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(57) Abrége/Abstract:
In a belt for a continuously variable transmission, a first clearance CL, , Is defined between a projection and a recess formed on

front and rear surfaces of a metal element, and a second clearance CLy Is defined between an upper surface of a metal ring
assembly and a lower ear surface of the metal element. The setling of a relation, CLY > CL,,, ensures that when the metal
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(57) Abréege(suite)/Abstract(continued):

element has been pitched, the projection and the recess can be first brought into contact with each other, thereby preventing a
reduction In durability which may otherwise occur by the lower ear surface coming into contact with the upper surface of the
metal ring assembly. If the thickness of the metal ring assembly Is represented by T, , and the vertical opening of the ring slot is

represented by D, when the value of D/T exceeds 11/8, the power transmitling efficiency Is reduced. Therefore, the reduction In
power transmitling efficiency can be prevented by setting D/T, at a smaller value than 11/8. Thus, It Is possible to ensure a

power transmitting efficiency, while preventing a reduction in durability of the metal ring assembly due to the pitching of the metal
element.
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ABSTRACT OF THE DISCLOSURE
In a belt for a continuously variable transmission, a
first clearance CLyy 1s defined between a projection and a recess
formed on front and rear surfaces of ametal element, and a second
clearance CLy is defined between an upper surface of a metal
ring assembly and a lower ear surface of the metal element. The

setting of a relation, CLY > CLyy ensures that when the metal

element has been pitched, the projection and the recess can be
first brought into contact with each other, thereby preventing
a reduction in durability which may otherwise occur by the lower

ear surface coming into contact with the upper surface of the

metal ring assembly. If the thickness of the metal ring
assembly is represented by T., and the vertical opening of the
ring slot is represented by D, when the value of D/T; exceeds
11/8, the power transmittingefficiency is reduced. Therefore,
the reduction in power transmitting efficiency can be prevented
by setting D/T. at a smaller value than 11/8. Thus, it is
possible to ensure a power transmitting efficiency, while
preventing a reduction in durability of the metal ring assembly

due to the pitching of the metal element.
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SPECIFICATION

BELT FOR CONTINUOUSLY VARIABLE TRANSMISSION

FIELD OF THE INVENTION

The present invention relates to a belt for a continuously
vgriable transmission, which comprises a metal ring assembly
comprising a plurality of endless metal rings laminated one on
another, and a large number of metal elements each having a ring
slot into which the metal ring assembly is fitted, the belt being
wound around a drive pulley and a driven pulley to transmit a
driving force between both of the pulleys.
BACKGROUND ART

There is an invention relating to such a belt for a
continuously variable transmission, which is conventionally
known from Japanese Patent Application Laid-open No.7-12177,
and in which in order to inhibit the rolling of metal elements
supported on a pair of metal ring assemblies to smoothly engage
the metal elements in pulleys, a vertical (in a direction of
thickness of the belt) clearance in each of the metal ring
assemblies within a ring slot in a metal element (a difference
between a groove width of the ring slot and a thickness of the
metal ring assembly) is defined.

Fi1g.ll shows a cross section of the belt for the
continuously variable transmission described in the above-
described Japanese Patent Application Laid-open No.7-12177.

In this belt, metal ring assemblies 03, 03 are engaged in a pair
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of left and right ring slots 0.2, 02 in a metal element 01. When
the metal element 01 is not rolled, lower surfaces of the metal
ring assemblies 03, 03 are in contact with saddle surfaces 04,
04, and a clearance B is established between upper surfaces of
the metal ring assemblies 03, 03 and lower ear surfaces 05, 05.
When the metal element 01 has been rolled in a direction of an
arrow a in Fig.1l1l, the lower surface of one of the metal ring
assemblies 03 1is brought into contact with the saddle surface
04 at a point b, and an upper surface of the other metal ring
assembly 03 is brought into contact with the lower ear surface

05 at a point ¢. By setting the clearance B so as to establish

an expression, tan 'B/A < 1° wherein A represents a distance

between the points b and ¢, it can be prevented that when the
metal element 01 has been rolled at least at 1°, the pair of

metal ring assemblies 03, 03 are brought into contact with the
saddle surface 04 and the lower ear surface 05 at the points
b and ¢, whereby the metal element 01 is further rolled by a
reaction force resulting from such contact.

