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A variable frequency power system with a power source having a rotating output and a speed control to regulate rotational speed of

the rotating output. A generator coupled to and driven by the rotating output of the power source, whereby the speed control of the
power source directly controls output power frequency of the generator due to control of rotational frequency of the rotating output.
A voltage regulator connected between the generator and the motor regulates output voltage from the generator to the electrical
motor load. A system controller controls output power frequency of the generator. The system controller interfaces with the speed
control of the power source and configured to monitor generator output and operational conditions of the electrical motor load. The
system controller adjusts the speed control based on generator output and operational conditions of the electrical motor load.
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ABSTRACT
A variable frequency power system with a power source having 8 rotating output
and a speed control to regulate rotahonal speed of the rotating output A generator
coupled to and driven by the rotating output of the power sowrce, whereby the speed
5 control of the power source direclly controls output power frequency of the generator
duc to control of rotational frequency of the rotating output. A voltage regulator
connected between the generator and the motor regulates output voltuge from the
generator to the clectncal motor load. A system controller controls output power
frequency of the generator, The system controller interfaces with the speed control of
10 the power soutce and configured 10 monitor generator cutput and operational conditions
of the ¢lecirical motor Ioad. The system controller adjusts the speed control based on

generator output and operational conditions of the electrical motor load.
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A VARIABLE FREQUENCY POWER SYSTEM AND METHOD OF USE

BACKGROUND
The present invention genemlly rclates to providing vanablc clectrical power to
a three phase electnical motor. Moite specifically, the present invention relates 1o
varying' electncal power to a three phase clectrical motor based on varying frequency
input turning an electrical generator which provides electrical power to the motor, in
order to overcome variable conditions ¢encoumter by the motor that require a vanation in

electrical power to the motor,

Bt 1s known to usc throe phase generators to supply the power to drive thres
phase motors., Normally, {ixed power supply systems using three phase generators arc
operated at a constant speed to deliver three phase electrical energy of constant
frequency to supply three phase power to three phase motors. Thers are currently two
types of three phase fixed power supply systems in common usc today. They are the 50
hertz and the 60 hertz power supply systems, which are used to drive electrical motors
rated tor 5¢ or 60 hertz operation, respectively. A problem with g single generator to
supply powcr to a single motor systern 13 that the large starting current required by the
motor (s normally overcome by sizing the generator as much as 40 pereent larger than
the main motor load o be applied to the generator. If the motor-generator combination
i¥ lcss than 40 peroent larger than the main clectrical motor to be started, then the
engine driving thc gencrator usually stalls out when attempting to start the motor.
Another problem with fixed power supply systems is that these systems can not vary the
frequency of the output power to the three phase motor, if it is required.

Some applications of threc phasc motors require a variable frequency output
power to the motor, due 10 varying operational conditions required of the motor. An
cxample 1s clectrical submersible pumps used in the oil and gas industry at remote

pumping stations. Typicaily, these pumps arc located where there is an inadequate local
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electrical power grid supply or even no power grid supply and il is a common practice to
usc an cnginc to power the generator on the well site to supply power to the electric
submersible pump motor. The engines are usually diesel, gasoline, natural gas, or
propanc powercd. It is known that for any given centrifugal pump the rate and head
capability of that pump is greatly expanded through the vse of variable speed operation
which is accomplished by providing power in the form of vanable frequency power to
the motor of the pump, This zllows a pump to fit a larger prdcess application due (o
varving conditions during the time that the pump is installed. In the ol and gas
industry, a pump can be installed in a well for up to thrce or four ycars before being
wom out and requiring a replacement, Duting this time, the production from an oil or
gas well can change for a ruwmber of reasons due 0 varying conditions, the tollowing
are some cxamples. Thero is a decline in rescrvoir pressure duc to deplction of the well.
There is an increase in regservoir pressure due (o woidage replacernent from injection
wells, There are changes i fluid produced, as usually oil is decreasing and water 15
increasing in & well. Theres could also be an increase or decrease in gas produced in the
well, which would affect the fluid production of the well. There are mechanical
problems with the welibore, such 2s scaling or paraffin et¢.,, which could cause a
production decline, Chemicals can be used to remove these mechanical problemms that
resirict production without removihg the pump, which will result in 4 production
increase.  These varying fluid production conditions can be accommodated by the
varying of the power supply frequency to the motor of the pump to maximize oil
production from wells.

