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PULSE WIDTH MODULATION METHOD FOR POWER TRANSFORMING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a pulse width modulation method for a power
transforming apparatus, and in particular to an improved pulse width modulation
method for a power transforming apparatus which is capable of decreasing a
switching efficiency loss by causing a switching operation having a maximum current

phase among three phases to bacome idle.

2. Description of the Conventional Art

Recently, the power transforming technique has been developed as the power
semiconductor device which is capable of performing a high speed switching .
operation is developed. The above-described semiconductor device is attributed to
significantly reducing noises which are generated in a converter or an inverter, so
that it is possible to apply a current having a sine wave to an electric load circuit.

During the switching operation of the power semiconductor device, heat and
noises are generated, and in additlon, during a low speed switching operation, a high
level noise is generated, so that since it is impossible to obtain a sine wave voltage
and current, the high speed switching operation is performed. When increasing a
switching frequency for enabling a high.speed switching operation, the switching
efficiency loss occurs, and the temperature of a radiating plate disposed in a circuit '

is increased and the device may be damaged due to the temperaturs increased. In



order to overcome the above-described problems, much studies have been
intensively performed.

Figure 1 illustrates the construction'of a conventional power transforming
apparatus which includes a converter 1 having six switching devices QC1 through
QCE for converting an alternating current AC into a direct current in accordance with
first driving signals dc1 through dc6, a smoothing condenser C for smoothing the
thusly convertad direct current voltage, an inverter 2 provided with six switching

devices Qi1 through QI6 for converting the thusly smoothed direct current voitage

into an alternating current voltage, a motor M which is operable in accordance with

the converted alternating voltage inputted thersto, a current controller 3 for detecting
a current which is applied from the previous circuit of the motor M to the motor M
and converting the thusly detected voltage into voitages Vqe, Vde of a fixed
coordinate, a controller 4 for receiving the output voltages Vgs, Vde, contralling the
received output voltages, and outputting first and second switching signals cc1
through cc3 and ci1 through ci3, a first driving unit 5 for converting the levels of the
first switching signals cc1 through cc3 and applying the first driving signals dc1
through dc8 to the gates of the six switching devices QC1 through QC6 of the
converter 1, and a second driving unit 6 for converting the levels of the second
switching signals ci1 through ci3 and applying the secand driving signals di1 through
di6 to the gates of the six switching devices QI1 through QI6 of the inverter 2.

The operation of the conventional power converting apparatus wlill now be
explained.

When the motor M Is driven by a predetermined voltage and frequency using
the converter 1 and the inverter 2 in accordance with the characteristic of the motor

M, the current controller 3 detects a voltage, current, speed, etc. applied to the



motor M, and the current controller 3 outputs voltages Vge, Vde of a rotational |
coordinate. The controller 4 performs a pulse width modulation with respect to the
output voltages Vge, Vde and the phases thereof in accordance with a previously set
program and outputs a switching command, namely, the first and second switching
signals cc1 through ¢c3 and ci1 through ¢i3 in a form of voltage, and the levels of
the first switching signals cc1 through cc3 are converted by the flrst driving unit 5,
and then are applied to the switching devices QC1 through QC6 of the converter 1,
respectively. The switching devices QC1 through QCS are switched thersby, and the
levels of the sacond switching signals cilt through ci3 are converted by the second
driving unit 8 and then are appiied to the switching devices Ql1 through QI8 of the |
inverter 2. The switching devices Qi1 through QIE are switched, so that the motor
M which receives a variable voltage and variable frequency power is driven at a
predetermined speed.

in the conventional pulse width modulation method which is directed to
receiving the output voltages Vge, Vde from the current controller 3 and generating
a switching signal in order to switch the converter 1 and the inverter 2, respectively,
there are known two methods. Namely, in the first method, the sine wave and the
triangle shape wave are compared, thus obtaining a pulse width-modulated signal,
and in the second method, the pulse width modulation is performed with respect to |
the voltage. The first method will be described with respect to the three phase and
two phase.

Figure 2 illustrates a wave form diagram of a voltage signal based on the
conventional three phase pulse width modulation method. Reference characters
Vas_r, Vbs_r and Vcs_r denots the phase voltage commands of u-phase, v-phass,

and w-phase each having the identical frequency as the waves forms of the interline



voltage which is applied from the inverter 2 to the motor M, and reference numeral
PWM denotes a triangle shape wave form of a signal from the controller 4, and
reference characters PWM_U, PWM_V and PWM_W are second switching signals '
ci1 through ci3 from the controller 4. o

- The current controller 3 receives output voltages Vge, Vde of the rotational
coordinates based on the phase 6 of a voltage and converts the received voltages
into the voltage of the fixed coordinate, and the controller 4 generates phase voltage
commands Vas_r, Vbs_r and Vcs_r of sine wave forms with respect to each phase,
and the thusly generated command values are compared with the triangle shape
wave PWM which becomes a reference of the pulse width modulation.