The belt described in the above-described Japanese Patent
Application Laid-open No0.7-12177 is designed, so that the
rolling of the metal element is inhibited. However, it is known
that the clearance between the upper surface of the metal ring

assembly and the lower ear surface also exerts a large influence
to the durability of the metal ring assembly, when the metal

element has been pitched. More specifically, when the metal
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element has been pitched, an edge of the lower ear surface is

brought into contact with the upper surface of the metal ring

assembly to generate a stress at such contact portion, thereby

reducing the durability of the metal ring assembly. The

9 pitching of the metal element occurs in the vicinity of an exit
of a driven pulley by the following reason:

When the metal element 32 supported with the ring slots

35, 35 fitted over the metal ring assemblies 31, 31 has been

inclined forwards in a direction of movement, as shown in Fig. 3,

10 the following problem is encountered: Front ends of the lower

ear surfaces 45, 45 forming upper edges of the ring slots 35,

35 1n the direction of movement are brought into contact with

the upper surfaces of the metal ring assemblies 31, 31 (see a
mark O in Fig.3) and hence, a large hertz stress is generated

15 at such contact portion to exert an adverse influence to the
durability of the metal ring assemblies 31, 31. The forward
inclination of the metal element 32 in the direction of movement
1s generated by a tangent frictional force F received by the
metal element 32 at its surface of contact with the pulley and

20 by an urging force E between the metal elements 32. Such a
tendency 1is particularly remarkable at an exit area of the
driven pulley (see Fig.10). The reasonwill be described below.

In Fig.3, a moment generated in the direction of an arrow
M by the tangent frictional force F acts to bring down the metal

25 element 32 forwards in the direction of movement about the
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swinging center C. On the other hand, a radial (vertical)
frictional force uE generated by the urging force E between the

metal elements 32 generates a moment in the direction opposite
from the arrow M in the metal element 32 and acts to bring down

0 the metal element 32 backwards in the direction of movement
about the swinging center C.

It is known that the tangent frictional force F received
by the metal element 32 from the drive pulley 6 or the driven
pulley 11 is large in the exit area of the drive pulley 6 or

10 the driven pulley 11, as shown in Fig.9A, and the value of such
tangent frictional force F reaches four times a value provided
when it is supposed that the tangent frictional force F has been
averagely distributed over the entire wounded region of the
pulley 6 or 11, by reason that the pulley 6 or 11 is deformed,

15 resulting in an axial thrust concentrated thereon, or by another
reason. In addition, as shown in Fig.9B, the urging force E
between the metal elements 32 has a large vaiue 1n the exit area
of the drive pulley 6, but assumes zero in the exit area of the
driven pulley 11. Therefore, the metal element 32 is most

20 liable to be inclined forwards in the direction of movement in
a posiltion where the tangent frictional force F acting to
incline the metal element 32 forwards in the direction of
movement assumes a maximum value and the urging force E acting
to inhibit the forward inclination of the metal element 32 in

25 the direction of movement assumes zero, i.e., in the exit area
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of the driven pulley 11.
DISCLOSURE OF THE INVENTION

The present invention has been accomplished with the
above circumstances in view, and it is an object of the present
invention to ensure a power transmitting efficiency, while
preventing a reduction in durability of the metal ring assembly
due to the pitching of the metal element.

To achieve the above object, according to the present
invention, there is provided a belt for a continuously variable
transmission, which comprises a metal ring assembly comprising
a plurality of endless metal rings laminated one on another,
and a large number of metal elements each having a ring slot
into which the metal ring assembly is fitted, the belt being
wound around a drive pulley and a driven pulley to transmit a
driving force between both of the pulleys, each of the metal
elements having a projection and a recess provided on front and
rear surfaces thereof for engaging with preceding and
succeeding ones of the metal elements, respectively,
characterized in that when the size of a first vertical
clearance between the projection and the recess of the metal
element is represented by CLyy; the size of a second vertical
Clearance in the metal ring assembly within the ring slot is
represented by CLy:; a thickness of the metal ring assembly is
represented by T,; and a vertical opening of the ring slot is
represented by D, the following expression is established:

(CLNH/TL) + 1 (< D/T[, < (0.86/TL) + 1
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With the above arrangement, the second vertical clearance
CLy in the metal ring assembiy within the ring slot is sized
to be larger than the first vertical clearance CLyy between the
projection and the recess of themetal element. Therefore, when
the metal element has been pitched, the first clearance CLyy
1s first distinguished, whereby a further increase in pitch
angle is inhibited, and the second clearance CLy is prevented
from being distinguished. As a result, the uppef surface of
the metal ring assembly is prevented from being brought into
contact with an upper edge of the ring slot to avoid a reduction
i1n durability of the metal ring assembly.

