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Torque Imposed on a Conventional Oil Well
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Net and Average Torque Imposed on a Conventional
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Energy for a Conventional Oil Well
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1
PUMPJACK INERTIA CAPACITOR

BACKGROUND
1. Field of the Invention

The present invention relates generally to the field of the
oil well pumpjack, which is a crude oil extraction mecha-
nism that lifts oil-rich liquid from below the ground, and
more specifically to a kinetic energy storage device for oil
well pumpjacks.

2. Description of Related Art

Crude oil has been commonly extracted from the ground
by means of an oil well pumpjack (also known as donkey
pumper, nodding donkey, pumping unit, horsehead pump,
rocking horse, beam pump, dinosaur, sucker rod pump,
grasshopper pump, Big Texas, thirsty bird, or jackpump) for
more than a century. The oil well pumpjack is comprised of
five major components: the prime mover, the gear reducer,
the pumping unit, the sucker rod string, and the subsurface
pump. The prime mover provides power to the system
through either an electrical rotating motor, an electric motor-
generator, or an internal combustion engine. The gear
reducer reduces the output speed of the prime mover to a
suitable pumping speed. The pumping unit translates the
rotating motion of the gear reducer and prime mover into a
reciprocating motion. The sucker rod string is located inside
production tubing and transmits the reciprocating motion of
the pumping unit to the subsurface pump. The subsurface
pump lifts oily liquid out of the ground through the produc-
tion tubing.

Prime movers are most efficient when operating at a
constant rotational speed with constant torque, which results
in constant power. All prime movers currently in use operate
inefficiently due to forces and actions that affect their
operation.

The electric motor-generator type of prime mover con-
tinuously switches between transferring the required energy
to drive the pumpjack in the electric motor mode and then
recovering and transferring the feedback energy (negative
torque) to the electric power grid in the electric generator
mode of operation, all in the effort to match the dynamic
torque of the pump unit and to minimize the negative effects
of the dynamic torque to the sucker rod string. Other types
of prime movers lose efficiency due to their inability to
absorb dynamic feedback torque.

The sucker rod string is subjected to continual cyclic
stress as a result of dynamic loads. It eventually fails from
repeated load reversals, also known as fatigue failures.

The inefficiency of the prime mover and the short life span
of the sucker rod string increase the expense of operating an
oil well pumpjack. This invention, the Pumpjack Inertia
Capacitor (PIC) addresses both problems by improving the
efficiency and service life of the pumpjack through smooth-
ing the transfer of power and torque between the prime
mover and gearbox using a system of one or more high
kinetic energy flywheels.

Flywheels have been used in oil well pumpjacks. Prior art
flywheels have not been effective in producing near constant
speed or minimizing the negative effects of dynamic torque,
which includes feedback torque to the prime mover, due to
the insufficient amount of kinetic energy that can be stored.
Prior art flywheels are not configured for substantial kinetic
energy storage, and the rotational speeds of prior art fly-
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wheels are significantly lower than the rotational speeds of
the flywheels of the proposed invention.

The invention herein consists of a unique configuration of
flywheels, shafts, bearings, and gears that maximize the
kinetic energy storage attainable in the flywheels while
minimizing size and weight. The quantity of kinetic energy
that can possibly be stored in the high energy flywheels of
the PIC is substantiality greater than the amount that can be
stored in prior art flywheels, thus enabling the oil well
pumpjack to operate at near constant speed while minimiz-
ing the negative effects of dynamic torque.

A flywheel, also known as an inertia capacitor, is a
rotating mechanical device used to store rotational energy or
kinetic energy. Flywheels have a significant rotational mass
moment of inertia and thus resist changes in rotational
speed. The amount of energy stored in a flywheel is pro-
portional to the square of its rotational speed. Energy is
transferred to a flywheel by applying torque to it, thereby
increasing its rotational speed and hence its stored energy.
Conversely, a flywheel releases stored energy by applying
torque to a mechanical load, thereby decreasing the fly-
wheel’s rotational speed.

The kinetic energy (KE) of a flywheel is equal to the
product of one-half the flywheel’s rotational mass moment
of inertia (I) and the flywheel’s rotational speed squared (%2
I ®2). The rotational mass moment of inertia is the mass
property of a rigid body that determines the torque needed
for a desired angular acceleration about an axis of rotation.
The flywheel rotational speed (m) is the angular speed of the
flywheel rotating about its axis.

Flywheels are typically made of steel and rotate on
conventional bearings and are generally limited to a revo-
Iution rate of several thousand RPM. Some modern fly-
wheels are made of carbon fiber materials and employ
magnetic bearings, enabling them to revolve at speeds up to
60,000 RPM. The maximum flywheel rotational speed is
dependent on the material and the radius of the flywheel.