As a result of the comparison, when the size of each of the phase voltage
commands Vas_r, Vbs_r and Vcs_r is higher than the that of the triangle shape |
wave PWM, the signal becomes a high level state, and when the size of each of the
phase voltage commands Vas_r, Vbs_r and Vcs_r is not higher than the same, the
low level second switching signals PWM_U, PWM_V and PWM_W are outputted,
and the second driving unit 6 amplifies the levels of the second switching signals
PWM__U‘, PWM_V and PWM_W, and then the driving signals di1 through di6 are
outputted, and the switching devices Ql1 through QI6 of the inverter 2 are switched.

In addition, since the triangle shape wave PWM is a high frequency signal,
the switching frequencies of the switching devices QI1 through QI6 which are
switched by the high frequency becomes a high frequency thereby. The higher the .
switching frequency, the more the switching efficiency loss. Therefore, the devices
may be damaged due to the temperature increase of the radiating plate which cools

the semiconductor devices and semiconductor chip.

In order to overcome the above-described problems, the two phase pulse



width modulation method is used, which is classified into two methods. In the first
method, the switching operation of the phase having the maximum relative value of
the voltage among three phases becomes idle, and in the second method, the
switching operation having the maximum absolute vallﬁe of the voltage becomes idle. |
The first method will be described in more detail.

Figure 3 illustrates a flow chart of a method of causing a switching operation
having the maximum relative value of the voltage to become idle in the two phase
width modulation method. The method of Figure 3 will be described with reference
to Figure 4,

First, the output voltages Vqe, Vde of the rotational coordinate of the current
controller 3 are reversely converted into the phase voltage commands Vas_r, Vbs_r
and Vces_r of the fixed coordinate based on the phase 6 of the voltage, and then the '
lowest voltage among the three phase voltage commands Vas_r, Vbs_r and Ves_r,
namely, the voltage Vcs _r, is added by the peak value PWM_max of the triangle
shape wave PWM, thus computing a compensation voltage V_comp. In addition, the
compensation voltage V_comp is subtracted from the phase voltage commands
Vas_r, Vbs_r and Vcs_r, thus obtaining new phase voltage commands Vas_c,
Vbs_c, Ves_c.

The new phase voltage commands Vas_c, Vbs_c, Vcs_c are compared with
the triangle shape wave PWM, thus computing switching signals PWM_U, PWM_V,
PWM_W. The wave forms of the new phase voltage commands Vas_c, Vbs_c,
Ves_c are shown in figure 5. In the drawings, "a" denotes an interline voltage wave
form of the phase voltage commands Vas_c and Vbs_c, and PWM_U denotes a

switching signal which is a result of the phase voltage command Vas_c and the
triangle shape wave PWM.



As shown therein, the switching operation of the switching signal PWM_U
becomes idle within an angle range of 120° between 180° ~ 360° in which the size
of the phase voltage command Vas_c is -1.

Next, in the two-phase pulse width mddul:ation method, the method for
causing the switching operation of the phase having the maximum absolute value
of the voltage to become idle will now be explained with reference to Figure 6.

the output voltages Vge, Vde of the rotational coordinate of the current
controller 3 are reversely converted into the phase voltage commands Vas_c, Vbs_c,
Ves_c of the fixed coordinate, and the voltage Vmax having the maximum size
among the three phase voltage commands Vas_r, Vbs_r, Vcs_r is searched, and the
absolute value of the voltage Vmax, namely, the voltage Vabs, is subtracted from
the peak value PWM_max of the triangle shape wave, thus computing a
compensation voltage V_comp.

Next, if the code of the voltage Vmax is a positive value, the phase voltage
commands Vas_r, Vbs_r, Vcs_r are added by the compensation voltage V-comp,
and on the contrary, the code thereof is a negative value, the compensation voltage
V_comp is subtracted from the phase voltage commands Vas_r, Vbs_r, Vcs_r, thus
computing new phase voltage commands Vas_c, Vbs_c, Vcs_c. The wave forms of
the thusly computed phase voltage commands Vas_c, Vbs_c, Vcs_c are shown in
Figure 7. In the drawings, PWM_U denotes a switching signal PWM_U which is a
result of the comparison of the phase voltage command Vas_c and the triangie
shape wave PWM.

