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ROTARY SHAFT HOUSING AND SEAL

TECHNICAL FIELD

[0001] The present disclosure relates to rotary shaft seal housings and rotary shaft seals, and more
particularly, to rotary shaft seals having a crimped flange.

BACKGROUND ART

[0002] A rotary, or reciprocating, machine can feature an enclosed internal mechanism that drives a
shaft. In some cases, the shaft can pass through the housing of the machine on one or both ends. In
such cases, a rotary shaft seal, sometimes referred to as a lip seal, can be disposed near an exit point to
retain a lubricating fluid, such as oil or grease, in the housing as well as prevent ingress of
contaminants, such as moisture and dust. The rotary shaft seal can have an outer diameter that
provides a seal against the housing, and a sealing lip that provides a seal against the shaft. The sealing
lip should exert a radial load on the shaft that provides sufficient sealing properties without excessive
friction or wear.

[0003] There continues to exist a need for a rotary shaft seal having improved sealing properties.
BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Embodiments are illustrated by way of example are not limited in the accompanying figures.
[0005] FIG. 1 includes a cross-sectional side view of a rotary shaft seal housing in accordance with
an embodiment.

[0006] FIG. 2 includes a cross-sectional view of another rotary shaft seal housing in accordance with
an embodiment.

[0007] FIG. 3 includes a cross-sectional view of an unfinished rotary shaft seal, as seen along Line 3-
3 of FIG. 4, in accordance with an embodiment.

[0008] FIG. 4 includes a top view of an unfinished rotary shaft seal in accordance with an
embodiment.

[0009] FIG. 5 includes a cross-sectional view of a rotary shaft seal in accordance with an
embodiment.

[0010] Skilled artisans will appreciate that elements in the figures are illustrated for simplicity and
clarity and have not necessarily been drawn to scale. For example, the dimensions of some of the
elements in the figures may be exaggerated relative to other elements to help to improve
understanding of embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[0011]  The following description in combination with the figures is provided to assist in
understanding the teachings disclosed herein. The following discussion will focus on specific
implementations and embodiments of the teachings. This focus is provided to assist in describing the
teachings and should not be interpreted as a limitation on the scope or applicability of the teachings.

However, other embodiments can be used based on the teachings as disclosed in this application.
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[0012]  The terms “comprises,” “comprising,” “includes,” “including,” “has,” “having” or any other
variation thereof, are intended to cover a non-exclusive inclusion. For example, a method, article, or
apparatus that comprises a list of features is not necessarily limited only to those features but may
include other features not expressly listed or inherent to such method, article, or apparatus. Further,
unless expressly stated to the contrary, “or” refers to an inclusive-or and not to an exclusive-or. For
example, a condition A or B is satisfied by any one of the following: A is true (or present) and B is
false (or not present), A is false (or not present) and B is true (or present), and both A and B are true
(or present).

[0013]  Also, the use of “a” or “an” is employed to describe elements and components described
herein. This is done merely for convenience and to give a general sense of the scope of the invention.
This description should be read to include one, at least one, or the singular as also including the plural,
or vice versa, unless it is clear that it is meant otherwise. For example, when a single item is
described herein, more than one item may be used in place of a single item. Similarly, where more
than one item is described herein, a single item may be substituted for that more than one item.
[0014]  Asused herein, the term “substantially” refers to a deviation of less than about 5% of the
value as described in the whole state, such as less than about 4% of the value as described in the
whole state, or even less than about 2% of the value as described in the whole state. For example, the
phrase “substantially devoid” may refer to a characteristic that is at least about 95% devoid, such as at
least about 96% devoid, or even at least 98% devoid of that characteristic.

[0015]  Asused herein, all standards are to be construed as the standard in place as of the time of
the effective date. Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. The materials, methods, and examples are illustrative only and not intended to be limiting.
To the extent not described herein, many details regarding specific materials and processing acts are
conventional and may be found in textbooks and other sources within the sealing arts.

[0016] A rotary shaft seal housing in accordance with one or more of the embodiments described
herein can generally include a body having an aperture defining a central axis and a flange extending
from the body towards the central axis.

[0017] A rotary shaft seal in accordance with one or more of the embodiments described herein can
generally include a housing comprising a body having an aperture defining a central axis and a flange
extending from the body towards the central axis. The rotary shaft seal can further include a sealing
element secured between the housing and the flange. In this regard, the sealing element can be
crimped within a cavity of the housing.

[0018] The flange includes a first surface contiguous with the cavity, a second surface opposite the
first surface, and a third surface extending between the first and second surfaces. In particular
embodiments, the first surface can be generally smooth and the third surface can extend towards the

central axis a distance beyond the inner surface of the body. In more particular embodiments, the
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second surface can be generally smooth. In operation, the rotary shaft seal can be installed between a
shaft and a bore, forming a seal therebetween.

[0019] Referring initially to FIGS. 1 and 2, a housing 100 in accordance with embodiments described
herein can generally include a body 102 and a flange 110 extending from the body 102. The body can
have an aperture 104 defining a central axis 106 and a cavity 108 concentric to the central axis 106.
The flange 110 can extend radially inward from the body 102 toward the central axis 106.

[0020] Referring to FIG. 1, in particular embodiments, the aperture 104 further defines an inner
surface 118 of the body 102. The inner surface 118 extends in a direction generally parallel with the
central axis 106. As used herein, the phrases “generally parallel” and “substantially parallel” are
interchangeable and refer to an angular offset between two axes or planes of less than about 1°, such
as less than about 0.5°, or even less than about 0.25°.

[0021] The flange 110 can include a surface 112, a surface 114 opposite the surface 112, and a
surface 116 extending between the surfaces 112 and 114. The surface 112 of the flange 110 can be
contiguous with the cavity 108, such that the surface 112 is coplanar with an axial end of the cavity
108. In such a manner, the surface 112 can act as a bounding wall of the cavity 108.

