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(57) ABSTRACT

A hybrid roller/silent chain of the present invention has the
wear resistance of a roller chain combined with the noise
performance of a silent chain. This 1s accomplished with the
use of transverse load-bearing elements that allow increased
bearing arca for the articulating members of the chain by
allowing load to be transmitted through both the iside and
outside diameter of the element 1n the same plane. In some
embodiments, the transverse load-bearing elements are
bushings. In other embodiments, the elements are projec-
tfions extending from non-guide row 1nside links.

26

- "‘.
._f- .,
P o,
e -."|
)

-4 ’."

- -

—~




Patent Application Publication Mar. 3, 2005 Sheet 1 of 13 US 2005/0049098 A1

Fig. 1

2 [
|

IIIIIIIIIIIIIIIIIﬂ I 14

‘\\\‘,\\\\\ SUUUUNEINEERNN

”IIIIIIIIIIIIIIIIII

nl

IIIIIIIIIIIIIIIIIIA

‘&\ OUELIIIIIIIIINRRNY

LS

r s
18

— 18

12 o
T

AL Ll

\\x\ INANARANNNNNNNNNN \\

”IIIIIIIIIIIIIIII)

n

VIIIIIIIIIIIIIIII[

UL

IIIIIIIIIIIIIIIIIIJ

7

PRIOR ART




Patent Application Publication Mar. 3, 2005 Sheet 2 of 13

11

15

Fig. 2A

—
—

—
o8

—
-\I

B B N
- xr __r
SN S R S S
-y F
S S G e o R
— e
N o

T .
—
o

Fig. 2B

_/ U

—
o

N

S N

~J
N N
O N

PRIOR ART

US 2005/0049098 A1l



Patent Application Publication Mar. 3, 2005 Sheet 3 of 13 US 2005/0049098 Al

100

Fig. 3 !/

| 40
| / 26
!

L ALLL Ll

A A N

IIIIIIIIIIIIIIIIII

22
Wllllllllllllllﬂ l

ARREIRE RN~

ALLLL L L LS

34| 34

L —— ————————— . ——— . ——— —————————————— . ——————————————————— —— . ———————

IIIIIIIIIIIIIIIIII

.
2
IIIIIIIIA IIII’IIIIJH

\'&i\\ SOZEUENRNENNY

VI[IIIIIIIIIIIII”

.

30




Patent Application Publication Mar. 3, 2005 Sheet 4 of 13 US 2005/0049098 A1

100

WIIIIIIIIIIIIIIII 30

RRERNUEUENTENSINIGINRN

IIIIIIIIIIIIIIIIII

Fig. 4

32

2
fIIIIIlIIIIIIIIIIﬂ

NIlRHHRniny

(LSS

34|!| 34

”lllllllllllllllﬂ

HAEIIIRIIRE RN

IIIIIIIIIIIIIIIIII

I I

VIIIIIIIA IIIIIIIIA’A

ORI

W s

uffa
|
| |




Patent Application Publication Mar. 3, 2005 Sheet 5 of 13 US 2005/0049098 A1

=]

'IIIIIIIIIIIIIIIIIA&

AREIIIEITIITIMIEINRY

l LA ’IIIIIIII)
22

H.z B
“\\\.\\.\\\\\\\\\\

’IIIIIIIIIIIIIIIIII

7777777777777 777

A AR RN

f.'IIIIIIIIIIIIIIIIﬂ
l IZO l
I 20 | H
!’IIIIIIII 17777777777
AR RN
Ll '

i
20 -
| 30




Patent Application Publication Mar. 3, 2005 Sheet 6 of 13 US 2005/0049098 A1
1 00

Fig. 6
I '

WIIIIIIIIIIIIIIII

.-

WIIIII[ WIIIIIIIJ

34
_I

WIIIIIﬂIIIIIIIII

\\\\\ \\‘\\N&N‘\\

S E— T TE— ——— T ] e T e e —

YIS IS4

\

(L L YL

AN 2

I WIIIIIAE 'IIIIIIIIJ I
22

32|32 34 32 || 32
20
34 34

Wlllllﬂ 'l’lll’ll[ll .

m\m SN

I VI AGNININI SISV

ABIEIHIEaE
' !




Patent Application Publication Mar. 3, 2005 Sheet 7 of 13 US 2005/0049098 A1

Fig. 7

32 n 34
|-I
30

"Illlllﬂ

QNN

VII,{IIII I
22

WIIIII

AN

8<_ .........

\IIIIIII 30
n|-| a4




US 2005/0049098 A1l

Patent Application Publication Mar. 3, 2005 Sheet 8 of 13

_ .
| 001 \

4
- _-___..NN!. .NN E_ %4 E 2 77
ZICIIC m =1
&‘\\.\bﬂm W IOV /LSS
0£ — TNNANNNNNN o %ﬁ NN
-_}\\mﬂm AL 2220222
e === _

ct ¢t
__ BE _ 72 8

¢t nn.............ﬂn | || |
%Nﬁ ............. ” NN_&\.\\\\\n /7.2 |
08 ENSSSSSSIN e é?f////fé NN

