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(57) A multi-piece rim includes a lock ring and a gutter band having a lock ring groove. The lock ring groove includes
a bottom surface, axially mnboard and outboard curved surfaces connected to opposite ends of the bottom surface, and
axially inboard and outboard side surfaces connected to the axially inboard and outboard curved surfaces. A lock ring
escaping groove 1s formed at a transition point from the axially outboard curved surface to the axially outboard side
surface and a surface portion adjacent to the transition point. The lock ring escaping groove 1s recessed 1n a direction
away from the lock ring.
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ABSTRACT OF THE DISCLOSURE

A multi—-piece rim includes a lock ring and a gutter band having a lock
ring groove. The lock ring groove includes a bottom surface, axially mboard and
outboard curved surfaces connected to opposite ends of the bottom surface, and
axially inboard and outboard side surfaces connected to the axially mboard and

outboard curved surfaces. A lock ring escaping groove 1s formed at a transition

point from the axially outboard curved surface to the axially outboard side surface
and a surface portion adjacent to the transition point. The lock ring escaping

groove 18 recessed 1n a direction away from the lock ring.
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MULTI-PIECE RIM

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a multi—piece rim used for off-road

wheels, for example, large and very large wheels for construction vehicles, and
more particularly, relates to a fretting preventing structure for a lock ring groove
of the multi—piece rim.
2. Description of the Prior Art

FIG. 3 illustrates the structure of a conventional multi-piece rim and FIG.
4 1llustrates an enlarged cross—section of a portion of the multi—piece rim. As
lllustrated in FIGS. 3 and 4, the multi—piece rim includes a gutter band 1 which
has a lock ring groove 6 and an O-ring groove 7, a lock ring 2 which has a slit
In the circumferential direction and is mounted in the lock ring groove 6, a bead
seat band 3 mounted onto the gutter band 1 and axially supported by the lock ring
2, a side ring 4 mounted onto the bead seat band 3 and axially supported by the
bead seat band 3, and an O-ring 5 located at the O-ring groove 7.

The lock ring groove 6 includes a bottom surface 6a, side surfaces 6b, and

curved surfaces 6¢ connecting the bottom surface 6a and the side surfaces 6b.
The conventional multi—piece rim has the following problems.

More particularly, when the multi—piece rim 1s mounted to a construction
vehicle and is driven, contact pressure and relative sliding repeatedly occur at the

contact surfaces between the members including the gutter band 1, the lock ring
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2, the bead seat band 3 and the side ring 4. As a result, fretting 1s caused 1n the
contact surfaces, and cracks are initiated and then develop into large cracks.
When the cracks penetrate the entire thickness of the wall, the rim will cause
fracturing.

Especially, as illustrated in FIGS. 4 and 5, the transition point from the

axially outboard curved surface 6c¢ to the axially outboard side surtace 6b of the
lock ring groove 6 formed in the gutter band 1 and a portion adjacent to the
transition point (especially, a portion in the curved surface 6¢) are repeatedly

brought into contact with the lock ring 2 and repeatedly receive a load trom the

lock ring 2 in direction A (a radially inwardly and axially outboard direction). As
a result, the transition point and the portion adjacent to the transition point will
cause small cracks d which will develop into large cracks e (FIG. 6). When the

cracks finally penetrate the full thickness of the gutter band 1, the gutter band 1

will be broken.

SUMMARY OF THE INVENTION

An object of the present invention i1s to provide a multi—-piece rim which
can suppress initiation of cracks and development of the cracks at the transition

point from the outboard curved surface to the outboard side surface of the lock
ring groove and the portion adjacent to the transition point.

