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TOOTHED BELT, TOOTHED BELT POWER TRANSMISSION APPARATUS, 
AND 

BUSINESS EQUIPMENT EMPLOYING THE SAME 

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 trapezoi.dal 

15 profile were used. However, for the achievement of higher 

power transmission .and for the further reduction in noi.se. 

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. 

SS0-42252, which is known in the art as the STPD tooth 

profile. The other tooth profile is shown in Japanese 

Unexami.ned Patent Application Gazette No. 559-89852, 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 
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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 $64-74341 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 whi.ch are arranged 

symmetrically with each other in respect to a centerli.ne 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 porti.ons 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 l', 
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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 p.itch line variation due to such mesh.ing 

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 
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17 the outer peripheral portion of the pulley l' 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 hanuner 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 i.n color 

pr.in ting. color pri.nt.ing 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-
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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-nun pitch. 

However, these tooth profiles were originally developed for 

use in high power tl;'ansmission, in which no scheme to meet 

demands for the reduction of the nonunif orm.i ty of velocity 

was taken into consideration at all. 

10 Although the toothed belt of the foregoing prior art ($64-

74341) was proposed taking into account the occurrence of 

belt velocity nonuni.formity 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 possi.ble. 
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DISCLOSURE OF THE INVENTION 

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 

nonuni.formity of velocity. Th:i.s factor had not at all 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 h:i.gh power 

transmission applications. the maximum pressure angle of the 

tooth flank surface is set low for the avoidance of tooth 

jurnpi.ng occurri.ng during high power transmission operati.on .. 

For example, for an STPD tooth profile whose tooth pitch i.s 

15 between 1. 5 mm and 3. O 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 

prof .ile whose tooth pitch between 1 . 5 mm and 3 . o mm, the 

flank maximum pressure angle is set to fall in the range 

20 betwe.en an angle of 7 •. s 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 transm:i.ssion conditions. Therefore, there :i.s 

almost no need to take into account belt tooth jumping. The 

25 research result by the inventor shows that the nonuniform:i.ty 
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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 

conti.guously 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. 
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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 porti.on with the pulley tooth groove porti.on talces 

5 place at a location which is somewhat delayed with respect to 

the location of tpe ·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 ti.me, at a span of the belt (i.e., at a belt 

portion that is not being wound around the pulley). the belt 

pitch li.ne 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 posi ti.on 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 be1t pitch line. In other words, earlier contacting of 
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the belt tooth portion with the pulley tooth groove portion 

results in greater velocity nonuniform.ity. 

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 flan~ 

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 

contacti.ng 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 nonuniform! ty 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 pu11ey tooth groove porti.on 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 

directi.on 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 
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to smoo·thly 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 maxi.mum 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 pi. tch on a land line of the belt main 

body. Each of the belt tooth portions comprises tooth root 

portions formed of circularly arcuate surfaces whi.ch are 

arranged symmetrically with each other in respect to a 

25 centerline in the tooth width direction, power transmission 
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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 surf ace 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 angie of 17 degrees and an angle of 22 degrees. As a result 
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of such setting, the nonuniformity of velocity of the toothed 

belt can be reduced to a rurther 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 di.rection 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 
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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 w.ith the pulley tooth· groove flank surface, 

resulting in reduc.ing the nonun.iformi ty of belt velocity. 

10 Other than thi.s. even when tbe pressure angl.e of the belt 

tooth portion remains smal.l 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 lOi'i power torque transmission, the 

15 contacting of the bel.t tooth flank surface with the pulley 

tooth groove fl.ank 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 smal.ler 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 Appl.icat.ion Gazette No. 564-74341}. 
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However, the inventor's research shows that if the maximum 

pressure angle of the pul.ley 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 port.ion, 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 locat:ions in the tooth 

height direct:ion are made approximately equal to each other. 

