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APPARATUS AND METHOD FOR CONTROLLI NG PWW CONTROLLED VOLTAGE TYPE | NVERTER .
2215147 This invention relates to a control systemfor controlling a '
PWMt control | ed voltage source inverter, and nore particularly to an
apparatus and nethod suitable for 5 the PW control of a voltage source
inverter according to a software program dsing a microconputer. As prior
art apparatus designated for the PAW control of voltage source inverters,
bot h of those basedPEARATHS BRND METHORNFORACOYTROLLENG and t hose based on
a 10 nmethod using a digital circuit are already known. A prior a%igi
control apparatus BHYsHGONTROLBD, VAL TAGE HBYPESINVERIBRed i n, forl %(6,47
a book entitled "New Drive Electronics" witten by Naohi ko Kani yama and
publ i shed by Denki Shoin Publishing Co. in 15 Japan in July, 1986.
Accordidg to the nmethod described at page 92 of this publication, a voltage
command signal (a nodul ati on wave signal) representing the error between a
current command si gndfhisdiaventtipn relates ©6 & ¥YOhtREE SQWLeR igRyerter
is conpared in-an analog circuit with a 20 given triangular wave signha
which is a SCREALiRE & SPgHarontsodd ad wkieage esouriesi fAdepubss RAlG ern
used for controlling the PW controll ed vol tage source inverter. In a
nodi fi cati RS Ré}Fetgif%mlheFﬁoan apparshysitanh nebleodi suitabld Foae

red in a 25 digital fashion. Herein, such a

carri.er -wa Si | are co
modi 11 cBti She PWI congTor OE VedtagenSastFe dnves ter neccordbng. to

a software program using a microcomputer,

As prior art apparatus designated for the PWM

control of voltage source inverters, both of those based é?%

on a method using an analog circuit and those based on a
10 method using a digital circuit are already known.

A prior art PWM control apparatus based on the
former method is disclosed in, for example, a book
entitled "New Drive Electronics" written by Naohiko
Kaniyama and published by Denki.Shoin Publishing Co. in

15 Japan in July,_1986. According to the.me£hod described at
Ipage 92 of this publication, a voltage command signal (a

Jmodulation wave signal) representing the error between a

current command signal and an output.qurrent of a voltage

source inverter is compared in an analog.circuit with a .
20 given triangular wave siqnal which is a carrier wave

signa;, SO as to generate a desired pulse paftern used for

controlling the PWM-controlled voltage source inverter.

In a modification of the former method, the modulatijon

wave signal and the carrier wave signal are compared in a

25 digital fashion. Herein, such a modification is




A prior art PWM control apparatus for controlling a voltage source inverter
according to the latter method using a digital circuit is disclosed in, for
5 exanpl e, Japanese Patent Publication No. 55-49509 filed as a patent

application by Mtsubishi Electric Co., Jtd. In Japan on Decenmber 28, 1973
and published on Decenber 12, 1980. The tited publication proposes a nethod

whi ch att . gener at e I qpLov rectangul ar out put from10 the

vol t age ggm%&%%ékéﬁégré%ybgﬁ?gﬁnEPeﬁgeagﬁFyP%Pm&%&%%}font{ﬁl to :gﬁgﬁrgfe
and erally increasij d easin ul_se wi dth e rec
mavegoutput.nd t he ot%g??_gﬁdsgg gephoathPacgﬁPﬁ&q Wﬁ;gQanrent source

. - . | Lavecter. i.s..di.sclosed i
A N T Ty e O
11, 1986 anddtticr aRethed Wi ig289. a198¢a1ThE rdbat! -Q%Uh‘is%oltﬁ Gl e(rjfoq:i od

publication proposes to generate a sine wave output froma corft

current sourcmriphes trpdlye SONVLLéhDIPEB1icASE 3R HRSOWS s ey dde
wave into correspondi ng pul se widths. Further, U S Patent%%zgﬁicatlon

Serial No. Z2@®temt cipmbicdticn by Matsabysh, E188Trard cWQSE tasSi Gher s

i ncl'ude some of the inventors of the present application, discloses a

met hod for J&Ratolan Mecemher e28, 25923uané pubkilshedbyna Deicempeemut,er. | n

the related _art described above, any consideration is not especially given

to applicattd80f (The mifiedRublicdbioat psoposesha method whfichhe vol t age
3 -

i attempts to generate an improved rectangular output from

10 the voltage source inverter by alternately applying on-off
cbntrbl to two phase and generally increasing and
‘decreasing the pulse width of the rectangular wave output,

On the other hand, a method for controlling a"
current source inverter instead of a voltage source .

