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BACKGROUND OF THE | NVENTI ON 1. Field of the Invention *“¢ The

present’ invention relates to a pulse width nodul ation nethod for a power
transform ng apparatus, and in particular to an i nproved pul se w dth
nodul ati on nethod for a power transform ng apparatus which is capabl e of
decreasing a switching efficiency | oss by causing a switching operation
havi ng a maxi num current phase anong t hree phases to becone idle.

2. Description of the Conventional Art Recently, the power
transform ng techni que has been devel oped as the power
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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



sem conduct or devi ce which is capable of perform ng a high speed swi tching
operati.on i s devel oped. The above-descri bed sem conductor device is
attributed to significantly reducing noises which are generated in a
converter or an inverter, so that it iZ possible to apply a current having
a sine wave to an electric load circuit. During the sw tching
operation of the power sem conductor device, heat and noises are
generated, and in addition, during a | ow speed swi tching operation, a high
| evel noise is generated, so that since it is inpossible to obtain a sine
wave voltage and current, the high speed switching operation is perforned.
When increasing a switching frequency for enabling a high speed sw tching
oper at i mndert te ewetasime gtheefabove-desyribad sprobtams, much tétediesmbavat beenof a
radi ating plate disposed in a circuit 1is increased and the device nay be
damaged intgasivelv PRfEBA@Rr at ure i ncreased. In

2 order t.o ovz ? n&ét he above- de cri bed much studi es have
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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 converted 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



QC6 for converting an alternating current ACinto a direct current in
accordance with first driving signals dcl through dc6, a snoothing
condenser C for snoothing the thusly converted direct current voltage, an
inverter 2 provided with six switching 3levices Q1 through QL6 for
converting the thusly snoothed direct current voltage into an alternating
current voltage, a notor Mwhich is operable in accordance with the
converted alternating voltage inputted thereto, a current controller 3 for
detecting a current which is applied fromthe previous circuit of the notor
Mto the notor Mand converting the thusly detected voltage into voltages
Vge, Vde of a fixed coordinate, a controller 4 for receiving the output -
vol t ages mefer Mdandcihet ewrentepniralier st sutpids o@ltages \Vie.aYde ofaadotatiopat t i ng

first and segond i tching signals ccl throu cc3 ci 1. through ci 3, a
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t hrough d the 1nverter 2. he operation e conventi ona

power conkefirstngwitehing aignaisied through ec8xareatdrrarted by the Wetdrivivg omit 6 M
I's driven by a predeterm ned voltage and frequency using the converter 1

and t he iancethearam® appliaddo thieswitchingdevicesc@Qfriathreughs GG6 of theheonvertar 1)
the C"" Taspectivaly, Tha switching devicas GG1 through GICE ars switched thereby, 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



-3 notor M and the current controller 3 outputs voltages Vge, Vde of a
rotational coordinate. The controller 4 perforns a pulse w dth nodul ation
with respect to the output voltages Vge, Vde and the phases thereof in
accordance with a previously set program and outputs a sw tching command,
namely, the first and second sw tchinggignals ccl through cc3 and cil
through ci3 in a formof voltage, and the levels of the first sw tching
signals ccl through cc3 are converted by the first driving unit 5, and then
are applied to the switching devices QC1 through QC6 of the converter 1,

respect i valtage Whichdsigpplied frofte e RveEA 2 1tHtRE FHotBFRM 28rfd PetbietROnUMEBF0Y.

and the |l evels of the second swtching signals cill through ci3 are

conver t edWiY denoteseotiiandtd shage wiivie foranef ahsignar foapé edntrelléms4, and
switching devices QI through Q6 of the inverter 2. The switching devices

Ql thr ol’ﬁjﬁr efyce dasaciars EW8d, Us BWMaV ariePWvoWV Birevisectnd swdtiching signalsi abl e
vol t age a,Hd vari abl e frequencE/ tpower Is driven at a predeterm ned speed.
In the ce&nVBFRYINEP filRMdBe woatrallerodiul ati on met hod which is directed to

receiving the agtﬁt ol tages Vge, Vde fromthe current controller 3 and
generating a SOt riewé conyaligr 3 neeaives output wioltages Maies ireepf Bre Iotationalhe
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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