[0022] As contemplated herein, the surface 112 can be generally smooth, for example, it is free from
projections, notches, grooves, channels, serrations, bumps, or any combination thereof. After reading
this application, those skilled in the art will understand that surface roughness, such as caused during
the normal manufacturing of the rotary shaft seal housing 100, constitutes “generally smooth™ as used
herein. The term “smooth™ as used herein can generally refer to an enhanced surface finish, for
example, polished, buffed, etc. A smooth, or generally smooth, surface 112 can help to facilitate
greater operable life expectancy of the rotary shaft seal 1 by reducing the propensity of the rotary
shaft seal housing 100 to bite, puncture, or otherwise mark the sealing element, as will be described in
greater detail below.

[0023] As also contemplated herein, the surfaces 114 and 116 can be generally smooth, for example,
the surfaces 114 and 116 are free from projections, notches, grooves, channels, serrations, bumps, or
any combination thereof, with the exception of those caused during the normal manufacturing of the
rotary shaft seal housing 100. In yet further embodiments, the surfaces 114 and 116 can be smooth.
[0024] In a particular embodiment, the surfaces 112 and 114 of the flange 110 can be substantially
parallel. Alternatively, the surfaces 112 and 114 can be offset from each other by a relative angle
therebetween. The surface 116 can extend perpendicular to surface 112 or surface 114. In this regard,
the surface 116 can extend generally parallel with the central axis 106. While the surface 116 can be
arranged to be nonparallel with the central axis 106, it should be understood by one of ordinary skill
that such arrangement creates an acute angled edge that may damage the sealing member during
prolonged operation.

[0025] In particular embodiments, the surface 116 can form an innermost surface of the housing 100.

In such a manner, the housing 100 can have a minimum radial diameter, Dgy, as measured between

3.



WO 2015/148986 PCT/US2015/023110

diametrically opposite locations along the third surface 116. The inner surface 118 of the body 102
can have a diameter that is greater than Dgyun by a distance, Dg;, as measured in a direction
perpendicular to the central axis 106.

[0026] In particular embodiments, a ratio of the diameter of the inner surface 118 to Dy can be at
least about 1.1:1.0, such as at least about 1.2:1.0, at least about 1.3:1.0, or even at least about 1.4:1.0.
Moreover, the ratio of the diameter of the inner surface 118 to Dy may not be greater than about
3.0:1.0, such as no greater than about 2.5:1, or even no greater than about 2.0:1.0. The ratio of the
diameter of the inner surface 118 to Dgymy can also be within a range between and including any of
the values described above, such as, for example, between about 1.2:1.0 and about 1.3:1.0.

[0027] Referring now to FIG. 2, in particular embodiments, the aperture 104 can further define an
inner surface 120 of the body 102 extending in a direction that is not parallel with the central axis 106.
In this regard, the inner surface 120 can be disposed at a relative angle, B, as measured with respect to
the central axis 106, wherein { is at least about 1°, such as at least about 5°, at least about 15°, at least
about 25°, or even at least about 45°. Moreover, 3 can be no greater than about 80°, such as no
greater than about 75°, no greater than about 70°, no greater than about 65°, no greater than about 60°,
no greater than about 55°, or even no greater than about 50°. {3 can also be within a range between
and including any of the values described above, such as, for example, between about 20° and about
30°.

[0028] In yet a more particular embodiment, B is in a range of about 20° and about 25°. Within this
range, the inner surface 120 can have a minimum diameter, Disyn, and a maximum diameter, Dispax,
wherein a ratio of Digyax:Disvy 18 at least about 1.1:1.0, such as at least about 1.15:1.0, or even at
least about 1.2:1.0. Moreover, the ratio of Digyax:Disymy can be no greater than about 3.0:1.0, such as
no greater than about 2.0:1.0, or even no greater than about 1.5:1.0. In further embodiments, the ratio
of Dispax:Dismin can be within a range between and including any of the values described above, such
as, for example, between about 1.15:1.0 and about 1.20:1.0. Having a ratio within the above
described ranges may permit the rotary shaft seal housing 100 to adjust for axial misalignment of an
inner component disposed therein by allowing the inner component a greater opening in which to
bend, while simultaneously providing sufficient structural integrity to maintain the operable life
expectancy of the rotary shaft seal 1.

[0029] As contemplated herein, and as illustrated in FIG. 2, when viewed in cross section, the inner
surface 120 of the body 102 can lie along a straight line. In this regard, the inner surface 120 can have
a generally frustoconical shape. In an alternate embodiment (not illustrated), when viewed in cross
section, the inner surface 120 can lie along an arcuate line so as to have a concave or convex shape.

In yet another embodiment (not illustrated), when viewed in cross section, the inner surface 120 can

have a step-like, or serrated, shape. One of ordinary skill in the art will recognize that the inner
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surface 120 can have any number or combination of shapes without changing the sealing performance
of the rotary shaft seal 1.

[0030] As illustrated in FIGS. 1 and 2, the housing 100 can be monolithic, such that it can be
manufactured from a contiguous piece of material. In particular embodiments, the housing 100 can
generally comprise a copper-zinc alloy. In more particular embodiments, the housing 100 can further
comprise lead.

[0031] In certain embodiments, the housing 100 can comprise a material having a Brinell hardness
(HB) in a range of about 70 to about 150, such as in a range of about 75 to about 145, in a range of
about 80 to about 140, in a range of about 85 to about 135, in a range of about 90 to about 130, in a
range of about 95 to about 125, in a range of about 100 to about 120, or even in a range of about 105
to about 115.

[0032] In particular embodiments, the housing 100 can comprise a material having a tensile strength
of at least about 350 MPa, such as at least about 360 MPa, at least about 370 MPa, at least about 380
MPa, at least about 390 MPa, at least about 400 MPa, or even at least about 410 MPa. Moreover, the
housing 100 can comprise a material having a tensile strength of no greater than about 480 MPa, such
as no greater than about 470 MPa, no greater than about 460 MPa, no greater than about 450 MPa, no
greater than about 440 MPa, no greater than about 430 MPa, no greater than about 420 MPa, or even
no greater than about 410 MPa. The rotary shaft seal housing can also comprise a tensile strength
within a range between and including any of the values described above, such as, for example,
between about 375 MPa and about 410 MPa.

