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(57) Abrege/Abstract:
The Invention refers to a self-adapting soft starter device and a method to control the soft-starting of an electric motor. The self-

adapting soft starter device comprises an electric current limiting means adapted to limit the electric current supplied to the motor to
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(57) Abrege(suite)/Abstract(continued):

a preset maximum current limit, a ramp-up time determination means adapted to determine the actual ramp-up time of the electric
motor, a storing means adapted to store a preset minimum ramp-up time, a comparing means adapted to compare the determined
actual ramp-up time with said preset reference ramp-up time, a replacing means adapted to replace said preset maximum current
imit with an auto-adapted current limit based upon the outcome of the comparison between the determined actual ramp-up time

and the said preset reference ramp-up time. The soft-starter therefore automatically optimizes the maximum current limit driven by
the motor to match its load requirements.
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Abstract

The invention refers to a self-adapting soft starter device and a method to control the soft-
starting of an electric motor. The self-adapting soft starter device comprises an electric
current limiting means adapted to limit the electric current supplied to the motor to a preset
maximum current limit, a ramp-up time determination means adapted to determine the actual
ramp-up time of the electric motor, a storing means adapted to store a preset minimum ramp-
up time, a comparing means adapted to compare the determined actual ramp-up time with
said preset reference ramp-up time, a replacing means adapted to replace said preset
maximum current limit with an auto-adapted current limit based upon the outcome of the
comparison between the determined actual ramp-up time and the said preset reference ramp-
up time. The soft-starter therefore automatically optimizes the maximum current limit driven

by the motor to match its load requirements.
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Softstarter Device and Method to
Control the Softstarting of an Electric Motor

Field of the Invention

The invention relates to a softstarter device and method to control the sofistarting of an

electric motor.

Background of the Invention

Softstarter tools are commonly known in the prior art. They are used to start or stop a motor

avoiding electrical surges, sudden overheating of motors, mechanical stresses and shocks,

wearing out material and mechanical damage in the driven apparatus.

EP 1 914 875 Al discloses a motor starter device adapted for controlling an electric motor
connected to the device especially during a start or a stop of the motor. The prior art
softstarter device comprises calculating means for calculating a difference between a
determined motor torque and a reference value for the motor torque, and calculating an error

signal from the comparison between said calculated torque and the reference value to change

the speed of the motor. The softstarter device also comprises means for reducing the speed
of said motor and the rate of change of motor speed with respect to time during a stopping
time Interval. The speed of said motor is reduced dependent on said error signal so that the
rate of change of motor speed with respect to time during a stopping time interval varies at

least between a first part of the time interval and a second part of the time interval.

When the electric motor load is changed, the softstarter should be adjusted to conform to the
requirements of the new aggregates. This is often a tedious and time-consuming procedure

and - in the worst case - it may be forgotten. The aggregates which are to be driven by the
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electric motor may sometimes undergo a change in the required torque due to changing of

conditions (such as increasing or decreasing back pressure In a pump Or compressor or

material ageing).

Summary of the Invention

It is the aim of the present invention to provide a new soft starter device and a new method
for soft-starting an electric motor that is able to adapt and optimize the starting current, when
controlling a motor, which drives a load, such as a compressor. The starting current must be
optimized automatically for different sizes of loads. Furthermore the performance will be

continuously optimized to cater for ageing of the materials, especially in the load.

In a first aspect of the invention this aim is obtained by a soft starter device which 1s

connected to an electric motor and to a power supply. Such a soft starter device comprises:

-an electrical current limiting means adapted to limit the starting current supplied to the

motor to a preset maximum current hmait,

- a ramp-up time determination means adapted to determine the actual ramp-up time of the

electric motor,

- a storing means adapted to store a preset reference ramp-up time,

- a comparing means adapted to compare the determined actual ramp-up time with said

preset reference ramp-up time,

- a replacing means adapted to replace said preset maximum current limit with an
automatically adapted current limit in case said determined actual ramp-up time 1is

below/above the preset reference ramp-up time.
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The softstarter device starts the electric motor connected to the load using a maximum

current limit to guarantee a good start. The current limit for the next start will be determined

based upon the measurement of the starting current and the ramp up time. This process of

auto adaptation leads to an optimization of the load starting current. This can happen at the
installation of the softstarter device in the system as well as during its subsequent operation
in the application. This process will continue till the end of the sofistarter device operating
life.