so that the belt tooth flank surface comes into uniform 

25 contact w1th the pulley tooth groove flank surface. Thi.s 
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allows the belt tooth porti.on to smoothly slide in to the 

pulley tooth groove portion (see Figure 5(a)). The belt pitch 

l.ine will not be pushed up. whi.ch considerably reduces the 

nonunifonnity 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 wh.ich 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 porti.on are formed of 

identical, approximately flat surfaces, whi.ch 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 

plurali.ty of pulley tooth groove portions which are provided 

at a fixed pitch on a pulley outside diameter l.ine. Each of 

2 O 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 
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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 appl..ied 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 al.so 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 surface inscribing an arc of a circle whose center 

point l.ies on the tooth groove width direction centerline and 

whose radius is greater than that of the tooth tip end 

portion of the bel. t tooth portion. That i.s to say, in the 

25 case the belt tooth portion has a tooth tip end portion which 
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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 porti.on wh1ch 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 surface 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 l.ie 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 transmi.ssion portions and are arranged symmetrically 

25 with each other i.n respect to the tooth width direction 
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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 porti.ons and are arranged symmetrical.1.y with 

each other in respect to the tooth groove width directi.on 

centerline, and a tooth groove bottom porti.on provided so as 

15 to interconnect the tooth groove fl.ank surface portions. The 

maximum pressure angl.e at where the tooth top arc portion and 

the tooth groove fl.ank surface portion i.n the pulley tooth 

groove portion are connected together i.s between an angl.e of 

15 degrees and an angle of 25 degrees and the belt tooth 

20 portion has flank surf aces whose profile is substantial.1.y 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 port1on flank surface and the pulley 
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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 reduci.ng 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 ti.me 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 wi.th the present invention. the 

maximum pressure angle at where the tooth top arc portion and 

the tooth groove flank. surf ace 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. 
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In the above-described toothed belt power transmission 

apparatus, the land portion of the toothed belt comprises an 

approx.imately 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 all 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 practical.ly 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 smal.1., resulting in difficult di.e 

processing. In order to cope with such a problem, the core 

25 cord is provided directly over the land line without the 
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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 di.ameter 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 
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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 

be1 t 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 whi.ch li.e 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 i.s so provided as to 

interconnect the power transmission portions and whose center 

point lies on the tooth width directi.on 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 pu1ley 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 flank surface porti.ons formed of 
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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 pf the belt tooth portion 

flank surface and· the pulley tooth groove portion flank 

surface at thei.r respective locations in the tooth hei.ght 

d:i.rection are made approximately equal to each other and a 

belt land portion does not come into contact with a pulley 

20 outsi.de diameter portion. 

That is to say, in accordance with the toothed belt power 

transm:i.ssion apparatus of the present invention. the 

construction of the belt tooth portion i.s changed to the same 

one as the above and the same operation and effects as the 

25 above can be obtai.ned. 
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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 surf aces 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 i.s 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 transmissi.on 

apparatus, the pulley tooth groove portion of the toothed 

20 pulley has a tooth groove bottom· portion which compri.ses a 

circularly arcuate surface inscri.bing an arc of a ci.rcle 

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 prov1des the same effects as the above. 
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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 poss.i.ble for the carriage to provide improved printing 

accuracy and image quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 

Figure l 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 

embodi.ment: 

Figure 3 is a front view schematically showing the entire 

structure of a toothed belt power transmission apparatus; 
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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 S corresponds to Figure 4, showing a meshing 

5 engagement state when the pressure angle of a belt tooth 

flank surface is approximatel.y equal to that of a pull.ey 

tooth groove flank surface; 

Figure 6 corresponds to Figure l, 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 p:;-esent invention in wh1ch 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 

nqnuniformity of belt velocity analysis by an FEM analytical 

25 method; 
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Figure 12 shows a relationship between the belt tooth 

pressure angle and the belt velocity nonuniformi.ty derived 

from the belt velocity nonuniforrnity analysis data; 

Figure 13 shows a system for belt velocity nonuniform.ity 

5 measurement; 

F.igure 14 shows the measurement data by the belt velocity 

nonuniformity measurement system; 

Figure 15 shows the data derived from belt velocity 

nonun.iformity 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 INVEN"l!ION 

Best modes for carrying out the present invention will 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 pul.ley and the reference 
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numeral 2 denotes a driven pulley formed of a toothed pulley. 