Figure 2 illustrates a wave form di agram of a vol tage signal based on the
conventional three phase pulse w dth nodul ati on net hod. Reference
characters Vasr, Vbsr and Vcs_r denote the phase voltage conmands of

u- phase, v-phase, and w phase each having the identical frequency as the
waves fornms of the interline 5

4 vol tage which is applied fromthe inverter 2 to the notor M and

ref erence nunmeral PWM denotes a triangle shape wave formof a signal from
the controller 4, and reference characters PWM U, PW V and PWM W are

second sWitthmegulatignamethod it ddudo wiicts iisgcfa%gﬁbﬁgﬁt%ﬁ (rg?étt\ﬁas-ll In the first The

current controller 3 receives output voltages V(q e rotatl

coor di nat/8€thedsthe siitehirg pherationasfithe phade \Hvirpheamaxraimerelftivehralng opi ved
vol tages , 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.



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 fornms with
respect to each phase, and the thusly generated conmand val ues are
conpared with the triangle shape wave PWM whi ch becones a reference of the
pul se wi dt h nodul ati on. As a regult of the conparison, when the size
of each of the phase voltage conmmands Vasr, Vbs r and Vcs r is higher than
the that of the triangle shape wave PWM the signal becones a high |evel
state, and when the size of each of the phase voltage commands Vasr, Vbs r

and Vcsr i s nAs stiawrethdreim) théawithifhg bperdtion iR swReleing sighalchwn U
signals PWM U, PW V and PWM Ware outputted, and the second driving unit

6 anpl i f besomie idlewethin @i argle sangndf $201 bbtwekrs | §0ak-360°WYIvhiclPild/sizad
PWW and then the driving signals dil through di6 are outputted, and the

swi t chi ngf the,paese gptagercomgtangiiGasic ishel.i nverter 2 are sw tched. I'n
addition, since the triangle shape wave PWM i s :a high frequency signal,

the swi t chi ngNexbqie e dwoephasee paisiet widthg mbsllation Quethodr dvgrmettedafierch
are sw tched hy the high frequency beconmes a high frequency thereby. The

hi gher t RBUSPLIRRISYYtohing, orp@ioniafehamhasenkaving ?lm MMRKIEUM &bsAkye Va’kw&
Theref or %f tﬁeh golgéag\;/ei goegecome 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



may be danmaged due to the tenperature increase of the radiating plate which
cools +1he sem conductor devices and sem conductor chip. I n order
to overcome the above-described problens, the two phase pul se

5 ‘'width nodul ation nmethod is used, wich is classified into two nethods.
In the first nethod, the switching operation of the phase having the

maxi mumrel ati ve value of the voltage anong three phases becones idle, and
in the second nethod, the sw tching operation having the maxi num absol ute
val ue of the voltage becones idle. The first nethod will be described in
nore detail. Figure 3 illustrates a flow chart of a nethod of causing
a swi tching operation having the maxi mumrel ative value of the voltage to
becone | #Ma@eirangeof8A5 neatan angle iof 2700 aitwhich ties isizs. theheofrie thetow of . Fi gur e