[ LLLLEL A

L L LS

8¢~

8¢
m
P IS V804 MMV Is I,
AN

d6 814 V6 ‘31

=) L

0¢ gf/g

00L ,




Patent Application Publication Mar. 3, 2005 Sheet 9 of 13

Fig. 10

100

§ll= ||| |

:'IIIIIII

LII\I

IIIIIIII

e e —— S S . g W

B 1T 11— r3i—1
i I'E'i"”’ 32
I_l

US 2005/0049098 A1l

-.!l!__l_l!-_@ I ﬂ’lll[ll .-
\‘m \‘1\ SONANANNNASAN
r"l'lllllﬂ !llllll"j"" 28

30

32 ==

___ . ___\ N ___+ . ___ . ______| — — ———————— ___ ___ ___ ______________J]

Wllllﬂ

VI'IIIIIII

=32

Wlllliz- -

30

____!IIQ i'Q!\!___
o L il B

— Tt IIIIIIIH

NN

28 Ll
-I!!_-_!==
32 --:.==-|= ""

- r——reeese kel LIS S W S E—

l_l_u_

22 2
AN NARNA RN N

III I IS ITE ) —
613636 =
|




Patent Application Publication Mar. 3, 2005 Sheet 10 of 13

Fig. 11

=/ 100
22 |2l ][] [

613
- L LLLALL I I

\m\\\

o8 IIII’IIIA
I -—'"'-

)| ]| |15z ba

IIIIIII

AL L
: |||J|
— |22

Wlllﬂ

US 2005/0049098 A1l

m\\\\x‘m -

IIIIIII

I,I
34 <@H
U

Wlllﬂ

I Wlllﬂ
22 /..
34 ""'

- - .,IIIIIL:I

Illillﬂ

34

WIII”

1 "'
mlllﬂ

\WW\“\

L L XL L

Q

IIIIIII

zﬁumwmmswmmmm@ms

IIIIIII

30

34
28
30



Patent Application Publication Mar. 3, 2005 Sheet 11 of 13 US 2005/0049098 Al

Fig. 12

.:./100
AMEEMOIM

! VL LLAL LS

T d 4 I

m\m\\\\\\“
/S S S S SRS A S ST S S
iy

30

«TELUEIUELLE"
FLEL L] IIIIIIIII

?,,W\J\.‘ :
1Yy L N

2722727 Wllillg! =

N A N

””””ﬂ w””m
, \
|£ S

WL LA L EVIIIIIII

\‘mmmm

28 i"’llllllﬂ'mllillﬂ

y i-lsli Q Q =|l=...___

34
28

R 34

30

28
34




Patent Application Publication Mar. 3, 2005 Sheet 12 of 13 US 2005/0049098 Al

100

Fig. 13A q/

JRHAL

NN \\\(\\\‘R\

JLI
i

IgI!g
AR R

T
il

LGl i
Ih“lﬁl -

30

30

UMMM \\ 30

IFE'W




Patent Application Publication Mar. 3, 2005 Sheet 13 of 13 US 2005/0049098 Al

100

Fig. 14 /

IM;éé!.!..MI

‘&\\\\\\‘\\ \\‘m\m >

M!!M '%.%é
R .-
) B R B e
ELEE L

IR

FIEEL LI
gt

\\m \‘*\‘;\m\\‘,\“&\‘i

ﬁll’% ﬁﬁ’%l

30

30

30




US 2005/0049098 Al

HIGH-PERFORMANCE SILENT CHAIN

REFERENCE TO RELATED APPLICATIONS

[0001] This is a continuation-in-part patent application of
copending application Ser. No. 10/650,539, filed Aug. 28,
2003, enfitled “IMPROVED SILENT CHAIN”. The benefit
under 35 USC § 120 of the parent United States patent
application 1s hereby claimed, and the aforementioned appli-
cation 1s hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION
0002] 1. Field of the Invention

0003] The invention pertains to the field of silent chains.
More particularly, the invention pertains to an improvement
over a commonly available silent chain. Yet more particu-
larly, the invention pertains to an improvement over a
commonly available silent chain having transverse load-
bearing eclements that permit increased bearing area for
articulating members of the chain.

0004] 2. Description of Related Art

0005] Roller chains and silent chains are known in the art.
Both types of chains have known applications in the auto-
mobile 1industry.

[0006] U.S. Pat. No. 6,450,911 teaches a peripheral sur-
face of a silent chain including a number of interleaved rows
of link plates articulately connected together by joint pins.
Each of the link plates has a pair of teeth and a pair of pin
holes. The link plate further has a tubular portion protruding
continuously from one surface of the link plate and defining
a peripheral surface of each of the pin holes. The tubular
portion has a height substantially equal to the thickness of
the link plate. The tubular portion increases the contact arca
between the plate and the joint pin and thus suppresses wear
on the joint pin. Further, the tubular portion allows the plate
to retain sufficient rigidity and strength without narrowing
the web width between each pin hole and the outside flank
or the inside flank of the corresponding tooth. The silent
chain as a whole 1s relatively light in weight. The peripheral
surface of U.S. Pat. No. 6,450,911, however, has disadvan-
tages including increased width of each strand of chain.
Further, 1t would imherently require more elaborate manu-
facturing procedure to produce the chain links.

[0007] U.S. Pat. No. 6,485,385 teaches three structural

components jointly constituting a single guide link of a
silent chain. Two guide plates, at least one guide link plate
disposed between the guide plates, and two round connector
pins press-fitted 1n the guide plates are constructed to satisty
the expression (P +D_-D_ )-P,'=0. P is the link plate
pitch represented by the distance between pin hole centers in
the guide link plate. Dm 1s the 1nside diameter of the pin
holes 1n the guide link plate. D' 1s the outside diameter
between the round connector pins press-fitted 1n each guide
plate. P,' is the post-press-fitting guide plate pitch repre-
sented by the distance between pin hole centers in each
ouide plate press-fitted with the round connector pins. In the
assembled silent chain, each round connector pin extends
has 1ts outer peripheral surface 1n contact with the inner
peripheral surface of the mating pin hole of the guide link
plate and articular links. The articular links move relative to
the pin and create the bearing area. The pin outer peripheral
surface being 1n contact with the inner peripheral surface of
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the mating pin hole of the guide link plate and the articular
links, however, has disadvantages, including the restriction
of the bearing surface area to the above-described contact.

