wo 2017/192534 A1 I 00000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 November 2017 (09.11.2017)

(10) International Publication Number

WO 2017/192534 A1l

WIPO I PCT

(51) International Patent Classification:
F16C 33/04 (2006.01) F02B 67/06 (2006.01)
F16H 7/18 (2006.01)

(21) International Application Number:
PCT/US2017/030565

(22) International Filing Date:
02 May 2017 (02.05.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

15/147,088 05 May 2016 (05.05.2016) US

(71) Applicant: SCHAEFFLER TECHNOLOGIES AG &
CO. KG [DE/DE]; INDUSTRIESTRASSE 1-3, 91074
HERZOGENAURACH (DE).

(72) Inventors; and

(71) Applicants (for US only): LUCIAN BOTEZ, Lucian
[US/DE]; Balthasar-Neumann Str. 88, 90480 Niirnberg
(DE). GUSTAVO GOMES, Gustavo [PT/US]; 4101
Crooks Road, Royal Oak, Michigan 48073 (US).

(74) Agent: EVANS, Matthew; 1750 E. Big Beaver, Troy,
Michigan 48083 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ,BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH, CL,CN, CO,CR, CU, CZ, DE, DJ, DK, DM, DO,

(84)

DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ, LA,LC,LK,LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: COMPRESSION LIMITER RETENTION FOR A CHAIN GUIDE

Figure 5

(57) Abstract: A compression limiter retainer arrangement for a plastic chain guide is provided that minimizes the packaging require-
ments. The plastic chain guide contains an oblong aperture and a round aperture for mounting to an internal combustion engine. At
least one radially inward protruding finger is present at each of the longitudinal ends of the oblong aperture to retain a first compression
limiter. Additionally, at least one radially inward protruding finger can be placed proximate to the round aperture to retain an optional
second compression limiter. The angular position of the radially inward protruding fingers is defined and limited for optimum chain

guide packaging and performance.



WO 2017/192534 PCT/US2017/030565

COMPRESSION LIMITER RETENTION FOR A CHAIN GUIDE
BACKGROUND

[0001] The present disclosure relates to a compression limiter retainer
arrangement for a plastic component, and more particularly, to a compression
retainer arrangement for a plastic chain guide for an internal combustion (IC)
engine.

[0002] More stringent fuel economy regulations for the transportation
industry have prompted the need for improved vehicle efficiencies. Many focused
design efforts that contribute to the achievement of future regulatory requirements
are in process. Two such efforts are friction reduction and lightweighting, both of
which are being scrutinized for many vehicle components. Regarding the IC engine
that powers most of today’s on-highway vehicles, friction reduction has made large
strides in recent years with improvements to many of the rubbing interfaces,
including the piston interface with the piston bore (coatings, piston ring tension)
and instances where hydrodynamic bearings are being replaced with rolling
element bearings (camshafts, balance shafts). Lightweighting involves the process
of optimizing the design of a component through finite element analysis (FEA) and
can often employ a change in material. In some instances, lightweighting can also
lead to friction reduction as weight reduction can lead to dynamic load reduction of
a given component, which can facilitate lower loads between rubbing interfaces.
[0003] Chain drive systems are often used on an IC engine to drive the
camshafts, balance shafts or oil pump. Camshaft drives transmit the rotary motion
of the crankshaft at a 2:1 ratio to one or more camshafts in either an overhead valve
or overhead camshaft valve configuration. As the camshafts rotate, intake and
exhaust valves are opened and closed by lobes on the camshaft that interface with
the valve train of the engine. The timing of the intake and exhaust valve events,
relative to the location of the piston within the combustion cycle is essential to the
function of the engine as is the ability to maintain this precise timing over the

lifetime of the engine. Balance shaft drives transmit the rotary motion of the
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crankshaft typically at either a 1:2 or 1:1 ratio to one or more balance shafts. A
balance shaft consists of an eccentric-weighted shaft that, when rotated, imparts a
force on the engine to counteract vibrations due to the inherent imbalance of some
engine cylinder arrangements. The rotational position of the eccentric weight of the
balance shaft with respect to the piston position within the combustion cycle is
essential to facilitate a smoother running engine. Oil pump drives transmit the
rotary motion of the crankshaft to an oil pump that generates oil pressure for the
lubrication system of the engine. In some engines, the oil pump and balance shafts
are integrated into a single component which requires only a single drive input from
the crankshaft.