[0033] In further embodiments, the housing 100 can comprise a material having a modulus of
elasticity of no less than about 80 GPa, such as no less than about 90 GPa, no less than about 100
GPa, no less than about 110 GPa, no less than about 120 GPa, or even no less than about 130 GPa.
Moreover, the housing 100 can comprise a material having a modulus of elasticity of no greater than
about 300 GPa, such as no greater than about 275 GPa, no greater than about 250 GPa, no greater than
about 225 GPa, no greater than about 200 GPa, no greater than about 175 GPa, or even no greater
than about 150 GPa. The housing 100 can also comprise a material having a modulus of elasticity
within a range between and including any of the values described above, such as, for example,
between about 125 GPa and about 150 GPa.

[0034] Material properties for the housing 100, such as those described above, can generally provide
sufficient structural integrity to increase the operable life expectancy of the rotary shaft seal 1 without
unnecessarily increasing the brittleness or weight of the housing 100. In this regard, the rotary shaft
seal 1 can be adapted to adjust for mechanical wear, for example, not increase in leakage rate of more
than about 1%, for at least about 6 million cycles, such as at least about 7 million cycles, at least about

10 million cycles, at least about 15 million cycles, or even at least about 20 million cycles.



WO 2015/148986 PCT/US2015/023110

[0035] To further increase operable life expectancy of the rotary shaft seal 1, it may be desirable that
the housing 100 be devoid, or substantially devoid, of structural cracking or pitting, which may cause
or accelerate fatigue and failure.

[0036] In certain applications the housing may be exposed to caustic or potentially damaging fluid.
In such applications, a surface coating may be applied to the housing in order to mitigate, or
eliminate, direct contact of the fluids on the housing. In certain applications, it may be necessary to
surface treat the housing using a mechanical or chemical process. In particular embodiments, the
housing can be treated using one or more techniques, such as, for example, laser melting or ablation,
mechanical sandblasting or chemical picking. In further embodiments, the housing can be treated by
galvanizing, chromate or phosphate treatments, or anodizing. It should be understood that the rotary
shaft seal 1 in accordance with this disclosure is not intended to be limited by the material selection of
the housing 100, and that the above description is merely exemplary.

[0037] As illustrated in FIGS. 1 and 2, the housing 100 can further comprise a first axial end 122 and
a second axial end 124 opposite the first axial end 122. The first and second axial ends 122 and 124
can be generally parallel. Moreover, the first and second axial ends 122 and 124 can be orientated
along a plane that the first and second axial ends 122 and 124 are generally perpendicular to the
central axis 106. A radially outermost surface 126 extends between the first and second axial ends
122 and 124 and has a length, L. In particular embodiments, a ratio of L to a diameter, Dypyax, of
the radially outermost surface 126, can be at least about 1:5, such as at least about 1:4, or even at least
about 1:3. In further embodiments, the ratio of Li:Dmyax can be no greater than about 2:1, such as no
greater than about 1:1, or even no greater than about 1:2. The ratio of Li:Dyax can also be within a
range between and including any of the values described above, such as, for example, between about
1.0:4.5 and about 1.0:3.5.

[0038] In particular embodiments, such as, for example, as shown in FIG. 3, the radially outermost
surface 126 can comprise a bevel 128 at the first axial end 122 of the body 102, or a bevel 130 at the
second axial end 124 of the body 102. The bevels 128 and 130 can extend at least partially, or
entirely, around a circumference of the body 102. The bevels 128 and 130 can reduce the weight of
the housing 101, facilitate easier assembly of the housing 100 into a bore of an outer component (not
shown) by creating a guide portion, reduce damage resulting from impact of the housing 100 into a
surface of the outer component, or provide another suitable benefit, or any combination thereof.
[0039] As illustrated in FIG. 3, the rotary shaft seal 1 includes the housing 100, as described above,
and a sealing element 200 disposed within the cavity 108 of the housing 100. As illustrated in FIG. 4,
the flange 110 can be bent axially in a direction toward the sealing element 200 to secure the sealing
element 200 at least partially within the housing 100. In this regard, the sealing element 200 can be
crimped within the cavity 108 by the combination of the body 102 and the flange 110.

[0040] Referring to FIGS. 3 and 5, the sealing element 200 can generally comprise a body 202

having an opening 204 extending therethrough. The body 202 can be annular, or generally annular,
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and can fit within the cavity 108. The opening 204 can be centrally located within the body 202 such
that a central axis 106 of the body is coaxial with a central axis of the opening 204.

[0041] As illustrated in FIG. 4, the opening 204 can define a diameter, Do. In particular
embodiments, Dg is no greater than about 0.75 Dy, such as no greater than about 0.60 Dy, or
even no greater than about 0.50 Dyyy. In further embodiments, Dy is no less than about 0.05 Dy,
such as no less than about 0.20 Dy, or even no less than about 0.40 Dipymy. Moreover, Dg can be
within a range between and including any of the values described above, such as, for example,
between about 0.45 Dy and about 0.55 Dgyn.

[0042] Referring again to FIG. 3, the sealing element 200 has a thickness, Tsg, as measured prior to
crimping the sealing element 200 within the cavity 108, and as measured in a direction parallel with
the central axis 106 of the housing 100. In particular embodiments, Tsg can be no greater than about
0.5 mm, such as no greater than about 0.45 mm, or even no greater than about 0.38 mm. Moreover,
Tqr can be no less than about 0.30 mm, such as no less than about .32 mm, no less than about 0.35
mm, or even no less than about 0.37 mm. Tsg can also be within a range between and including any
of the values described above, such as, for example, between about 0.35 mm and about 0.40 mm.
Previously known rotary shaft seals that use a crimped sealing element have a sealing element
gripping surface with a high surface roughness, for example, as caused by projections, notches,
grooves, channels, serrations, bumps, or any combination thereof. Such rotary shaft seals generally
require the use of thicker sealing elements in order to prevent puncture or tearing of the sealing
element during manufacture and operation of the rotary shaft seal. Otherwise, any unusually high
radial or axial forces exhibited on the sealing element during manufacture and operation may reduce
sealing characteristics and performance. Smooth sealing element engagement surfaces, such as those
exhibited by the surfaces 112 and 116 of the flange 110 may reduce unnecessary bite, or puncture,
into the sealing element 200 and can enhance the effective operable life expectancy of the rotary shaft
seal 1.