BRIEF SUMMARY OF THE INVENTION

The present invention is called the Pumpjack Inertia
Capacitor (PIC) and is a kinetic energy storage device for oil
well pumpjacks that improves mechanical efficiency and
extends the service life of oil well pumpjacks. The PIC is
installed in a series between the prime mover and the
gearbox of the oil well pumpjack and smooths out power and
torque between the prime mover and the gearbox.

The PIC has the kinetic energy capacity to facilitate the
optimal transfer of power throughout the oil well pumpjack
for each pumping cycle. The flywheel enables the prime
mover to operate at a near constant speed and near constant
power for utmost efficiency. Feedback torque to the prime
mover is eliminated. The PIC reduces the severity of the
shock loads produced from each pumping cycle, which
increases the service life of the pumpjack.

The present invention consists of one or more flywheels,
where the flywheels and gears are fixed to shafts that are
mounted on bearings to the frame. An input shaft that is
connected to the prime mover is mounted on bearings to the
frame. The input shaft has a gear that interacts with the gears
on the flywheel shafts. An output shaft that is connected to
the gearbox is mounted on bearings to the frame. The input
and output shafts are coupled together with gears.

Utilizing V-belts and pulleys is one method to connect the
input shaft to the prime mover and the output shaft to the
gearbox. A pulley would be affixed on both the input and
output shafts. Most likely several v-belts and multi-groove
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pulleys would be used to handle the power and torque loads
of the pumpjack. The present invention is not limited to
v-belts and multi-groove pulleys to handle power and torque
loads.

The baseline parts for the PIC are one frame, one primary
shaft assembly, one or more flywheel assemblies, and one
output assembly. The primary shaft assembly has one shaft,
two gears, one multi-groove pulley, and two bearings. Each
flywheel assembly has one shaft, one gear, one flywheel, and
two bearings. The output assembly has one shaft, one gear,
one multi-groove pulley, and two bearings.

In an alternative version of the PIC the output assembly
is eliminated. The shaft of the primary shaft assembly
transfers the input torque and output torque.

In an alternative version of the PIC the v-belts and
multi-groove pulleys that couple together the prime mover
and the PIC are eliminated. The shafts of the prime mover
and the primary shaft assembly coincide on the same axis of
rotation and are joined together.

In an alternative version of the PIC a clutch and/or torque
converter that facilitates the transfer of power and torque
between the prime mover and the PIC is included. The clutch
and/or torque converter enable the prime mover to operate at
its rotational operating speed while the flywheels accelerate
to their rotational speed. Once the input and output rotational
speeds of the clutch and/or torque converter are the same,
then the clutch and/or torque converter are locked.

In an alternative version of the PIC clutches and/or torque
converters that facilitate the transfer of power and torque
between the PIC and the gearbox are included. The clutch
and/or torque converter are disengaged while the flywheels
accelerate to their rotational operating speed. After the
flywheels are rotating at their rotational operating speed, the
clutches and/or torque converters enable the oil well pump-
jack to accelerate smoothly to its operating speed. Once the
input and output rotational speeds of the clutches and/or
torque converters are equal, then the clutches and/or torque
converters are locked.

DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the embodi-
ments of the present application are set forth in the appended
claims. However, the embodiments themselves, as well as a
preferred mode of use, and further objectives and advantages
thereof, will best be understood by reference to the follow-
ing detailed description when read in conjunction with the
accompanying drawings, wherein:

FIG. 1 is an isometric view of a preferred embodiment of
the present invention;

FIG. 2 is an isometric view of a lower frame of the present
invention;

FIG. 3 is an isometric view of bearings and bearings as
assembled into the present invention;

FIG. 4 is an isometric view of a primary shaft assembly
and the primary shaft assembly as assembled into the present
invention;

FIG. 5 is an isometric view of a flywheel assembly and the
flywheel assembly as assembled into the present invention;

FIG. 6 is an isometric view of an output assembly and the
output assembly as assembled into the present invention;

FIG. 7 is an isometric view of the present invention in an
assembled form;

FIG. 8 is an isometric view of a lower frame of an
alternative embodiment of the present invention;
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FIG. 9 is an isometric view of bearings and the bearings
as assembled in an alternative embodiment of the present
invention;

FIG. 10 is an isometric view of a primary shaft assembly
and the primary shaft assembly as assembled in the alter-
native embodiment of the present invention;

FIG. 11 is an isometric view of a flywheel assembly and
the flywheel assembly as assembled in the alternative ver-
sion of the present invention;