Vol t ages. Ve, ARcRPtSFibeflcabates i Gomestiaah dve-Riesen pulber wilth moduiatibher 3
are reveratlod GRS Gifbctdd % E05sd [h%sgw?fgﬁig\a go%e?gtri%agg ﬁ\evgﬁéée 16 Batome
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 e_fﬁciency loss pravention effect in the conventional art. Namely,
if the power factor is not 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



and -Vcsr of the fixed coordi nate based on the phase [err] of the voltage,
and then the | owest voltage anong the three phase voltage commands Vasr,
Vbsr and Vcsr, nanely, the voltage Vcs_r, is added by t he peak val ue PVWRX
of the trlangle shape wave PWM thus cgnputing a conpensation voltage V
conp. In addition, the conpensation voltage Vconp is subtracted fromthe
phase voltage conmands Vasr, Vbsr and Vcs_r, thus obtaining new phase
vol t age conmands Vasc, Vbs_c, Vcsc. “The new phase vol tage conmands -
Vas ¢, Vbsc, Vcsc are conpared with the triangle shape wave PWM t hus
conputing swtching signals PW U, PWW, PWW The wave fornms of the new
phase vol tage commands Vasc, Vbs_c, Vcsc are shown in figure 5. In the

dr aw ngwndtha‘hodammsnethddnfmrd powemlanagﬂnwngmpbaram-fwmm ipltapableobt age
commands Vas ¢ and Vbsc, and PWWMJ denotes a switching S|£nal which is a

resul t pfdgimg thehaize Moﬂhteag:itageramhma/anze eftbetfrasuency randselpaiieeyasingP\\
Pvwi U athres-phase and two-phase pulse widih modUIAton methads 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



becomes idle within an angle range of 120[err] between 180[err] ~ 360[err]]|
in which the size of the phase voltage command Vasc is -1. Next, in
t he, t wo- phase pul se wi dth nodul ati on nethod, the nmethod for causing the
swi t'ching operation of the phase havi nggthe maxi mum absol ute val ue of the
voltage to becone idle will now be explained with reference to Figure 6.

t he output voltages Vge, Vde of the rotational coordinate of the current
controller 3 are reversely converted into the phase voltage commands Vasc,
Vbs_c, Vcsc of the fixed coordinate, and the voltage Vmax having the
maxi mum si ze anong the three phase voltage commands Vasr, Vbs r, Vbsr S

sear ched an t he sol ute val ue the vol tage Vnax,, panely, vol t age
Vabs, i sCWIER rﬁ@P@Q ETEOHPWhEhﬁ%%R’ 288 L go‘Pb'?H@dt M é"t‘%lsécgﬁ pieRave,
t hus co drﬂg%?dl conpensati on voltage V_conp. Next, if the code of
t he volt %‘E Ps a positive vaI ue, the phase voltage conmands Vasr,

Vbs r, Vcs r I

contrary, theﬂgg aﬂgﬁmr eo q%;s ?’?‘52@%‘?‘&“&@8@%@%‘5 1 on vgft‘{}gge

V_conp i gpparent ﬁgheﬂqga@mr;dﬁgnmgﬁ foidwaoge commands Vasr, Vbsr, Vcsr, thus
conputi ng new phase vol tage commands Vasc, Vbs c, Vcs_c. The wave forms of

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;



the-thusly conputed phase voltage commands Vasc, Vbs_c, Vcs_c are shown in
Figure.7. In the drawi ngs, PW U denotes a switching signal PW U which is
a result of the conparison of the phase voltage command Vasc and the
triangl e shape wave PW As s therein, if the sw tching
operation of the switching signal PWL_ beconmes idle within an angle
range of 60[err] near an angle of 90 at which the size of the phase

vol tage conmand Vas ¢ is nore than +1, and becones idle within an

7 angl e range of 60[err] near an angle of 270 at which the size

t hereof is below -1. As descri bed above, the conventional two-phase
pul se wi dth nodul ati on nmethod which is directed to cause the sw tching

oper ati on of Ridnerephésa wavefecmrdiagriine ofphase heltaga bemmarnidavas et,afbs/ e, val ue
or absolute value within each interval in accordance with the frequency of
the vol (dagecrang a switshingrsignak RMLUHeobiainedrhnipe methed 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 .



