wo 2017/034996 A1 |1 I} NN OO0 O N O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/034996 A1

2 March 2017 (02.03.2017) WIPOIPCT
(51) International Patent Classification: (74) Agents: FAIRBAIRN, David, R. et al.; Kinney & Lange,
F16J 15/24 (2006.01) F04B 1/12 (2006.01) P.A., 312 South Third Street, Minneapolis, Minnesota
F04B 15/02 (2006.01) 55415 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2016/047812 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
19 August 2016 (19.08.2016) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/208,293 21 August 2015 (21.08.2015) Us SD, SE, 8G, 8K, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: GRACO MINNESOTA INC. [US/US]; 88 . o
11th Avenue NE, Minneapolis, Minnesota 55413 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventor: HORNING, Jeromy, D.; 12385 58th Street NE, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

Albertville, Minnesota 55301 (US).

TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,

[Continued on next page]

(54) Title: PACKING STACKS FOR PISTON PUMPS

rings.

(57) Abstract: A packing or seal stack for a pump includes alternating first type
and second type packing rings of polymer material such as ultrahigh molecular
weight polyethylene (UHMWPE). The first and second type packing rings have
essentially identical geometry, and the second type packing rings are lubricant
filled polymer material. The geometry of the packing rings creates, when the
packing rings are stacked, contact points that are positioned in a core area near a
body center line of the ring bodies. Gaps are formed so that the packing rings do
not contact one another near the inner and outer radial portions of the packing



WO 2017/034996 A1 |IIWANK 00N 00T EREAR AR T

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:

GW, KM, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



10

15

20

25

30

WO 2017/034996 PCT/US2016/047812

PACKING STACKS FOR PISTON PUMPS
CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to U.S. Provisional Application No. 62/208,293
filed August 21, 2015, and entitled “PACKING STACKS FOR PISTON PUMPS,” the
disclosure of which is incorporated by reference in its entirety.

BACKGROUND

Various types of packings have been used to seal reciprocating piston pumps for
pumping paint and other materials. One construction for packing stacks has alternating V-
shaped packing rings (i.e. packing rings with a V-cross-section) of leather and a synthetic
material. The leather cushions and flexes with resiliency, allowing the synthetic material
to seal. This material combination has also proven compatible with a variety of solvents
and other components of the fluids to be pumped. However, it may be hard to maintain
consistent quality and mechanical performance with natural leather.

SUMMARY

In one embodiment, a packing stack is formed of alternating first type and second
type V-shaped packing rings. The first type V-shaped packing rings are formed of
ultrahigh molecular weight polyethylene (UHMWPE) material. The second type V-
shaped packing rings are formed of lubricant-filled UHMWPE material. The first and
second type V-shaped packing rings have essentially identical geometry.

In another embodiment, a packing stack comprises a plurality of first type V-
shaped packing rings formed of a first polymer material and a plurality of second type V-
shaped packing rings formed of a second polymer material. Each second type V-shaped
packing ring is positioned adjacent one of the first type V-shaped packing rings. Each of
the first type V-shaped packing rings and the second type V-shaped packing rings has a
convex front rib portion that includes an annular front apex surface, an annular outer front
angled surface, and an annular inner front angled surface, an annular outer side surface,
and an annular inner side surface, and an annular concave groove portion that includes an
annular trench surface, an annular outer rear angled surface, and annular inner rear angled
surface, an annular outer rear rim surface, and an annular inner rear rim surface. The
annular front apex surface is wider than the annular trench surface. The annular outer
front angled surface extends between the annular front apex surface and the annular outer
side surface, and the annular inner front angled surface extends between the annular front

apex surface and the annular inner side surface. The annular outer rear angled surface
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extends between the annular trench surface and the annular outer rear rim surface, and the
annular inner rear angled surface extends between the annular trench surface and the
annular inner rear rim surface. The annular outer rear rim surface extends between the
annular outer rear angled surface and the annular outer side surface, and the annular inner
rear rim surface extends between the annular inner rear angled surface and the annular
inner side surface. The annular outer front angled surface at the annular inner front angled
surface form a first angle, and the annular outer rear angled surface and the annular inner
rear angled surface form a second angle that is greater than the first angle.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1A and 1B are exploded and cross sectional views, respectively, of a piston
pump.

