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ABSTRACT OF THE DISCLOSURE
A chain (10) with a plurality of links (13) positioned in

substantially parallel relationship with respect to each other where
the links (13) having an aperture (15) located at each end. An end
region (14) of the links (13) extends from the aperture (15) to the end
of the links (13). A plurality of connecting elements (19) connect
together adjacent links (13). The links (13) are interconnected in a
three-link arrangement in which similarly located end regions (14) of
the links (13) are offset and the pattern repeats evey three links. The
connecting elements (19) pass through the aperture (15) on one end of
one of the links (13) and the aperture {15) on the opposite end of the
adjacent links (13). The end region (14) of the links (13) extends
substantially to the adjacent connecting element (19) whereby the
material in the-end region (14) of the links (13) is increased and
substantially increases the strength of the chain (10).
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IMPROVED CHAIN DESIGN

TECHNICAL FIELD

This invention is directed to a chain and more particularly to a

chain utilizing a three-way or three-link arrangement in its
construction. The chain utilizes an improved link design which
greatly enhances the strength of the chain. This chain is particularly
well-suited for use in a continuously variable transmission (CVT)
where the chain is used to connect two variable diameter pulleys.
However, it should be noted that the chain construction of the

present invention can be utilized with almost any type of chain.

BACKGROUND ART
The three-way lacing configuration, especially for CVT chains,
has been known in the art. U.S. Patent No. 4,547,182 discloses a
three-way lacing arrangement for a chain that can be utilized in a
constantly variable transmission where the links of the chain are

located so that a line extending through the centers of gravity of
neighbérlng transversely adjacent links forms an essentially straight
line extending across the chain where the line is inclined with respect
to the iongitudinal axis of the chain. This reference also discloses a
three-way lacing arrangement for a chain utilized in a CVT where the
links are symmetrical around the centerline of the chain and a line
extending through the center of gravity of neighboring transversely
adjacent links forms a V or herringbone pattern in the chain. This
reference appears to utilize conventional chain links in the
construction of the three-way laced chain. In the '182 patent it is

clearly stated that a two-way laced chain is stronger for a given size.
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U.S. Patent No. 4,927,404 discloses a link chain for use iIn an
infinitely variable cone drive disk transmission. The link chain
utilizes a three-way lacing configuration. In order to provide for
uniform force transfer, some of the links are strengthened with
respect to the normal or other links. The normal links are usually the
interiorly located links in the link chain. The strengthening of the
links can be obtained by using higher strength material, making the
links thicker or doubling the links to form a double thickness link.

U.S. Patent No. 4,581,001 discloses a chain for an infinitely
variable cone-pulley transmission. The links of the chain are
connected together by rocker pieces that fit into apertures in the
links. Each link has two end webs spaced apart in the running
direction of the chain and extending transverse to the running
direction of the chain. The end webs are each adjacent to an
aperture in the link. Each rocker piece is constructed to bear against
a respective end web of each link at two abutment regions that are
spaced apart in the direction in which the end web extends. The
dimension of each rocker piece in the direction in which the
associated web extends is substantially equal to the distance between
the abutment regions.

It has been discovered, however, that the configuration of the
links utilized in a three-way laced chain can greatly influence the
strength of the chain and produce a three-way laced chain that is
stronger than an identical sized chain utilizing two-way lacing. This
is true even though the chain utilizing three-way lacing has one-third
fewer links than an identical size chain utilizing two-way lacing. The
construction for the links, therefore, greatly enhances the strength of
a three-way laced chain and greatly expands the areas where the
chain can be utilized,
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DISCLOSURE OF INVENTION

A chain (10) with a plurality of links (13) positioned in
substantially parallel relationship with respect to each other where
the links (13) having an aperture (15) located at each end. An end
region (14) of the links (13) extends from the aperture (15) to the end
of the links (13). A plurality of connecting elements (19) connect
together adjacent links (13). The links (13) are interconnected in a
three-link arrangement in which similarly located end regions (14) of
the links (13) are offset and the pattern repeats evey three links. The
connecting elements (19) pass through the aperture (15) on one end of
one of the links (13) and the aperture (15) on the opposite end of the
adjacent links (13). The end region (14) of the links (13) extends
substantially to the adjacent connecting element (19) whereby the

material in the end region (14) of the links (13) is increased and
substantially increases the strength of the chain (10).

