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PLUNGER FOR DOWNHOLE PUMPS

Technical Fieid

The disclosure generally relates to sucker rod pumps,
inciuding tubing pumps and insert pumps for pumping well fluids from a
hydrocarbon well. More particularly, the disclosure relates to a plunger
for sucker rod pumps, which plunger has enhanced and prolonged

sgaling characteristics.

Background Art

Conventional sucker rod pumps, including tubing pumps
and insert pumps, iclude a pump plunger which reciprocates inside a
pump barrel. The reciprocating pump plunger creates a pressure
differential which draws hydrocarbons and other well fluids from 2
subterranean well to a suitable storage reservoir which may be located
at ground level. One of the problems commonly encountered in the
operation of conventional sucker rod pumps is that of blowback or
stippage of produced tfluids and solids down the pump between the
reciprocating plunger and the barrel. Various types of seals and O-
rngs have peen used to seal the void between the plunger and barrel
and prevent the slippage of filids and solids. These seals and O-rings,
however, have limitations on operating durability, pump speed, depth
and temperature, resuiling In lost pump efficiency and the need for
more frequent pump repairs or replacements.

Accordingly, a pump plunger with enhanced and

prolonged seakling characleristics for a sucker rod pump is needed.

Disclosure of the Invention

The disciosure is generally directed to a pump piunger for
a sucker rod pump. An exemplary embodiment of the pump plunger
includes an elongated plunger body having first and second plunger
body ends and a longitudinal plunger body bore extending between the
first and second plunger body ends, a first plunger end fitting
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releasably carried by the first plunger body end of the plunger body, a
second plunger end filting releasably camed by the second plunger
body end of the plunger body, a first plunger seal pack sandwiched
between the first plunger body end and the first plunger end fitting, and
a second plunger seal pack sandwiched between the second plunger
body end and the second plunger end fitting.

The disclosure is further generally directed to an end
fitting for a pump plunger of a sucker rod pump. An exemplary
embodiment of the end fitting includes an end fitting body,; a threaded
end fitting nipple carried by the end fitting body; a threaded end fitfing
shaft carried by the end fitting body; an end fitting bore extending
through the end fitting body, the end fitting nipple and the end fitting
shaft, and a plunger seal pack having a piuraiity of nesting plunger
seals assembled on the end fithing shaft.

The disclosure is further generally directed to a piunger
seal pack for a pump plunger of a sucker rod pump. An exemplary
embodiment of the plunger seal pack includes a lead plunger seal, at
least one middle plunger seal nesting with the lead piunger seal, and a
following plunger seal nesling with the at least one middle plunger seal.

Brief Description of the Drawings

The features of the invention, and its technical
advantages, can be seen from the following description of the preferred
embodiments tfogether with the claims and the accompanying
schematic drawings, in which,

F1G. 1 15 an exploded side view, partially in section, of a
pump barrel and an exemplary embodiment of the pump piunger, more
particularly iHustrating insertion of the pump plunger into the pump
barrel in assambly of a sucker rod pump;

FIG. 2 is an exploded side view of the pump plunger;

FIG, 3 is a side view of a plunger end fitting of the pump
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FIG. 4 is a longitudinal sectional view of the plunger end
fitting;

FIG. 5 is a side view of the plunger end fiting, rotated 20
degrees with respect to the side view of the plunger endg fitting
Hiustrated in FIG. 3;

FIG. 6 is a side view of a plunger seal pack which 18
suitable for sealing the pump plunger in the pump barrel of the sucker
rod pump;

FIG. 7 is an expioded, cross-seclional view of multiple
seals of the plunger seal pack;

FiG. B8 is a cross-sectional view of the seals of the
plunger seal pack in a seated or stacked configuration;

FIG. 9 is a cross-sectional view, take along section ines
-9 in FIG. 1, of the pump plunger of the sucker rod pump,; and

FIG. 10 i1s a longitudinal sectional view, partially in
section, of the sucker rod pump.

