turning now to Figures 46 and 47, the sprocket 904 s described in more detail,

The sprocket comprises a plurality of teeth 12 spaced apart around the sprocket. Each

tooth has a first width 914 that is equal to or slightly less than the distance between
inner surfaces of facing inner links 800 (d1).
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Each tooth 12 also has a second width 915 which is equal to or slightly less than the

distance between the inner surfaces 870 of outer links 820 (dz).

In this embodiment of the invention each teoth comprises a middle tooth portion 920

and guter tooth portions 922, 924 which together define the second width.

Whean the sprocket 804 engages with the roller chain 6, the teeth will be positioned
between two outer links as shown in Figure 47. The width of the outer tooth portions
922, 924 together with the width of the middie portion 920 results in an overall tooth
width that is the same as or slightly iess than the distance {d2) between inner surfaces
of facing cuter links, and greater than the distance {d1) between the inner surfaces of
facing inner links. This means that the it betweean the tooth 12 and the chain 6 is such
that there is little clearance beiween the tooth and the chain. Furthermore, the
presence of the outer tooth portions 922, 924 prevenis the testh from engaging
between inner links, and thus the alignment of the chain is substantiaily maintained

during use of the drive transmission system.

In addition, the presence of the middie portion 920 prevents the inner links from

interfering with the tooth during use.
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CLAIMS

1. A drive sprocket comprising a plurality of teeth for meshing with a drive member
to transmit rotary motion, the drive member including a plurality of engagement
nockets engaging the teeth of the drive sprocket, wherein each tooth has a tooth profiie
defined by a first side comprising a first engagement surface and an opposite second
side comprising a second engagement surface, which engagement surfaces are
configurad such that when driven, a tooth meshes to the engagement pocket at a first
contact iocation on the first engagemaent surface and also at a second contact location
on the second engagement surface, whereln the first contact iocation is radiaily offset

from the second contact location.

2. A drive sprocket as claimed in claim 1, wherein sach tooth has a front face and
a back face, the shape of which faces being defined by the first and second sides,
wherein the shape of each face is symmeetrical about a radial axis of the tooth, and the

sides of the faces are defined at least partially by two arcs.

3. A drive sprocket according fo claim 2, wherein the two arcs each have a radius
of R, the centres of the arcs being at a distance x from one ancther, and at a
parpendicuiar distance, v, from the centre of the drive sprocket, and wherain the centre

of each arcis at +x/2,v.

4, A drive sprocket accerding to any one of the preceding claims, wherein adjacent

teeth are spaced apart from one another to defing a connecting portion of the sprocket.

5. A transmission system comprising a drive sprocket according to any one of the
preceding claims, further comprising a drive mernber, which drive member is adapted

te mesh with the drive sprocket.

6. A transmission systam as ciagimed in claim 5, wherein the drive member
comprises a plurality of engagement pockets, each of which engagement pockets
comprising a first engaging surface and a second engaging surface spaced apart from
the first engaging surface, the first and second engaging surfaces forming an
engagement surface pair, which pair is rotatable about a rotational axis, wherein
adiacent engagement pockets are connected to one ancther by a coennecting mamber.
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7. A transmission system as claimed in claim €, wherein adjacent engagement
pockets are connected to one another by a primary link, which primary link is rotatable

about the rotational axis of the engagement surface pair,

3. Atransmission system as claimed claim 7, wherain each primary link is rotatable

about the rotational axis of each adjacent engagement pocket.

g, A transmission system according claim 7 or claim 8, comprising a plurality of
first primary links which are coplanar with one another and are pivotally connected to
one another at first and second pivot points, which pivot points are spaced apart from
one another such that adjacent first primary links are pivotable about the axis of

rotation of each adjacent engagement pockest.

10, A transmission system as claimed in claim 9, comprising a plurality of second
primary links coplanar with one another and pivotally connected to one another at first
and second pivot points, which pivet points are spaced apart from one another such
that adjacent second primary links are pivotable about the axis of rotation of each
adjacent engagement pocket, wherein the first primary links are connected to the
second primary links such the first and second prirmary links are substantially paraliel
to one another, and the first pivot points of the first links are coaxial with the second
pivot points of the second links, and the second pivot points of the first links are coaxial
with the first pivet points of the second links.