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a perspective view of the chain of the present
invention utilized in a continuously variable transmission (CVYT).

Fig. 2 is a perspective view of the invention used in a CVT.
Fig. 3 is a side elevation view of the invention.

Fig. 4 is a cross-sectional view of an embodiment of the
invention.

Fig. 5 is a plan view of the chain of Fig. 4.

Fig. 6 is an exploded perspective view of the chain of Fig. 3.
Fig. 7 is a side elevation view of a prior art chain.

Fig. 8 is a plan view of the prior art chain of Fig. 7.

Fig. 9 is a side elevation view of the chain shown in Fig. 3.
Fig. 10 is a plan view of the chain of Fig. 9.

Fig. 11 is a diagramatic view of a prior art chain.

Fig. 12 is a diagramatic view of the chain of the present
invention.
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Fig. 13 is a diagramatic view of a prior art chain.

Fig. 14 is a diagramatic view of the chain of Fig. 3.

BEST MODE OF CARRYING OUT INVENTION

The invention is directed to an improved chain design and more

particularly a chain utilizing a three-way or three-link arrangement
in its construction. The chain utilized an improved link design which
greatly enhances the strength of the chain. The details of the
invention will be more readily understood by referring to the
attached drawings in connection with the following description.

The chain 10 of the present invention is shown in Figs. 1 and 2
being used in a continuously variable transmission (CVT). The CVT
comprises a pair of pulleys 2 and 3 connected respectively to shafts 4
and 5. One of the shafts is a driven shaft and the otner shaft is the
drive shaft. Pulleys 2 and 3 comprise a pair of flanges 6 and 7 with
at least one of the flanges being conical. The pulleys are connected
by the chain 10 and the side edges 9 of the chain f{rictionally engage
the pulley flanges. At least one flange of each pulley is axially
moveable with respect to the others so as to vary the drive ratios
between the two pulleys. The arrows indicate the axially movement
of the flanges to effect different drive ratios. Means beyond the
scope of this invention can be provided for axially moving at least
one flange relative to the other. Although a CVT-type chain is shown
in the drawings, it should be understood that this construction for a
chain can be used with essentially any type of chain. Examples of
other types of chain that can utilize this type of construction are
shown in U.S. Patent Nos. 4,342,560; 4,758,210; 4,832,668 and
4,904,231, These cited examples are only illustrative of types of
chains that can utilize the features of the invention and are not
meant to in any way limit the applications for the invention. The
chain is also suitable for use for a three-way lacing arrangement that
is symmetrical around the centerline of the chain and also for a chain
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that 1s not symmetrical. However, in many applications it has been found to be
preferable to use a construction that is symmetrical around the centerline of the chain.
Examples of how the links of a chain can be positioned to form these types of three-way
lacing are shown in U.S. Patent No. 4,547,182.

The chain 10 as shown in Figs 3, 6 and 14 is constructed for use with a
continuously variable transmission (CVT). As shown diagrammatically in Fig. 14 a
chain according to the three-way lacing arrangement. ‘The links are also arranged in
columns 12 that extend 1n the direction of travel for the chain 10. The three-way lacing
arrangement shown 1s one that 1s symmetrical around the centerline of the chain and the
transverse staggering pattern of the links 13 repeat for each three links rather than for
each alternate link for a chain where all the links are positioned in line. [t should be
recognized that non-symmetrical three-way lacing constructions can also be used with
this invention. A column of links 13 that extends along the length of the chain is
positioned along the centerline of the chain. The three-way lacing arrangement also
results in the rows A, B and C extending across the width of the chain 10 having a lacing
pattern that repeats every third row. The rows A, B and C are arranged so that each row
has a different width. In the drawing the A row is the widest as the outermost links 13
of the A row are on the extreme outside periphery of the chain 10. The B row is the next
widest and the C row is the narrowest as the outermost links 13 are displaced the farthest
from the outer periphery of the chain. [t should also be noted that change in width for
the rows A, B and C repeats every third row. The links 13 have an aperture 15 located
adjacent each end of the links. The three-way lacing arrangement results in the aperture

15 on one end of the link 13 being
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in alignment with the aperture 15 on the opposite end of the adjacent
link. In this construction the adjacent links 13 are never in the
position where the ends of the links are in abutting end to end
celationship. This construction results in one-third fewer links 13
being present for a given width of chain 10 than would be present in
the same width of chain constructed with the links in an in-line
arrangement with the ends of the links being in abutting relationship.