When it is desired to opecrate a three phase motor at a variable speed the current
method is to input the constant frequency three phase power from 4 generator 1o & three

phase vatiable speed drive. Somectitnes the variable speed drive 18 relerred to as a
variable frequency drive.  The vanable speed drive supplies thres pbasc power at a

variable frequency to the three phase motor. The variable speed drive allows the three
phase motor (0 be operated at a variable speed in direct proportion to the vanablc
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frequency of the power supply from the variable speed drive., Sometimes a transformer
is rcquired between the vanable speed dnve and the three phase motor to provide a
voltage match required by the three phase motor. Fig. 1 shows an exampie of currently
used systems for gencrating three phase vanable frequency power 10 a three phase
motor. The system includes an engine, three phase electrnical gencrator, excitation
controller, variable speed drive, transformer, switchboard, motor controller and the
motor. The engine speed 1s confrolled by a govemor to mamntain constant engine specd
unider varying load conditions imposed by the generator load and a fifty or sixty IHertz
output requircment. The cngine is usually mechanically coupled' o the clectical
generator, but other connections are also used. The generator voitage output 1s
controlied by the excitation controller. The output voltage of the generator is
clectrically connected by cables to the variable speed dnve. The output of the vanable
speed drive is celecincally connected by cables to the transformcr. The transformer is
normally of a multi-tap configuration to provide the appropriate voltage required by the
motor. The multi-tap allows for numerous molor combinations to be used, which also
makes it casicr to accommuodate the cable voltage loss associated with the wide range of
cable sizes and lengths required to reach electric submersiblc pumps installed deep in
il & gas wells. A switchboard used as a power disconnect is connected along the

cables between the transformer and the motor. A raotor controller is an electronic unit

uscd to control the frequency output of the variable speed drive as required by the motor
based on feedback of varying conditions encounter by the motor. The motor contraller
also controls the on-off fanction of the switchboard. The motor controller is connected
by cables to the switchboard, and by cables to the vanable speed drive to monitor,
control, and adjust the power to the motor by numcrous programmed paraimeters.

'There are many disadvantages to using a variable speed drive. Use of a variable
speed dnve reduces the electrical efficiency of the motor and ereates harmome spikes on
the geperated variable frequency power supplied to the motor. A variable speed drive

reduces the power factor of the motor. A variable speed drive increases the waste heat
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gencrated in all the electrical equipment and wiring on the output side of the variable
speed dnve, including the wansformer, wiring and the motor. A varable speed drive
alse requires more frequent maintenance compared to the rest of the electrical
equipment in the systern.  Other disadvantages are associated with the engine, generator
and transformer, when using a vanablc speed drnive. The engine needs to be sized at
least twenty percent larger than the motor load to accommodate the high electrical
losses in the system. The transtormer must have a larger number of multiple voltage
taps to anucipate changes in motor and eable requirements, which requires a more
expensive transformer, The transformer core also needs to be about twenty percent more
massive than standard transformers to handle the harmonics and Jow frequency
operation.  The ransformer also needs higher insulation rating on the wiring to handle
the high voltage spikes due to harmonics. The generator also needs to be about twenty
percent more massive than standard generalors to handle the harmonics and low
frequency operation. The generator also necds higher insulation rating on the wiring to
handlc the lagh voltage spikes due to harmonics.

It is an object of the present invention to provide a system and method to vary
the clectrical power to a three phase motor without the use of a variable speed drive

between the generator and the motor.

SUMMARY OF THE INVENTION

A vanable frequency power system with a power sourcc having a rotating output
and a8 speed control to rcgulate rotational speed of the rotating output. A gencrator
coupled to and driven by the rotating output of the power source, whereby the speed
control of the power source directly countrols cutput power frequency of the generator
due to control of rotational frequency of the rotating output A voltage regulator
comnecied between the generator and the motor regulates output voltage from the
gencrator to the cleotrical motor load. A system controller controls cutput power
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frequency of the generator. The system controller interfaces with the speed control of
the power source and configured to monitor generator outpul and operational conditions
of the electrical motor load. The system controller adjusts the spced contral based on
gencrator output and operational conditions of the electrical motor load.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schcmatic view of a power system with a vanable speed dnve,

Fig. 2 is 2 schematic view a variable frequeticy power system aceording to the

present invention.

