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(57) Abrégée/Abstract:

A self-tightening retaining system for securing a closure in position closing an access port of a pump housing. The system includes
a retaining cover for obstructing removal of the closure from a bore of the access port. The cover has external threads
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(57) Abrege(suite)/Abstract(continued):
Interengageable with screw threads of the bore. A locking device Is configured for being secured to the cover such that the locking

device rotates together with the cover. The locking device has a fastener receivable in a hole of the closure and has external
threads Iinterengageable with threads of the hole. The threads of the cover and the threads of the fastener are spiraled in opposite
directions such that when the cover rotates In a loosening direction, the fastener becomes tightened In the hole of the closure

thereby stopping the rotation.
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SELF-TIGHTENING COVER FOR PUMP
Abstract of the Disclosure

A self-tightening retaining system for securing a closure in position
closing an access port of a pump housing. The system includes a retaining cover
for obstructing removal of the closure from a bore of the access port. The cover
has external threads interengageable with screw threads of the bore. A locking
device is configured for being secured to the cover such that the locking device
rotates together with the cover. The locking device has a fastener receivable in a
hole of the closure and has external threads interengageable with threads of the
hole. The threads of the cover and the threads of the fastener are spiraled in
opposite directions such that when the cover rotates in a loosening direction, the
fastener becomes tightened in the hole of the closure thereby stopping the

rotation.
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SELF-TIGHTENING COVER FOR PUMP

Background of the Invention

(1] This invention relates generally to pumps, and in
particular to a self—tighﬁening retaining system for holding
a cover in position closing an access port of a pump
housing.

[2] High pressure pumps are widely used in the
petroleum industry for a variety of field operations
relating to 01l and gas wells. Such pumps deliver a fluid
or slurry, which may carry solid particles (e.g., a sand
proppant), at pressures up to 20,000 psi. A common type is
a positive displacement pump having one or more plungers
reciprocally movable 1in a corresponding pump chamber. Each
chamber has an intake port for receiving fluid, a discharge
port for exhaust, and a one-way flow valve in each port for
preventing reverse flow. These valves require frequent
maintenance. Components of the valves are formed of a
material which forms an effective seal, such as
polyurethane, but which 1s incapable of withstanding the
erosive environment of the pump chamber for an extended
duration. Typically, each valve must be serviced after
every period of continuous operation at a well site (e.g.,
every four to six hours) for replacement of worn components.

An access port 1s provided in a wall of the pump housing,

1



CA 02498698 2005-02-28

at a location near the valves, so that maintenance personnel
can readily reach the valves.

[3] The access port must be securely closed and sealed
for proper operation of the pump. A closure device, such as
a plug with a circumferential seal, 1s provided for
installation in the access port. A retaining cover 1is
typically secured 1n the access port behind the closure to
firmly hold the closure at its installed position. The
retaining cover has external threads and is rotatably
received 1n a threaded portion of the access port.
Typically, a worker tightens the retaining cover in the
access port to a high torque using a sledge hammer and a

tool placed 1in a cavity of the cover to effect its rotation.

(4] Unfortunately, the retalning cover 1is subject to
inadvertently loosen. The pump experiences substantial
vibration during operation at high power settings such that
the retalning cover can overcome 1its initially applied
torque and beglin to "back out", or rotate in the access port
in a loosening direction. Should the retaining cover
continue to loosen, the closure and a quantity of high
pressure fluid would be ejected from the pump housing and
potentially cause damage or injury. Consequently, safety

regulations demand that operators respond to any loosening
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of the retaining cover by stopping the pump. That degrades
efficiency and can necessitate the expense of a back-up pump
for continuing a pumping operation while the primary pump is

shut down.

Summary of the TInvention

[5] Among the several objects and features of the
present i1nvention may be noted the provision of a retaining
system for securing a closure within a bore of a pump
housing; the provision of such a system which enhances
safety; the provision of such a system which self-tightens;
the provision of such a system which is compatible with
existing pump equipment; the provision of such a system
which i1s reliable; and the provision of such a system which
1s economical.

