
;e3eGY=GV44599pb=6=T=#06 May 2003 1 TOOTHED BELT, TOOTHED BELT POWER
TRANSMISSION APPARATUS, AND BUSINESS EQUIPMENT EMPLOYING THE SAME 5
TECHNICAL FIELD The present invention relates to a toothed belt, to a
toothed belt power transmission apparatus, and to business equipment using
such a toothed belt power transmission apparatus. The present invention
belongs particularly to the 10 technical field of reducing the
nonuniformity of belt velocity, i.e., the variation in belt velocity.
BACKGROUND ART Such a type of toothed belt has been known in the art. In
the past, toothed belts having belt teeth of trapezoidal 15 profile were
used. However, for the achievement of higher power transmission and for the
further reduction in noise, belts with a tooth profile having flank
surfaces of convex profile have been proposed. Such a type of belt has now
been used extensively nowadays. One of such tooth profiles is 20 shown in
Japanese Unexamined Patent Application Gazette No. S50-42252, which is
known in the art as the STPD tooth profile. The other tooth profile is
shown in Japanese Unexamined Patent Application Gazette No. S59-89852,
which is known in the art as the HTD-II tooth profile. The former 25 tooth
profile, i.e. , the STPD tooth profile, has been put to practical use (for
example) SUPER TORQUE SYNCRO BELT) a product of BANDO CHEMICAL INDUSTRIES,
LTD.). The latter tooth     2 06 May 2003 profile, i.e.) the HTD-II tooth
profile, has been also put to practical use (for example) POWER GRIP GT
BELT, a product of UNITTA COMPANY). Further, Japanese Unexamined Patent
Application Gazette No. 5 S64-74341 shows and proposes a toothed belt for
the purpose of accurate location drive of movable parts incorporated in a
business machine. More specifically, as shown in Figure 17, a plurality of
belt tooth portions 11', 11') ... (only one of which is shown in the
figure) are provided along a land line 



10 LL of a main body 9' of a belt 8' at their fixed pitch. Each belt tooth
portion 11' comprises tooth root portions 12' formed of circularly arcuate
surfaces which are arranged symmetrically with each other in respect to a
centerline C2 in the tooth width direction, power transmission portions
13', 15 13' formed of circularly arcuate surfaces of convex profile which
contiguously adjoin the tooth root portions 12', 12' and are arranged
symmetrically with each other in respect to the tooth width direction
centerline C2, and tooth tip portions 14', 14' formed of circularly arcuate
surfaces which 20 contiguously adjoin the power transmission portions 13',
13' and are arranged symmetrically with each other in respect to the tooth
width direction centerline C2, wherein these tooth tip portions 14', 14'
are interconnected by a tooth crest surface 15' formed of a flat surface.
When the toothed belt 25 8' is in static meshing engagement with a toothed
pulley 1',   3 06 May 2003 the tooth root portion 12' of each of the belt
tooth portions 11' substantially comes into contact with a tooth top arc
portion 4' of a pulley tooth groove portion 3'. The backlash of the belt
tooth portion 11' at the pulley tooth groove 5 portion 3' gradually
increases from the tooth root portion to the tooth tip portion of the belt
tooth portion 11' and the depth of the pulley tooth groove portion 3'
exceeds the height of the belt tooth portion 11'. In this prior art
example, the backlash with the pulley tooth groove portion 3' 10 is reduced
to zero at the tooth root portion 12' of the belt tooth portion 11', while
the backlash with the pulley tooth groove portion 3' is gradually increased
from the tooth root portion to the tooth tip portion of the belt tooth
portion 11' so that the belt tooth portion 11' tapers toward the 15 tooth
tip portion, thereby to suppress meshing interference between the belt
tooth portion 11' and the tooth top arc portion 4' of the pulley tooth
groove portion 3' for the reduction of belt pitch line variation due to
such meshing interference. In Figure 17, tooth groove flank surface 20
portions of concave profile of the pulley tooth groove portion 3' are
assigned the reference numeral 5', a tooth groove bottom portion is
assigned the reference numeral 6', and the pitch line of the belt 8' is
denoted by PL, which corresponds to the pitch circle of the pulley 1'.
Further, 25 for the purpose of providing an easy understanding, in Figure
4 06 May 2003 17 the outer peripheral portion of the pulley 1' is shown in
expanded fashion, together with the belt 8'. Apart from the above, in a
typical business machine such as 



a printer and photocopier, a character printing (including 5 printing of
images) device making utilization of a toothed belt power transmission
apparatus is used widely. In such a printer, a carriage carrying thereon an
ink supply and a printing mechanism such as a hammer is attached to a
toothed belt. The toothed belt is wound around toothed pulleys and 10 the
pulleys are forwarded and reversed to cause the carriage to reciprocate. In
order to enable the carriage to provide improved printing accuracy and
image quality, it is required that the nonuniformity of velocity of the
toothed belt when traveling 15 over the pulleys (i.e., the belt velocity
variation) be reduced as low as possible. Particularly, for the case of
printers, there have been made rapid improvements in color printing, color
printing speed-up, color printing quality. The meshing vibration (velocity
nonuniformity caused by 20 meshing) of toothed belt may cause printing
nonuniformity and image nonuniformity, so that there have been strong
demands for the reduction of the nonuniformity of belt velocity caused by
meshing. For the case of equipment for business use such as a 25 printer, a
toothed belt, such as an STPD toothed belt or HTD   5 06 May 2003 II
toothed belt, is commonly used, wherein the tooth pitch is set below 3 mm
(for example, either 3 mm, 2 mm, or 1.5 mm), and the tooth has a profile
which is just a scaledown of the tooth profile of relatively large tooth
pitch such as 8-mm 5 pitch or 5-mm pitch. However) these tooth profiles
were originally developed for use in high power transmission, in which no
scheme to meet demands for the reduction of the nonuniformity of velocity
was taken into consideration at a11. 10 Although the toothed belt of the
foregoing prior art (S64 74341) was proposed taking into account the
occurrence of belt velocity nonuniformity to some extent, it failed to
provide a tooth profile optimum for the reduction of the nonuniformity of
velocity. This prior art technique is 15 therefore unable to reduce the
nonuniformity of belt velocity to a sufficient extent. In fact, little
research in tooth profile has been done for the reduction of toothed belt
velocity nonuniformity. Bearing in mind the above, the present invention
was made 20 by the inventor who intensively conducted analysis and
experiments on various factors constituting a tooth profile of a toothed
belt for use in equipment for business use or the like. Accordingly, an
object of the present invention is to reduce the nonuniformity of toothed
belt velocity as low 25 as possible.   



6 DISCLOSURE OF THE INVENTION 06 M ay 2003 In order to achieve the
above-described object, the inventor conducted research. The research
result had shown that, for the case of toothed belts having tooth portions
5 with convex flank surface portions, the flank maximum pressure angle had
considerable influence on the nonuniformity of velocity. This factor had
not at a11 been taken into consideration before. That is to say, in
conventional toothed belts having either an STPD tooth 10 profile or an
HTD-II tooth profile for use in high power transmission applications) the
maximum pressure angle of the tooth flank surface is set low for the
avoidance of tooth jumping occurring during high power transmission
operation. For example, for an STPD tooth profile whose tooth pitch is 15
between 1.5 mm and 3.0 mm, the flank maximum pressure angle is set to fall
in the range between an angle of 14.2 degrees and an angle of 14.4 degrees,
while, for an HTD-II tooth profile whose tooth pitch between 1.5 mm and 3.0
mm, the flank maximum pressure angle is set to fall in the range 20 between
an angle of 7.5 degrees and an angle of 8.1 degrees. On the other hand, for
the case of toothed belts that find applications in equipment for business
use, they are driven under low power transmission conditions. Therefore,
there is almost no need to take into account belt tooth jumping. The 25
research result by the inventor shows that the nonuniformity   7 06 May
2003 of belt velocity can be reduced to a considerable extent if the flank
maximum pressure angle is set to fall in the range between an angle of 15
degrees and an angle of 25 degrees. As an embodiment of the above finding,
the present 5 invention provides a toothed belt which comprises a belt main
body with a pitch line on which a tensile member is embedded therein and a
plurality of belt tooth portions provided at a fixed pitch on a land line
of the belt main body. Each of the belt tooth portions comprises tooth root
portions formed of 10 circularly arcuate surfaces which are arranged
symmetrically with each other in respect to a centerline in the tooth width
direction, power transmission portions formed of circularly arcuate
surfaces of convex profile which contiguously adjoin the tooth root
portions, lie at flank surfaces of the tooth 15 portion, and are arranged
symmetrically with each other in respect to the tooth width direction
centerline, tooth tip portions formed of circularly arcuate surfaces which
contiguously adjoin the power transmission portions and are arranged
symmetrically with each other in respect to the 20 tooth width direction
centerline, and a tooth crest surface 



formed of an approximately flat surface which interconnects the tooth tip
portions) wherein the maximum pressure angle at where the power
transmission portion of the belt tooth flank surface and the tooth root
portion are connected together is 25 between an angle of 15 degrees and an
angle of 25 degrees.   8 06 May 2003 At the time when a tooth portion of
the toothed belt comes into meshing engagement with a driving-side tooth
groove portion of the toothed pulley, such engagement of the belt tooth
portion with the pulley tooth groove portion takes 5 place at a location
which is somewhat delayed with respect to the location of the pulley tooth
groove portion because of the influence of load torque that is applied.
Consequently, an aft flank surface of the belt tooth portion in respect to
the traveling direction is first brought into contact with a 10 flank
surface of the pulley tooth groove portion. Thereafter, the belt tooth
portion slides into the pulley tooth groove portion. At this time, at a
span of the belt (i.e., at a belt portion that is not being wound around
the pulley)) the belt pitch line moves vertically in a direction normal to
the belt 15 span, resulting in the occurrence of meshing velocity
nonuniformity. The amount of vertical movement of the belt pitch line is
determined by a reaction force produced when the belt tooth portion slides
into the pulley tooth groove portion and a component of a belt tension
force produced when 20 the belt is pushed upward by the reaction force.
Because of this, as the contact position moves away from the perfect
meshing position of the belt tooth portion and the pulley tooth groove
portion, the belt tension force component decreases, thereby increasing the
amount of upward movement 25 of the belt pitch line. In other words,
earlier contacting of   9 06 May 2003 the belt tooth portion with the
pulley tooth groove portion results in greater velocity nonuniformity.
Therefore, if the maximum pressure angle is small as in the conventional
tooth profiles, then the contacting of the belt 5 tooth flank surface with
the pulley tooth groove flank surface takes place early (see Figure 4(b)).
On the other hand, if the maximum pressure angle is set larger in
comparison with the conventional techniques, this delays the contacting of
the belt tooth flank surface with the pulley 10 tooth groove flank surface
(see Figure 4(a)), thereby reducing the nonuniformity of belt velocity. 