Fig. 3 is a schematic view a vanable frequency power system according to the

present invention.

DETAILED DESCRIPTION

The present invention is a variablc frcquency power system to dnve a three
phase electrical motor at the frequency, valtage and amperage, as required by the motor
opcration to drive a driven unit. The variable frequency power system of the present
invention can bc cspccially applicd where the dnven unit 15 an electric submersible
pump used in the oil and gas industry. Thc clectric submcrsible pump i$ driven by
alternating current (AC) three phbase electrical motor which cxhibits a non<lincar
rclationship between rotational spead and torque 1oad due to the inherent characteristics
of centrifugal pumping systcms. The vanable frequency power system includes a
gencratlor driven by a power source. The variable frequency power system includcs a
specially programmmed logic circuit In a system controller, which interfaces with the
power source of the generator. The programmed logic circuit is designed to monitor
and control the driven unit by monitonng the conditions of the dniven unit and
controlling the supplied power (0 the motor. The vatiable frequency power system can
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be programmed with startup, steady-state operation, and emetgency shuudown
paramcters for the driven unit. The driven unit is contrelled by varying the voltage and
frequency of the input AC power to the motor. The system controller would be
rcsponsible for adjusting and monitoring the generator output, and would adjust the
generator to any voltage and frequency required by the driven unit withit the effective
operational limits of the geperator. Not only can thus equipmient allow for desired
steady-state operational parameters, it can be sct up to allow for completely different
parameters during start-up of high power draw electrical devices, such as eleotric
motors, or to rcact to monitored inputs of the driven umt, The system controlier of the
variable frequency power system controls the generator speed and output voltage, it 15
capable of accepting inputs from extermal sources 1o ¢ontrol the operation of the entite
system. In the case of clectric submersible pumps, current draw and pump opersting
pressures can he monitored and generator fregquency and voltage can be automaﬁmll.y
adjusted due to changes in those readings, inchuding emergency shutdown of the pump,
if neoded. The variable frequency power sysiem can also melude & human-machine

interface. The human-machine interface can include a display screen and mput buttons
to allow an operator the ability to select desired operational and startup roufines,
monitor operating system parameters, or 10 modify operational parameters as needed

without requiring in-depth knowledge of the underlympg hardware and code of the
system controlicr.

The variable frequency power system includes a powsr source, uninterrupted
power supply, generator, excitation controller, system ¢ontroller and switchboard. The
power source drives the generator and s usually an énginc, as 15 the casc when
powering a electric submersible pump in the oil and gas industry. The engine is
designed and sized 0 operate contimpously at the meaximum power required by the
motor. The cngine mncludes a throttle that is regulated by the system confroller. The
uninterruptible power supply powers the instrumentation and control circnits of the

system controller, excitation controller and all other electrical components in need of a
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constant clectrical power source. Typically, the uninterruptible power supply 1s an
inverier driven off of the engine battery or engine suxiliary battery, so that the electrical
componcnts are indcpendent of the main powcr supply output of the gencrator.  The

~ generator provides electrical power to the motor. The excitation controller is used to

adjust voltage output of the gencrator to the motor and also includes a programmable
loeic so that the voltage is adjusted according to the frequency of the engine-generator
combination. Special logic circuit programs are used for start-up and normal
operational ranges. The system controller also includes programmed logie circuits,
which monitor operation of the system and control the throttle on the engine. In the case
of the clectric submeryible pump, the system controller would monitor pump operating
conditions. The switchboard provides the stop/start function of the motor and 15 usually
reted for the highest voltage and amp capacity required.