When D/T, exceeds (0.86/T.) + 1, the power transmitting
efficiency 1is reduced and hence, a reduction in power
transmitting efficiency can be prevented by setting D/T, at a
smaller value than (0.86/T;) + 1.

There is provided a belt for a continuously wvariable
transmission, in addition to the above arrangement, wherein an
expression, 1 < D/T, < 11/8 is established.

With the above arrangement, a reduction in power
transmitting efficiency can be prevented, while avoiding a
reduction in durability of the metal ring assembly by setting
the ratio D/T., so that the expression, 1 < D/T; < 11/8 is
established in a common metal belt having a‘width of about 24mm.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs.1l to 10 show an embodiment of the present invention.

Fig.1l is a skeleton illustration of a power transmitting system

I
|
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in a vehicle having a continuously wvariable transmission
moﬁnted thereon; Fig.2 is a partial perspective view of a metal
belt; Fig.3 is an enlarged view taken in the direction of an
arrow 3 1n Fig.2; Figs.4A, 4B and 4C are diagrams for explaining

the operation when the metal element has been pitched; Fig.5
1s a graph showing variations in pitch angles 6yy and Oy up to
a time point of contact of the metal elements with each other

with respect to a variation in second clearance CLy (when the

size of a first clearance CLyy is equal to 0.10 mm): Fig.6 is

a graph showing variations in pitch angles Oyy and 6y up to the

time point of contact of the metal elements with each other with
respect to a variation in second clearance CLy (when the size
of the first clearance CLyy is equal to 0.18 mm); Figs.7A and
7B are graphs each showing a variation in power transmitting
efficiency with respect to a variation in size of the second
clearance CLy (when the number of metal rings has been varied) :
Figs.8A and 8B are graphs each showing a variation in power
transmitting efficiency with respect to a variation in size of
the second clearance CLy (when the number of metal rings has
been fixed at twelve and further, a range of D/T; has been
calculated from the size of CLy); Figs.9A and 9B are diagrams
each showing distributions of a tangent frictional force F

received by the metal element from a pulley and an urging force

E between the metal elements; Fig.10 is an illustration showing

an inclination of the metal element in the vicinity of an exit
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of a driven pulley; and Fig.ll is a diagram showing a cross
section of a conventional metal belt.
BEST MODE FOR CARRYING OUT THE INVENTION

A mode for carrying out the present invention will now
be described with reference to an embodiment of the invention
shown in the accompanying drawings.

Figs.1l to 10 show an embodiment of the present invention.

Incidentally, the definition of forward and rearward
directions, a lateral direction and a vertical direction of a
metal element used in the embodiment is shown in Fig.2.

Fig.l schematically shows the structure of a metal belt
type continuous variable transmission T mounted in an
automobile. An input shaft 3 connected to a crankshaft 1 of
an engine E through a damper 2 is connected to a drive shaft
5 of the metal belt type continuous variable transmission T
through a start clutch 4. A drive pulley 6 provided on the drive
shaft 5 includes a stationary pulley half 7 secured to the drive
shaft 5, and a movable pulley half 8 which can be moved toward
and away from the stationary pulley half 7. The movable pulley
half 8 is biased toward the stationary pulley half 7 by a
hydraulic pressure applied to an oil chamber 9.

