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(57) Abrégée/Abstract:
A method for restarting a motor of a submersible pump after a power interruption Is disclosed. The system first detects when the
power Is turned back on to the system. A control means then samples signals sent back from the unpowered motor and
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(57) Abrege(suite)/Abstract(continued):

determines the frequency and phase segquence of the signals. The speed and direction of operation of the motor are then
determined from the determined frequency and phase sequence. A first pulse width modulation waveform Is then applied to the
motor matching the determined speed and direction of the motor. Finally, the output frequency of the waveform can be adjusted to
adjust the speed and direction of operation of the motor until the motor reaches a desired speed and direction of operation.
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Abstract of the Disclosure

A method for restarting a motor of a submersible pump after a power interruption is
disclosed. The system first detects when the power is turned back on to the system. A control
means then samples signals sent back from the unpowered motor and determines the frequency
and phase sequence of the signals. The speed and direction of operation of the motor are then
determined from the determined frequency and phase sequence. A first pulse width modulation
waveform is then applied to the motor matching the determined speed and direction of the motor.
Finally, the output frequency of the waveform can be adjusted to adjust the speed and direction of

operation of the motor until the motor reaches a desired speed and direction of operation.
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Automatic Restart Control For A Submersible Pump

Field of the I i
The invention relates to a method and apparatus for controlling the operations of a motor,

and more particularly to a method and apparatus for automatically restarting a motor/pump

assembly after a power interruption.

Background of the Invention

In the production of oil, a well is drilled down to an oil bearing strata. At the bottom of
the well, a motor/pump assembly is installed to pump the o1l to the surface of the earth from the
pool that gathers at the bottom of the well. Figure 1 illustrates a typical oil well assembly. A well
10 1s drilled into the earth perhaps thousands of feet down to an oil bearing strata. A motor 14
which drives a pump 16 are lowered to the bottom of the well. The motor 14 is electrically
connected by a cable 22 to a drive system 20, typically located outside the well, which provides
drive signals to the motor 14. The drive signals control the operation of the motor 14 which in
turn controls the operations of the pump 16. When the motor 14 is turned on, the motor turns the
pump 16 so that oil 1s drawn out of the bottom of the well and up the pipe 18 to the surface
creating a posttive flow 24.

One concern in the oil industry is the amount of time an oil well is not operating because
of a physical or mechanical problem. The downtime of the pump reduces the production
capability of the well. One source of downtime occurs when there is a power interruption to the
system caused by a power outage, blown circuit breaker, controlled stop or the like. When a
power interruption occurs, the drive system loses control of the motor because control signals can
no longer be sent to the motor. Even though the motor is now unpowered, the motor and pump
will continue to operate for at least a certain period of time depending on how fast the motor was

turning at the time the power was interrupted. The speed of the motor will slowly decrease until

the motor and pump come to a complete stop.
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One problem unique to oil well applications and submersible pumps 1s that when the
pump stops there 1s a column of o1l, for example 4000 feet tall, resting on top of the pump.

The column of o1l will begin falling back to the bottom ot the well due to gravity. As the oil
falls back, the oil exerts pressure on the pump causing the pump to work in the opposite
direction. i.e. a negative flow. In turn, the pump will cause the motor to rotate in an opposite
direction and at varying speeds as the entire column of oil falls to the bottom of the well. As
a result, when the power to the motor is interrupted, the motor will operate at different speeds
and even in different directions depending on the length of the power interruption.

Since a motor can be damaged or a circuit will be tripped in the drive system if the
motor received an initial drive signal which is different from the actual speed and direction of
operation of the motor, o1l well operators have to wait until they are certain that the entire
column of oil has fallen back to the bottom of the well and the motor has come to a complete
stop before they can send drive signals to restart the motor after the power interruption 1s
over. This creates a tremendous amount of downtime regardless of how long the power
interruption lasts.

Thus, there is a need for a control system which is capable of automatically restarting
a motor of submersible pump after a power interruption without having to wait for the motor
to come to a complete stop.

Automatic restart programs are known for other applications, such as devices which
include a driveable centrifuge. A centrifuge is used to separate solids in liquid samples by
spinning the sample around a circle at high speeds. When the power is cut of to the motor in the
centrifuge, the momentum and weight of the centrifuge will keep the samples spinning at
decreasing speeds until the centrifuge comes to a complete stop due to friction and other forces.
One known control system can restart the motor after the power is tuned back on by first
determining the actual speed of the unpowered motor and applying drive signals to the motor
that match the actual speed of the motor. This is performed by analyzing the back EMF signals
produced by the motor’s residual magnetism created by the unpowered spinning motion of the
motor. Once the speed of the motor has been determined, the matching drive signals are sent to

the motor to regain control of the centrifuge and additional control signals can be applied to
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change the centrifuge’s speed to a desired level. Thus, the operator does not have to wait for the

centrifuge to come to a complete stop before restarting the motor after a power interruption.