The links 13 are held together by connecting elements 19 which
pass through the apertures 15 in the links 13. The stack of links 13 on
the connecting elements 19 can be held in position by guidelinks 21
that are positioned on the outside of the stack of links and engage the
connecting elements 19. As shown in Fig. 6, the connecting elements
19 are a pin and rocker arrangement but it should be understood that
round pins or other suitable connecting elements can be utilized to
connect the stacks of links 13.

Load blocks 25 can be positioned in a passageway 27 formed on
one side of the links 13. The load blocks 25 are disposed in the
passageway 27 so that the ends of the load blocks will engage the
pulleys of the CVT. The guidelinks 21 usually have a passageway 28
that engages a notch 30 located on the end of the load blocks 25. The
passageway 28 on the guidelinks fits in the notch 30 to hold the load
block 25 in position in the passageway 27 formed on one side of the
links 13. Frequently, the outside link in each row A, B and C will
have a hpassageway 28 that fits in the notch 30 on the load blocks 25
to ensure that all the load blocks are retained in the passageway 27.
The specific construction for the load blocks 25 does not form a part

of this invention and additional details of this feature will not be
provided.

In Figs. 7, 8 and 13 the prior art chain construction is shown
where the links 33 are positioned in line with the end of a link in one
row abutting the end of the link in the next row. The links 33 In

adjacent rows are staggered in a brick-wall manner where the joints
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between adjacent links are offset one-half link. This is a very
common construction that has been utilized for chains for many
years. The pitch length of this chain is defined by the distance from
a line passing through the center of one aperture 35 on a link to a line
passing through the center of the other aperture 35 on a link. This
distance is shown in Fig. 7 as the distance X. The distance X is
substantially the same for all the links in the chain. The pitch of the
chain or the distance X also defines the ability of the chain to
articulate around a circular surface encountered when passing around
a pulley or a sprocket. In practice it has been found that the shorter
the distance X the more readily the chain will articulate and the
quieter and smoother the chain will be as it passes around the
circular surface. However, there is a balance between reducing the
distance X or the pitch of the chain to achieve good articulation and
smooth operation and increasing the cost of assembly for the chain
and also reducing the strength of the chain. As can be seen in Fig. 7
the tensile forces placed on the links 33 are carried by the end region
34 of the link that extends from the centerline drawn through one
aperture 35 to the adjacent end of the link. This distance is shown as
the distance Y in Fig. 7. Since the links 33 in Fig. 7 are in abutting
relationship, the distance Y will be less than one-half the distance X
which is the pitch length of the chain. The distance Y is less than
one-half the pitch length X to provide for some clearance between
the ends of the adjacent links which are in abutting relationship. As
the pitch of the chain is made smaller, this also means that there will
be less material at the end of the links as defined by the distance Y
to accomodate the forces placed on the links. If the pitch of the
chain is reduced sufficiently, the end regions of the links will not
have enough material to handle the axial loads placed on the links
through the connecting elements 39. It is also possible to make the
aperture 35 and connecting elements 39 smaller to provide more

material in the end region 34 of the links 33. However, making the
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apertures and connecting elements smaller concentrates the tensile
forces placed on the chain in a very small area and this can also lead
to failures in either the links or connecting elements of the chain.
Therefore there is always a design compromise to make sure that the
pitch of the chain is long enough to provide enough material in the
end region 34 of the links 33 for sufficient strength without making
the chain unduly wide or producing a chain that is unacceptably
noisey.