These pulleys l 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 F.igure 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 arcuate 

surfaces} having a radius rlP which are arranged 

symmetrically with each other in respect to its centerline Cl 

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 OlP 
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in the vicinity of a pitch circle PC (i.e .• the same point as 

the circularly arcuate surface center point OlB 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 symmetri.cally with each other i.n respect to the 

tooth groove width direction centerline Cl, 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 8 for the purpose of provi.di.ng an easy 

15 understanding) . 

on the other hand, as enlargedl.y shown i.n 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 material.s, 

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 i.s used. Other than chloroprene rubber, 

either NBR, SBR, EPDM, or the like may be useful. These 

rubber materials preferably have a JI.S-A hardness between 

25 about 65 degrees to about 85 degrees. Thennohardening ether 
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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 nonuniformi.ty 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 mai.ntained stable, and from the 

point that the tension elastic modulus of the toothed belt 8 

20 is increased in order that meshing i.nterference under load 

can be reduced by maintaining the tooth pitch for the rapid 

reduction of velocity variation taking place when busi.ness 

equipment is started. 

A pl.ural.1 ty of tooth portions 11, 11 , ... (only one of which 

25 is shown i.n the figure) having a tooth wide W are provided on 
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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 p.i. tch between O. 5 nun and 3 . O nun 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 

appl.i.cations, scattering of rubber powders from the toothed 

belt 8 surface is undesi.rable. 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. 
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On the other hand. when the belt main body 9 is made of 

polyurethane, no fabric is applied onto the surface 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 1, 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 rlB 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 

centerl1ne) 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 

surf aces having a predetermined radius r2B which contiguously 

adjoin the power transmission portions 13, 13 and are 

arranged synunetrically with each other i.n respect to the 

25 tooth width direction centerline C2, and (d) a tooth crest 
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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 OlB, 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 OlB is desirably located within a specific range, 

in other words the center point OlB 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 Wis the tooth width (i.e •• 

the width of the tooth portion 11). Further, preferably, the 

rad.ius 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 s W 

or RB > W), more preferably, RB= 1.0 to l.5W. 

In the toothed belt 8, the maxi.mum pressure angle 6B at 

where the power transm.ission portion 13 at the belt tooth 11 

flank surface and the tooth root portion 12 are connected 

20 together, is set to BB = 15 to 25 degrees, preferably BB = 16 

to 23 degrees. More preferably. 0B = 17 to 22 degrees. 

Optimally, BB = 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 direct.ion flank surface) of 

25 the belt tooth portion 11 is approximately sim.ilar to the 
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profile of the flank surface (i.e. , the tooth groove wi.dth 

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 port.ion 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 respec_t 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. 
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· 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 l.ine PL is 

determined by a react.ion force that is produced when the belt 

tooth portion 11 sl.ides 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 react.ion 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 port.ion 3 takes place 

early, thi.s results i.n increasi.ng the nonunifonnity of 

velocity. 

As Figure 4(b) shows, in the conventional toothed belt 8, 

since the maximum pressure angle 0B of the belt tooth portion 

20 11 flank surface is small (i.e •• 6B = 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 maxi.mum pressure angle is 

25 greater than the conventional one, that is, 0B = ~ 15 degrees. 
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This arrangement delays the contacting of the belt tooth 

portion 11 flank surface with the pulley tooth groove 3 flank 

surface, thereby maki.ng it possible to reduce the 

nonuniformity of velocity of the toothed belt 8. 

