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(57) Abrégée/Abstract:
A gquintuplex mud pump has a crankshaft supported in the pump by external main bearings. The crankshaft has five eccentric
sheaves, two Internal main bearing sheaves, and two bull gears. Each of the main bearing sheaves supports the crankshaft by a
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(57) Abrege(suite)/Abstract(continued):

main bearing. One main bearing sheave Is disposed between second and third eccentric sheaves, while the other main bearing
sheave Is disposed between third and fourth eccentric sheaves. One bull gear Is disposed between the first and second eccentric
sheaves, while the second bull gear Is disposed between fourth and fifth eccentric sheaves. A pinion shaft has pinion gears
Interfacing with the crankshaft's bull gears. Connecting rods on the eccentric sheaves use roller bearings and transfer rotational
movement of the crankshaft to pistons of the pump's fluid assembly.
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ABSTRACT

A quintuplex mud pump has a crankshaft supported in the pump by
external main bearings. The crankshaft has five eccentric sheaves, two internal
main bearing sheaves, and two bull gears. Each of the main bearing sheaves
supports the crankshaft by a main bearing. One main bearing sheave is disposed
between second and third eccentric sheaves, while the other main bearing sheave
IS disposed between third and fourth eccentric sheaves. One bull gear is disposed
between the first and second eccentric sheaves, while the second bull gear is
disposed between fourth and fifth eccentric sheaves. A pinion shaft has pinion
gears Interfacing with the crankshaft's bull gears. Connecting rods on the eccentric
sheaves use roller bearings and transfer rotational movement of the crankshaft to

pistons of the pump’s fluid assembly.
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“QUINTUPLEX MUD PUMP”

FIELD OF THE INVENTION
Embodiments of the invention are related to mud pumps and
more particularly to mud pumps that produce low levels of white noise during
operation to avoid interference with measurement-while drilling (MWD) and
logging-while-drilling (LWD) operations.

BACKGROUND

Triplex mud pumps pump drilling mud during well operations.
An example of a typical triplex mud pump 10 shown in FIG. 1A has a power
assembly 12, a crosshead assembly 14, and a fluid assembly 16. Electric
motors (not shown) connect to a pinion shaft 30 that drives the power
assembly 12. The crosshead assembly 14 converts the rotational movement
of the power assembly 12 into reciprocating movement to actuate internal
pistons or plungers of the fluid assembly 16. Being triplex, the pump’s fluid
assembly 16 has three internal pistons to pump the mud.

As shown in FIG. 1B, the pump’'s power assembly 14 has a
crankshaft 20 supported at its ends by double roller bearings 22. Positioned
along its intermediate extent, the crankshaft 20 has three eccentric sheaves
24-1...24-3, and three connecting rods 40 mount onto these sheaves 24 with
cylindrical roller bearings 26. These connecting rods 40 connect by extension
rods (not shown) and the crosshead assembly (14) to the pistons of the
pump’s fluid assembly 16.

In addition to the sheaves, the crankshaft 20 also has a bull gear
28 positioned between the second and third sheaves 24-2 and 24-3. The bull
gear 28 Interfaces with the pinion shaft (30) and drives the crankshaft 20’s
rotation. As shown particularly in FIG. 1C, the pinion shaft 30 also mounts in
the power assembly 14 with roller bearings 32 supporting its ends. When
electric motors couple to the pinion shaft's ends 34 and rotate the pinion shaft

30, a pinion gear 38 interfacing with the crankshaft's bull gear 28 drives the

crankshaft (20), thereby operating the pistons of the pump’s fluid assembly
16.
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[Para 5] When used to pump mud, the triplex mud pump 10 produces
flow that varies by approximately 23%. For example, the pump 10
produces a maximum flow level of about 106% during certain crankshatft
angles and produces a minimum flow level of 83% during other crankshaft
angles, resulting in a total flow variation of 23% as the pump’s pistons are
moved In differing exhaust strokes during the crankshaft's rotation.
Because the total flow varies, the pump 10 tends to produce undesirable
pressure changes or “noise” in the pumped mud. In turn, this noise
interferes with downhole telemetry and other techniques used during
measurement-while-drilling (MWD) and logging-while-drilling (LWD)
operations.