However, the maximum pressure angle cannot be increased excessively and if
the maximum pressure angle is too great, this will not reduce the
nonuniformity of velocity; rather 15 the nonuniformity of velocity
increases. That is to say, as described above, the amount of shift of the
belt span is determined by reaction force (produced when the belt tooth
portion slides into the pulley tooth groove portion after their flank
surfaces come into contact with each other) and 20 belt tension force
component. However, at that time, if the maximum pressure angle is too
great, then a component of a reaction force in the vertical direction
(i.e.) in the direction normal to the belt span) produced when the belt
tooth portion slides into the pulley tooth groove portion 25 becomes too
great. This will not allow the belt tooth portion   10 06 May 2003 to
smoothly slide into the pulley tooth groove portion, therefore pushing up
the belt pitch line to increase the nonuniformity of velocity. The analysis
result obtained by the inventor shows that an 5 optimal allowable range for
the maximum pressure angle is between an angle of 15 degrees and an angle
of 25 degrees as described above. In comparison with the commonly-used
pressure angle range (between an angle of 14.2 degrees and an angle of
14.4), the present invention is able to reduce the 10 nonuniformity of
velocity more effectively. Further, the maximum pressure angle at where the
power transmission portion of the belt tooth flank surface and the tooth
root portion are connected together is between an angle of 16 degrees and
an angle of 23 degrees. Furthermore, the 15 maximum pressure angle is
between an angle of 17 degrees and an angle of 22 degrees. As a result of
such arrangement, the nonuniformity of velocity can be reduced to a further
extent. The present invention provides a toothed belt comprising a belt
main body with a pitch line on which a tensile member is 20 embedded
therein and a plurality of belt tooth portions provided at a fixed pitch on
a land line of the belt main body. Each of the belt tooth portions
comprises tooth root portions formed of circularly arcuate surfaces which
are arranged symmetrically with each other in respect to a 25 centerline in
the tooth width direction) power transmission   11 06 May 2003 portions
formed of circularly arcuate surfaces of convex profile which contiguously
adjoin the tooth root portions, lie at flank surfaces of the tooth portion,
and are arranged symmetrically with each other in respect to the tooth
width 5 direction centerline, and a tooth tip end portion formed of a
circularly arcuate surface which is so provided as to interconnect the
power transmission portions and whose center point lies on the tooth width
direction centerline, wherein the maximum pressure angle at where the power
transmission 10 portion of the belt tooth flank surface and the tooth root 



portion are connected together is between an angle of 15 degrees and an
angle of 25 degrees. Such a tooth construction is able to provide the same
effects as above. Further, since the tooth tip end portion of 15 the belt
tooth portion is defined by a single circularly arcuate surface, this makes
it possible to further delay the contacting of the belt tooth portion with
the pulley tooth groove portion in comparison with increasing only the
maximum pressure angle (see the virtual line of Figure 8). 20 Accordingly,
the nonuniformity of belt velocity can be reduced to a further extent. In
such a case, the maximum pressure angle in the toothed belt is between an
angle of 16 degrees and an angle of 23 degrees. Further, the maximum
pressure angle is between an 25 angle of 17 degrees and an angle of 22
degrees. As a result   12 06 May 2003 of such setting, the nonuniformity of
velocity of the toothed belt can be reduced to a further extent. The
present invention provides a toothed belt power transmission apparatus
comprising a combination of any one of 5 the preceding toothed belts and
toothed pulleys each having a plurality of pulley tooth groove portions
which are provided at a fixed pitch on a pulley outside diameter line. Each
of the pulley tooth groove portions comprises tooth top arc portions formed
of circularly arcuate surfaces which are 10 arranged symmetrically with
each other in respect to a centerline in the tooth groove width direction,
tooth groove flank surface portions formed of circularly arcuate surfaces
of concave profile which contiguously adjoin the tooth top arc portions and
are arranged symmetrically with each other 15 in respect to the tooth
groove width direction centerline, and a tooth groove bottom portion
provided so as to interconnect the tooth groove flank surface portions. The
belt tooth portion has flank surfaces whose profile is substantially the
same as that of flank surfaces of the 20 pulley tooth groove portion.
Further, in a power transmission state (i.e.) in a working state) in which
the toothed belt is wound around the toothed pulleys and a tension force is
applied to the toothed belt, the pressure angles of the belt tooth portion
flank surface and the pulley tooth groove 25 portion flank surface at their
respective locations in the   13 06 May 2003 tooth height direction are
made approximately equal to each 



other and a belt land portion comes into contact with a pulley outside
diameter portion. As described above) if the maximum pressure angle is so 5
increased as to fall within the range below 25 degrees ( preferably )
between an angle of 17 degrees and an angle of 22 degrees), this delays the
belt tooth flank surface to come into contact with the pulley tooth groove
flank surface, resulting in reducing the nonunoinormity of belt velocity.
10 Other than this) even when the pressure angle of the belt tooth portion
remains small as in the conventional techniques, it is possible to
geometrically delay, within the delay range of the pulley tooth groove
portion with respect to the belt tooth portion during low power torque
transmission, the 15 contacting of the belt tooth flank surface with the
pulley tooth groove flank surface by setting the maximum pressure angle of
the pulley tooth groove portion smaller than that of the belt tooth
portion. As described above, if the maximum pressure angle of the pulley
tooth groove portion is made 20 smaller than that of the belt tooth
portion, then the backlash between the belt tooth portion and the pulley
tooth groove portion gradually increases from root to tip. This is the same
construction as shown in the prior art technique (JP Unexamined Patent
Application Gazette No. S64-74341).   14 06 May 2003 However) the
inventor's research shows that if the maximum pressure angle of the pulley
tooth groove portion is set smaller than the maximum pressure angle of the
belt tooth portion, this increases the nonuniformity of velocity of the 5
belt. That is to say, when the maximum pressure angle of the pulley tooth
groove portion is set smaller than the maximum pressure angle of the belt
tooth portion, this certainly delays the contacting of the belt tooth flank
surface with the pulley tooth groove flank surface; however, the belt 10
tooth flank surface is brought into contact, not with the pulley tooth
groove flank surface but with the tooth top arc portion (see Figure 5(b)).
As a consequence of such contact, the belt tooth portion is pushed up by
the tooth top arc portion of the pulley tooth groove portion) so that the
belt 15 tooth portion is unable to smoothly slide into the pulley tooth
groove portion and the belt pitch line is pushed up, resulting in
increasing the nonuniformity of velocity. On the other hand, according to
the toothed belt power transmission apparatus of the present invention, it
is 20 arranged such that the pressure angles of the belt tooth portion
flank surface and the pulley tooth groove portion flank surface at their
respective locations in the tooth height direction are made approximately
equal to each other, so that the belt tooth flank surface comes into
uniform 25 contact with the pulley tooth groove flank surface. This   



15 06 May 2003 allows the belt tooth portion to smoothly slide into the
pulley tooth groove portion (see Figure 5(a)). The belt pitch line will not
be pushed up) which considerably reduces the nonuniformity of velocity of
the belt. 5 Further, an arrangement may be made, in which the pulley tooth
groove portion of the toothed pulley has a tooth groove bottom portion
which is formed of an approximately flat surface. As a result of such
arrangement, the tooth groove bottom portion of the pulley tooth groove
portion and the 10 tooth crest surface of the belt tooth portion are formed
of identical) approximately flat surfaces) which is preferable. The tooth
groove bottom portion may be formed of a surface inscribing an arc of a
circle having its center in the pulley central direction) 15 The present
invention provides a toothed belt power transmission apparatus comprising a
combination of the foregoing toothed belt and toothed pulleys each having a
plurality of pulley tooth groove portions which are provided at a fixed
pitch on a pulley outside diameter line. Each of 20 the pulley tooth groove
portions comprises tooth top arc portions formed of circularly arcuate
surfaces which are arranged symmetrically with each other in respect to a
centerline in the tooth groove width direction, tooth groove flank surface
portions formed of circularly arcuate surfaces 25 of concave profile which
contiguously adjoin the tooth top   16 06 May 2003 arc portions and are
arranged symmetrically with each other in respect to the tooth groove width
direction centerline, and a tooth groove bottom portion provided so as to
interconnect the tooth groove flank surface portions) wherein 5 the belt
tooth portion has flank surfaces whose profile is substantially the same as
that of flank surfaces of the pulley tooth groove portion and wherein in a
power transmission state in which the toothed belt is wound around the
toothed pulleys and a tension force is applied to the 10 toothed belt, the
pressure angles of the belt tooth portion flank surface and the pulley
tooth groove portion flank surface at their respective locations in the
tooth height direction are made approximately equal to each other and a
belt land portion comes into contact with a pulley outside 15 diameter
portion. This construction is also able to provide the same operation and
effects as the above. Furthermore, in the foregoing toothed belt power
transmission apparatus of the present invention, the pulley tooth groove
portion of each of the toothed pulleys has a 20 tooth groove bottom portion
which comprises a circularly arcuate surf ace inscribing an arc of a circle
whose center point lies on the tooth groove width direction centerline and
whose radius is greater than that of the tooth tip end portion of the belt
tooth portion. That is to say. in the 25 case the belt tooth portion has a
tooth tip end portion which   



