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DESCRIPTION

[0001] The present invention relates to a method for generating high starting torque in an
asynchronous motor at a low power consumption, using a program-controlled, parametrizable
inverter designed and manufactured for industrial use.

[0002] Asynchronous motors are suitable for driving rotating mechanical systems at a high
level of efficiency and operational safety. However, when driving a mechanical system, starting
the motor can require a large amount of torque. This can present difficulties. When using
simple coupling, that is, supplying the motor with voltage according to the desired RPM, high
current is needed for starting the motor. As the voltage in an AC network remains constant,
consequently this also means high power consumption. Many different coupling schemes are
known for limiting the power consumption at start-up, but they all involve a reduction in starting
torque. Using an inverter for asynchronous motors is recommended, as the inverter allows for
controlling the RPM of the motor without having to switch gears. Inverter-controlled motors
typically feature lower power consumption on start-up in comparison with standard couplings,
with no or minimal loss of starting torque. This is an essential technical solution for battery-
powered vehicles, as it is possible to supply the power required by the motor drive on start-up
by connecting several low amperage batteries in parallel. Using multiple batteries results in a
physically larger system overall. For vehicles, however, it is best to strictly limit the overall size
of the system. In other words, this is a limiting factor for the maximum power achievable during
start-up, while maximizing the engine's starting torque allows for improved navigation of
inclines, which is a vital requirement when operating a vehicle. For electric vehicles, it is
likewise important to keep the mass of the motor and the batteries as low as possible. Smaller
motors provide less torque, and therefore need to use a torque converter. Currently, they
minimize the total mass of the motor and the torque converter. This process involves
optimising the ratio of the motor and the torque converter's mass. Our goal is driving electric
vehicles with asynchronous motors without the use of a torque converter, as using torque
converters in electric vehicles is problematic. Our experiments have shown that to have a
standard asynchronous motor driven by an inverter set up according to the manufacturer's
recommendations, the nominal power must be increased beyond limits to provide the
necessary starting torque. However, due to size, weight, and cost considerations, this is not a
desirable solution for electric vehicles.

[0003] EP 2 430 506 A1 is related to a method of controlling and conditioning electrical input
current and voltage, providing a motor controller which modifies an input current to an
alternating current motor. The motor controller comprises: a power input rectifier; a low voltage
power supply; a variable output voltage circuit for adjusting a drive output voltage circuit; and a
control circuit arranged to control the variable output voltage circuit and to provide timed
waveforms to the drive output voltage circuit.

[0004] US 2012/086383 A1 proposes a method to allow the monitoring the mechanical velocity
of the rotor of the asynchronous motor and maintain slip within a determined range so that the
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rotor can "follow" the frequency. The torque can also be determined and changed by letting the
voltage remain constant. The slip control is achieved by applying an initial frequency in PWM
pulse train to the motor by means of an electric control and drivers in the tri-phase inverter
arrangement bridge.

[0005] Patent Application US 2009/0243523 A1 describes a control system comprising an
electric rotary drive, i.e. a motor, and a drive circuit connected to a DC power supply, wherein
the drive circuit includes an inverter unit such that engaging the electric rotary drive causes the
inverter to transform the output of the DC power supply into AC (alternating-current) voltage.
When using the electric rotary drive in regenerative mode, the inverter converts the output of
the electric rotary drive to direct-current voltage. The known solution does not include a
method for starting the engine with high torque.

[0006] Patent Application US 2009/0115362 A1 describes an electric motor control unit
comprising a DC power source and an inverter coupled between the electric motor and the DC
power source. The control unit uses a frequency control signal to control the operation of the
inverter and thereby also the motor. This solution also does not include any method for starting
the engine or providing the necessary starting torque.

[0007] Patent Application US 2009/0146615 A1 describes a hybrid vehicle drive, including a
control system for an electric motor. The electric motor is controlled by a frequency converter
coupled to a battery, according to the output signal received from a control unit.

[0008] This solution includes both an internal combustion engine and an asynchronous electric
motor. The proper operation of both is needed to ensure the torque required to start the
vehicle. The purpose of the present invention is to operate a purely electric vehicle without the
use of a torque converter or any auxiliary starter motors.

[0009] Patent Application US 2017/0259825 A1 describes a control device for an electric
vehicle, which uses a torque converter to achieve the torque needed to drive the motor. The
purpose of the present invention is to provide sufficient torque for driving the motor, and in
particular to provide sufficient starting torque, without the use of a torque converter.