[6] In general, a self-tightening retaining system of
the invention i1s for securing a closure at an installed
position within a bore of a housing to close the bore. The
bore has screw threads along at least a portion of the bore
and the closure has an 1nternally threaded hole extending
into the closure. The system comprises a retaining cover
for obstructing removal of the closure from the bore. The
cover 1s recelvable 1in the bore in a position generally

adjacent the closure and has external threads
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interengageable with the screw threads of the bore such that the cover is rotatable
relative to the housing in a tightening direction for movement of the cover into the
bore toward the closure and rotatable in an opposite, loosening direction for
movement of the cover out from the bore away from the closure. The cover has a
central axis of rotation. A locking device is configured for being secured to the
cover, the locking device has an outer surface which forms a radial abutment to
the cover, and against rotation of the cover relative to the locking device. The
locking device comprises a fastener receivable in the hole of the closure and
having external threads interengageable with threads of the hole. The threads of
the cover and the threads of the fastener are spiraled in opposite directions such
that when the cover rotates in the loosening direction, the fastener becomes

tightened in the hole of the closure thereby stopping the rotation.

According to another aspect, there is provided a self-tightening
retaining system for securing a closure at an installed position within a bore of a
housing‘to close the bore, said bore having screw threads along at least a portion
of the bore and said closure having an internally threaded hole extending into the
closure, the system comprising: a retaining cover for obstructing removal of said
closure from said bore, the cover being receivable in the bore in a position
generally adjacent the closure and having external threads interengageable with
said screw threads of the bore such that the cover is rotatable relative to the
housing in a tightening direction for movement of the cover into the bore toward
the closure and rotatable in an opposite, loosening direction for movement of the
cover out from the bore away from the closure, the cover having a central axis or
rotation; and a locking device configured for being secured to the covers such that

the locking device rotates together with the cover about said central axis, the

locking device comprising a fastener receivable in said hole of the closure and
having external threads interengageable with threads of the hole; wherein the
threads of the cover and the threads of the fastener are spiraled in opposite
directions such that when the cover rotates in the loosening direction, the fastener
becomes tightened in the hole of the closure thereby stopping the rotation wherein
the locking device further comprises a locking member receivable in said central

opening of the cover, the locking member having a size and shape configured to
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form a radial abutment to an internal wall of the cover and against rotation of the
cover relative to said locking device.

[7] In another aspect, a method according to the invention locks a
closure at a sealing position within a bore of a pump housing. The method

5 comprises the steps of installing a retaining cover in the bore adjacent the closure,
the cover having screw threads interengageable with screw threads of the bore
such that the cover is rotatable relative to the housing in a tightening direction and

an opposite, loosening direction. The cover has a central axis
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of rotation, the step of installing comprising rotating the
cover about the axis i1n the tightening direction. A locking
device 1s secured to the cover such that the locking device
rotates together with the cover about the central axis. A
fastener 1s threaded i1nto a threaded hole in the closure to
secure the fastener to the closure. The fastener and hole
of the closure have screw threads spiraled in opposite
direction to the screw threads of the cover and bore such
that when the cover rotates i1n the loosening direction, the
fastener becomes tightened 1n the hole of the closure
thereby stopping the rotation.

[8] Other objects and features of the present
invention will be in part apparent and in part pointed out

hereinafter.

Brief Description of the Drawilngs

[9] FIGS. 1 and 2 are side and front elevations,
respectively, of a high pressure pump having a cover
retaining system according to one embodiment of the present
invention;

[10] FIG. 3 1is an enlarged fragment of Fig. 2;

[11] FIG. 4 1s a section along line 4--4 of Fig. 3;

[12] FIG. 5 1s an enlarged fragment of Fig. 4;
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[13] FIG. 6 is a perspective of a locking nut of the
invention;

[14] FIG. 7 1s a perspective of a left-hand threaded
bolt of the invention;

[15] FIG. 8 is a section similar to Fig. 5 but showing
a second embodiment of the invention; and

[16] FIG. 9 1s a view along line 9--9 of the second
embodiment of Fig. 8.