5 As descri.bed 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 

11 sliding into the pulley tooth groove portion 3, producing 

a reacti.on force which, together with a component of a belt 

10 tension force, determines the amount of shi.ft of the belt 

span. At that time, if the maxi.mum pressure angle 0B i.s too 

great, thi.s excessively i.ncreases 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 i.n a directi.on normal to the belt span). Thi.s prevents the 

belt tooth porti.on 11 from smoothly sli.di.ng i.nto the pulley 

tooth groove portion 3 and the belt pitch li.ne PL i.s pushed 

upward. Thi.s, on the contrary, further increases the 

nonuni.formi.ty of velocity of the toothed belt 8. However, in 

20 the present embodi.ment, the maximum pressure angle 0B is 0B s 

25 degrees i.n order that the belt tooth portion 11 can 

smoothly slide into the pulley tooth groove portion 3. This 

suppresses the increase in the nonunifonnity of velocity of 

the toothed bel.t 8. That is to say, if the value of the 

25 maximum pressure angle 0B is set to fall within the range 
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between an angle of 15 degrees and an angle of 25 degrees. 

th1s reduces the nonuniformi ty of velocity of the toothed 

belt 8 as low as poss1ble. 

Moreover. in the present embodiment, the pressure angle of 

5 the flank surface of the belt tooth port1on 11 and the 

pressure angle of the flank surface of the pulley tooth 

groove portion 3 at their respective locations in the tooth 

height directi.on are approximately equal to each other. so 

that as shown in Figure S(a) the belt tooth portion 11 flank 

10 surface comes into uniform contact with the pulley tooth 

groove portion 3 flank surf ace, 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 pull.ey 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 S(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 
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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 follow1ng embodiments of the present 1nvention 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 1n 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 w.idth direction centerline Cl, (b} the tooth 

25 groove flank surface portions 5, 5 formed of circularly 
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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 Cl, 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 rlB 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 

conti.guously adjoin the tooth root portions 12, 12, li.e at 

the flank surfaces of the belt tooth porti.on 11, and are 

20 arranged symmetrically with each other in respect to the 

tooth width di.rection 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 
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being so provided as to interconnect the power transmission 

portions 13, 13. 

As in the first embodiment, the maximum pressure angel SB 

at where the power . transmission portion 13 of the flank 

5 surface of the belt tooth porti.on 11 and the tooth root 

portion 12 are connected together, is set to 9B = 15 degrees 

to 25 degrees, preferably, 0B = 16 degrees to 23 degrees. 

More preferably, 0B = 17 degrees to 22 degrees. Opt.imally, 0B 

= 19.3 degrees, as shown in the figure. 

10 Furthermore, the belt tooth portion 11 is approxi.mately 

simi.lar in flank surface profile to the pulley tooth groove 

porti.on 3. In an actual power transmission state wherein the 

toothed belt 8 is wound arouhd 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 porti.on 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 

hei.ght direction are made approximately equal to each other 

and, in addition, i. t 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 constructi.ons 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 Additi.onally, si.nce the tooth tip end portion 17 of the belt 
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tooth portion 11 is formed of a si.ngle ci.rcularly 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 Thi.s provides the advantage that the nonuniformi ty 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 ti.p end area, with the tooth tip end portion 1 7 

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 Cl and a radius rTP slightly greater than the 

radius rTB of the tooth tip end portion 17 of the belt tooth 

portion 11. 
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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 t.i.p end portion 17 of the belt tooth portion 11. This 

arrangement enables the belt tooth portion 11 to more 

smoothly slide into the pulley tooth groove portion 3, 

thereby more effectively suppressing the increase in the 

nonuniformity o~ velocity of the toothed belt 8. 

10 In the first embodiment, in the power transmi.ssion state in 

which the toothed belt is wound around the pulleys l and 2 

and a tension force is applied to the toothed belt 8. the 

belt land porti.on 10 i.s 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 porti.on 10 may not 

come into contact wi.th a pulley outside diameter portion. In 

such a case, 0P, 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 0P = 15 degrees to 25 

degrees (see Figure 2). The maximum pressure angle 0P may ·be 

set at 6P = 16 degrees to 23 degrees, more preferably, 6P = 

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 bel.t 8 

I 
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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 0B of the belt tooth portion 11 in the 

toothed bel. t 8 alone. but the maxi.mum pressure angle 0P 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 0P = 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 fl.at 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 porti.on 