A driven pulley 11 is provided on a driven shaft 10
disposed in parallel to the drive shaft 5, and includes a
stationary pulley half 12 secured to the driven shaft 10, and

a movable pulley half 13 which can be moved toward and away from

the stationary pulley half 12. The movable pulley half 13 is

" TN T s TR g 0 VAT MR S e AL ) 1) MR s AL o n e
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biased toward the stationary pulley half 12 by a hydraulic
pressure applied to an oil chamber 14. A metal belt 15 is wound
around the drive pulley 6 and the driven pulley 11. The metal
belt 15 comprises a large number of metal elements 32 supported
on a pair of left and right metal ring assemblies 31, 31 (see
Fig.2). Each of the metal ring assemblies 31 comprises twelve
metal rings 33 which are laminated on one another.

A forward drive gear 16 and a backward drive gear 17 are
relatively rotatably supported on the driven shaft 10. The

forward and backward drive gears 16 and 17 can be coupled

selectively to the driven shaft 10 by a selector 18. A forward
driven gear 20 meshéd with the forward drive gear 16 and a
backward driven gear 22 meshed with the backward drive gear 17
through a backward idling gear 21 are secured to an output shaft
19 which is disposed in parallel to the driven shaft 10.

The revolution or rotation of the output shaft 19 is input
to a differential 25 through a final drive gear 23 and a final
driven gear 24, and is transmitted therefrom through left and
right axles 26, 26 to driven wheels W, W.

A driving force of the engine E is transmitted to the
driven shaft 10 through the crankshaft 1. the damper 2, the input
shaft 3, the start clutch 4, the drive shaft 5, the drive pulley
6, the metal belt 15 and the driven pulley 11. When a forward
travel range is selected, the driving force of the driven shaft
10 is transmitted to the output shaft 19 through the forward

drive gear 16 and the forward driven gear 20, thereby allowing

B R O R A T e L S0 F NI AT A 1255 TR YN I v St ity s e - L AV e AT VAR S VI eV P ba vl s . o . e S -
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the vehicle to travel forwards. When a backward travel range

is selected, the driving force of the driven shaft 10 is
transmitted to the output shaft 19 through the backward drive
gear 17, the backward idling gear 21 and the backward driven

5 gear 22, thereby allowing the vehicle to travel backwards.

At that time, hydraulic pressures applied to the oil

chamber 9 of the drive pulley 6 and the Oll chamber 14 of the
driven pulley 11 of the metal belt type continuous variable
transmission T are controlled by a hydraulic control unit U,

10 which is operated by a command from an electronic control unit
Ui, thereby adjusting the change gear ratio continuously or in

a stepless manner. More specifically, if a hydraulic pressure
applied to the oil chamber 14 of the driven pulley 11 is increased
relative to a hydraulic pressure applied to the o0il chamber 9

15 of the drive pulley 6, the grove width of the driven pulley 11
1s reduced, leading to an increased effective radius, and
correspondingly, the groove width of the drive pulley 6 is
increased, leading to a reduced effective radius. Therefore,

the change gear ratio of the metal belt type continuous variable

20 transmission T is varied toward "LOW” continuously or in the
stepless manner. On the other hand, if the hydraulic pressure
applied to the o0il chamber 9 of the drive pulley 6 is increased
relative to the hydraulic pressure applied to the oil chamber

14 of the driven pulley 11, the groove width of the drive puliey

25 6 is reduced, leading to an increased effective radius,'and

correspondingly, the groove width of the driven pulley 11 is
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increased, leading to a reduced effective radius. Therefore,
the change gear ratio of the metal belt type continuous variable
transmission T i1s varied toward "OD” continuously or in the

stepless manner.

As shown 1in Figs.2 and 3, each of the metal elements 32
which is formed from a metal plate material by punching or
stamping includes a substantially trapezoidal element body 34,
a neck 36 located between a pair of left and right ring slots
35, 35 into which the metal ring assemblies 31, 31 are fitted,
and a substantially triangular ear 37 connected to an upper
portion of the element body 34 through the neck 36. The element
body 34 i1s formed at i1ts laterally opposite ends with a pair
of pulley abutment faces 39, 39 capable of abutting against
V-faces of the drive pulley 6 and the driven pulley 11. The
metal element 32 is formed, at its front and rear portions in
the direction of movement, with a pair of front and rear main
surfaces 40, 40 which are perpendicular to the direction of
movement and parallel to each other. An inclined surface 42
is formed below the front main surface 40 in the direction of
movement with a laterally extending rocking edge 41 located
therebetween. Further, the ear 37 is formed, at its front and
rear surfaces, with a projection 43f and a recess 43r to connect

the metal elements 32, 32 adjacent to each other in the forward

and backward directions. Lower edges and upper edges of the
ring slots 35, 35 are referred to as called saddle surfaces 44,

44 and lower ear surfaces 45, 45, respectively. Lower surfaces
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of the metal ring assemblies 31, 31 are in abutment against the
saddle surfaces 44, 44, and upper surfaces of the metal ring
assemblies 31, 31 are opposed to the lower ear surfaces 45, 45.