Fig. 2 is an exploded sectional view of a throat seal stack of the pump shown in
Figs. 1A and 1B, in which the throat seal stack is formed by alternating first type and
second type V-shaped packing rings of identical geometry.

Figs. 3A-3C are cross-sectional, top, and bottom views, respectively, of a V-
shaped packing ring of the throat seal stack.

Fig. 4 is a cross sectional view of adjacent stacked first and second type V-shaped
packing rings of identical geometry.

Figs. 5A and 5B are cross sectional views of a throat seal stack of first type and
second type V-shaped packing rings of identical geometry under lightly loaded and fully
loaded conditions, respectively.

DETAILED DESCRIPTION

Figs. 1A and 1B show piston displacement pump 10, which is an example of a
piston pump that can be used to pump paint and/or other solutions. While paint will be
used in this disclosure as an exemplar, it should be understood that this is merely one
example and that other fluids (such as water, oil, solvents, etc.) can be pumped instead of
paint.

Fig. 1A is an exploded view of pump 10, and Fig. 1B is a cross-sectional view of
pump 10. Figs. 1A and 1B will be discussed together.

Piston displacement pump 10 includes intake housing 12, O-ring 14, inlet check
valve 15 (formed by seal 16, ball 18, and ball guide 20), outlet check valve 21 (formed by
piston valve 22, seat 24, and ball 26), piston guide 28, female piston gland 30, piston seal
(or packing) stack 32 (formed by first type V-shaped piston packing rings 34A and
second type V-shaped piston packing rings 34B), male piston gland 36, O-ring 38, pump
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cylinder 40, displacement rod 42, male throat gland 44, throat seal (or packing) stack 46
(formed by first type V-shaped throat packing rings 48 A and second type V-shaped throat
packing rings 48B), female throat gland 50, O-ring 52, packing nut 54, and plug button
56. Also shown in Fig. 1A, but not in Fig. 1B, are retaining nuts 58 and pump outlet
fitting 60.

Intake housing 12 is threaded onto lower end 40L of pump cylinder 40. Inlet 62,
which is located at lower end 12L of intake housing 12, is connected through passage 64
to inlet check valve 15 (formed by seat 16, ball 18, and ball guide 20). Seat 16 is sealed to
intake housing 12 by O-ring 14. Ball guide 20 and seat 16 are held in place by lower end
40L of pump cylinder 40, which abuts upper flange 66 of ball guide 20. Lower end 40L
of pump cylinder 40 is sealed to the inner wall of intake housing 12 by O-ring 38.

Piston valve 22, seat 24, and ball 26 of outlet check valve 21 extend into bore 68
at lower end 42L of displacement rod 42. Outlet check valve 21, communicates with
outlet passage 70 of displacement rod 42.

Piston guide 28 mounts over piston valve 22 and rests on shoulder 72 of piston
valve 22, Female piston gland 30, piston seal stack 32 (formed by alternating first and
second type V-packing rings 34A and 34B), and male piston gland 36 are positioned
between the lower end 42L of displacement rod 42 and the inner wall of pump cylinder
40. Female piston gland 30 rests against piston guide 28 and shoulder 76 of piston valve
22. Internal shoulder 78 of male piston gland 36 engages shoulder 80 of displacement rod
42. Male piston gland 30, female piston gland 36, and V-packing rings 34A and 34B
provide a seal between displacement rod 42 and pump cylinder 40 that moves with
displacement rod 42 as it reciprocates. Piston glands 30 and 36 can slightly axially
compress packing rings 36A and 36B so that piston seal stack 32 experiences a preload.

Male throat gland 44, first type polymer V-shaped throat packing rings 48A,
second type polymer v-shaped throat packing rings 48B, and female throat gland 50 form
a seal between displacement rod 40 and upper end 40U of pump cylinder 40. Male throat
gland 44 rests against shoulder 82 on the interior wall of pump cylinder 40. Female throat
gland 50 is held in place by packing nut 54, which is inserted into upper end 40U of pump
cylinder 40. O-ring 52 seals packing nut 54 and pump cylinder 40. Plug button 84 inserts
into the upper end of packing nut 54. Upper end 42V of displacement rod 42 extends out
through passage 84 of plug button 56. Throat glands 44 and 50 and packing rings 48A
and 48B are held in place within pump cylinder 40 by packing nut 54. They provide a seal

between displacement rod 42 and pump cylinder 40 that is stationary while displacement
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rod 42 moves up and down within pump cylinder 40. Throat glands 44 and 50 can slightly
axially compress packing rings 48A and 48B so that throat seal stack 46 experiences a
preload.