r 
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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 

porti.on 17 of the bel. t tooth porti.on 11 recei. vabl.e by the 

tooth groove bottom portion 6 formed of an approximately flat 

2 O 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 pul.l.eys 1 and 2 can be made stable, 

therefore reducing the nonuniformity of ve.locity of the 

toothed belt 8 to a further extent. 
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Further, in the construction 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 BP 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 SP = 15 degrees to 25 degrees (either at SP = 16 degrees 

to 23 degrees or at 0P = 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 veloci. ty was analyzed using an FEM analytical 

method. In the FEM analytical method, two-dimensional dynamic 

analysi.s was carried out usi.ng a general-purpose software 

program ABAQUS. An analysis model was derived by modeling of 

25 two different pulleys and an endless belt having tooth 
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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 nonunifonnity of belt velocity. 

The data thus obtained is shown in Figure 11. Figure ll(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 compri.ses 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. 
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On the other hand, Figure ll(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 nonuniform:i. ty (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 l.ine indicates the data for 

a belt tooth portion having a tooth profile comprising tooth 

t:i.p 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 surf ace hav:i.ng its 

center point on the tooth width di.rection 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 
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invention) having the same construction (i.e.• the 

construct.ion 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. O. 

TABLE 

DIMENSIONS PRESENT INVENTION PRIOR ART 

EX. 1 EX. 2 

BELT THICKNESS 0.62 - -
BELT BODY THICKNESS 0.26 .... .... 

TOOTH HEIGHT 0.36 .... .... 
TOO'l'H PITCH 1.0 - -

TOOTH WIDTH W 0.61 - -
RADIUS rlB 0.09 .... -
RADIUS RB 0.61 0.63 0.61 

PITCH LINE HEIGHT 0.12 - -
DISTANCE a 0.12 0.14 0.08 
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DISTANCE b W/2 - -
RADIUS rTB 0.20 0.18 -

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 o. 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 thei.r 

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 whi.ch are 

implemented by toothed pulleys around which each test toothed 

belt 40 is wound. Belt tensi.on is applied by a static load DW 

15 to the driven pulley 42 and the driving pulley 41 is rotated 

in 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 pul.1.ey 41. is 

20 illuminated with a laser light 43a from a probe 43 that is 

located a distance of d2 = 100±2 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 
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40 is measured by the velocity nonuniformity measurement 

device 44. The frequency of the velocity nonuni.formity 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 pr.inter 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 

1 o nonuniformi ty derived from the belt velocity nonuniformi. ty 

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 angl.e 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 achi.eves a considerable reduct:i.on in the 
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nonuniforrnity 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 nonuniformi ty 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 per.fo:anance of business use equipment, the industri.al 

applicability of the present invention is high. 

20 
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WHAT IS CLAIMED IS: 

1. A toothed belt comprising: 

a belt mai.n body with a pitch line on which a tensi.le 

member is embedded therein; 

5 a plurality of belt tooth portions provided at a fixed 

pitch on a land line of said belt main body; 

each of sai.d belt tooth portions compri.sing: 

tooth root porti.ons fonned of circularly arcuate surfaces 

which are arranged symmetrically with each other i.n respect 

10 to a centerline in the tooth width direction: 

power transmi.ssion portions formed of circularly arcuate 

surf aces of convex profile which contiguously adjoin said 

tooth root portions, lie at flank surfaces of sai.d tooth 

porti.on, and are arranged symmetrically wi. th each other in 

15 respect to said tooth width direction centerline; 

tooth ti.p porti.ons fanned of circularly arcuate surfaces 

which contiguously adjoin said power transmission porti.ons 

and are arranged synunetrically with each other in respect to 

said tooth width direction centerline; 

20 a tooth crest surface formed of an approximately flat 

surface which interconnects said tooth tip portions; 

wherein the maximum pressure angle at where said power 

transmi.ssi.on portion of said belt tooth flank surface and 

said tooth root portion are connected together is between an 

25 angle of 15 degrees and an angle of 25 degrees. 