11, A transmission system as claimed in any one of claims 7 {o 10, wherein sach
engagement pocket comprises first and second transverse members, gach having a
first end and a second end, the first and second fransverse members being spaced
apart from one another, wherein the first and second engaging surfaces are formed on

the first and second transverse members respectively.

12. A transmission system as claimed in claim 11, wherein each engagement pockat
comprises a secondary iink connecting the first and second transverse members,

wherein the secondary links are coplanar with one another.
13. A transmission system as claimed in claim 12, wherein the secondary links are

paratlel with the primary links, and the {ransverse members are substantially

perpendicuiar to the primary and secondary links,
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14. A transmission system as ciaimed in claim 12 or claim 13, wherein each
engagement pocket comprises a first secondary link positioned at, or close to the first
ends of the first and second transverse members, and a second secondary link
positioned at, or close to the second ends of the transverse members, where in the

first and second secondary links are parallel with one another,

15, Atransmission system as claimed in ciaim 14, wherein sach engagement pocket
comprises a first set of first and second primary links which are proximate the first
secondary links, and a second set of primary and secondary links with are proximate

the second secondary links.

16. A transmission system as claimed in claim 15, wherein the first and second
transverse meambers sach have a radius r, wherein the distance between the first and
sacond members of an engagement pocket is p2, and the distance between first and

second pivot points of a primary link is p.

17. A drive member forming part of a transmission system as claimed in any one of

claims 5 to 16.

13, A power transmission drive member adapted to mesh with a drive sprocket to
transmit rotary motion, the drive member comprising a piurality of engaging
meachanisms, each comprising an engaging body comprising an engagement pocket
adapted to engage with the drive sprocket, each of which engagement pockets
comprising a first engaging surface and a second engaging surface spaced apart from
the first engaging surface, the first and second engaging surfacas forming an engaging
surface pair, which pair is rotatable about an engaging mechanism rotational axis,
wherein the power transmission drive member comprises a carrier, which carrier is

articulated and is adapted to support the plurality of engaging mechanisms,

19. A power transmission drive member as caimed in claim 18 wherein the first
and second engaging surfaces are positioned symmetricaily relative to the rotational

axis of a respective engaging body.

20, A power transmission drive member as claimed in claim 18 or ciaim 19 whearein
the engaging surfaces are configurad such that when driven, a tooth of the sprockest
meashes {0 the engagement pocket at a first contact location on the first engaging

surface, and also at a second contact location on the second engaging surface.
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2L, A power transmission drive member as claimed in claim 20 wherein the first

contact iocation is radially offset from the second contact location during use,

22, A power transmission drive member as claimed in one of daims 18 to 21
wherain the first and second engaging surfaces of each engaging body are formed on

first and second pins respectively.

23, A power transmission drive member as claimed in any one of claims 18 to 22
wherein each engaging mechanism comprisas two engaging bodies, which engaging

bodies are spaced apart from one another.

24. A power fransmission drive member as claimed in any one of claims 18 to 23
wherein each engaging mechanism cornprises a connecting member having a first end
and an opposite second end, and attachabile to one engaging body at the first end, to
the other engaging body at the second end, and extending colinearly with the
rotational axis of the respective engaging mechanism wherein each engaging body of
a respective engaging mechanism comprisas a front face and an opposite back face,
whereain the engaging suifaces of each engaging body extend from the front face of a
respective engaging body, and the connecting member extends from the back face of
cne engaging body to the back face of the other engaging body , which connecting
rmamber is adapted to enable connection of a respective engaging mechanism to the

carrier.

25. A power transmission drive member as claimed in Claim 24 wheregin the
connacting member is attached to sach engaging body by means of a press fit with the

engaging body.

26. A power transmission drive member as claimed in any one of claims 18 to 25
wherein each engaging body comprises a receiving portion adapted to receive the
connecting member, which receiving portion comprises an aperture, the centre of

which is coaxial with the rotational axis of a respective engaging mechanism

27, A power transmission drive merber as claimed in any one of claims 24 {o 26
whearein the carrier comprises hollow pins extending transversely at least partiaily
across the carrier at spaced apart intervals along the length of the carrier, wherein
each connecting member extends through a hollow pin to thereby connect the

engaging mechanisms to the carrier.
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28. A power fransmission drive member as claimed in claim 18 wherein the carrier
comprises a chain formed from links, wherein each link comprises a body portion and
first and second legs extending from the body portion to define a space betwean the
legs and the body portion, wherein each leg comprises a holiow pin receiving portion,
wherein the hgoliow pin receiving portion of a first leg of a link is coaxial with the
rotational axis of a first engaging mechanism, and the hollow pin receiving portion of
the second leg of the link is coaxial with the rotational axis of a second, adjacent,
engaging mechanism, and wherein each connecting member is adapted to extend
through a respective hollow pin and engaging body, 1o thereby link the engaging
bodies to the links, such that each engaging body is rotatable about its rotational axis,
the space of each link providing space for such rotation.