efftciency loss is decreased conpared to the three-phase pulse width

nodul at.i on net hod. However, since the switching efficiency loss is
dependent on the size of the current, when the nmotor having an inductance
conponent is used, it is inpossible tqtobtain a switching efficiency |oss
prevention effect in the conventional art. Nanely, if the power factor is
not 1, the phase difference of the voltage and current occurs. The | ower
the power factor, the nore the switching operation becones idle at a
portion at which the current value is low Therefore, it is inpossible to
obtain a desired effect in the case that the power factor is |ow SUMVARY
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current which is not sw tched: I s anot her object of the present
i nvent i phade voitage dormandeoVas esl Wbg_seVes_c, and the phase voitage 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



8 °~ wdth nodul ation nethod for a power transform ng apparatus which is
capabl e. of judging the size of the voltage and the size of the frequency
and. sel ectively using a three-phase and two-phase pul se wi dth nodul ati on
met hods In order to overcone the probl ¢gs that when the size or frequency
of the voltage applied to the notor is low, in the two-phase pulse w dth
nodul ati on nmet hod, nore torque ripple and noi ses occur conpared to the

t hr ee- phase w dt h nodul ati on mnet hod. To achi eve the above objects,
there is provided a pul se width nodul ati on nethod for a power transform ng
apparatus according to a first enbodi nent of the present invention which

i ncludes the steps of a first step for conputing a phase voltage comand in

accor dance wWhen spbtraetirgf the powdradactor i bf fein the! Viftageashdde' & the cufrepecond
step for performng a three-phase pul se w dth nodul ation with respect to

t he phapbasel § ayds cabtained inhStep IST S, candidheanutplit anitagey Vige! vad sdtHd e
load circuit are bel ow a predeterm ned value, a third step for conputing
new phadetalienahgecrdinatanire raveesehhsooveried dajeengwapiass voliage icasmarids

current en e vqltage and _frequency applied to the load circuit are the
pr edet er rﬂsngd{’gﬁ-l-ﬂe, C%L&’CP&“? Hxed Eoeqd@'patpchesse andhgigugrent phase 6yupdn Btep

ol ot <t B R e e SRS SBRG5. bl QRS MREL B b R
7 e e BRI By, 0, Sv°, 1 oy object s, there
apparatus acqud! the axndRGaNe YFRAHARRG 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



the present invention which Includes the steps of a first step for
conputing a phase voltage command in accordance with a phase of a voltage
apptied to a load circuit, a second step for conputing new phase vol t age
conmands having the same phase as thejghase of the current, and a third
step for performng a pulse width nodulation so that a sw tching operation
of a phase having the nmaxi num absol ute val ue of the

9 current anong the new phase voltage conmands obtained in the second
step becones idle. Addi tional advantages, objects and features of the
invention will becone nore apparent fromthe description which foll ows.

BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention wll becone

nor e f ul thyeeinpleass owmitageoroontmaands aVesde, 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 thereby, and a small capacity

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



description given hereinbel ow and the acconpanyi ng draw ngs which are given

by way of illustration only, and thus are not |imtative of the present

i nvention, and wherein: Figure 1 is a circuit diagramlllustrating a
conventi onal power transform ng apparatids whi ch perfornms a pul se width
nmodul ati on; Figure 2 is a wave form di agram of a signal based on a
conventional three- phase pul se width nodul ati on net hod,; Figure 3 is
a flowchart Illustrating a method in which a switching operation of a
phase having the maxi numrel ative value of a voltage becones idle in the
conventional two-phase pul se wi dth nodul ati on net hod; Figure 4 is a

wave for vol tage signal within a predetermned interval in
St MRghlendy. i i

the neth Figure 5 is a wave form di agram of phase
rethod of Fi gtioudtt-the KReiafied ‘GheBagREnt ol iney Biqber' BVRanfvad, b o

SWi t chi ng,sg@ggatmpmugﬁameﬁgm?ﬁséé‘thage ‘sFiﬂer E’h‘iﬂﬁ?bye’ﬂé&? tHat \Z%”dgﬁ on

vol t age becones idle in't onvent | ona ase pu
met hod; modifications, additions and substitutions are possible, with8t departing from the

scope and spirit of the invention as recited in the accompanying claims.