As shown therein, if the switching operation of the switching signal PWM_U
becomes idle within an angle range of 60° near an angle of 90° at which the size of

the phase voltage command Vas_c is more than +1, and becomes idle within an



angle range of 80° near an angle of 270° at which the size thereof is below -1.

As described above, the conventional two-phase pulse width madulation
methad which is directed to cause the switching operation of the phase to become
idle which have the maximum relative value or absoluts value within each interval '
in accordance with the frequency of the voltage has a problem in that the switching
efficiency loss is decreased compared to the three-phase puise width modulation
method.

However, since the switching efficlency loss is dependent an the size of the
current, when the motor having an inductance component is used, it is impossible
to obtain a switching efficiency loss pravention effect in the conventional art. Namely,
if the power factor is ﬁot 1, the phase difference of the voltage and current occurs.
The lower the power factor, the mare the switching operation becomes idle at a
portion at which the curmrent value is low. Therefors, it is impossible to obtain a _

desired effect in the case that the power factor is low.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the prasent invention to provide a pulse width
modulation method for a power transforming apparatus which overcomes the
aforementioned problem encountered in the conventional art.

It is another object of the present invention to provide an improved pulse
width modulation method for a power transforming apparatus which is capable of .
decreasing a switching efficiency loss by providing a phase having the maximum
size of a phase current which is not switched.

It is another object of the present invention to provide an improved pulse



width modulation method for a power transforming apparatus which is capable of
judging the size of the voltage and the size of the frequency and salectively using
a three-phase and two-phase pulse width modulatlon methods In order to overcome
the problems that when the size or frequency of the voltage applied to the motor is
low, in the two-phase pulse width modulation method, more torque ripple and noises
occur compared to the three-phase width modulation methad.

To achieve the above objects, there 18 provided a pulse width modulation
method for a power transforming apparatus according to a first embadiment of the
present invention which includes the steps of a first step for computing a phase
voitage command in accordance with a phase of a vaitage applied to the load circuit,
a second step for performing a three-phase pulse width modulation with respect to
the phase voltage command when the voltage and frequency applied to the load
circuit ars below a predetermined value, a third step for computing new phase
voltage commands which have the same phase as the phase of a current when the
voltage and frequency applied to the load circuit are the predetermined value, and
a fourth step for performing a pulse width modulation so that a switching operation
of a phase having the maximum absolute value of the current among the new phase
voltage commands obtained in the third step becomes idle. |

To achieve the above abjects, there is provided a puise width madulation
method for a power transforming apparatus according to a second smbodiment of
the present invention which Includes the steps of a first step for computing a phase
voltage command in accordance with a phase of a voltage applied to a load circuit,
a second step for computing new phase vbltage commands having the same phase
as the phase of the current, and a third step for performing a pulse width modulation

so that a switching aperation of a phase having the maximum absolute value of the



current among the new phase voltage commands obtained in the second step

becomaes idle.

Additional advantages, objects and features of the invention will become more
apparent from the description which follows,

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood from the detailed
description given hereinbelow and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of the present invention, and
wheraein: |

Figure 1 is a clrcuit diagram lllustrating a conventlonal power transforming
apparatus which performs a pulse width modulation;

Figure 2 is a wave form diagram of a signal based on a conventional three-
phase pulse width madulation method; _

Figure 3 is a flow chart lllustrating a method in which a switching operation
of a phase having the maximum relative value of a voltage becomes idle in the
conventional two-phase pulse width modulation method:

Figure 4 is a wave form diagram of a voltage signal within a predetermined
interval in the method of Figure 3;

Figure 5 is a wave form diagram of phase voltage commands Vas_c, Vbs_c,
Ves_c and a switching signal PWM_U in the method of Figure 3;

Figure 8 is a flow chart of a method in which a switching op'eration of a phase
having the maximum absciute value of a voltage becomes idle in the conventional |

two-phase pulse width modulation method;
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Figure 7 is a wave form diagram of phase voltage commands Vas_c, Vbs_c,
Ves_c and a switching signal PWM_U obtained by the method of Figure 6;

Figure 8 is a flow chart of a pulse width modulation method according to the
present invention; |

Figure 9A is a wave form diagram of a phase voltage command Vas_r, a
compensation voltage V_comp, and a new phase voltage command Vas_c in the
method according to the prasent invention; and

Figure 9B is a wave form diagram of a new phase voitage command Vas_c
and a current in the method according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The pulse width modulation methed for a power transforming apparatus
according to the present invention will now be explained with referance to Figures
8 and 9. |

The method for reversely converting the rotational coordinate output voltages .
Vge, Vde into the phase voltage commands Vas_c, Vbs_c, Ves_c of the fixed
coordinate based on the phase 8 of the voltage is performed identically to the
conventional art in Step ST1.

