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(54) METHOD FOR CONTROLLING INVERTER

(57) Disclosed herein is a method for controlling an
inverter. The method includes calculating a maximum
current from an output current of each phase of the in-
verter; determining a variable level upper limit by per-
forming a DQ conversion for the output current of each
phase of the inverter and adding a change allowable val-
ue to the DQ converted output current; determining a

difference between the maximum current for each phase
and the variable level upper limit as an output frequency
attenuation variation, when the output current of the in-
verter arrives at the variable level upper limit; and deter-
mining an output frequency based on the output frequen-
cy attenuation variation.
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Description

BACKGROUND

1. Technical Field

[0001] The present disclosure relates to a method for
controlling an inverter.

2. Description of the Related Art

[0002] Typically, an inverter receives AC mains elec-
tricity to converter it into a DC power, and then converts
it again into an AC power suitable for electric motors to
supply it. Such an inverter effectively controls an electric
motor, thereby reducing the power consumption of the
motor to improve energy efficiency.
[0003] FIG. 1 is a schematic configuration view of a
general inverter.
[0004] An inverter 100 receives an AC power of three
phases, the rectifying unit 110 converts such an AC volt-
age into a DC voltage, a DC link capacitor 120 stores the
DC voltage as a DC link voltage, and an inverter unit 130
then converts the DC link voltage into the AC voltage to
drive a motor 200. The inverter 100 is typically controlled
by a variable voltage variable frequency (VVVF) manner,
and the inverter unit 130 varies magnitude and frequency
of a voltage which is input to the motor 200 according to
a pulse width modulation (PWM) output to control a speed
of the motor 200.
[0005] A slip frequency of the motor 200 is defined as
a difference between a command frequency generated
by the inverter 100 and a speed of revolution of the motor
200, and when the slip frequency of the motor 200 is
greatly increased, an over-current is generated and the
inverter 100 or the motor 200 is damaged. Since the in-
verter 100 has a protection solution for the over-current,
a controller suppresses the over-current or generates a
trip when the over-current is generated, thereby protect-
ing the inverter 100 or the motor 200.
[0006] FIG. 2 illustrates a current level for describing
an inverter control for an over-current protection.
[0007] An over-current protection level of the a gener-
al-purpose inverter includes a software over-current sup-
pression (S/W OCS) level, a hardware over-current sup-
pression (H/W OCS) level that temporarily blocks PWM
of the inverter 100, and an over-current (OC) trip level
that stops a driving of the inverter, and the levels are
compared with each other as illustrated in FIG. 2. A meth-
od for protecting an over-current of the general-purpose
inverter includes a slip frequency attenuation of the mo-
tor, a temporary output block of the inverter (H/W OCS
operation), and a trip stop of the inverter.
[0008] Among them, the S/W OSC operation refers to
reduce the slip frequency of the motor by attenuating an
output frequency of the inverter when the controller of
the inverter monitors an output current of the inverter and
the output current of the inverter is increased to the S/W