FIG. 12 is an isometric view of the completely assembled
invention in the alternative version of the invention;

FIG. 13 is an isometric view of a conventional oil well
punipjack;

FIG. 14 is a side view of a conventional oil well pump-
jack;

FIG. 15 is an isometric view of an oil well pumpjack with
the present invention;

FIG. 16 is a side view of an oil well pumpjack with the
present invention;

FIG. 17 is a plot of the torque imposed on a conventional
oil well pumpjack for one pumping cycle;

FIG. 18 is a plot of the net and average torque imposed on
a conventional oil well pumpjack for one pumping cycle;

FIG. 19 is a plot of the net minus average torque imposed
on a conventional oil well pumpjack for one pumping cycle;

FIG. 20 is a plot of the energy for a conventional oil well
pumpjack for one pumping cycle;

FIG. 21 is an isometric view of the flywheel assembly
identifying the rim and rim radius of the present invention;

FIG. 22 is an isometric view of the output assembly
identifying a clutch and/or torque converter in the multi-
groove pulley in accordance with the present invention;

FIG. 23 is an isometric view of the alternative primary
shaft assembly identifying a clutch and/or torque converter
in multi-groove pulleys in accordance with the present
invention;

FIG. 24 is an isometric view of the primary shaft assem-
bly identifying a clutch and/or torque converter in the
multi-groove pulley in accordance with the present inven-
tion;

FIG. 25 is a plot of AC motor efficiency with respect to
percent torque load;

FIG. 26 is a time history plot of the power from an electric
motor generator and an optimized electric motor;

FIG. 27 is an isometric view of an alternative embodiment
of the present invention where the prime mover is directly
coupled to the input assembly.

While the system and method of use of the present
application is susceptible to various modifications and alter-
native forms, specific embodiments thereof have been
shown by way of example in the drawings and are herein
described in detail. It should be understood, however, that
the description herein of specific embodiments is not
intended to limit the invention to the particular embodiment
disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the present application as defined by
the appended claims.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Tustrative embodiments of the system and method of use
of the present application are provided below. It will of
course be appreciated that in the development of any actual
embodiment, numerous implementation-specific decisions
will be made to achieve the developer’s specific goals, such
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as compliance with system-related and business-related con-
straints, which will vary from one implementation to
another. Moreover, it will be appreciated that such a devel-
opment effort might be complex and time-consuming, but
would nevertheless be a routine undertaking for those of
ordinary skill in the art having the benefit of this disclosure.

The system and method of use in accordance with the
present application overcomes one or more of the above-
discussed problems commonly associated with conventional
oil well pumpjacks. Specifically, the present invention pro-
vides a unique configuration of flywheels, shafts, bearings,
and gears that maximize kinetic energy that can be stored in
a high energy flywheel, while minimizing size and weight.
These and other unique features of the system and method
of use are discussed below and illustrated in the accompa-
nying drawings.

The system and method of use will be understood, both as
to its structure and operation, from the accompanying draw-
ings, taken in conjunction with the accompanying descrip-
tion. Several embodiments of the system are presented
herein. It should be understood that various components,
parts, and features of the different embodiments may be
combined together and/or interchanged with one another, all
of which are within the scope of the present application,
even though not all variations and particular embodiments
are shown in the drawings. It should also be understood that
the mixing and matching of features, elements, and/or
functions between various embodiments is expressly con-
templated herein so that one of ordinary skill in the art would
appreciate from this disclosure that the features, elements,
and/or functions of one embodiment may be incorporated
into another embodiment as appropriate, unless described
otherwise.

The preferred embodiment herein described is not
intended to be exhaustive or to limit the invention to the
precise form disclosed. It is chosen and described to explain
the principles of the invention and its application and
practical use to enable others skilled in the art to follow its
teachings.

Referring now to the drawings wherein like reference
characters identify corresponding or similar elements
throughout the several views, FIG. 1 depicts an isometric
view of a pumpjack inertia capacitor 1, having a flywheel
assembly 8 that smooths the transition of power and torque
between the prime mover 66 and the gearbox 70 for an oil
well pumpjack 64. The present invention 1 components are
shown individually and also assembled into the present
invention in FIGS. 2, 3,4, 5, 6, and 7.