[Para 6] In contrast to mud pumps, well-service pumps (WSP) are
also used during well operations. A well service pump is used to pump
fluid at higher pressures than those used to pump mud. Therefore, the
well service pumps are typically used to pump high pressure fluid into a
well during frac operations or the like. An example of a well-service pump
50 1s shown in FIG. 2. Here, the well service pump 50 is a quintuplex well
service pump, although triplex well service pumps are also used. The
pump 50 has a power assembly 52, a crosshead assembly 54, and a fluid
assembly 56. A gear reducer 53 on one side of the pump 50 connects a
drive (not shown) to the power assembly 52 to drive the pump 50.

[Para 7] As shown In FIG. 3, the pump’s power assembly 52 has a
crankshaft 60 with five crankpins 62 and an internal main bearing sheave
64. The crankpins 62 are offset from the crankshaft 60’s axis of rotation
and convert the rotation of the crankshaft 60 in to a reciprocating motion
for operating pistons (not shown) in the pump’s fluid assembly 56. Double
roller bearings 66 support the crankshaft 60 at both ends of the power
assembly 52, and an internal double roller bearing 68 supports the
crankshaft 60 at its main bearing sheave 64. One end 61 of the crankshaft
60 extends outside the power assembly 52 for coupling to the gear

reducer (53; Fig. 2) and other drive components.
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[Para 8] As shown In FIG. 4A, connecting rods 70 connect from the
crankpins 62 to pistons or plungers 80 via the crosshead assembly 54.
FIG. 4B shows a typical connection of a connecting rod 70 to a crankpin
62 in the well service pump 50. As shown, a bearing cap 74 fits on one
side of the crankpin 62 and couples to the profiled end of the connecting
rod 70. To reduce friction, the connection uses a sleeve bearing 76
between the rod 70, bearing cap 74, and crankpin 62. From the crankpin
62, the connecting rod 70 connects to a crosshead 55 using a wrist pin 72
as shown in FIG. 4A. The wrist pin 72 allows the connecting rod 70 to
pivot with respect to the crosshead 55, which In turn is connected to the
plunger 80.

[Para 9] In use, an electric motor or an internal combustion engine
(such as a diesel engine) drives the pump 50 by the gear reducer 53. As
the crankshaft 60 turns, the crankpins 62 reciprocate the connecting rods
70. Moved by the rods 70, the crossheads 55 reciprocate inside fixed
cylinders. In turn, the plunger 80 coupled to the crosshead 55 also
reciprocates between suction and power strokes in the fluid assembly 50.
Withdrawal of a plunger 80 during a suction stroke pulls fluid into the
assembly 56 through the input valve 82 connected to an inlet hose or pipe
(not shown). Subsequently pushed during the power stroke, the plunger
80 then forces the fluid under pressure out through the output valve 84
connected to an outlet hose or pipe (not shown).

[Para 10] In contrast to using a crankshaft for a quintuplex well-service
pump that has crankpins 62 as discussed above, another type of
quintuplex well-service pump uses eccentric sheaves on a direct drive
crankshaft. FIG. 4C is an isolated view of such a crankshaft 90 having
eccentric sheaves 92-1...92-5 for use In a quintuplex well-service pump.
External main bearings (not shown) support the crankshaft 90 at its ends
96 in the well-service pumps housing (not shown). To drive the crankshaft
90, one end 91 extends beyond the pumps housing for coupling to drive
components, such as a gear box. The crankshaft 90 has five eccentric

sheaves 92-1...92-5 for coupling to connecting rods (not shown) with roller
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bearings. The crankshaft 90 also has two internal main bearing sheaves
94-1, 94-2 for internal main bearings used to support the crankshaft 90 In
the pump’s housing.

[Para 11] In the past, quintuplex well-service pumps used for pumping
frac fluid or the like have been substituted for mud pumps during drilling
operations to pump mud. Unfortunately, the well-service pump has a
shorter service life compared to the conventional triplex mud pumps,
making use of the well-service pump as a mud pump less desirable in
most situations. In addition, a quintuplex well-service pump produces a
great deal of white noise that interferes with MWD and LWD operations,
further making the pump’s use to pump mud less desirable in most
situations. Furthermore, the well-service pump is configured for direct
drive by a motor and gear box directly coupling on one end of the
crankshaft. This direct coupling limits what drives can be used with the
pump. Moreover, the direct drive to the crankshaft can produce various
ISsues with noise, balance, wear, and other associated problems that
make use of the well-service pump to pump mud less desirable.