OCS level or more. The S/W OCS level is generally a
fixed level of a rated current or more of the inverter.
[0009] In addition, the H/W OCS operation refers to
attenuate the output current of the inverter by temporarily
blocking an output of the inverter by the controller when
an input current is higher than the H/W OCS level. The
controller of the inverter receives a peak of the maximum
value of a three-phase output current of the inverter 100
and senses a hardware signal generated at a predeter-
mined current level or more, and the H/W OCS level is
generally higher than the S/W OCS level.
[0010] Finally, according to the trip stop method of the
inverter, when the output current of the inverter is an OC
trip level or more, the controller generates a trip signal
and stops a driving of the inverter. The OC trip level is
higher than the H/W OCS level, and stops the inverter to
protect the inverter and the motor when a sharp current
increase such as a short-circuit of the output of the in-
verter occurs.
[0011] In the control methods as described above, the
conventional S/W OCS level is fixed above the rated cur-
rent of the inverter. The S/W OCS operation is performed
after the controller of the inverter senses the over-current
through a current detection, and is thus delayed accord-
ing to a filter constant and a current calculation time of
the a current detection circuit. Therefore, when the over-
current is generated before it is detected that the output
current of the inverter arrives at the S/W OCS level due
to rapid acceleration of the inverter, the output current of
the inverter is increased up to the H/W OCS level or the
OC trip level, and thermal stress occurs in the inverter
and the motor due to the over-current.
[0012] In addition, when the S/W OCS level is low, the
over-current generated by the increase of the slip fre-
quency of the motor is detected before the H/W OCS
level, thereby making it possible to suppress the over-
current through the attenuation of the output frequency
of the inverter. In this case, however, a continuous over-
load operation may be limited by the S/W OCS level. In
addition, when the S/W OCS level is high, the continuous
overload operation of the inverter may be increased, but
since a S/W OCS detection time is limited, the current
may be increased up to the H/W OCS level or the OC
trip level when the slip frequency is rapidly changed by
the rapid acceleration of the inverter.
[0013] Meanwhile, a three-phase output current of a
single-phase input type inverter causes unbalance due
to a DC link voltage ripple. FIG. 3 is a waveform view for
illustrating unbalance of an output current in a single-
phase input type inverter.
[0014] Since the H/W operation is based on the peak
of the maximum value of the three-phase output current
of the inverter, a margin between the H/W OCS level and
the S/W OCS level is decreased when the unbalance 3A
of the three-phase output current occurs and the H/W
OCS operation occurs more frequently than the three-
phase input type inverter having a relatively small unbal-
ance of the three-phase output current. Since the H/W
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OCS operation is a method that temporarily blocks the
output of the inverter, the slip frequency of the motor may
be highly increased when large backward torque is ap-
plied during a blocking time, and the motor 200 may be
stopped when a continuous H/W OCS operation occurs.

SUMMARY

[0015] It is an object of the present disclosure to pro-
vide a method for controlling an inverter in which a soft-
ware over-current suppression operation level is varied
according to an output current level of the inverter.
[0016] Objects of the present disclosure are not limited
to the above-described objects and other objects and
advantages can be appreciated by those skilled in the
art from the following descriptions. Further, it will be easily
appreciated that the objects and advantages of the
present disclosure can be practiced by means recited in
the appended claims and a combination thereof.
[0017] In accordance with one aspect of the present
disclosure, a method for controlling an inverter may in-
clude calculating a maximum current from an output cur-
rent of each phase of the inverter; determining a variable
level upper limit by performing a DQ conversion for the
output current of each phase of the inverter and adding
a change allowable value to the DQ converted output
current; determining a difference between the maximum
current for each phase and the variable level upper limit
as an output frequency attenuation variation, when the
output current of the inverter arrives at the variable level
upper limit; and determining an output frequency based
on the output frequency attenuation variation.
[0018] In the determining of the variable level upper
limit, a variable level lower limit may be further deter-
mined by subtracting a variable level band from the var-
iable level upper limit.
[0019] The method may further include maintaining the
output frequency when the output current of the inverter
is increased from the variable level lower limit to the var-
iable level upper limit.
[0020] The method may further include increasing the
output frequency according to a setting to be increased
up to a target frequency level when the output current of
the inverter is reduced to the variable level lower limit or
less.
[0021] The method may further include maintaining the
output frequency at a target frequency level, when the
output current of the inverter maintains the variable level
lower limit.

BRIEF DESCRIPTION OF DRAWINGS

[0022]

FIG. 1 is a schematic configuration view of a general
inverter;
FIG. 2 illustrates a current level for describing an
inverter control for an over-current protection;

FIG. 3 is a waveform view for illustrating unbalance
of an output current in a single-phase input type in-
verter;
FIG. 4 is a configuration view schematically illustrat-
ing an inverter system to which a control apparatus
according to an exemplary embodiment of the
present disclosure is applied;
FIG. 5 is an illustrative view illustrating a control ap-
paratus of the inverter according to an exemplary
embodiment of the present disclosure;
FIG. 6 is a concept view illustrating that a level de-
termining unit of FIG. 5 determines a software over-
current suppression operation level;
FIG. 7 is an illustrative view illustrating an operation
of controlling a software over-current suppression
operation according to an exemplary embodiment of
the present disclosure;
FIG. 8 is an illustrative view illustrating a method for
adjusting an output frequency of an inverter accord-
ing to an exemplary embodiment of the present dis-
closure; and
FIG. 9 is a flow chart illustrating a method for con-
trolling an inverter according to an exemplary em-
bodiment of the present disclosure.