According to a preferred embodiment of the soft starter device, said ramp-up time
determination means is based on the analysis of the current waveform. As long as the auto-

adapted current limit is less than the preset maximum current limit and the determined actual
ramp-up time differs from the said reference ramp-up time, the sofistarter device will adjust

the said auto-adapted current limit.

According to a further embodiment of the invention the soft starter device includes
diagnostic functions which are adapted to stop the starting process when the electric motor

cannot be started with the preset maximum current limit.

A still further embodiment of the soft starter device provides a counting means which is
adapted to count and store the number of starts. The number of starts gives valuable

information to the service or repair team.

According to a second aspect of the invention the above-mentioned problem is solved by a

method of soft-starting an electric motor comprising the steps of:

- presetting a reference ramp-up time,

- presetting a maximum current limit and limiting the electric current supplied to the motor to

said maximum current limit,
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- starting said motor,
- determining the actual ramp-up time of the electric motor,
5 - comparing the determined actual ramp-up time with said preset reference ramp-up time,

- auto-adjusting said preset current limit with a lower/higher current limit depending on said

determined actual ramp-up time.

10 A further preferable embodiment of the method of the invention provides switching off the
soft starting process and generating an alarm signal when the electric motor fails to start even

when the maximum current limit has been reached.

According to a further preferable embodiment of the method of the invention the method

15  comprises counting and storing the number of starts.

Brief Description of the Drawings

20 The present invention will be described in more detail in connection with the enclosed

schematic drawings:

Figure 1 shows schematically a soft-starter device according to an embodiment of the
invention;

25
Figure 2 shows a flow diagram explaining the function of the soft-starter device;

Detailed Description
30

Figure 1 shows the soft-starter device 1 which is connected to a three-phase AC supply,
symbolized by L1, L2 and L3. The three phase AC current is just given as an example. The

soft-starter device according to the invention can be applied also for a single phase AC

4
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current, 1.e. using for example only L1 and a ground line as well as for three phase sofistarter
devices with different control configurations, eg. three-phase softstarter with two-phase

control. The soft-starter device 1/ the soft-starter devices is/ are also connected to a motor

M, which is mechanically connected to a load L, such as a compressor.

The soft-starter | includes a power module 2 having for each phase a semiconductor relay,

namely semiconductor switches SCR1, SCR2, SCR3.

The soft-starter 1 further includes a bypass module 5 having for each phase a relay, namely
relays R4, R5, R6. The relays R4, RS and R6 are coupled parallel respectively to the
semiconductur switches SCR1, SCR2 and SCR3 of the power module 2.

The soft-starter further includes a controller including a CPU 4 (Central processing Unit) and

a memory 6.

A group of sensors 3A and 3B are provided at the input side and output side of the power
module 2. The sensors 3A and 3B are symbolized by circles which surround the input and
output lines of the power module 2. The sensors 3A and 3B measure current flow, voltage,

phase angle of the three lines L1, L2 and 1.3. The result of the measurements are delivered to
the CPU 4 of the controller.

Based on the measurement data, the CPU 4 generates control signals which are delivered to
the semiconductor relays SCR1, SCR2, SCR3 and to the relays R4, R5, R6.

The CPU 4 1s connected to the contro! ports of semiconductor relays SCR1, SCR2, SCR3
and relays R4, R5, R6. When the soft-starter is in a state where the motor should be fully

supplied with the electrical current, the relays R4, R5, R6 bypass the semiconductor relays
SCR1, SCR2, SCR3 in order to decrease the total resistance and avoid production of heat,

thereby avoiding waste of electrical power.
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Figure 2 shows a flow diagram explaining the method and function of the soft-starter device

according to a preferred embodiment of the invention.

At step S10 of the flow-chart the reference ramp-up time will be set during the device

initialisation.

At step S11 the maximum current limit will be set during the device initialisation. A large

value of the maximum current limit will result in a short ramp-up time.