A multi-piece im according to the present invention includes: a gutter
band including a lock ring groove which includes a bottom surface having axially

outboard and inboard ends, axially outboard and inboard curved surfaces
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connected to the axially outboard and inboard ends of the bottom surface, and
axially outboard and inboard side surfaces connected to the axially outboard and
inboard curved surfaces and extending radially outwardly; and a lock ring
engaging the gutter band at the lock ring groove and axially supported by the
gutter band. The gutter band includes a lock ring escaping groove formed in the
gutter band at a transition point from the axially outboard curved surface to the
axially outboard side surface of the lock ring groove and a surface portion of the
lock ring groove adjacent to the transition point. The lock ring escaping groove
is recessed 1n a direction away from the lock ring and extends over an entire
circumference of the lock ring groove.

Due to the lock ring escaping groove, the lock ring groove does not
contact the lock ring at the transition point from the axially outboard curved
surface to the axially outboard side surface of the lock ring groove and a surface
portion of the lock ring groove adjacent to the transition point. As a result,
fretting and stress concentration do not occur at the transition point and the
surtace portion adjacent to the transition point, and crack initiation and crack

development are suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other optional features, and advantages of the present
invention will become more apparent and will be more readily appreciated from
the following detailed description of the preferred embodiments of the present

Invention given in conjunction with the accompanying drawings, in which:
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FIG. 1 i1s a cross—sectional view of a portion of a multi—piece rim
according to one embodiment of the present invention;
FIG. 2 is an enlarged cross—sectional view of a portion of the multi—-piece

rim of FIG. 1 adjacent to a lock ring groove;

FIG. 3 is a cross—sectional view of a portion of a conventional
multi—piece rm;

FIG. 4 is an enlarged cross—sectional view of a portion of the multi-piece
rim of FIG. 3 adjacent to a lock ring groove;

FIG. 5 1s a cross—sectional view of the conventional multi—piece rim
illustrating initiation of small cracks; and

FIG. 6 1s a cross—sectional view of the conventional multi—piece rim

illustrating development of the cracks to large cracks.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
FIGS. 1 and 2 illustrate a portion of a multi-piece rim according to the

present invention. In FIGS. 1 and 2, portions similar in structure to those of the

conventional multi—piece rim are denoted with the same reference numerals as

those shown i FIGS. 3 and 4.

As 1llustrated 1n FIGS. 1 and 2, the multi—-piece rim according to the
present invention includes a gutter band 1, a lock ring 2, a bead seat band 3, a
side ring 4, and an O-ring 3.

The gutter band 1 includes a lock ring groove 6 and an O-ring groove 7.

The lock ring groove 6 includes a bottom surface 6a having axially outboard and
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inboard ends 8, axially outboard and inboard curved surfaces 6¢ connected to the

axially outboard and inboard ends 8 of the bottom surface 6, and axially outboard
and inboard side surfaces 6b connected to the axially outboard and iboard curved

surfaces 6¢ and extending radially outwardly. The axially outboard and inboard
side surfaces 6b are connected at a transition point 10 before groove 9, which
will be explained later, is machined. The side surfaces 6b extend substantially
straight and radially outwardly and are connected to the outside surface of the
gutter band via curved surfaces.

The lock ring 2 engages the gutter band 1 at the lock ring groove 6 and 1S
axially supported by the axially outboard side surface 6b of the gutter band 1.
The lock ring 2 has one slit in a circumferential direction. The lock ring 2 has
opposite ends which are opposed to each other at the slit in the circumferential
direction of the lock ring 2. When the lock ring 2 is mounted to the lock ring
groove 6, the lock ring 2 i1s expanded in diameter, then i1s moved to the position
of the lock ring groove 6, and then is fit to the lock ring groove due to its spring
back force by releasing the expansion force. Since the lock ring 2 1s made from
spring material, the lock ring 2 has a larger surface hardness than the gutter band
1. As a result, when the surface of the lock ring 2 and the surface of the lock
ring groove 6 of the gutter band 1 repeatedly come into pressure contact with
each other, fretting and small cracks occur 1n the surface of the gutter band 1
sooner than in the surface of the lock ring 2.