[0010] Utility model CN 2632938 Y demonstrates an energy-saving method for controlling an
AC electric motor using an inverter, through the control unit performing energy-saving
calculations, noise filtering, and reducing harmonic and electromagnetic interference. This
arrangement includes a special control device, and requires performing complicated
calculations for controlling the motor. The purpose of the present invention, however, is to drive
an asynchronous motor with a simple coupling arrangement, using an inverter designed and
manufactured for industrial use.

[0011] Patent Application CN 101064460 A describes a three-phase asynchronous motor
operating with low starting voltage (delta coupling) and higher operating voltage (star
coupling). This is also a complicated solution, with a complex coupling arrangement and a
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control unit.

[0012] Patent Application CN 101734174 A describes an energy-saving method for controlling
the motor of an electric vehicle. The arrangement involves the use of a pole changing motor
(with 2-32 poles). Control is achieved by combining pole changing and frequency shifts (0.1 to
1000 Hz). Through controlling these shifts, it is possible to achieve a high starting torque,
allowing the vehicle to be started on an incline, and ensuring high efficiency and low fuel
consumption. The purpose of the present invention is similar to the control scheme outlined in
said document, but our solution is simpler and does not require a complex pole changing
motor.

[0013] Patent Application CN 105262299 A describes a control scheme for an asynchronous
motor using an inverter. The motor contains two symmetrically coupled rotary sections.

[0014] Two inverters are used to drive the motor, with a fan mounted on the rotary shaft. This
arrangement also involves a complicated coupling and control scheme.

[0015] Patent Application EP 2 099 122 A2 described the operation of an asynchronous motor
using an inverter. If the motor is switched on but fails to start after a certain time has elapsed,
the output frequency and/or voltage of the inverter is gradually reduced until the motor current
falls below the maximum allowable starting current; this involves the motor operating at its
nominal idle RPM and voltage. This arrangement includes a specially programmed control unit.
The purpose of the present invention is using a program-controlled inverter designed and
manufactured for industrial use to drive the motor, with the inverter configured according to the
settings characteristic of our invention.

[0016] Electric vehicles using AC power, such as trolleybuses, trams, and electric locomotives
do not need to be limited in their power consumption during the start up of their motor, as the
grid can easily supply the required power. On the other hand, for vehicles using DC power,
such as electric buses, garbage trucks, or cars, it is vital to use the energy stored in the battery
as efficiently as possible, as the physical size of battery or batteries, and the range of the
vehicle on a single battery charge are also important. Our goal was finding a simple, easy
method for driving the motor of an electric vehicle, which we achieve without the use of a
torque converter for the asynchronous motor. The physical size of the battery used for driving
the asynchronous motor can be reduced by limiting the power required for starting the motor,
as achieving the needed starting torque is when the motor requires the most power overall.
While the power stored in the batteries does remain available, there is a limit to the amount of
power that can be supplied within a short amount of time, meaning that the power requirement
for starting the motor must be reduced. It is not possible to achieve our stated goals by
keeping the parameters and operation of the program-controlled inverters designed and
manufactured for industrial use within the limits recommended by their manufacturer. In other
words, when starting the motor with an inverter operated in accordance with said
recommendations, sufficient starting torque can only be achieved by using extremely heavy
batteries that place a significant load on the vehicle. An additional problem presents itself, in
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that the starting torque needed for starting the vehicle would require an unnecessarily high-
powered engine, which would likewise be extremely heavy and have high performance
requirements of its own.

[0017] It became apparent to us, however, that if we use a parametrizable industrial inverter,
set it to values that do not match its actual parameters, and use it as a control unit, we obtain
the unexpected result of generating a greater-than-nominal starting torque, which ends up
being sufficient for accelerating (starting) the electric car without having to use a torque
converter. We found that if the parameters of the inverter are set to mimic the data of a motor
with less power than the motor's actual power, in other words, if the inverter's program is
operated using data that does not match the factory specifications of the motor coupled to it,
than, having altered the parameters in accordance with our research and measurements, the
inverter, though operating with its default factory programming, will nonetheless provide the
motor with an output signal rendering it capable of delivering the required starting torque.
Simply put, the modified operation of the inverter allows it to apply a higher excitation voltage
than normal to the motor, as it assumes the motor to have thinner cables and therefore higher
winding resistance than it actually has. As a result, the motor can be subjected to greater
torque. What we have noted, therefore, is that if the inverter is not operated in accordance with
the factory specifications, but rather is configured and operated using parameters that deviate
from the recommended values, the motor connected to the inverter will operate according to
our purposes, and not according to the nominal operating data. This mode of operation is not
evident based on the inverter's factory description; it is a consequence of using control signals
that deviate from the specification.