I JI~ IJ 111 Hiil l/1111 
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2. The toothed belt of claim 1 wherein the maximum 

pressure angle at where said power transmission portion of 

said belt tooth flank surface and said tooth root portion are 

connected together is between an angle of 16 degrees and an 

5 angle of 23 degrees. 

3. The toothed belt of claim 1 wherein the maximum 

pressure angle at where said power transmission portion of 

said belt tooth flank surface and said tooth root portion are 

connected together is between an angle of 17 degrees and an 

10 angle of 22 degrees. 

4. A toothed belt comprising: 

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 

15 pitch on a land li.ne of said belt main body; 

each of said belt tooth portions comprising: 

tooth root portions formed of circularly arcuate surfaces 

which are arranged symmetrically with each other in respect 

to a centerline in the tooth wi.dth direction; 

20 power transmission portions formed of circularly arcuate 

surfaces of convex profile which contiguously adjo.in sa.id 

tooth root portions. lie at flank surfaces of said tooth 

portion. and are arranged symmetrically with each other in 

respect to said tooth width direction centerline: 
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a tooth tip end portion formed of a circularly arcuate 

surface which is so provided as to interconnect sa.i.d power 

transmission portions and whose center point lies on said 

tooth width direction centerline; 

5 where.in the maxi.mum pressure angle at where said power 

transm.ission portion of sa:i.d belt tooth flank surface and 

sa:i.d tooth root portion are connected together is between an 

angle of 15 degrees and an angle of 25 degrees. 

5. The toothed belt of claim 4 wherein the maximum 

10 pressure angle at where sa:i.d power transmission portion of 

said belt tooth flank surface and said tooth root portion are 

connected together is between an angle of 16 degrees and an 

angle of 23 degrees. 

6. The toothed belt of claim 4 wherein the maximum 

15 pressure angle at where said power transmissi.on portion of 

said belt tooth flank surface and said tooth root portion are 

connected together is between an angle of 17 degrees and an 

angle of 22 degrees. 

7. A toothed belt power transmission apparatus comprising 

20 a combinat:i.on of a toothed belt of any one of claims 1-3 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 said pulley tooth groove portions comprising: 

\ \11\U\ \\\I\\ 111\\ \\II \\ \\I\ 
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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 

5 arcuate surfaces of concave profile which contiguously adjoin 

said tooth top arc portions and are arranged symmetrically 

with each other in respect to said tooth groove width 

direction centerline; 

a tooth groove bottom portion provided so as to 

10 interconnect said tooth groove flank surface portions: 

wherein: 

said belt tooth portion has flank surfaces whose profile is 

substantially the same as that of flank surfaces of said 

pulley tooth groove portion; 

15 in a power transmission state in which said toothed belt is 

wound around sai.d toothed pulleys and a tension force is 

appli.ed to said toothed belt. the pressure angles of said 

belt tooth portion flank surface and said pulley tooth groove 

portion flan;k surface at their respective locations in the 

20 tooth height direction are made approximately equal to each 

other and a belt land portion comes into contact wi.th a 

pulley outside diameter portion. 

8. The toothed belt power transmission apparatus of claim 

7, wherein said pulley tooth groove portion of each of said 

I IJlllll /111/l IBll lllll ll 1111 
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toothed pulleys has a tooth groove bottom portion formed of 

an approximately flat surface. 

9. A toothed belt power transmission apparatus comprising 

a combination of a toothed belt of any one of claims 4-6 and 

5 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 said pulley tooth groove portions comprising: 

tooth top arc portions formed of circularly arcuate 

10 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 of concave profile which contiguously adjoin 

said tooth top arc porti.ons and are arranged symmetrically 

15 with each other in respect to said tooth groove width 

direction centerline; 

a tooth groove bottom portion provided so as to 

interconnect said tooth groove flank surface portions; 

wherein: 

20 said belt tooth portion has flank surfaces whose profile is 

substantially the same as that of flank surfaces of said 

pulley tooth groove portion; 

in a power transmission state in which said toothed belt is 

wound around said toothed pulleys and a tension force is 

25 applied to said toothed belt, the pressure angles of said 

, ...... ,. 
oft 



57 

belt tooth portion flank surface and said 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 

5 pulley outside diameter portion. 