[17] Corresponding reference characters 1ndicate

corresponding parts throughout the views of the drawings.

Detailed Description ¢of the Preferred Embodiment

[18] Referring now to the drawings and in particular to
Figs. 1-4, a self-tightening retaining system according to
the present invention is indicated in its entirety at 10.
The retaining system 10 secures a closure 12 within a bore
14 to close the bore. The system 1s particularly adapted
for holding a plug member in a maintenance access bore of a
high pressure reciprocating pump l6. The present
description will primarily relate to that application.
However, the retaining system may be used 1n a variliety of
applications to secure a body 1n a bore without departing

from the scope of the present invention.
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[19] The pump 16 is adapted for operation at remote
sites and may be placed on a vehicle such as a truck for
transportation. The pump includes a first portion known as
a "power end," designated generally at 18 (Fig. 1), and a

second portion known as a "fluid end," designated generally

at 20. The power end 18 includes a gearbox and housing for

a crankshaft or eccentric (not shown) for providing power to
the fluid end 20 during operation of the pump. A motor,
such as a diesel engine (not shown), is in one embodiment
external to the power end and operatively connected thereto.
The power end 18 is connected to the fluid end 20 by a
plurality of fasteners, such as, and for example only,
cylinders 24 and tie rods 26 shown in Figs. 3 and 4.

[20] The fluid end 20 includes a housing 28 through
which fluid is moved and 1ts pressure increased. In the
embodiment shown in the drawings, the housing 28 contains
three or more segregated pump chambers 30 with three or more
corresponding reciprocal plungers 32. The pump 16 which 1is
shown 1s known to those skilled in the art as a

"reciprocating triplex" pump, and similarly a pump having

five chambers and five plungers (not shown) 1s known 1in the
art as a "reciprocating quintuplex” pump. An intake pipe 34
beneath the housing 28 is for recelving fluid from a source

of fluid (not shown) and dividing it among three branches 36
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for delivery to the three chambers. Two lateral outlet
ports 38 are for discharging fluid and are adapted for
connection to pipes (not shown) for delivery to a
destination, such as a well. A gage measurement port 40 1is
positioned above the housing 28 for attachment of a pressure
transducer and 1s 1n communication with at least one of the
chambers 30 for measuring its pressure. Other types and
arrangements of pumps do not depart from the scope of this
invention.

[21] Referring to Fig. 4, each pump chamber 30 includes
a lower intake port 42 with a first one-way flow wvalve 44

and an upper discharge port 46 including a second one-way

flow valve 48, The 1intake port 42 communicates with a
branch 36 of the i1ntake pipe 34 for receiving fluid, and the
discharge port 46 communicates through a horizontal
passageway 50 with the outlet ports 38 for discharging
fluid. The valves 44, 48 are positioned in a vertical
relative arrangement, known to those skilled in the art as a
"valve over valve" construction. Each valve is conventional
and 1ncludes a movable valve member 52 engageable with a
tapered seat 54 when the valve is closed to prevent flow of
fluid 1n a reverse (i.e., downward) direction. When fluid
flows 1in the forward (i.e., upward) direction, the valve

opens with the valve member 52 disengaging from the seat 54

8
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to permit flow through the valve. Each valve also has guide
legs 56, a stop 58 for limiting a range of travel of the
valve member, and a tapered spring 60 positioned between the
stop and valve member. Other valve arrangements and
configurations of the fluid end do not depart from the scope
of this invention.

(22} The plunger 32 is cylindric in shape and
recilprocates horizontally i1n the pump chamber 30. A
coupling 62 1s provided to connect the plunger 32 to one of
the cylinders 24 which reciprocates and is driven by the
crankshaft in the power end 18 of the pump. One or more
seals 64 are positioned circumferentially around the plunger
32 to prevent leakage from the chamber, the seals being held
in place by a housing 66 (Fig. 4) known to those skilled in
the art as a "stuffing box." When the plunger 32 moves
toward the power end 18 (toward the left in Fig. 4), a
vacuum pressure 1is formed in the chamber 30. The first one-
way flow valve 44 moves to an open position and fluid is
received i1nto the chamber from the intake port 42. However,
the second one-way flow valve 48 remains closed so that no
fluid passes through the discharge port 46. When the
plunger 32 strokes back toward the fluid end 20 (toward the
right in Fig. 4), pressure in the chamber is elevated

causing the first one-way flow valve 44 to close and the

9
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second one-way flow valve 48 to open. Fluid flows out the
discharge port 46 to the passageway 50 for delivery to the
outlet ports 38.