29, A power transmission drive member as claimed in any one of claims 18 to 28
comprising a chain having inner links and outer links, wherein the inner links of the

chain each comprise a composite inner link formed from a plurality of link plates.

30, A power transmiission drive member as claimed in any one of claims 18 o 29
wherein each engaging mechanism comprises first and second exiension members,
which extension members are spaced apart from, and coaxial with one another, and
each has first and second end portions, wherein the extension member extends agross
the width of the engaging mechanism and through each engaging body such that the
first and second end portions of each extension member extend from the first face of
each engaging body, away frem the carrier to form a pin, wherein the first engaging
surfaces of sach engaging body are formed on the first and second end portions
respectively of the first extension member, and the second engaging surfaces of each
engaging body are formed on the first and second end portions respectively of the

sacond extension member,

3L, A power transmission drive member as claimad in any one of claims 18 to 30
wherein the carrier comprises angle rotation limiters providing stops formed on the

carrier.

32, An engaging mechanism forming part of a power fransmission drive member as

claimed in any one of claims 18 to 31.

33. A power transmission system comprising a power transmission drive member
as claimed in any one of claims 18 to 31, further comprising a drive sprocket, the
power transmission drive member being adapted to engage with the drive sprockat.
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34. A drive sprocket comprising a plurality of teeth for meshing with a drive member
te transmit rotary motion, the drive member including a plurality of engagement
pockets engaging the teeth of the drive sprocket, wherein each tooth has a tooth profile
defined by a first side comprising a first engagement surface and an opposite second
side comprising a second engagement surface, which engagement surfaces are
configurad such that when driven, a tooth meashes {o the engagement pocket at a first
contact iocation on the first engagement surface and alsc at a second contact location
on the second engagement surface, the first contact location being radially offset from
the second contact location, and wherein each tooth has a front face and a back face,
the shape of which faces being defined by the first and second sides such that the
shape of each face is symmelrical about a radial axis of the tooth, and the first side of
each face is defined at least partially by a first face arc, and the second side of gach
face is definad at least partially by a second face are, wharsin the distance betwsen
the centre of the first face arc and the centre of the second face arc of each tooth is
substantially the same as the distance between the centre of the first face arc of a first

tooth and the centre of the second face arc of an adjacent tooth.

35, A drive sprocket as claimad in claim 34 wherein the first face arc of sach tooth
comprises a base portion of the first side of the said tooth, and the second face arc of
each tooth forms a base pertion of the second side of the respective tooth, wherein the

first and second face arcs each comprise a roller seating curve,

36, A drive sprocket as claimed in claim 34 or claim 35 wherein each first and
second side comprises a second portion comprising a8 convex arc extending from a

respective roller seating curve towards a tip portion of a respeactive tooth.

37. A drive sprocket as claimed in any one of the claims 34 to 36 further comprising
a supporting curve extending from the roller seating curve of a first tooth towards the

rofler seating curve of an adjacent tooth.

38. A transmission system comprising a drive sprocket according to any one of
claims 34 to 37 further comprising a drive member, which drive member is adapted
to mesh with the drive sprocket.

39, A transmission system as claimed in claim 38 wherein the drive member
comprises a plurality of engagement pockets, each of which engagement pockets
comprising a first engaging surface and a sacond engaging surface spaced apart from
the first engaging surface.
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40, A transmission systemn as claimed in claim 39 wherein the drive member
comprises a roller chain and whergin the engagement pockets are defined between

adjacent roliers forming the rolier chain.

41, A transmission system as claimed in claim 40 wherein the rolier chain has a
pitch p, and the distance batween the centre of the first face arc and the centre of the
second face arc of each tooth, and the distance between the centre of the first face arc
of a first tooth and the centre of the second face arc of an adjacent tooth is substantiaily

equal to p.

42, A transmission system as claimed in claim 40 or claim 41 wherein the radius of
each roller forming the roller chain is substantially egual to, or slightly smailer than,

the radius of each arc forming the first and second faced arcs.