In operation, displacement rod 42 is driven in a reciprocating manner up and down
within pump cylinder 40. On an up stroke, fluid to be pumped will enter inlet 62, flow
through passage 64, and flow through inlet check valve 15 into the interior of pump
cylinder 40. When displacement rod 42 begins moving downward during a down stroke,
ball 18 will move onto seat 16, thus closing inlet check valve 15 so that fluid within pump
cylinder 40 will not be forced downward and out of inlet 62. As displacement rod 42
moves downward, ball 26 of outlet check valve 21 moves upward away from seat 24,
which allows fluid within pump cylinder 40 to flow through the interior of piston valve
22, past ball 26, and into outlet passage 70. The fluid then exits pump cylinder 40 through
pump outlet fitting 60.

In Figs. 1A and 1B, piston seal stack 32 and throat seal stack 46 are used to
maintain pressure within piston pump 10 and prevent leakage. Throat seal stack 46 and
piston seal stack 32 are mounted such that piston seal stack 32 moves with displacement
rod 42 relative to pump cylinder 40, and throat seal stack 46 remains stationary on pump
cylinder 40, while displacement rod 42 reciprocates. In various alternative embodiments,
throat seal stack 46 and piston seal stack 32 may be mounted so that both move with
displacement rod 42, both are stationary as displacement rod 42 reciprocates, or throat
seal stack 46 moves and piston seal stack 32 is stationary. While two seal stacks are
shown in Figs. 1A and 1B, a greater number of seal stacks, or only one seal stack, may
alternatively be used. It will be understood that the seal stacks of the present disclosure
can be used in various types of pumps and are not limited to the particular type of piston
pump illustrated.

Each of throat seal stack 46 and piston seal stack 32 includes alternating polymer
V-shaped rings of two different types. Fig. 2 is an exploded sectional view of throat seal
stack 46, which includes five V-shaped rings of essentially identical shape but of two
different compositions. The rings are arranged from top to bottom in the following order:
first type ring 48A, second type ring 48B, first type ring 48 A, second type ring 48B, and
first type ring 48A.

Figs. 3A and 3B show top and bottom views of first type ring 48 A. Because rings
48A and 48B have the same shape/geometry, Figs. 3A and 3B are representative of both
first and second type rings. Figs. 2, 3A, and 3B will be discussed together.
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Although not shown in Figs. 2, 3A, 3B, piston seal stack 32 has a similar
arrangement of five alternating first and second type rings 34A and 34B. Rings 34A and
34B differ somewhat in diameter from rings 48A and 48B, but have similar
shape/geometry and similar composition to rings 48 A and 48B, respectively. Therefore,
throat seal stack 46 as shown in Fig. 2 is representative of both of throat seal stack 46 and
piston seal stack 32. In the remaining description, discussion of throat seal stock 46 and
rings 48A and 48B is also applicable to piston seal stack 32 and rings 34A and 34B.

Stack 46 of alternating first and second type rings 48A and 48B in Figs 2, 3A, and
3B can correspond to one or both of the throat seal stack 46 and of piston seal stack 32 of
the piston pump 10 of Fig. 1. Stack 46 includes first type rings 48A alternating with
second type rings 48B. First type rings 48A are formed from a different material
composition than the second type rings 48B. First type rings 48A is formed from a first
type of polymer material, such as ultrahigh molecular weight polyethylene (UHMWPE).
In some embodiments, first type ring 48A may be formed of UHMWPE that incorporates
polytetrafluroethylene (PTFE), i.e., PTFE filled UHMWPE. Second type ring 48B is
formed from a second type of polymer material, which may also have UHMWPE as a
base material, with a lubricant added. In some embodiments, the second type rings 48B
may be oil-filled or carbon (graphite)-filled UHMWPE. UHMWPE materials offer a
number of advantageous physical properties for first type and second type rings. These
include resistance to corrosive chemicals, low moisture adsorption, very low coefficient
of friction, abrasion resistance, and self-lubrication. Materials added to UHMWPE can
enhance physical properties of the rings, such as coefficient of friction and abrasion
resistance. In particular, oil filled and carbon filled UHMWPE provide lower coefficients
of friction for second type V-shaped rings compared to first type V-shaped rings. As a
result, second type rings 48B (or 32B) do not fuse or weld to first type rings 48A (or 34A)
when seal stack 46 (or 32) is under pressure. This avoids a potential source of failure of
seal stacks 46 and 32.