[0043] A particular advantage of sealing elements 200 having a small Tgg (for example, less than
about 0.40 mm) is that they can exhibit increased flexibility which can allow the sealing member to
operate with smaller or more delicate inner components. In this regard, the rotary shaft seal 1 in
accordance with the embodiments herein can receive and provide effective sealing with inner
components having diameters of no greater than about 20 mm, such as no greater than about 15 mm,
no greater than about 10 mm, no greater than about 7 mm, or even no greater than about 6 mm.
[0044] To affect sufficient structural integrity of the sealing element 200, in particular embodiments,
the sealing element 200 can comprise a material having a modulus of elasticity of no less than about
0.01 GPa, such as no less than about 0.05 GPa, no less than about 0.1 GPa, or even no less than about
0.5 GPa. In further embodiments, the sealing element 200 can comprise a material having a modulus
of elasticity of no greater than about 5 GPa, such as no greater than about 4 GPa, no greater than

about 3 GPa, no greater than about 2 GPa, no greater than about 1 GPa, or even no greater than about
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0.75 GPa. Moreover, in yet further embodiments, the sealing element 200 can comprise a material
having a modulus of elasticity within a range between and including any of the values described
above, such as, for example, between about 0.6 GPa and about 0.8 GPa.

[0045] In particular embodiments, the sealing element 200 can comprise a material having a flexural
modulus, as measured according to ASTM D790, of no less than about 200 MPa, such as no less than
about 250 MPa, no less than about 300 MPa, no less than about 350 MPa, or even no less than about
400 MPa. In further embodiments, the sealing element 200 can comprise a material having a flexural
modulus of no greater than about 2,000 MPa, such as no greater than about 1,500 MPa, no greater
than about 1,000 MPa, or even no greater than about 750 MPa. Moreover, in yet further
embodiments, the sealing element 200 can comprise a material having a flexural modulus within a
range between and including any of the values described above, such as, for example, between about
700 MPa and about 750 MPa.

[0046] In further embodiments, the sealing element 200 can comprise a material having a coefficient
of linear thermal expansion, as measured according to ASTM E228, of no less than about 8x10”
mm/mm°C, no less than about 8.5x10” mm/mm°C, no less than about 9x10” mm/mm°C, no less than
about 9.5x10” mm/mm°C, or no less than about 10x10° mm/mm°C. In further embodiments, the
sealing element, can comprise a material having a coefficient of linear thermal expansion of no greater
than about 15x10” mm/mm°C, no greater than about 13x10” mm/mm°C, no greater than about
12x10° mm/mm°C, or no greater than about 11x10” mm/mm°C. Moreover, in yet further
embodiments, the sealing element 200 can comprise a material having a coefficient of linear thermal
expansion within a range between and including any of the values described above, such as, for
example, between about 9.5x10” mm/mm°C and about 10x10” mm/mm°C.

[0047] In certain embodiments, the sealing element 200 can comprise a material having a static
coefficient of friction, as measured against polished steel, within a range between about 0.01 and
about 0.20, such as between about 0.02 and about 0.15, or even between about 0.04 and about (.10.
[0048] The sealing element 200 can at least partially comprise a polymer. In certain embodiments,
the amount of polymer in the sealing element 200 can be reduced to accommodate a filler, which can
improve the lubrication and wear rate of the rotary shaft seal 1. For example, the polymer may be
present in sealing element 200 in an amount of no greater than about 98 wt%, such as no greater than
about 95 wt%, or even no greater than about 92 wt%. In further embodiments, the polymer can be
present in the sealing element 200 in an amount sufficient to maintain the structural integrity of the
sealing element 200. For example, the polymer can be present in the sealing element 200 in an
amount of at least about 60 wt%, such as at least about 70 wt%, at least about 85 wt%, or even at least
about 88 wt%. Moreover, the polymer can be present in the sealing element 200 in an amount within
arange between and including any of the values described above, such as, for example, between about
85 wt% and about 92 wt%. The above values are based on the total weight of the sealing member
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[0049] One particular polymer for use in the sealing element 200 is a fluoropolymer. In a particular
embodiment, the fluoropolymer can include a polytetrafluoroethylene (PTFE).

[0050] Any of the previously described sealing elements 200 can further include a filler. The filler
can improve the lubrication and wear rate of the sealing element 200. In an embodiment, the filler can
be present in the sealing element 200 in an amount of at least about 2 wt%, such as at least about

5 wt%, or even at least about 8 wt%. Too much filler (for example, greater than 40 wt%) may
adversely affect the sealing properties or structural integrity of the sealing element 200. Rotary shaft
seals depend on the sealing element to stretch and be resilient. Thus, the fillers are present in the
sealing element 200 in an amount of no greater than about 40 wt%, such as no greater than about 30
wt%, no greater than about 25 wt%, or even no greater than about 15 wt%. Moreover, the filler can
be present in the sealing element 200 in an amount within a range between and including any of the
values described above, such as, for example, between about 8 wt% and about 15 wt%. The above
values are based on the total weight of the sealing member 200.

[0051] The filler can include a metallic filler, a glass fiber, a polymer powder, a ceramic, an aramid,
a carbon, a molybdenum disulfide, or any combination thereof. Moreover, the filler can include a
wallonstonite, a mica, a barium sulfate, a tungsten disulfide, a nickel powder, a polyphenyl sulfide
(PPS), a crosslinked polytetrafluoroethylene, a polyimide (PI), a polyether ether ketone (PEEK), a
bronze, a silicon carbide, a boron nitride, a carbon fiber, a powder coated with various metallic, a
polybenzimidazole (PBI), or any combination thereof.