[23] As the operation of the pump 16 is conventional,
1t will not be described in further detail.

[24] The housing 28 of the fluid end includes an access
port, defined by the bore 14, for each chamber 30 to
facilitate maintenance actions on the fluid end 20.
Specifically, the access port is located near the one-way
valves 44, 48 so that maintenance personnel can reach the
valves to replace worn components. The access port bore 14
includes a threaded, outer portion 74 and a smooth (non-
threaded), inner portion 76, as shown in Fig. 5. In the
embodiment shown in the drawings, the outer portion 74 is
axially aligned with the inner portion 76 and has a somewhat
larger diameter. A shoulder 78 1s formed in the bore 14
(Fig. 5) at the transition between the outer portion and the
inner portion. The closure 12 comprises a plug member
having a size and cylindrical shape corresponding with the
inner portion 76 of the bore 14 for being received in the
lnner portion to an installed position for closing the pump
chamber 30. The closure 12 1is at times referred to by those
skilled in the art as a "suction valve cover." A

circumferential seal 82 is received in a groove around the

10
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closure 12 for sealing engagement against the surface of the
inner portion 76 of the bore to prevent leakage of fluid
through the access port when the closure is at its installed
position. The closure 12 has an outer face 84 having a
threaded hole 86 in 1ts center which extends into the
closure but does not extend completely through the closure.
An annular ridge or flange 88 extending around the closure
12 1s adapted to contact the shoulder 78 of the bore when
the closure 1s at 1ts 1installed position as shown in Fig. 5.

[25] A retaining cover 90 (broadly, a "retainer") has a
size and shape corresponding with the outer portion 74 of
the bore 14 and 1s received in the outer portion for holding
the closure at 1ts installed position. The cover 90 has
external threads 92 which are interengageable with the
threads of the outer portion 74 of the bore. The cover 90
1s rotatable relative to the housing 28 about a central axis
A 1n a tightening direction toward the closure 12 and into
the housing, and i1n a loosening direction away from the
closure and out from the housing. When positioned in the
bore 14, the cover 90 obstructs removal of the closure 12
from the bore. A central opening 94 extends through the
cover 90 and defines an internal wall. In one embodiment,
the central opening 94 has a polygonal (e.g., hexagonal)

shape.

11
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[26] A locking device designated generally at 96 is
provided for preventing inadvertent rotation of the cover
90. The locking device 96 comprises a fastener 98 which is
secured to the cover 90 so that 1t rotates along with the
cover, and which 1s receilved 1n the threaded hole 86 of the
outer face 84 of the closure. In one embodiment, the
fastener 98 1s aligned with the central axis A when secured
to the cover. The fastener 98 1llustrated in Figs. 5 and 7
comprises a bolt having external threads 100 interengageable
with threads of the hole 86. For securing the fastener 98
to the cover 90, the locking device 96 further comprises a
locking member 102 receivable in the central opening 94 of
the cover. In one embodiment (Fig. 6), the locking member
102 1s 1n the form of a nut having a polygonal (e.g.,
hexagonal) outer surface for nesting engagement with the
internal wall of the cover 90 and a clearance bore 104 for
receiving the bolt 98 having a circular inner surface. The
bolt 98 i1s inserted through the bore 104 of the nut and
threaded into the hole 86 of the closure 12. The bolt 98 is
tightened to a suitable torque such that the head of the
bolt applies substantial force against the nut 102 and,
consequently, the bolt 98 and nut 102 are firmly secured
together and rotate together with the cover 90. The locking

device 96 1s compatible with existing pump equipment.