Despite being formed from different material compositions, first type ring 48A
may be structurally (e.g., geometrically and dimensionally) identical to second type rings
48B. Specifically, each of first type rings 48A and second type rings 48B may correspond
to the embodiment of ring 48A,48B illustrated in Figs. 3A-3C. Ring 48A,48B includes
annular body 100 that surrounds central passage 102, annular body 100 includes front rib
104, rear groove 106, front apex surface 108, outer front angled surface 110, inner front

angled surface 112, outer side surface 114, inner side surface 116, outer rear rim surface
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118, inner rear rim surface 120, outer rear angled surface 122, inner rear angled surface
124, trench surface 126. Front rib 104, rear groove 106, and surfaces 108-126 are
annular. Each of first type ring 48A and second type ring 48B has a “V” cross sectional
profile such that rings 48A and 48B can stack and seat against one another. From the
cross sectional perspective shown, the surfaces are flat and meet each other at fine edges.
This is different from leather rings which typically have rounded surfaces with no clear
transition between the different surfaces.

Outer front angled surface 110 forms angle A with inner front angled surface 112.
Outer rear angled surface 122 forms angle B with inner rear angled surface 124. It has
been determined that, in various embodiments, it is preferable that angle B be larger than
angle A, so that gaps G (shown in Figs 4, 5A, and 5B) are formed between surfaces 122
and 110 and between surfaces 124 and 112 when rings 48A and 48B are stacked. In some
embodiments, angle A is 90 degrees, or approximately 90 degrees, while angle B is 95
degrees, or approximately 95 degrees. It also is preferable that front apex surface 108 be
wider (in the radial direction) than trench surface 126.The difference in widths of surfaces
108 and 126, and the difference in angles A and B, affect the location of contact points
CP and the size of pocket P (shown in Figs. 4, 5A, and 5B). The outer front angled
surface 110 and the inner front angled surface 112 can be the same length. The outer side
surface 114 and inner side surface 116 can be the same length. The outer rear angled
surface 122 and the inner rear angled surface 124 can be the same length. The front apex
surface 108 is parallel with the trench surface 126.

Body centerline BCL extends through the center of body portion 100 of ring
48A,48B. In other words, body centerline BCL extends through the material that forms
ring 48A,48B. Body centerline BCL is equidistant from outer side surface 114 and inner
side surface 116. Ring centerline RCL extends through the void at the radial center of ring
48A,48B. Ring centerline RCL does not extend through the material that forms ring 114.
The outer front angled surface 110 and the inner front angled surface 112 are mirrored
with respect to each other about the BCL. The outer side surface 114 and inner side
surface 116 are mirrored with respect to each other about the BCL. The outer rear angled
surface 122 and the inner rear angled surface 124 are mirrored with respect to each other
about the BCL.

Fig. 4 is a detailed cross sectional view of rings 48A and 48B isolated from the
remainder of piston pump 10. As shown, contact points CP between adjacent surfaces

