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(57) ABSTRACT

A torsional vibration damper, including: an axis of rotation; a
drive plate; an output flange; and a spring retainer plate
including a first side facing in a first axial direction, a second
side facing in a second axial direction, and a plurality of
spring stops formed of a same material forming the spring
retainer plate. Each spring stop: extends from the first side at
least partially in the first axial direction; and includes first and
second circumferentially separated end surfaces separated, in
the first axial direction, from the first side by first and second
gaps, and a plurality of springs. Each spring includes a first
circumferential end engaged with a respective first end sur-
face and a second circumferential end engaged with a respec-
tive second end surface. The spring retainer plate partially
surrounds the plurality of springs and retains the plurality of
springs in a radially outward direction.
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SPRING RETAINER PLATE WITH LANCED
SPRING STOPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit under 35 U.S.C.
§119(e) of U.S. Provisional Patent Application No. 61/952,
370, filed Mar. 13, 2014, which application is incorporated
herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to a spring
retainer plate with lanced spring stops, in particular, stops
formed integrally with the plate and extending outward from
a side of the plate.

BACKGROUND

[0003] FIG. 10 is a partial cross-sectional view of prior art
spring retainer 200, for example, for a vibration damper. A
circumferential end of a spring (not shown), or an end-cap
(not shown) for a spring engages portion 202 of retainer to
circumferentially fix the spring. Ideally, the end cap and
spring should remain in circumferential alignment, with the
end cap substantially co-planar with a plane passing through
an axis of rotation for the spring retainer. However, portion
202 is rounded. As aresult, the spring and/or end-cap are able
to slip and/or twist, resulting in damaging bending stresses for
the spring and/or end cap. It is known to use a separate
component, fixed to a spring retainer plate, to form a spring
stop for the plate. However, the use of multiple components
increases the cost, complexity, and fabricating time for the
plate.

SUMMARY

[0004] The present disclosure broadly comprises a tor-
sional vibration damper, including: an axis of rotation; a drive
plate arranged to receive torque; an output flange; a spring
retainer plate including: a first side facing in a first axial
direction; a second side facing in a second axial direction
opposite the first axial direction; first and second pluralities of
holes passing through material forming the spring retainer
plate and connecting the first and second sides and aligned
with each other in a circumferential direction; and a first
plurality of spring stops, each spring stop in the first plurality
of spring stops: formed of a same material forming a remain-
der of the spring retainer plate; bounded, in the circumferen-
tial direction, by a respective pair of holes from the first and
second pluralities of holes and extending from the first side at
least partially in the first axial direction; and a first plurality of
circumferentially disposed springs engaged with the drive
plate and the first plurality of spring stops. The spring retainer
plate is arranged to partially surround the first plurality of
springs and retain the first plurality of springs in a radially
outward direction.

[0005] The present disclosure broadly comprises a tor-
sional vibration damper, including: an axis of rotation; a drive
plate; an output flange; a spring retainer plate including: a first
side facing in a first axial direction; a second side facing in a
second axial direction opposite the first axial direction; a first
plurality of spring stops, each spring stop in the first plurality
of spring stops formed of a same material forming a remain-
der of the spring retainer plate, extending from the first side at
least partially in the first axial direction, including respective
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first and second circumferentially separated end surfaces
separated, in the first axial direction, from the first side by first
and second respective gaps; and a first plurality of springs,
each spring in the first plurality of springs including a respec-
tive first circumferential end engaged with a respective first
end surface and a respective second circumferential end
engaged with a respective second end surface. The spring
retainer plate is arranged to partially surround the first plural-
ity of springs and retain the first plurality of springs in a
radially outward direction.