43, A drive member forming part of a transmission system as claimed in any one of

claims 38 to 42.

44, Atransmission system comprising a drive sprocket and a drive member adapted
to mesh with the drive sprocket, the drive sprocket comprising a pluratlity of teeth for
rmashing with the drive member to transmit rotary motion and the drive member
comprising a plurality of engagement pockets adapted to engage the testh of the drive
sprocket,

wherein sach tooth of the drive sprocket has a tooth profile defined by a first
side comprising a first engagement surface and an opposite second side comprising a
second engagement surface, which engagement surfaces are configured such that
when driven, a tooth meshes to an engagement pocket at a first contact location on
the first engagement surface and also at a second contact location on the second
engagement surface, the first contact location being radially offset from the second
contact location,

wherein the drive member comprises a roller chain comprising a piurality of
spaced apart rollers, sach rolier being spaced apart from adiacent rollers by a
predetermined distance, and connected to an adjacent roller by a rigid connecting
rmember extending between two adjacent rollers whereby the engagement pockets are
defined between adjacent rollers,

wherein, a first engagement pocket is formed by first and second rollers which
ara adjacent to one another, a second engagement pocket is formed by the first roiler

and a third roller, and a third engagement pocket is formed by the second roller and a
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fourth rolier, the third roller being adjacent to the first rolier, and the fourth roller being
adjacent to the second roller,

and wherein an angle formed between a connecting member connecting the
first and second roilers, and a connecting member conneacting the first and third rollers,
comprises a first articulation angle, and an angle formed between the connecting
rnember connecting the first and second rollers, and a connecting member connecting
the second and fourth rollers comprises a second articulation angle,

wherein, the magnitude of the first articulation angle formad when the first
second and third rollers are all in contact with a tooth is different to the magnitude of
the second articulation angle formed when the first second and fourth rollers are all in

contact with a tooth.

45, A transmission systermn accerding to Claim 44 wherein the drive member
comprises a plurality of articulation points, and the articulation angles are defined at

articulation points.

46, A transmission system according to Claim 44 or Claim 45 wherein the first roller

comprises a ioad bearing roller and the second roller comprises a supporting roller.

47, A transmission system according to any one claims 44 to 46 wherein the
rmagnitude of the first articulation angle is greater than the magnitude of second

articulation angle.

48, A transmission system according to any one of claims 44 to 47 wherein

magnitude of every other articulation angle is substantially the same.

49, A transmission system according o any one of the claims 44 to 48 wherein the

shape of each teoth face is symmetrical about a radial axis of the tooth.

50. A transmission system according to any one of claims 44 {o 49 wherein the first
side of each face is defined at least partially by a first face arc, and the second side of

each face is defined at ieast partialiy by a second face arc.

51. A transmission system according to any one of claims 44 to 50 wherein the first
face arc forms a base portion of the first side of cach tooth, and the second face arcg
forms a base portion of the second side of each tooth, wherein the first and second

face arcs each comprise a roiler seating curve,
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52. A transmission system according to Claim 51 wherein the roller seating curve is

adapted to receive a roller which is adapted to mesh with the sprockat.

53, A transmission systaermn according to any one of claims 44 to 52 wherein each
first and second side comprises a second portion comprising a convex arc extending

from a respective rolier seating curve towards a tip portion of a respective tooth.

54, A transmission system according to any one of claims 44 {o 52 comprising a
supporting curve extending from the roller seating curve of a first tooth towards a roller

seating curve of an adjacent tooth.

55, Atransmission system according to any one of claims 44 to 54 wherein the roller
chain comprises a plurality of inner links, each of which serves to connect two rellers
te form a roller pair, and a2 plurality of outer links, each of which servaes {o connect
rotler pairs to one another to form the roiler chain, such that a space is defined between
inner surfaces of facing inner links, and also between inner surfaces of facing ocuter
links wherein each tooth of the sprocket tooth has a width which is the same as,; or
slightly less than the distance between inner surfaces of facing outer links, and greater

than the distance between inner surfaces of facing inner links.

56, transmission system according to claim 55 wherein each tooth of the sprocket
comprises a first width which is the same as or slightly less than the distance between
inner surfaces of facing inner links, and a second width that is the same as or slightly

less than the distance between the inner surfaces of facing outer links.

57. A sprocket forming part of a fransmission system according to any one of claims
44 to 56,

n
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