[0004] The crankshaft of an IC engine is continuously accelerated and
decelerated throughout its rotation due to the four strokes of a combustion cycle
(intake, compression, power, and exhaust) combined with the firing order of the
engine. Given the fact that a chain drive typically derives its rotary power from the
crankshaft and that each driven component (camshafts, balance shafts, oil pump)
has its own unique load characteristic, a chain drive system must be capable of
controlling unique drive system dynamics. Special chain drive components exist to
accomplish this task such as a tensioner, tensioner arm and a fixed chain guide.
The tensioner arm and fixed chain guide come into direct contact with the chain and
are often made of plastic to provide a low friction and low noise interface. In
addition, the use of a plastic component instead of a metal component offers
significant weight advantages.

[0005] The design of the attachment points of a plastic component to an IC
engine should allow for: 1). manufacturing tolerances of the plastic component
attachment points, 2). manufacturing tolerances of the engine structure attachment
points (for example, threaded holes), and 3). environmental factors such as
humidity and temperature that can thermally expand or contract a plastic
component. To address these three factors in plastic components that contain two

attachment points, one of the attachment points can be a round hole and the other
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attachment point can be a slotted or oblong hole. Such an attachment strategy is
often found in plastic chain guides within a chain drive system.

[0006] Attaching a plastic component to an IC engine often requires use of a
metal component at the attachment points. Often termed compression limiters,
these metal components can eliminate the risk of over-stressing the plastic by a
fastener during the installation process or eliminate the creep effects of plastic
material at the fastener interface which can reduce the clamp load of the fastener.
The metal compression limiter can take many forms including a cylinder or a
flanged cylinder, with the flange portion interfacing with the fastener. Many engine
manufacturers require that the compression limiter is preassembled with the
plastic component by the engine component supplier before delivery to the engine
assembly plant. This can be accomplished in multiple ways such as overmolding
the metal compression limiter within the plastic component; or, in the case of a
slotted or oblong hole, it can be retained by design features within the plastic
component that allow movement of the compression limiter in order to become
aligned with the fastening point on the IC engine during the assembly process.
[0007] Packaging space within today’s IC engines is very limited and can be a
significant design challenge for an engine component. Tool clearance to fasten the
component to the engine can add to this packaging challenge. For a plastic engine
component, such as a chain guide that is typically long and slender, design features
that retain the compression limiter are often located on the portion of the fastener
hole that is furthest away from the chain interface to avoid locating any structural
irregularities that can reduce the rigidity and/or increase internal stresses such
that the load bearing capacity is reduced. This typically requires extra material
around the attachment holes furthest away from the load interface which increases
the size of the component. In some engine applications the resultant larger size of
the chain guide will interfere with adjacent components. A design solution for a
plastic chain guide is needed to incorporate a compression limiter retention feature

that minimizes the packaging sizes without exceeding critical stress levels.
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SUMMARY

[0008] A compression limiter retainer arrangement for a chain guide is
provided that contains a housing with a first oblong aperture and a second round
aperture for mounting to an IC engine. In a first example embodiment, the first
oblong aperture receives a first compression limiter and the second round aperture
receives a round protruding member, known in the art as a “dowel”, located on an
IC engine. A first line extends from a first central axis of the first oblong aperture
to a second central axis of the second round aperture. The first line is orthogonal to
the first central axis and the second central axis. A first radially inward protruding
finger is present at a first longitudinal end of the first oblong aperture and a second
radially inward protruding finger is present at a second longitudinal end of the first
oblong aperture to retain the first compression limiter. A second line extends
orthogonally from the first central axis of the first oblong aperture to the center of
the radially inward-most portion of the first radially inward protruding finger. A
third line extends orthogonally from the first central axis of the first oblong
aperture to the center of the radially inward-most portion of the second radially
inward protruding finger. A first circle is tangent to the center of the radially
inward-most portion of the first finger and the center of the radially inward-most
portion of the second finger and defines a fifth retention diameter for the first
compression limiter. The location of the first and second radially inward protruding
fingers is limited to a -60 to 60 degree angle formed by the second and third lines
with the first line.

[0009] The first radially inward protruding finger of the first oblong aperture
has a first top side, a second bottom side, a radially inward portion, and a radially
outward portion. The second radially inward protruding finger of the first oblong
aperture has a third top side, a fourth bottom side, a radially inward portion, and a
radially outward portion. The respective radially outward portions of each finger

are thicker than the radially inward portions.
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[0010] The first compression limiter has an elongated portion, a radially
outward protrusion portion and a through-hole that extends through the elongated
portion and the radial outward protrusion portion. The elongated portion of the
first compression limiter has a first elongated portion diameter that is typically less
than a third minor diameter of the first oblong aperture. The radially outward
protrusion portion of the first compression limiter has a first bottom side and a
second top side in addition to a second radial outward protrusion diameter that is
greater than the fifth retention diameter of the first circle.