[0006] The present disclosure broadly comprises torque
converter, including: an axis of rotation; a cover; an impeller;
aturbine; a stator; and a torsional vibration damper including:
a drive plate; an output flange; a spring retainer plate includ-
ing: a first side facing in a first axial direction away from the
turbine, a second side facing in a second axial direction
toward the turbine, first and second pluralities of holes pass-
ing through material forming the spring retainer plate and
connecting the first and second sides and aligned with each
other in a circumferential direction, and a first plurality of
spring stops, each spring stop in the first plurality of spring
stops formed of a same material forming a remainder of the
spring retainer plate, bounded, in the circumferential direc-
tion, by a respective pair of holes from the first and second
pluralities of holes, and extending from the first side at least
partially in the first axial direction; and a first plurality of
circumferentially disposed springs engaged with the drive
plate and the first plurality of spring stops. The torque con-
verter includes a lock-up clutch arranged to non-rotatably
connect the cover and the drive plate. The spring retainer plate
is arranged to partially surround the first plurality of springs
and retain the first plurality of springs in a radially outward
direction. In a cross-section, orthogonal to the axis of rota-
tion, of said each spring stop in the first plurality of spring
stops; the spring retainer plate is continuous.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The nature and mode of operation of the present
disclosure will now he more fully described in the following
detailed description of the present disclosure taken with the
accompanying figures, in which:

[0008] FIG. 1A is a perspective view of a cylindrical coor-
dinate system demonstrating spatial terminology used in the
present application;

[0009] FIG. 1B is a perspective view of an object in the
cylindrical coordinate system of FIG 1A demonstrating spa-
tial terminology used in the present application;

[0010] FIG. 2 is a partial cross-sectional view of a torque
converter including a torsional vibration damper with lanced
spring stops;

[0011] FIG. 3 is a front view of portions of the damper
shown in FIG. 2;

[0012] FIG. 4 is a front view of the spring retainer plate
shown in FIG. 2;

[0013] FIG. 5is a cross-sectional view generally along line
5-5in FIG. 4

[0014] FIG. 6 is a cross-sectional view generally along line
6-6 in FIG. 4;

[0015] FIG. 7 is a cross-sectional view generally along line
7-7 in FIG. 4,

[0016] FIG. 8 is a detail of a front view of area 8/9 in FIG.
4:

[0017] FIG. 9 is a detail of a back view of area 8/9 in FIG.
4; and,
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[0018] FIG.101is a partial cross-sectional view of a prior art
spring retainer, for example, for a vibration damper.

DETAILED DESCRIPTION

[0019] Attheoutset, it should be appreciated that like draw-
ing numbers on different drawing views identify identical, or
functionally similar, structural elements of the disclosure. Itis
to be understood that the disclosure as claimed is not limited
to the disclosed aspects.

[0020] Furthermore, it is understood that this disclosure is
not limited to the particular methodology, materials and
modifications described and as such may, of course, vary. Itis
also understood that the terminology used herein is for the
purpose of describing particular aspects only, and is not
intended to limit the scope of the present disclosure.

[0021] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
disclosure belongs. It should he understood that any methods,
devices or materials similar or equivalent to those described
herein can be used in the practice or testing of the disclosure.
[0022] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood to one of ordinary skill in the art to which this
present disclosure belongs. It should he appreciated that the
term “substantially” is synonymous with terms such as

2 < 2 < 29 < 2 <

“nearly”, “very nearly”, “about”, “approximately”, “around”,
“bordering on”, “close t0”, “essentially”, “in the neighbor-
hood of”, “in the vicinity of”, etc., and such terms may be
used interchangeably as appearing in the specification and
claims. It should be appreciated that the term “proximate” is

2 < (LIS

synonymous with terms such as “nearby”, “close”, “adja-
cent”, “neighboring”, “immediate”, “adjoining”, etc., and
such terms may be used interchangeably as appearing in the
specification and claims.

[0023] FIG. 1A is a perspective view of cylindrical coordi-
nate system 80 demonstrating spatial terminology used in the
present application. The present invention is at least partially
described within the context of a cylindrical coordinate sys-
tem. System 80 has a. longitudinal axis 81, used as the refer-
ence for the directional and spatial terms that follow. Axial
direction AD is parallel to axis 81. Radial direction RD is
orthogonal to axis 81. Circumferential direction CD is
defined by an endpoint of radius R (orthogonal to axis 81)
rotated about axis 81.

[0024] To clarify the spatial terminology, objects 84, 85,
and 86 are used. Surface 87 of object 84 forms an axial plane.
For example, axis 81 is congruent with surface 87. Surface 88
of object 85 forms a radial plane. For example, radius 82 is
congruent with surface 88. Surface 89 of object 86 forms a
circumferential surface. For example, circumference 83 is
congruent with surface 89. As a further example, axial move-
ment or disposition is parallel to axis 81, radial movement or
disposition is orthogonal to axis 82, and circumferential
movement or disposition is parallel to circumference 83.
Rotation is with respect to axis 81.