The bead seat band 3 is disposed on a radially outer side of the gutter

band 1 and is axially supported by the lock ring 2. The side ring 4 1s disposed
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on a radially outer side of the bead seat band 3 and is axially supported by the
bead seat band 3. The O-ring 5 is disposed at the O-ring groove 7 and radially
between the gutter band 1 and the bead seat band 3.

The gutter band 1 includes a lock ring escaping groove 9 formed 1n the
gutter band 1 at a transition point 10 from the axially outboard curved surface 6¢
to the axially outboard side surface 6b of the lock ring groove 6 and a surface
portion of the lock ring groove 6 adjacent to the transition point 10. The
transition point 10 and the portion (especially, of the axially outboard curved
surface 6¢) adjacent to the transition point 10 is a surface portion that most tends
to receive fretting damage if the lock ring escaping groove 9 were not provided.
The transition point 10 is deleted during machining the lock ring escaping groove
9. The lock ring escaping groove 9 is recessed in a direction away from the lock
ring 2 and extends over an entire circumference of the lock ring groove 6.

The lock ring escaping groove 9 is formed by machining. Preferably, the
lock ring escaping groove 9 has a cross—section having an arc configuration from
the view point of ease in machining and prevention of contact of the groove
surface of the lock ring escaping groove 9 with the lock ring 2.

Intersections 11 and 12 (including a radially inner intersection 11 located
radially inside of an innermost surface of the lock ring 2 and a radially outer
intersection 12 located radially outside of the innermost surface of the lock ring
2) between the lock ring escaping groove 9 and the lock ring groove 6 (which
includes the curved surface 6c¢ and the side surface 6b) are curved surfaces:

namely, rounded so as to be convex toward the lock ring 2 to form curved
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portions 9b and 9a (including a radially inner curved portion 9b and a radially
outer curved portion 9a) so that stress i1s not concentrated at the intersections 11
and 12. The radius of the curved portions 9a and 9b is greater than a radius of

the arc of the lock ring escaping groove 9. The curved portions 9a and 9b form a

portion of the lock ring escaping groove 9.

The lock ring escaping groove 9 includes a deepest portion (deepest
groove portion) which has a depth of 0.5 — 2 mm from a configuration of the
lock ring groove 6 at a stage before the lock ring escaping groove 9 i1s machined.
The reason for the value of 0.5 mm is that the groove surface of the lock ring
escaping groove 9 1s prevented from contacting the lock ring 2 even if the axially
outboard side surface 6b of the lock ring groove 6 1s severely deformed when it

recerves a force from the lock ring 2. The reason for the value of 2 mm 1s to

maintain the strength of the wall of the gutter band 1 corresponding to the axially
outboard surface 6b of the lock ring groove 6. More preferably, the depth of the
lock ring escaping groove 9 is selected to be about 1 mm.

The lock ring escaping groove 9 has a radially outer end (that 1s, a radially
outer end of the radially outer curved portion 9a) spaced radially inwardly from
the outer surface of the gutter band 1 by a depth h that is greater than one third
of a depth H of the lock ring groove 6. The reason i1s that if the depth h 1s
greater than one third of the depth of the lock ring groove, the remaining contact
surface between the lock ring 2 and the side surface 6b of the lock ring groove 6
1S too small and a large stress will be caused at the remaining surface when a

load acts on the side surface 6b from the lock ring 2.
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Due to the above—described structure, the occurrence of stress
concentration at the transition point 10 from the axially outboard curved surface
6¢c to the axially outboard side surface 6b of the lock ring groove 6 and the
surface portion of the lock ring groove adjacent to the transition point 10 where
stress concentration most tended to occur in the conventional rim can be
cffectively prevented. As a result, initiation of small cracks at the transition point
10 and the portion adjacent to the transition point 10 and development of the
small cracks to the large cracks, which will induce fracture of the gutter band 1,
will be effectively prevented. This prolongs the life of the wheel rim, more
particularly, by more than doubling the life.