Detailed Description of Preferred Embodiments

The following detailed description is merely exemplary in
nature and i not intended {0 tmit the described embodiments of the
application and uses of the described embodiments. As used herein,
the word "exempiary’ or "ilustrative” means "serving as an example,
instance, or illustration." Any implementation described herein as
“exemplary” or "tlustrative" s not necessarily {o be construed as
preferred or advantageous over other implementations. All of the
implementations described below are exemplary implemeniations
provided to enable persons skilled in the ard to make or use the
invention and are not intended 1o limit the scope of the invention, which
is defined by the claims. Furthermore, there is no intention {0 be bound

by any expressed or implied theory presented in the preceding
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technical field, background, brief summary or the f{ollowing detailed
description.

Referring initially to FiG. 1 of the drawings, a typical
sucker rod pump is generally indicated by reference numaeral 1. The

sucker rod pump 1 includes a generally elongated, cylindnical pump

plunger 10 s mounted for reciprocation in the pump barrel bore 2a of
the pump barrel 2. In some embodiments, ap upper pump barrel
coupling 3 and a lower pump barrel coupling 3a may be provided
generally at upper and lower ends, respectively, of the pump barrel 2.

The lower pump barrel coupling 3a may couple an extension nipple 4

to the pump barrel 2. The exiension nipple 4 may include a tubing

coupler 5 and a seating nipple 6. In some embodiments, the pump
barrel 2 may have alternative designs which may or may nol include
the lower pump barrel coupling 3a, the extension nipple 4, the tubing
coupler & and the seating nipple 6. The pump plunger 10 can be
constructed of any suitable matenal inciuding an aluminum-bronze
alloy or stainiess steel, in non-exclusive particular, as well as like
materials commonly used in sucker rod pumps designed for oil well
appiications.

Referring next to FIGS. 1-10 of the drawings, the pump
plunger 10 may inciude a generally elongated plunger body 11 having
a longitudinal plungsr body bore 1.2 (FlG. 9) through which the
hydrocarbons and other well fluids (not llustrated} are pumped during
operation of the sucker rod pump 1. The plunger body 11 of the pump
plunger 10 may have an upper expanded plunger portion 13, a lower
expanded plunger portion 13a and a narrowed middie plunger portion
14 which connects the upper expanded plunger portion 13 and the
lower expanded plunger portion 13a. A plunger bevel 15 may extend

petween the middle plunger portion 14 and the upper expanded
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plunger portion 13 and between the middle plunger portion 14 and the
lower expanded plunger portion 13a, respectively. As illustrated in FIG.
2. the plunger body 11 may have an upper plunger end 16 and a lower
plunger end 17. As iflustrated in FIG. 10, internal plunger threads 18
may be provided in the plunger body bore 12 at the upper plunger end
16 and the lower plunger end 17 of the plunger body 11 for purposes
which will be hereinafter described.

An upper plunger end fitting 22 may be provided on the
upper plunger end 16 of the pump plunger 10. A lower plunger end
fitting 22a may be provided on the lower plunger end 17 of the pump
plunger 10. As illustrated in FIGS. 3-5, each of the upper plunger end
fitting 22 and the lower plunger end fitting 22a may include a generally
cylindrical end fitting base 23. A generally cylindrical end fitting body 24
may extend from the end fitting base 23. End fitting flats 26 may be
provided in opposite surfaces of the end fitting body 24 for purposes
which will be hereinafier described. An end fitting nipple 27 having
nipple threads 28 may extend from the end fitting body 24.