Fig. 2 shows a system for generating threc phasc vanable frequency powcer to a
three phase motor. The system includes an engine with the engine speed controlled by a
throttle device. The engine is mechanically coupled to a three phase electrical
generator. The gencrator is shown as a multi-tap voliage generator. The voltage output
of the generator is controlled by the excitation controlicr mn order to provide the
appropriate voltage required by the motor. A switchboard is used as a power disconnect
butween the elsctrical generator and the motor. A system controller is used to control
thc frequeney output of the clectrical generator by controlling the engine throtile device,
speed control settings and algo controls the on-off function of the switchboard. The
variable frequency power system also includes an inverter which supplies a ¢onstant
clectrical power source for the instrumentation and conirol circuits for the throtile
device, excitation controllcr and the system controller. The vanable frequency power
system controller is connected by cables to the switchboard and by cables to the enginc
t0 monitor, control and adjust the power to the moror by numerous programmed

parameters in the sysicm controller.
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Fig. 3 shows another emmbodiment of the present invention for gencrating three
phase variable frequency power to a three Ijlwase motor., The system includes the
engine, the enpine throttle device and is mechanically coupled (o a three phase clectrical
generator. In this case, the gencrator 18 shown as a single tap voltage configuration.
The voltage output of the generator is controlled by the excitation controller. The
output of thc clectncal gencrator is clectrically connccted to a transformer which is
normally of a multi-tap configuration 1 provide the appropriate voltnge required by the
motor. The switchboard is used as a power disconnect between the transformer and the
motor. The system controller is used to control the frequency output of the electrical
generator by controlling the engine throttle device, control settings and also controls the
an-off function of the switchboard. The variables frequency power system also includes
the inverter which supplics a constant cloctrical power sonree for the instrumentation
and control circuits for the throttle device, excitation contoller and the system

conotroller.

The engine tums the three phase clectrical generator designed for variable
frequency operation. The generator is electrically coupled to the three phase motor.
The throttle devace 1s usually a combination of a throtie and electronic speed controller
to control the spced of the engine, and thus control the tumning frequency of the engine.
Whereby, an increase or decrease in engine speed would in turn increase or decrease the
frequency of generated three pbase power being supplied to the three phase motor by the
generator. The excitation controller is a voltage regulator capable of varyving its voltage
cutput in a programmazblc manner to the engine specd driving the generator. The system
controller interfaces with the throttle device and the excitation controller to monitor,
control and regulate the desired operating parameters of the eleciric motor. The system
controller adjusts the speed based on monitored readings and the desired operating
conditions of the motor for any onc particular drive unit application. The monitored
readings can be from sensors at the motor or in the case of an electtic submersible
pump, at thc pump itsclf. The mﬁntcﬁ'uptiblc power supply keeps the monitoring,
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control and adjustment functions operating during large changes in the frequency of the
clectrical power being generated 10 power the motor.,

Thet generator can be set up with a single set of ouiput voltage laps as shown m
Fig. 3 or with multiple sets of cutput voltage taps as shown in Fig. 2. The use of
multiple sets of oulpul voltage taps at the generator eliminates the need for a separate
transtormer, which can be bulky and cxpensive, and yet allows for a widc range of
output voltages 0 be produced. The operating voltage range of a generator with
multiple sets of output voliage taps can be from several hundred volis to seversal
thousand volts and can be gencrated at any frequency within the cffective functional
spesd range of the motor-generator combination,  Again, generator output is
manipulated by the excitation controller, which allows the system controller to control
and monitor thc output voltage of the penerator anywhere within the offective
operational range of the selected output tap of the generator or transformer. A generator
with multiple sets of output voltage taps can have a tap selection such as 1810, 2600 &
3640 volts or other suitable range of low, medium & high volis as {3 convenient ©
arrange durnng the manufacture of a given generator unit, which can be fine tuned by the
excitation controller {0 supply the correct voltage in a range from 900-4200 volts to the
molor {or the operation conditions of the motor required by the drive unit. Also, a
generator with multiple scts of output voltage taps can be fed into an external multiple
tap trangformer o achieve an even broader range of operational voltages, if required.

Since the output voltage of the variable frequency power system is monitored
and controlled by thc systcm controller, it 1s possible to adjust the output voltage of the
generator independently of the output frequengy, This flexibility allows the variable
frequency power system Lo vary output voltage lincarly with respect w frequency, or (o
maintain a fixed output voltage as frequencey is varied depending on what is required by
the load of the drive unit, a feature which is vety useful during the initial starting of an
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10