Summary of the Invention

It is an object of the invention to overcome the problems associated with restarting

submersible pumps after a power failure or interruption by providing a control system which can
determine the speed and direction of operation of the unpowered submersible pump.

According to one embodiment of the invention, a method for restarting a motor of a
submersible pump after a power interruption is disclosed. The system first detects when the
power 1s turned back on to the system. A control means then samples signals sent back from the
unpowered motor and determines the frequency and phase sequence of the signals. The speed
and direction of operation of the motor are then determined from the determined frequency and
phase sequence. A first pulse width modulation waveform is then applied to the motor matching
the determined speed and direction of the motor. Finally, the output frequency of the waveform
can be adjusted to adjust the speed and direction of operation of the motor until the motor reaches
a desired speed and direction of operation.

According to another embodiment of the invention, a system for automatically restarting a
motor after a power interruption is disclosed. A pump is connected to and driven by the motor,
and the motor and the pump are located in a well. A cable connects the motor to an adjustable
speed motor drive via a transformer so that signals can pass back and forth from the motor and
the adjustable speed motor drive. The adjustable speed motor drive comprises several elements
such as means for receiving signals from said motor before power is returned to the motor; means
for determining frequency and phase sequence of the signals; means for determining speed and
direction of operation of the motor from the determined frequency and phase sequence; means for
generating a first modulation waveform which matches the determined speed and direction of
operation of the motor; and means for transmitting the first modulation waveform to the motor

through the cable. The output frequency of the waveform can then be adjusted to adjust the
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speed and direction of operation of the motor until the motor reached a desired speed and

direction of operation.

Brief Description of the Drawings
The present invention will be more fully described by way of example, with reference

to the accompanying drawings, in which:

Figure 1 1s a block diagram of a typical oil well assembly;

Figure 2 is a block diagram of a submersible pump system with automatic restart
capabilities according to an embodiment of the present invention;

Figure 3 is a section of the circuit of the power module according to one embodiment
of the present invention; and

Figure 4 1s a flow chart illustrating the automatic restart capabilities of one

embodiment of the present invention.

Detailed Description
The invention will now be described with reference to pumps used in oil wells.

However, one skilled in the art will understand that the invention can also be used in a
variety of submersible pump applications.

Figure 2 illustrates an o1l well pumping assembly according to one embodiment of the
invention. A well 100 is drilled into the earth perhaps thousands of feet down to an oil
bearing strata. A motor 104 which drives a pump 106 are lowered to the bottom of the well.
The motor 104 is electrically connected by a cable 112 to a drive system 110, typically
located outside the well, which provides drive signals to the motor 104. The drive signals
control the operation of the motor 104 which in turn controls the operations of the pump 106.
When the motor 104 is turned on, the motor turns the pump 106 so that oil is drawn out of
the bottom of the well and up the pipe 108 to the surface creating a positive flow 116.

The adjustable speed drive system 110 comprises at least a transformer 114, a power

module 118 and a control processor 120. The primary windings of the transformer 114 are
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connected to the power module 118 and the power module 118 is connected to the control
processor 120. The control processor 120 can also be implemented as a part of the power
module 118. The secondary windings of the transformer 114 are connected to the cable 112.
Thus, modulation waveforms such as pulse width modulation (PWM) waveforms and power are
generated by the power module and the control process 120 and applied to the transformer 114.
The transformer 114 transforms the signals to the appropriate power level and transmits the
signals to the motor 104 through the cable 112.

When a power interruption occurs, the drive system 110 loses power and PWM
waveforms can no longer be sent to the motor. When the power comes back on, the drive system
does not know how fast and in what direction the unpowered motor is operating. Furthermore,
as described above, restarting the motor at the wrong speed or direction of operation can damage
the motor or cause a circuit breaker to trip in the drive system. Thus, the invention determined
the speed and the direction of operation of the unpowered motor before restarting the system.

Unless the unpowered motor is in a stopped position, the rotation of the motor will create
back EMF signﬂs from the motor’s residual magnetism. These back EMF signals travel through
the cable 112 and are detected by the drive system 110 once the power is restored to the drive
system 110.