A generally elongated, cyiingrical end fitting shafl 32 may
gxtend from the end fitting base 23 opposite the end fitting body 24.
Exterior shaft threads 33 may be provided on the end fitling shaft 32 for
purposes which will be hereinafter described. A longitudinal end fitting
bore 25 (FIG. 4) may extend throtugh the end fitting nipple 27, the end
fitting body 24, the end fitting base 23 and the end fitting shaft 32. As
tlustrated in MG, 10, the upper plunger end fitting 22 may be attached

to the upper piunger end 16 of the plunger body 11 by inserting the end

fitting shaft 32 of the upper plunger end fitling 22 into the plunger body
bore 12 at the upper plunger end 16 and rotating the upper plunger end
fitting 22 to cause engagement of the exterior shaft threads 33 on the
end fitting shafl 32 with the interior plunger threads 18 in the plunger
body bore 12. In ke manner, the lower plunger end {itting 22a may be
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attached to the lower plunger end 17 of the plunger body 11 by
inserting the end fitting shaft 32 of the lower plunger end fitling 22a into
the plunger body bore 12 at the lower plunger end 17 and rotating the
lower plunger end fitting 22a to cause engagement of the exterior shalt
threads 33 on the end fitting shaft 32 with the interior plunger threads
18 in the plunger body bore 12. While the upper plunger end fitling 22
and the lower plunger end fitting 22a may have a design such as that
sat forth above, it will be recognized and understood that the upper
plunger end fitting 22 and/or the lower end fitling 22a may have any
alternative design or designs which isfare consistent with the functional
requirements of the upper plunger end fitting 22 and the lower plunger
end fitling 22a.

As further jllustrated in FIGS. 2 and 10, an upper plunger
seal pack 38 may be sandwiched between the upper plunger end 16 of
the pump plunger 10, and the end filting base 23 of the upper plunger
end fitting 22. A lower plunger seal pack 38a may be sandwiched
between the lower plunger end 17 of the pump piunger 10, and the
end fitting base 23 of the lower plunger end fitting 22a. As fllusirated in
F1GS. 6-8, the upper plunger seal pack 38 may include a following
pltinger seal 39 which engages the upper plunger end 16 or the lower
plunger end 17, respectively, of the plunger body 11, a lead plunger
fitting 22 or the lower plunger end fitting 22a; and at least one middle
piunger seal 48 which is sandwiched between the following plunger
seal 39 and the lead plunger seal 58, In some embodiments, a pair of
middie plunger seals 48 and 48a, respectively, may be sandwiched
between the following plunger seal 39 and the lead plunger seal 58, as
Hustrated. As illustrated in FIG. 10, the following plunger seal 39, the
middle plunger seal 48 or seals 48, 48a and the lead plunger seal 58

may stack or nest with each other to form a fluid-light seal between the
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plunger body bore 12 of the plunger body 11 and the pump barrel bore
2a of the pump barrel 2 as the pump plunger 10 reciprocates inside the
pump barrel bore 2a of the pump barrel 2 during operation ot the
sucker rod pump 1. The following plunger seal 38, the middle plunger
seals 48, 48a and the lead plunger seal 58 may each form an
independent seal with the interior surface of the pump barrel bore 2a,
preventing blowback of well fluids between the pump plunger 10 and
the pump barrel 2 during operation of the sucker rod pump 1. Like the
upper plunger seal pack 38, the lower plunger seal pack 38a (FIGS. 2
and 10) may have a foliowing plunger seal 39, a lead plunger seal 58
and at least one middle plunger seal 48 sandwiched between the
following plunger seal 39 and the lead plunger seal 58. While the upper
plunger seal pack 38 and the lower plunger seal pack 38a have each
been described as including the lead plunger seal 58, the following
plunger seal 38 and at least one middle plunger seal 48, as used
herein the term "plunger seat pack” includes at least one seal and may
include more than four seals.

As jllustrated in FIG. 7, the following plunger seal 39 of
each of the upper plunger seal pack 38 and the lower plunger seal
pack 38a may include an annular following plunger seal body 40
having a seal opening 44. The following piunger seal body 40 may
have a generally flat or planar inside seal surface 41 and a generally
flat or planar outside seal surface 42 which is paralle! and spaced-apart
with respect to the inside seal surface 41. An annular seal lip
recepiacie 43 may extend into the outside seal surface 42 for purposes
which will be hereinafier described.