112, 114 are laterally closer to body centerline BCL than to outer side surface 114 and
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inner side surface 116. Similarly, contact points CP between adjacent rings 48A,48B are
laterally closer to top apex surface 108 and trench surface 126 than to outer side surface
114 and inner side surface 116. Parallel with body centerline BCL are outer quarter body
centerline OQBCL and inner quarter body centerline IQBCL. Inner quarter body
centerline IQBCL is laterally closer to ring centerline RCL (Fig. 3A) than outer quarter
body centerline OQBCL. Outer quarter body centerline OABCL is a quarter distance
across body 100 of the ring 48A,48B as measured from outer side surface 114, while
inner quarter body centerline IQBCL is three quarters of the distance across body 100 of
ring 48A,48B as measured from outer side surface 114. It is noted that third, fifth, tenth,
etc. body centerlines could also be established in a similar manner as quarter body
centerlines OQBCL and IQBCL. As shown, all contact between rings 48A,48B is
between outer quarter body centerline OQBCL and inner quarter body centerline IQBCL
such that rings 48A,48B do not contact each other laterally beyond outer quarter body
centerline OQBCL and inner quarter body centerline IQBCL. In other words, all contact
between rings 48A,48B, from a cross sectional perspective, is limited to the center half of
annular bodies 100, and the inner and outer quarters of ring annular bodies 100 do not
contact each other and are instead separated by gaps G between surfaces 110 and 122 and
between surfaces 112 and 124. In some embodiments, all contact between the rings
48A,48B, from a cross sectional perspective, is limited to the center third of annular
bodies 100, and the inner and outer thirds of bodies 100 of rings 48 A,48B do not contact
each other. In some further embodiments, all contact between rings 48A,48B is limited to
a center lateral quarter. In some embodiments, all contact between adjacent rings
48A,48B is limited to an annular edge created by the intersection of top apex surface 108
with the outer top angled surface 110 and inner top angled surface 112. In Fig. 4, contact
points CP are closer to BCL than to either OQBCL or IQBCL.

Ring includes outer lobe 128 and inner lobe 130. Outer lobe 128 is defined by
outer side surface 114, outer rear rim 118, and outer rear angled surface 122. Inner lobe
130 is defined inner side surface 116, inner rear rim 120, and inner rear angled surface
124. When stack 46 is under compression, inner and outer lobes 128, 130 can pivot about
contact points CP to extend radially, in a flaring motion, to engage the surfaces of pump
cylinder 40 and displacement rod 42 to facilitate sealing. Gaps G thus allows the
articulation of inner and outer lobes 128, 130 to facilitate sealing, whereas the absence of
gaps G would inhibit such movement and make sealing more difficult. Such articulation

can replicate the spring-like behavior of leather rings without the inner and outer edge
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wear characteristics of leather rings, and without the associated reduction in stack height
and sealing performance over time that results when leather rings are used. In the prior art
stacks using alternating polymer and leather rings, the inner and outer radial portions of
the rings had dual functionality in sealing engagement and stacking engagement which
lead to reduced stacking height and sealing performance. In contrast, stacks 46 and 32
separate the portions of rings 48A,48B or 34A,34B that respectively perform sealing
engagement and stacking engagement, such that frictional wear due to sealing
engagement does not undermine stacking height.

In addition, the geometry of rings 48A,48B and 34A,34B minimizes the size of
pocket P between rings 48A,48B to minimize the trapping of pressurized air and/or
media. The small size and inward location of pockets P produced by the mating of
adjacent rings provides significant benefit compared to traditional packings that
experience pressure traps between adjacent rings. The pressure traps can expand the
packing stack, and can cause additional friction and wear. In contrast, pockets P are small
and located inward from the sealing edges, do not expand the packings when under
pressure, and are not a source of additional friction and wear.

Fig. 5A represents stack 46 in a nominally compressed state, while Fig. 5B
represents stack 46 in a state of greater compression. The nominally compressed state
illustrated in Fig. 5SA may be experienced when piston pump 10 is not in operation, while
the state of greater relative compression illustrated Fig. 5B may be experienced when
piston pump 10 is actively pumping. As shown in Fig. 5A, inner and outer side surfaces
114,116 of first type rings 48A and second type rings 48B are lightly engaged with the
inner wall of pump cylinder 40 and the outer wall of displacement rod 42. However, as
shown in Fig. 5B, stack 46 is subject to greater compression when piston pump 10
operates (e.g., due to the glands 44 and 50 moving closer together and/or internal fluid
pressure developed by piston pump 10). The compression squeezes stack 46, forcing rings
48A,48B to expand laterally (i.e. radially). Such expansion causes outer and inner side
surfaces 114,116 of first type rings 48A and second type rings 48B to engage the inner
wall of pump cylinder 40 and the outer wall of displacement rod 42 with greater force as
compared to the contact under nominal compression, thus preventing leakage past stack
46 during operation of piston pump 10. Compression also causes the volume of pockets P
to decrease. As shown in Figs. SA and 5B, the surface areas of outer and inner side

surfaces 114,116 of first type rings 48A and second type rings 48B contacting the wall of
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pump cylinder 46 and displacement rod 42 increases due to the greater compression in the
operational state.