In the present invention it has been discovered that the three-
way lacing construction for a chain allows more material to De
positioned in the end region of the links and this allows the links to be
considerably stronger than the links used in an in-line construction as
shown in Figs. 7 and 8. Figs. 9 and 10 show the benefit of this
construction for a chain. In these figures, the pitch length of the
chain 10 is the distance between the centerlines of the apertures 15
in the links 13. The pitch length is shown as the distance A in Fig. 9.
The end region 14 of the links 13 that provide the load carrying
capacity for the links is shown as the distance B in Fig. 9. Because
the links 13 are not in abutting, in-line relationship, the end region 14
of the links 13 can extend essentially to the connecting element 19
that passes through the links on adjacent sides of the link 13. With
this construction the length of end region 14 of the links 13, as
defined by the distance B, can be a much larger percentage of the
pitch length A for the links. Distance B is only one-half of the
diameter of the aperture 15 plus a little clearance space shorter than
the pitch length A. This is considerably larger than is possible with

the end region Y for the prior art chain with an in-line lnk
construction as shown in Fig. 7. Because the end region 14 of the
links 13 shown in Figs. 9 and 10 is considerably larger than the prior
art links, the links of the present invention can accomodate much
higher axially loads from the connecting elements 19. The end region
14 on the links 13 has a length that is from about .3 to about .6 the
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pitch length A of the link or the distance between the centers of the

two apertures 15 on the links 13. In addition, because there IS more
material in the end region of the link, it is also possible to make the
apertures 15 slightly larger so that there will be a larger radius over
which the forces placed on the link by the connecting element 19 can
be distributed. If larger apertures 15 are utilized in the links 13 then
larger connecting elements 19 can be utilized and this further
increases the load carrying capacity of the chain 10. In some
instances when the size of the aperture 15 is increased it may be
necessary to increase the height of the links to ensure there is
sufficient material around the outer periphery of the aperture 15 to
maximize the strength of the links 13.

In practice Applicant has found increasing the size of the end
region 14 of the links 13 as shown in Figs. 9 and 10 significantly
increases the strength of the chain made from such links. There is a
non-linear relationship between the increase in size of the end region
14 and the strength of the link 13. The added material in the end
region 14 increases the strength of the link 13 to a much greater
extent than would be expected. A chain with three-way lacing with
the increased area on the end region 14 of the links 13 will be
stronger than a chain having an in-line construction where the chains
have the same width. This is true even though the chain with the
three-way lacing pattern will have approximately one-third fewer
links than the chain with the in-line construction. The increased
material in the end region 14 of the links 13, that is possible using the

three-way construction, results in links that are more than one-third
stronger than the links that are used in an in-line construction for a

chain. Incorporating a larger diameter for the aperture 135 in the
links 13 to better distribute the loads from the connecting elements
19 and utilizing a larger diameter connecting element 19 further
enhances the load carrying capacity of the chain 10 using the three-
way lacing construction. The apertures 195 usually have a diameter
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from about .5 to about .75 of the pitch length A. A three-way laced
chain 10 using the links 13 of the present invention results in a lighter
chain with fewer links that is also stronger than a chain using an in-
line lacing patterns where both chains have the same pitch length and
width. The three-way lacing construction utilizing the links 13 also
provides another alternative where the pitch length of the chain can
be reduced to provide a chain with better articulation characteristics
that is less noisey to use while providing the same load carrying
capacity as an in-line construction chain having a longer pitch length.
Usually a chain using the improved links 13 in a three-way lacing
pattern can have a pitch length from about 10% to about 25% shorter
than the pitch length for a chain using an in-line construction while
maintaining the same load carrying capacity as the in-line chain
where both chains have the same width.

Figs. 4 and 5 show an embodiment of the present invention
where links having varying thickness are utilized to balance the
tensile forces across the width of the chain and across the width of
the connecting elements.

In Figs. 4 and 5 a chain 40 is shown utilizing a three-way lacing
construction as previously discussed. The chain 40 is shown as being
symmetrical about a centerline extending longitudinally along the
chain. A plurality of links are arranged as previously discussed to
form the chain 40. However, in this embodiment links having
different thicknesses are utilized in the construction of the chain.
There are standard links 43, thin links 42 and thick links 45 utilized in
the construction of the chain 40. A column 52 of standard links 43
extends along the longitudinal centerline for the chain 40 and the
chain is symmetrical around this column 52. In practice it has been

found desirable for the thin links 42 to have a thickness from about
1/3 to about 2/3 the thickness of a standard link 43 and the thick