[0025] The adverbs “axially,” “radially,” and “circumferen-
tially” are with respect to an orientation parallel to axis 81,
radius 82, or circumference 83, respectively. The adverbs
“axially,” “radially,” and “circumferentially” also are regard-
ing orientation parallel to respective planes.

[0026] FIG. 1B is a perspective view of object 90 in cylin-
drical coordinate system 80 of FIG. 1A demonstrating spatial
terminology used in the present application. Cylindrical
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object 90 is representative of a cylindrical object in a cylin-
drical coordinate system and is not intended to limit the
present invention in any manner, Object 90 includes axial
surface 91, radial surface 92, and circumferential surface 93.
Surface 91 is part of an axial plane and surface 92 is part of a
radial plane.

[0027] FIG. 2 is a partial cross-sectional view of torque
converter 100 including torsional vibration damper 102 with
lanced spring stops.

[0028] FIG. 3 is a front view of portions of damper 102
shown in FIG. 2.

[0029] FIG. 4 is a front view of the spring retainer plate
shown in FIG. 2.

[0030] FIG. 5 is a cross-sectional view generally along line
5-5in FIG. 4.

[0031] FIG. 6 is a cross-sectional view generally along line
6-6 in FIG. 4.

[0032] FIG. 7 is a cross-sectional view generally along line
7-7 in FIG. 4. The following should be viewed in light of
FIGS. 2 through 7. Damper 102 includes axis of rotation AR,
drive plate 104 arranged to receive torque, output flange 106,
spring retainer plate 108, and springs 110. Spring retainer
plate 108 includes side 112 facing axial direction AD1 and
side 114 facing axial direction AD2, opposite direction AD1.
Plate 108 includes holes 116 and 118 passing through mate-
rial forming retainer plate 108, connecting sides 112 and 114,
and aligned in circumferential direction CD.

[0033] Spring retainer plate 108 includes spring stops 120.
To simplify the presentation, the discussion that follows is
directed to a single stop 120 unless noted otherwise; however,
it should be understood that the discussion is applicable to
each stop 120. Stop 120 is bounded in direction CD by holes
116 and 118 and is formed of the same material forming a
remainder of plate 108. Stated otherwise, stop 120 is integral
with plate 108. For example, stop 120 is formed by lancing
plate 108. Stop 120 is aligned with holes 116 and 118 in
circumferential direction CD and extends past side 112 in
direction AD1. Springs 110 are engaged with drive plate 104
and stops 120. Spring retainer plate 108 is arranged to par-
tially surround springs 110 and retain springs 110 in a radially
outward direction RD.

[0034] The discussion that follows is direct to a single
spring 110; however, it should be understood that the discus-
sion is applicable to each spring 110. Spring 110 includes
circumferential ends 122 and 124 engaged with a pair of
spring stops 120. For example, spring 110A is engaged with
stop 120A and stop 120B.

[0035] Stop 120 includes end surface 126 proximate hole
116 and engaged with end 122 and end surface 128 proximate
hole 118 and engaged with end 124. End surfaces 126 and 128
are aligned in direction CD. In an example embodiment, at
least a portion spring stop 120 is continuous, in the circum-
ferential direction CD, between end surfaces 126 and 128. In
an example embodiment, an entirety of spring stop 120 is
continuous, in the circumferential direction CD, between end
surfaces 126 and 128.

[0036] Spring retainer plate 108 includes spring pockets
130, each pocket 130 is aligned with holes 116 and 118 in
circumferential direction CD and misaligned with holes 116
and 118 with in radial direction RD. A respective spring 110
is located in each pocket 130. Pockets 130 curl partially about
springs 110 and retain springs 110 in radially outward direc-
tion RD.
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[0037] Advantageously, end surfaces 126 and 128 are con-
tinuous, for example, from portion 136 of plate 108 radially
inward of spring stops 120 to portion 138 of spring stop 108
radially inward of stops 120. The continuity of surfaces 126
and 128 advantageously provide a more robust surface for
engaging springs 110. In an example embodiment, a portion
of spring stop 120 is continuous from portion 136 to portion
138. In an example embodiment as shown in FIG. 5, an
entirety of spring stop 120 is continuous from portion 136 to
portion 138.

