wo 2011/159667 A1 I 10K OO OO0

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

(19) World Intellectual Property Organization /g5 I MIEVAN A1 AT AP N0 0O 0
International Bureau S,/ )
g ' Joy . . .
. . _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/
22 December 2011 (22.12.2011) PCT WO 2011/159667 Al
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
F16F 9/36 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. . DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR. HU. ID. IL. IN. IS. JP. KE. KG. KM. KN, KP
PCT/US2011/040293 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
14 June 2011 (14.06.2011) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
. . SE, 8@, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
12/817,951 17 June 2010 (17.06.2010) Us gl\l\/’[[ g\g) LEfil»raLsiS;nl\gVMI\’fAZZ» §$» Isgé IS<IE %») TIfI»JUTC}
(71) Applicant (for all designated States except US): TMS, Eurépean (AL, AT:BE:BG: CH,,CY: CZ, bE, bK:
BENDIX SPICER FOUNDATION BRAKE LL.C [US/ EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
US]; 901 Cleveland Street, Elyria, OH 44035 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SL, SK,

(72) Taventor; and SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,

(75) Inventor/Applicant (for US only): PLANTAN, Ronald, GW, ML, MR, NE, SN, TD, TG).
S. [US/US]; 193 Plantation Drive, Mooresville, NC Published:
28117 (US).

(74) Agents: DIEFENDORF, Richard, R. et al,; Crowell & __ before the expiration of the time limit for amending the

Moring LITP’ Intelleotual Prp perty Department, 1001 claims and to be republished in the event of receipt of
Pennsylvania Ave., NW, Washington, DC 20004 (US). amendments (Rule 48.2(h))

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

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: IMPROVED SNAP-IN CENTER SEAL BUSHING

(57) Abstract: A bushing adapted to secure an O-ring seal in position relative to an area of a passage permitting reciprocation of a
push rod forms a generally circular bushing body with opposed end faces. The end faces are separated by a gap so as to provide
the bushing with an approximately C-shaped structure. The bushing includes a plurality of locking elements resistant to axial
loads imposed on the bushing by the push rod disposed at least substantially within a corresponding plurality of recesses distribut-
ed around a circumferential exterior of the bushing. Solid ribs are interspersed with the locking fingers to resist radial loads im-
posed on the bushing by the push rod during operation. The O-ring seal is secured in position within the passage area of the pas-
sage by an end surface of the bushing.



10

15

20

WO 2011/159667 PCT/US2011/040293

IMPROVED SNAP-IN CENTER SEAL BUSHING

BACKGROUND OF THE INVENTION
Field of the Invention

A conventionally configured snap-in bushing used to retain a center seal
O-ring in proper location has a circular, ring-like configuration. Upon insertion
of such a conventionally configured bushing into position, enabling it to both
support a brake actuator push rod or the like and retain the O-ring seal, radial
fingers on the bushing snap into a groove in an adapter base to secure the
bushing, and the seal retained by the bushing, in place. Effectiveness of the
bushing in guiding and minimizing tilting of the push rod throughout its stroke
is compromised, however, since the fingers have to be flexible enough to permit
insertion of the bushing into a seal opening in the adapter base. Parking spring
breakage, to which incomplete bushing insertion can contribute, is the most

common reason for spring brake failure.

Description of Related Art

U.S. Patent Application Publication 2007/0034465 to Thompson et al.
discloses a bushing assembly for an actuator center seal with at least six flexible
tabs. The tabs flex to absorb side loading while maintaining a bushing position

within the actuator assembly.
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U.S. Patent 5,272,933 to Collier et al. shows a damping ring for a rack and
pinion steering gear. Flexible inner fingers of the damping ring resist transfer of
vibration to the steering wheel.

U.S. Patent 5,709,283 to Nief discloses a rack and pinion power steering
gear with a seal retainer. The seal retainer includes a flexible portion ’po hold the
seal against an inner portion of the shaft, but lacks solid portions to absorb side
loading.

U.S. Patent 5,829,339 to Smith shows a sealed bushing assembly for a
brake actuator. A thermoplastic bushing is placed in a sleeve secured to a steel
adaptor base. The sleeve retains the bushing, and the sealed bushing maintains

the seal between the actuator chambers.