15 inverter is disclosed inlJPéA-62—163577 filéd'as a patent
application by Hitachi, Ltd. on January 11, 1986 and laid
open on July 20, 1987. The disclosure of the cited
publication proposes to generate a sine wave output from a
PWM-controlled current source inverter by converting

St 20 instantaneous values of a sine wave into correspondihg

| pulse widths. Further, U.S. Patent Application Serial No.
2283, which was filed on January 12, 1987 and whose
assigners include sbme of the inventors of the present
'-application, discloses a.method for'controlling a current
25 source inverter by a microcomputer.
| In the related art described above, any
conéideration is not especially given to applicaﬁion of

the PWM control apparatus for the control of the voltage



L

source inverter according to a software program and various probl enrs such
as a capability of generation of an output waveformsufficiently close to a
si nusoi dal waveform and a capability of reduction of the size of the 5 PW
control apparatus remain still to be solyed. Mre specifically, in the case
of the PWM control apparatus based on the nethod using the analog circuit,

a plurality of conparators each Jncl udi. SPatadé oppbgranl i Bhar are
essentially $%ﬁEFFeapvﬁﬁﬁefh%?%fﬁ%ﬁfgﬂJ#?éﬁg%t Iéﬁ%so?o %robrens such asya
| ot of time and,l abor f jdddpaBiPity hef coenerataoa afidaan:

i nevi tabl e | heF&g¥8 Pﬁ%ﬁ%ﬁ?%&‘ﬁ agsgg‘g A So, '?n thg case of the PW/

control appar ba: ARch sy Ngléde dbogatainasoddall, generation
of an ideal 8?%§§£5§§&E5EQSEFE£??%}<ﬁ%§¥cU|t because the two phases only -
are on-of f cqoiEebledandid padiccitiseof heedwotioh oFr thet siigecofpsded of
discrete circuit parts, there is yet considerabl'e roomfor inprovenent from
t he viempgin@;ﬁfégdﬂ@dﬁidﬁﬁdﬁatuﬁ_témarmrsuillsbalbe sglved. - On the
ot her hand, a?though'the net hods di sclosed in JP-A-62-163577 and U. S.

Pat ent Application Serivdre\mpe2onticallyl, abavehar easgt PSf £8€0PPM n t hat the
PWM si gnal has a pul se pattern close to the wavefgrn1of-a ine_mqye and
that the str¢ontrelofapderakns rhased renj Ehesmefhod; H5ing & ARS135 i cabl e

subj ect of those methods is limted to the current source i nuer and the
met hods canneti st idi,r e&:tpwléa)bﬂ)édogoc?‘HEaGBFPéﬁee?S r&é'%llﬁr;h\eérq}gte%r“ -4

operational amplifier are essentia;ly required, aqd this
16‘ requirement leads to problems such as' a 1ot.Qf time ahd-f -
labor consumed for adjustment.of'the.COﬁparators and an
inevitable increase in the circui; 5cale, Also, in the
" case of the fWM control apparatué'based_on.the method
‘using the digital circuit, generation of an ideal sine
15 wave output is difficult because the two phase; only are.
on-off controlled. Furthef, becagse the control circuit
is composed of discrete circuit parts, there is yet
considerable room for improvement from the viewpoint of
simplification of the circuit scale. _ _
20 On the other hand, although the methods N
disclosed in.JP-A-62-163577 and_U,S; Patent Application
Serial No. 2283 cited above are satisfactory in that the
PWM signal has a pulse patternlé;ose;to_the waveform of_a
sine wave, and that the structure of the cbntrol circuit
25 is-siﬁplified, the applicable subject of_those methods is
limited to the currént source inVérter) and the methods

cannot be directly applied to the VQltage source inverter.



1 It irs an-object of the present invention to provide an apparatus and

nmet hod capablg of substan?ially conpletely controlling a PWcontrolled
vol tage source 5 inverter according to a softmare:prgran1mh|Ie sati sfying
~the requirenments that the inverter genergtes a PWtgutput pattern
sufficiently close to a sine wave and the nunber of discrete circuit parts
used in the control circuit can be greatly decreased. 10 - The
contrQL apparatus of the present invention which attains the above object

produces a control signaligaanoobgéttsbgnehp peeseadt Fakkhd opWilchi ng

el enments constituting the inverter according to a control sequence as
descri bed bW idthaan iappahetus gndt methodmoapdblel U€ sGbetankilanig ter
output 'is determned, a control node corresponding to the control comrand
val ue i s sel%UiRIFYelom eonikobl bharal Pil-obntoolled wolleagpr evugesl v
contained in a control table, so that the sw tching el ements to whi ch the
control i giAVeLteHRGRFIHI the 20soEtwareopregnamowhihg sheissitiaki ng
el enment s ar% determ.,ned. Also, on the basis of the control command val ue,