10. The toothed belt power transmission apparatus of claim 

9, where.in said pulley tooth groove portion of each of said 

toothed pulleys has a tooth groove bottom portion which 

comprises a circularly arcuate surf ace inscribing an arc of a 

10 ci.rcle whose center point lies on said tooth groove width 

direction centerline and whose radius is greater than that of 

said tooth tip end portion of said belt tooth port.ion. 

11. A toothed belt power transmission apparatus comprising 

a combination of a toothed belt and toothed pulleys, 

15 (a) said toothed belt having: 

a belt main body with a pitch line on which a tensi.le 

member is embedded therein; 

a plurality of belt tooth portions provided at a fixed 

pitch in said belt main body; 

20 a land portion provided between adjacent belt tooth 

portions; 

(b) each of said belt tooth portions having: 

power transmission portions formed of ci.rcularly arcuate 

surfaces of convex profile which li.e at flank surfaces of 

25 said tooth portion and are arranged symmetri.cally with each 

J Jllllll llllll lllll lllf I [J 1111 
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other in respect to a centerline in the tooth width 

direction; 

tooth tip portions formed of circularly arcuate surfaces 

whi.ch contiguously adjoin said power transmission portions 

5 and are arranged symmetrically with each other in respect to 

said tooth width direction centerline; 

a tooth crest surface formed of an approximately flat 

surface which is so provided as to interconnect said tooth 

tip portions; 

10 {c) each of said toothed pulleys having: 

a plurality of pulley tooth groove portions provided at a 

fixed pitch on a pulley outside diameter line: 

(d) each of said pulley tooth groove portions having: 

tooth top arc portions formed of circularly arcuate 

15 surfaces whi.ch are arranged symmetrically with each other in 

respect to a centerline in the tooth groove width direction; 

tooth groove flank surface portions formed of ci.rcularly 

arcuate surfaces of concave profile which contiguously adjoin 

sa.id tooth top arc port:i.ons and are arranged symmetrically 

20 with each other in respect to said tooth groove width 

direction centerline; 

a tooth groove bottom portion provided so as to 

interconnect said tooth groove flank surface portions; 

wherein: 

I IUllll ~1111Rill1111 II f 111 
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the maximum pressure angle at where said tooth top arc 

portion and said tooth groove flank surface portion in said 

pulley tooth groove portion are connected together is between 

an angle of 15 degrees and an angle of 25 degrees: 

5 said belt tooth portion has flank surfaces whose profile is 

substantially the same as that of flank surfaces of said 

pulley tooth groove portion; 

in a power transmission state in which said toothed belt is 

wound around said toothed pulleys and a tension force is 

10 applied to said toothed belt, the pressure angles of said 

belt tooth portion flank surface and said 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 

15 a pulley outside diameter portion. 

12. The toothed belt power transmission apparatus of claim 

11, wherein said land portion of said toothed belt comprises 

an approximately flat surface which is contiguously 

interconnected with said belt tooth portion flank surfaces by 

20 tooth root portions formed of ci.rcularly arcuate surfaces 

which are arranged symmetrically with said tooth width 

direction centerline. 

13. The toothed belt power transmission apparatus of claim 

11 or claim 12, wherein the maximum pressure angle at where 

25 said tooth top arc portion and said tooth groove flank 

I llllHI 111~11111111111 II Jiii 
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surface portion in said pulley tooth groove portion are 

connected together is between an angle of 16 degrees and an 

angle of 23 degrees. 

14. The toothed belt power transmission apparatus of claim 

5 11 or claim 12, wherein the maximum pressure angle at where 

said tooth top arc portion and said tooth groove flank 

surface portion in said pulley tooth groove portion are 

connected together is between an angle of 17 degrees and an 

angle of 22 degrees. 