links 45 to have a thickness from about 1-1/3 to about 1-2/3 the

thickness of the standard link 43. In practice it has been found
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preferable for the thin links 42 to have a thickness approximately 1/2
the thickness of a standard link 43 and the thick links 45 to have a
thickness approximately 1-1/2 the thickness of a standard link 43.
The thick links 45 are preferably made by combining a standard link
43 and a thin link 42 to form the thick link 45. Guidelinks 47 can be
qtilized on the exterior of the chain to hold the stacks of links in
position as is known in the art. The guide links 47 will have a
thickness that is appropriate for that region of the chain. The
guidelinks 47 will usually have a thickness that corresponds to either
a thin link 42, a standard link 43 or a thick link 45. The links have an
aperture 49 located on each end and connecting elements ol extend
through the aperture 49 to hold the standard links 43, thin links 42
and thick links 45 together in rows A, B and C that extend across the
width of the chain 40 as previously discussed. The links 42, 43, 45 are
also disposed in columns 53 that extend in the direction of travel for
the chain 40,

In evaluating the forces transmitted by the chain 40 it was
discovered that the forces on the connecting elements 51 are not
constant across the width of the chain. The three-way lacing
construction creates gaps along the connecting elements 51 between
adjacent links in a row. The size of the gaps will vary at certain
points in a row due to the three-way lacing configuration. The gaps
also contribute to the unequal forces on the connecting elements 51.
Also the row A, B and C do not contain the same number of links and
each row has a different load carrying capacity. All of these factors
interact to produce uneven loads on the connecting elements 51 and
uneven loads across a row of links in the chain 40. The loads on the
connecting elements 51 can vary to an extent where the connecting
elements 51 are caused to bend in actual use of the chain 40.
Bending of the connecting elements 351 can place loads on the
connecting elements 51 that can result in premature failure of the

connecting elements or the links in the chain 40. To counteract these
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unbalanced forces it has been found desirable to vary the thickness of
the links utilized in the chain 40 to balance the forces on the
connecting elements ol.

In practice it has been found that using links having a varying
thickness can reduce the uneven loads placed on the connecting
elements 51 and significantly improve the load carrying capacity of
the chain 40. The general purpose of using varying thickness links is
to compensate for the variations in spacing between adjacent links in
a row A, B and C that naturally occur in symmetrical three-way
lacing construction for a chain. In using the varying thickness links
42, 43, 45, links that are closely spaced in a row can be made thinner
as these links are closer together and do not carry as large of a load.
Links that are widely spaced in a row can be made thicker as the
widely spaced links will carry a higher load. Also thinner links 42 can
be positioned in a row adjacent to links that are widely spaced to
reduce the size of the gap between links in a row. If the gap is
sufficiently reduced it may no longer be necessary to use thicker
links 45 in that area of the row. In areas of the chain where there is
a standard gap and there are no unusual loads exerted on the chain
standard thickness links 43 can be utilized. In most applications it
has been found that it is only necessary to have a thin link 42, a
standard link 43 and a thick link 45 to accomodate the varying
spacing between adjacent links in a row and the loads placed on the
various links in a row,

An example will more clearly indicate how utilizing varying
thickness links greatly improves the load carrying capacity of a chain
40 that utilizes the three-way lacing construction. Fig. 11 shows a
orior art chain utilizing standard-thickness links in a construction of
the chain. This chain is constructed so that it is symmetrical and
there is a column 52 of links that extend along the centerline of the

chain. For the sake of simplicity only rows A, B and C are shown for
this chain. However, it should be understood that rows A, B and C