Figure 7 is a wave form di agram of phase vol tage commands Vas_c, Vbs_c,
Vcsc and a switching signal PWU obtained by the nethod of Figure 6;
Figure 8 is a flow chart of a pulse w dth nodul ation_nethod according to
t he ‘present invention; Fi gure 9A16s a vvavggla@m di agram of "a phase

vol tage conmand Vas_r, a conpensation voltage V " ! imlﬂmghase
vol tage command Vas ¢ In the nethod according t ! ntion; and

Figure 9B is a wave form di agram of a new phase voltage conmand Vas_c and a

current in the nethod according to the present invention. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON The pul se wi dth nodul ati on nmet hod for
a power transform ng apparatus according to the present invention will now
be expl aY\h&d 'Whﬂ“ﬁgf'ﬁf ence to Figures 8 and 9. The net hod for

reversely converting the rotational coordinate output voltages Vge, Vde
into the phase voltage commands Vas_c, Vbs_c, Vcs_c of the fixed coordinate

conventional Gt 1 & Bowah feHRrAhhG Mndeta R WhIFT LAEEeCH alabing &2

W th o progae;uriclh i Ruusiy GOSY pYSmatlE iR SRS SEragm

ref erencg voltage and fredasnéelesepplictetoMirt 1Al dirtiReaR@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



pul se wi dth nodul ation is perforned, or two-phase pulse width nodulation is
performed. If the size of the voltage or the frequency is below a
predetermned value, it nmeans that the three-phase pul se wi dth_nmodul ation
met hod i s perforned due toighe high frequency conponent of the

current. If the sizes of the voltage and frequ E

predeterm ned value, identically to the description ﬂ“‘mm‘lﬂ“ We

pul se wi dth nodul ati on nethod, the phase vol tage comménd$ \fas_"r, Vbs r,
Vcs r shown In Figure 2 are substituted with phase voltage conmands Vas_c,
Vbs_c, Vcs_c, and the phase voltage commands Vas_r, Vbs_c, Vcsr are
conpared with a triangle shape wave PWMin Step ST3. Thereafter, the

swi t chi fgctor gndl themitage cfthie\oitByd] iidr e out putted, and the pul se width
modul ation is finished. The phase voltage comands Vas_c, Vbs_c, Vcs_r is
substituted @ third Hubystepefor ocarapueting mewn phasesvaltage commasd havindahe t he

codes of, .t he phase vol tage co ds conputed in the two-phase nodul ation
net hod é@%’g}f‘iﬂ?lﬁ’ agg %&‘e&wﬁﬁ\@rﬁqmﬂ can be identical wth the codes
of the phase voltage conmando conputod in the three phase pul se wi dth
nmodul ati on

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



met hod. On the contrary, if the sizes of the voltage and frequency
are above a predeterm ned value, the two-phase pulse w dth nodul ation
method which is directed to the switching operati on-of-the-phase having the

maxi'mum absol ute value of a current to becone F The
power factor [err]_pf which is the pha§2 diffE‘L ﬂ \la“m;“ ‘um age and
n Vde

current is conputed in Step ST4 based t he put rvohkt ayes* Vge,
[ EQuati on 1] [err]
12 When subtracting the power factor [err] _pf fromthe voltage

phase [err], the current phase [err] _9p is obtained in Step ST5, and the
out put voltages Vge, Vde of the

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



rotational coordinate are reversely converted into new phase vol t age
commands Vasp, Vbsp, Vcsp of the fixed coordinate based_on.the.current

phase [err] _p in Step ST6. At this tine, the phase voltaﬂe COWELV%()

Vbsp, Vcsp becone identical to the phase of the cu[lmulw ﬂ“m the

maxi num val ue Vmax having the maxi nrum ggsol ute val se
vol tage commands Vas_c¢, Vbs c, Vcs c are conputed. |If the value Vmax is the
phase voltage conmand Vasp, the original phase voltage command Vasr is
subtracted fromthe triangle shape wave peak val ue PWhax, and if the val ue
Vmax is the phase voltage command Vbs _p, the original phase voltage conmand