17 06 May 2003 is a circularly arcuate surface (i.e., a curvilinear surface
inscribing the arc of a circle), the pulley tooth groove portion may have a
tooth groove bottom portion which is an approximately flat surface. In the
present invention) however, 5 the tooth groove bottom portion of the pulley
tooth groove portion is formed of a circularly arcuate surf ace whose
radius is greater than that of the tooth tip end portion of the belt tooth
portion. This arrangement is preferable because the belt tooth portion is
able to slide into the 10 pulley tooth groove portion in a much smoother
manner. The present invention provides a toothed belt power transmission
apparatus comprising a combination of a toothed belt and toothed pulleys.
The toothed belt has a belt main body with a pitch line on which a tensile
member is embedded 15 therein, a plurality of belt tooth portions provided
at a fixed pitch in the belt main body, and a land portion provided between
adjacent belt tooth portions. Each of the belt tooth portions has power
transmission portions formed of circularly arcuate surfaces of convex
profile which lie at 20 flank surfaces of the tooth portion and are
arranged symmetrically with each other in respect to a centerline in the
tooth width direction) tooth tip portions formed of circularly arcuate
surfaces which. contiguously adjoin the power transmission portions and are
arranged symmetrically 25 with each other in respect to the tooth width
direction   18 06 May 2003 centerline, and a tooth crest surface formed of
an approximately flat surface which is so provided as to interconnect the
tooth tip portions. On the other hand, each of the toothed pulleys has a
plurality of pulley tooth groove 5 portions provided at a fixed pitch on a
pulley outside diameter line. Each of the pulley tooth groove portions has
tooth top arc portions formed of circularly arcuate surfaces which are
arranged symmetrically with each other in respect to a centerline in the
tooth groove width direction, tooth 10 groove flank surface portions formed
of circularly arcuate surfaces of concave profile which contiguously adjoin
the tooth top arc portions and are arranged symmetrically with each other
in respect to the tooth groove width direction centerline, and a tooth
groove bottom portion provided so as 15 to interconnect the tooth groove
flank surface portions. The maximum pressure angle at where the tooth top
arc portion and the tooth groove flank surface portion in the pulley tooth
groove portion are connected together is between an angle of 15 degrees and
an angle of 25 degrees and the belt tooth 20 portion has flank surfaces
whose profile is substantially the same as that of flank surfaces of the
pulley tooth groove portion. Moreover) in a power transmission state in
which the toothed belt is wound around the toothed pulleys and a tension
force is applied to the toothed belt, the pressure 25 angles of the belt
tooth portion flank surface and the pulley   19 



06 May 2003 tooth groove portion flank surface at their respective
locations in the tooth height direction are made approximately equal to
each other and a belt land portion does not come into contact with a pulley
outside diameter 5 portion. The arrangement for reducing the nonuniformity
of belt velocity by increasing the maximum pressure angle is effective for
toothed belt power transmission apparatus that are used in such a condition
that the belt land portion does 10 not come into contact with a pulley
outside diameter portion. However, in such a case, areas of the belt land
portion, the tooth root portion of the tooth portion, and the tooth flank
surface that lie outside beyond the pulley outside diameter portion in the
radial direction have no direct influence on 15 the behaviors of the belt
tooth portion at the time of meshing. Accordingly, the maximum pressure
angle of the belt tooth portion in the belt alone is not important) but the
maximum pressure angle at a connection point of the tooth top arc portion
and the tooth groove flank surface portion is 20 important. In accordance
with the present invention, the maximum pressure angle at where the tooth
top arc portion and the tooth groove flank surface portion are connected
together is between an angle of 15 degrees and an angle of 25 degrees) as a
result of which arrangement the same operation and 25 effects as the above
can be obtained.   20 06 May 2003 In the above-described toothed belt power
transmission apparatus, the land portion of the toothed belt comprises an
approximately flat surfaces which is interconnected with the belt tooth
portion flank surfaces through tooth root portions 5 formed of circularly
arcuate surfaces which are arranged symmetrically with the tooth width
direction centerline. The land portion of the belt, since there is no
constraint when taking into account the nonuniformity of belt velocity, may
be formed of a circularly arcuate surface; however, it is 10 preferable
that the belt land portion be formed of an approximately flat surface. That
is to say, toothed belts made of polyurethane have been used widely in
equipment for business use because they are superior in the shape accuracy
of tooth portions or the like. Particularly, when the belt 15 tooth portion
pitch is below 1.5 mm, nearly a11 of toothed belts are made of
polyurethane, for rubber belts are not able to meet requirements of the
business equipment because they are poor in tooth shape accuracy. In such a
polyurethane toothed belt, a concave portion is practically provided in 20
the belt land portion in order to separate the core cord from the land
line. However, when the belt tooth portion pitch is below 1.5 mm, the
formation dimensions of such a concave portion are considerably small,
resulting in difficult die processing. In order to cope with such a
problem, the core 25 cord is provided directly over the land line without
the  



21 06 May 2003 provision of the foregoing concave portion, and the belt is
used in such a condition that the belt land portion is not brought into
contact with a pulley outside diameter portion so as to prevent the core
cord from being damaged by contact 5 with the pulley outside diameter
portion. In such a case, since in the present invention the belt land
portion is an approximately flat surface, the position of the core cord can
be made stable by the belt land portion which is approximately flat. 10 In
such a case, the maximum pressure angle at where the tooth top arc portion
and the tooth groove flank surface portion in the pulley tooth groove
portion of the toothed belt power transmission apparatus are connected
together is between an angle of 16 degrees and an angle of 23 degrees. 15
Further, the maximum pressure angle is between an angle of 17 degrees and
an angle of 22 degrees. As a result of such arrangement, the nonuniformity
of toothed belt velocity can be reduced to a further extent. Further, in
the present invention, the pulley tooth groove 20 portion of the toothed
pulley has a tooth groove bottom portion which is formed of an
approximately flat surface. As a result of such arrangement , when the belt
is wound around the pulley, the toot tip end portion of the belt tooth
portion can be received at the tooth groove bottom portion of 25 the pulley
tooth groove portion whose area is large. This   22 06 May 2003 makes it
possible to stabilize the core cord position (pitch line) of the belt when
wound around the pulley. This reduces the nonuniformity of velocity to a
further extent. The present invention provides a toothed belt power 5
transmission apparatus comprising a combination of a toothed belt and
toothed pulleys. The toothed belt has a belt main body with a pitch line on
which a tensile member is embedded therein, a plurality of belt tooth
portions provided at a fixed pitch in the belt main body) and a land
portion 10 provided between adjacent belt tooth portions. Each of the belt
tooth portions has power transmission portions formed of circularly arcuate
surfaces of convex profile which lie at flank surfaces of the tooth portion
and are arranged symmetrically with each other in respect to a centerline
in 15 the tooth width direction and a tooth tip end portion formed of a
circularly arcuate surface which is so provided as to interconnect the
power transmission portions and whose center point lies on the tooth width
direction centerline. On the other hand) each of the toothed pulleys has a
plurality of 20 pulley tooth groove portions provided at a fixed pitch on a
pulley outside diameter line. Each of the pulley tooth groove portions has
tooth top arc portions formed of circularly arcuate surfaces which are
arranged symmetrically with each other in respect to a centerline in the
tooth groove width 25 direction, tooth groove f lank surface portions
formed of   



23 06 May 2003 circularly arcuate surfaces of concave profile which
contiguously adjoin the tooth top arc portions and are arranged
symmetrically with each other in respect to the tooth groove width
direction centerline, and a tooth groove 5 bottom portion provided so as to
interconnect the tooth groove flank surface portions. The maximum pressure
angle at where the tooth top arc portion and the tooth groove flank surface
portion in the pulley tooth groove portion are connected together is
between an angle of 15 degrees and an 10 angle of 25 degrees. The belt
tooth portion has flank surfaces whose profile is substantially the same as
that of flank surfaces of the pulley tooth groove portion. In a power
transmission state in which the toothed belt is wound around the toothed
pulleys and a tension force is applied to the 15 toothed belt) the pressure
angles of the belt tooth portion flank surface and the pulley tooth groove
portion flank surface at their respective locations in the tooth height
direction are made approximately equal to each other and a belt land
portion does not come into contact with a pulley 20 outside diameter
portion. That is to say, in accordance with the toothed belt power
transmission apparatus of the present invention, the construction of the
belt tooth portion is changed to the same one as the above and the same
operation and effects as the 25 above can be obtained.   24 06 May 2003 In
such a case) the land portion of the toothed belt in the toothed belt power
transmission apparatus comprises an approximately flat surface which is
interconnected with the belt tooth portion flank surfaces through tooth
root portions 5 formed of circularly arcuate surfaces which are arranged
symmetrically with the tooth width direction centerline. Such arrangement
provides the same effects as the above. Further, in accordance with the
toothed belt power transmission apparatus of the present invention, the
maximum 10 pressure angle at where the tooth top arc portion and the tooth
groove flank surface portion in the pulley tooth groove portion are
connected together is between an angle of 16 degrees and an angle of 23
degrees. Moreover, the maximum pressure angle is between an angle of 17
degrees and an angle 15 of 22 degrees. As a result of such arrangement, the
nonuniformity of toothed belt velocity can be reduced to a further extent.
In accordance with the toothed belt power transmission apparatus) the
pulley tooth groove portion of the toothed 20 pulley has a tooth groove
bottom portion which comprises a circularly arcuate surface inscribing an
arc of a circle whose center point lies on the tooth groove width direction
centerline and whose radius is greater than that of the tooth tip end
portion of the belt tooth portion. Such arrangement 25 provides the same
effects as the above.   