DETAILED DESCRIPTION

[0023] Exemplary embodiments of the present disclo-
sure will now be described in detail with reference to the
accompanying drawings to facilitate understanding of the
configuration and effects thereof. The scope of the
present disclosure may, however, be embodied in many
different forms and should not be construed as limited to
the embodiments set forth herein. These embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the inventive
subject matter to those skilled in the art. In the drawings,
the size of some of the elements may be exaggerated
for convenience of illustration and not drawn on scale for
illustrative purposes.
[0024] It will be understood that when an element such
as a layer, region, substrate, or panel is referred to as
being "on" or "connected to" another element, it can be
directly on the other element or intervening elements may
also be present. In contrast, when an element is referred
to as being "directly on" or "directly connected to" another
element, there are no intervening elements present. The
same may be applied to other expressions for describing
relationship between elements such as "between" and
"directly between".
[0025] Terms such as first, second, etc. in the descrip-
tion and in the claims are used for distinguishing between
similar elements and not necessarily for describing a se-
quential or chronological order. The terms are only used
to differentiate one component from other components.
For example, the terms so used are interchangeable un-
der appropriate circumstances without departing from
the scope of the present disclosure.
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[0026] As used herein, the singular form of "a", "an",
and "the" includes plural references unless the context
clearly dictates otherwise. It will be further understood
that the terms "comprises" or "have" used in this speci-
fication, specify the presence of stated features, steps,
operations, components, parts, or a combination thereof,
but do not preclude the presence or addition of one or
more other features, numerals, steps, operations, com-
ponents, parts, or a combination thereof.
[0027] The terms used herein, including technical
terms, have the same meanings as terms that are gen-
erally understood by those skilled in the art, as long as
the terms are not explicitly defined differently.
[0028] Hereinafter, exemplary embodiments of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.
[0029] FIG. 4 is a configuration view schematically il-
lustrating an inverter system to which a control apparatus
according to an exemplary embodiment of the present
disclosure is applied.
[0030] As illustrated in FIG. 4, in a system to which an
exemplary embodiment of the present disclosure is ap-
plied, three-phase power 3 is applied to an inverter 2 and
an output of the inverter 2 is applied to a motor 4, and
when a three-phase output current of the inverter 2 is
applied to a control apparatus 1, a PWM control signal
may be output to an inverter unit 2C of the inverter 2.
[0031] The inverter 2 receives AC power from the three
phase power, a rectifying unit 2A converts such an AC
voltage into a DC voltage, a DC link capacitor 2B stores
the DC voltage as a DC link voltage, and the inverter unit
2C then converts the DC link voltage into the AC voltage
to output the AC voltage to the motor 4.
[0032] The PWM signal which is output from the control
apparatus 1 may control a switching on/off of a plurality
of switching elements of the inverter unit 2C to output the
AC voltage having a predetermined output frequency to
the motor 4.
[0033] FIG. 5 is an illustrative view illustrating a control
apparatus of the inverter according to an exemplary em-
bodiment of the present disclosure.
[0034] As illustrated in FIG. 5, the control apparatus
according to an exemplary embodiment of the present
disclosure may include a maximum current calculating
unit 10, a level comparing unit 20, a proportional-integral
(PI) controller 30, an output frequency attenuation vari-
ation calculating unit 40, a converting unit 50, and a level
determining unit 60.
[0035] The maximum current calculating unit 10 may
calculate a maximum current from an output current for
each phase which is output from the inverter 2. Mean-
while, the converting unit 50 may convert the output cur-
rent for each phase which is output from the inverter 2
into a DQ coordinate axis. The present disclosure is not
limited thereto, however, the converting unit 50 may con-
vert the three-phase output current into a two-phase out-
put current (e.g., a α β coordinate axis). However, an
example, in which the converting unit 50 converts the