[0018] We recognized that program-controlled, parametrizable industrial inverters can usually
be configured to regulate any sudden changes in power consumption to whatever degree is
needed. If the downregulation is reduced and the inverter is more powerful than the nominal
power output of the motor, the torque required for start-up can be achieved without the need
for a torque converter.

[0019] An asynchronous motor coupled to an industrial inverter is only capable of dynamic
load changes without using a torque converter if the inverter is configured for a motor with
lower power output and/or lower nominal frequency than its actual values. This enables the
inverter to generate greater excitation voltage, and therefore greater torque. This causes
additional load, which we find can be offset by acceleration and deceleration time and
characteristics. This does not cause significant operational restrictions for an electric vehicle,
as the regular movement of the vehicle can still be maintained within normal traffic conditions.
These false settings would normally overload the motor, but by programming the frequency
converter, setting acceleration and deceleration times and characteristics, it is possible to
prevent any such overload from occurring, as the inverter will downregulate before the
magnetic core is overloaded.

[0020] Thus, our invention is a method for generating high starting torque in an asynchronous
motor at a low power consumption, using a program-controlled, parametrizable inverter
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designed and manufactured for industrial use, with an increase of 20-40% in the inverter's
power output compared to the nominal power value of the motor, by deviating from the
manufacturer's recommendations while setting a number of the inverter's operational
parameters, namely, by setting the nominal output of the motor to a value between 70% and
90% of the actual nominal output, by setting the nominal frequency of the motor to a value
between 70% and 95% of the actual nominal frequency, and by setting the nominal voltage of
the motor to a value between 105% and 120% of the actual nominal voltage, and powering the
asynchronous motor via a battery in such a way that the battery output voltage is connected to
the frequency converter's DC terminals, and using the asynchronous motor to drive an electric
vehicle through creating an operational connection between the asynchronous motor and the
electric vehicle's wheel axle.

[0021] Selecting an inverter with a 20% to 40% higher power output than the nominal power of
the motor is dependent on the standard power supply industrial inverters available. For
example, a 100 kW motor would require the use of a 132 kW inverter, one power category
higher. Within the specified ranges, optimal values can be set depending on the motor' s
operating conditions. For instance, the type of load on the motor and the expected duration of
operation (the time after which the motor can cool down again) should both be taken into
account. For continuous, long-term operation, the inverter parameters should be set to within
the specified range, closer to the nominal values. On the other hand, if short-term, high
acceleration is desired, the parameters should deviate more from the nominal values.

[0022] To prevent the asynchronous motor from overheating, an intensive cooling solution
should be provided. Fan or oil cooling are both possible.

[0023] If a DC power source, that is, a battery is used for powering the motor, the battery's
output voltage should be connected to the inverter's DC terminals, thus operating the
asynchronous motor as a DC converter.

[0024] In this case, the energy generated by the motor slowing down should be used to
magnetize the motor and power the auxiliary systems - using the motor as a generator, as
described above -, with any remaining energy fed back to the battery. This will help reduce the
load on the battery. Thus, during deceleration, the recoverable energy is fed back into the
battery, using the motor as a generator.

[0025] An asynchronous motor powered by the inverter as described above can be operated
with a high starting torque without increasing its power consumption, meaning that if the motor
is powered by an inverter with a battery connected to a DC terminal, and any power generated
by braking power is fed back to the battery, the battery load can be kept low. By keeping the
required peak power low, it is possible to keep the needed battery power density and thus
battery size to a minimum. This arrangement can also be used to power an electric vehicle, by
coupling the asynchronous motor to the vehicle's wheel axle. This arrangement will then be
capable of powering the electric vehicle in question.
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[0026] By setting the acceleration time from start-up to the motor's operational speed higher
than the manufacturer's recommendations, overheating can be further mitigated. Naturally, this
parameter should also be set according to the operational conditions: if rapid acceleration of
the engine is not required, and reliable, energy- efficient operation is held to be more
important, it is appropriate to increase acceleration time. Otherwise, for instance, when using
the asynchronous motor to power an electric racing car, the motor should be allowed to
accelerate rapidly, as continuous long-term operation is not a requirement in this case. In this
latter case, providing an intensive cooling solution is vital. Thus, our invention involves reducing
the inverter's overheating by increasing the acceleration time required to reach maximum
engine speed when adjusting the operating parameters of the inverter, setting it to a multiple of
the value recommended by the manufacturer, preferably between 6 and 8 times that value.
Extending the deceleration time required for the engine to come to a full stop can also improve
driving stability. Thus, when adjusting the operating parameters of the inverter, to increase
driving stability of the vehicle, the braking time required for the motor to come to a full stop is
set to a multiple of the value recommended by the manufacturer, preferably between 2 and 3
times that value.