25 06 May 2003 Finally, the present invention provides equipment for use in
business applications which is provided with a toothed belt power
transmission apparatus formed in accordance with the present invention
wherein a carriage is attached to the 5 toothed belt. As a result of such
arrangement, during the operating time of the toothed belt power
transmission apparatus, when the carriage is shifted for performing
character printing, the variation in carriage velocity caused by the
nonuniformity of belt velocity is reduced. This makes 10 it possible for
the carriage to provide improved printing accuracy and image quality. BRIEF
DESCRIPTION OF THE DRAWINGS In the drawings: Figure 1 shows in cross
section an enlarged tooth portion 15 of a toothed belt in a first
embodiment of the present invention; Figure 2 is an enlarged
cross-sectional view illustrating in a developed manner a state when a belt
tooth portion is in meshing engagement with a toothed pulley in a toothed
belt 20 power transmission apparatus according to the first embodiment;
Figure 3 is a front view schematically showing the entire structure of a
toothed belt power transmission apparatus;   26 06 May 2003 Figure 4 is an
explanatory diagram schematically showing a state when a belt tooth portion
is in meshing engagement with a pulley tooth groove portion; Figure 5
corresponds to Figure 4, showing a meshing 5 engagement state when the
pressure angle of a belt tooth flank surface is approximately equal to that
of a pulley 



tooth groove flank surface; Figure 6 corresponds to Figure 1, showing a
tooth portion of a toothed belt in a second embodiment of the present 10
invention; Figure 7 corresponds to Figure 2, showing the second embodiment;
Figure 8 corresponds to Figure 4) schematically showing a state when a belt
tooth portion is in meshing engagement with 15 a pulley tooth groove
portion in the second embodiment; Figure 9 corresponds to Figure 2, showing
a third embodiment of the present invention; Figure 10 corresponds to
Figure 2, showing another embodiment of the present invention in which a
belt land 20 portion is not brought into contact with a pulley outer
diameter portion in a power transmission state in which tension is applied
to the belt; Figure 11 shows the data derived from analysis on the
nonuniformity of belt velocity analysis by an FEM analytical 25 method;
27 06 May 2003 Figure 12 shows a relationship between the belt tooth
pressure angle and the belt velocity nonuniformity derived from the belt
velocity nonuniformity analysis data; Figure 13 shows a system for belt
velocity nonuniformity 5 measurement; Figure 14 shows the measurement data
by the belt velocity nonuniformity measurement system; Figure 15 shows the
data derived from belt velocity nonuniformity frequency analysis; 10 Figure
16 shows a relationship between the belt tooth pressure angle and the belt
velocity nonuniformity derived from the belt velocity nonuniformity
measurement data; and Figure 17 corresponds to Figure 2, showing a state
when a tooth portion of a conventional toothed belt is in meshing 



15 engagement with a toothed pulley. BEST MODE FOR CARRYING OUT THE
INVENTION Best modes for carrying out the present invention w111 be
described below by making reference to the accompanying drawings. Referring
first to Figure 3, there is shown the 20 entire structure of a toothed belt
power transmission apparatus A according to a first embodiment of the
present invention. The power transmission apparatus A is of the type that
is mounted in business equipment such as printers or photocopiers. In
Figure 3, the reference numeral 1 denotes a 25 driving pulley formed of a
toothed pulley and the reference   28 06 May 2003 numeral 2 denotes a
driven pulley formed of a toothed pulley. These pulleys 1 and 2 are so
arranged as to opposite to each other in horizontal direction. A toothed
belt 8 is wound around both the pulleys 1 and 2, being in meshing
engagement 5 therewith. A carriage 19 carrying a supply of ink and a
printing mechanisms such a hammer is fixedly attached) at its attachment
portion 19a, to a lower span of the toothed belt 8 so as to be movable
together with the toothed belt 8. The pulleys 1 and 2 are forwarded and
reversed to cause the 10 toothed belt 8 to travel, so that the carriage 19
reciprocates between the driving pulley 1 and the driven pulley 2. As
enlargedly shown in Figure 2, the driving and driven pulleys 1 and 2 (the
toothed pulleys) each have a plurality 15 of pulley tooth grooves 3, 3, ...
(only one of which is shown in the figure) which are uniformly spaced apart
by a fixed pitch on an outside diameter line of the pulley outer periphery.
Each pulley tooth groove portion 3 has (a) a pair of tooth top arc portions
4, 4 formed of curvilinear surfaces 20 each inscribing an arc of a circle
(i.e., circularly arcuaed symmetrically with each other in respect to its
centerline C1 in the tooth groove width direction, (b) a pair of tooth
groove flank surface portions 5) 5 formed of circularly 25 arcuate surfaces
of concave profile having a center point O1P   29 06 May 2003 in the
vicinity of a pitch circle PC (i.e., the same point as the circularly
arcuate surface center point 01B of a power transmission portion 13 in a
tooth portion 11 of the toothed belt 8 which is brought into meshing
engagement with the 5 pulleys 1 and 2 as described later) and a radius RP
greater than the tooth width W of the toothed belt 8 which contiguously
adjoin the tooth top arc portions 4, 4 and are arranged symmetrically with
each other in respect to the 



tooth groove width direction centerline C1, and (c) a tooth 10 groove
bottom portion 6 formed of an approximately flat surface which
interconnects the tooth groove flank surface portions 5) 5 (note that in
Figure 2 the outer periphery of the pulley 1 (2) is shown in a developed
manner together with the toothed belt a for the purpose of providing an
easy 15 understanding). On the other hand, as enlargedly shown in Figure 1,
the toothed belt 8 has a belt main body 9 made of elastic material. It is
preferable that the belt main body 9 be made of either rubber or
polyurethane. Other than these materials, 20 the belt main body 9 may be
formed of, for example, synthetic resin material. As rubber material for
the belt main body 9, chloroprene rubber is used. Other than chloroprene
rubber, either NBR, SBR, EPDM, or the like may be useful. These rubber
materials preferably have a JIS-A hardness between 25 about 65 degrees to
about 85 degrees. Thermohardening ether   30 06 May 2003 polyurethane may
be used as a material to form the belt main body 9. Thermoplastic ester
polyurethane may be used also as a material to form the belt main body 9.
Further, embedded in the belt main body 9 on a pitch line 5 PL thereof is a
core cord (not shown in the figure) that serves as a tensile member. The
core cord is usually formed of glass fiber or aramid fiber) regardless of
which one of rubber or polyurethane is used to form the belt main body 9.
Instead, the core cord may be made of carbon fiber or PBO 10 fiber. For the
reduction of electric power that is consumed by business equipment, it is
required that core cords of smaller diameter be used for the achievement of
loss torque reduction. Further, in view of reducing the nonuniformity of
velocity 15 of the toothed belt 8, it is better to employ core cords of a
high elastic modulus from the point that the rigidity of the toothed belt 8
is reduced in order that the pitch line PL of the toothed belt 8 can be
maintained stable, and from the point that the tension elastic modulus of
the toothed belt 8 20 is increased in order that meshing interference under
load can be reduced by maintaining the tooth pitch for the rapid reduction
of velocity variation taking place when business equipment is started. A
plurality of tooth portions 11 11, ... (only one of which 25 is shown in
the figure) having a tooth wide W are provided on   06 May 2003 31 



a land line LL of the belt main body 9 in the direction of the belt length
at a fixed pitch. A land portion 10 is defined at a bottom surface of the
belt main body 9 between tooth portions 11, lying on the land line LL.
Although there 5 are no particular constraints for the pitch of the tooth
portions 11, a pitch between 0.5 mm and 3.0 mm is selected for business
machine parts. When the belt main body 9 is made of rubber, a fabric of
synthetic fiber (not shown in the figure) is applied onto the 10 surface of
the tooth portion 11. It is preferred that such a fabric be made of
polyamide fiber. Instead of using polyamide, polyester fiber may be useful.
The fabric is usually subjected to adhesion treatment such as RF treatment,
epoxy treatment, RFL treatment, or the like, and then to rubber 15 cement
treatment. In some cases, such rubber cement treatment is carried out on
both sides of the fabric. However, especially for the case of equipment for
use in business applications) scattering of rubber powders from the toothed
belt 8 surface is undesirable. In addition) in view of the 20 reduction of
velocity nonuniformity of the toothed belt 8, it is necessary to decrease
the coefficient of friction of the toothed belt 8 surface. Therefore) it is
better not to subject the outer surface of the tooth portion 11 to rubber
treatment.   32 06 May 2003 On the other hand, when the belt main body 9 is
made of polyurethane, no fabric is applied onto the surf ace of the tooth
portion 11 and only a core cord is embedded in the belt main body 9. 5 The
present invention is characterized by the profile of the belt tooth portion
11 and the profile of the pulley tooth groove portion 3. That is to say, as
shown in Figure l, each belt tooth portion 11 has, at its both sides in the
belt length direction) (a) a pair of tooth root portions 12, 12 10 formed
of circularly arcuate surfaces having a predetermined radius r1B which are
arranged symmetrically with each other in respect to the centerline C2 in
the tooth width direction of the belt tooth portion 11 (i.e., the belt
length direction centerline) and contiguously adjoin their respective land
15 portions 10, (b) a pair of power transmission portions 13, 13 formed of
circularly arcuate surfaces of convex profile having a radius RB which
contiguously adjoin the tooth root portions 12, 12, lie at flank surfaces
of the tooth portion 11) and are arranged symmetrically with each other in
respect 20 to the tooth width direction centerline C2, (c) a pair of 



tooth tip portions 14, 14 formed of circularly arcuate surfaces having a
predetermined radius r2B which contiguously adjoin the power transmission
portions 13, 13 and are arranged symmetrically with each other in respect
to the 25 tooth width direction centerline C2, and (d) a tooth crest   33
06 May 2003 surface 15 formed of an approximately flat surface which is so
provided as to interconnect the tooth tip portions 14) 14. It is preferable
that a center point O1B, i.e., the center point of the circularly arcuate
surface of each power 5 transmission portion 13, be located either on the
pitch line PL of the toothed belt 8 or in the vicinity thereof. The center
point O18 is desirably located within a specific range, in other words the
center point O1B is located a distance a (= 0.13 to 0.42W) from the land
line LL and a distance b (_ 10 0.2 to 0.81W) from the tooth width direction
centerline C2 of the belt tooth portion 11 where W is the tooth width
(i.e., the width of the tooth portion 11). Further, preferably, the radius
RB of the circularly arcuate surface of each power transmission portion 13
is set approximately equal to the 15 tooth width W or greater than the
tooth width W (i.e., RB ~ W or RB > W), more preferably) RB = 1.0 to 1.5W.
In the toothed belt 8, the maximum pressure angle 8B at where the power
transmission portion 13 at the belt tooth 11 flank surface and the tooth
root portion 12 are connected 20 together, is set to 8B = 15 to 25 degrees,
preferably 8B = 16 