[0011] Upon installation of the first compression limiter within the first
oblong aperture, the first bottom side of the radial outward protrusion portion of the
first compression limiter slidably contacts the first and third top sides of the first
and second radially inward protruding fingers, respectively, defining a first
unretained first compression limiter position. The first and third top sides of the
first and second radially inward protruding fingers can have various forms,
including curved or angled forms. A downward force applied to the second top side
of the radial outward protrusion of the first compression limiter causes the radial
inward portion of each of the radially inward protruding fingers to deflect
downward and radially outward to allow axial passage of the radially outward
protrusion portion of the first compression limiter. This deflection can also provide
for an assembly aid if additional clearance is needed for a socket. A retained first
compression limiter position is achieved when the second top side of the radial
outward protrusion portion of the first compression limiter is axially proximate to
the second and fourth bottom sides of the first and second radially inward
protruding fingers, respectively, permitting the radially inward portions of each
finger to return to their original unloaded positions.

[0012] In the retained first compression limiter position, the first compression
limiter is movable from a second retained first compression limiter position where
the elongated portion of the first compression limiter is engaged with the first

longitudinal end of the first oblong aperture, to a third retained first compression
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limiter position where the elongated portion of the first compression limiter is
engaged with the second longitudinal end of the first oblong aperture. In both the
second and third retained first compression limiter positions, the second bottom side
of the first radially inward protruding finger and the fourth bottom side of the
second radially inward protruding fingers overlap the second top side of the radially
outward protrusion portion of the first compression limiter to provide axial
retention. Additionally, retention of the first compression limiter could also be
maintained by only one of the two radially inward protruding fingers in each of the
second and third retained first compression limiter positions. Therefore, the
previously described overlap would only be present on the corresponding finger that
provides retention.

[0013] In a second example embodiment of a compression limiter
arrangement for a chain guide, an additional third and, if needed, fourth radially
inward protruding finger can be added to the first and second longitudinal ends,
respectively, of the first oblong aperture. A location of the third and fourth radially
inward protruding fingers is determined by additional fourth and fifth lines that
extend orthogonally from the first central axis of the first oblong aperture to the
center of a radially inward-most portion of each respective finger. The angle formed
by the third and fourth lines with the first line is limited to -60 to 60 degrees. The
third radially inward protruding finger has a fifth top side, a sixth bottom side, a
radially inward portion, and a radially outward portion. The fourth radially inward
protruding finger has a seventh top side, an eighth bottom side, a radially inward
portion, and a radially outward portion. The first bottom side of the radial outward
protrusion portion of the first compression limiter also slidably contacts the fifth
and seventh sides of the fourth and fifth radially inward protruding fingers in the
first unretained first compression limiter position. Additionally, the second top side
of the radial outward protrusion portion of the first compression limiter is axially
proximate to the sixth and eighth bottom sides of the third and fourth radially

inward protruding fingers in the second and third retained first compression limiter
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positions; the sixth and eighth bottom sides could also overlap the second top side of
the radially outward protrusion portion of the first compression limiter in the
second and third retained first compression limiter positions.

[0014] In a third example embodiment of a compression limiter arrangement
for a chain guide, the second round aperture with a fourth diameter can have a
fifth, and, if necessary, a sixth radially inward protruding finger to receive an
optional second compression limiter. An elongated portion of the second
compression limiter has a sixth elongated portion diameter that is less than a
fourth diameter of the second round aperture. The fifth radially inward protruding
finger has a ninth top side for receiving the second compression limiter, a tenth
bottom side for retaining the second compression limiter, a radially inward portion,
and a radially outward portion. The sixth radially inward protruding finger has an
eleventh top side for receiving the second compression limiter, a twelfth bottom side
for retaining the second compression limiter, a radially inward portion, and a
radially outward portion. A location of the fifth and sixth radially inward
protruding fingers is determined by additional sixth and seventh lines that extend
orthogonally from the first central axis of the first oblong aperture to the center of a
radially inward-most portion of each respective finger. The angle formed by the

fifth and sixth lines with the first line is limited to -60 to 60 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015] The foregoing Summary as well as the following Detailed Description
will be best understood when read in conjunction with the appended drawings. In

the drawings:

[0016] Figure 1 1s a front view of a prior art chain guide.

[0017] Figure 2 is a detailed view taken from Figure 1.

[0018] Figure 3 is a perspective view showing the bottom of the detailed view
of Figure 2.

[0019] Figure 4 is a perspective view of a first example embodiment of a
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compression limiter arrangement for a chain guide.

[0020] Figure 5 is a front view of the chain guide of Figure 4.

[0021] Figure 6A is a perspective view of a first compression limiter.

[0022] Figure 6B is a cross-sectional view of the first compression limiter of
Figure 6A.

[0023] Figure 7A is a perspective view of a second compression limiter.

[0024] Figure 7B is a cross-sectional view of the second compression limiter of
Figure 7A.