The present invention PIC 1 consists of a lower frame 2,
a primary shaft assembly 8, a flywheel assembly 18, and an
output assembly 26. The lower frame 2 is a support structure
with bearing mounts 4 incorporated therein. The primary
shaft assembly 8 includes a group of components that
transfers power and torque between the prime mover 66, the
flywheel assembly 18, and the output assembly 26. The
primary shaft assembly 8 comprises a multi-groove pulley
10, an input shaft 12, a primary gear 14, and a primary
output gear 16. The flywheel assembly 18 is the group of
components that acts as the inertia capacitor of the present
invention PIC 1 and consists of the flywheel shaft 20, the
flywheel 22, and the flywheel gear 24. The output assembly
26 is the group of components that transfers power and
torque between the gearbox 70 and the primary shaft assem-
bly 8. The output assembly 26 consists of an output shaft 28,
an output gear 30, and a multi-groove pulley 10. The upper
frame 34 serves as the support structure and cover for the
PIC.
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In the preferred embodiment, the lower frame 2, as shown
in FIG. 2, is the support structure and casing of the present
invention. A base 5 of the lower frame 2 is secured to a base
65 of the oil well pumpjack 98. The lower frame 2 has a
plurality for bearing mounts 4 for bearings 6 for the primary
shaft assembly 8, the flywheel assemblies 18, and the output
assembly 26. A plurality of bearings 6, as shown in FIG. 3,
enable the primary shaft assembly 8, flywheel assemblies
18, and output assembly 26 to freely rotate about their
respective axes with small energy losses.

The primary shaft assembly 8, as shown in FIG. 4,
transfers power and torque between the prime mover 66, the
flywheel assembly 18, and the output assembly 26. The
primary shaft assembly 8 comprises the multi-groove pulley
10, the input shaft 12, the primary gear 14, and the primary
output gear 16. The multi-groove pulley 10 with the V-belt
69 and multi-groove pulley 67 transfers power and torque
between the present invention PIC 1 and the prime mover
66. The multi-groove pulley 10 can be attached to either end
of the input shaft 12 so that the multi-groove pulley 10 and
a second groove pulley 32 (shown in FIG. 6) can be on the
same side or opposite sides of the present invention PIC 1.
The input shaft 12 is the rotating straight bar for transmitting
motion, torque, and power between the multi-groove pulley
10, the primary gear 14, and the primary output gear 16. The
input shaft 12 is connected to the frame 2 by bearings 6. The
primary gear 14 is fixed to the input shaft 12 and is coupled
with the flywheel gears 24. The primary output gear 16 is
fixed to the input shaft 12 and is coupled with the output gear
30.

The present invention PIC 1 has one or more flywheel
assemblies 18, as shown in FIG. 5. Each of the flywheel
assemblies 18 is the inertia capacitor, which has ample
kinetic energy to smooth the transition of power and torque
between the prime mover 66 and the gearbox 70. Each
flywheel assembly 18 comprises the flywheel shaft 20, the
flywheel 22, and the flywheel gear 24. The flywheel shaft 20
is a rotating straight bar for transmitting motion, torque, and
power between the flywheel 22, and the flywheel gear 24.
The flywheel shaft 20 is connected to the frame 2 by one or
more bearings 6. The speed ratio of the primary gear 14 and
the flywheel gear 24 increases the rotational velocity of the
flywheel assemblies 18 with respect to the rotational veloc-
ity of the primary shaft assembly 8.

The output assembly 26, as shown in FIG. 6, is a group
of components that transfers power and torque between the
gearbox 70 and the primary shaft assembly 8 at the desired
output speed. The output assembly 26 consists of output
shaft 28, output gear 30, and a multi-groove pulley 32. The
output shaft 28 is a rotating straight bar for transmitting
motion, torque, and power between the output gear 30 and
a multi-groove pulley 10. The output shaft 28 is connected
to the frame 2 by bearings 6. The output gear 30 is fixed to
the output shaft 28 and is coupled with the primary output
gear 16. The multi-groove pulley 32 with the V-belt 73 and
another multi-groove pulley 71 transfers power and torque
between the present invention (PIC) 1 and the gearbox 70.

The output assembly 26 is used to adjust the output
rotational speed relative to the input rotational speed of the
present invention PIC 1. The difference between the input
and the output rotational speed of the present invention PIC
1 is the speed ratio from the primary output gear 16 and the
output gear 30. The oil well pumpjack 98 can operate at any
rotational speed by changing the speed ratio from the
primary output gear 16 and the output gear 30.

The upper frame 34, as shown in FIG. 7, is the support
structure and cover for the present invention PIC 1.
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In an alternative embodiment of the present invention PIC
35, FIGS. 8, 9, 10, 11, and 12 depict the lower frame 36,
primary shaft assembly 42, and the flywheel assembly 22.
The configuration of the alternative version of PIC 35 does
not have the output assembly 26. The input and output
rotational speeds are the same for the configuration of the
alternative version of the present invention PIC 35.