[0027] Naturally, it may become necessary to bring the electric vehicle to a rapid stop, and a
pneumatic brake will be available in the vehicle for such a purpose.

[0028] An example for the embodiment of the invention:

We used a program-controlled, parametrizable inverter to operate an asynchronous electric
motor with iron housing, rated for 90 kW, with coils rated for 110 kW. As per the method
relevant to the present invention, we configured the parameters of the inverter with values
corresponding to a motor with a nominal output of 75 kW. With these settings, the starting
torque of the motor reached 1500 Nm, and it proved capable of providing 160 kW of output.
The method relevant to the present invention allowed the motor to produce greater starting
torque than a 160 kW motor would have been capable of with settings configured according to
the manufacturer's recommendations.

[0029] Extending the deceleration time required for the engine to come to a full stop can also
improve driving stability. Thus, when adjusting the operating parameters of the inverter, to
increase driving stability of the vehicle, the braking time required for the motor to come to a full
stop is set to a multiple of the value recommended by the manufacturer, preferably between 2
and 3 times that value.

[0030] Naturally, it may become necessary to bring the electric vehicle to a rapid stop, and a
pneumatic brake will be available in the vehicle for such a purpose.

[0031] An example for the embodiment of the invention:

We used a program-controlled, parametrizable inverter to operate an asynchronous electric
motor with iron housing, rated for 90 kW, with coils rated for 110 kW. As per the method
relevant to the present invention, we configured the parameters of the inverter with values
corresponding to a motor with a nominal output of 75 kW.
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[0032] With these settings, the starting torque of the motor reached 1500 Nm, and it proved
capable of providing 160 kW of output. The method relevant to the present invention allowed
the motor to produce greater starting torque than a 160 kW motor would have been capable of
with settings configured according to the manufacturer's recommendations.
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Patentkrav

1. Fremgangsmade til generering af et hejt startmoment i en asynkron motor
ved et lavt energiforbrug, under anvendelse af en programstyret, parametrer-
bar konverter, der er designet og fremstillet til industriel anvendelse, kende-
tegnet ved en agning pa 20 - 40 % af konverterens effektoutput sammenlignet
med motorens nominelle effekt, samt ved at afvige fra producentens anbefa-
linger ved at saeette et antal af konverterens driftsparametre, iseer ved at seette
motorens nominelle effekt til en veerdi pa mellem 70 % og 90 % af det aktuelle
effektoutput ved at seette motorens nominelle frekvens til en veerdi pa mellem
70 % og 95 % af den aktuelle nominelle frekvens, og ved at seette motorens
nominelle spaending til en veerdi pa mellem 105 % og 120 % af den aktuelle
nominelle spaending, og at forsyne den asynkrone motor med energi via et
batteri pa en sddan made, at batterieffektspaendingen forbindes med frekvens-
konverterens jeevnstremsterminaler, og at anvende den asynkrone motor til at
drive et elektrisk karetgj ved at oprette en driftsforbindelse mellem den asyn-
krone motor og det elektriske karetajs hjulaksel.

2. Fremgangsmade ifelge krav 1, kendetegnet ved, at der anvendes en in-
tensiv afkaling til driften af den asynkrone motor.

3. Fremgangsmade ifglge krav 2, kendetegnet ved, at der anvendes ventila-
tionsafkaling til driften af den asynkrone motor.

4. Fremgangsmade ifelge krav 2, kendetegnet ved, at der anvendes olieaf-
kaling til driften af den asynkrone motor.

5. Fremgangsmade ifalge et af de foregaende krav, kendetegnet ved, at den
vedvarende energi fades tilbage til batteriet under deceleration, idet motoren
anvendes som generator.

6. Fremgangsmade ifelge et af de foregaende krav, kendetegnet ved, at nar
konverterens driftsparametre justeres for at reducere overophedningen af den,
seettes den accelerationstid, der er pakraevet for at na den maksimale motor-
hastighed, til flere gange den veerdi, der anbefales af producenten, fortrinsvis
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til mellem 6 og 8 gange den veerdi.

7. Fremgangsmade ifelge et af de foregaende krav, kendetegnet ved, at nar
konverterens driftsparametre justeres for at @ge keretgjets karestabilitet, seet-
tes den bremsetid, der er pakraevet for at na en fuldsteendig standsning, til flere
gange den veerdi, der anbefales af producenten, fortrinsvis til mellem 2 og 3
gange den veerdi.
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