As can be seen from Fig.3, the diameter of the projection
43f formed at the front surface of the metal element 32 is set
smaller than that of the recess 43r formed in the rear surface,
and a first clearance CLyy is defined between the projection
43f and the recess 43r. The projection 43f and recess 43r have
cross sections circular about the same axis and hence, a
clearance between an outer peripheral surface of the projection
43f and an inner peripheral surface of the recess 43r is sized
to be equal to CLyy/2. On the other hand, a second clearance
CLy 1s defined between the upper surface of each of the metal
ring assemblies 31, 31 and each of the lower ear surfaces 45,
45 of the metal element 32, and is sized to correspond to a
difference between the groove width of each of the ring slots
35, 35 and the thickness of each of the metal ring assemblies
31, 31. The thickness of the metal ring assembly 31 is
represented by T,, and a vertical opening of each of the ring
slots 35, 35 is represented by D.

Fig.4C shows the metal elements 32 with CLy set at a value
equal to CLyy in a state in which the metal element 32 has been
pitched forward relative to the preceding metal element 32. In
this case, when the pitch angle of the metal element 32 is
increased, the first clearance CLyy is decreased, whereby the

recess 43r of the preceding metal element 32 and the projection
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43f of the succeeding metal element 32 are brought into contact
with each other at a point 4 and at the same time, the second

clearance CLy is decreased, whereby the upper surface of the
metal ring assembly 31 and the lower ear surface 45 of the metal
o element 32 are brought into contact with each other at a point
e. Therefore, if a relation, CLy < CLyy is established, as shown
in Fig.4A, the upper surface of the metal ring assembly 31 and
the lower ear surface 45 of the metal element 32 are brought
into contact with each other at the point e earlier than at the
10 point d with an increase of the pitch angle of the metal element

32. The pitch angle of the metal element 32 at that time is
defined as Oy. On the other hand, if a relation, CLy > CLpy,

as shown in Fig.4B, the projection 43f and the recess 43r of
the metal element 32 are brought into contact with each other
15 at the point d earlier than at the point e with an increase of

the pitch angle of the metal element 32. The pitch angle of

the metal element 32 at that time is defined as Oyy.

Fig.5 shows how the pitch angles 0y and Oy are varied when
the size of the second clearance CLy is varied with the size

20 Oof the first clearance CLyy fixed at 0.10 mm. A relation, Opy

> Oy is maintained, until the size of the sAecond clearance CLy

reaches 0.10 mm equal to the size of the first clearance CLnyu:

and the actual pitch angle of the metal element 32 is limited

by 0y. Namely, the actual pitch angle of the metal element 32

25 1s limited by the contact of the upper surface of the metal ring

- . — e teraa SeREEl e
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assembly 31 and the lower ear surface 45 of the metal element

32 with each other. On the other hand, when the size of the

second clearance CLy exceeds 0.10 mm equal to the size of the

first clearance CLyy, @ relation, 0y > Oyy is established, and
the actual pitch angle 0 of the metal element 32 is limited by

Onu. Namely, the actual pitch angle 6 of the metal element 32

i1s limited by the contact of the projection 43f and the recess

43r of the preceding and succeeding metal elements 32 with each

other. Therefore, by establishing the relation, 6y > Oyy, the

projection 43f and the recess 43r of the preceding and
succeeding metal elements 32 can be first brought into contact
wlith each other, and the upper surface of the metal ring assembly
31 and the lower ear surface 45 of the metal element 32 can be

prevented from being brought into contact with each other.