Thereafter, the sizes of the voltage and frequancy of the output voitages Vg2,
Vde are judged, and are compared with a predetermined value in Step ST2. The
predetermined value is a referance value in order determine whether three-phase
pulse width modulation is performed, or two-phase pulse width modulation is
performed. If the size of the voltage or the frequency is below a predetermined

value, it means that the three-phase pulse width madulation methad is performed .
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due to the high frequency component of the current.

If the sizes of the voltage and frequency are below a predstermined value,
identically to the dascription of the three-phase pulse width modulation methad, the
phase voltage commands Vas_r, Vbs_r, Ves_r shown In Figure 2 are substituted with
phase voltage commands Vas_c, Vbs_c, Ves_c, and the phase voltage commands
Vas_r, Vbs_c, Ves_r are compared with a triangle shape wave PWM in Step ST3.
Thereafter, the switching signals PWM_U, PWM_V, PWM_W are outputted, and the
pulse width modulation is finished. The phase voltage commands Vas_c, Vbs_¢, .
Ves_r is substituted with the phase voltage commands Vas_c, Vbs_c, Vcs_ so that
the codés of the phase voitage commands computed in the two-phase modulaticn
method according to the present invention can be identical with the codes of the
phaac voltage commando ocomputod in tho throo phasc pulac width madulation
method.

On the contrary, if the sizes of the voitage and frequency ara above a
predetermined value, the two-phase pulse width modulation methad which is directed
to the switching operation of the phase having the maximum absolute value of a
current to become idle is parformed.

The power factor 8_pf which is the phase difference of the voltage and current
is computed in Step ST4 based on the output voltages Vge, Vde.

[Equation 1]

Vde
6_pf = atan ( ---- )
Vqe
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When subtracting the power factor 8_pf from the voitage phase 8, the current
phase 6_p is obtained in Step ST5, and the output voltages Vge, Vde of the
rotational coordinate are reversely converted into new phase voltage commands
Vas_p, Vbs_p, Ves_p of the fixed coordinate based on the current phase 8_p in Step
ST6. At this time, the phase voltage commands Vas_p, Vbs_p, Ves_p become
identical to the phase of the current. |

Next, the maximum value Vmax having the maximum absolute value among
three phase voltage commands Vas_c, Vbs_c, Vcs_c are computed. If the value
Vmax ig the phase voltage command Vas_p, the original phase voltage command .
Vas_r is subtracted from the triangle shape wave peak value PWM_max, and if the
value Vmax is the phase voltage command Vbs_p, the original phase voltage
command Vbs_r is subtracted from the triangle shape wave peak value PWM_max,
and if the value Vmax is the phase voltage command Vcs_p, the original phase
voltage command Ves_r is subtracted from the triangle shape wave peak value
PWM_max, thus computing a compensation voltage V_comp in Step ST7. If the
maximum value Vmax is a positive code value, the compensation voltage V_comp
is added to the phase voltage commands Vas_r, Vbs_r, Vcs_r, respectively, and on
the contrary, the maximum value Vmax is a negative code value, the compensation .
voltage V_comp is subtracted from the phase voitage commands Vas_r, Vbs_r,
Ves_r, respectively, thus computing new phase voltage commands Vas_c, Vbs_c,
Vcs_c.

The phase voltage commands Vas_c, Vbs_c, Vcs_c are compared with the
triangle shape wave PW, and the switchihg signals PWM_U, PWM_V, PWM_W are
outputted to the first and second driving units § and 6 of Figure 1.

In Figure 8A, "a" denotes a predetarmined phase voltage command among
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three phase voltage commands Vas_c, Vbs_c, Ves_c, and "b" denotes a -
compensation voltage V_comp. In addition, “c" denctes new phase voltage
commands Vas_c, Vbs_c, Ves_c which are determined by the computation of the
voltage "a" and voltage "b". Assuming that "a" is Vas_r, "c" becomes Vas_c. As
shown In Figure 8B, the switching operation of “c", namely, the phase voitage
command Vas_c becomes idle near angles of 90° and 270° at which the absoiute
value of the supply current becomes maximum, so that the wave form of the'phase
voltage command Vas_c is shown in a straight line form in the 'idle switching
operation.

In addition, since the power factor _pf which is computed based n the output -
voltages Vqe, Vde from the current controller is a predetermined value which is
determined based on the load, namely, the resistance and inductance of the motor
M, the characteristic of th motor M, the size of the radiating plate, stc. are judged
before operating the power transforming apparatus, and then the power factor is
determined. Thereafter, the power factor s set Into the controller 4, so that it is not

needed to repeatedly compute the power factor at every interval in the pulse width

modulation method according to the present invention.