As further illusirated in FIG. 7, each middle plunger sea!

plunger seal pack 38a may include an annular middle plunger sealf

body 48 having a seal opening 53. The middle plunger seal body 49
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may have a generally flat or planar inside seal surface 50 and a
generally flat or planar outside seal surface 51 which is paratiel and

spaced-apart with respect to the inside seal surface 50. An annular
seal lip receptacle 52 may extend into the ocutside seal surface 51 for
nurposas which will be hereinafter described. An annular seal lip 54
may extend from the inside seal surface 50 of the middle plunger seal
body 49 for purposes which will be hereinafter described.

The iead plunger seal 568 of each of the upper plunger
seal pack 38 and the lower plunger seal pack 38a may inciude an
annular lead plunger seal body 58 having a seal opening 64. The lead
plunger seal body 58 may have a generally fial or planar inside seal
surface 60 and a generally flat or planar outside seal surface 61 which
is parallel and spaced-apart with respect 1o the inside seal surface 60.
An annuifar O-rning recepiacle 62 may extend into the oulside seal
surface 81 of the iead plunger seal body 58. An O-ring 63 may be
seated in the O-ring receptacle 62. An annular seal lip 65 may extend
from the inside seal surface 80 of the lead plunger seal body 58 for
purposes which will be heremnafter described.

in the nested, sealing configuration of the upper piunger
seal pack 38 {FiGG. ) and the lower plunger seal pack 38a, the seal iip
recepiacle 43 of the following plunger seal 39 receives the
compiementary-shaped seai lip 54 of the middle plunger seal 48. The
inside seal surface 50 of the middle plunger seal 48 engages the
outside seal surface 42 of the following plunger seal 39. The seal lip
receptacie 52 of the middle plunger seal 48 receives the
complementary-shaped seal lip 54 of the middle plunger seal 48a. The
inside seal surface 50 of the middle plunger seal 48a engages the
ouiside seal swface 51 of the middle plunger seal 48. The seal lip
receptacie 52 of the middle plunger seal 48a receives the

complementary-shaped seal lip 65 of the lead plunger seal 58. The
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inside seal surface 60 of the lead plunger seal 58 engages the outside
seal surface 51 of the middie plunger seal 48a. kach of the foliowing
plunger seal 39, the middle plunger seal or seals 48, 48a and the lead
phunger seal 58 of each of the upper plunger seal pack 38 and the
lower plunger seal pack 38a may have an annular exterior seaiing
surface 66 which is adapted to engage the interior surface of the pump
barrel bare 2a in a fluid-tight seal when the pump plunger 10 ts inserted
in the pump barrel bore 2a of the pump barrel 2. As illustrated in FIGS.
7 and 8, sach exterior sealing surface 66 may have a generally flat or
linear configuration in cross-section.

When the upper piunger seal pack 38 is instalied in place
between the upper plunger end 16 of the plunger body 11 and the end
filting base 23 of the upper plunger end fiting 22, as illustrated in FIG.
10, the inside seal surface 41 (FIG. 8) of the following piunger seal 39
engages the upper plunger end 16 in a fluid-tight seal. The O-ring B3
an the lead piunger seai 58 of the upper plunger seal pack 38 engages
the end fitting base 23 of the upper plunger end fitting 22 in a fluid-light
seal. Likewise, when the lower plunger seal pack 38a is installed in
place between the lower plunger end 17 of the plunger body 11 and the
end fitting base 23 of the lower plunger end fiting Z2Z2a, as further
tHustrated in FIG. 10, the inside seal surface 41 of the following plunger
seal 39 engages the lower plunger end 17 in a fluid-tight seal. The O-
ring 63 on the lead plunger seal 58 of the lower plunger seal pack 38a
engages the end hitling base 23 of the lower plunger end fitling 22a in a
fluid-tight seal. The exterior sealing surface 66 of each of the following
plunger seal 39, the middie plunger seal or seals 48, 48a and the lead
plunger seal 58 of each of the upper plunger seal pack 38 and the
lower plunger seal pack 38a engages the interior surface of the pump
barrel bore 2a in a fluid-tight seal. While the following plunger seal 39,

the middle plunger seal or seals 48, 48a and the lead plunger seal 58
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and understood that any or each of the foliowing piunger seal 38, the
middie plunger seal or seals 48, 48a and the lead plunger seal 58 may

include any alternative structure(s) or design(s; which is/are conststent

the lower plunger seal pack 38a.