[0008] The chain industry is continually searching for
better performance 1n silent chains. There 1s a need 1n the art
for a silent chain with an increased contact or bearing
surface of the articulating components of a chain.

[0009] A cross sectional view of a bush type roller chain
1s shown 1n FIG. 1. Roller chains typically have very good
wear properties due to the full length bearing between the
pin (14) and the bushing (12). As the pin (14) rotates within
the bushing (12), the pin (14) is well supported along the
entire length of the bushing (12). The close fit between the
pin (14) and bushing (12) provides good wear resistance.
The roller chain further includes two types of links (16) and

links (18). One type (16) is known as a bush row link. The
other type of link (18) 1s known as a pin row link.

[0010] Noise generated by chain drives comes from a
variety of sources. In roller chain drives, the noise 1s caused,
in part, by the impact between the chain and the sprocket at
the onset of meshing. The loudness or the noise level of the
impact 1s atfected by, among other things, the impact veloc-
ity between the chain and the sprocket engaging the chain.
The mass of chain rollers contacting the sprocket at a
particular moment or time increment affects the noise level
as well.

[0011] Much effort has been made to decrease the overall
noise level and pitch frequency noise distribution 1n auto-
motive chain drives thereby to minimize the objectionable
cffects of the pure sonic tones. Silent chains are typically
used 1in automotive applications where noise generation 1s to
be minimized. Modifications of the link flank shape and
proiile are known to reduce noise levels significantly.

[0012] Roller chains are used in automotive applications.
Roller chains are usually limited, however, to applications
where noise generation 1s not of a primary concern. Roller
chains are characterized by the resistance to wear exhibited
by their components.

[0013] A typical silent chain is shown in FIG. 2A and
FIG. 2B. The silent chain includes guide link rows and
non-guide link rows alternately connected together 1n an
endless fashion. Typically, the guide link rows each have a
pair of guide plates (15) and at least one inside link plate (13)
disposed between the guide plates. The guide plates (15) and
the inside link plate (13) each have a pair of pin holes or
apertures (19) spaced in the direction of travel of the silent
chain. The non-guide link rows typically have two or more
inside link plates (11). The non-guide row inside link plates
(11), like the guide plates (15) and the guide row inside link
plates (13), each have a pair of spaced pin holes (19). The
guide plates (15), the guide row inside link plates (13) and
the non-guide row inside link plates (11) are articulately
connected together by a connector pin (17) inserted through
the laterally-aligned pin holes (19) of the non-guide row
inside link plates (11) and guide row inside link plates (13).
The connector pin (17) may be a round pin or a pair of rocker
joint pins.

|0014] Silent chains generally have poor wear perfor-
mance due to the relatively short and poor-quality bearing
arca between the non-guide row inside link plates and the
pin. The available bearing length 1s significantly less than 1n
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a roller chain having the same total width. Further, in silent
chains, the bearing surface 1s typically made up of several
inside link apertures, rather than the continuous bushing
bore used 1n a roller chain.

[0015] One exemplified usage of a silent chain is in
transmitting power between a driving sprocket and a driven
sprocket through the meshing engagement of the chain with
the sprockets. By way of a practical example, the silent chain
1s wound around a crankshaft sprocket and a camshaft
sprocket of an automobile engine, or around the sprockets of
a transfer unit. When the silent chain starts to mesh with the
sprocket, noises occur due to such occurrences as collision
between the flank surface of each link plate and the tooth
flank of the sprocket.

[0016] One of the known advantages of a silent chain is
the improved NVH (noise-vibration-harshness) characteris-
tics due to the engagement of the silent chain tooth flank on
the sprocket. On the other hand, roller chains have their own
advantageous characteristics as well, as discussed previ-
ously. As can be appreciated, 1t 1s desirable to combine the
useful characteristics of a roller chain and a silent chain in
a unique manner to provide an improved silent chain, so that
the wear characteristics of a roller chain and the NVH
characteristics of a silent chain are combined. Further, it 18
desirable to provide superior wear characteristics to a roller
chain by providing increased total bearing area between the
articulating components of the chain.

SUMMARY OF THE INVENTION

[0017] An improved silent chain having better wear prop-
erties than a roller chain and much better wear properties
than a conventional silent chain i1s provided. An improved
silent chain possessing noise-vibration-harshness (NVH)
characteristics of a conventional silent chain 1s provided. An
improved silent chain having a similar weight to a conven-
tional silent chain 1s provided.

[0018] A chain of the present invention includes a plurality
of links. Each link includes a pair of link apertures, and each
link aperture has an aperture diameter and an inner aperture
surface. The chain also includes a plurality of transverse
load-bearing elements. Each element includes an outer ele-
ment surface, having an outer element diameter, and an
clement aperture, having an inner element surface and an
inner element diameter. Each element passes through at least
one link aperture. The chain also mcludes a plurality of
cylindrical pins. Each pin includes an outer pin surface and
an outer pin diameter and passes through at least one link
aperture and through at least one element aperture. The outer
pin diameters are less than the mnner element diameters, such
that the outer pin surface is moveable relative to the 1nner
clement surface. The aperture diameter of at least one link 1s
larger than the outer element diameters, such that the outer
clement surface 1s moveable relative to the mner aperture
surface of the link. The arrangement 1s such that the outer
pin surface bears and articulates against the inner element
surface, and the inner aperture surface, through which the
clement passes, bears and articulates against the outer ele-
ment surface. The use of both the inner element surface and
the outer element surface to carry a load 1n a plane of the
links allows an increased bearing area for a given chain

width.

