(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intellectual Propert J
(o wer Orgmiation 2 0 O 00 0 O O 0 00

International Bureau

/ (10) International Publication Number
(43) International Publication Date ===~ WO 2019/097323 A1
23 May 2019 (23.05.2019) WIRPOIPCT
(51) International Patent Classification:
B60L 15/00 (2006.01) HO2P 27/04 (2016.01)
(21) International Application Number:
PCT/IB2018/057882

(22) International Filing Date:
11 October 2018 (11.10.2018)

(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
P1700465 16 November 2017 (16.11.2017) HU

(71) Applicant: ELECTROMEGA KFT. [HU/HU]; 1-3 Ko6n-
tosgat sor, 4031 Debrecen (HU).

(72) Inventors: BARTHA, Istvin Akos; 11 Kemény Zsig-
mond utca, 4028 Debrecen (HU). VITEZ, Attila Csaba; 81
Banomkerti ut, 4200 Hajduszobosz16 (HU).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR, KW, KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))

(54) Title: AMETHOD FOR GENERATING HIGH STARTING TORQUE IN AN ASYNCHRONOUS MOTOR AT A LOW POW-
ER CONSUMPTION

(57) Abstract: The invention relates to a method for generating high starting torque in an asynchronous motor at a low power con-
sumption, using a program-controlled, parametrizable inverter for industrial use. The invention involves choosing the inverter in such a
way as to increase its power output by 20-40% compared to the motor's nominal value, as well as 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/or by setting the nominal voltage of the motor to a value between 105% and 120% of
o the actual nominal voltage.

20197097323 A1 I NV 00 T 10 OO R O



WO 2019/097323 PCT/IB2018/057882
1

A method for generating high starting torque in an asynchronous motor

at a low power consumption

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.

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.
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Forelectric vehicles, it is ikewise 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

costconsiderations, this is not a desirable solution for electric vehicles.

Patent Application US 2009/0243523 Al 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.

Patent Application US 2009/0115362 Al 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.

Patent Application US 2009/0146615 Al describes a hybrid vehicle drive,

including a control system for an electric motor. The electric motor is controlled
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by a frequency converter coupled to a battery, according to the output signal
received from a control unit. 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.

Patent Application US 2017/0259825 Al 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.

Utlity 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.

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 control unit.

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,
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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.

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

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.

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
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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 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.

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 mverter’s program is operated
using data that does not match the factory specifications or the motor coupled
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
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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
mnverter’s factory description; it is a consequence of using control signals that

deviate from the specification.

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.

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 1S
possible to prevent any such overload from occurring, as the inverter will

downregulate before the magnetic core is overloaded.

Thus, our invention is a method for generating high starting torque in an
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asynchronous motor at a low power consumption, using a program-controlled,
parametrizable inverter designed and manufactured for industrial use, with an
increase of 20-40% in the mverter’s power output compared to the nominal value,
by deviating from the manufacturer’s recommendations while setting a number of
the mverter’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/or by setting the nominal voltage of the motor to a value

between 105% and 120% of the actual nominal voltage.

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.

To prevent the asynchronous motor from overheating, an intensive cooling

solution should be provided. Fan or oil cooling are both possible.

If a DC power source, that is, a battery 1s 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.

In this case, the energy generated by the motor slowing down should be used to
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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.

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 poweris 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.

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.
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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 stopis set to a multiple of the value recommended
by the manufacturer, preferably between 2 and 3 times that value.

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.

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.
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Claims

I. A method for generating high starting torque in an asynchronous motor at a
low power consumption, using a program-controlled, parametrizable nverter
designed and manufactured for industrial use, characterized by an increase of 20-
40% m the inverter’s power output compared to the nominal value, as well as by
deviating from the manufacturer’s recommendations while setting a number of
the mverter’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/or by setting the nominal voltage of the motor

to a value between 105% and 120% of the actual nominal voltage.

2. A method according to Claim 1, characterized in that using intensive cooling

for the operation of the asynchronous motor.

3. A method according to Claim 2, characterized in that using ventilation cooling

for the operation of the asynchronous motor.

4. A method according to Claim 2, characterized in that using oil cooling for the

operation of the asynchronous motor.

5. A method according to any of the previous Claims, characterized in that
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.
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6. A method according to Claim 5, characterized in that feeding the recoverable

energy back into the battery during deceleration, using the motor as a generator.

7. A method according to Claim 5 or 6, characterized in that 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.

8. A method according to Claim 7, characterized in that when adjusting the
operating parameters of the inverter, to reduce its overheating, the acceleration
time required to reach maximum engine speed is set to a multiple of the value

recommended by the manufacturer, preferably between 6 and 8 times that value.

9. A method according to Claim 7 or 8, characterized in that when adjusting the
operating parameters of the inverter, to increase the driving stability of the vehicle,
the braking time required for the motor to come to a full stopis set to a multiple of
the value recommended by the manufacturer, preferably between 2 and 3 times

that value.
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