Fig.6 shows how the pitch angles Oy and Oyy are varied when

the size of the second clearance CLy is varied with the size

of the first clearance CLyy fixed at 0.18 mm. Even in this case,

when the size of the second clearance CLy exceeds 0.18 mm equal

to the size of the first clearance CLyy, the relation, 6y > Oy

i1s established. Thus, the projection 43f and the recess 43r
Oof the preceding and succeeding metal elements 32 can be first
brought into contact with each other, and the upper surface of
the metal ring assembly 31 and the lower ear surface 45 of the
metal element 32 can be prevented from being brought into

contact with each other.
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Figs.7A and 7B show results provided by measuring a
variation in power transmitting efficiency, while decreasing
the number of the metal rings 33 of the metal ring assembly 31
one by one from twelve and gradually increasing the size of the
5 second clearance CLy. Fig.7A corresponds to a case where the
metal belt type continuously variable transmission T has been
operated with a ratio of 0.61, an input torque of 5 kgfm, and
input rotational speeds of 2,000 rpm and 4,000 rpm, and Fg.7B
corresponds to a case where the metal belt type continuously
10 wvariable transmission T has been operated with a ratio of 0.61,
an input torque of 10 kgfm, and input rotational speeds of 2,000

rpm and 4,000 rpm.
As is apparent from Figs.7A and 7B, as the number of the
metal rings 33 of the metal ring assembly 31 is decreased from
15 twelve, the power transmitting efficiency is increased, and
when the number of the metal rings 33 is eight, the power
transmitting efficiency reaches a maximum value. Thereafter,
the power transmitting efficiency is decreased. Namely, it can
be seen that when the number of the metal rings 33 is eight,
20 i.e., when the size of the second clearance CLy between the upper
surface of the metal ring assembly 31 and the lower ear surface
45 is 0.86 mm, the power transmitting efficiency assumes the

maximum value.

If the following expression (1) is established as
25 described above, the power transmitting efficiency can be

maintained at a high value, while preventing the upper surface
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of the metal ring assembly 31 and the lower ear surface 45 of
the metal element 32 from being brought into contact with each
other.

CLyy < CLy € 0.86 --- (1)

I1f sides of the above expression (1) are divided by the thickness
T of one metal ring 33, the following expression is provided:
CLyu/T < CLY/T € 0.86/T --- (2)

When the metal ring assembly 31 is an assembly comprising an
D number of metal rings 33 laminated one on another, n x T =
T, (thickness of the metal ring assembly 31) and hence, the

expression (2) is replaced by the following expression:

n X CLyy/TL/n x CLy/TL/n X 0.86/T;, --- (3)
Here, CLy = D - T, and hence, the expression (3) is replaced
by the following expression:

n X CLyy/T./n x (D - Ty)/Tu/n x 0.86/T;, --- (4)
1f sides of the expression (4) are divided by n, the following
expression 1is provided:
CLnug/Try < D/Ty - 1 < 0.86/T;, --- (5)

If 1 is added to sides of the expression (5), the following
expression is provided:

(CLnu/TL) + 1 < D/Tp < (0.86/Ty) + 1 --- (6)
Namely, if a range of D/T, is determined to satisfy the
expression (6), the power transmitting efficiency can be
mailntained at a high value, while preventing the upper surface
of the metal ring assembly 31 and the lower ear surface 45 of

the metal element 32 from being brought into contact with each
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other.

In a common metal belt 15 having a width of 24 mm, CLyy
~ 0.1 mm and hence, the maximum value of the thickness T; of

ametal ring assembly 31 comprising twelve metal rings laminated

5 one on another, if a tolerance is 0.006 mm, is represented by

the following equation:
T = 0.1 x 12 + 0.006 x 12 = 2.292 (mm) --- (7)

If a value of CLyy/T, is calculated, it can be approximated by

il

CLyu/TL 0.1 + 2.292 =~ 0 --- (8)

10 If a value of 0.86/T, is calculated, it can be approximated by
0.86/TL = 0.86 =+ 2.292 =~ 3/8 --- (9)
Therefore, the expression (6) is replaced by
1 < D/T, € 11/8 --- (10)
Namely, in the common metal belt 15 having the width of 24 mm,
1> if the value of D/T. is in a range represented by the expression
(10), the power transmitting efficiency can be maintained at
a high value, while preventing the upper surface of the metal
ring assembly 31 and the lower ear surface 45 of the metal element
32 from being brought into contact with each other.