[Para 12] One might expect to provide a quintuplex mud pump by
extending the conventional arrangement of a triplex mud pump (e.g., as
shown in FIG. 1B) to include components for two additional pistons or
plungers. However, the actual design for a quintuplex mud pump is not as
easy as extending the conventional arrangement, especially in light of the
requirements for a mud pump’s operation such as service life, noise levels,
crankshaft deflection, balance, and other considerations. As a result,
acceptable implementation of a quintuplex mud pump has not been
achieved In the art during the long history of mud pump design.

[Para 13] What i1s needed is an efficient mud pump that has a long
service life and that produces low levels of white noise during operation so
as not to interfere with MWD and LWD operations while pumping mud in a

well.
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BRIEF DESCRIPTION OF THE DRAWINGS
[Para 14] FIG. 1A 1s a top view of a triplex mud pump according to the
prior art.
[Para 15] FIG. 1B Is a cross-sectional view of the triplex mud pump’s
power assembly showing the crankshaft.
[Para 16] FIG. 1C shows the triplex mud pump’s pinion shaft.
[Para 17] FIG. 2 1s a top view of a quintuplex well service pump
according to the prior art.
[Para 18] FIG. 3 Is an end-sectional view of the power assembly for the
quintuplex well service pump in FIG. 2.
[Para 19] FIG. 4A i1s a side cross-section of the quintuplex well service
pump of FIG. 2.
[Para 20} FIG. 4B 1s a side view of a bearing for a connector rod
coupled to the well service pump’s crankpin.
[Para 21} FIG. 4C is an isolated view of another crankshaft having
eccentric sheaves for use in a quintuplex well service pump.
[Para 22} FIG. 5 1s a top view of a quintuplex mud pump according to
the present disclosure.
[Para 23] FIGS. 6A-6B are top and perspective views of the quintuplex
mud pump of FIG. 5 showing internal components.
[Para 24] FIG. 7 1s an isolated view of the pump’s crankshaft.
[Para 25] FIG. 8 Is a cross-sectional view of the pump’s power
assembly showing the crankshaft and roller bearings.
[Para 26] FIG. 9 shows the quintuplex mud pump’s pinion shaft.
[Para 27] FIG. 10A shows a cross-section of a crosshead assembly for
the quintuplex mud pump.
[Para 28] FIG. 10B shows a cross-section of a fluid assembly for the

quintuplex mud pump.
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DETAILED DESCRIPTION

[Para 29] A quintuplex mud pump Is a continuous duty, reciprocating plunger/piston
pump. The mud pump has a crankshaft supported in the pump by external main bearings
and uses internal gearing and a pinion shaft to drive the crankshaft. Five eccentric
sheaves and two internal main bearing sheaves are provided on the crankshaft. Each of
the main bearing sheaves supports the intermediate extent of crankshaft using bearings.
One main bearing sheave is disposed between the second and third eccentric sheaves,
while the other main bearing sheave is disposed between the third and fourth eccentric
sheaves.

[Para 30] One or more bull gears are also provided on the crankshaft, and the
pump'’s pinion shaft has one or more pinion gears that interface with the one or more bull
gears. If one bull gear is used, the interface between the bull and pinion gears can use
herringbone or double helical gearing of opposite hand to avoid axial thrust. If two bull
gears are used, the interface between the bull and pinion gears can use helical gearing
with each having opposite hand to avoid axial thrust. For example, one of two bull gears
can be disposed between the first and second eccentric sheaves, while the second bull
gear can be disposed between fourth and fifth eccentric sheaves. These bull gears can
have opposite hand. The pump's internal gearing allows the pump to be driven
conventionally and packaged in any standard mud pump packaging arrangement. Electric
motors (for example, twin motors made by GE) may be used to drive the pump, although
the pump’s rated input horsepower may be a factor used to determine the type of motor.
{Para 31] Connecting rods connect to the eccentric sheaves and use roller bearings.
During rotation of the crankshaft, these connecting rods transfer the crankshaft's
rotational movement to reciprocating motion of the pistons or plungers in the pump's fluid
assembly. As such, the quintuplex mud pump uses all roller bearings to support its
crankshaft and to transfer crankshaft motion to the connecting rods. In this way, the

quintuplex mud pump can reduce the white noise typically produced by
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conventional triplex mud pumps and well service pumps that can interfere
with MWD and LWD operations.