[0025] Figure 8 is a front view of the chain guide of Figure 4 together with the

first compression limiter of Figure GA.

[0026] Figure 9 is a cross-sectional view of the first compression limiter in a
first unretained first compression limiter position.

[0027] Figure 10 is a cross-sectional view of the first compression limiter in a
second retained first compression limiter position.

[0028] Figure 11 is a cross-sectional view of the first compression limiter in a
third retained first compression limiter position.

[0029] Figure 12A is a schematic of an attachment scheme for the first
example embodiment of a compression limiter retainer arrangement for a chain
guide shown in Figure 4.

[0030] Figure 12B is a schematic of an attachment scheme for a second
example embodiment of a compression limiter arrangement for a chain guide.

[0031] Figure 12C is a schematic of an attachment scheme for a third example

embodiment of a compression limiter arrangement for a chain guide.

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS
[0032] Certain terminology is used in the following description for
convenience only and is not limiting. A radially inward direction is from an outer
radial surface of a component to a central axis or radial center of the component.

Conversely, a radially outward direction indicates a direction from the central axis
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or radial center of the component toward an outer surface. “Axially” refers to
directions along a diametric central axis. The words “upper”, “lower”, “top”,
“bottom”, “inward”, “outward”, “upward” and “downward” designate directions in
the drawings to which reference is made. A reference to a list of items that are cited
as “at least one of a, b, or ¢” (where a, b, and ¢ represent the items being listed)
means any single one of the items a, b, ¢ or combinations thereof. The terminology
includes the words specifically noted above, derivatives thereof, and words of
similar import.

[0033] Referring to Figures 1-3, a prior art plastic chain guide 100 is shown
with an oblong aperture 102 and a round aperture 106 for attaching the plastic
chain guide 100 to an IC engine. A load F is applied to one side of the plastic chain
guide 100 by a drive chain (not shown). The oblong aperture 102 and the round
aperture 106 have retention fingers 104,108 for retaining a compression limiter (not
shown). It should be noted that protrusions 103,105 exist to package the retention
fingers 104,108, which add to the packaging space of the plastic chain guide 100.
Figure 2 provides a detailed view of the protrusion 103 present at the proximity of
the oblong aperture 102 in order to package the retention finger 104. Referring now
to Figure 3, which shows a bottom view of the oblong aperture 102 and the
respective protrusion 103, a cavity 110 is shown within the protrusion 103. The
cavity 110 can be present to comply with proper wall thickness specifications for an
injection molded plastic component in addition to providing necessary tooling
clearance allowance. For design purposes, it is necessary to locate the cavity 110
away from the loaded portion of the chain guide to avoid a high stress condition and
ensure robust performance.

[0034] Now referring to Figures 4 and 5, a first example embodiment of a
compression limiter retainer arrangement for a chain guide 10 is shown that
contains a first oblong aperture 18 with a first central axis 19 and a second round
aperture 20 with second central axis 21. The first oblong aperture 18, includes a

first radially inward protruding finger 14 at a first longitudinal end 15 and a second
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inward protruding finger 16 at a second longitudinal end 17. A third minor
diameter 13 defines a smallest span of the first oblong aperture 18. A force F1 is
imparted by a drive chain (not shown) on a channel surface 12 of the plastic chain
guide 10. The location of the first and second radially inward protruding fingers
14,16 does not require a localized protrusion as in the prior art chain guide 100 of
Figure 1. Additionally, the location of the first and second radially inward
protruding fingers 14,16 does not negatively impact the stress condition and
subsequent long-term performance of the chain guide 10 within an internal
combustion engine.

[0035] Referring to Figures 6A and 6B, a first compression limiter 22 is shown
with an elongated portion 35 that has a first elongated portion diameter 25 and a
radial outward protrusion portion 37 that has a second radial outward protrusion
diameter 24. A through-hole 29 extends through the elongated portion 35 and the
radial outward protrusion portion 37 to receive a fastener (not shown).

[0036] Figure 8 shows a chain guide assembly 60 with the first compression
limiter 22 installed within the chain guide 10. To facilitate proper installation of
the first compression limiter 22 within the first oblong aperture 18, the first
elongated portion diameter 25 of the first compression limiter 22 is typically smaller
than the third minor diameter 13 of the first oblong aperture 18. The first
compression limiter 22 is retained within the chain guide 10 by either the first,
second, or both radially inward protruding fingers 14,16, yet permitting left or right
movement within the first oblong aperture 18 to facilitate alignment of the through-
hole 29 with a fastening aperture on an IC engine.