[0019] In an embodiment of the present invention, the
plurality of links further include a plurality of first links, a
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plurality of second links, and a plurality of outside links.
Each transverse load-bearing element passes through at least
one second link aperture. Each pin passes through at least
one outside link aperture. The links are arranged in rows,
alternating between a first row comprising at least one first
link and a second row comprising at least one outside link
on each edge of the chain and at least one second link. The
first links and the transverse load-bearing elements are fixed
such that no relative movement occurs between the first link
and the transverse load-bearing element. The second link
aperture diameters are larger than the outer element diam-
eters such that the outer element surface 1s moveable relative
to the second link inner aperture surface. The outside link
aperture diameters and the pin diameters are tightly fit such
that no relative movement occurs between the outside link
inner aperture surface and the outer pin surface. The
arrangement 1s such that the chain 1s made up of alternating,
first rows of first links rigidly affixed to the transverse
load-bearing elements and second rows of second links
movable on the transverse load-bearing elements and out-
side links affixed to the pins, wherein the first rows and
second rows are articulately connected together along a
direction of travel.

[0020] The first rows are preferably non-guide rows. The
first links are preferably inverted-tooth type links. The
outside links are preferably inverted-tooth type links. The
outside links are preferably guide links. The second links are
preferably inverted-tooth type links. In some embodiments,
the second links are positioned along a centerline of the
chain. In one of the embodiments of the present invention,
the second links are non-inverted center guide links.

[0021] In some embodiments of the present invention, the
transverse load-bearing elements are bushings. In other
embodiments, the first links further include a first link body
including a pair of first link apertures. Each first link
aperture has a first link aperture diameter and a first link
inner aperture surface. The first links further include the
transverse load-bearing elements, where each element
includes a pair of projections. Each projection extends
laterally from the first link body at each first link aperture,
thereby increasing the width of the first link inner aperture
surface, and comprising an outer projection diameter and an
outer projection surface.

[10022] Different embodiments of the present invention
have different lacings of the links. In some embodiments,
cach pin passes through links 1n a sequential order of an
outside link, at least one first link, at least one second link,
at least one first link, and an outside link. In one embodi-
ment, ecach at least one first link in the sequential order
mcludes two first links. In one embodiment, the at least one
second link in the sequential order includes two second
links. In one embodiment, each at least one first link in the
sequential order includes two first links and the at least one
second link in the sequential order includes two second
links. In other embodiments of the present invention, the
sequential order further include a third link between the two
second links, where the third link 1s 1n the first row and 1s a
non-inverted link.

[10023] In other embodiments, the inner element surface is
discontinuous on each pin, such that each pin passes through
two transverse load-bearing elements. In one embodiment,
cach pin passes through links 1n a sequential order of an




US 2005/0049098 Al

outside link, at least one first link, at least one second link,
at least one first link, at least one outside link, at least one
first link, at least one second link, at least one first link, and
an outside link. In another embodiment, the two transverse
load-bearing elements are separated on the pin by the at least
one outside link.

10024] In other embodiments of the present invention, the
two transverse load-bearing elements are separated by at
least one third link, each third link being 1n the second row
and including a pair of third link apertures, where each third
link aperture has a third link aperture diameter and a third
link inner aperture surface. In one of these embodiments, the
third link aperture diameters are larger than the pin diam-
cters such that the outer pin surface 1s moveable relative to
the third link inner aperture surface. In another embodiment,
the third link aperture diameters and the pin diameters are
tightly fit such that no relative movement occurs between the
third link 1nner aperture surface and the outer pin surface. In
one embodiment, each pin passes through links 1n a sequen-
t1al order of an outside link, at least one first link, at least one
second link, at least one first link, at least one third link, at
least one first link, at least one second link, at least one first
link, and an outside link. In another embodiment, each pin
passes through links 1n a sequential order of an outside link,
at least one first link, at least one second link, at least one
first link, at least one second link, at least one first link, at
least one second link, at least one first link, and an outside
link. In another embodiment, each at least one second link
in the sequential order comprises two second links.

BRIEF DESCRIPTION OF THE DRAWING

10025] FIG. 1 shows a cross-sectional view of a prior art
bush type roller chain.

10026] FIG. 2A shows a top view of a typical prior art
silent chain.

10027] FIG. 2B shows a side view of the prior art silent
chain of FIG. 2A.

10028] FIG. 3 shows a cross-sectional view of an embodi-
ment of the present mnvention.

10029] FIG. 4 shows a cross-sectional view of another
embodiment of the present invention.

[0030] FIG. 5A shows a cross-sectional view of another
embodiment of the present invention.

10031] FIG. 5B shows a side view of a guide link of FIG.
SA.

10032] FIG. SC shows a side view of a toothed link of
FIG. 5A.

10033] FIG. 6 shows a cross-sectional view of another
embodiment of the present invention.

10034] FIG. 7 shows a cross-sectional view of an embodi-
ment of the mvention using both 1nside and outside surfaces
of the bushings as bearing areas.

10035] FIG. 8 shows a side view of a chain link with a
cut-away view of a pin and bushing, along the section line
8-8 1n FIG. 7.

10036] FIG. 9A shows a cross-sectional view of a double-
width version of FIG. 3.
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10037] FIG. 9B shows a cross-sectional view of a varia-

tion of FIG. 9A.

[0038] FIG. 10 shows a cross-sectional view of an
embodiment of the present invention with no guide links 1n
the center of the chain lacing.

[10039] FIG. 11 shows a cross-sectional view of a variation
of the embodiment of FIG. 10.

10040] FIG. 12 shows a cross-sectional view of an
embodiment made with fewer types of components.