[0038] In an example embodiment, spring retainer plate
108 includes spring stops 140. The discussion that follows is
directed to a single stop 140 unless noted otherwise; however,
it should be understood that the discussion is applicable to
each stop 140. Stop 140 is formed of the same material
forming spring stops 120, extends from side 112, is aligned
with at least a portion of a spring stop 120 in radial direction
RD, and is located outward of spring stops 120 in radial
direction RD. Stop 140 includes ends 142 and 144. Circum-
ferential ends 122 and 124 of spring 110 are engaged with
ends 142 and 144, respectively. Thus, end 122 is engaged with
end surface 126 of stop a 120 and end 142 of the a stop 140,
and end 124 is engaged with end surface 128 of another stop
120 and end 144 of another stop 140. Stops 140 provide
robust surfaces that cooperate with stops 120 to provide addi-
tional support for springs 110.

[0039] In an example embodiment, damper 102 is part of
torque converter 100. Torque converter 100 includes: axis of
rotation AR; cover 146 arranged to receive torque; impeller
148; turbine 150; stator 152; and lock-up clutch 154 with
axially displaceable piston 156 arranged to non-rotatably
connect drive plate 104 and cover 146. In an example embodi-
ment, damper 102 includes springs 158 engaged with plate
108 and output flange 106. Output flange 106 is arranged to
non-rotatably connect to an input shaft for a transmission. In
an example embodiment, damper 102 includes cover plate
160 non-rotatably connected to turbine 150 and plate 108 and
engaged with springs 158. In an example embodiment,
damper 102 includes pendulum mass assembly 162 con-
nected to cover plate 160.

[0040] FIG. 8 is a detail of a front view of area 8/9 in FIG.
4.

[0041] FIG.9 is a detail of a back view of area 8/9 in FIG.
4.FIGS. 8 and 9 are perspective views providing further detail
regarding the configuration of stops 120 and 140.

[0042] Advantageously, lanced spring stop 120, in particu-
lar surfaces 126 and 128, provides a flat contact surface for
spring 110, in particular, proximate the radially inner portion
of arc springs 110. Stop 120, in particular surfaces 126 and
128, minimize bending stress at ends 122 and 124, respec-
tively, of springs 110, improving durability of springs 110.
Bending stress comes from, for example as described above
in FIG. 10, end-caps 165 not sitting correctly on traditional
formed stops due to corner radii (rounding). For example,
portion 202 in retainer 200 in FIG. 10 is rounded, rather than
presenting a radial surface such as surfaces 126 and 128 for
accepting an end-cap. The pierced features, such as holes 116
and 118, are designed to distribute loading stress by matching
the step height between the main retainer geometry and stops
120. This configuration better distributes stress around stops
120 and prevents material tear during the stamping/forming
operations. To provide structural strength to damper 102 and
plate 108 under centrifugal load, plate 108 includes circum-
ferentially continuous rim 166 connecting pockets 130 to
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stops 140. Outer rim 166 distributes stress related to holes 116
and 118 and resists centrifugal loading, thus holding hoop
stress forces from the mass of the springs during centrifugal
loading of damper 102. To provide structural strength to
damper 102 and plate 108 under centrifugal load, plate 108
includes blend radii connecting the stop height differences,
creating a stiffened transition area between the main pocket
and the stop, further reducing stress at the lanced tabs.
[0043] Lanced stops 120 also improve spring retention
capabilities during function since springs 110 are not able to
displace out of pockets 130 while torque is applied to damper
102, because each lanced stop 120 has surfaces 126 and 128
without corner radiuses as is the case with known stops. For
example, as noted above, ideally, the end cap and spring
should remain in circumferential alignment, with the end cap
substantially co-planar with a plane passing through an axis
of rotation for the spring retainer. Since surfaces 126 and 128
are co-planar with respective planes passing thought axis AR,
surfaces 126 and 128 maintain the desired orientation of the
end caps. That is, preventing the slipping and twisting of the
end cap noted above.
[0044] It will be appreciated that various of the above-
disclosed and other features and functions, or alternatives
thereof, may be desirably combined into many other different
systems or applications. Various presently unforeseen or
unanticipated alternatives, modifications, variations, or
improvements therein may be subsequently made by those
skilled in the art which are also intended to be encompassed
by the following claims.