[0052] As illustrated in FIG. 5, the sealing element 200 may be disposed within the cavity 108 of the
housing 102 at a location between the body 100 and the surface 112 of the flange 110. During
manufacturing of the rotary shaft seal 1, the flange 110 can be crimped, or bent, in an axial direction
toward the sealing element 200. In this regard, the sealing element 200 can form a compression fit
between the body 102 and the surface 112 of the flange 110.

[0053] In certain embodiments, after manufacturing, and as illustrated in FIG. 5, the flange 110 can
define a portion 134 disposed at an orientation generally perpendicular to the central axis 106, and a
portion 136 disposed at an angle, o, as measured relative to the portion 134. In a particular
embodiment, o. can be at least about 1°, such as at least about 2°, at least about 3°, at least about 4°, at
least about 5°, at least about 10°, at least about 15°, or even at least about 20°. In a further
embodiment, o, can be no greater than about 45°, such as no greater than about 40°, no greater than
about 35°, no greater than about 30°, or even no greater than about 25°. Moreover, o can be within a
range between and including any of the values described above, such as, for example, between about
10° and about 15°.

[0054] At least one indentation 132 may be disposed on the surface 114 of the flange 110 as an
artifact left from the process of crimping the flange 110. The at least one indentation 132 can be
spaced apart from the surface 116 of the flange 110 by a radial distance, D;. Referring again to FIG.

3, the surface 114 can have a radial length, I.gs, as measured from the third surface 116 to the radial
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outermost surface 126. In particular embodiments, [.ss/D; can be at least about 2, such as at least
about 3, at least about 4, at least about 5, at least about 10, or even at least about 15. In further
embodiments, I.ss/D; can be no greater than about 30, such as no greater than about 25, or even no
greater than about 20. Moreover, Lss/D; can be within a range between and including any of the
values described above, such as, for example, between about 4 and about 5. A ratio of Lgo/Dy that is
too low (for example, 1.1) or too high (for example, 20) may cause the housing 100 to crack during
manufacturing as the forces used to crimp the flange 110 may be too close to an end surface of the
housing 100, for example, the surface 116 or the radially outermost surface 126.

[0055] In certain embodiments, the at least one indentation 132 can lie along a generally circular
path. In further embodiments, the at least one indentation 132 can be generally concentric with the
central axis 106 of the housing 102.

[0056] Many different aspects and embodiments are possible. Some of those aspects and
embodiments are described below. After reading this specification, skilled artisans will appreciate
that those aspects and embodiments are only illustrative and do not limit the scope of the present
invention. Embodiments may be in accordance with any one or more of the items as listed below.
[0057] Item 1. A rotary shaft seal housing comprising:

a body having an aperture defining a central axis and an inner surface, the body defining a
cavity concentric to the central axis of the aperture and extending outward from the
central axis and into the body; and

a flange extending inward toward the central axis a distance beyond the inner surface, the
flange having a first surface contiguous with the cavity and a second surface opposite
the first surface,

wherein the cavity is adapted to hold a sealing element, and wherein the first surface is
generally smooth.

[0058] Item 2. A rotary shaft seal comprising:

a housing including:

a body having an aperture defining a central axis and an inner surface, the body
defining a cavity concentric to the central axis of the aperture and extending
outward from the central axis and into the body; and

a flange extending inward toward the central axis, the flange having a first surface
contiguous with the cavity, a second surface opposite the first surface, and a
third surface extending therebetween; and

a sealing element positioned at least partially within the cavity of the body,

wherein the first and third surfaces are generally smooth, and wherein the first surface is
crimped against the sealing element.

[0059] Item 3. A rotary shaft seal comprising:
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a housing including a body having an aperture defining a central axis and an inner surface, the
body defining a cavity extending outward from the central axis and into the body, and
a flange extending inward toward the central axis, the flange having a first surface
contiguous with the cavity and a second surface opposite the first surface; and
a sealing element secured within the cavity of the body, the sealing element having an
undeformed thickness, Tsg, as measured in a direction parallel with the central axis of
the aperture, wherein Tgg is no greater than about 0.5 mm,
wherein the rotary shaft seal is adapted to operate for at least about 5 million cycles.
[0060] Item 4. The rotary shaft seal housing or rotary shaft seal of any one of items 1-3, wherein,
when viewed in a plane extending radially from the central axis, at least a portion of the inner surface
is disposed at an angle, B, as measured with respect to the central axis, and wherein B is at least about
1°, at least about 5°, at least about 10°, at least about 15°, at least about 20°, at least about 25°, at least
about 30°, at least about 35°, at least about 40°, or at least about 45°.
[0061] Item 5. The rotary shaft seal housing or rotary shaft seal of item 4, wherein B is no greater
than about 80°, no greater than about 75°, no greater than about 70°, no greater than about 65°, no
greater than about 60°, no greater than about 55°, or no greater than about 50°.
[0062] Item 6. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the inner surface has a minimum diameter, Dy, and a maximum diameter, Digyax, and
wherein a ratio of Digyax:Disyy 18 no greater than about 3:1, no greater than about 2:1, or no greater
than about 1.5:1.
[0063] Item 7. The rotary shaft seal housing or rotary shaft seal of item 6, wherein Digyax:Disyvy 18 at
least about 1.1:1, at least about 1.15:1, or at least about 1.2:1.
[0064] Item 8. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein, when viewed in cross section, the inner surface lies along a straight line.
[0065] Item 9. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the first and second surfaces of the flange are substantially parallel.
[0066] Item 10. The rotary shaft seal housing or rotary shaft seal of any one of items 1 or 3-9,
wherein the flange further comprises a third surface extending between the first and second surfaces.
[0067] Item 11. The rotary shaft seal housing or rotary shaft seal of any one of items 2 or 10, wherein
the first, second, and third surfaces are generally smooth.
[0068] Item 12. The rotary shaft seal housing or rotary shaft seal of any one of items 2, 10, or 11,
wherein the first, second, and third surfaces are smooth.
[0069] Item 13. The rotary shaft seal housing or rotary shaft seal of any one items 2 or 10-12,
wherein the central axis is closer to the third surface than the inner surface of the housing.
[0070] Item 14. The rotary shaft seal of any one of the preceding items, wherein the second surface