to 23 degrees. More preferably, AB - 17 to 22 degrees. Optimally, 88 = 19.3
degrees as shown in the figure. Furthermore, as shown in Figure 2, the
profile of the flank surface (i.e., the tooth width direction flank
surface) of 25 the belt tooth portion 11 is approximately similar to the
06 May 2003 34 profile of the flank surface (i.e., the tooth groove width
direction flank surface) of the pulley tooth groove portion 3. In an actual
power transmission state wherein the toothed belt 8 is wound around both
the pulleys 1 and 2 and a tension 5 force is applied to the toothed belt 8,
the pressure angle of the belt tooth portion 11 flank surface and the
pressure angle of the pulley tooth groove portion 3 flank surface at their
respective flank surface points in the tooth height direction are made
approximately equal to each other and, in 10 addition, it is such
constructed that the land portion 10 of the toothed belt 8 is brought into
contact with a pulley outside diameter portion. Accordingly) in the present
embodiment) as shown in Figure 4, when the tooth portion 11 of the toothed
belt 8 comes into 15 meshing engagement with the tooth groove portion 3 of
the driving pulley 1 implemented by a toothed pulley, such engagement of
the belt tooth portion with the pulley tooth groove portion takes place at
a location which is somewhat delayed with respect to the location of the
pulley tooth 20 groove portion because of the influence of load torque that
is applied. Consequently, an aft flank surface of the belt tooth portion 11
in respect to the traveling direction is first brought into contact with a
flank surface of the pulley tooth groove portion 3. Thereafter, the belt
tooth portion 11 25 slides into the pulley tooth groove portion 3.   35 06
May 2003 At that time, the belt pitch line PL moves, at a span of the
toothed belt 8 (i.e., at a belt portion that is not wound around the
pulley) ( vertically in a direction normal to the belt span, which causes
meshing velocity nonuniformity. The 5 amount of vertical movement of the
pitch line PL is 



determined by a reaction force that is produced when the belt tooth portion
11 slides into the pulley groove portion 3 and a component of a belt
tension force that is produced when the toothed belt 8 is pushed upward by
the reaction force. 10 Therefore, as the contact position moves away from
where the belt tooth portion 11 and the pulley tooth groove portion 3
perfectly engage with each other, the component force decreases while the
amount of pushing up the pitch line PL increases, so that if the contacting
of the belt tooth 15 portion 11 with the pulley tooth groove portion 3
takes place early, this results in increasing the nonuniformity of
velocity. As Figure 4(b) shows, in the conventional toothed belt 8, since
the maximum pressure angle 8B of the belt tooth portion 20 11 flank surface
is small (i.e., AB = 14.2 to 14.4 degrees), this causes the belt tooth
portion 11 flank surface to early come into contact with the pulley tooth
groove portion 3 flank surface. On the other hand, in the present
embodiment, as shown in Figure 4(a), the maximum pressure angle is 25
greater than the conventional one) that is, 8B = >_ 15 degrees.   36 06 May
2003 This arrangement delays the contacting of the belt tooth portion il
flank surface with the pulley tooth groove 3 flank surface, thereby making
it possible to reduce the nonuniformity of velocity of the toothed belt 8.
5 As described above, the belt tooth portion 11 flank surface is brought
into contact with the pulley tooth groove portion 3 flank surface. This is
followed by the belt tooth portion il sliding into the pulley tooth groove
portion 3, producing a reaction force which, together with a component of a
belt 10 tension force, determines the amount of shift of the belt span . At
that time ( if the maximum pressure angle 8B is too great) this excessively
increases a component of a reaction force produced when the belt tooth
portion 11 slides into the pulley tooth groove portion 3 in a vertical
direction (i.e., 15 in a direction normal to the belt span). This prevents
the belt tooth portion 11 from smoothly sliding into the pulley tooth
groove portion 3 and the belt pitch line PL is pushed upward. This) on the
contrary, further increases the nonuniformity of velocity of the toothed
belt 8. However, in 20 the present embodiment, the maximum pressure angle
AB is 8B s 25 degrees in order that the belt tooth portion 11 can smoothly
slide into the pulley tooth groove portion 3. This suppresses the increase
in the nonuniformity of velocity of the toothed belt 8. That is to say) if
the value of the 25 maximum pressure angle 8B is set to fall within the
range  



37 06 May 2003 between an angle of 15 degrees and an angle of 25 degrees,
this reduces the nonuniformity of velocity of the toothed belt 8 as low as
possible. Moreover, in the present embodiment) the pressure angle of 5 the
flank surface of the belt tooth gortion 11 and the pressure angle of the
flank surface of the pulley tooth groove gortion 3 at their respective
locations in the tooth height direction are approximately equal to each
other, so that as shown in Figure 5(a) the belt tooth portion 11 flank 10
surface comes into uniform contact with the pulley tooth groove portion 3
flank surface, thereby allowing the belt tooth portion 11 to smoothly slide
into the pulley tooth groove portion 3. If the maximum pressure angle of
the pulley tooth groove portion 3 is set greater than that of the belt 15
tooth portion 11, this causes the belt tooth portion 11 flank surface to
come into contact, not with the pulley tooth groove portion 3 flank
surface, but with the tooth top arc portion 4 of the pulley tooth groove
portion 3. As a result, the belt tooth portion 11 is pushed up by the tooth
top arc 20 potion 4 of the pulley tooth groove portion 3 (see Figure 5(b)).
Unlike Figure 5(b))) in the present embodiment the nonuniformity of
velocity of the toothed belt 8 can be suppressed to a further extent. In
this way, the nonuniformity of velocity of the toothed belt 8 is reduced as
38 06 May 2003 low as possible. This provides improvements in, for example,
the printing accuracy and image quality of business equipment. Furthermore)
in the pulleys 1 and 2 the tooth groove bottom portion 6 of the pulley
tooth groove portion 3 is formed of 5 an approximately flat surface.
Therefore, the tooth groove bottom portion 6 of the pulley tooth groove
portion 3 and the tooth crest surface 15 of the belt tooth portion 11 may
be formed of identical, approximately flat surfaces. The tooth groove
bottom portion 6 may be formed of a curvilinear 10 surface inscribing an
arc of a circle having its center in the pulley center direction. Reference
is now made to Figures 6 and 7 which show a second embodiment of the
present invention. Note that in each of the following embodiments of the
present invention the 15 same portions as ones shown in Figures 1 and 2
have been assigned the same reference numerals and they will not be
described in detail. In the present embodiment, the profile of the belt
tooth portion 11 is changed. More specifically, in accordance with the
present 20 embodiment, as shown in Figure 7, each of the pulley tooth
groove portion 3 of the pulleys 1 and 2 has (a) the tooth top arc portions
4, 4 formed of circularly arcuate surfaces which 



are arranged symmetrically with each other in respect to the tooth groove
width direction centerline C1, (b) the tooth 25 groove flank surface
portions 5, 5 formed of circularly   06 May 2003 39 arcuate surfaces of
concave profile which contiguously adjoin the tooth top arc portions 4) 4
and are arranged symmetrically with each other in respect to the tooth
groove width direction centerline C1, and (c) the tooth groove 5 bottom
portion 6 formed of an approximately flat surface which is so provided as
to interconnection the tooth groove flank surface portions 5, 5. On the
other hand, as shown in Figures 6 and 7, each of the belt tooth portions 11
of the toothed belt 8 has, at its both 10 sides in the belt length
direction, (a) the tooth root portions 12, 12 formed of circularly arcuate
surfaces having the predetermined radius r1B which are arranged
symmetrically with each other in respect to the tooth width direction
centerline C2 of the belt tooth portion 11 and contiguously 15 adjoin their
respective land portions 10, 10) (b) the power transmission portions 13, 13
formed of circularly arcuate surfaces of convex profile having the radius
RB which contiguously adjoin the tooth root portions 12, 12, lie at the
flank surfaces of the belt tooth portion 11, and are 20 arranged
symmetrically with each other in respect to the tooth width direction
centerline C2, and (c) a tooth tip end portion 17 formed of a circularly
arcuate surface having its center point 02B on the tooth width direction
centerline C2 of the belt tooth portion 11 and a radius rTB, the portion 17
40 06 May 2003 being so provided as to interconnect the power transmission
portions 13, 13. As in the first embodiment, the maximum pressure angel f)B
at where the power transmission portion 13 of the flank 5 surface of the
belt tooth portion 11 and the tooth root portion 12 are connected together,
is set to AB = 15 degrees to 25 degrees, preferably, 6B - 16 degrees to 23
degrees. More preferably, 8B = 17 degrees to 22 degrees. Optimally) 8B -
19.3 degrees) as shown in the figure. 10 Furthermore, the belt tooth
portion 11 is approximately similar in flank surface profile to the pulley
tooth groove portion 3. In an actual power transmission state wherein the
toothed belt 8 is wound around both the pulleys 1 and 2 and a tension force
is applied to the toothed belt 8, the pressure 15 angle of the belt tooth
portion 11 flank surface and the pressure angle of the pulley tooth groove
portion 3 flank surface at their respective flank surface points in the
tooth height direction are made approximately equal to each other and) in
addition, it is such constructed that the land 20 portion 10 of the toothed
belt 8 is brought into contact with 



a pulley outside diameter portion. The other constructions of the present
invention are the same as the first embodiment. Accordingly, also in the
present embodiment, the same operation and effects as the first embodiment
can be obtained. 25 Additionally, since the tooth tip end portion 17 of the
belt   41 06 May 2003 tooth portion 11 is formed of a single circularly
arcuate surface) this arrangement makes it possible to further delay the
contacting of the belt tooth portion 11 with the pulley tooth groove
portion 3 as indicated by solid line of Figure 8. 5 This provides the
advantage that the nonuniformity of velocity of the toothed belt 8 can be
reduced effectively to a further extent as compared with the arrangement in
which only the maximum pressure angle is increased as indicated by virtual
line of Figure 8. 10 Reference is now made to Figure 9 which shows a third
embodiment of the present invention. In the third embodiment, the tooth
portion 11 of the toothed belt 8 is provided, at its tooth tip end area,
with the tooth tip end portion 17 formed of a single circularly arcuate
surface for 15 interconnecting the power transmission portions 13, 13 on
both the belt length direction sides, as in the second embodiment. On the
other hand, the tooth groove bottom portion 6 of the pulley tooth groove
portion 3 of each of the pulleys 1 and 2 20 is formed of a single
circularly arcuate surface having its center point 02P on the tooth groove
width direction centerline C1 and a radius rTP slightly greater than the
radius rTB of the tooth tip end portion 17 of the belt tooth portion 11.
42 06 May 2003 In the present embodiment) the tooth groove bottom portion 6
of the tooth groove portion 3 is formed of a circularly arcuate surface
having the radius rTP slightly greater than the radius rTB of the
circularly arcuate surface of the tooth 5 tip end portion 17 of the belt
tooth portion 11. This arrangement enables the belt tooth portion 11 to
mare smoothly slide into the pulley tooth groove portion 3) thereby more
effectively suppressing the increase in the nonuniformity of velocity of
the toothed belt e. 10 In the first embodiment, in the power transmission
state in which the toothed belt is wound around the pulleys 1 and 2 and a
tension force is applied to the toothed belt 8) the belt land portion 10 is
brought into contact with a pulley outside diameter portion. However, as
shown in Figure 10, in 15 the same state as above) the belt land portion 10
may not come into contact with a pulley outside diameter portion. In such a
case, 8P, which is the maximum pressure angle at where the tooth top arc
portion 4 and the tooth groove flank surface portion 5 in the pulley tooth
groove portion 3 are 20 connected together, may be set at 8P - 15 degrees
to 25 degrees (see Figure 2). The maximum pressure angle 8P may be set at
AP = 16 degrees to 23 degrees , more preferably, 8P = 17 degrees to 22
degrees. In a toothed belt power transmission apparatus in which, as 25
described above, the land portion 10 of the toothed belt 8 