SUMMARY OF THE INVENTION

The present invention concerns a new bushing design intended to address
two issues arising in connection with current snap-in center seal bushing
configurations. The new design both improves guidance of the internal push rod
and reduces insertion and fatigue stresses on snap-in locking fingers. The new
bushing also operates to prevent insertion of the internal push rod if teeth on the
locking fingers are not fully inserted in a receiving groove or recess.

Generally, the new bushing has a split ring design, with a plurality of
radial ribs that extend out to the full diameter of the adapter base bore. These
ribs are located between the locking fingers for improved guidance of the push
rod. The improved push rod guidance keeps the parking spring better aligned

during cycling. This, in turn, reduces stresses in the spring that can be
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introduced by lateral movement during stroking, minimizes rubbing between the
power spring coils and the spring housing, and reduces inter-coil contact.

Because of the split ring design, an inner diameter of the bushing, during
installation or insertion, is smaller than that inner diameter after full
installation. This smaller diameter prevents insertion of the push rod if the
locking tabs are not fully inserted. Because the split ring design permits a
reduced overall bushing diameter during insertion, moreover, the locking fingers
do not have to flex as much during insertion, reducing stress 6n the fingers.
Once installed, the radial loads imposed on the bushing from the parkingrspring
are resisted by ribs interposed between adjacent locking fingers. This eliminates
radial stresses on the locking fingers during operation of the parking brake, and
improves the fatigue life of the locking fingers for more secure retention of the

After the bushing is installed, the fingers prevent the bushing from
moving longitudinally, while the solid portions of the bushing, i.e. the ribs,
absorb side loading during axial push rod motion. Sealing is provided by the seal
per se that is retained in position by the properly positioned bushing; the bushing
of the present invention does not maintain a seal, but instead absorbs side
loading while being restrained from longitudinal motion by the flexible locking
fingers. The present invention thus is distinguished from prior seal retention
arrangements by the combined features of flexible fingers, which maintain the
bushing in longitudinal position, and the ribs or similar solid portions, which
absorb side loading.

In particular arrangements according to the invention, a bushing adapted

to secure an O-ring seal in position within an area of a passage permitting
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reciprocation of a push rod forms a generally circular bushing body with opposed
end faces. The end faces are separated by a gap so as to provide the bushing
with an approximately C-shaped structure. The bushing includes a plurality of
locking elements resistant to axial loads imposed on the bushing by the push rod
disposed at least substantially within a corresponding plurality of recesses
distributed around a circumferential exterior of the bushing. Solid ribs are
interspersed with the locking fingers to resist radial loads imposed on the
bushing by the push rod during operation. The O-ring seal is secured in position
within the passage area of the passage by an end surface of the bushing.

Each of the locking elements includes a protruding tooth to snap into a
groove or recess in an adapter and secure the bushing axially relative to the
adapter. A smooth central wall of the bushing defines an inner diameter that
changes during installation of the bushing in the adapter, ‘with the inner
diameter decreasing prior to complete installation of the bushing in the adapter
and increasing upon complete installation of the bushing. In this manner,
insertion of the push rod through the bushing is permitted only upon complete
installation of the bushing.

Each of the locking elements has an inclined exterior surface for
cooperating with the adapter to displace the locking elements during installation
of the bushing in the adapter.

Also disclosed are a seal assembly including an O-ring seal and the
bushing mentioned, and a process of securing an O-ring seal in position within

an area of a passage through which a push rod is to reciprocate.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view, from above, of a conventional snap-in
bushing used to retain a center seal O-ring.

Figure 2 is a perspective view, from above, of a split ring snap-in bushing
used to retain a center seal O-ring according to the present invention.

Figure 3 is a sectional view of the snap-in bushing of Figure 2 along line 3-
3 as the bushing is being inserted axially into a guiding and sealing area of a
passage through which a push rod can reciprocate.

Figure 4 is a sectional view of the snap-in bushing of Figure 2 after it is

fully inserted into the guiding and sealing area of the passage shown in Figure 3.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates the configuration of a snap-in bushing 60 now in use.
This conventional snap-in bushing is used to retain a cenfer seal O-ring intended
to seal against an outer surface of a reciprocating actuator push rod. The
bushing 60 is configured as a circular element, and radial fingers 62 are provided
with locking teeth 64 to snap into a groove in an adapter base to secure the
bushing 60 in position against the O-ring seal. Because the fingers 62 have to be
flexible enough for insertion into an opening for the push rod, the effectiveness of
the fingers in guiding the push rod with minimized tilting throughout its stroke
is reduced. The bushing 60 illustrated in Figure 1 has a configuration described
in more detail by U.S. Patent Application Publication 2007/0034465 to Thompson

et al. mentioned above. The entire disclosure of the Thompson et al. (‘465)
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publication is expressly incorporated herein by reference as non-essential subject
matter.