electric submersible pump motor. The variable frequency power systema allows the
starting of high-load ¢lecirical aquipment by controlling certain aspeets of the engine-
generator combination that was previously not possible o do accurately and
cvonsistently. The system controller of the variable frequency power systcm can control
a startup sequence to start the gngine-generator combination and run it at idle with no
load for a specified warm-up period. Once warm-up Is achicved, the system controller
can begin a startup scquence by bringing the engine to a starting frequency, for example
fifteen Hertz, and then give the cngine the command to go to full throttle. As the engine
ramps up in speed and reaches roughly half the final operating specd, the system
controller cngages the power to the motor of the drive unit, The final operating speed
for many spplications is expected to be I the 45 hertz to 60 henz range. This stat
scquence eliminates the mechanical reaction time inherent to the existing engine-
genecrator combination when a sharp ¢lectrical load is introduced. Another start up
method that can he realizcd with the vanable frequency power gystem is for devices
with high startup power draws, by using a redoced startup voltage method.  The system
controller can control & startup sequence 1o start the engine-generator combination and
run it at idle with no load for a specified warm-up period. Once warm-up is achieved,
the variable frequency powcr systcm brings the engm¢ to 8 sicady operating frequency
sizchtly below full operating frequency, for examplc approximately around eighty-five
pcrecnt of full operating frequencies. Once up to speed, the vanable frequency power
system sets thc excitation controller to a reduced output veltage in a range of fifty o
ninety percent of the rated voltage to hertz ratio. At thus poml the system controller
cngages the power to the electrical motor of the driven devies, holding the output
voltage fixcd at the presct reduced voltage. regardless of engine speed change. Aftera
given period of time clapses, the system controller mstrucis the excitation controller to
ramp up the voltage to achieve the requircd volts to hertz ratio to be detivered to the
motor based on the dnven device. The system controller then waits until the system
reaches steady operation at thesce scitings before bringing the system to the final
operational speed. This second start-up sequence takes advantage of the fact that the
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"

inertia of the engine and generaior is sufficient such that the enginc speed will be
reduced while it picks up the additional load, but before the engine reachies a stall speed,
it will recover and return to the reqaired setting of the Hertz selected for the power te be

generated to the motor.

‘The variable frequency power system allows for start-up modes to be desighed
to take advantage of the fact that at low speeds of about thirty Hertz, or about one-half
of it's full speed,, a diesel engine, or other similar engine driver, can prodnce up to fifty
pereent of its full load horsepower and up Lo sixty percent of its full load torque, while
the cleetrical motor at this speed driving a centrifugal pump, only requires lwenly-live
percent of the harsepower of the engine. For the diescl engine to do this, the cnginc has
to be at full throttle, so that the mrbocharger is spooled up and giving the engine the
rcquircd boost in power.

It is therefore envisioned that start-up needs can be confipured as follows. Run
the engine at no load for warmi-up. Set the system controller for munning the motor at
desired speed or cwrent limit desired. An immediate or slow ramp can be
accommodated. When the system controller gives signal to start the motor, then cogine
nesds to slow down to idle speed of about fifieen Hertz, and then reccives the signal to
vo to the set speed, and while the engine is under full throttle and gaining speed, then
the switchboard engages the motor. About thirty Hertz would be 8 pood point for
engaging the motor., The engine wall slow down slightly whilc picking up the motor
load and then will continue on to its set speed or ¢current setting for the motor.

The vanable frequency power system: has many advantages over systems using a
variable speed drive. The advaniages include increased electrical cfficiency, no

clcotrical harmonics, @n increase in the electrical power factor, an imkrease in mxotor

efficiency, an ingrease in motor loading capabilitics, a dccrease in motor operating

temperature, end less electrical stress on the electrical insulation properties of the motor
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windings and all other electrical wires in the main cable and generator. Another bencfit
of the variable frequency power system 13 it allows for the implementation of new
processes which negates the current practice of over sizing the enginc or generator. The
variable frequency power system results in a package which is smaller and therefore
gasicr to transport, lowers capital costs, is up to twenty-five porcent morc cnergy
efficient as a result of the elimination of the variable speed drive, barmonics and
transformer, ultimately require loss maintengnee and provide of longer life of the
system, In the case of electric submersible pumps used by the oil and gas industry, the
incorporation of all these features into one package provides a system that can be used
in remofe locations without requiring the pnmhasﬁs of multiple devices which can be
more expensive and much more bulky. The variable frequency power system includes

the contiection of the motor o an electrical centrifugal pump, an electrical fan or an
clectrical gas compressor purnp.