Second type ring 48B engages first type ring 48A at contact points CP that are,
from the perspective shown in Figs. SA-5B, closer to the body centerline BCL of rings
48A,48B than to the inner and outer edges of rings 48A,48B (being that Figs. 5SA-5B are
two dimensional cross sections, such contact is illustrated and described as “points CP”,
however such contact point is annular). For example, when first type ring 48A sits atop
second type ring 48B, the contact between these two rings is limited to the core of rings
48A,48B, near apex 108, and rings 48A,48B do not contact each other near their inner
and outer radial portions. Contact between rings 48A,48B is limited to the core
(specifically, only at the points of contact CP). Rings 48A,48B do not contact one another
near the inner and outer radial portions of rings 48A,48B that engage the surfaces of
pump cylinder 40 and displacement rod 42. As a result, erosion of inner and outer side
surfaces 114,116 of rings 48A,48B which pump contact cylinder 46 and displacement rod
42 will not decrease the height of the stack 46. The nominal compression within stack 46
will be maintained, which allows stack 46 to maintain sealing performance.

Due to rings 48A,48B engaging one another at their cores, instead of near the
inner and outer lateral portions, gap G exists between adjacent rings 48A,48B. Gap G
may cover a majority of the overlap between adjacent rings 48 A,48B. Contact points CP
between adjacent rings 48A,48B are affected by having angle B (defined by surfaces 122
and 124) larger than angle A (defined by surfaces 110 and 112) and/or by apex surface
108 being wider (in the radial direction) than trench surface 126.

Tests performed by the inventor demonstrated that a piston paint pump having
alternating polymer rings of different types, similar in geometry to those described in
connection with Figs. 2-5B, pumped over two and a half times as much paint before
failure as compared to a piston paint pump having prior art alternating polymer and
leather rings.

The present disclosure is made using various embodiments to highlight various
inventive aspects. Modifications can be made to the embodiments presented herein.

While the invention has been described with reference to an exemplary
embodiment(s), it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a

particular situation or material to the teachings of the invention without departing from
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the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiment(s) disclosed, but that the invention will include all

embodiments falling within the scope of the appended claims.
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CLAIMS:
1. A packing stack comprising:
a plurality of first type V-shaped packing rings formed of an ultrahigh molecular
weight polyethylene (UHMWPE) material; and
a plurality of second type V-shaped packing rings formed of a lubricant-filled
ultrahigh molecular weight polyethylene (UHMWPE) material and having
an essentially identical geometry to the first type V-shaped packing rings,
each second V-shaped packing ring being positioned adjacent one of the
first V-shaped packing rings.
2. The packing stack of claim 1,
wherein each of the first type V-shaped packing rings and the second type V-
shaped packing rings has an annular convex front rib portion and annular
concave groove portion;
wherein the annular convex front rib portion includes an annular front apex
surface, an annular outer front angled surface, an annular inner front angled
surface, an annular outer side surface, and an annular inner side surface;
and
wherein the annular concave groove portion includes an annular trench surface, an
annular outer rear angled surface, an annular inner rear angled surface, an
annular outer rear rim surface, and an annular inner rear rim surface.
3. The packing stack of claim 2, wherein the annular front apex surface is wider than
the annular trench surface.
4. The packing stack of claims 2 or 3,
wherein the annular outer front angled surface extends between the annular front
apex surface and the annular outer side surface; and
wherein the annular inner front angled surface extends between the annular front
apex surface.
5. The packing stack of any of claims 2-4,
wherein the annular outer rear angled surface extends between the annular trench
surface and the annular outer rear rim surface;
wherein the annular inner rear angled surface extends between the annular trench
surface and the annular inner rear rim surface;
wherein the annular outer rear rim surface extends between the annular outer rear

angled surface and the annular outer side surface; and
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wherein the annular inner rear rim surface extends between the annular inner rear

angled surface and the annular inner side surface.
6. The packing stack of any of claims 2-5,

wherein the annular outer front angled surface and the annular inner front angled
surface form a first angle; and

wherein the annular outer rear angled surface and the annular inner rear angled
surface form a second angle that is greater than the first angle.