It should be appreciated that the teachings and features of
the alternative embodiments can be adapted for each
embodiment.

The lower frame 36, as shown in FIG. 8, is the support
structure and casing of the alternative version of the present
invention PIC 35. The base 5 of the frame 36 is secured to
the base 65 of the oil well pumpjack 98. The frame 36 has
bearing mounts 4 for the bearings 6 for the primary shaft
assembly 42 and the flywheel assembly 22. The plurality of
bearings 6, as shown in FIG. 9, enable the primary shaft
assembly 42 and flywheel assembly 22 to freely rotate about
their respective axes with small energy losses.

The primary shaft assembly 42, as shown in FIG. 10,
transfers power and torque between the prime mover 66, the
flywheel assembly 18, and gearbox 70. The primary shaft
assembly 42 consists of the multi-groove pulley 10, the input
shaft 12, primary gear 14, and the multi-groove pulley 32.
The multi-groove pulley 10 with the V-belt 69 and multi-
groove pulley 67 transfer power and torque between the
alternative present invention PIC configuration 35 and the
prime mover 66. The input shaft 12 is the rotating straight
bar for transmitting motion, torque, and power between the
multi-groove pulley 10, the primary gear 14, and the multi-
groove pulley 32. The input shaft 12 is connected to the
frame 36 by bearings 6. The primary gear 14 is fixed to the
input shaft 12 and is coupled with the flywheel gear 24. The
multi-groove pulley 32 is fixed to the input shaft 12 and is
coupled with the gearbox 70 by the V-belts 73.

The alternative embodiment of the present invention PIC
configuration 35 has one or more flywheel assemblies 18, as
shown in FIG. 11. The flywheel assembly 18 is the inertia
capacitor, which has ample kinetic energy to smooth the
transition of power and torque between the prime mover 66
and the gearbox 70. The flywheel assembly 22 consists of
the flywheel shaft 20, the flywheel 22, and the flywheel gear
24. The flywheel shaft 20 is a rotating straight bar for
transmitting motion, torque, and power between the fly-
wheel 22 and the flywheel gear 24. The flywheel shaft 20 is
connected to the frame 36 by bearings 6. The speed ratio of
the primary gear 14 and the flywheel gear 24 increases the
rotational velocity of the flywheel assemblies 18 with
respect to the rotational velocity of the primary shaft assem-
bly 42.

In FIG. 12, an isometric view of the completely
assembled alternative embodiment of the present invention
is shown.

A conventional oil well pumpjack 64, is shown in FIGS.
13 and 14 as prior art. A conventional oil well pumpjack 64
is a machine designed specifically for sucker rod string 94
pumping of oil. The prime mover 66 is mounted on the base
65 of the oil well pumpjack 64 to power a rotating crank 77.
The crank 77 moves the walking beam 78 up and down to
produce reciprocating motion. This reciprocating motion
operates the subsurface pump 96.

The oil well pumpjack 64 has five major components,
which are the prime mover 66, the gearbox 70, the pumping
unit 75, the sucker rod string 94, and the subsurface pump
96. The prime mover 66 provides power to the system. The
gearbox 70 reduces the speed of the prime mover 66 to a
suitable pumping speed. The pumping unit 75 translates the
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rotating motion of the gear reducer and prime mover 66 into
a reciprocating motion. The pumping unit 75 consists of
counter weight 74, crank 77, pitman’s arms 76, walking
beam 78, horse head 84, sampson post 80, base 65, bridle 86,
polished rod 88, and casing head 90. The sucker rod string
94 is located inside the production tubing 92 and transmits
the reciprocating motion of the pumping unit 75 to the
subsurface pump 96. The subsurface pump 96 lifts the oil out
of the ground through the production tubing 92.

There are multiple types of pumping unit 75 designs for
pumping oil using sucker rod strings 95 for which the
present invention PIC 1, 35 can be applied.

In FIGS. 15 and 16, the present invention 100 is shown in
use with a pumpjack.

The present invention PIC 1, 35, 100 has the kinetic
energy (KE) capacity to facilitate the optimal transfer of
power throughout the oil well pumpjack for each pumping
cycle. The flywheel 22 enables the prime mover 66 to
operate at a near constant speed and near constant power for
utmost efficiency. Feedback torque from the oil well pump-
jack 64, 98 to the prime mover 66 is eliminated. The present
invention PIC 1, 35, 100 reduces the severity of the shock
loads from each pumping cycle, which increases the service
life of the oil well pumpjack 64, 98.