12
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Although the locking device of the 1llustrated embodiment
has two parts, 1t is understood that the locking device may
have more or fewer parts without departing from the scope of
this invention.

[27]) Significantly, the threads 92 of the cover 90 and
the threads 100 of the fastener 98 are spiraled 1in opposite
directions. In one embodiment, the cover 90 and its
corresponding outer portion 74 of the access port are right-
hand threaded, while the fastener 98 and its corresponding
threaded hole 86 are left-hand threaded. Therefore, the
loosening direction for the cover 90 is typically a counter-
clcckwise rotational direction. In contrast, when the bolt
08 1s rotated in a counter-clockwilise direction, 1t tightens
in the hole 86 of the closure. The form of threads 92, 100
is conventional and of a sultable standardized type and
pitch. It is understood that the cover may be left-hand
threaded with the fastener being right-hand threaded without
departing from the scope of this invention.

[28] In operation, the pump 16 may generate vibrations
when operating at high power settings which tend to loosen
the cover 90 1n 1ts threaded engagement with the access port
bore 14. If the cover begins to rotate in the loosening
direction, the locking device 96 stops it. The nut 102 and

bolt 98 rotate about the axis A along with the cover. The

13
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rotation of the cover 90 and its right-hand threads 92 cause
the cover to begin to loosen i1n the bore 14, but the left-
hand threads 100 of the bolt 98 simultaneously cause the
bolt to tighten in the hole 86 of the closure. The tendency
of the cover 90 to loosen has insufficient torque to
overcome the opposing torque provided by the threads 100
tightening in the hole 86, thereby stopping the rotation of
the cover. The closure 12 does not begin to rotate along
with the cover relative to the housing 28 due to friction
between the closure and the bore 14 and due to the mass of
the closure. Frictional force acts between the flange 88
and shoulder 78 and along the outer surface of the closure
seal 82. Consequently, the need to shut down the pump 16
due to a loosening cover 1s precluded.

[29] A second embodiment 110 of the invention 1s shown
in Figs. 8 and 9. The retaining system of the second
embodiment 110 includes a stop 112 for preventing any
rotation of the closure 12 relative to the housing 28. The
stop 112 comprises a pin positioned on the shoulder 78 of
the bore and received in a hole which 1s drilled into the
housing at the shoulder. The flange 88 of the closure has
at least one notch 114 which is aligned with the pin 112.

If the torque applied to the closure 12 begins to rotate the

closure, the wall of the notch 114 engages the pin 112 and

14
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further rotation of the closure is prevented. Other stop
configurations do not depart from the scope of this
invention. For example, a stop may comprise a fastener (not
shown) 1nside the pump chamber which connects the closure 12
to another part of the pump, such as the wvalve stop 58, to
prevent rotation of the closure.

[30] In view of the above, it will be seen that the
several objects of the invention are achieved and other
advantageous results obtained.

[31] When introducing elements of the present invention
or the preferred embodiment (s) thereof, the articles “a”,
“an”, “the” and “said” are intended to mean that there are
one or more of the elements. The terms “comprising”,
“including” and “having” are intended to be inclusive and
mean that there may be additional elements other than the
listed elements.

[32] As wvarious changes could be made in the above
without departing from the scope of the invention, it 1is
intended that all matter contained 1n the above description
and shown 1n the accompanying drawings shall be interpreted

as l1llustrative and not in a limiting sense.
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CLAIMS:

1. A self-tightening retaining system for securing a closure at an
installed position within a bore, said bore in a portion of a housing, said closure In
said installed position closes the bore, said bore having screw threads along at
least a portion of the bore and said closure having an internally threaded hole

extending into the closure, the system comprising:

a retaining cover for obstructing removal of said closure from said
bore, the cover being receivable in the bore in a position generally adjacent the
closure and having external threads interengageable with said screw threads of
the bore such that the cover is rotatable relative to the housing in a tightening
direction for movement of the cover into the bore toward the closure and rotatable

in an opposite, loosening direction for movement of the cover out from the bore

away from the closure, the cover having a central axis of rotation; and

a locking device configured for being secured to the cover, said
locking device has an outer surface which forms a radial abutment to said cover,
and against rotation of said cover relative to said locking device the locking device

comprising a fastener receivable in said hole of the closure and having external

threads interengageable with threads of the hole;

wherein the threads of the cover and the threads of the fastener are
spiraled in opposite directions such that when the cover rotates in the loosening
direction, the fastener becomes tightened in the hole of the closure thereby

stopping the rotation.