[0037] Figure 9 shows the first compression limiter 22 in a first unretained
first compression limiter position within the chain guide 10. The first radially
inward protruding finger 14 has a first top side 55 and a second bottom side 56.
The second radially inwardly protruding finger 16 has a third top side 57 and a
fourth bottom side 58. The first and third top sides 55,57 of the first and second

radially inward protruding fingers 14,16 can be angled or curved for ease of
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installation of the first compression limiter 22. Upon installing the first
compression limiter 22 within the first oblong aperture 18, a first bottom side 27 of
the radial outward protrusion portion 37 is in slidable contact with the first top side
55 of the first radially inward protruding finger 14 and the first top side 57 of the
second radially inward protruding finger 16. The first radially inward protruding
finger 14 has a radially inward portion 52 and a radially outward portion 51. The
second radially inward protruding finger 16 has a radially inward portion 54 and a
radially outward portion 53. The radially inward portions 52,54 are thinner than
the radially outward portions 51,53 of the first and second radially inward
protruding fingers 14,16. Thereby, upon applying an axial force F2 to a second top
side 31 of the radial outward protrusion portion 37 of the first compression limiter
22, the first and second radially inward protruding fingers 14,16 bend downward
and radially outward to permit slidable passage of the radially outward protrusion
portion 37 of the first compression limiter 22 past the radially inward portions 52,54
of the respective first and second radially inward protruding fingers 14,16 to
achieve a retained position. In the retained position, the second top side 31 of the
radial outward protrusion portion 37 of the first compression limiter 22 is axially
proximate to the second and fourth bottom sides 56,58 of the first and second
radially inward protruding fingers 14,16, permitting movement of the first
compression limiter 22 from the first longitudinal end 15 to the second longitudinal
end 17 within the first oblong aperture 18.

[0038] Figures 10 and 11 show the first compression limiter 22 in two
retained positions. In Figure 10, the first compression limiter 22 is moved to the
left of the first oblong aperture 18; therefore, the elongated portion 35 of the
compression limiter 22 is in contact with the first longitudinal end 15 of the first
oblong aperture 18, defining a second retained first compression limiter position. It
should be noted that even though the first compression limiter 22 is furthest away
from the second radially inward protruding finger 16, there is still overlap between

the radially inward portion 54 of the second radially inward protruding finger 16
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and the second top side 31 of the radial outward protrusion 37 of the first
compression limiter 22. Therefore, the first compression limiter 22 is retained not
only by the first radially inward protruding finger 14, but also by the second
radially inward protruding finger 16. In Figure 11, the first compression limiter 22
is moved to the right of the first oblong aperture 18; therefore, the elongated portion
35 of the first compression limiter 22 is in contact with the second longitudinal end
17 of the first oblong aperture 18, defining a third retained first compression limiter
position. It should be noted that even though the first compression limiter 22 is
furthest away from the first radially inward protruding finger 14, there is still
overlap between the radially inward portion 52 of the first radially inward
protruding finger 14 and the second top side 31 of the radial outward protrusion 37
of the first compression limiter 22. Additionally, retention of the first compression
Limiter 22 could also be maintained by only one of the two radially inward
protruding fingers 14,16 in each of the second and third retained first compression
limiter positions. Therefore, the previously described overlap would only be present
on the corresponding finger that provides retention.

[0039] Figures 12A-12C define: a). an attachment scheme for the first
example embodiment of a compression limiter retainer arrangement for a chain
guide and additional example embodiments, b). a specified method and range of
locating the previously described first and second radially inward protruding fingers
14,16 and additional radially inward protruding fingers contained within further
example embodiments, and c). relative sizes of features.

[0040] Figure 12A shows a schematic 70 of an attachment scheme for the first
example embodiment of the compression limiter retainer arrangement for a chain
guide with the first oblong aperture 18 and the second round aperture 20. The first
oblong aperture 18 is for receiving the first compression limiter 22, and the second
round aperture 20 is for receiving a round protruding member (not shown), known
in the art as a “dowel” that is attached to an IC engine. The first oblong aperture 18
includes the first radially inward protruding finger 14 at the first longitudinal end