The operation of the drive system 110 will now be described with reference to Figures 3
and 4. The drive system samples the frequency of the EMF signals at the drive terminals
202,204,206 of an IGBT bridge 208 of the three phase (U,V,W) power module. The sampled
signals of the three drive terminals are fed through resistors 210,212,214 respectively, to two
comparator circuits. Two phases are fed to each comparator circuit. For example, as illustrated
in Figure 3, phases U and V are fed to the top comparator circuit and phases U and W are fed to
the bottom comparator circuit but the invention is not limited thereto. The signals are passed
through clamping diodes 216,218 and 220,222 respectively to prevent the comparator from being
driven too hard. If the V phase signal applied to the comparator 224 is stronger than the U phase
signal, the comparator will turn on which will turn on the photocoupler 226. Likewise, if the U
phase signal 1s stronger than the V phase signal, the comparator 224 will not turn on and the
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photocoupler 226 will not turn on. The lower comparator 228 operates in the same manner with
the W and U phase signals. When the W phase signal is stronger than the U phase signal, the
mrﬁparator 228 will turn on causing the photocoupler 230 to turn on.

The signals produced by the photocouplers 226 and 230 are then applied to the control
processor 120. The control processor 120 determines the frequency of the signals from the
photocouplers by counting the time between the edges of the signals. The control processor 120
determines the period of the signals produced by the photocouplers to determine the speed of the
motor. The control processor 120 then determines which phase is the leading phase by
determining the order in which the photocouplers 226 and 230 are being activated. From the
determined leading edge, the control processor can determine the direction of operation of the
motor.

As a means for ensuring that the period and thus the speed of the motor is correctly
known, the control processor waits until it has received at least two and preferably three or more
consistent readings before attempting to regain control of the motor. Once the control processor
has received consistent readings, the control processor and power module generate a modulation
waveform such as a pulse width modulation waveform approximately matching the detected
speed and direction of operation of the motor. The modulation waveform is then sent to the
motor, thus reestablishing control of the motor. Once control has been reestablished, the control
processor and power module can modify the output frequency of the modulation waveform to
return the motor to the desired speed and direction of operation.

The invention, therefore, is well adapted to monitor and control a submersible pumping
motor and carry out the objects and provide the advantages mentioned as well as others which
would be understood to one skilled in the art. Although a preferred embodiment of the invention
has been detailed for the purpose of disclosure, numerous changes or arrangement of components

may be made without departing from the spirit of the invention and the scope of the appended

claims.
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Claims

1. A system for automatically restarting a motor after a power interruption,
comprising:

a pump connected to and driven by the motor, said motor and pump being located
in a well;

a cable connecting said motor to an adjustable speed motor drive via a
transformer so that signals can pass back and forth from said motor and an adjustable
speed motor drive;

sald adjustable speed motor drive comprising:

means for receiving signals from said motor before power is returned to
the motor;

means for determining frequency and phase sequence of said signals;

means for determining speed and direction of operation of the motor from
said determined frequency and phase sequence;

means for generating a first modulation waveform which matches the
determined speed and direction of operation of the motor; and

means for transmitting the first modulation waveform to the motor through
the cable, wherein an output frequency of said waveform is adjusted to adjust the
speed and direction of operation of the motor until the motor reached a desired

speed and direction of operation.

2. The system according to claim 1, wherein said signals sent back from said
unpowered motor are generated by the rotation of the motor's rotor excited by residual

magnetism in the motor.

3. The system according to claim 1, wherein said adjustable speed motor
drive waits until at least a predetermined number of consecutive results of the

determination of speed and direction of operation are consistent before generating said

first modulation waveform.
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4, The system according to claim 3, wherein said predetermined number i1s
equal to three.
. The system according to claim 1, wherein said signals sent back from said

unpowered motor are generated by the pressure on the pump exerted by a falling column

of liquid.

6. The system according to claim 1, wherein said motor and pump are

located in an o1l well.

7. The system according to claim 1, wherein the speed of the motor 1s

determined from a period of the signals sent back from the unpowered motor.

8. The system according to claim 1, wherein the direction of the motor is

determined by sampling two phases of the signals sent back from the unpowered motor.
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DETERMINING FREQUENCY
AND PHASE SEQUENCE
OF THE SIGNAL

DETERMINING WHEN
POWER COMES
BACK ON

SAMPLING SIGNALS
FROM MOTORS

DETERMINING SPEED
OF THE MOTOR

DETERMINING DIRECTION
OF THE MOTOR

CONSISTENT
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RESULTS
?
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APPLYING FIRST
MODULATION WAVEFORM
TO THE MOTOR

ADJUSTING SPEED AND
DIRECTION OF THE
MOTOR
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