10 15. The toothed belt power transmission apparatus of any 

one of claims 11-14, wherein said pulley tooth groove portion 

of each of said toothed pulleys has a tooth groove bottom 

portion which is formed of an approximately flat surface. 

16. A toothed belt power transmission apparatus comprising 

15 a combination of a toothed belt and toothed pulleys, 

(a) said toothed belt having: 

a belt mai.n body with a pitch line on which a tensi.le 

member is embedded therein; 

a plurality of belt tooth portions provided at a fixed 

20 pitch in said belt main body; 

a land portion provided between adjacent belt tooth 

portions; 

{b) each of said belt tooth portions having: 

power transmission portions formed of ciroularl.y arcuate 

25 surfaces of convex profile which lie at flank surfaces of 

I 1111111111" 1111111111111111 
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said tooth portion and are arranged synunetri.call.y with each 

other in respect to a centerline in the tooth width 

direction; 

a tooth tip end portion formed of a circularly arcuate 

5 surface which is so provided as to interconnect sa.td power 

transmission portions and whose center point lies on said 

tooth width direction centerline; 

(c) each of said toothed pulleys having: 

a plurality of pulley tooth groove portions provided at a 

10 fixed pitch on a pulley outside diameter line; 

(d) each of said pulley tooth groove portions having: 

tooth top arc portions fonned of circularly arcuate 

surfaces which are arranged symmetrically with each other in 

respect to a centerline in the tooth groove width direction; 

15 tooth groove flank surface portions formed of ci.rcularly 

arcuate surfaces of concave profile which contiguously adjoin 

said tooth top arc portions and are arranged symmetrically 

with each other in respect to said tooth groove width 

direction centerline; 

20 a tooth groove bottom portion provided so as to 

interconnect said tooth groove flank surface portions; 

wherein: 

the maximum pressure angle at where said tooth top arc 

portion ~nd said tooth groove flank surface portion in said 

IJIJ~ll~lllMM 
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pulley tooth groove portion are connected together is between 

an angle of 15 degrees and an angle of 25 degrees; 

said belt tooth portion has flank surfaces whose profile is 

substantially the same as that of flank surfaces of said 

5 pulley tooth groove portion; 

in a power transmission state in which said toothed belt is 

wound around said toothed pulleys and a tens.ion force is 

applied to said toothed belt, the pressure angles of said 

belt tooth portion flank surface and said pulley tooth gr.oove 

10 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 portion. 

17. The toothed belt power transmission apparatus of claim 

15 16, wherein said land portion of said toothed belt comprises 

an approximately flat surface which is contiguously 

interconnected with said belt tooth portion flank surfaces by 

tooth root port:ions formed of circularly arcuate surfaces 

which are arranged symmetrically with said tooth width 

20 d.i.rect.i.on centerline. 

18. The toothed belt power transmission apparatus of claim 

16 or claim 17, wherein the maximum pressure angle at where 

said tooth top arc portion and said tooth groove flank 

surface portion in said pulley tooth groove portion are 
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connected together is between an angle of 16 degrees and an 

angle of 23 degrees. 

19. The toothed belt power transmission apparatus of claim 

16 or claim 17, wherein the maximum pressure angle at where 

5 said tooth top arc porti.on and said tooth groove flank 

surface portion in said pulley tooth groove portion are 

connected together is between an angle of 17 degrees and an 

angle of 22 degrees. 

20. The toothed belt power transmission apparatus of any 

10 one of claims 16-19, wherein said pulley tooth groove portion 

of each of said toothed pulleys has a tooth groove bottom 

portion which comprises a circularly arcuate surface 

inscribing an arc of a circle whose center point lies on said 

tooth groove wi.dth direction centerline and whose radius is 

15 greater than that of ·said tooth tip end porti.on of said belt 

tooth portion. 

21. Equipment for use in business applications which is 

provided with a toothed belt power transmission apparatus of 

any one of claims 7-20 wherein a carriage is attached to said 

20 toothed belt. 
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