-12-
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15 and the second inward protruding finger 16 at the second longitudinal end 17.
The minor diameter 13 defines a smallest span of the oblong aperture 18 and is
typically larger than the first elongated portion diameter 25 of the first compression
limiter 22 shown in Figure 6B. For this and further example embodiments,
construction of at least three lines and one circle are required to specify locations
and define distances between critical features to ensure proper function. A first line
23 extends from the first central axis 19 of the first oblong aperture 18 to the second
central axis 21 of the second round aperture 20. The first line 23 is orthogonal to
both the first central axis 19 and the second central axis 21. A second line 32
extends orthogonally from the first central axis 19 of the first oblong aperture 18 to
the “center” of a radially inward-most portion 33 of the first radially inward
protruding finger 14. As a radially inward-most portion can sometimes be a curved
surface, the term “center” is used to designate a center point of the radially inward-
most curved surface. In other cases, the “center” can merely represent a single
point. A third line 36 extends orthogonally from the first central axis 19 of the first
oblong aperture 18 to the center of a radially inward-most portion 34 of the second
radially inward protruding finger 16. A first circle 26 with a fifth diameter D is
tangent to the center of the radially inward-most portion 33 of the first radially
inward protruding finger 14 and the center of the radially inward-most portion 34 of
the second radially inward protruding finger 16. The fifth diameter D of the first
circle 26 is typically smaller than the second radial outward protrusion diameter 24
of the first compression limiter 22. Figure 12A depicts a condition where the second
and third lines 32,36 lie on the first line 23, based on the respective locations of the
first and second radially inward protruding fingers 14,16 shown with solid lines.
However, the locations of the first and second radially inward protruding fingers
14,16 can vary angularly at the first and second longitudinal ends 15,17 of the first
oblong aperture 18 and maintain a minimized packaging condition with acceptable
stress levels. This variance can be described in terms of angular positions of the

second and third lines 32,36. The second line 32 can be rotated about the first
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central axis 19 a positive angle 28A or a negative angle 28B with respect to the first
line 23. Likewise, the third line 36 can be rotated about the first central axis 19 a
positive angle 30A or a negative angle 30B. The respective rotated positions of the
first and second radially inward protruding fingers 14,16 are shown with broken
lines in Figure 12A. For a minimized packaging condition with acceptable stress
levels, a maximum limit for the positive angles 28A,30A of the second line 32 and
the third line 36, respectively, is 60 degrees, while a maximum limit for the
negative angles 28B, 30B of the second line 32 and the third line 36, respectively, is
60 degrees.

[0041] Figure 12B shows an attachment scheme 80 for a second example
embodiment of the compression limiter retainer arrangement for a chain guide. As
in the first example embodiment, the first oblong aperture 18 receives the first
compression limiter 22, and the second round aperture 20 receives the round
protruding member or dowel (not shown) that is attached to an IC engine. In
addition to the previously described first and second radially inward protruding
fingers 14,16, a third radially inward protruding finger 38 at the first longitudinal
end 15 of the first oblong aperture 18 and a fourth radially inward protruding finger
40 at the second longitudinal end 17 of the oblong aperture 18 are also included.
Within Figure 12B, the third and fourth radially inward protruding fingers 38,40
are shown with thick lines to differentiate them from the first and second radially
inward protruding fingers 14,16, yet are similar in structure and function. The
third radially inward protruding finger has a fifth top side for receiving the first
compression limiter 22, a sixth bottom side for retaining the first compression
Limiter 22, a radially inward portion, and a radially outward portion. The fourth
radially inward protruding finger has a seventh top side for receiving the first
compression limiter 22, an eighth bottom side for retaining the first compression
Limiter 22, a radially inward portion, and a radially outward portion. A fourth line
47 extends orthogonally from the first central axis 19 of the first oblong aperture 18
to the center of a radially inward-most portion 43 of the third radially inward
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protruding finger 38. A fifth line 49 extends orthogonally from the first central axis
19 of the first oblong aperture 18 to the center of a radially inward-most portion 45
of the fourth radially inward protruding finger 40. To maintain a minimum
packaging condition with acceptable stress levels, the locations of the third and
fourth radially inward protruding fingers 38,40 can vary angularly at the first and
second longitudinal ends 15,17 of the first oblong aperture 18. This variance can be
described in terms of the fourth and fifth lines 47,49. The fourth line 47 can be
rotated about the first central axis 19 a positive angle 39A or a negative angle 39B
with respect to the first line 23. Likewise, the fifth line 49 can be rotated about the
first central axis 19 a positive angle 41A or a negative angle 41B. The respective
rotated positions of the third and fourth radially inward protruding fingers 38,40
are shown with thick broken lines in Figure 12B. For a minimized packaging
condition with acceptable stress levels, a maximum limit for the positive angles
39A,41A of the fourth line 47 and the fifth line 49, respectively, is 60 degrees, while
a maximum limit for the negative angles 39B, 41B of the fourth line 47 and the fifth
line 49, respectively, is 60 degrees.