[Para 32] Turning to the drawings, a quintuplex mud pump 100 shown
INn FIGS. 5 and 6A-6B has a power assembly 110, a crosshead assembly
150, and a fluid assembly 170. Twin drives (e.g., electric motors, etc.)
couple to ends of the power assembly’s pinion shaft 130 to drive the
pump’s power assembly 110. As shown in FIGS. 6A-6B, internal gearing
within the power assembly 110 converts the rotation of the pinion shaft
130 to rotation of a crankshaft 120. The gearing uses pinion gears 138 on
the pinion shaft 130 that couple to bull gears 128 on the crankshaft 120
and transfer rotation of the pinion shaft 130 to the crankshaft 120.

[Para 33] For support, the crankshaft 120 has external main bearings
122 supporting its ends and two internal main bearings 127 supporting its
iIntermediate extent in the assembly 110. As best shown in FIG. GA,
rotation of the crankshaft 120 reciprocates five independent connecting
rods 140. Each of the connecting rods 140 couples to a crosshead 160 of
the crosshead assembly 150. In turn, each of the crossheads 160
converts the connecting rod 40's movement into a reciprocating movement
of an intermediate pony rod 166. As it reciprocates, the pony rod 166
drives a coupled piston or plunger (not shown) in the fluid assembly 170
that pumps mud from an intake manifold 192 to an output manifold 198.
Being quintuplex, the mud pump 100 has five such pistons movable in the
fluid assembly 170 for pumping the mud.

[Para 34] Shown in isolated detail in FIG. 7, the crankshaft 120 has
five eccentric sheaves 124-1 through 124-5 disposed thereon. Each of
these sheaves can mechanically assemble onto the main vertical extent of
the crankshaft 120 as opposed to being welded thereon. During rotation
of the crankshaft 120, the eccentric sheaves actuate in a firing order of
124-1, 3, 5, 2 and 4 to operate the fluid assembly’s pistons (not shown).
This order allows the crankshaft 120 to be assembled by permitting the

various sheaves to be mounted thereon. Preferably, each of the eccentric
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sheaves 124-1...124-5 is equidistantly spaced on the crankshaft 120 for
balance.

[Para 35] The crankshaft 120 also has two internal main bearing
sheaves 125-1 and 125-2 positioned respectively between the second and
third sheaves 124-2 and 124-3 and the third and fourth sheaves 124-3 and
124-4. In the present embodiment, the crankshaft 120 also has two bull
gear supports 128-1 and 128-2 disposed thereon, although one bull gear
may be used by itself in other embodiments. The first bull gear support
128-1 Is positioned between the first and second eccentric sheaves 124-1
and 124-2, and the second of the bull gear support 128-2 is positioned
between the fourth and fifth eccentric sheaves 124-4 and 124-5.

[Para 36] Preferably, each of the sheaves 124-1...124-5, bull gear
supports 128-1 & 128-2, and bearing sheaves 125-1 & 125-2 are
equidistantly spaced on the crankshaft 120 for balance. In one
Implementation for the crankshaft 120 having a length a little greater than
90-In. (e.q., 90.750-In.), each of the sheaves 124, 125 and supports 128
are equidistantly spaced from one another by 9-inches between their
rotational centers. The end sheaves 124-1 and 124-5 can be positioned a
little over 9-In. (e.g., 9.375-In.) from the ends of the crankshaft 120.

[Para 37] The additional detail of FIG. 8 shows the crankshaft 120
supported in the power assembly 110 and having the connecting rods 140
mounted thereon. As noted above, double roller bearings 122 support the
ends of the crankshaft 120 in the assembly 110. Internally, main bearings
123 support the intermediate extent of the crankshaft 120 in the assembly
110. In particular, the main bearings 126 position on the main bearing
sheaves 125-1 and 125-2 and are supported by carriers 125 mounted to
the assembly 110 at 129. The external main bearings 122 are preferably
spherical bearings to better support radial and axial loads. The internal
main bearings 125 preferably use cylindrical bearings.

[Para 38] Five connector rods 140 use roller bearings 126 to fit on the
eccentric sheaves 124-1...124-5. Each of the roller bearings 126

preferably uses cylindrical bearings. The rods 140 extend from the
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sheaves 124-1...124-5 (perpendicular to the figure) and couple the motion
of the crankshaft 120 to the fluid assembly (170) via crossheads (160) as
IS discussed in more detail below with reference to FIGS. 10A-10B.