Vbs_r is subtpagfod.f 'mr”% ry R SHERP and if
t he val ue Vrna)E( 'S ﬂﬁegp a‘ts?g%\‘?h|°P§'g’g‘l"§8mmng’h%géq’ﬁﬁggﬁec\é’g‘lﬁ':‘l’gf‘ﬁmg“e

vol t age faniearpNade bs ithe the triangle shape wave peak val ue
PWVmax, thus co?rputl ng a ?gr%%?ggﬁggﬁgmtage V_conp in Step ST7. If the
maxi mum val ue Vnax is a positive code value, the conpensation voltage
V_conp is added to the phase voltage commands Vas r, Vbs r, Vcs r,

respectively, 8and Jietmethodofreiaiyn 5t whereinigaitithinl step\heiudes tive BebBItéps
code val ue, the conpensation voltage V conp is subtracted fromthe phase
vol tage ®nmands Vas r, Vbsr, Vcs r, respectively, thus conputing new phase
vol t age commuands Vasg, .Vbs c, VCs_c. . The phase vol tage commands .
Vas_c, Vbs c, & §1@U§r%eed%§emamgﬁhswzes iO&rﬂ&! @hsplite valles pithemsw he
swi t chi ng Si nahs PW U _PW V, PAWMNare outputted to the first and second
driving HP? v ﬁﬂawa %ure 1. In Figure 9A, "a" denotes a

predet er mi ned JpAasshd’ 8L FHERREAREHe 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.



13 - t hree phase voltage commands Vas_c, Vbs ¢, Vcs_c, and "b" denotes a
conpensation voltage V_conp. In addition, "c" denotes new phase voltage
commands Vas_c, Vbsc, Vcs_c which are determ ned by the conputation of the
voltage "a" and voltage "b". Assuming that "a" is Vas_r, "c" becones Vas_c.
As shown in Figure 9B, the switching oggration of "c", namely, the phase
vol tage command Vasc becones |Idle near angles of 90 and 270[err] at which

t he absol ute val ue of the supply current becones maxi rum so that the wave
formof the phase voltage conmand Vas ¢ is shown in a straight line formin
the idle sw tching operation. I n addi tion, since the power factor

[err] _pf | ' he out put vol tages Vge, Vde fromthe
current %f‘gﬁ@raﬁ%gﬁ%@g@fg@s%&d val ue which is determ ned based on
t he | oad, puase! WI1DTHaNESLAT BON METHOD rfR tROWER GFRANIFORM ING MPRARATUS

characteristic of th notor M the size of the radiating plate, etc. are

j udged bef ore Apahfirbtéd t flisd ONRith tradelatibRi Rbtiasd AoAt A Spovierd tidiforniif
power factor is determ ned. Thereafter, the power factor is set Into the

control | edppharatus whigh is tapableasf desressing @ switehing éfficlanmydose biylpropidivgy a
factor at every interval in the pulse w dth nodul ation nethod according to
t he presephasenhavingohe maximumssize sefr & tphassbowent whidheispnet switched.efbeon,

it is possible to sjignifi cantl¥ rﬁ:duce t&e anount of heat which is
gener at ednpihadivchidescadieps of anirgt alapmionicomputing a phase voltage command

in accordance with a phase of a voltage from the load circuit, a second step for '
performing a three-phase pulse width modulation with respect to the phase voitage
command when the voltage and frequency applied to the load circuit are 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 above a predetermined valus, 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.