While different embodiments of the invention have been desctibed in detail
herein, it will be appreciated by those skilled in the art that various modifications and
alternatives to the embodiments could be developed in light of the overall teachings of
the disclosure, Accordingly, the patticular arrangements are illusteative only and are not
lirmiting as to the scope of the itvention that is to be given the full breadih of any and all

cquivalents thereof,
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I Claim:
1. A variable frequency power system for starting and powering an

electrical motor load comprising:
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a power source with a rotating output, said power sowrce having a
speed control to regulate rotational speed of szid rotating output,
said rotational speed of said rotating output being rotational
frequency of said rotating output;

a generator coupled to and driven by said rotating output of said
powcr source, whereby speed control of smd power source
directly controls output power freguency of said gencrator duc to
control of rotational frequency of said rotating output;

a voltage rcgulator connected between sald generator and the

motor 1o regulate output voltage emanating from said generator

for a supply voltage to an electrical motor load: and

a systcm controller to control output power frequency of said
generator, said system controller connected to interface with said
speed control of said power; said system controller configured to
monitor gencrator output and operational condiiions of said
electncal motor load, said system controller configured to adjust
said speed control of said power source based on genarator output
and operational conditions of said electrical motor load.

The variable frequency power system of claim 1, wherein said power

source is an engine powersd by a fuel source,
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3. The variable frequency power systcm of claim 1, further including an
uninterruptible power supply 10 power electronics of said vatiable frequency power
system independently of said generator.

4, The vanablc frequency power system of claim 1, wherein said voltage

regulator 18 an excitation controller which includes programmable logic so that voltage

is adjusted according to rotational frequency of sard engine and said generator,

5. The variable frequency power system of claim 1, wherein said generator

1s configured as mult-{ap voitage gencrator.

6. The variable frequency power system of claim 1, wherein said motor is
connccted to an clectrical submersible pump.

7. The variable frequency power system of claim 1, further including 2
transformer between said gencralor and said elecirical motor load,

8. The vanable frequency powcr systcem of claim 1, further including a
switchboard connected betwesn said generator and said electrical motar load to actas a
shutdown switch belween said generator and said motor, said switchboard controlled by
said system controller.

9. The variable frequency power system of claim 1, wherein said power
source is an ¢ngine power by a fuel source; and further including an unintenruptible
power supply to powcr clcctronics of said varnable frequency power system
independently of said generator.
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10. The variable frequency power system of claim 9, whercin said voltage
regulator 1s an excitation controller which includes programmable logic o that voltage
i3 adjusted according to rotational frequency of said engine and said gencrator.,

11. The variable frequency power systcem of claim 9, further including a
transformer between said generator and said electrical motor load.

12.  The variable frequency power system of claim 9, further including a
switchboard connccted between said gencrator and said motor to act as a shuidown
switch between said generator and said motor, said switchboard controlled by said
system controller.

13. A method of controlling power and frequency of power supphed to an
clectrical motor load, using a variable frequency power system including 2 power source
with a rotating output, the power source having a speed contvol fo regulate rotational
speed of the rotating output, the rotational speed of the rotating output being rotational
frequency of the rotating output; a gencrator coupled to and driven by the rotating
output of the power source, whereby speed control of the power source dircctly controls
output power frequency of the gencrator doe o control of rotational frequency of the
rotating cutput; 2 voltage regulator connected between the generator and the motor to
regulate output voltage emanating from the gencrator; and a system controller to ¢ontrol
output power frequenoy of the generator, the system controller connected to interface
with the speed control of the power; the gystem contoller configured to monitor
generator output and operational conditions of the motor, the system controller
configured to adjust the speed conirol of the power source bascd on generaior output
and operational conditions of the motor, comprising:

determining the proper frequency of power output from the generator
which is required by the motor; and
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| adjusting the speed of the power source to adjust the frequency of the

power output of the generator by using the system controller to

twianipuliawe e spocd vounuul of the puweo: souroe widle onitoliuy, e

5 frequency of the power outputted from the generator, thereby controlling

the frequency of the power outputted by the generator.,

14. The method of claim 13, wherein said power source is an engine power
by a fuel source.
10
15. The method of claim 13, further including an uninterruptible power
supply to power clectronics of said variable [requency power systemn independently of

A RN DO | PO
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sald generator,

15 16, The method of claim 13, fuorther including monitoring operating
conditions of a unit driven by the motor and adyusting the speed of the power souree to
adjust the frequency of the power ontput of the gencrator bascd on required power needs
of the unit driven by the motor.