includes at least one indentation.
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[0071] Item 15. The rotary shaft seal of item 14, wherein the at least one indentation is spaced apart
from the third surface of the flange.
[0072] Item 16. The rotary shaft seal of any one of items 14 or 15, wherein, when viewed in a plane
extending radially from the central axis, the second surface has a length, I.gs, as measured from the
third surface, wherein the at least one indentation is spaced apart from the third surface by a distance,
Dy, and wherein Lgg/Dy is at least about 2, at least about 3, at least about 4, at least about 5, at least
about 10, or at least about 15.
[0073] Item 17. The rotary shaft seal of item 16, wherein Iss/Dy is no greater than about 30, no
greater than about 25, or no greater than about 20.
[0074] Item 18. The rotary shaft seal of any one of items 14-17, wherein the at least one indentation
lies along a generally circular path.
[0075] Item 19. The rotary shaft seal of any one of items 14-18, wherein the at least one indentation
is generally concentric with the central axis.
[0076] Item 20. The rotary shaft seal of any one of items 2-19, wherein, when viewed in a plane
extending radially from the central axis, the second surface further comprises:

a first portion disposed at an orientation generally perpendicular with the central axis; and

a second portion disposed at an angle, o, as measured relative to the first portion.
[0077] Ttem 21. The rotary shaft seal of item 20, wherein o is at least about 1°, at least about 2°, at
least about 3°, at least about 4°, at least about 5°, at least about 10°, at least about 15°, or at least about
20°.
[0078] Item 22. The rotary shaft seal of any one of items 16 or 17, wherein o. is no greater than about
45°, no greater than about 40°, no greater than about 35°, no greater than about 30°, or no greater than
about 25°.
[0079] Item 23. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing comprises a copper-zinc alloy.
[0080] Item 24. The rotary shaft seal housing or rotary shaft seal of item 23, wherein the housing
further comprises a lead.
[0081] Item 25. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing comprises a material having a Brinell hardness (HB) in a range of about 70 to
about 150, in a range of about 75 to about 145, in a range of about 80 to about 140, in a range of about
85 to about 135, in a range of about 90 to about 130, in a range of about 95 to about 125, in a range of
about 100 to about 120, or in a range of about 105 to about 115.
[0082] Item 26. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing comprises a material having a tensile strength of at least about 350 megapascal
(MPa), at least about 360 MPa, at least about 370 MPa, at least about 380 MPa, at least about 390
MPa, at least about 400 MPa, or at least about 410 MPa.
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[0083] Item 27. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing comprises a material having a tensile strength of no greater than about 480 MPa,
no greater than about 470 MPa, no greater than about 460 MPa, no greater than about 450 MPa, no
greater than about 440 MPa, no greater than about 430 MPa, no greater than about 420 MPa, or no
greater than about 410 MPa.
[0084] Item 28. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing comprises a material having a modulus of elasticity of no less than about 80
gigapascal (GPa), no less than about 90 GPa, no less than about 100 GPa, no less than about 110 GPa,
no less than about 120 GPa, or no less than about 130 GPa.
[0085] Item 29. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing comprises a material having a modulus of elasticity of no greater than about 300
GPa, no greater than about 275 GPa, no greater than about 250 GPa, no greater than about 225 GPa,
no greater than about 200 GPa, no greater than about 175 GPa, or no greater than about 150 GPa.
[0086] Item 30. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing is substantially devoid of structural cracking.
[0087] Item 31. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing is devoid of structural cracking.
[0088] Item 32. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing further comprises a surface coating.
[0089] Item 33. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing is surface treated.
[0090] Item 34. The rotary shaft housing or rotary shaft seal of any one of the preceding items,
wherein the housing further comprises:

a first axial end;

a second axial end; and

a radially outermost surface extending between the first and second axial ends.
[0091] Item 35. The rotary shaft seal housing or rotary shaft seal of item 34, wherein the radially
outermost surface comprises a first bevel at the first axial end.
[0092] Item 36. The rotary shaft seal housing or rotary shaft seal of item 35, wherein the radially
outermost surface further comprises a second bevel at the second axial end.
[0093] Item 37. The rotary shaft seal housing or rotary shaft seal of any one of items 34-36, wherein
the radially outermost surface of the housing has an axial length, Ly, as measured from the first axial
end to the second axial end, wherein the radially outermost surface of the housing has a diameter,
Dmvax, and wherein Li:Divax 18 at least about 1:5, at least about 1:4, or at least about 1:3.
[0094] Ttem 38. The rotary shaft seal housing or rotary shaft seal of item 37, wherein Li:Dyax is no

greater than about 2:1, no greater than about 1:1, or no greater than about 1:2.
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[0095] Item 39. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a material having a modulus of elasticity of no less than about
0.01 gigapascal (GPa), no less than about 0.05 GPa, no less than about 0.1 GPa, or no less than about
0.5 GPa.

[0096] Item 40. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a material having a modulus of elasticity of no greater than
about 5 GPa, no greater than about 4 GPa, no greater than about 3 GPa, no greater than about 2 GPa,
no greater than about 1 GPa, or no greater than about 0.75 GPa.

[0097] Item 41. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a material having a Flexural Modulus, as measured according
to ASTM D790, of no less than about 200 megapascal (MPa), no less than about 250 MPa, no less
than about 300 MPa, no less than about 350 MPa, or no less than about 400 MPa.