[0042] Figure 12C shows an attachment scheme 90 for a third example
embodiment of a compression limiter retainer arrangement for a chain guide. In
this example embodiment, the first oblong aperture 18 receives the first
compression limiter 22, and the second round aperture 20 with a fourth diameter
D1 receives a second compression limiter 61 shown in Figures 7A and 7B. The
second compression limiter 61 has an elongated portion 65 with a sixth elongated
portion diameter 63 and a radial outward protrusion portion 66 with a seventh
radial outward protrusion diameter 11. The sixth elongated portion diameter 63 is
typically less than the fourth diameter D1 of the second round aperture 20. In this
variation, a fifth radially inward protruding finger 42 and a sixth radially inward
protruding finger 44 are proximate to the second round aperture 20 to retain the
second compression limiter 61. It may be possible that only the fifth radially

inward protruding finger 42 is needed to retain the second compression limiter 61.
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A sixth line 50 extends orthogonally from the second central axis 21 of the second
round aperture 20 to the center of a radially inward-most portion 62 of the fifth
radially inward protruding finger 42. A seventh line 59 extends orthogonally from
the second central axis 21 of the second round aperture 20 to the center of a radially
inward-most portion 64 of the sixth radially inward protruding finger 44. Figure
12C depicts a condition where the sixth and seventh lines 50,59 lie on the first line
23, based on the respective locations of the fifth and sixth radially inward
protruding fingers 42,44 shown with solid lines. However, the locations of the fifth
and sixth radially inward protruding fingers 42,44 can vary angularly and still
maintain an acceptable stress and minimized packaging condition. This variance
can be described in terms of the angular positions of the sixth and seventh lines
50,59. The sixth line 50 can be rotated about the second central axis 21 a positive
angle 46A or a negative angle 46B with respect to the first line 23. Likewise, the
seventh line 59 can be rotated about the second central axis 21 a positive angle 48A
or a negative angle 48B. The respective rotated positions of the fifth and sixth
radially inward protruding fingers 42,44 are shown with broken lines in Figure
12C. For an acceptable stress and minimized packaging condition, a maximum
limit for the positive angles 46A,48A of the sixth line 50 and the seventh line 59,
respectively, is 60 degrees, while a maximum limit for the negative angles 46B, 48B
of the sixth line 50 and the seventh line 59, respectively, is 60 degrees.

[0043] Having thus described various embodiments of the present
compression limiter retainer arrangement for a chain guide in detail, it is to be
appreciated and will be apparent to those skilled in the art that many physical
changes, only a few of which are exemplified in the detailed description above, could
be made without altering the inventive concepts and principles embodied therein.
For example, either the first compression limiter 22 or the second compression
Limiter 61 could potentially be applied to both the first oblong aperture 18 and the
second round aperture 20. Furthermore, either the first or second compression

limiters 22,61 can alternatively have any other suitable shape other than what is
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shown in respective Figures 6A,6B and 7A,7B to perform the role of a compression
limiter. The present embodiments are therefore to be considered in all respects as
illustrative and not restrictive, the scope of the disclosure being indicated by the
appended claims rather than by the foregoing description, and all changes which
come within the meaning and range of equivalency of the claims are therefore to be

embraced therein.
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CLAIMS

What is claimed is:

1. A compression limiter retainer arrangement for a chain guide comprising:
a housing with a first oblong aperture for receiving a first compression
limiter and a second round aperture, the housing including:

a first radially inward protruding finger proximate to a first
longitudinal end of the first oblong aperture, the finger having a first
top side for slidably receiving the first compression limiter, and a
second bottom side for retaining the first compression limiter;

a second radially inward protruding finger proximate to a second
longitudinal end of the first oblong aperture, the finger having a third
top side for slidably receiving the first compression limiter, and a
fourth bottom side for retaining the first compression limiter;

a first line from a first central axis of the first oblong aperture to a
second central axis of the second round aperture;

a second line from the center of a radially inward-most portion of
the first radially inward protruding finger to the first central axis of
the first oblong aperture; and

a third line from the center of a radially inward-most portion of the
second radially inward protruding finger to the first central axis of the
first oblong aperture;

wherein, the first line is orthogonal to the first central axis and the
second central axis, and the second and third lines are orthogonal to
the first central axis and form an angle with the first line, the angle

ranging from -60 to 60 degrees.

2. The compression limiter retainer arrangement for a chain guide of claim

1, further comprising:
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a third radially inward protruding finger proximate to the first
longitudinal end of the first oblong aperture, the finger having a fifth top
side for slidably receiving the first compression limiter, and a sixth bottom
side for retaining the first compression limiter; and,

a fourth line from the center of a radially inward-most portion of the
third radially inward protruding finger to the first central axis of the first
oblong aperture;

wherein, the fourth line is orthogonal to the first central axis and
forms an angle with the first line, the angle ranging from -60 to 60
degrees.

3. The compression limiter retainer arrangement for a chain guide of claim
2, further comprising:

a fourth radially inward protruding finger proximate to the second
longitudinal end of the first oblong aperture, the finger having a seventh
top side for slidably receiving the first compression limiter, and an eighth
bottom side for retaining the first compression limiter; and,

a fifth line from the center of a radially inward-most portion of the
fourth radially inward protruding finger to the first central axis of the
first oblong aperture;

wherein, the fifth line is orthogonal to the first central axis and forms
an angle with the first line, the angle ranging from -60 to 60 degrees.