(Fig. .8)



performng a switching operation within an interval within which the

absol ut.e value of the current is maximum |In addition, since three-phase or
t wo- phase pul se width nodulation is perfornmed in accordance with a voltage
and frequency, it is possible to decrease the |oss of sw tching operation,
whereby the size of the radiating pl at.@?of t he power transform ng apparatus
I s decreased thereby, and a small capacity sem conductor device may be used
in the system and it is possible to increase the

14 swi tching frequency. AIE" hqt he preferred enbodi ment of the
present invention has been discl 0588 g:%pﬂ}u Féfative pur poses, those
skilled in the art will appreciate Y U |L0 nodi fi cations, additions

and substitutions are possiblke, w thout depgrting fromthe scope and spirit
“of the invention as recited in the accorrpany{i ng cl ai nms.
-
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What is clainedis: 1. In a power transform ng apparatus which is
capabl e-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 performng a pulse width nodul ation with respect
thereto, a pulse wi dth nodul ation neteﬁg usi ng the power transform ng

appar atus, conprising the steps of: a first step for conputing a
phase voltage conmand in accordance with a phase of a voltage applied to
the load circuit: a second step for performng a three-phase pul se

wi dt h nodul ation with respect to the phase voltage command when the vol t age
and frequency applied to the load circuit are bel ow a predeterm ned val ue;
a third step for conputing neW/qggiﬁ;yolt e comands whi ch have the sane
phase as the phase of a current tshe | tage and frequency applied to
the load circuit are the predepgNIERRONAR! ART and a fourth step for
performng a pulse width nodulation so that a swi tching operation having

t he maxi num absol ute val ue of the current anong the new phase voltage
commands obtained in the third step becones idle.

CURRENT CONTROLLER
OUTPUT VOLTAGE (Vqe. Vde)

ROTATIONAL COORDINATE --> FIXED COORDINATE
PHASE VOLTAGE COMMAND
(Vas_r, Vbs_r, Ves_r) COMPUTATION

COMPENSATION VOLTAGE COMPUTATION
Vmin = min(Vas_r, Vbs_r, Ves_r)
V_comp = PWM_max + Vmin

NEW PHASE VOLTAGE COMMAND COMPUTATION
Vas_c = Vas_r - V_comp
Vbs_¢ = Vbs_r - V_comp
Ves_c = Ves_r = V_comp




2. The nethod of claim1, wherein said third step includes the sub-steps

of : v a first sub-step for conputing a power factor based on the phase
of the voltage when the voltage and frequency applied to the load circuit
are above a predeterm ned |evel; a second sub-step for conputing a
phase of the current based on the powergsy '
16 factor and the phase of the voltage; and a third sub-step
for conputing new phase vol tage nd having the identical phase as the
phase of the current. 3. thod of claim1, wherein said
third step includes the sub- st&eﬁve TONAL ART
Vas_.r AN AN
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a first sub-step for conputing a current phase based on the previously set
power factor and a phase of the voltage when the voltage and frequency
appl-ied to the load circuit is the predeterm ned |evel; and a second
sub-step for conputing new phase voltage command having the identical phase
as the phase of the current. 44/7 The method of claim 1, wherein
said fourth step includes the sub-steps of: a first sub-step for
conparing the sizes of the absolute values of the new phase voltage
comand; a second sub-step for subtracting the phase voltage command
of a phase having the maxi nrum absol ute val ue fromthe nmaxi nrum val ue of a
triangl e shape wave and conputing a conpensation voltage; and athird
sub-step for adding the conpenPt' ﬁg voI ge when the code of the phase

vol tage command havi ng the nmax Bsol e value in the second sub-step is
a positive value and subtrac@ONyQNHDManRmsatlon vol t age when the code
thereof is a negative val ue. . In a power transfornlng appar at us
whi ch is capable of applying a

CURRENT CONTROLLER
OUTPUT VOLTAGE (Vge. Vde)

ROTATIONAL COORDINATE —-> FIXED COORDINATE
PHASE VOLTAGE COMMAND
(Vas_r, Vbs_r, Ves_r) COMPUTATION

COMPENSATION VOLTAGE COMPUTATION
Vmox = max_ABS (Vos_r, Vbs_r, Ves_r)
Vabs = ABS(Vmax)