43 06 May 2003 does not come into contact with the outside diameter
portions of the pulleys 1 and 2, areas of the belt land portion 10, the
tooth root portion, and the flank surface portion that lie outside beyond
the pulley outside diameter portions will 5 not have any direct influence
on the behaviors of the belt tooth portion 11 at the time of meshing.
Therefore, not the maximum pressure angle 8B of the belt tooth portion 11
in the toothed belt 8 alone, but the maximum pressure angle AP at where the
tooth top arc portion 4 and the tooth groove flank 10 surface portion 5 in
the pulley tooth groove portion 3 are connected together, is set at 8P = 15
degrees to 25 degrees, which makes it possible to reduce the nonuniformity
of velocity of the toothed belt 8 to the same extent as the above. 15 In
such a case, the land portion 10 of the toothed belt 8 may be formed of a
circularly arcuate surface. However, it is preferable that the belt land
portion 10 be formed of an approximately flat surface which is contiguously
interconnected with the flank surfaces of the belt tooth 20 portion 11
flank by the tooth root portions 12 formed of circularly arcuate surfaces
arranged symmetrically with each other in respect to the tooth width
direction centerline C2. In the toothed belt 8 having the belt main body 9
made of polyurethane, when the pitch of the belt tooth portion 11 is 25 not
more than 1.5 mm, the dimensions of a concave portion   44 06 May 2003
formed to keep a core cord away from the belt land portion 10 are small and
die processing is therefore difficult. For this reason, the core cord is
arranged directly over the belt land portion 10 without the provision of
such a concave portion. 5 In order to prevent the core cord from getting
damaged by contact with the outside diameter portions of the pulleys 1 and
2, it is designed such that the land portion 10 of the toothed belt 8 is
made out of contact with the outside diameter portions of the pulleys 1 and
2. Accordingly, as 



10 described above) the arrangement that the land portion 10 of the toothed
belt 8 is formed of an approximately flat surface is able to make the
position of the core cord stable. Further) the tooth groove bottom portion
6 of the tooth groove portion 3 of each of the pulleys 1 and 2 may be
formed 15 of an approximately flat surface. As a result of such
arrangement, when the toothed belt 8 is wound around the pulleys 1 and 2,
it is possible to make the tooth tip end portion 17 of the belt tooth
portion 11 receivable by the tooth groove bottom portion 6 formed of an
approximately flat 20 surface having a large area. As a result, the core
cord position (i.e., the pitch line PL) of the toothed belt 8 when wound
around the pulleys 1 and 2 can be made stable, therefore reducing the
nonuniformity of velocity of the toothed belt 8 to a further extent.   45
06 May 2003 Further, in the construct~.on of either the second or third
embodiment) the following arrangement may be made. That is, in a power
transmission state in which the toothed belt 8 is wound around the pulleys
1 and 2 and a tension force is 5 applied to the toothed belt, the belt land
portion 10 does not come into contact with a pulley outside diameter
portion and the maximum pressure angle AP at where the tooth top arc
portion 4 and the tooth groove flank surface portion 5 in the pulley tooth
groove portion 3 are connected together) is set 10 at 8P = 15 degrees to 25
degrees (either at 8P = 16 degrees to 23 degrees or at 8P = 17 degrees to
22 degrees). Each of the foregoing embodiments of the present invention has
been described in terms of the toothed belt 8 and the power transmission
apparatus A incorporated in equipment for 15 business use such as printers
and photocopiers. However, the present invention is of course applicable to
toothed belts and power transmission apparatus incorporated into machines
other than business equipment. Next, examples of the embodiments of the
present invention 



20 will be described. In the first place, the nonuniformity of toothed belt
velocity was analyzed using an FEM analytical method. In the FEM analytical
method, two-dimensional dynamic analysis was carried out using a
general-purpose software program ABAQUS. An analysis model was derived by
modeling of 25 two different pulleys and an endless belt having tooth   46
06 May 2003 portions in the inside thereof, wherein after application of
tension force to the belt the pulleys were rotated. The profile of a belt
tooth portion and the profile of a pulley tooth groove portion were formed
in accordance with the 5 foregoing embodiments. Each belt material constant
was input by actual measurements for belts having a tooth pitch of 2.117 mm
and respective constitutional materials (it was considered that the
material constant did not vary even when the tooth profile varied). The
belt main body was set as a 10 quadrangular plane element and the core cord
was set as a beam element ) and in consideration of friction, the surface
that was brought into contact with the pulleys was set as an interface
element. A model of the pulley surface was a rigid surface . 15 The
velocity of a specific point on the belt pitch line was output to obtain
data on the nonuniformity of belt velocity. The data thus obtained is shown
in Figure 11. Figure 11(a) shows the data for an example of the present
invention (which is equivalent to the first embodiment of the present 20
invention) in which the belt tooth portion comprises tooth tip portions
which are arranged symmetrically with each other in relation to the tooth
width direction centerline and a tooth crest surface which is formed of an
approximately flat surface for interconnecting the tooth tip portions and
the 25 maximum pressure angle is between 15 degrees and 25 degrees.   47 06
May 2003 On the other hand, Figure 11(b) shows the data for an example of a
conventional technique in which the maximum pressure 



angle is 14.4 degrees. Further, the relationship between the pressure angle
of the 5 belt tooth portion and the belt velocity nonuniformity (the belt
velocity variation value) was found from the data and the results are shown
in Figure 12. In Figure 12) the belt velocity variation value is
represented by an index indicating that the conventional technique example
is 1.0. 10 Moreover, in Figure 12 the solid line indicates the data for a
belt tooth portion having a tooth profile comprising tooth tip portions and
a tooth crest surface formed of an approximately flat surface wherein the
present invention example covers a maximum pressure range between 15
degrees 15 and 25 degrees. On the other hand, the broken line indicates the
data for a belt tooth portion having a tooth tip end portion formed of a
circularly arcuate surface having its center point on the tooth width
direction centerline for interconnecting the power transmission portions,
which is 20 equivalent to the second embodiment of the present invention. A
power transmission apparatus made up of a belt and pulleys was prepared for
performing a bench test by a measurement system to measure the
nonuniformity of velocity of the belt. More specifically, as examples of
the present 25 invention, two toothed belts (Examples 1 and 2 of the
present   48 06 May 2003 invention) having the same construction (i.e., the
construction according to the second embodiment shown in Figure 6) but
having different maximum pressure angles (an angle of 17.6 degrees for one
and an angle of 19.3 degrees 5 for the other). On the other hand, as an
example of the conventional technique, a toothed belt having a construction
shown in Figure 17 (the maximum pressure angle: 14.4 degrees) was prepared.
The following table shows the dimensions of these toothed belts. Their
dimension values are represented 10 by an index which indicates that the
belt tooth pitch (2.117 mm) is 1.0. TABLE DIMENSIONSPRESENT INVENTION EX. 1
EX. 2PRIOR ARTBELT THICKNESS0.62 t---BELT BODY THICKNESS0.26 t-t-TOOTH
HEIGHT0.36 ~-~--TOOTH PITCH1.0 ~.TOOTH WIDTH W ~0.61 -.-RADIUS r1B ~0.09
.-RADIUS RB0.61 0.63 ~0.61PITCH LINE HEIGHT0.12 ~----DISTANCE a ~0.l2
0.140.08  



49 DISTANCE byq/2RADIUS rTB0.20 0.18- 06 May 2003 More concretely, the test
toothed belts are made of rubber and has tooth portions of circularly
arcuate profile (tooth pitch: 2 . 117 mm) . The rubber is chloroprene
rubber having a 5 hardness of 70 degrees. The core cord is made from glass
fiber of a diameter of 0.3 mm. The fabric, made from polyamide woolie
finish yarn, is RF processed and only its rear side is processed by rubber
cement. These toothed belts were actually run to measure their 10 velocity
nonuniformity by a belt velocity nonuniformity measurement system of Figure
13) The measurement system comprises a driving and driven pulleys 41 and 42
which are implemented by toothed pulleys around which each test toothed
belt 40 is wound. Belt tension is applied by a static load DW 15 to the
driven pulley 42 and the driving pulley 41 is rotated i.n a direction
indicated by an arrow in the figure with the driven pulley 42 placed in the
noload state. A belt area in the slack side span of the belt 40 at a
distance of dl = 10 mm from the shaft center of the driving pulley 41, is
20 illuminated with a laser light 43a from a probe 43 that is located a
distance of d2 - 1002 mm away from the area in respect to the belt lateral
side. Based on the output signal from the probe 43, the nonuniformity of
velocity of the belt 