According to the present invention, the following technical advantages are
obtained:

First, since the lock ring escaping groove 1s provided, stress concentration
at the transition point 10 from the axially outboard curved surface 6¢ to the

axially outboard side surface 6b of the lock ring groove 6 and the surface portion
of the lock ring groove adjacent to the transition point 10 1s effectively prevented.
As a result, 1nitiation of cracks and fracture due to development of the cracks are
suppressed.

In the case where the configuration of the lock ring escaping groove 9 1s
selected to be an arc, machining the lock ring escaping groove 9 is easy and
contact of the surface of the lock ring escaping groove 9 with the lock ring 2 1s
surely prevented.

In the case where curved surfaces 9a and 9b are formed at the intersection
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of the configuration of the lock ring escaping groove 9 and the configuration of
the lock ring groove 6, stress concentration at the intersections are effectively
prevented, so that reliable improvement of the life of the rim 1s achieved.

In the case where the depth of the deepest portion of the lock ring
escaping groove 9 is selected to be 0.5 — 2 mm, contact of the surface of the lock
ring escaping groove 9 with the lock ring 2 is surely prevented, even 1if the gutter
band 1 is severely deformed when it receives a load from the lock ring 2.

Last, in the case where the lock ring escaping groove 9 i1s provided such
that it is located more than one third of the depth of the lock ring groove 6 m the
radial inboard direction, stress caused in the remaining side surface 6b 1S
maintained to be small.

Although the present invention has been described with reference to a
specific exemplary embodiment, it will be appreciated in the art that various
modifications and alterations can be made to the particular embodiments shown,

without materially departing from the novel teachings and advantages of the

present invention. Accordingly, it is to be understood that all such modifications
and alterations are included within the spirit and scope of the present invention as

defined by the following claims.
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What is claimed is:

1. A multi-piece rim comprising:

a gutter band including a lock ring groove, an O-ring groove, and an outside surface, said
lock ring groove including a bottom surface having axially outboard and inboard ends, axially
outboard and inboard curved surfaces connected to said axially outboard and inboard ends of said
bottom surface, and axially outboard and inboard side surfaces connected to said axially outboard
and inboard curved surfaces to extend radially outwardly, said outboard and inboard curved surfaces
and said axially outboard and inboard side surfaces defining axially outboard and inboard transition
points therebetween, respectively, said bottom surface of said lock ring groove and said outside
surface of said gutter band defining a depth of said lock ring groove therebetween:

a lock ring engaging said gutter band at said lock ring groove and axially supported by said
gutter band, said lock ring having one slit in a circumferential direction, said lock ring having an
Innermost surface, said innermost surface of said lock ring and said bottom surface of said lock ring
groove defining a gap therebetween;

a bead seat band disposed on a radially outer side of said gutter band and axially supported
by said lock ring;

a side ring disposed on a radially outer side of said bead seat band and axially supported by
said bead seat band; and

an O-ring disposed at said O-ring groove and between said gutter band and said bead seat
band;

wherein said gutter band includes a lock ring escaping groove formed in said gutter band at

said axially outboard transition point from said axially outboard curved surface to said axially
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outboard side surface of said lock ring groove and a surface portion of said lock ring groove
adjacent to said transition point, said lock ring escaping groove being recessed in a direction

away from said lock ring and extending over an entire circumference of said lock ring groove.

2. A multi-piece rim according to claim 1, wherein said lock ring escaping groove has a

cross-section having an arc configuration.

3. A multi-piece rim according to claim 1, wherein said lock ring escaping groove and said

lock ring groove have a rounded intersection therebetween.

3 A multi-piece rim according to claim 1, wherein said lock ring escaping groove includes

a deepest portion which has a depth of 0.5-2 mm.

5. A multi-piece rim according to claim 1, wherein said lock ring escaping groove has a
radially outer end spaced radially inwardly from an outer surface of said gutter band by more

than one third of said depth of said lock ring groove.
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