20 Figs.8A and 8B show results provided by simulating a
variation in power transmitting efficiency provided when the
size of the second clearance CLy has been increased with the
number of the metal rings 33 of the metal ring assembly 31 being
maintained at 12, based on Figs.7A and 7B, and further

20 calculating a range of D/T; from the size of the second clearance
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CLy using the above expression. Fig.8A corresponds to a case
where the metal belt type continuously variable transmission
T has been operated with a ratio of 0.61, an input torque of
5 kgfm and input rotational speeds of 2,000 rpm and 4,000 rpm,
o and Fig.8B corresponds to a case where the metal belt type
continuously variable transmission T has been operated with a
ratio of 0.61, an input torque of 10 kgfm and input rotational
speeds of 2,000 rpm and 4,000 rpm.
As is apparent from Figs.8A and 8B, when the value of D/T;
100 4is from 1.0 to 11/8, the power transmitting efficiency is
maintained substantially constant, but when the value of D/T.
i1s equal to or larger 11/8, the power transmitting efficiency
1s decreased. Therefore, the power transmitting efficiency
can be prevented from being decreased, by maintaining the value
15 of D/T; smaller than 11/8.
In general, when the thickness of the metal element 32
1s 1. 5mm, the projection 43f and the recess 43r are set at a
height within a range of 0.8 mm to 0.9 mm (a direction of
thickness). Therefore, to prevent the pitching of the metal
20 element 32 in a chord section, it is desirable that the size
value of the second clearance CLy is equal to or smaller than
such range, and the result of this test satisfies this
condition.
It 1s possible to prevent the upper surfaces of the metal
20 ring assembles 31, 31 from being brought into contact with the

lower ear surfaces 45, 45 to reduce the durability by setting
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the size of the second clearance CLy larger than the size of
the first clearance CLyy, as described above. In addition, it
1ls possible to prevent the power transmitting efficiency of the
metal belt 15 from being reduced by setting the size of the second
clearance CLy smaller than 0.86 mm. Specifically, when the
thickness of the metal ring assembly 31 is represented by T,
and the vertical opening of each of the ring slots 35, 35 is
represented by D, it is desirable that the values of D and Ty
are set in a range represented by
(CLyu/TL) + 1 < D/Ty < (0.86/TL) + 1
Particularly, in the metal belt 15 having the width of 24 mm,
1t is desirable that the values of D and T; are set in a range
represented by
l < D/Ty € 11/8

Although the embodiment of the present invention has been
described in detail, it will be understood that wvarious
modifications in design may be made without departing from the
subject matter of the invention defined by the claims.
INDUSRTIAL APPLICABILITY

As discussed above, the belt for the continuously
variable transmission according to the present invention can
be suitably used in a belt-type continuously variable
transmission for an automobile, but can be also used in a

belt-type continuously variable transmission in an application

other than the automobile.
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WHAT IS CLAIMED IS
1. A belt for a continuously variable transmission, which
comprises a metal ring assembly (31) comprising a plurality of
endless metal rings (33) laminated one on another., and a large
number of metal elements (32) each having a ring slot (35) into
which the metal ring assembly (31) is fitted., said belt being
wound around a drive pulley (6) and a driven pulley (11) to
transmit a driving force between both of the pulleys (6 and 11),

each of the metal elements (32) having a projection (43f)

and a recess (43r) provided on front and rear surfaces thereof
for engaging with preceding and succeeding ones of the metal
elements (32), respectively,

characterized in that when the size of a first vertical
Clearance between the projection (43f) and the recess (43r) of
the metal element (32) is represented by CLyy: the size of a
second vertical clearance in the metal ring assembly (31) within
the ring slot (35) is represented by CLy:; a thickness of the
metal ring assembly (31) is represented by T.; and a vertical
opening of the ring slot (35) is represented by D, the following
expression is established:
(CLyu/Tr) + 1 < D/T. < (0.86/T;) + 1
2. A belt for a continuously'variable transmission according

toclaim1l, wherein an expression, 1 < D/T, < 11/8 is established.

Smart & Biggar
Ottawa, Canada

Patent Agents
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FIG.2
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FIG.4A
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FIG.7A
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FIG.BA
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FIG. 11T
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