V_c¢comp = PWM_max - Vabs

Vmax > 0 NO
YES
Vas_c¢ = Vaos_r + V_comp Vas_.c = Vas.r - V_comp
Vbs_c = Vbs_r + V_comp Vbs_c = Vbs_r - V_comp
Ves_¢ = Ves_r + V_comp _ Ves_c = Ves_r — V_comp




vol tage, current and frequency of an alternating current to a load circuit,
detecting a voltage and frequency supplied to the load circuit, and
perform ng a pulse width nodul ation with respect thereto, a pulse width
nodul ati on net hod using the power transform ng apparatus includes: a
first step for conputing a phase voltage command in accordance with a phase
of a voltage applied to a load circuitg a second step for conputing
new phase vol t age commuands haV|q§é£gs phase as the phase of the
current; and athird ste fornlng a pul se width nodul ati on so
that a switching operation ofC dONAL ABTt he maxi num absol ute val ue of
the current anong the new phase voltage commands obtained in the second

step becones idle. 6. The nethod of claimb5, wherein said second
step includes the sub- steps of: a first sub-step for conputing a
power factor based on the phase of the voltage; a second sub-step for
conputing a phase of a current based on the power factor and the phase of

t he vol tage; and a third sub-step for conputing new phase vol tage

command havi ng the identical phase as the phase of the current.
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7. ° The nmethod of claim5, wherein said second step includes the sub-
steps of: a first sub-step for conputing a phase of a current based
on.the ‘previously set power factor and a phase of the voltage; and

18 - a second sub-step for conputing new phase vol tage comrands
having the identical phase as the phase of the current. 8. The
met hod of claimb5, wherein said thirdggtep includes the sub-steps of;

a first sub-step for conparing the sizes of the absol ute values of the new
phase vol tage conmands; ndniaF-step for subtracting the phase
vol tage command of a phase haQFHE?Zﬁe mum absol ute value fromthe
maxi mum val ue of a triangle shape

CURRENT CONTROLLER OUTPUT VOLTAGE (Vqe. Vde)

. STH
ROTATIONAL COORDINATE ~-> FIXED COQRDINATE ¢~
PHASE VOLTAGE COMMAND
(Vas_r, Vbs_r, Ves_r) COMPUTATION
ST2
VOLTAGE, FREQUENCY >
PREDETERMINED VALUE
/JST4- ,J,STB
POWER FACTOR COMPUTATION Vas_c = Vas_r
Vbs_.c = Vbs_r
8 _pf = atan(Vde/Vqe) Ves.c = Ves_r
CURRENT PHASE (8_p) COMPUTATION BASED ON |~ ST5
VOLTAGE PHASE (6)
o_p = 0 — O_pf
COORDINATE CONVERSION USING CURRENT PHASE |~ STé
ROTATIONAL COORDINATE —-=> FIXED COORDINATE
PHASE VOLTAGE COMMAND
COMPENSATION VOLTAGE COMPUTATION STH
|~
Vmax = max_ABS (Vas_p, Vbs_p, Ves_p)
if(Vmax = Vas_p) Vabs = ABS(Vas_r)
if(Vvmax = Vbs_p) Vabs = ABS(Vbs_r)
if(Vmax = Ves_p) Vobs = ABS(Ves_r)
V_comp = PWM_max - Vaobs
ST8
Vmax > 0 NO :
ST9 STi0
| YES / P
Vas_c = Vas_r + V_comp Vaos_c¢ = Vas_r — V_comp
Vbas_c = Vbs_r + V_comp Vbas_¢c = Vbs_r — V_comp
Ves_¢ = Vesr + V_comp Ves_¢ = Ves_r — V_comp-




‘'wave and conputing a conpensation voltage; and a third sub-step for
addi ng .t he conpensati on vol tage when the code of the phase voltage command
havi ng:t he maxi mum absol ute value in the second sub-step is a positive

val.ue and subtracting the conpensation voltage when the code thereof is a
negati ve val ue.
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