After having set the two data in steps S10 and S11 the motor is ready for starting. When the
CPU receives a signal to start the motor (step S12), then the motor is started as shown in step
S13. |

Step 14 checks whether the motor has begun to work. If - after reaching the maximum
current limit - the motor failed to start, the process moves to step S15, where the starting
procedure is cancelled and an alarm may be given. This may occur when the load is
extremely high - e.g. in a locked rotor condition - and/or the maximum current limit is

extremely low.

Normally, however, the procedure will move to step S16, where the CPU determines the
actual ramp-up time, i.e. the time which has been required by the motor to reach the final
rotational speed starting from zero.

In step S17 the determined actual ramp-up time is compared with the reference rampup time,

which has been set in step S10. If the actual ramp-up time is shorter than the set reference

- ramp-up time, then the procedure advances to step S18, where the maximum current limit

will be decreased and the decreased maximum current limit will replace the maximum
current limit set in step S11. For the next start the decreased maximum current limit will be

used.
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However, if in step S17 the actual ramp-up time is larger than the reference ramp-up time,
the processing advances to step S21. In step S21 the set current limit is compared with the
maximum current limit. If the set current limit is smaller than the maximum current limit, the
procedure advances to step S22, where the current limiting setting is increased and the
increased current limit is set for the next start and the process moves to step S19. Once a
"signal to stop the motor" will be received, the procedure advances to step S20 according to
which the motor will be stopped. Then the processing advances to step S12, where the

system waits for a "signal to start the motor".

However, if in step S21 the set current limit is not smaller than the maximum current limit,
the process moves to step S15 and the starting procedure is stopped and an alarm may be

given.

Due to the effected decrease of the maximum current limit in step S18, for the next start the
actual ramp time will probably be larger as the set reference ramp time and step S18 will be
skipped. However, if the actual ramp-up time will still be shorter than the set reference
ramp-up time a further decrease of the maximum current will be done in step S18 and the

procedure will be repeated until a steady state will have been reached.
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Claims

1. Soft starter device which is adapted to be connected to an electric motor (M) and to a
power supply, the soft starter device (1) comprising:

an electrical current limiting means (2, 4, S11) adapted to limit the electric current
supplied to the motor (M) to a preset maximum current limait;

a ramp-up time determination means (3A, 3B, 4) adapted to determine an actual
ramp-up time of the electric motor (M), said actual ramp-up time being the time which has
been required by the motor to reach a final rotational speed starting from zero;

a storing means (6,4, S10) adapted to store a preset reference ramp-up time,

a comparing means (4, S17) adapted to compare the determined actual ramp-up time
with said preset reterence ramp-up time;

a replacing means (4, S18) adapted to replace said preset maximum current limit by
auto-adjusting said preset maximum current limit with a lower/higher current limit
depending on an outcome of said comparing means.

2. Soft starter device according to claim 1, wherein said ramp-up time determination means
(3A, 3B, 4) 1s based on an analysis of a current waveform.

3. Soft starter device according to claim 1, wherein said electric motor (M) 1s mechanically
connected to a load (L).

4. Soft starter device according to claim 3, wherein said load (L) is a compressor.
5. Soft starter device according to claim 1, comprising switch-off means (S15) which are
adapted to switch off the soft starter device when the electric motor (M) is not running even

when the maximum current limit has been reached.

6. Method for soft-starting an electric motor (M) comprising the tollowing steps:
setting a reference ramp-up time (S10);

setting a preset maximum current limit (S11);
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starting said motor (S13);

determining an actual ramp-up time (S16) of the electric motor (M), said actual ramp- .
up time being the time which has been required by the motor to reach a final rotational speed
starting from zero;

comparing the determined actual ramp-up time with a preset minimum ramp-up time
(S17);

replacing said preset maximum current limit with a lower maximum current limit 1n
case said reference ramp-up time exceeds said determined actual ramp-up time (S138);

replacing said preset maximum current limit with a lower/higher setting current limit
based upon an outcome of the comparison performed in step S17.

7. Method according to claim 6, wherein said ramp-up time determination (S16) is based on
an analysis of a current wavetorm.

8. Method according to claim 6, comprising a step of switching off the method for soft-
starting said electric motor and generating an alarm signal when the electric motor fails to
run even when the maximum current limit has been reached (S14, S15).
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