10041] FIG. 13A shows a cross-sectional view of an
embodiment of the present invention with no bushings.

10042] FIG. 13B shows a cross-sectional view of a non-
cuide row 1nside link of FIG. 13A with the projections
ogoing to the right.

10043] FIG. 13C shows a cross-sectional view of a non-
ouide row 1nside link of FIG. 13A with the projections
going to the left.

10044] FIG. 14 shows a cross-sectional view of a double-
width version of FIG. 13.

DETAILED DESCRIPTION OF THE
INVENTION

[0045] The present invention combines characteristics of
prior art roller chains and silent chains 1n a unique manner
in that the wear characteristics of a roller chain and the NVH
characteristics of a silent chain are combined 1nto an inven-
tive whole. The combined whole of the present invention
provides increased total bearing arca between articulating
components of the chain, thereby providing superior wear
characteristics to a roller chain. In all embodiments of the
present invention, an outer surface and an 1nner surface of a
transverse load-bearing element are used to increase the
load-bearing area for a given chain width. In the first set of
embodiments, the load-bearing elements include bushings.
In the second set of embodiments, the load-bearing elements
include projections on the non-guide row 1nside links.

[0046] An embodiment of the present invention, which
discloses the fundamental concept 1s shown 1 FIG. 3. In
this embodiment, two pairs of inside links (32) on the
non-guide row are provided. Two inside links (34) on the
ouide row are also provided. Additionally, a pair of outside
guide links (22) are provided. The guide row inside links
(34) are located in the center of the endless chain having a
center line (100) partitioning the two links (34). The center

line (100) also partitions the guide links (22) and non-guide
row inside links (32).

[0047] In FIG. 3, the chain is guided on a sprocket (not
shown) by the pair of outside guide links (22). Each link
including the guide links (22) has a pair of apertures or
annular openings at each end. Within each aperture, there 1s
a surface. Further, each aperture receives a connecting
member such as a pin (30), or a bushing (28), for connecting
various links to an endless chain. Each non-guide row inside
link (32) has a pair of apertures or annular openings at each
end. Within each aperture of these links (32), there is a
surface press fit over a bushing (28), such that no relative
movement therebetween occurs. Each guide row inside link
(34) has a pair of apertures or annular openings at each end.
Within each aperture of these links (34), there is a surface
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(33) used as a bearing area over the bushing (28) in which
relative movement therebetween occurs.

10048] FIG. 3 is illustrative of some of the concepts of the
present mvention 1n that a set of transverse load-bearing
elements (28) is interposed between some of the links and
the pins (30). In FIG. 3, the transverse load-bearing cle-
ments are bushings (28). Specifically, the non-guide row
(32) and the guide row inside links (34) have bushings (28)
interposed between their apertures and a pin (30). Each
bushing (28) includes an outside surface (26) and an inside
surface (40). The outside surface (26) is defined by a set of
points distributed on the O.D. (outside diameter) of the
bushing (28). The inside surface (40) is defined by a set of
points distributed on the I.D. (inside diameter) of the bush-
ing (28). Two links (34) are provided across the chain in this
embodiment. In each aperture of these links (34), an inside
surface is defined as a bearing area (33), which comes in
contact with the outside surface (26) of its bushing (28). This
contact 1s not rigidly atfixed and allows relative movement
of the two contacting surfaces. An additional four links (32)
across the chain are provided in the non-guide rows, which
are 1nterposed between guide row links (34) and outside
guide links (22). Both the guide row (34) and the non-guide
row links (32) are of the inverted tooth type. However, each
aperture of the non-guide row links (32) 1s rigidly affixed
upon the outside surface (26) of the bushing (28) that comes
in contact therewith.

[0049] As can be appreciated, the present invention pro-
vides links (34) which possess apertures with inner surfaces
that fit over the outside surface (26) of the bushings (28),
thereby providing additional bearing area to carry load for
the chain assembly as a whole. The total bearing area of the
present invention is the sum of the pin (30) to bushing (28)
bearing area, which 1s the area disposed for contact between
an 1nner surface (40) of a bushing (28) and an outer surface
of a pin (30), and the bushing (28) to link (34) bearing area
(33), which is the area disposed for contact between an outer
surface (26) of a bushing (28) and an inner surface of the
annular openings of a link (34). By allowing part of the
tensile load in the chain to be carried by the pin (30) to
bushing (28) interface, and the remainder of the tensile load
to be carried by the link (34) to bushing (28) outside
diameter (O.D.) interface, the net unit load between the pin
(30) and the bushing (28) is reduced, when compared to a
conventional roller chain, thereby causing reduced wear of
the relevant portions of the resultant endless chain. The
torque-transmitting contact between the chain and sprocket

is through the inverted tooth links (32) and (34), thereby
providing the NVH performance of a silent chain.

[0050] A second embodiment is shown in FIG. 4. Similar
to FIG. 3, an endless chain having links (22), (32), and (34)
is provided. Bushings (28) and pins (30) are provided as
well. In this embodiment, only two links (32) are used in the
non-guide rows. Each non-guide row link (32) is interposed
between an outside guide link (22) and a guide row link (34).
The pairs of links are substantially symmetrical with respect
to the center line (100) of the chain.