What is claimed is:

1. A torsional vibration damper, comprising:

an axis of rotation;

a drive plate arranged to receive torque;

an output flange;

a spring retainer plate including:

a first side facing in a first axial direction;

a second side facing in a second axial direction opposite
the first axial direction;

first and second pluralities of holes:
passing through material forming the spring retainer

plate and connecting the first and second sides; and,
aligned with each other in a circumferential direction;
and,
a first plurality of spring stops, each spring stop in the
first plurality of spring stops:
formed of a same material forming a remainder of the
spring retainer plate;

bounded, in the circumferential direction, by a respec-
tive pair of holes from the first and second plurali-
ties of holes; and,

extending from the first side at least partially in the
first axial direction; and,

a first plurality of circumferentially disposed springs
engaged with the drive plate and the first plurality of
spring stops, wherein the spring retainer plate is
arranged to partially surround the first plurality of
springs and retain the first plurality of springs in a
radially outward direction.

2. The damper of claim 1, wherein:

each spring in the first plurality of springs includes respec-
tive first and second circumferential ends engaged with
arespective pair of spring stops from the first plurality of
spring stops.
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3. The damper of claim 1, wherein:

each spring in the first plurality of springs includes respec-

tive first and second circumferential ends;

said each spring stop in the first plurality of spring stops

includes:

a respective first end surface proximate one hole from
the respective pair of holes and engaged with a respec-
tive first circumferential end; and,

arespective second end surface proximate the other hole
from the respective pair of holes and engaged with a
respective second circumferential end.

4. The damper of claim 3, wherein the respective first and
second end surfaces are aligned in the circumferential direc-
tion.

5. The damper of claim 3, wherein:

the spring retainer plate includes:

a first portion radially inward of the first plurality of
spring stops; and,

a second portion radially outward of the first plurality of
spring stops;

each first end surface is continuous from the first portion to

the second portion; and,

each second end surface is continuous from the first portion

to the second portion.

6. The damper of claim 1, wherein:

the spring retainer plate includes:

a first portion radially inward of the first plurality of
spring stops; and,

a second portion radially outward of the first plurality of
spring stops; and,

an at least a portion of said each spring stop in the first

plurality of spring stops is continuous from the first

portion to the second portion.

7. The damper of claim 6, wherein an entirety of said each
spring stop in the first plurality of spring stops is continuous
from the first portion to the second portion.

8. The damper of claim 1, wherein:

the spring retainer plate includes a plurality of first por-

tions, each first portion:

aligned with the first and second pluralities of holes in
the circumferential direction;

misaligned with the first and second pluralities of holes
in a radial direction; and,

arranged to receive a respective spring from the first
plurality of springs; and, a respective spring from the
first plurality of springs is located in each first portion.

9. The damper of claim 1, wherein:

said each spring stop in the first plurality of spring stops

includes:

a respective first end surface proximate one hole from
the respective pair of holes; and,

arespective second end surface proximate the other hole
from the respective pair of holes; and,

at least a portion of said each spring stop in the first plu-

rality of spring stops is continuous, in the circumferen-

tial direction, between the respective first and second
end surfaces.

10. The damper of claim 9 wherein:

an entirety of said each spring stop in the first plurality of

spring stops is continuous, in the circumferential direc-

tion, between the respective first and second end sur-
faces.
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11. The damper of claim 1, wherein the spring retainer
plate includes a second plurality of spring stops, each spring
stop in the second plurality of spring stops:

formed of the same material forming the first plurality of

spring stops;

extending from the first side;

aligned with at least a portion of a respective spring stop in

the first plurality of spring stops in a radial direction;
and,

located outward of the first plurality of spring stops in the

radial direction.

12. The damper of claim 11, wherein:

each spring in the first plurality of springs includes respec-

tive first and second circumferential ends; and,

said each spring stop in the second plurality of spring stops

includes:

a respective first end engaged with a respective first
circumferential end; and,

a respective second end engaged with a respective sec-
ond circumferential end.