>

10

15

20

25

30

35

90003 - 13 -

would be repeated along the entire length of the chain. In this prior
art chain row A has seven evenly spaced links and this is one more
link than either the B or C row contains. Accordingly, this row of
links is stronger than the other two rows of links and is under-utilized
in the chain. Also it should be pointed out that the guidelinks 47 at
the outside edges of the A row are under-utilized. The guidelinks are
on the outside edge of the chain 40 and the connecting elements ol
terminate at the guidelinks. Since the guidelinks are at the outer
edge of the chain there is no additional load present on the outside of
the guidelinks. This reduces the loads the guidelinks must carry and
the guidelinks are under-utilized. It should be noted that the
under-utilized A row will be repeated along the length of the chain
every third row. The B row of the prior art chain construction has six
standard~thickness links. However, there is a very wide gap 50
between the two links in the center of this row because there are
three standard-thickness links present between these two center
links. The other links in the B row, the links in the A row and most of
the links in the C row have two links between adjacent links in the
row. The wide gap 55 causes a higher load to be placed on these two
center links and causes these two center links to be overloaded. The
overloading of the central links can cause undue bending of the
connecting elements 51 in this area of the chain. The C row of this
prior art chain has six standard thickness links. However, the two
center links in the C row are positioned very close together as there
is only one link, the links in column 52 that extends along the
centerline of the chain 40, that separates the two center links in the
C row. Because the two center links have a small gap 56 between the
links, these links are under-utilized and do not carry as much load as
most of the other links in the chain 40. The outer two links in the C
row have two overhanging links from the A and B row that extend to

the outer edge of the chain 40. This construction causes the two
outer links of the C row to be overloaded. Thus, the C row has
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under-~utilized links in the center and overloaded links on the outer
edge. As can be seen from this evaluation of the prior art three-way
laced chain, there are patterns of under-utilized and over-utilized
links that are present in the A, B and C rows of the chain. This does
not allow the load carrying capacity of the chain to be maximized
and can also result in undue bending of the connecting elements 51
which can further reduce the load carrying capacity of the chain 40.
An example of how the present invention can overcome the
deficiencies set forth with regard to the prior art chain of Fig. 11,
please refer to Fig. 12 where the varying thickness links of the
present invention are utilized. In this figure, the A row has seven
links but it should be noted that the guidelinks 47 are now thin links
42 because the guidelinks do not earry as much load as the other links
in this row. The remainder of the links in the A row are standard
links 43 so this row really has the equivalent of 6 and one-third
regular links because thinner links 42 are utilized for the guidelinks
47. The C row shown in this figure has six links but the C row now
has two thick links 45 and two thin links 42 so that this row now has
the equivalent of 6 and two-thirds standard-thickness links 43. The
two center links in the C row which are adjacent the center column
52 of links are thin links as these closely spaced links were previously
under-utilized and thinner links can be positioned in this portion of
the chain without reducing the load carrying capacity of the chain.
The two outer links of the C row are thick links 45 as these links
were previously overloaded in the prior art chain. Making the outer
links in the C row thicker will allow these links to handle the loads
present in this portion of the chain and these links will no longer be
overloaded. As discussed previously the row A, B and C of the chain
40 vary in width. In Fig. 12 the C row is shown as being the
narrowest row and the outermost links of this narrowest row is where
the thicker links 45 are to be positioned as these links are subjected
to higher loads than the outer links of the other two wider rows of
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links. The B row shown in this figure has six regular thickness links

43 with a nearly even spacing. The spacing between the two central

links in the B row is only slightly wider than normal because the two
thin links 42 in the C row reduce the size of the gap 55 between the
two center links of the B row. The spacing between the outer links of
the B row and the next inside links in the B row is somewhat wider
than normal because of the thick links utilized at the outside of the C
row. However, this situation is somewhat mitigated by the fact that
the guidelinks 47 on the outside of the A row are thin and this places
the outside links in the B row closer to the outer edge of the chain 40
and results in a lower load being placed on the outer links of the B
rOW.

The three-way lacing construction shown in Fig. 12 results in a
very significant reduction in the under-utilization and overloading of
the links in the rows of the chain. This construction also reduces the
variation and the spacing between the links in a particular row to
further enhance the load carrying capacity of the links. Because the
links are being utilized more effectively this reduces the uneven
loading on the connecting elements 51 which reduces the bending of
the connecting elements and further enhances the load carrying
capacity of the chain 40.