As iflustrated in FIG. 2, the pump plunger 10 may be
assembled by initially assembling the upper plunger seal pack 38 on
the end fitting shaft 32 of the upper plunger end fiting 22.

10 This may be accomplished by extending the end fitting
shaft 32 of the upper plunger end fitting 22 through the registering seal
openings 64, 53 and 44 (FIG. 8) of the lead plunger seal 58, middle
plunger seal or seals 48, 48a and f{olliowing plunger seal 39,
respectively. The end fitting shaft 32 of the upper plunger end fitting 22

15 i attached {o the plunger body 11 of the pump plunger 10 by inserting
the end fitting shaft 32 in the plunger body bore 12 and rofating the
upper plunger fitling 22 with respect to the plunger body 1l {o threadably
engage the exterior shaft threads 33 on the end fitting shaft 32 with the

20 base 23 of the upper plunger end fitting 22 may be tighlened against
the O-ring 683 {(FIG. 8) on the lead plunger seal 88 of the upper plunger
seal pack 38 by engaging a wrench (not llustrated) with the end fitting
flats 26 on the end fitling body 24 and rotating the wrench typically in
the conventional manner. Accordingly, the foliowing plunger seal 38,

25 the middle plunger seal or seals 48, 48a and the lead plunger seal 58
of the upper plunger seal pack 38 are disposed in the nested
configuration (FIG. 8) and may be compressed between the upper
plunger end 16 of the plunger body 11 and the end fitting base 23 of
the upper plunger end fithing 22. The lower plunger seal pack 38a may

30 pe assembied at the lower plunger end 17 of the plunger body 11 and
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the lower plunger end fitting 22a attached to the plunger body 11 in a3
similar manner.

Each of the following plunger seal 38, the midale plunger
seal gor seals 48, 4Ba and the lead plunger seat 58 of each of the upper
plunger seal pack 38 and the lower plunger seal pack 38a may be any
durable, heat-resistant, resilient or semi-resilient material which s
suitable for imparting a fluid-tight seal between the pump plunger 10
and the intenor surface of the pump barrel bore 2a. In some
embodiments, the following plunger seal body 40 (FIG. 7) of the
foliowing plunger seal 39 may include polyether ether ketone (PEEK).
In some embodiments, the middie plunger seal body 49 of each of the
middle plunger seals 48, 48a may include carbon fiber-filled
polytetrafliucrcethylene (PTFLE), or TEFLON®. In some embodiments,
the lead plunger seal body 58 of the lead plunger seal 58 may include
carbon fiber-filled polytetrafiuoroethyiene (PTFE), or TEFLON®. The
Q-ring 63 of the lead plunger seal 58 may include perflucroelastomer
(FFKM). In other embodiments, gach of the following plunger seal 39,
the middle plunger seal or seals 48, 48a and the lead plunger seal 58
may be any allernative durable, heat-resistant, resilient or semi
resilient materiais which are suitable for mmparting a fluid-tight seal
between the pump piunger 10 and the intenor surface of the pump
barrel bore 2a.