[0098] Item 42. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a material having a Flexural Modulus, as measured according
to ASTM D790, of no greater than about 2,000 MPa, no greater than about 1,500 MPa, no greater
than about 1,000 MPa, or no greater than about 750 MPa.

[0099] Item 43. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a material having a coefficient of linear thermal expansion, as
measured according to ASTM E228, of no less than about 8x10” mm/mm°C, no less than about
8.5x10” mm/mm°C, no less than about 9x10” mm/mm°C, no less than about 9.5x10”° mm/mm°C, or
no less than about 10x10” mm/mm°C.

[00100] Item 44. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a material having a coefficient of linear thermal expansion, as
measured according to ASTM E228, of no greater than about 15x10” mm/mm°C, no greater than
about 13x10” mm/mm°C, no greater than about 12x10” mm/mm°C, or no greater than about 11x10”
mm/mm°C.

[00101]Item 45. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a material having a static coefficient of friction against
polished steel within a range between about 0.01 and about 0.20, between about 0.02 and about 0.15,
or between about 0.04 and about 0.10.

[00102] Item 46. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises a fluoropolymer.

[00103]Item 47. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the sealing element comprises polytetrafluoroethylene (PTFE).

[00104] Item 48. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,

wherein the sealing element has an annular shape.
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[00105] Item 49. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein, when viewed from a top view, the sealing element comprises an opening.

[00106] Item 50. The rotary shaft seal housing or rotary shaft seal of item 49, wherein the opening has
a diameter, Do, wherein the housing has a minimum diameter, Dy, as measured at the flange, and
wherein Dy, is no greater than about 0.75 Dy, no greater than about 0.60 Dy, or no greater than
about 0.50 Dy

[00107]Item 51. The rotary shaft seal housing or rotary shaft seal of item 50, wherein Dy is no less
than about 0.05 Dy, no less than about 0.20 Dy, or no less than about 0.40 Dy

[00108] Item 52. The rotary shaft seal according to any one of items 1 or 2, wherein the sealing
element has an undeformed thickness, Tgg, as measured in a direction parallel with the central axis of
the aperture, and wherein Tgg is no greater than about 0.5 mm

[00109]Item 53. The rotary shaft seal according to any one of items 3-52, wherein Tgg is no greater
than about 0.45 mm, no greater than about 0.40 mm, or no greater than about 0.38 mm.

[00110]Item 54. The rotary shaft seal according to any one of items 3-53, wherein T is no less than
about 0.30 mm, no less than about 0.32 mm, no less than about 0.35 mm, or no less than about 0.37
mm.

[00111]Item 55. The rotary shaft seal housing or rotary shaft seal of any one of the preceding items,
wherein the housing is adapted to receive a shaft through the aperture, the shaft having a diameter of
no greater than about 20 mm, no greater than about 15 mm, no greater than about 10 mm, no greater
than about 7 mm, or no greater than about 6 mm.

[00112]Item 56. The rotary shaft seal of any one of the preceding items, wherein the rotary shaft seal
is adapted to operate for at least about 6 million cycles, such as at least about 7 million cycles, at least
about 10 million cycles, at least about 15 million cycles, or at least about 20 million cycles.

[00113] As compared to conventional rotary shaft seals, the rotary shaft seals in accordance with the
concepts as described herein provide enhanced sealing characteristics over extended durations of
operable life expectancy. The rotary shaft seals as described herein can exhibit high sealing
performance while simultaneously having a low wear rate.

[00114] Many different aspects and embodiments are possible. Some of those aspects and
embodiments are described below. After reading this specification, skilled artisans will appreciate
that those aspects and embodiments are only illustrative and do not limited the scope of the present
invention.

[00115]In a first aspect, a rotary shaft seal housing can include a body having an aperture defining a
central axis and an inner surface, the body defining a cavity concentric to the central axis of the
aperture and extending outward from the central axis and into the body. The rotary shaft seal housing
can further include a flange extending inward toward the central axis a distance beyond the inner

surface of the body, the flange having a first surface contiguous with the cavity and a second surface
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opposite the first surface. The cavity of the rotary shaft seal housing can be adapted to hold a sealing
element. Moreover, the first surface of the flange of the rotary shaft housing can be generally smooth.
[00116] In an embodiment of the first aspect, when viewed in a plane extending radially from the
central axis, at least a portion of the inner surface of the body can be disposed at an angle, 6, as
measured with respect to the central axis, wherein 0 is at least about 1°, such as at least about 5°, at
least about 10°, at least about 15°, at least about 20°, at least about 25°, at least about 30°, at least
about 35°, at least about 40°, or even at least about 45°. In a further embodiment, 6 can be no greater
than about 80°, such as no greater than about 75°, no greater than about 70°, no greater than about
65°, no greater than about 60°, no greater than about 55°, or even no greater than about 50°.
[00117]In a second aspect, a rotary shaft seal can include a housing. The housing can include a body
having an aperture defining a central axis and an inner surface, the body defining a cavity concentric
to the central axis of the aperture and extending outward from the central axis and into the body. The
housing can further include a flange extending inward toward the central axis, the flange having a first
surface contiguous with the cavity, a second surface opposite the first surface, and a third surface
extending therebetween. The housing can further include a sealing element positioned at least
partially within the cavity of the body. The first and third surfaces can be generally smooth, and the
first surface can be crimped against the sealing element.

[00118]In a third aspect, a rotary shaft seal can include a housing and a sealing element. The housing
can include a body having an aperture defining a central axis and an inner surface, the body defining a
cavity extending outward from the central axis and into the body, and a flange extending inward
toward the central axis, the flange having a first surface contiguous with the cavity and a second
surface opposite the first surface. The sealing element can be secured within the cavity of the body,
the sealing element having an undeformed thickness, Tsg, as measured in a direction parallel with the
central axis of the aperture, wherein Tgg is no greater than about 0.5 mm. The rotary shaft seal can be
adapted to adjust for mechanical wear for at least about 5 million cycles.