The flywheel 22 is a rotating mechanical device that is
used to store rotational energy, which is called Kinetic
Energy (KE). The flywheel 22 is also known as an inertia
capacitor. The flywheel 22 has a significant moment of
inertia and thus resists changes in rotational speed. The
amount of energy stored in a flywheel is proportional to the
square of its rotational speed (w). Energy is transferred to a
flywheel by applying torque to it, thereby increasing its
rotational speed and hence its stored energy. Conversely, the
flywheel 22 releases stored energy by applying torque to a
mechanical load, thereby decreasing its rotational speed.
The energy stored in a flywheel is known as Kinetic Energy
(KE).

The Kinetic Energy (KE) of a flywheel is equal to the
product of one-half the flywheel’s Mass Moment of Inertia,
and the flywheel’s rotational speed squared (12 I w?). The
Mass Moment of Inertia (I) is the mass property of a rigid
body that determines the torque needed for a desired angular
acceleration about an axis of rotation. The flywheel rota-
tional speed (w) is the angular speed of the flywheel rotating
about its axis.

The torque and energy for a conventional oil well pump-
jack for one pumping cycle are shown in FIGS. 17, 18, 19,
and 20. Torque is calculated at the gearbox power shaft 72.
Torque for the pumping unit 75 is generated from the
counter weight 74 loads and the sucker rod string 94 loads.
Net torque 106 is the sum of the counter weight torque 102
and the sucker rod string torque 104, which is a dynamic
type of torque. Net torque 106 has both positive and negative
torques where the negative torque is referred to as the
feedback torque. The average torque 116 is the average of
net torque 106. Net torque 106 minus the average torque 116
is the dynamic torque 118 which must be overcome for near
constant speed and smooth operation of the oil well pump-
jack 64, 98.

In a conventional oil well pumpjack 64 the prime mover
66 is insufficient alone for the oil well pumpjack 64 to
operate at a near constant speed and smooth operation. The
prime mover 66 continuously changes torque amplitude and
direction by continuously switching between motor and
generator modes of operation to match net torque 106. A
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prohibitively expensive and high torque prime mover 66
would be required for the oil well pumpjack 64 to operate at
a near constant speed.

The present invention PIC 1, 35, 100 enables the prime
mover 66 to operate at average net torque 116 while trans-
ferring to the pumping unit 75 the required torque to
overcome net torque 106 so that the oil well pumpjack 98
can operate smoothly at a near constant speed. This
improvement allows the upstrokes and downstrokes of the
sucker rod string 94 pumping cycle to be conducted
smoothly, thereby reducing shock loads to the sucker rod
string 94. In addition, a less expensive and lower torque
prime mover 66 can be used for the oil well pumpjack 64 to
operate at a near constant speed.

In the following example, net torque energy 120 and
average torque energy 122 for one pumping cycle is 180
horsepower-seconds (hp-sec) at 5.5 seconds, FIG. 20. The
time duration for one pumping cycle in FIGS. 17,18, 19, and
20 is 5.5 seconds and the pumping unit 75 operating speed
is 10.9 pumping cycles per minute. The required prime
mover 66 would need to be 32.8 horsepower (hp) for
delivering constant power to the pumping unit 75, which is
180 hp-sec divided by 5.5 seconds.

The change in the amount of Kinetic Energy that is stored
in the present invention PIC 1, 35, 100 during a pumping
cycle would be the maximum value 126 and the minimum
value 128 of net energy minus average energy 124 in FIG.
20, which is 22 hp-sec and -17 hp-sec. The Kinetic Energy
in the flywheels 22 must be large enough so that a Kinetic
Energy change of 22 hp-sec would result in a small change
in the speed of the flywheels 22.

Assuming the rotational speed of the prime mover 66 and
the primary shaft assembly 8, 42 was 1200 revolutions per
minute (rpm) and the speed ratio of the primary gear 14 and
the flywheel gear 24 was 6 to 1, then the rotational speed of
the flywheels 22 would be 7200 rpm. Assuming the fly-
wheels 22 have a total rim mass 19 of 300 pounds (Ib) and
a rim radius 21 of 9 inches, shown in FIG. 21, then the
Kinetic Energy of the flywheels 22 would be 2710 hp-sec. A
22 hp-sec change in the Kinetic Energy of the flywheels 22
would result in a 0.4 percent change in the rotational
velocity of the flywheels 22. A 0.4 percent change in the
operating speed of the oil well pumpjack 98 during a
pumping cycle is considered to be a near constant operating
speed.