50 06 May 2003 40 is measured by the velocity nonuniformity measurement
device 44. The frequency of the velocity nonuniformity thus measured is
analyzed by an FFT 45 and the analysis results are fed into a personal
computer 46 and then printed out by a 5 printer 47. The data measured by
the velocity nonuniformity measurement system is shown in Figure 14) while
the data derived from analysis of the frequency of the belt velocity
nonuniformity is shown in Figure 15. A relationship between the pressure
angle of the belt tooth portion and the velocity l0 nonuniformity derived
from the belt velocity nonuniformity measurement data is shown in Figure
16. Note that each belt velocity variation value is an index value in which
the conventional technique example (whose maximum pressure angle is 14.4
degrees) is 1.0. 15 As can be seen from Figure 12, if the maximum pressure
angle at where the power transmission portion of the belt tooth flank
surface and the tooth root portion are connected together is between an
angle of 15 degrees and an angle of 25 degrees, this reduces the
nonuniformity of belt velocity to a 20 further extent in comparison with
the conventional technique example whose maximum pressure angle is 14.4
degrees. It is preferable that the maximum pressure angle be between 16
degrees and 23 degrees. Further, if the maximum pressure angle is set to
fall within the range between 17 degrees and 25 22 degrees, this achieves a
considerable reduction in the   51 



06 May 2003 nonuniformity of belt velocity. It is optimally preferable that
the maximum pressure angle be 19.3 degrees. INDUSTRIAL APPLICABILITY In
accordance with the present invention, at the time when 5 a belt tooth
portion is about to come into meshing engagement with a pulley tooth groove
portion, it is designed such that the contacting of a flank surface of the
belt tooth portion with a flank surface of the pulley tooth groove portion
is delayed and, in addition, a vertical component of a reaction 10 force
produced when the belt tooth portion slides into the pulley tooth groove
portion is reduced. This allows the belt tooth portion to smoothly slide
into pulley tooth groove portion) thereby considerably reducing the
nonuniformity of velocity of the toothed belt to provide practically
excellent 15 advantages such as improvement in the printing accuracy and
image quality of business use equipment such as a printer. Because of the
capability of promotion of the improvement in the performance of business
use equipment, the industrial applicability of the present invention is
high. 20   06 May 2003 52 WIiAT IS CLAIMED IS: 1 A toothed belt compnsuy a
hell main bode ss nh a pitch trite on ss loch a tensile mcrnber is embedded
therein; a plurality of belt tooth portions provided at a fixed pitch on a
land line of said belt main body. each of said belt tooth pot-ttons
comprisutg~ tooth root portions foi-ined of cicularly arcuate sur faces
v~hich me arranged ~ymmurically w rth each other in inspect to a centerline
m the tooth vs~idth dn-ecuon; power trancnussion portions formed of
circularly arcuate surfaces of coin cv protilc which conucuously adloit
said tenth toot portions at a point, and lie at hank surfaces of said tooth
portion. and arc ananged synnncutcally ss~tth ca;,h oilier m respect to
said tooth s~~idth dne~uon centerline. t!10111 llp port1011s formed of
circularly arcuate surfaces which contiguously ad)Ulrl S3ld pOV'el
tra115117JSC10r1 portions and are arranbed synnctr really vsnth each other
m r cspcct to said tooth N~idth direction centerline, a tooth crest surface
formed of an ahp roainately flat surface ss~hich nnerconnects ssvh tooth up
porions, ss heron a maainuirt p iessure angle at said point ss-hcte said
posvcr tt ansnussion portion of said belt tooth flank sui face and said
arcuatc surfaces of said tooth t got poi iron are connected to~~ether is
between an englc of 15 degrees and an angle of"_'S degrees 2. The toothed
belt of claim 1 ss'hereit the maximum pressure angle at said point where
said pos, ei transmis~ron ;~orticin of said belt tooth 11an1, stir face and
said tooth t got portion are connected together is hetss een an angle of 16
.iegrccs and an angle of 23 degrees. s. The toothed belt of claim I
ss~hercu~ the maximum p r cssure uncle at said point s~~herc said pos~~cr
transnussron ortton of said heir tooth flank sot face and said tooth root
portion are connected to~;Cdtet iS bet~s~een an ansle of 17 Degrees and an
angle of 22 degt ccs 