2. A self-tightening retaining system as set forth in claim 1 wherein the

cover has right-hand threads and the fastener has left-hand threads.

3. A self-tightening retaining system as set forth in claim 1 wherein said

housing is a pump housing and said retaining cover is a pump access port cover.

4. A self-tightening retaining system as set forth in claim 1 further
comprising a central opening extending through the cover defining said internal

wall along the opening.

16
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5. A self-tightening retaining system for securing a closure at an
installed position within a bore of a housing to close the bore, said bore having
screw threads along at least a portion of the bore and said closure having an

internally threaded hole extending into the closure, the system comprising:

a retaining cover for obstructing removal of said closure from said
bore, the cover being receivable in the bore in a position generally adjacent the
closure and having external threads interengageable with said screw threads of
the bore such that the cover is rotatable relative to the housing in a tightening
direction for movement of the cover into the bore toward the closure and rotatable
in an opposite, loosening direction for movement of the cover out from the bore

away from the closure, the cover having a central axis or rotation; and

a locking device configured for being secured to the covers such that
the locking device rotates together with the cover about said central axis, the
locking device comprising a fastener receivable in said hole of the closure ana

having external threads interengageable with threads of the hole;

wherein the threads of the cover and the threads of the fastener are
spiraled in opposite directions such that when the cover rotates in the loosening
direction, the fastener becomes tightened in the hole of the closure thereby
stopping the rotation wherein the locking device further comprises a locking
member receivable in said central opening of the cover, the locking member
having a size and shape configured to form a radial abutment to an internal wall of

the cover and against rotation of the cover relative to said locking device.

6. A self-tightening retaining system set forth in claim 5 wherein the

locking member has a polygonal shape.

7. A self-tightening retaining system as set forth in claim 6 wherein the

locking member comprises a nut.

8. A self-tightening retaining system set forth in claim 7 wherein said

fastener comprises a threaded bolt extending through the nut.

17
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9. A self-tightening retaining system as set forth in claim 8 wherein the

bolt is aligned with said central axis of rotation of the cover.

10. A self-tightening retaining system as set forth in claim 1 in

combination with the closure.

11. A self-tightening retaining system as set forth claim 10 wherein the
closure comprises a plug having a circumferential seal engageable with the bore

to close the bore.

12. A self-tightening retaining system as set forth in claim 11 wherein the
bore of the housing has an internal shoulder and the closure further comprises an
annular flange which engages the shoulder when the closure is at said installed

position.

13. A self-tightening retaining system as set forth in claim 12 further

comprising a stop for preventing rotation of the closure relative to the housing.

14, A self-tightening retaining system as set forth in claim 13 wherein the
flange on the closure has at least one notch therein and when the closure is at

said installed position, the stop is received in the notch.

15. A method of locking a closure at a sealing position within a bore of a

pump housing, the method comprising the steps of:

installing a retaining cover in said bore adjacent said closure, the
cover having screw threads interengageable with screw threads of the bore such
that the cover is rotatable relative to the housing in a tightening direction and an
opposite, loosening direction, the cover having a central axis of rotation, said step
of installing comprising rotating the cover about said axis in said tightening

direction;

securing a locking device to the cover such that the locking device
and cover cannot be rotated in opposite directions about said central axis at the
same time and providing the locking device with a radial abutment to an internal

wall of the cover and against rotation of the cover relative to said locking device;

18
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and threading a fastener into a threaded hole in the closure to
secure the fastener to the closure, the fastener and hole of the closure having
screw threads spiraled in opposite direction to the screw threads of the cover and
bore such that when the cover rotates in the loosening direction, the fastener

5 becomes tightened in the hole of the closure thereby stopping the rotation.

19
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