[0051] Referring to FIG. 5A through 5C, a third embodi-

ment of the present invention 1s shown. In this embodiment,
the endless chain is similarly guided on the sprocket (not
shown) by a center link (20) on the guide row, which fits into
a groove (also not shown) of the sprockets. The center link
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(20) is non-inverted in shape as shown in FIG. 5B. The
remaining links of this embodiment are of the imverted tooth
type. The inside link (24) of FIG. 5A and FIG. 5C is
functionally the same as, but wider than 1n most cases, the
non-guide links (32) shown in other embodiments. The
inside link (24) is rigidly affixed upon the bushing (28). For
example, the link (24) may be press fit onto the bushing (28).
Therefore, no relative movement between the O.D. of the
bushing (28) and the inside surface of the link (24) occurs.
The use of a center guide link 1n silent chams 1s well known
in the art, but the present invention provides for the center
guide link (20) to fit over the outside surface (26) of the
bushing (28), thereby providing additional bearing area to
carry load. The total bearing area of this design i1s the sum
of the pin (30) to bushing (28) bearing area, which is the area
disposed for contact between the inner surface (40) of the
bushing (28) and the outer surface of the pin (30), and the
bushing (28) to link (20) bearing area, which is the area
disposed for contact between the outer surface (26) of
bushing (28) and the inner surface of the apertures of the
center link guide (20). By carrying part of the tensile load at
the pin (30) to bushing (28) interface and the remainder of
the tensile load at the center guide link (20) to bushing (28)
outside diameter (O.D.) interface, the chain experiences a
reduced net unit load between the pin (30) and bushing (28),
thereby causing reduced wear of the relevant portions of the
chain. The torque transmitting contact between the chain and

sprocket 1s through the links (22) and (24), which are of the

inverted tooth type, thereby providing the NVH perfor-
mance of a silent chain.

[0052] A fourth embodiment is shown in FIG. 6. This
embodiment includes a wider chain having more linking
elements. A single center guide link (20) is provided along
the center line (100), in the first row. Furthermore, two pairs
of parallel inside links (32) are provided for higher strength.
In this case, the center guide link (20), and the inside links
(32) do not move relative to the bushing (28) O.D. A bearing
area (33) is provided in which the guide row links (34)
possess an 1nside aperture surface which articulates relative
to the bushing (28) O.D. The apertures of these links (34)
bear against the O.D. of the bushing (28). Again, the pin (30)
has a full bearing area within the inner diameter (I.D.) of the
bushing (28). As in the previous embodiments, an additional
bearing arca between the articulating members 1s provided
by utilizing the O.D. of the bushing (28) for bearing contact
with one or more links (34) in the guide row. The links (22),
(32), and (34) are of the inverted tooth type, and mesh with
the sprocket teeth, thereby providing the NVH performance
of a silent chain.

[0053] It is noted that in any of the above embodiments,
the provision of additional links that bear against the O.D. of
the bushing reduces the load carried by the pin (30), as
compared to roller chains. The reduction of the load carried
by the pin (30) reduces the wear between the pin (30) and the
bushing (28), resulting in a design that has superior wear
performance compared to a roller chain, while providing the
NVH performance of a silent chain, by utilizing inverted
tooth type links to contact the sprocket.

[0054] In operation, if there is any imbalance in the load
sharing between links, the components tend to wear 1n and
improve the load sharing. For example, if the outside link
(22) is carrying more than the ideal load, the pin (30)
mnitially wears more quickly, causing the center link or other
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links (34) or (20) in the same row to carry increased load,
until a natural balance 1s achieved. This natural tendency to
“wear-1n” to a balanced situation helps to reduce the 1impact
of dimensional tolerances on the performance of the chain.

[0055] A multiplicity of embodiments for this invention
exists. The embodiment of the present mnvention shown 1n
FIG. 7 and FIG. 8 uses both the inside surface (40) and the
outside surface (26) of the bushing (28) to carry load,
providing large bearing arca for wear resistance while allow-
ing the use of silent chain links (32) and (34) for NVH. The
chain provides at least as much bearing area as a roller chain.
The load 1s transmitted to both the inside (40) and outside
(26) surfaces of the bushing (28), thereby distributing the
load. Further, the present invention allows for increased
amounts of bearing area 1n a relatively limited chain width.
The above 1s shown FIG. 7, which shows a section of a
chain using the links of FI1G. 8, and in F1G. 8, which 1s an
exaggerated side view cross-section of a chain incorporating
an embodiment of the present invention.

[0056] Referring to FIG. 8, which is an exaggerated
partial side view of a chain incorporating an embodiment of
the present invention, a link forming part of an endless chain
such as the guide row link (34) is shown. The link (34) has
a pair of apertures (38). Each aperture (38) possesses a
bearing area (33), which comes 1n contact with the bushing
(28) at its outside surface (26). The pin (30) comes in contact
with the inside surface (40) of the bushing (26). As can be
appreciated, the bearing area (33) increases the total bearing,
arca 1n order to share the load of the endless chain.

[0057] More specifically, referring to the section shown in
FIG. 8, the outside surfaces of the pins bear against the
inside surfaces of the bushings and articulate against them.
The 1nside surfaces of the apertures in the guide row 1nside
links (34) bear against the outer surfaces of the bushings,
and articulate against them. This use of both i1nside surface
and outside surface of the bushing in the same plane to carry
load allows increased bearing area for a given chain width.

[0058] In any of these embodiments, the thickness and
number of the various links can be adjusted to optimize the
strength and the wear resistance of the chain. The diameters
of the pin, bushing I.D., and bushing O.D. can also be
optimized to provide the best combination of strength and
wear resistance. By providing maximum total bearing area
between the articulating members of the chain, the wear
resistance 1s optimized.

[0059] The present invention is an improvement over a
roller chain 1n that 1t has reduced wear by providing a new
bearing surface between the outside of the bushing and one
or more load-carrying links, and by allowing reduced load
through the pin. Further, in a traditional roller chain, all of
the tensile loads must go through the pin, and pin strength
limitations can limit the load carrying capability of the
chain. A chain of the present mnvention provides increased
strength by reducing pin bending stress and transmitting a
portion of the tensile force through the O.D. of the bushing,
to the load-carrying links. The present invention further
improves on a roller chain by reducing noise by providing
some links with 1inverted tooth link profiles that mesh with
a silent chain type sprocket tooth profile.