The following piunger seal 39, the middie plunger seal or
seals 48, 48a and the lead plunger seal 58 may be fabricated in any
AP (American Petroleum Institule) size depending on the diameter and
size of the pump plunger 10 and the plunger end fittings 22 and 22a.
While the tollowing plunger seal 38, the middle plunger seal or seals
48, 48a and the lead plunger seal 58 may have the particular materials
set forth above, it will be recognized and undersiood that any or each

of the following plunger seal 39, the middle plunger seal or seals 48,



CA 02814665 2013-04-12

WO 2012/050631 PCT/US2011/027584

10

19

20

25

30

P 3P 6

48a and the lead plunger seal 58 may include any alternative material

or materials which isfare consistent with the functional requirements of
the upper plunger seal pack 38 and the lower plunger seal pack 38a,

The sucker rod pump 1 may be assembled as follows.
The upper plunger seal pack 38 and the upper plunger end fitting 22
may be assembled on the upper plunger end 16 of the plunger body
11, This may be accomplished by first placing the upper plunger seal
pack 38 on the end fitting shaft 32 of the upper plunger end fithng 22
and then threading the end fitting shaft 32 of the upper plunger end
fitting 22 into the upper plunger end 16 of the piunger body 11.

During assembly of the upper plunger seal pack 38 and
the upper plunger end fitting 22 on the upper plunger end 18, the pump
piunger 10 may be immobilized in a vice or the like (not illustrated). A
top cage {(not illustrated), a valve rod adapter (not illustrated) or a pull
tube adapter (not ilustrated) may be attached to the end fitting nipple
27 of the upper plunger end fitting 22. A pull rod or a pull tube {(not
ijlustrated) may be atlached {0 the top cage, the valve rod adapter or
the pull tube adapter which s attached {0 the upper plunger end fitting
22.

The pump barrel 2 may be immobilized in a vice or the
like, after which the mnteror surfaces of the pump barrel bore 2a may be
swabbed clean and lubricated with a liberal coating of lubricant such

that a heavy film of the lubricant coats the interior surfaces of the pump

barrel bore Za. The outer surfaces of the plunger body 11, the upper
piunger seal pack 38 and the upper plunger end fitting 22 may also be
coated with the lubricant. Next, the lower plunger end 17 of the plunger
body 11 may be inserted into the pump barcel bore 2a of the pump
barrel 2. The plunger body 11 may be pushed through the pump barrel
bore 2a until approximately one-half the length of the plunger body 11
protrudes from the opposite end of the pump barrel bore 2a. In the



CA 02814665 2013-04-12

WO 2012/050631 PCT/US2011/027584

10

15

20

25

30

13-

case of a tubing pump (in which a pull rod is not aftached to the
plunger body 11), a pony rod or other long rod (not illustrated) may be
used to push the plunger body 11 through the pump barrel bore 2a
Next, with the lower plunger end 17 protruding from the pump barrel
bore 2a of the pump barrel 2, the lower plunger seal pack 38a and the
lower end fitting 22a may be assembled on the lower plunger end 17
as was heretofore described with respect o assembly of the upper
plunger seal pack 38 and the upper plunger end fitting 22. A friction
wrench or the like {not ilustrated) may be used to immobilize the
nlunger body 11 during assembly of the lower plunger seal pack 38a
and the lower end filting 22a on the plunger body 10. Lower cages or
other connections (not illustrated} may be atlached {o the end filting
nipple 27 of the lower plunger end fitting 22a.

The pump plunger 10 may then be pushed back a short
distance into the pump barrel bore 2a of the pump barret 2, leaving the

lower plunger end fitting 22a, the lower plunger seal pack 38a, the

plunger portion 14 of the plunger body ii protruding from the pump
barrel bore 2a. A piece of paper or plastic (hot illustrated) may be
cupped under and around the protruding end of the pump plunger 10
and the end of the pump barrel 2, after which a lubricant may be
poured through the opening into the recessed area between the interior
surface of the pump barrel bore 2a and the middle plunger portion 14
of the pump plunger 10 until the lubricant substantially fills the
recessed area. The cupped paper or plastic may be held around the
pump plunger 10 and the pump barrel 2 as the pump plunger 1.0 is
pushed back into the pump barrel bore 2a. Fittings (not illustrated) may
be attached to the pump barrel 2 and the pump plunger 10 may be
stroked substantially the entire length of the pump barrel bore 2a to

ensure that the upper seal pack 38 and the lower sea! pack 38a are
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properly placed on the plunger body 11. The pump barrel 2 may be

rolled over halfway and the pump plunger 10 pulied through the pump
barrel bore 2a again to ensure that the lubricant has coated the entire
interior surface of the pump barre! bore 2a. Assembly of the sucker rod
pump 1 may then be completed according to the knowledge of those
skilled in the art.