20 17.  Thc mcthod of claim 13, further including using the system controller to
control 8 starqup sequence to start the power source and gencrator cormbination by

running the power source at idle with no load from the motor for a specified warm-up

period, once warm-up is aclucved, using the system controlier to adjust the rotational
output of the power source to a starting frequcncy, then using the systern controller 1o

25  adjust the rotational output of the power source to full speed, when the power source
ramps up in rotational speed and reaches roughly half fial operating rotational speed,
using the system controllor to engage power from the gencrator to the motor.,
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18. The method of claim 17, further i¢cluding monitoring operating
conditions of a unit driven by the motor and adjusting the speed of the power source to
adjust the frequency of thc power output of the gencrator based on required power needs
of the vnit driven by the motor.

19.  The method of claim 13, wherein power engaged from the generator 10
the motor when the rotational spced of the rotational output of the power source 18 at
about thirty Heriz.

20.  The mcthed of claim 13, further moluding using the system controller 10

10 control a startup sequence of the power source and generator combination by runmng

the power source at idle with no load from the motor for a specified warm-up period,

once warm-up is achicved, incroasing the rotational speed of the rotating output of the

power source to a steady operating frcquency slightly below full opemating frequency the

power source while regulating output voltage from: the generator at a reduced output

15  voltage using the voltage regulaior, using the system controller 10 engage the power

from the generator to the mofor while holdmg the output voltage fixed at the reduced

voltage regardiess of change in rotational speed of the power source, after a given pexiod

of time elapses, the using system, controller to cammand the voltage regulator to ramp

up the output voltage of the penerator to achieve the required volts to hertz ratio

20  required by the motor, finally waiting until the system reaches sieady operation before
bringing the power source io the final operational specd. |

21.  The method of claim 20, wherein the rotational speed of the rotating
output of the power sourcc before cngaging power to the motor 1s sel for the steady
operating frequency is approximately around five.sixths of full opcrating frequencics.
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22.  The method of claim 20, wherein the reduced output voltage 18 about

fifty to ninety percent the rated voltage required by the motor.

23. The method of claim 20, further including monitoring operating

conditions of a unit driven by the motor and adjusting the speed of the power source to

5 adjust the frequency of the power output of the generator based on requircd power needs
of the vnit driven by the motor.

24. The method of claim 13, further including using ihe system controller 10

control a startup scquence staring scquence where normal operating range of the motor

10  will be in a range of forty to sixty Hertz and a set point of operational frequency of the
outputted power is selected it the system conwoller, using the system contoller

S .0 S | R

return the power source to an idle speed alter initial warm up and then setting the

rotational speed of the power source at a lugher sct specd lovel, As the power source

gains speed and gets up to a speed of about thirty Hertz, then engage power from the
15 generator to the motor, |

25. The method of claim 24, further including morutoring opcrating
conditions of a unit driven by the raotor and adjusting the speed of the power source to

S -

adjust the frequency of the power output of the generator based on required power neecs
20  of the unit driven by the motor.

26.  The method of claim 13, further includhing using the System controller to

control a startup sequence of the power scurce a2nd gencrator combination where the

25 normal operating range of the motor will be in a range of fifty io sixty Hertz range a set
point of operational Lequency of the oufputted power is selected in the sysiem

d

controllcr, using the systcm controllcr sct the rotational specd of the power sourcc snch
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that the rotational speed is suthcient to prevent stalling of the power source while the
power source picks up motor load when the power iIs engaged from the generator (0 the

motor and allowing the power source t0 recover and return to the required setting of the
Hertz selected for the power to be generated to the motor,

27. The method of claim 26, further including monitoring operating
conditions of a unit driven by the motor and adjusting the speed of the power source to
adjust the frequency of the power output of the generator based on required power needs

10 of the umt driven by the motor. |

28.  The variable frequency power system of claim 1, wherein said motor is
connected 10 an electrical centrifueal pump.

15 29.  The vanable frequency power systemn of claim 1, wherein said motor is
connected to an electrical fan.

30.  The variable frequency power system of claim 1, wherein said raotor is
connected 1o an electrical gas compressor pump.
20 |
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