output current for each phase into the DQ coordinate axis
will be described below.
[0036] The level determining unit 60 may determine a
software over-current suppression (S/W OCS) operation
level from the DQ converted output current, which is an
average of three phases.
[0037] FIG. 6 is a concept view illustrating that the level
determining unit of FIG. 5 determines the software over-
current suppression (S/W OCS) operation level.
[0038] As illustrated in FIG. 6, an S/W OCS maximum
current allowable value and an S/W OCS variable level
band may be set in advance and stored in a determining
unit 70. The determining unit 70 may determine S/W OCS
variable level high by receiving the DQ converted output
current of the inverter 2 and adding the S/W OCS max-
imum current change allowable value to the DQ convert-
ed output current, and may determine an S/W OCS var-
iable level low by receiving the DQ converted output cur-
rent of the inverter 2 and subtracting the S/W OCS var-
iable level band from the DQ converted output current.
Such a level determining unit 60 may be performed, for
example, in a time interruption.
[0039] Referring again to FIG. 5, the level comparing
unit 30 may determine a difference between the maxi-
mum current for each phase and the S/W OCS level. The
PI controller 40 is to reduce error of an output of the level
comparing unit 30, and is a combination of a proportional
operation that flexibly approaches a target value and an
integral operation in which fine error is accumulated and
a control then starts when a predetermined value is ex-
ceeded. Since a general operation of the PI controller 40
is widely known, a detailed description thereof will be
omitted.
[0040] As such, the output frequency attenuation var-
iation calculating unit 50 may determine the difference
between the maximum current for each phase and the
S/W OCS level as an output frequency attenuation var-
iation, and a PWM output unit 80 may generate a PWM
control signal according to an output frequency and out-
put the PWM control signal to the inverter unit 2C. The
plurality of switching elements of the inverter unit 2C may
output the AC voltage which is switched on or off by the
PWM control signal to have a changed output frequency
to the motor 4.
[0041] FIG. 7 is an illustrative view illustrating an op-
eration of controlling a software over-current suppression
operation according to an exemplary embodiment of the
present disclosure.
[0042] The control apparatus 1 according to an exem-
plary embodiment of the present disclosure may sup-
press an unnecessary output over-current of the inverter
by variably operating the S/W OCS level according to the
output current of the inverter. The S/W OCS operation
level by the variable over-current suppression may be
varied according to a level of the output current of the
inverter, and when the output current is increased within
a normal operation level, the S/W OCS operation level
may be operated in proportion to the normal operation
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level. The S/W OCS operation level by the variable over-
current suppression may be set in consideration of a filter
constant of a current detecting circuit of the inverter, and
a delay factor according to a current calculating time 7A.
[0043] FIG. 8 is an illustrative view illustrating a method
for adjusting an output frequency of an inverter according
to an exemplary embodiment of the present disclosure.
[0044] As illustrated in FIG. 8, the S/W OCS operation
level for variable over-current suppression may include
an S/W OCS variable level upper limit (HIGH) and an
S/W OCS variable level lower limit (LOW), and the control
apparatus 1 according to an exemplary embodiment of
the present disclosure may adjust the output frequency
of the inverter 2 according to a state of the output current.
[0045] In a section 8A in which the output current of
the inverter 2 enters the S/W OCS variable level lower
limit (LOW), the control apparatus 1 may fix the output
frequency of the inverter to suppress an additional in-
crease of the slip frequency of the motor 4 and to sup-
press the output current of the inverter 2.
[0046] In a section 8B in which the output current of
the inverter 2 enters the S/W OCS variable level upper
limit (HIGH), the output current of the inverter 2 may be
attenuated by attenuating the output frequency of the in-
verter 2 to reduce the slip frequency of the motor 4. In
this case, an S/W OCS HIGH flag for determining the
attenuation of the output frequency of the inverter 2 may
be set, and the output frequency of the inverter 2 may be
attenuated until the output current of the inverter 2 drops
to the S/W OCS variable level lower limit (LOW) or less.
If the output current of the inverter 2 is the S/W OCS
variable level or less, the S/W OCS HIGH flag may be
reset.
[0047] In a section 8C in which the output current of
the inverter 2 is reduced from the S/W OCS variable level
upper limit (HIGH) to the S/W OCS variable level lower
limit (LOW) or less, the output frequency of the inverter
2 may be increased according to a set acceleration time
to be increased up to a target frequency level 8E.
[0048] In a second 8D in which the output current of
the inverter 2 enters the S/W OCS variable level lower
limit (LOW), the output frequency of the inverter may be
maintained at the target frequency level 8E.
[0049] FIG. 9 is a flow chart illustrating a method for
controlling an inverter according to an exemplary embod-
iment of the present disclosure, and illustrates that the
control apparatus 1 controls the S/W OCS operation.
[0050] As illustrated in FIG. 9, in the method for con-
trolling the inverter according to an exemplary embodi-
ment of the present disclosure, the inverter 2 is operated
by the PWM output provided to the inverter 2 (S11), and
as a result, when the output current of the inverter 2 is
detected (S12), the maximum current calculating unit 10
may calculate the maximum current from the output cur-
rent of each phase (S13). Whether or not the S/W OCS
is operated is determined by the maximum current of the
output current of each phase, and in a case in which the
maximum current of the inverter 2 arrives the S/W OCS