[0060] It is noted that the present invention also contem-
plates a double-meshing-type silent chain capable of mesh-
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ing with sprockets or toothed pulleys, which are mounted on
respective driven shafts located inside and outside the chain.
For example a double-meshing-type silent chain 1s used as
a timing chain for transmitting rotational motion from the
crankshaft of an engine to the camshaft of the engine or to
the shaft of an auxiliary device such as an o1l pump. As can
be appreciated, a double-meshing-type silent chain 1s
employed, when driven shafts located 1nside and outside the
chain are rotated in opposite directions.

10061] FIG. 9 through FIG. 14 show additional embodi-
ments of the present invention, which are wider, stronger
chains and are comparable to a double row roller chain.
These variants are appropriate for cases where higher
strength 1s required for the chain. Any of these chain lacings
may be appropriate for a specific chain design, depending on
the requirements of that design. Other variations are pos-
sible. In all of the variants shown, different quantities or
thicknesses of links are substituted 1n any position, as
necessary to obtain the required strength and width.

[0062] In FIG. 9A, the “guide” links (22) do not engage
the sprocket teeth. The inside links (32) and (34) are of the
inverted tooth type and engage the sprocket teeth. Some of
these inside links (32) are in the non-guide row, and the other
links (34) are in the guide row of the chain. The pins (30)
extend through the width of the chain, and the two bushings
(28) are mounted on each pin (30). This embodiment is
essentially a double row, or double width version of the
embodiment shown 1 FIG. 3. This type of “double row”™
lacing 1s where higher strength 1s required, than can be
achieved with a “single row” design. FIG. 9B 1s the same as

FIG. 9A, except pairs of thinner inside links (32) are used
rather than the thicker links (32) shown in FIG. 9A.

10063] FIG. 10 shows a preferred embodiment, where
there are no guide links (22) 1n the center of the chain lacing.
The chain has non-guide row inside links (32), as in FIG.
9A. The chain also has guide row inside links (34), again as
in FIG. 9A. The center links (36) are in the guide row, but
are of the mnverted tooth type. This design operates on simple
sprockets, as the only guide links are on the outside of the
chain. In this design, the non-guide row inside links (32) fit
tightly over the O.D. of the bushings (28), the guide row
inside links (34) are a loose fit over the O.D. of the bushings
and articulate relative to the bushings (28), and the center
links (36) fit over the pins (30). The center guide row inside
links (36) may be press fit to the pin (30), or slip fit,
depending on the specific design requirements. More or
fewer of any of the inside links (32), (34), and (36) may be
used, depending again on the specific design and perfor-
mance requirements for the chain assembly.

[0064] FIG. 11 shows a similar lacing to FIG. 10, with
fewer center guide row inside links (36), and fewer non-
guide row inside links (32).

[0065] FIG. 12 shows a lacing where the bushings (28) are

cantilevered toward the center (100) of the lacing. This
design has an advantage over the embodiments shown in
FIG. 9A through FIG. 11 1n that only three different link
types are required: guide links (22), non-guide row inside
links (32), and guide row inside links (34). All of the guide
row inside links (34) fit over the O.D. of the bushing (28),

which provides additional bearing area for wear resistance.
This variant provides the most bearing area for a given chain
width. Again, the number of links vary as required for any
specific design.
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[0066] In the final set of embodiments of the present
invention, the transverse load-bearing elements include pro-
jections, which are attached to the non-guide row inside
links. These embodiments do not have bushings as separate
clements.

[0067] FIG. 13A eliminates the bushing (28) as a separate

component, and provides the function of the bushing (28) by
providing projections (43) on the inside links (42). The link
projections (43) are more easily seen 1n FIG. 13B and FIG.
13C. This is an improvement over Saitou (U.S. Pat. No.
6,540,911) because both the inside diameter and the outside
diameter of the projection (43) are used for bearing area. All
of the same benefits of using both the bushing (28) O.D. and
[.D. for bearing areca apply to this embodiment, except the
projections (43) are providing the function of the bushing
(28). Each of the non-guide row inside links (42) can be
oriented 1n either direction, as shown 1in FIG. 13B and FIG.
13C.

10068] KIG. 14 shows a “double row” lacing of the variant
shown in 13A. The center guide links (22) shown in this
embodiment could also be replaced by inside links (36),

similar to the change made from FIG. 9A to FIG. 10.

[0069] In summary, the present invention provides a
wider, stronger chain. In one embodiment, the chain has
ouide links 1n the center of the lacing. In another embodi-
ment of the present invention, the chain has inside links in
the center of the lacing. In an embodiment of the present
invention, cantilevered bushings are used that are non-
symmetrical relative to the links that are press fit over the
bushing O.D. Finally, the concept of using link projections
to replace bushings, while still utilizing both the projection
[.D. and O.D. for bearing area to resist wear, 1s shown.

[0070] Accordingly, it 1s to be understood that the embodi-
ments of the invention herein described are merely 1llustra-
five of the application of the principles of the invention.
Reference herein to details of the illustrated embodiments 1s
not mtended to limit the scope of the claims, which them-

selves recite those features regarded as essential to the
invention.