As described above, in the present invention, it is possible to significantly
reduce the amount of heat which is generated in the semiconductor chip without -
performing a switching operation within an interval within which the absolute value
of the current is maximum. In addition, since three-phase or two-phase pulse width
modulation is performed in accordance with a voltage and fraquency, it is possible
to decrease the loss of switching operation, whareby the size of the radiating plate
of the power transforming apparatus is decreased thersby, and a small capacity

semiconductor device may be used in the systam, and it is possible to increase the
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switching frequency.

Although the preferred embodiment of the present invention has been -
~ disclosed for illustrative purposes, those skilled in the art will appreciate that various
moadifications, additions and substitutions are possible, without departing from the

scope and spirit of the invention as recited in the accompanying claims.
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1. In a power transforming apparatus which is capable of applying a -
voltage, current and frequency of an alternating current to a load circuit, detecting
a voltage and frequency supplied to the load circuit, and performing a pulse width
modulation with respect thereto, a pulse width modulation methad using the power
transforming apparatus, comprising the steps of:

a first step for computing a phase voltage command in accordance with a
phase of a voltage applied to the load circuit:

.a second step for performing a three-phase pulse width modulation with
respect to the phase Voltage command when the voltage and frequency applied to
the load circuit are helow a predstermined valus;

a third step for computing new phase voltage commands which have the
same phase as the phase of a current when the voltage and frequency applied to
the load circuit are the predetermined value; and

a fourth step for performing a pulse width modulation so that a switching
operation having the maximum absolute value of the current among the new phase

voltage commands obtained in the third step becomes idle.

2. The method of claim 1, whersin said third step includes the sub-steps
of:

a flrst sub-step for computing a power factor based on the phase of the

voltage when the voltage and frequency applied to the load circuit are above a

predetermined level;

a second sub-step for computing a phase of the current based on the power
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factor and the phase of the voltage; and

a third sub-step for computing new phase voltage command having the
identical phase as the phase of the current.

3. The methed of claim 1, wherein said third step includes the sub-steps
of: . |

a first sub-step for computing a current phase based on the previously set
power factor and a phase of the voltage when the voltage and frequency applied to

the load circuit is the predetermined level; and

a second sub-step for computing new phase voltage command having the
identical phase as the phase of the current.

4, The method of claim 1, wherein sald fourth step includes the sub-steps -

of:

a first sub-step for comparing the sizes of the absolute values of the new
phase voltage command;

a second sub-step for subtracting the phase voltage command of a phase
having the maximum absolute value from the maximum value of a triangle shape
wave and computing a compensation voitage; and

a third sub-step for adding the compensation voltage when the code of the

phase voltage command having the maximum absoluts value in the second sub-step

is a positive value and subtracting the compensation voltage when the code thereof -

is a negative value.

5. In a power transforming apparatus which is capable of applying a
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voltage, current and frequancy of an alternating current to a load circuit, detecting
a voltage and frequency supplied to the lcad circuit, and performing a puise width

modulation with respect thereto, a pulse width modulation method using the power

transforming apparatus includes:

a first step for computing a phase voltage command in accordance with a

phase of a voltage applied to a load circuit;

a second step for computing new phase voltage commands having the same
phase as the phase of the current; and

a third step for performing a pulse width modulation so that a switching
operation of a phase having the maximum absclute value of the current among the

new phase voltage commands obtained in the second step becomes idle.

6. The method of claim &, wherein said second step includes the sub-
steps of:

a first sub-step for computing a power factor based on the phase of the
voltage;

a second sub-step for computing a phase of a current based on the power
factor and the phase of the voltage; and

a third sub-step for computing new phase voltage command having the
identical phase as the phase of the current.

7. The method of claim 5, wherein said second step includes the sub-
steps of: |

a first sub-step for computing a phase of a current based on the previously

set power factor and a phase of the voltage; and
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a second sub-step for computing new phase voltage commands having the

identical phase as the phase of the current.

8. The method of claim 5, wherein said third step includes the sub-steps
of:

a first sub-step for comparing the sizes of the absolute values of the new
phase voltage commands;

a second sub-step for subtracting the phase voltage command of a phase
having the maximum absolute value from the maximum value of a triangle shape
wave and computing a compensation voltage; and

a third sub-stép for adding the compensation voltage when the code of the
phase voltage command having the maximum absolute value in the second sub-step

is a positive value and subtracting the compensation voltage when the code thereof
is a negative valus.