variable level upper limit (HIGH), the flag may be set to
1 (S16), and the output frequency attenuation variation
may be calculated (S17).
[0051] In this case, the converting unit 50 performs the
DQ conversion for the output current (S14).
[0052] Next, the level determining unit 70 may deter-
mine the S/W OCS variable level upper limit (HIGH) and
the S/W OCS variable level lower limit (LOW) (S15) by
adding the S/W OCS maximum current change allowable
value to and subtracting the S/W OCS variable level band
from the DQ converted output current.
[0053] Next, the S/W OCS variable level band deter-
mined as described above may be used for the determi-
nation of the output frequency attenuation variation
(S17). That is, the output frequency attenuation variation
calculating unit 40 may determine a difference between
the maximum current for each phase and the S/W OCS
variable level upper limit (HIGH) as the output frequency
attenuation variation.
[0054] The output frequency may be calculated based
on the attenuation variation determined as described
above (S18).
[0055] In addition, in a case in which the maximum
current of the inverter 2 is not the S/W OCS variable level
upper limit (HIGH) in S16, the output frequency may be
calculated without changing the output frequency (S18).
That is, in the section 8A of FIG. 8, the output frequency
may be output while maintaining the output frequency.
[0056] The PWM output unit 70 may output the PWM
signal for outputting to the inverter unit 2C of the inverter
2 using the output frequency determined as described
above (S19).
[0057] According to the exemplary embodiments of the
present disclosure, when the S/W OCS by the variable
over-current suppression is applied, the unnecessary in-
crease of the output current of the inverter may be sup-
pressed in the rapid acceleration operation in which the
slip frequency of the motor is rapidly changed.
[0058] In addition, even in a situation in which the large
inertia load in which the slip frequency of the motor ac-
cording to the acceleration time is increased is applied,
the inverter may be stably accelerated, and the control
performance of the motor may be stably secured by con-
tinuously controlling the inverter by the S/W OCS oper-
ation by the variable over-current suppression.
[0059] As described above, according to the exempla-
ry embodiments of the present disclosure, when the S/W
OCS by the variable over-current suppression is applied,
the unnecessary increase of the output current of the
inverter may be suppressed in the rapid acceleration op-
eration in which the slip frequency of the motor is rapidly
changed.
[0060] In addition, according to the present disclosure,
even in a situation in which the large inertia load in which
the slip frequency of the motor according to the acceler-
ation time is increased is applied, the inverter may be
stably accelerated, and the control performance of the
motor may be stably secured by continuously controlling
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the inverter by the S/W OCS operation by the variable
over-current suppression.
[0061] Although the exemplary embodiments of the
present disclosure have been described in detail, these
are merely illustrative. It will be appreciated by those
skilled in the art that various modifications and equiva-
lents are possible without departing from the scope of
the present disclosure. Accordingly, the true scope of the
present disclosure sought to be protected is defined only
by the appended claims.

Claims

1. A method for controlling an inverter (2) of a control
apparatus (1) controlling the inverter (2), the method
comprising:

calculating a maximum current from an output
current of each phase of the inverter (2);
determining a variable level upper limit by per-
forming a DQ conversion for the output current
of each phase of the inverter (2) and adding a
change allowable value to the DQ converted out-
put current;
determining a difference between the maximum
current for each phase and the variable level
upper limit as an output frequency attenuation
variation, when the output current of the inverter
(2) arrives at the variable level upper limit; and
determining an output frequency based on the
output frequency attenuation variation.

2. The method of claim 1, wherein the determining of
the variable level upper limit further comprises de-
termining a variable level lower limit by subtracting
a variable level band from the variable level upper
limit.

3. The method of claim 2, further comprising:

maintaining the output frequency when the out-
put current of the inverter (2) is increased from
the variable level lower limit to the variable level
upper limit.

4. The method of claim 2, further comprising:

increasing the output frequency according to a
setting to be increased up to a target frequency
level when the output current of the inverter (2)
is reduced to the variable level lower limit or less.

5. The method of claim 2, further comprising:

maintaining the output frequency at a target fre-
quency level, when the output current of the in-
verter (2) maintains the variable level lower limit.

9 10 
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