Assuming the weight of the counter weight 74 is 10,000
Ib, the length of the crank 76 is 9.5 feet, and the rotational
speed of the counter weight 74 is 10.9 rpm, then the Kinetic
Energy of the counter weight is 33 hp-sec. The Kinetic
Energy of the sucker rod string 94 is cyclic and would have
a maximum Kinetic Energy value that is similar to the
counter weight 74 of 33 hp-sec. The maximum total Kinetic
Energy value of the counter weight 74 and sucker rod string
94 would be 66 hp-sec, which is small relative to the Kinetic
Energy of the flywheels 22 of 2,710 hp-sec, and the ratio of
2,710 hp-sec and 66 hp-sec is 41. The Kinetic Energy of the
flywheels 22 in the present invention PIC 1, 35, 100 are at
least 5 times greater than the total Kinetic Energy of prior art
oil well pumpjacks 64. This factor of 5 is the minimal
amount of increase in Kinetic Energy that can be produced
by the PIC 1, 35, 100, but significantly greater amounts of
Kinetic Energy can be attained with it.

Assuming the pumping unit 75 operating speed of 10.9
pumping cycles per minute needed to be changed to 4.0
pumping cycles per minute without changing the rotational
speed of the prime mover 66 and the flywheels 22, then the
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change in the rate of the pumping cycles is accomplished by
changing the speed ratio of the primary output gear 16 and
the output gear 30.

The optimal size of the prime mover 66 is based on the
energy demands of the oil well pumpjack 64 for each
pumping cycle. Using an AC electric motor for the prime
mover 66, the efficiency of an AC electric motor is depen-
dent on the load acting on the AC electric motor as depicted
in FIG. 25. Energy is wasted when an AC electric motor is
not operating at optimal efficiency. A comparison of the
power time history plots between an electric motor-genera-
tor and an optimized electric motor illustrates the benefit of
the optimized electric motor to power the present invention
PIC 1, 35,100, as depicted in FIG. 26. The dynamic changes
in the power of an electric motor-generator result in signifi-
cant energy losses with respect to the power usage of the
optimized electric motor.

For an alternative embodiment, the clutches and/or torque
converters 130, 132, as shown in FIGS. 22, 23, 24, are
optional improvements used to facilitate a startup of the
pumping unit 75 with a prime mover 66 of an optimal size
for the pumping cycle. The clutches and/or torque converters
130, 132 are devices used to transfer rotational power and
torque from a rotational power source to a rotating driven
load which includes devices such as an infinitely variable
transmission (IVT). The clutches and/or torque converters
130, 132 are embedded in the multi-groove pulleys 10, 32,
which are on the input shaft 12 and output shaft 28.

For an alternative embodiment, the clutch and/or torque
converter 130 facilitate the transfer of power and torque
between the prime mover 66 and the present invention PIC
1, 35, 100. The clutch and/or torque converter 130 enable the
prime mover 66 to operate at its rotational speed while the
flywheels 22 accelerate to their rotational speed. Once the
input and output rotational speeds of the clutch and/or torque
converter 130 are the same, then the clutch and/or torque
converter 130 are locked.

For an alternative embodiment, the clutches and/or torque
converters 132 facilitate the transfer of power and torque
between the present invention PIC 1, 35, 100 and the
gearbox 70. The clutch and/or torque converter 132 are
disengaged while the flywheels 22 accelerate to their rota-
tional speeds. After the flywheels 22 are rotating at their
rotational speed, the clutches and/or torque converters 132
enable the oil well pumpjack 64 to smoothly accelerate to its
operating speed. Once the input and output rotational speeds
of the clutches and/or torque converters 132 are equal, then
the clutches and/or torque converters 132 are locked.

For an alternative embodiment, the prime mover 66 is
directly coupled to the primary shaft 12 of the primary shaft
assembly 8, 42 as depicted in FIG. 27 which is an alternative
method to transfer power between the prime mover and the
present invention PIC 1, 35, 100. This alternative configu-
ration combines both the prime mover and the present
invention PIC 1, 35, 100 as a single unit to be attached to the
oil well pumpjack 64.

The particular embodiments disclosed above are illustra-
tive only, as the embodiments may be modified and prac-
ticed in different but equivalent manners apparent to those
skilled in the art having the benefit of the teachings herein.
It is therefore evident that the particular embodiments dis-
closed above may be altered or modified, and all such
variations are considered within the scope and spirit of the
application. Accordingly, the protection sought herein is as
set forth in the description. Although the present embodi-
ments are shown above, they are not limited to just these
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embodiments, but are amenable to various changes and
modifications without departing from the spirit thereof.