[Para 39] As shown In FIG. 9, the pinion shaft 130 mounts with roller
bearings 132 in the power assembly 110 with its free ends 134 extending
on both sides of the assembly 110 for coupling to drive components (not
shown). As noted previously, the pinion gears 138 on the shaft 130
iInterface with the bull gears 128 on the crankshaft (120). Preferably, the
iInterface uses helical gearing of opposite hand. |n particular, the two
pinion gears 138 on the pinion shaft 130 have helical teeth that have an
opposite orientation or hand relative to one another. These helical teeth
couple in parallel fashion to oppositely oriented helical teeth on the
complementary bull gears 128 on the crankshaft 120. (The opposing
orientation of helical teeth on the bull gears 128 and pinion gears 138 can
best be seen In FIGS. 6A-6B). The helical gearing transfers rotation of the
pinion shaft 130 to the crankshaft 120 in a balanced manner. In an
alternative embodiment, the pinion shaft 130 can have one pinion gear
138, and the crankshaft 120 can have one bull gear 128. Preferably,
these single gears 138/128 use herringbone or double helical gearing of
opposite hand to avoid imparting axial thrust to the crankshaft 120.

[Para 40] The cross-section in FIG. 10A shows a crosshead 160 for
the quintuplex mud pump. The end of the connecting rod 140 couples by
a wrist pin 142 and bearing 144 to a crosshead body 162 that is movable
In a crosshead guide 164. A pony rod 166 coupled to the crosshead body
162 extends through a stuffing box gasket 168 on a diaphragm plate 169.
An end of this pony rod 166 in turn couples to additional components of
the fluid assembly (170) as discussed below.

[Para 41] The cross-section In FIG. 10B shows portion of the fluid
assembly 170 for the quintuplex mud pump. An intermediate rod 172 has
a clamp 174 that couples to the pony rod (166; Fig. 10A) from the
crosshead assembly 160 of FIG. 10A. The opposite end of the rod 172

couples by another clamp to a piston rod 180 having a piston head 182 on
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its end. Although a piston arrangement is shown, the fluid assembly 170
can use a plunger or any other equivalent arrangement so that the terms
piston and plunger can be used interchangeably herein. Moved by the
pony rod (166), the piston head 182 moves in a liner 184 communicating
with a fluid passage 190. As the piston 182 moves, it pulls mud from a
suction manifold 192 through a suction valve 194 into the passage 190
and pushes the mud in the passage 190 to a discharge manifold 198
through a discharge valve 196.

[Para 42] As noted previously, a triplex mud pump produces a total
flow variation of about 23%. Because the present mud pump 100 is
quintuplex, the pump 100 offers a lower variation in total flow, making the
pump 100 better suited for pumping mud and producing less noise that
can Interfere with MWD and LWD operations. |n particular, the quintuplex
mud pump 100 can produce a total flow variation as low as about 7%. For
example, the quintuplex mud pump 100 can produce a maximum flow
level of about 102% during certain crankshaft angles and can produce a
minimum flow level of 95% during other crankshaft angles as the pump’s
five pistons move in their differing strokes during the crankshatft’'s rotation.
Being smoother and closer to ideal, the lower total flow variation of 7%
produces less pressure changes or “noise” in the pumped mud that can
iInterfere with MWD and LWD operations.

[Para 43] Although a quintuplex mud pump is described above, it will
be appreciated that the teachings of the present disclosure can be applied
to multiplex mud pumps having at least more than three eccentric
sheaves, connecting rods, and fluid assembly pistons. Preferably, the
arrangement involves an odd number of these components so such mud
pumps may be septuplex, nonuplex, etc. For example, a septuplex mud
pump according to the present disclosure may have seven eccentric
sheaves, connecting rods, and fluid assembly pistons with at least two bull
gears and at least two bearing sheaves on the crankshaft. The bull gears
can be arranged between first and second eccentric sheaves and sixth

and seventh eccentric sheaves on the crankshaft. The internal main
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bearings supporting the crankshaft can be positioned between third and fourth eccentric

sheaves and the fourth and fifth eccentric sheaves on the crankshaft.