[00119] Note that not all of the features described above are required, that a portion of a specific
feature may not be required, and that one ore more features may be provided in addition to those
described. Still further, the order in which features are described are not necessary the order in which
they are installed.

[00120] Certain features are, for clarity, described herein in the context of separate embodiments, may
also be provided in combination in a single embodiment. Conversely, various features that are, for
brevity, described in the context of a single embodiment, may also be provided separately or in any
subcombinations.

[00121] Benefits, other advantages, and solutions to problems have been described above with regard
to specific embodiments, However, the benefits, advantages, solutions to problems, and any
feature(s) that may cause any benefit, advantage, or solution to occur or become more pronounced are

not to be construed as a critical, required, or essential feature of any or all the claims.
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[00122] The specification and illustrations of the embodiments described herein are intended to
provide a general understanding of the structure of the various embodiments. The specification and
illustrations are not intended to serve as an exhaustive and comprehensive description of all of the
elements and features of apparatus and systems that use the structures or methods described herein.
Separate embodiments may also be provided in combination in a single embodiment, and conversely,
various features that are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any subcombination. Further, reference to values stated in ranges includes
each and every value within that range. Many other embodiments may be apparent to skilled artisans
only after reading this specification. Other embodiments may be used and derived from the
disclosure, such that a structural substitution, logical substitution, or any change may be made without
departing from the scope of the disclosure. Accordingly, the disclosure is to be regarded as

1lustrative rather than restrictive.
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CLAIMS

What is claimed is:

1.

4.

A rotary shaft seal housing comprising:

a body having an aperture defining a central axis and an inner surface, the body defining a
cavity concentric to the central axis of the aperture and extending outward from the
central axis and into the body; and

a flange extending inward toward the central axis a distance beyond the inner surface, the
flange having a first surface contiguous with the cavity and a second surface opposite
the first surface,

wherein the cavity is adapted to hold a sealing element, and wherein the first surface is
generally smooth.

A rotary shaft seal comprising:

a housing including:

a body having an aperture defining a central axis and an inner surface, the body
defining a cavity concentric to the central axis of the aperture and extending
outward from the central axis and into the body; and

a flange extending inward toward the central axis, the flange having a first surface
contiguous with the cavity, a second surface opposite the first surface, and a
third surface extending therebetween; and

a sealing element positioned at least partially within the cavity of the body,

wherein the first and third surfaces are generally smooth, and wherein the first surface is
crimped against the sealing element.

A rotary shaft seal comprising:

a housing including a body having an aperture defining a central axis and an inner surface, the
body defining a cavity extending outward from the central axis and into the body, and
a flange extending inward toward the central axis, the flange having a first surface
contiguous with the cavity and a second surface opposite the first surface; and

a sealing element secured within the cavity of the body, the sealing element having an
undeformed thickness, Tsg, as measured in a direction parallel with the central axis of
the aperture, wherein Tgg is no greater than about 0.5 mm,

wherein the rotary shaft seal is adapted to operate for at least about 5 million cycles.

The rotary shaft seal housing or rotary shaft seal of any one of claims 1-3, wherein, when

viewed in cross section, at least a portion of the inner surface is disposed at an angle, B, as measured

with respect to the central axis, and wherein f is at least about 1°, at least about 5°, at least about 10°,

at least about 15°, at least about 20°, at least about 25°, at least about 30°, at least about 35°, at least

about 40°, or at least about 45°.
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5. The rotary shaft seal housing or rotary shaft seal of any one of the preceding claims, wherein
the inner surface has a minimum diameter, Digvmy, and a maximum diameter, Disyax, and wherein a
ratio of Digyax:Dismv 18 no greater than about 3:1, no greater than about 2:1, or no greater than about
1.5:1.
6. The rotary shaft seal housing or rotary shaft seal of any one of the preceding claims, wherein,
when viewed in cross section, the inner surface lies along a straight line.
7. The rotary shaft seal housing or rotary shaft seal of any one of claims 1 or 3-6, wherein the
flange further comprises a third surface extending between the first and second surfaces.
8. The rotary shaft seal housing or rotary shaft seal of any one of claims 2 or 7, wherein the first,
second, and third surfaces are smooth.
9. The rotary shaft seal housing or rotary shaft seal of any one claims 2, 7, or 8, wherein the
central axis is closer to the third surface than the inner surface of the housing.
10. The rotary shaft seal of any one of the preceding claims, wherein the second surface includes
at least one indentation.
11. The rotary shaft seal of claim 10, wherein the at least one indentation is spaced apart from the
third surface of the flange.
12. The rotary shaft seal of any one of claims 2-11, wherein, when viewed in a plane extending
radially from the central axis, the second surface further comprises:

a first portion disposed at an orientation generally perpendicular with the central axis; and

a second portion disposed at an angle, o, as measured relative to the first portion.
13. The rotary shaft seal housing or rotary shaft seal of any one of the preceding claims, wherein
the housing is surface treated.
14. The rotary shaft seal according to any one of claims 1, 2, or 4 to 13, wherein the sealing
element has an undeformed thickness, Tgg, as measured in a direction parallel with the central axis of
the aperture, and wherein Tgg is no greater than about 0.5 mm.
15. The rotary shaft seal housing or rotary shaft seal of any one of the preceding claims, wherein
the housing is adapted to receive a shaft through the aperture, the shaft having a diameter of no greater
than about 20 mm, no greater than about 15 mm, no greater than about 10 mm, no greater than about 7

mm, or no greater than about 6 mm.
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Box No.II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.
because they relate to subject matter not required to be searched by this Authority, namely:

2. Claims Nos.: 11
because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:
Claim 11 is unclear, because it refers to multiple dependent claim which does not comply with PCT Rule 6.4(a). Therefore,
claim 11 is contrary to PCT Article ©.

3. [X] Claims Nos.: 5-10 and 12-15
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. |:| As all required addtional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be scarched without effort justifying an additional fees, this Authority did not invite payment
of any additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. I:l No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:| The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.
|:| No protest accompanied the payment of additional search fees.
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