What is claimed is:

1. A kinetic energy storage device for use with an oil well
pumpjack, the device comprising:

aprimary shaft assembly configured to transter power and

torque between a prime mover of the oil well pump-
jack, a flywheel assembly, and an output assembly, the
primary shaft assembly having:

a primary multi-groove pulley; a primary gear;

a primary output gear; and

a primary shaft extending between the primary multi-

groove pulley, the primary gear, and the primary output
gear;

the flywheel assembly having one or more flywheels and

one or more flywheel gears connected via a flywheel
shaft; and

the output assembly, having: an output gear;

an output multi-groove pulley; and

an output shaft coupling the output gear and output

multi-groove pulley; wherein the output assembly
transfers power and torque to a gearbox of an oil well
pumpjack;

wherein the primary output gear engages with the output

gear; wherein the one or more flywheel gears engage
with the primary gear;

wherein the one or more flywheels absorb and then

transfer torque to an oil well pumping unit to enable the
oil well pumping unit to operate at a near constant
speed; and wherein the one or more flywheels enable
the prime mover to operate at a near constant speed and
a near constant power.

2. The device of claim 1, further comprising:

a frame for mounting and supporting the device between
a prime mover and a gearbox of the oil well pumpjack,
the frame having a plurality of bearing mounts;

wherein the primary shaft engages with the frame via one
or more bearings; and

wherein the flywheel shaft and the output shaft engage

with the frame via one or more bearings.

3. The device of claim 2, wherein the frame comprises:

a lower frame and an upper frame;

wherein the lower frame and upper frame secure together

such that the output multi-groove pulley and the pri-
mary multi-groove pulley extend outside of the frame.

4. The device of claim 1, wherein the one or more
flywheels are two flywheels, each having a flywheel gear
engaged with the primary gear.

5. The device of claim 1, wherein the primary multi-
groove pulley and the output multi-groove pulley are con-
figured to engage with a V-belt to transfer torque between
the device and the gearbox of the oil well pumpjack.

6. The device of claim 1, wherein the prime mover is
directly coupled to the primary shaft.

7. The device of claim 1, further comprising: a clutch
coupled to the primary shaft;

wherein the clutch is configured to transfer rotational

power and torque from a rotational power source to the
primary shaft via the primary multi-groove pulley; and
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wherein the clutch enables the prime mover to operate at
a rotational speed while the one or more flywheels
accelerate at an independent rotational speed, thereby
allowing the oil well pumpjack to smoothly accelerate
to an operational speed.

8. A kinetic energy storage device for use with an oil well

pumpjack, the device comprising:

a primary shaft assembly configured to transfer power and
torque between a prime mover of the oil well pump-
jack, a flywheel assembly, and a gearbox of the oil well
pumpjack, the primary shaft assembly having:

a first multi-groove pulley; a primary gear;

a second multi-groove pulley; and

an input shaft extending between the first multi-groove
pulley, the primary gear, and the second multi-groove
pulley;

the flywheel assembly having one or more flywheels and
one or more flywheel gears connected via a flywheel
shaft; and

wherein the one or more flywheel gears engage with the
primary gear;

wherein the one or more flywheels absorb and then
transfer torque to an oil well pumping unit to enable the
oil well pumping unit to operate at a near constant
speed; and

wherein the one or more flywheels enable the prime
mover to operate at a near constant speed and a near
constant power.

9. The device of claim 8, further comprising:

a frame for mounting and supporting the device between
a prime mover and a gearbox of the oil well pumpjack,
the frame having a plurality of bearing mounts;

wherein the input shaft engages with the frame via one or
more bearings; and wherein the flywheel shaft engages
with the frame via one or more bearings.

10. The device of claim 9, wherein the frame comprises:

a lower frame and an upper frame;

wherein the lower frame and upper frame secure together
such that the first and second multi-groove pulleys
extend outside of the frame.

11. The device of claim 8, wherein the one or more
flywheels are two flywheels, each having a flywheel gear
engaged with the primary gear.

12. The device of claim 8, wherein the first multi-groove
pulley and the second multi-groove pulley are configured to
engage with a V-belt to transfer torque between the device
and the gearbox of the oil well pumpjack.

13. The device of claim 8, wherein the prime mover is
directly coupled to the input shaft.

14. The device of claim 8, further comprising: a clutch
coupled to the primary shaft;

wherein the clutch is configured to transfer rotational
power and torque from a rotational power source to the
primary shaft via the primary multi-groove pulley; and

wherein the clutch enables the prime mover to operate at
a rotational speed while the one or more flywheels
accelerate at an independent rotational speed, thereby
allowing the oil well pumpjack to smoothly accelerate
to an operational speed.
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