4 .A toothed belt pov,~cr transmission apparatus comprising a combination
of a toothed belt of any one of clanns 1and toothed pullc~~s each has rng a
plurality of pulley tooth groove portions ss hick are pl us idcd at a fixed
puck on ;: pulley outside diameter line, caih of said pulley tooth groove
poi-ttons coitpnsitC. tooth top arc portions fonned of citrularly arcuate
surfaces which are ananLed s~~tnmetrtcall~~ \~ 11h CaCh OIItCi tit expect
to a centerline in the tooth groove ~ idih dn-ecion, tooth groove flank
surface portions formed of circularly arcuate surfaces of concave profile
~s~ltich corti~~uously ad~o;n surd tooth top arc ponrons and are an-angcd
syinmeuically ss'ith each other in respect to said tooth gruose ss rdth
direction ccnterlrne, a tooth groove bottom pot-tron provided so as to
iricrconnect said tooth t;roovc l7anh surface portions, s~ lteretn .aid
belt tooth ponum ha~ flank wifa:es whose pi~file ~5 sub~tanu,lly the same
;.s that of clank surfaces of said t.:llcy tooth groove ponton,   06 May
2003 53 tit a pol~~er transnusston state rat v prep said tootltcd belt is v
ound around said toothed pal legs and a tension force is ltl,hed to said
toothed belt, the ma>,Imum Pressure angles of said belt tooth Portion flank
surface of said l,ullev t.~oth groove puruon flank surface at then
iespecuve locations rat the tooth hclht dnectlon arc made aploo~.tmatcl~~
e:;ual to each other and a belt land ptSl iron comes utto contain wrih a
pulley outside diameter portion. s. The toothed belt l,ov~et transmission
apparatus of claim 4. whereat said pulley tooth gtuovr po.-aon ofcach of sa
Id toothed Pulleys has a tooth groove bottom portion for med of an
appro~.nnately flat surface r, A toothed belt cornPi tstng: a belt maul
body wrap a latch Irate on w'htch a tensile member is embedded thereat, a
plurality of belt tooth p01'L7011S provided at a f i>,ed pitch on a land
line of said belt main body, a ch of said belt tooth poi irons compnstn~.
tooth root portions formed of cn'cularly arcuate surfaces which are art'an;
,_ed symmetr really wrap each other m respect to a centctline In the tooth
~~~tdth dueruon: power transmission Portions formed of cn'culatly arcuatc
surfaces of convey Profile whtrh contiguously ad~otn said taath root
pontons at a point, and lie at (lank sw faces of said tooth portion, and
ate arran~~ed symmetrically with :ach other tit respect to said tooth width
duecuon cenieiline, a tooth tip end portion formed of a circular ly arcuate
surface ,t 171c1 1S so l,rowded as to unerconncct said pon-cr transnusslon
portions and whose center point lies on said tooth width ducctton center
lute; wherein a ma~,nnum pressure angle at said J,outt where said power
transmission J,onion of said belt tooth flank su: Exec and said arcuatc
surfaces of said tooth runt poi uon are connected together is bcW 'een an
angle of l 5 decrees and an angle of?5 degrees 7. The toothed belt of clann
6 whereat the matnnum pressut a angle at said point v~here said power
transnusston poriton of said hell tooth flank swtace and said tooth toot
portion are connected together is between an antile of 16 Jcgrees and art
angle of''3 dcc;tces '` The toothed belt of claim ( wherein the mawnum
ptcscure angle at said point where said pov~et transmission poW on of said
belt tooth clank sat face and said tooth :OUI 1)01't1011 at C C01111eClCd
LOyetlter Is het cen as angle of 17 degrees and an angle of 22 decrees. 9
.A toothed belt power transnusston apparatus comprlsme a combutatton of a
toothed belt of any one of clanns 68 and toothed pulleys each having a plu;
alit~ of pulley tooth grool'e portions whirl: ar c provided at a fixed
pitch on a pulley outside diameter Itne. each of said pulley tooth ~roovc
1)01'(1011S C01771)i'lStttt,' t:Mll7 lOp arC p01'110115 funned of
clrcularl\' atcuate surfaces wJttch are arranged symmctncally \~'uh each
other tn inspect to a centerline in the tooth Ltnove ~~tdth du cctlon,
t.~uth groove flank surface poi'ttons fot~rted of ctrculattv arcuate
surfaces of concave profile which conttguousl~~ a~:~om said tooth top air
portions and are arranged syntmcmcall~~ a 7th each other in rusJteea to
said tooth gtoolc t~ idth direction ceutcrline;  



06 May 2003 54 a tooth groove bottom portion p 7 owded so as to
interconnect said tooth groo\ a flank surface portions, \~ l7crcln' ~,~td
belt tooth portion l7as tlanh sin faces \\ hose l7rofilc rs- substantially
the same as that of 11an1: surfaces of said l7ulley tooth groove portion,
1n a po\a'cr transnnssron stale in v hrch said toothed belt rs wound around
said toothed pulleys and a tendon lorcc rs appllcd to card toothed belt.
the ma~,nnum pressure angles of card belt tooth portion flank sin face and
satd pulley tooth groovellorlon flank surface at their respectt~~e
locations m the tooth herLht dlrectron arc made appro>,unatcly equal to
each other and a bolt land portion comes into contact \\ tth a pulled'
outctde diameter portion 10 The toothed belt power transnusston apl7aratus
of croon 9. wherein said pulley tooth groove prnt7on of each of said
toothed pulleys has a tooth groove bottom punron \\ hrch coo)))t ices a
crrc ular l~~ arcuatc stir face rnscnbrn= an .tic ofa circle whose center
point Ices on said tooth groove wndth direction centerline and \vho,e
radius is greater tllan that of sold tooth tip end poi lion of said belt
tooth po rtion. 1 1. .A toothed belt pov\'c1 transn7lssion appar atus
comprisn7g a combination of a toothed belt and tootl7ccl l7ullcys, (a) said
toothed belt having' a belt main body with a pitch line on ~ l7rch a
tensllc men7bcr 1s en7bedded then cln, a plurality of belt tooth portions
provtdcd at a (iced pitch tit satd 17e1( maul body, a land portion provided
between adjacent belt tooth porirons, (b) each of said belt tooth portions
having' power transnusslon portions formed of circularly arc uatc surfaces
of convey l7rof ire v hrch l re at fla,:l. stir faces of card tooth portion
and arc ar ranged syn7tncti really wrih each other rn r cspect to a center
line tit the tooth \\ rdth d 1:'CCI1011; tUUll7 l71) pOrt1o77S f01'177Cd Of
ClrCUla1'1\' arcuate surfaces v~171C17 C01111~U011S1y adt0ln 531d p0\\'CI
tra)751771SSlOn p01'i1p115 :;nd are arranged cymmctncallv vrVh each other m
respect to said tooth ~~tdth dncction centcrlrnc tooth crest surface formed
of an al7ptommatel~~ slat surface \\hrch rs so provided as to interconnect
said tooth tip portions, ;c) e:acl7 of said toothed pulleys hawny a
plurality ofpulley tooth eroovc portions provided at a fi~;cd l7ttch on a
pulley outside diameter line; (d) each of said pulley tooth eroove
por-trons ha\ rng tooth top arc pnr'ttons formed of circularly arcuate sot
faces N htch are art anecd s~~mmeu really with each other tit r .pect to a
centerline m the tooth ~~roo\ a \~~rdth direction, tooth groove flank sot
face portions formed of crrcularh' arcuate surfaces of conca\ a prolire v
hlcl7 conirguously a,?lonl card tooth top arc poritons and arc an'an gcd
S)'177177C1r'1Ca11V \vrth c;ach other m rcspcv to sold tooth Lroov c v\ldth
dlrccticm ccntellmc, .   06 May 2003 55 a tooth gt oove bottom po; uon pro(
tdc:d so as to interconnect said tooth et oove flank stir face portions at
a pour, ,~, herein: ;: ma>,rmum pressure angle at said point where said
tooth top arc portion and said tooth ~~toovc flank surface portion m yard
pulley tooth groove ponton are conncttcd togcthci is L~ciwccn an angle of 1
~ degrees and an angle of 35 degrees, 



^rd belt tooth portion has rank surfaces ~~hose profile is substantially
the same as that of flanl. swfaces ofsatd pulley tooth ~roovc portion) 'n a
pove~et tlanS1711S,tOn Stale 117 U hick card toothed belt is wound around
said toothed pulleys and a tension force is applrcd to card toothed belt,
the pin>sm a angles o1 said belt tooth pot uon flank stu f tee and surd
pulley istih groove ~~,rrlon flank sot face at their rc5lcnvc locations m
the tooth height direction arc made approannately equal to ~aCl1 OthCt al7d
a belt land portion does 170l Co111C 11710 e0111iie1 1~ 1t11 II1C pulley
outside diameter portion )?. The toothed belt pov~ct transmission apparatus
of claim 1 1, mhetcm said land pcn'tton of card toothed belt comps tscs an
appro~,tmatcl;~ flat sw face a htch is contiguously mtcrconnectcd H~tth
said belt tooth portion flank surfaces by tooth root pot-ttons follnCd of
cn cularly ai conic surfaces which are an-anged symmcu teal ly ~ teh said
tooth u~tdth dneciron ccnterlntc 1 s, 1'he toothed belt pov~er ttansmrssion
apparatus of claim 1 1 or claim 1 ~, wltercnt the maxrmum pressure anLle at
ve~hcrc said tooth top arc portion and said tootle groove flank surface
portron m said pulley tooth groove portion a.: connected together is
betv~een an angle of 1 C dcgi ces and an angle of 2; degrees. 1-1 The
toothed belt power transmission ahharatus of claim 1 l of claim 1?, wherein
the maximum pressure angle at where said tooth top arc pot'tton and said
tooth gtoote flank surface portion m said pulley tooth groove poriton ;.re
COllnel'tCd together is between an angle of 17 degrees and an angle of?2
degrees 1 ~ The toothed belt pourer uansmrssion apparatus of clann 11,
vherctn said pulley tooth groove portion of each of ,aid toothed pulleys
has a tooth groove bottom pot uon v loch is formed of an ahln-oatmatel~~
flat surface 1 G A toothed belt pov ct transnnsston apparatu, compnsuy~ a
combination of a toothed belt and toothed pulleys, !:) sard toothed belt
having a belt main body wrih a pitch line on vl;tch a tensile member is
embedded thctent; a plurality of belt tooth pot (ions provided at a fined
prick in said belt n~atn body; a land ponton provided hew ecn adlaccnt belt
tooth pot~tions; i h) each of said belt tooth pnrirnns hawn~~ bower
transnnssron hornons formed ofcnculatlv arcuate surfaces ofconvet, loofilc
N~hich lie at flank surfaces of said tooth poi-tton and arc awanged
symmetrically with each other tn t espect to a centerlnte tn the tooth a
idth dtr ccuon: a lo0tl7 tip end potlton formed of a ctrcularlv arcuate sot
face a hick is so prop idcd as to naerconncct said power tt ansmrsston
p01'110115 a11(1 v hose center pontt lies on said tooth wndth direction
center Itne.   06 May 2003 56 tc) each of said toothed pulleys haw~ a
hlurahty of pulley tooth croov a portions loovtded at a f;acd hitch on a
pulley outside diameter line. (d) each of said pulley tooth groove pot
tines hawn~~ tooth top at c portions formed of cn-culai ly arcuatc suriaccs
which are art an~cd s;~mmctncally wvh each other m respect to a cenicilmc m
the tooth c.oove wndth direction; tooth gt oove flank stir face portions
formed of cn-cularly at cuaie surfaces of concave profitlr w hich
contyuously aHtom said tooth top arc portions at a potitt and arc arranged
s~~mmemcally t, nh each OIlICI 1t1 ICS~CCI l0 Bald IUUIIi ~toovc ~ndth
direction ccntcrline: a tooth ~aroovc bottom portion prow tdcd so as to
inteiconncut said tooth groove dank surface portions, ~~~Itcrcm a rna~;nnum
pressure angle at said potttt >xhcic said tooth top arc portion and said
tooth yoove hank surface l~oruon in said pullc~~ tooth groove portion arc
connected together is bctv ccn an an~lc of 1 ~ degrees and an anelc of'_'S
decrees; said belt tooth portion has flank surfaces whose pt of ile is
substantially the same as that of flank stir faces of said ullcy tooth ~y
oov a portion, m a power transmission stale m which Said toothed belt is
wound around said toothed pulleys and a tension force is applied to said
toothed belt, the pressure angles of said belt tornh portion clank surface
and said pulley tooth groove portion flank surface at rhea respective
locations m ;he tooth height direction are made appro~,nnatel~ equal to
each other and a belt land portion does not come ntto contact v~ith the
pulley outside diameter por,ion 1 ". The toothed belt power transmission
aphriratus of clatin 16, whet em said land portion of said toothed belt
uumpriscs an apprownatcly flat ~urfacc vlnch is contiguously tntetconnectcd
v~ith said belt tooth portion flank ,t.rfaccs by tooth tout portions for;
ned of citcularl~ arcuate surfaces v~htch arc arran~_ed symmctiically ~nh
said ;n~nh a idth dirce;tion centerline. 1;;. The toothed belt power
transmission apparatus of clann 16 rn clatin 17, ahercm the mammum pressure
angle :: said point where said tooth top arc portion and said too:h groove
flank surface portion m said pulley tooth groove puriton arc cunncc;cd
to~~ethct is hetv cen an angle of 1 ( degrees and an angle of '_'3 degrees.



l 9 The toothed belt puv cm-ansmission apparatus of claim 16 or clann 17,
wherein the maamium pressure angle ,a said point where said tooth top ai c
pore ion and said tooth gt ow c flank sw face portion m said pulley tooth
~~-oove portion ore com~ccted together is bcw ecn an angle of 17 dc~;recs
and a:~ ai:glc of ~? degrees. ='t The toothed belt lower tianst:ussion
apparatus of claim 11. Nlierem said pulley tooth ~.;iouve portion of each
of ,,:~d toothed pulley s has a tooth ~~t uovc bottom prn tiun w prep comp
t iscs a circularly ai cuatc su i face inscribing at: ~ c of a cn c le a
hose center point lies cm said tooth gt uov a w idth dn-ection center line
and v hose radius is ~~rcatct ~i;rm that of said tooth tip end portion of
said belt tooth portion .A`.A9; .A.AL.A&u.AsN.A.A.A9.A9u.A.A9;
s.Asy.A`.A9(.AL.A(.A(.A&.A.A9.As.AL(.A`r.A&(E
.AL.A&.A.A&.A&.As.AL(.A9(.A&a.AL(.A`(.AL;e.ALa.A9;R.A;s.A;
e.Aa.A`u.AL.Aa.A&.As.A&.A(%.AN.A`;.A(s.A .ALaE .A`; .A`a
qs+C$%VW[]i}~ozupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<a]cRa]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca!o
02>,lVJNmq|wrlga\Wkfa\W]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca
]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca RVuxZ;
(hx&a56I|wrmhc^Ykfa\W]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]
ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]ca I|}FnoCDEF
noab}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!" ( ) ]
A!!!""$$$$$$$%%&&&t'u'(zupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]caU]caU]ca!((()K))?****+,..
.C/n0p0|000\11122222r3s3333{vqlgb]X]]ca]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!34#6&6266618
99M;N;
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]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca
OQJCYZ{|-rs~ytoid^Ylgb]X]]]]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca
]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca
69CQT`ZIef@z~ytoje_ZU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]
ca]ca]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca!DE[VD[]}4u=@b
Gytoje_ZU]ca]caU]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Gps.j
Rce^{vqlfa\Wje_ZU]]ca]ca]caU]ca]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU
]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca
/!$J~,OR\_kBEj|vqlgb]Xje_ZU]]]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]c
aU]ca]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca]ca]caU]ca]ca
7:Fgj13:Y[sezupje`[Uje_ZUU]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]caU]ca]caU
]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca i
UW{#ampTeg$OQwz|vqlfa[Vje_ZUU]caU]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca
]caU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca
/2=BDaGzupke`ZUje_ZU]caU]ca]caU]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]
ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]caU]ca
G'*>@0<oq35hk`dytnic^YSjeU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]ca]c
a]ca]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca dXZ]`l
!#Ooq[]w"2Rfh|vqlgb\WjeU]c]caU]ca]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]c
a]ca]caU]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca
03vxOQTCK|vqlgb]XjeU]c]]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]
ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]caU]ca
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