7. The packing stack of any of claims 2-6, wherein the first angle is approximately
90° and the second angle is approximately 95°.

8. The packing stack of any of claims 2-7, wherein the front rib of each second type
V-shaped packing ring is configured to contact the rear groove of an adjacent first type V-
shaped packing ring at contact point located closer to a body centerline passing through
the top apex surface and the trench surface than to the outer side surface or the inner side
surface of the second type V-shaped packing ring.

9. The packing stack of any of claims 2-8, wherein gaps are located in the packing
stack between adjacent outer front angled and outer rear angled surfaces, and between
adjacent inner front angled and outer inner rear angled surfaces.

10. The packing stack of any preceding claim, wherein the second polymer material is
oil-filled ultrahigh molecular weight polyethylene (UHMWPE).

11. The packing stack of any preceding claim, wherein the second polymer material is
carbon-filled ultrahigh molecular weight polyethylene (UHMWPE).

12. A packing stack comprising:

a plurality of V-shaped packing rings arranged in a stack, wherein each of the V-
shaped packing rings has an annular convex front rib portion and an
annular concave groove portion;

wherein the annular convex front rib portion includes an annular front apex
surface, an annular outer front angled surface, an annular inner front
angled surface, an annular outer side surface, and an annular inner side
surface;

wherein the annular concave groove portion includes an annular trench surface, an
annular outer rear angled surface, an annular inner rear angled surface, an
annular outer rear rim surface, and an annular inner rear rim surface;

wherein the annular front apex surface is wider than the annular trench surface;
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wherein the annular outer front angled surface extends between the annular front
apex surface and the annular outer side surface;
wherein the annular inner front angled surface extends between the annular front
apex surface and the annular inner side surface;
wherein the annular outer rear angled surface extends between the annular trench
surface and the annular outer rear rim surface;
wherein the annular inner rear angled surface extends between the annular trench
surface and the annular inner rear rim surface;
wherein the annular outer rear rim surface extends between the annular outer rear
angled surface and the annular outer side surface;
wherein the annular inner rear rim surface extends between the annular inner rear
angled surface and the annular inner side surface;
wherein the annular outer front angled surface at the annular inner front angled
surface form a first angle; and
wherein the annular outer rear angled surface and the annular inner rear angled
surface form a second angle that is greater than the first angle.
13. The packing stack of claim 12, wherein the plurality of V-shaped packing rings
comprises:
a plurality of first type V-shaped packing rings formed of a first polymer material;
and
a plurality of second type V-shaped packing rings formed of a second polymer
material, each second type V-shaped packing ring being positioned
adjacent one of the first type V-shaped packing rings.
14. The packing stack of claim 13, wherein the second polymer material is a
lubricant-filled polymer.
15. The packing stack of claim 13 or 14, wherein the first polymer material is
ultrahigh molecular weight polyethylene (UHMWPE).
16. The packing stack of claim 13, 14, or 15, wherein the second polymer material is
oil-filled ultrahigh molecular weight polyethylene (UHMWPE).
17. The packing stack of claim 13, 14, or 15, wherein the second polymer material is
carbon-filled ultrahigh molecular weight polyethylene (UHMWPE).
18. The packing stack of any of claims 12-17, wherein the first angle is approximately

90° and the second angle is approximately 95°.

13



10

WO 2017/034996 PCT/US2016/047812

19. The packing stack of any of claims 12-18, wherein the front rib of each V-shaped
packing ring is configured to contact the rear groove of an adjacent V-shaped packing
ring at contact point located closer to a body centerline passing through the top apex
surface and the trench surface than to the outer side surface or the inner side surface of
the V-shaped packing ring.

20. The packing stack of any of claims 12-19, wherein gaps are located in the packing
stack between adjacent outer front angled and outer rear angled surfaces, and between

adjacent inner front angled and inner rear angled surfaces.
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