4. A chain guide assembly comprising:
a first compression limiter with an elongated portion with a first
elongated portion diameter and a radial outward protrusion portion with
a second radial outward protrusion diameter;
a housing including:

a first oblong aperture with a first longitudinal end and a second
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5.

longitudinal end, and a third minor diameter for receiving the first
compression limiter;

a second round aperture with a fourth diameter;

a first radially inward protruding finger proximate to the first
longitudinal end of the oblong aperture, the finger having a first top
side for slidably receiving the first compression limiter, and a second
bottom side for retaining the first compression limiter;

a second radially inward protruding finger proximate to the second
longitudinal end of the oblong aperture, the finger having a third top
side for slidably receiving the first compression limiter, and a fourth
bottom side for retaining the first compression limiter;

a first line from a first central axis of the first oblong aperture to a
second central axis of the second round aperture;

a second line from the center of a radially inward-most portion of
the first protruding finger to the first central axis of the first oblong
aperture;

a third line from the center of a radially inward-most portion of the
second radially inward protruding finger to the first central axis of the
first oblong aperture; and,

a first circle with a fifth retention diameter tangent to the center of
the radially inward-most portion of the first radially inward protruding
finger and the center of the radially inward-most portion of the second
inward protruding finger;

wherein, the first line is orthogonal to the first central axis and the
second central axis, and the second and third lines are orthogonal to
the first central axis and form an angle with the first line, the angle

ranging from -60 to 60 degrees.

The chain guide assembly of claim 4, further comprising:
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a third radially inward protruding finger proximate to the first
longitudinal end of the first oblong aperture, the finger having a fifth top
side for slidably receiving the first compression limiter and a sixth bottom
side for retaining the first compression limiter; and,

a fourth line from the center of a radially inward-most portion of the
third radially inward protruding finger to the first central axis of the first
oblong aperture;

wherein the fourth line is orthogonal to the first central axis and forms

an angle with the first line, the angle ranging from -60 to 60 degrees.

6. The chain guide assembly of claim 5, further comprising:

a fourth radially inward protruding finger proximate to the second
longitudinal end of the first oblong aperture, the finger having a seventh
top side for slidably receiving the first compression limiter and an eighth
bottom side for retaining the first compression limiter; and,

a fifth line from the center of a radially inward-most portion of the
fourth radially inward protruding finger to the first central axis of the
first oblong aperture;

wherein the fifth line is orthogonal to the first central axis and forms

an angle with the first line, the angle ranging from -60 to 60 degrees.

7. The chain guide assembly of claim 4, further comprising:
a second compression limiter with a sixth elongated portion diameter;
a fifth radially inward protruding finger proximate to the second round
aperture, the finger having a ninth top side for slidably receiving the
second compression limiter, and a tenth bottom side for retaining the
second compression limiter; and
a sixth line from the center of a radially inward-most portion of the

fifth radially inward protruding finger to the second central axis of the
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second round aperture;

wherein the sixth line is orthogonal to the second central axis and
forms an angle with the first line, the angle ranging from -60 to 60
degrees.

8. The chain guide assembly of claim 7, further comprising:

a sixth radially inward protruding finger, proximate to the second
round aperture, the finger having an eleventh top side for slidably
receiving the second compression limiter, and a twelfth bottom side for
retaining the second compression limiter; and,

a seventh line from the center of a radially inward-most portion of the
sixth radially inward protruding finger to the second central axis of the
second round aperture;

wherein the seventh line is orthogonal to the second central axis and
forms an angle with the first line, the angle ranging from -60 to 60
degrees.

9. The chain guide assembly of claim 4, including:

a first unretained first compression limiter position with a first bottom
side of the radially outward protrusion portion of the first compression
limiter engaged with the first top side of the first radially inward
protruding finger and the third top side of the second radially inward
protruding finger;

a second retained first compression limiter position with a second top
side of the radially outward protrusion of the first compression limiter
axially proximate to the second bottom side of the first radially inward
protruding finger and the fourth bottom side of the second radially inward
protruding finger, and the elongated portion of the first compression

limiter engaged with the first longitudinal end of the oblong aperture;
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10.

and,

a third retained first compression limiter position with the second top
side of the radially outward protrusion of the first compression limiter
axially proximate to the second bottom side of the first radially inward
protruding finger and the fourth bottom side of the second radially inward
protruding finger, and the elongated portion of the first compression

limiter engaged with the second longitudinal end of the oblong aperture.

The chain guide assembly of claim 9, wherein the first radially inward
protruding finger and the second radially inward protruding finger
overlap the second top side of the radially outward protrusion portion of
the first compression limiter in the second retained first compression

limiter position and the third retained first compression limiter position.
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