[Para 44} The foregoing description of preferred and other embodiments is not
iIntended to limit or restrict the scope or applicability of the inventive concepts conceived of
by the Applicants. In exchange for disclosing the inventive concepts contained herein, the

Applicants desire all patent rights afforded by the appended claims.
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WHAT IS CLAIMED |S:

1. A quintuplex mud pump, comprising:

a crankshaft rotatably supported in the pump by a plurality of main
bearings, the crankshaft having five eccentric sheaves and a first bull gear disposed
thereon, the main bearings including a first internal main bearing sheave disposed
between the second and third eccentric sheaves and including a second internal
main bearing sheave disposed between the third and fourth eccentric sheaves;

a pinion shaft for driving the crankshaft, the pinion shaft rotatably
supported in the pump and having a first pinion gear interfacing with the first bull
gear on the crankshaft; and

five connecting rods, each of the connecting rods disposed on one of

the eccentric sheaves of the crankshaft with a roller bearing.

2. A pump of clam 1, further comprising five pistons for pumping

mud, each of the connecting rods coupled to one of the pistons.

3. A pump of clam 2, wherein each of the connecting rods
couples to a crosshead by a wristpin, and wherein the crosshead couples to the

piston.

4. A pump of claim 1, 2, or 3, wherein the pinion shaft has

opposing ends extending from the pump for coupling to drive components.

5. A pump of any one of claims 1 to 4, wherein the first pinion

gear and the first bull gear comprise herringbone gearing.

6. A pump of any one of claims 1 to 5, wherein the crankshaft
comprises a second bull gear disposed thereon, and wherein the pinion shaft
comprises a second pinion gear disposed thereon and interfacing with the second

bull gear.

12
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7. A pump of claim 6, wherein the first bull gear is disposed
between the first and second eccentric sheaves, and wherein the second bull gear

is disposed between the fourth and fifth eccentric sheaves.

8. A pump of claim 6, wherein the five eccentric sheaves, the first
and second internal main bearing sheaves, and the first and second bull gears are

equidistantly spaced from one another on the crankshaft.

9. A pump of claim 6, wherein the first and second pinion gears
comprise helical gearing of opposite hand, and wherein the first and second buill

gears comprise helical gearing of opposite hand complementary to the pinion gears.

10. A pump of any one of claims 1 to 9, wherein

the main bearings comprise external main bearings disposed at ends of the
crankshaft and each being a spherical bearing,

each of the internal main bearing sheaves has a cylindrical bearing, and

each of the roller bearings for the connecting rods has a cylindrical bearing.

11. A quintuplex mud pump, comprising:

a crankshaft rotatably supported in the pump by two external main
bearings and two internal main bearings, the crankshaft having five eccentric
sheaves, two internal main bearing sheaves for the internal main bearings, and at
least one bull gear disposed thereon;

a pinion shaft rotatably disposed in the pump and having at least one
pinion gear interfacing with the at least one bull gear on the crankshaft;

five connecting rods, each of the connecting rods using a roller
bearing and disposed on one of the eccentric sheaves of the crankshaft; and

five pistons for pumping mud, each of the connecting rods coupled to

one of the pistons.
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12. A pump of claim 11, wherein each of the connecting rods

couples to a crosshead by a wristpin, and wherein the crosshead couples to the

piston.

13. A pump of claim 11 or 12, wherein a first of the main bearing
sheaves Is disposed between the second and third eccentric sheaves, and wherein
a second of the main bearing sheaves is disposed between the third and fourth

eccentric sheaves.

14. A pump of clam 11, 12, or 13, wherein the pinion shaft has

opposing ends extending from the pump for coupling to drive components.

15. A pump of any one of claims 11 to 14, wherein the at least one

pinion gear and the at least one bull gear comprise herringbone gearing.

16. A pump of any one of claims 11 to 15, wherein the at least one
bull gear comprises first and second bull gears disposed on the crankshaft, and
wherein the at least one pinion gear comprises first and second pinion gears

disposed on the crankshatft.

17. A pump of claim 16, wherein the first bull gear is disposed
between the first and second eccentric sheaves, and wherein the second bull gear

IS disposed between the fourth and fifth eccentric sheaves.

18. A pump of claim 16, wherein the five eccentric sheaves, the two
Internal main bearing sheaves, and the first and second bull gears are equidistantly

spaced from one another on the crankshaft.