It should be understood that the above example is only meant to
illustrate the principles of the present invention. Changing the width
of the chain 40 can alter which links are under-utilized or overloaded
in a particular row of the chain. However, the underlying principles
of utilizing varying thickness links can be utilized to maximize the
load carrying capacity of the chain. When making a decision on
whether to utilize thin links or thick links it is particularly important
to utilize the thick 45 and thin 42 links in a manner where each row
of the chain has substantially the same cross-sectional thickness of
links. If there is a choice between using thin links 42 to reduce the
zap between adjacent links in a row or utilizing a thiek link 40 to
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handle the additional loads, it is usually best to select the approach
that results in rows of the chain having the most equal total cross-
sectional thickness of links present in each row. It is also desirable
to construct the chain to minimize the bending stresses on the
connecting elements 51. However, utilizing the thin 42 and thick 40
links as set forth above usually helps to minimize the bending stresses
on the connecting elements and also keeping the total cross-sectional
thiokness of links each row as equal as possible also usually helps to
reduce the bending stresses. Occasionally, the width requirements
for a particular chain may influence the decision on how the thick
and thin links should be utilized in the chain. To obtain a particular
width for a particular end use application it may be necessary to
utilize the thick and thin links in a manner that does not produce as
high of load carrying capacity for the chain 40. However, utilizing
the thick and thin links of the present invention will still allow a

chain to be constructed having a higher load carrying capacity with
less bending of the connecting elements 51 than In the prior art

three-way lacing chains utilizing only a single thickness link.

The above description is given for the sake of explanation of
the invention. Various modifications and substitutions, other than
those cited, can be made without departing from the scope of the
invention.
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CLAIMS:

1. A chain (10) comprising:

a plurality of links (13) positioned in substantially
parallel relationship with respect to each other, said links {13) having
an aperture (15) located at each end of said links (13), an end region
(14) of said links (13) extending from said end of said aperture (15) to
said end of said link (13);

a plurality of connecting elements (19) connecting
together adjacent links (13), said links being interconnected in a
three-link arrangement in which similarly located end regions (14) of
said links (13) are offset and said pattern repeats every three links,
said connecting elements (19) passing through said apertures (15) on
one end of one of said links (13) and said aperture (15) on the opposite
end of said adjacent links (13), said end region (14) of said links (13)
extending substantially to said adjacent connecting element (19)
whereby said material in said end region (14) of said links (13) is
increased and substantially increases the strength of said chain (10).

9. The chain (10) of claim 1, wherein said increased material

in said end region (14) allows said apertures (15) in said links (13) to

have a larger diameter to more effectively distribute the load placea
on said links (13) by said connecting elements (19).

3. The chain (10) of claim 2, wherein said apertures (15) have
a diameter that is from about .5 to about .75 of the distance between

35 the centers of said two apertures (15) located on said links (13).
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4, The chain (10) of claim 1, wherein said distance between
said apertures (15) in said links (13) can be reduced to decrease the
pitch of said chain (10) and increase the ability of said chain (10) to

articulate without decreasing the load carrying capacity of said chain
(10).

3. The chain (10) of claim 3, wherein said connecting
elements (19) have a larger diameter corresponding substantially to
said larger diameter for said apertures (15) whereby the load carrying

capacity of said connecting elements (19) and said chain (10) are
improved.

6. The chain (10) of claim 1, wherein said end region (14) of
said links (13) has a length that is from about .3 to about .6 of the
distance between the centers of said two apertures (15) located on
said links (13).

7. A three-way laced chain (10) having a plurality of links
(13) arranged in rows (A, B and C) extending across the width of said
chain (10) in which similarily located end regions of said links (13) are
offset and said pattern repeats every three links, said links (13)
having an aperture located at each end of said links, said chain
comprisings

an end region (14) on said links (13), said end region
extending from said end of said aperture (15) to said end of said link
(13); and,

a plurality of connecting elements (19) connecting
together adjacent links (13) in said three-way lacing pattern, said
connecting elements passing through said apertures (15) on one end of
said links (13) and said aperture (15) on the opposite end of said

adjacent links (13), said end region 14 of said links (13) extending
substantially to said adjacent connecting element (19) whereby said
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material in said end region (14) of said links (13) is increased and

substantially increases the strength of said chain (10).

8. The chain (10) of claim 7, wherein said end region (14) of
said links (13) has a length that is from about .3 to about .6 of the
distance between the centers of said two apertures (15) located on
said links (13).

9. The chain (10) of claim 7 wherein said apertures (15) have
a diameter that is from about .5 to about .75 of the distance between

the centers of said two apertures (15) located on said links (13).
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