In some embodiments, the lubricant which is ulilized as a
tubricating materiatl in the pump plunger 10 may be a PiFE-containing
iguid tubricant which may inciude corrosion inhibitors. The PTHE
ingredient in the lubricant forms a dry film and bonds to the porous
metal surfaces of the pump plunger 10 and the inside surfaces of the
pump barrel 2 to lubricate the pump plunger 10 inside the pump barrel
2 in reciprocating relationship. This lubricating capability reduces
fricion between the pump plunger 10 and the pump barrel 2. H will be
appreciated by those skilled in the art that a variety of PTRE-containing
iubricants known by those skilled in the art may operate {0 achigve the
desired lubricaling results according to the knowledge of those skilled
in the art.

in exemplary application, the sucker rod pump 1 may be
used as a tubing pump in which the pump barrel 2 is attached {o a
tubing string {not illustrated) which 18 extended into a subterranean
hydracarbon well (not illustrated) or as an insert pump which is insered
INto & tubing string for operation. A traveling valve (not illustrated) may
pe attached 10 the nipple threads 28 of the lower plunger end fitting 22a
and a standing valve {not illustrated) may be placed in the pump barrel
2 beneath the traveling valve. In operation of the sucker rod pump 1,
the pump plunger 10 i1s reciprocated in the pump barrel bore 2a of the
pump barrel 2 to pump fluid hydrocarbons and other well fluids {not
Hlustrated) from the subterranean hydrocarbon well {not illustrated) in

which the sucker rod pump 1 1s placed.
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As the pump plunger 10 reciprocates in the pump barrel

hore 2a of the pump barrel 2, the following plunger seal 39, the middie

plunger seals 48, 48a and the jead plunger seal 58 of the upper
plunger seal pack 38 and the lower plunger seal pack 383,
respectively, each forms an independent seal with the interior surtace
of the pump barre! bore 2a, preventing blowback of weli fluids between
the pump plunger 10 and the pump barrel 2 during operation of the
sucker rod pump 1. This sealing capability of the upper plunger seal
pack 38 and the lower plunger seal pack 38a prevenis the leakage or
“slippage” of recovered fluids past the pump plunger 10 on both the
upsircke and downstroke of the pump plunger 10, thus providing
complete plunger efficiency for the life of each plunger seal pack 38,
38a. Furthermore, the independent sealing capability of the foliowing
plunger seal 39, the middle plunger seals 48, 48a and the lead plunger
seal 58 prolong the sealing efficacy of each plunger seal pack 38, 38a.
Moresover, the upper plunger seal pack 38 and the lower plunger seal
pack 38a seal out abrasive elements and contaminanis from the
interface between the pump plunger 10 and the interior surfaces of the
pump barrel bore 2a of the pump barrel 2. Additionally, the upper
piunger seal pack 38 and the lower plunger seal pack 38a allow the
lubricant to remain encased in the lubrication chamber 14 (FIG. 2),
enabling the interior surfaces of the pump barrel bore 2a to be
itibricated on every stroke. This reduces wear, pump sticking and the
accumulation of deposits between the pump plunger 10 and the pump
barrel 2.

i will be appreciated by those skilled in the art that the
pump plunger 10 may be fabricated in standard APl (American
Petroleum institute) spray metal plunger sizes. In the event that the
upper plunger seal pack 38 or the lower plunger seal pack 38a fails,

the pump plunger 10 wili opearate as a "'new” spray metal piunger in the
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oump barrel 2. This feature will alleviate the necessity of more frequent
pUMmp replacements.