What 1s claimed 1s:
1. A chain comprising:;

a plurality of links, each link comprising a pair of link
apertures, each link aperture having an aperture diam-
cter and an inner aperture surface;

a plurality of transverse load-bearing elements, each ele-
ment comprising an outer element surface, having an
outer element diameter, and an element aperture, hav-
ing an 1nner element surface and an mner element
diameter, each element passing through at least one link
aperture; and

a plurality of cylindrical pins, each pin comprising an
outer pin surface and an outer pin diameter, each pin
passing through at least one link aperture and through
at least one element aperture, the outer pin diameters
being less than the inner element diameters, such that
the outer pin surface 1s moveable relative to the inner
element surface;
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wherein the aperture diameter of at least one link 1s larger
than the outer element diameters, such that the outer
clement surface 1s moveable relative to the inner aper-
ture surface of the link;

such that the outer pin surface bears and articulates
against the imner element surface and the inner aperture
surface, through which the element passes, bears and
articulates against the outer element surface, a use of
both the 1nner element surface and the outer element
surface to carry a load 1n a plane of the links allowing
an 1ncreased bearing area for a given chain width.
2. The chain of claim 1, wherein the transverse load-
bearing elements are bushings.
3. The chain of claim 1, the plurality of links further
comprising a plurality of first links, a plurality of second
links, and a plurality of outside links;

wherein cach transverse load-bearing clement passes
through at least one second link aperture;

wherein each pin passes through at least one outside link
aperture;

wherein the links are arranged 1n rows, alternating
between a first row comprising at least one first link and
a second row comprising at least one outside link on
cach edge of the chain and at least one second link;

wherein the first links and the transverse load-bearing
elements are fixed such that no relative movement
occurs between the first link and the transverse load-
bearing element;

wherein the second link aperture diameters are larger than
the outer element diameters such that the outer element
surface 15 moveable relative to the second link 1nner
aperture surface; and

wherein the outside link aperture diameters and the pin
diameters are tightly fit such that no relative movement
occurs between the outside link inner aperture surface
and the outer pin surface;

such that the chain 1s made up of alternating first rows of
first links rigidly affixed to the transverse load-bearing
clements and second rows of second links movable on

the transverse load-bearing elements and outside links
alfixed to the pins, wherein the first rows and second
rows are articulately connected together along a direc-
tion of travel.

4. The chain of claim 3, the first links further comprising;:

a first link body comprising a pair of first link apertures,
cach first link aperture having a first link aperture
diameter and a first link inner aperture surface; and

the transverse load-bearing elements, each element com-
prising a pair of projections, each projection extending
laterally from the first link body at each first link
aperture, thereby increasing the width of the first link
inner aperture surface, and comprising an outer projec-
tion diameter and an outer projection surface.
S. The chain of claim 3, wherein the first links are
inverted-tooth type links.
6. The chain of claim 3, wherein the second links are
inverted-tooth type links.
7. The chain of claim 3, wherein the outside links are
inverted-tooth type links.




US 2005/0049098 Al

8. The chain of claim 3, wherein the outside links are
oguide links.

9. The chain of claim 3, wherein the second links are
positioned along a centerline of the chain.

10. The chain of claim 9, wherein the second links are
non-inverted center guide links.

11. The chain of claim 3, wherein each first row 1s a
non-guide row.

12. The chain of claim 3, wherein each second row
comprises a plurality of second links positioned symmetri-
cally along a centerline of the chain.

13. The chain of claim 3, wherein each pin passes through
links 1n a sequential order of an outside link, at least one first
link, at least one second link, at least one first link, and an
outside link.

14. The chain of claim 13, wherein each at least one first
link 1n the sequential order comprises two first links.

15. The chain of claim 13, wherein the at least one second
link 1n the sequential order comprises two second links.

16. The chain of claim 15, wherein each at least one first
link 1n the sequential order comprises two {first links.

17. The chamn of claim 16, the sequential order further
comprising a third link between the two second links,
wherein the third link 1s 1n the first row and 1s a non-inverted
link.

18. The chain of claim 3, wherein the mner element
surface 1s discontinuous on each pin, such that each pin
passes through two transverse load-bearing elements.

19. The chain of claim 18, wherein each pin passes
through links 1n a sequential order of an outside link, at least
one first link, at least one second link, at least one first link,
at least one outside link, at least one first link, at least one
second link, at least one first link, and an outside link.

20. The chain of claim 19, wherein the two transverse
load-bearing elements are separated on the pin by the at least
one outside link.

21. The chain of claim 18, wherein the two transverse
load-bearing elements are separated by at least one third
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link, each third link being in the second row and comprising
a pair of third link apertures, each third link aperture having,
a third link aperture diameter and a third link inner aperture

surface, the third link aperture diameters being larger than
the pin diameters such that the outer pin surface 1s moveable
relative to the third link inner aperture surface.

22. The chain of claim 21, wherein each pin passes
through links 1n a sequential order of an outside link, at least
one first link, at least one second link, at least one first link,
at least one third link, at least one first link, at least one
second link, at least one first link, and an outside link.

23. The cham of claim 18, wherein the two transverse
load-bearing elements are separated by at least one third
link, each third link being in the second row and comprising
a pair of third link apertures, each third link aperture having,
a third link aperture diameter and a third link 1nner aperture
surface, the third link aperture diameters and the pin diam-
cters being tightly {it such that no relative movement occurs
between the third link inner aperture surface and the outer
pin surface.

24. The chain of claim 23, wherein each pin passes
through links 1n a sequential order of an outside link, at least
one first link, at least one second link, at least one first link,
at least one third link, at least one first link, at least one
second link, at least one first link, and an outside link.

25. The chain of claim 18, wherein each pin passes
through links 1n a sequential order of an outside link, at least
one first link, at least one second link, at least one first link,
at least one second link, at least one first link, at least one
second link, at least one first link, and an outside link.

26. The chain of claim 25, wherein each at least one

second link 1n the sequential order comprises two second
links.
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