19. A pump of claim 16, wherein the first and second pinion gears
comprise helical gearing of opposite hand, and wherein the first and second bull

gears comprise helical gearing of opposite hand complementary to the pinion gears.
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20. A pump of any one of claims 11 to 19, wherein
each of the two external main bearings is a spherical bearing,
each of the two internal main bearings has a cylindrical bearing, and

each of the roller bearings for the connecting rods has a cylindrical

bearing.

21. A quintuplex mud pump, comprising:

a crankshaft rotatably supported in the pump by a plurality of main
bearings, the crankshaft having five eccentric sheaves and first and second bull
gears disposed thereon, the first bull gear disposed between the first and second
eccentric sheaves, the second bull gear disposed between the fourth and fifth
eccentric sheaves;

a pinion shaft for driving the crankshaft, the pinion shaft rotatably
supported in the pump, the pinion shaft having a first pinion gear interfacing with the
first bull gear on the crankshaft and having a second pinion gear interfacing with the
second bull gear on the crankshaft; and

five connecting rods, each of the connecting rods disposed on one of

the eccentric sheaves of the crankshaft with a roller bearing.

22. A pump of claim 21, further comprising five pistons for pumping

mud, each of the connecting rods coupled to one of the pistons.

23. A pump of claim 22, wherein each of the connecting rods
couples to a crosshead by a wristpin, and wherein the crosshead couples to the

piston.

24. A pump of claim 21, 22, or 23, wherein the pinion shaft has

opposing ends extending from the pump for coupling to drive components.

25. A pump of any one of claims 21 to 24, wherein the first pinion
gear and the first bull gear comprise herringbone gearing.

19



- O O 0 ~NO O B W N -

N DN a  ma  m m  m ey ey o
- O O 00 ~N OO O b W N

W W N N N N N N DD
- O W 00 ~N O O AW N

CA 02696683 2012-02-09

26. A pump of claim 25, wherein the main bearings include first and
second Internal main gearing sheaves disposed on the crankshaft, and wherein the
five eccentric sheaves, the two internal main bearing sheaves, and the first and

second bull gears are equidistantly spaced from one another on the crankshaft.

27. A pump of claim 25, wherein the first and second pinion gears
comprise helical gearing of opposite hand, and wherein the first and second bull

gears comprise helical gearing of opposite hand complementary to the pinion gears.

28. A pump of any one of claims 21 to 27, wherein

the main bearings comprise external main bearings disposed at ends
of the crankshaft and each being a spherical bearing,

the main bearings comprise internal main bearings disposed on the
crankshaft and each having cylindrical bearings, and

each of the roller bearings for the connecting rods has cylindrical

bearings.

29. A quintuplex mud pump, comprising:

a crankshaft rotatably supported in the pump by a plurality of main
bearings, the crankshaft having five eccentric sheaves and first and second bull
gears disposed thereon, the main bearings including two internal main bearing
sheaves disposed on the crankshaft, wherein the five eccentric sheaves, the two
Internal main bearing sheaves, and the first and second bull gears are equidistantly
spaced from one another on the crankshaft;

a pinion shaft for driving the crankshaft, the pinion shaft rotatably
supported In the pump, the pinion shaft having a first pinion gear interfacing with the
first bull gear on the crankshaft and having a second pinion gear interfacing with the

second bull gear on the crankshaft; and

five connecting rods, each of the connecting rods disposed on one of

the eccentric sheaves of the crankshaft with a roller bearing.

16
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30. A pump of claim 29, further comprising five pistons for pumping

mud, each of the connecting rods coupled to one of the pistons.

31. A pump of claim 30, wherein each of the connecting rods
couples to a crosshead by a wristpin, and wherein the crosshead couples to the

piston.

32. A pump of claim 29, 30, or 31, wherein the pinion shaft has

opposing ends extending from the pump for coupling to drive components.

33. A pump of any one of claims 29 to 32, wherein the first pinion

gear and the first bull gear comprise herringbone gearing.

34. A pump of claim 33, wherein the first and second pinion gears
comprise helical gearing of opposite hand, and wherein the first and second bull

gears comprise helical gearing of opposite hand complementary to the pinion gears.

35. A pump of any one of claims 29 to 34, wherein

the main bearings comprise external main bearings disposed at ends
of the crankshaft and each being a spherical bearing,

each of the two internal main bearing sheaves has a cylindrical
bearing, and

each of the roller bearings for the connecting rods has a cylindrical

bearing.

17
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