The split ring snap-in bushing 10 shown in Figure 2 is defined by a
generally ring-shaped bushing body 16 having opposed end faces 12 separated by
a gap or slit 14. Viewed from above, the bushing 10 defines an approximately
“C” shaped structure overall.

The bushing 10 is generally cylindrical in form, and includes a smooth
central wall 18 surrounding a longitudinally extending central axis 20 of the
bushihg. The wall 18 defines the inner surface of a passage through which a
push rod (not shown) may pass and reciprocate in the direction of the axis 20.
The bushing 10 also has opposite, substantially parallel, flat end surfaces 22 and
24. As Figure 2 illustrates, these end surfaces 22 and 24 are spaced from one
another in the direction of the central bushing axis 20.

A number of locking fingers, tabs, or similar elements 26 (referred to
below as locking fingers) are disposed at least substantially within a
corresponding number of recesses 28, which are distributed around the
circumferential exterior 30 of the split ring snap-in bushing 10. As illustrated in
Figure 2, six recesses 28, with each recess 28 having one of six corresponding
locking fingers 26 substantially disposed therein, are distributed around the
circumferential bushing exterior 30.

As will become apparent, when the split ring snap-in bushing 10 is in
normal use, the locking fingers 26 preferably do not bend. Due to the presence of
the recesses 28, the bushing includes solid ribs 32 interspersed with the locking

fingers 26 to partially absorb loads that otherwise could fully be transmitted to
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the locking fingers 26 by tilting of the push rod during operation of the parking
brake. The solid ribs 32 thus serve to minimize radial stresses on the locking
fingers or tabs 26.

Each locking finger 26 includes a radially interior surface 34, an end
surface 36, a stepped radially outer surface defining a locking tooth 38, and an
inclined radially exterior surface 40. The inclined exterior surfaces 40 of the
fingers 26 cooperate in a manner to be described with an adapter base or other
element (not shown in Figure 2) to displace the locking finger radially inwardly
until the teeth 38 snap into an adapter base groove or recess as the snap-in
bushing 10 is inserted into the adapter base for seal retention. A gap 42, defined
between the radially interior surface 34 of each locking finger 26 and a
corresponding surface of the recess facing the radially interior surface 34,
permits displacement of the locking fingers 26 in the manner described.

Reference is now made to Figures 3 and 4, which illustrate installation of
the split ring snap-in bushing 10 into the guiding and sealing area of a passage
that, in the present embodiment, is for reciprocation of a push rod of an air brake
actuator. The present invention, of course, should not be considered as limited to
such an application. Figure 3 illustrates the structure of the bushing as it is
being pressed into the passage or bore of an adapter, e.g. by an appropriate tool
(not shown). At least one camming protrusion 50 in the bore cooperates with the
inclined radially exterior surfaces 40 of the locking fingers 26 to displace the
fingers radially inwardly. The presence of the gaps 42 permits displacement of
the locking fingers 26 in such a way. As the bushing 10 is pressed further into

the passage, the locking teeth 38 snap into position below the camming
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protrusions 50 to lock the bushing 10 in position, as shown in Figure 4, so that
the bushing 10 applies appropriate pressure on an O-ring seal 52. In contrast to
the conventional snap-in bushing illustrated in Figure 1, the split ring design of
the bushing 10 of the present invention permits the inner diameter A of the
bushing 10, during installation or insertion, to be smaller, for example by about
8%, than the inner diameter B of the bushing upon full installation. This
smaller diameter prevents insertion of the actuator push rod if the locking teeth
38 are not fully inserted into position below the protrusion or protrusions 50, as
is the case in the condition shown in Figure 3, for example. Another advantage
is that, because the overall bushing diameter is smaller during insertion, the
locking fingers 26 do not have to flex as much during insertion, reducing stress
on these fingers.