13. A torsional vibration damper, comprising:

an axis of rotation;

a drive plate;

an output flange;

a spring retainer plate including:

a first side facing in a first axial direction;
a second side facing in a second axial direction opposite
the first axial direction;
a first plurality of spring stops, each spring stop in the
first plurality of spring stops:
formed of a same material forming a remainder of the
spring retainer plate;
extending from the first side at least partially in the
first axial direction;
including respective first and second circumferen-
tially separated end surfaces separated, in the first
axial direction, from the first side by first and sec-
ond respective gaps; and,

a first plurality of springs, each spring in the first plurality

of springs including:

a respective first circumferential end engaged with a
respective first end surface; and,

a respective second circumferential end engaged with a
respective second end surface, wherein:

the spring retainer plate is arranged to partially surround

the first plurality of springs and retain the first plurality
of springs in a radially outward direction.

14. The damper of claim 13, further comprising:

first and second pluralities of holes:

passing through material forming the spring retainer
plate and connecting the first and second sides;

aligned with each other in the circumferential direction;
and,

open to the first and second respective gaps.

15. The damper of claim 13, wherein:

the spring retainer plate includes:

a first portion located inward of the first plurality of
spring stops in a radial direction; and,

a second portion located outward of the first plurality of
spring stops in the radial direction; and,

in a cross-section, orthogonal to the axis of rotation, of said

each spring stop in the first plurality of spring stops, said
each spring stop is continuous and free of a respective
discontinuity, from a first portion to the second portion.
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16. The damper of claim 13, wherein said each spring stop
is continuous and free of a respective discontinuity from the
respective first end to the respective second end.

17. A torque converter, comprising:

an axis of rotation;

a cover;

an impeller;

a turbine;

a stator;

a torsional vibration damper including:

a drive plate;

an output flange;

a spring retainer plate including:

a first side facing in a first axial direction away from
the turbine;
a second side facing in a second axial direction toward
the turbine;
first and second pluralities of holes:
passing through material forming the spring
retainer plate and connecting the first and second
sides; and,
aligned with each other in a circumferential direc-
tion;
a first plurality of spring stops, each spring stop in the
first plurality of spring stops:
formed of a same material forming a remainder of
the spring retainer plate;
bounded, in the circumferential direction, by a
respective pair of holes from the first and second
pluralities of holes; and,
extending from the first side at least partially in the
first axial direction; and,

a first plurality of circumferentially disposed springs
engaged with the drive plate and the first plurality of
spring stops; and,

a lock-up clutch arranged to non-rotatably connect the

cover and the drive plate, wherein:

the spring retainer plate is arranged to partially surround
the first plurality of springs and retain the first plural-
ity of springs in a radially outward direction; and,

in a cross-section, orthogonal to the axis of rotation, of
said each spring stop in the first plurality of spring
stops, the spring retainer plate is continuous.
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18. The torque converter of claim 17, wherein:
said each spring stop in the first plurality of spring stops
includes:
a respective first end surface proximate one hole from
the respective pair of holes; and,
arespective second end surface proximate the other hole
from the respective pair of holes; and,
at least a portion of said each spring stop in the first plu-
rality of spring stops is continuous, in the circumferen-
tial direction, between the respective first and second
end surfaces.
19. The torque converter of claim 17, wherein:
the spring retainer plate includes a second plurality of
spring stops, each spring stop in the second plurality of
spring stops:
formed of the same material forming the first plurality of
spring stops;
extending from the first side;
aligned with at least a portion of a respective spring stop
in the first plurality of spring stops in a radial direc-
tion; and,
located outward of the first plurality of spring stops in
the radial direction;
said each spring stop in the second plurality of spring stops
includes respective first and second circumferentially
separated end surfaces; and,
each spring in the first plurality of springs includes:
a respective first circumferential end engaged with a
respective first end surface; and,
a respective second circumferential end engaged with a
respective second end surface.
20. The torque converter of claim 19, wherein:
said each spring stop in the first plurality of spring stops
includes:
a respective third end surface proximate one hole from
the respective pair of holes; and,
a respective fourth end surface proximate the other hole
from the respective pair of holes;
the respective first circumferential end is engaged with a
respective third end surface; and,
the respective second circumferential end is engaged with
a respective fourth end surface.
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