it will be further appreciated by those skilled in the art that
the pump plunger 10 is characterized by simplicity of design, having
the plunger body 11, the upper plunger end fitting 22 and the lower
plunger end fitting 22a. The upper plunger seal pack 38 and the lower
plunger seal pack 38a can be easily placed on the end fitting shaft 32
of the upper plunger end fitting 22 and the lower plunger end fitting
22a, respectively, and each end fitting shaft 32 threaded into the
plunger body bore 12 (FIG. 10) to assemble the pump plunger 10
without the use of extra tools for the purpose. Moreover, the simple
design of the pump plunger 10 allows for a vanely of metallurgies on
the upper plunger end fitting 22 and the lower plunger end fitting 22a
depending on operating condition requirements. This may aliow for the
replacement of only the upper plunger end fithing 22, the lower plunger
end fitting 22a, the upper plunger seal pack 38 and/or the lower
plunger seal pack 38a without the need to also replace the plunger
body 11 during repair. The pump plunger 10 is sufficiently resistant that
it can be run in any type of pump barrel 2 including but not limited to a
Chrome {D barrel. The upper piunger seal pack 38 and the lower
plunger seal pack 38a allow the sucker rod pump 1 to be run at virtually
any depth, pressure, temperature or speed of operation.

While various dlustrative embodiments have been
described above, it will be recognized and understood that various
modifications can be made and the appended claims are intended to
cover all such modifications which may fail within the spirit and scope
of the disclosure.
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CLAIMS:

1. A pump plunger for a sucker rod pump, comprising:

an elongated plunger body having first and second plunger body ends and a
longitudinal plunger body bore extending between said first and second plunger boady

ends;

a first plunger end fitting releasably carried by said first plunger body end of

said plunger body;

a second plunger end fitting releasably carried by said second plunger boay

end of said plunger body;

wherein each of said first plunger end fitting and said second plunger ena
fitting comprises an end fitting body, a threaded end fitting nipple having exterior
nipple threads carried by said end fitting body at a first end of said end fitting body,
and a threaded end fitting shaft with exterior shaft threads carried by said end fitting
body at a second end of said end fitting body and threadably engaging said plunger
body;

at least one end fitting flat in said end fitting body;

a first plunger seal pack sandwiched between said first plunger body end and

said first plunger end fitting; ana

a second plunger seal pack sandwiched between said second plunger body

end and said second plunger end fitting.

2. The pump plunger of claim 1, wherein said plunger body comprises a pair of
expanded plunger portions and a middle plunger portion connecting said expanded

plunger portions.

CA 2814665 2017-12-20
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3. The pump plunger of claim 1, wherein said first plunger seal pack comprises a
first plurality of nesting plunger seals and said second plunger seal pack comprises a

second plurality of nesting plunger seals.

4. The pump plunger of claim 3, wherein each of said first plurality of nesting
plunger seals and said second plurality of nesting plunger seals comprises a
respective lead plunger seal engaging a corresponding one of said first plunger end
fitting and said second plunger end fitting, a respective following plunger seal
engaging said plunger body, and at least one respective midadle plunger seal,
especially a pair of middle plunger seals, sandwiched between said lead and

following plunger seais.
D, An end fitting for a pump plunger of a sucker rod pump, comprising:
an end fitting body;

a threaded end fitting nipple having exterior nipple threads carried by said end

fitting boaqy;

a threaded end fitting shaft having exterior shaft threads carried by said end

fitting body;

an end fitting bore extending through said end fitting body, said end fitting
nipple and said end fitting shaft; and

a plunger seal pack having a plurality of nesting plunger seals assembled on

said end fitting shaft; and,
at least one end fitting flat in said end fitting body.

0. The end fitting of claim 5, wherein said plunger seal pack comprises a lead

plunger seal, a following plunger seal, and at least one middle plunger seal,

CA 2814665 2017-12-20
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especially a pair of middle plunger seals, sandwiched between said lead plunger seal
and said following plunger seal, wherein said end fitting further comprises an end
fitting base, and wherein said end fitting body and said end fitting shaft extend from

opposite sides of said end fitting base.

CA 2814665 2017-12-20
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