Once the bushing 10 is installed, radial loads imposed on the bushing from
the parking spring are resisted by the ribs 32. This eliminates radial stresses on
the locking fingers 26 during operation of the parking brake, which improves the
fatigue life of the locking fingers for more secure retention of the bushing
throughout the bushing lifetime.

The present invention thus generally concerns a snap-in center seal
arrangement for guiding an ir;t'ernal push rod. The seal arrangement includes a
bushing that prevents insertion of the push rod before the locking fingers of the
bushing are fully inserted. The locking fingers do not bend during normal use,
since the bushing is provided with ribs, defining solid portions interspersed with
the locking fingers, to absorb lateral loads applied by the push rod. The bushing

also prevents the spring coil from touching the actuator housing, which may
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happen if the spring is not correctly centered. The split ring design accounts for
tolerances during temperature swings. No sealing is done by the bushing itself,
as sealing between actuator chambers, again, is performed by the O-ring and
kept below the bushing.

The foregoing disclosure has been set forth merely to illustrate the
invention and is not intended to be limiting. Since modiﬁcations of the disclosed :
embodiments incorporating the spirit and substance of the invention may occur
to persons skilled in the art, the invention should be construed to include

everything within the scope of the appended claims and equivalents thereof.
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CLAIMS

1. A bushing adapted to secure an O-ring seal in position relative to a
passage permitting reciprocation of a push rod, the bushing forming a generally
circular bushing body with opposed end faces separated by a gap so as to provide
the bushing with an approximately C-shaped structure, the bushing comprising:

a plurality of locking elements resistant to axial loads imposed on the
bushing by the push rod disposed at least substantially within a corresponding
plurality of recesses distributed around a circumferential exterior of the bushing,
and

a plurality of solid ribs interspersed with the locking fingers to resist

radial loads imposed on the bushing by the push rod.

2. The bushing according to claim 1, wherein each of the locking elements
includes a protruding tooth to snap into a groove or recess in an adapter defining

the passage and secure the bushing axially relative to the adapter.

3. The bushing according to claim 2, including a smooth central wall
defining an inner diameter that changes during installation of the bushing in the

adapter.
4. The bushing according to claim 3, wherein the inner diameter

decreases prior to complete installation of the bushing in the adapter and

increases upon complete installation of the bushing in the adapter.

10
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5. The bushing according to claim 3, wherein insertion of the push rod

through the bushing is permitted only upon complete installation of the bushing.

6. The bushing according to claim 3, wherein each of the locking elements
has an inclined exterior surface for cooperating with the adapter to displace the

locking elements during installation of the bushing in the adapter.

7. The bushing according to claim 1, wherein the bushing includes six of

said locking elements.

8. A seal assembly comprising:
an O-ring seal, and
the bushing according to claim 1 to secure the O-ring seal in position

within said area.

9. The seal assembly according to claim 8, wherein the O-ring seal is
secured in position within said area of the passage by an end surface of the

bushing.

10. A process of securing an O-ring seal in position relative to a passage
through which a push rod is to reciprocate, comprising:
providing a bushing having an approximately C-shaped structure and

forming a generally circular bushing body with opposed end faces separated by a

gap,

11
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reducing a size of the gap while displacing a plurality of locking elements,
forming part of the bushing, into corresponding recesses distributed around a
circumferential exterior of the bushing to prohibit insertion of the push rod
through the bushing, and

locking the bushing in position against the O-ring seal with said locking
elements while increasing the size of the gap upon full installation of the bushing

within the area to permit insertion of the push rod through the bushing.

11. The process according to claim 10, wherein locking the bushing in
position is performed when a tooth protruding from each of the locking elements
snaps into a groove or recess in an adapter defining the passage to secure the

bushing axially relative to the adapter.

12. The process according to claim 11, further comprising changing an
inner diameter defined by a smooth central wall of the bushing during

installation of the bushing in the adapter.

13. The process according to claim 12, wherein changing the inner
diameter includes decreasing the inner diameter prior to complete installation of
the bushing in the adapter and increasing the inner diameter upon complete

installation of the bushing in the adapter.

12
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14. The process according to claim 12, wherein said insertion of the push
rod through the bushing is permitted only upon complete installation of the

bushing.

15. The process according to claim 12, wherein displacing the locking
elements is performed by cooperation between an inclined exterior surface of
each of the locking elements and the adapter that displaces the locking elements

during installation of the bushing in the adapter.

13
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