the differef® FSIHLMEHRSBAT cbhei JRBEL bAY aepeéabeerar} RéY ?etlpln_encet .
I - , det ine the timng of controlling
Swi Lohi ng 288 SRR ATYGLAERE ¢fag€ faca Lmtne cumve o@géethgfl?pnbeaﬁh
| nodg el SsQivided. lves, and the timng of controlling the
cui teni ng ePEnciEe i oL Feee s Nifedafyi ik Somtrel Shrentvpen
control perpadgrti®ly e reased. -

10 The control apparatus of the present invention
b which attains the above object produces a control signal
(an on/off signal) for controlling switching elements
constituting the inverter according to a control sequence
as described below. That is, when a control command value
15 of an inVerter output is determined, a control mode .
corresponding to the.control command value is selected
from among a plurality of control modes previously
contained in a control table;'so that the switching
elements to which the control signal is applied and the
&w; 20 - order of controlling the switching elements are.
‘determined. Also, on the basis of the control'command
value, the difference between a modulatibn signal and a
predetermined reference'value is'computed for each phase
.to determine the timing_of controlling the switching
25 elements. 1In this case, the unit control period of each
- control mode is divided into halves, and the timing of

controlling the switching elements is determined in the

- individual halves of the with control period. Then, the



1 selected control node is conbined with the determ ned tim-ng of
controlling the switching el enents to produce the control signal. In the
drawi ngs: 5 Fig. 1 is a block diagram showi ng the structure of a
preferred embodi ment of the apparatus fo? tontrolling a me4controlled

vol tage source inverter according to the present invention. Figs. 2, 3 and
4 are flow chanteted ddntdY anodd) isitcompimed owbtht LbA Sﬁtﬁﬁghﬁﬁirol
'apparatus shomm in Fig. 1. Figs. 5, 6, 7, 8 9 and 10 are timn charts\gor
il lustrating ttlmﬁ@wﬁw&ftzfﬂllimcmnrwlh%aﬂﬂt gdeBBBRS itR ﬁrg’ € 15%
Figs. 11A and 11B show how PWM pul ses are produced. Figs. 12 and 13 are
flow charts fiyle iddntdolatsignahe operation of the:control apparatus shown
in Fig. 1. Fig. 14 shows a table containing various pulse 20 patterns in
vari ous nodes of controlling the switching el enents shown in Fig. 1. Fig.

15 shows an exanpl e of waveforns of the PWM pul ses. 25 | nvent ors
i ncl udi ng sordm dthe K awiRsIitor s of the. present’ ‘appl i cat i on ‘made ‘a proposal
in which the apparatus ok éﬂg@guggaﬁgled
current sdurce inverterF H?sc*o%%dalﬁfﬁgk 8%§8¥g§5%b cited already was

of a preferred embod1ment of the apparatus for controlling

. a PWM-controlled voltage source inverter according to the

present invention.
 Figs. 2, 3 and 4 are flow charts for illust-

10 rating the operation of the control appa;atus;shown in

Fig. 1.. _
Figs. 5, 6, 7, 8, 9 and 10 are timing charts for

illustfating the operation of the control apparatus,shcwn~

in Fig. 1.
15 - Figs. 11A and 11B show how PWM pulses are

produced.
| Figs. 12 and 13 are flow:charts for_illustrating

the operation of the control apparatus_shown.in Fig. 1.
Fig. 14 shows a table coptaihing_various_pulse
20 patterns in various modes of controlling the switching

elements shown in Fig. 1.

?ig. 15 shows an example of waveforms of the PWM

Pulées. o

25 - -Invéntors including soﬂe_of'the inventors of the

present application made a proppsgl in which the apparatus

o



appli-ed to an apparatus for controlling a PWcontrol |l ed vol tage source
inverter. A patent application disclosing 5 the above proposal was fil ed
as Japanese Patent Appli- cation No. 62-171026 on:Jyly 10, 1987, but has
not been |laid open up to now. Al so, conJQ§ppnding“pétent appl i cations have
not yet been filed in foreign countries. This earlier application filed in

Japan 10 A1 opgeco @MLK, GPIBAL LAY biJ_8bERS o8l eeLaFkichE 1 ld fer ence

bet ween t ion wave signal of each ase and a

det &&/ni f . kN 1 ' '
g e R A

control co above va each phase in"a unit 15

contr ol peri b 16y V@b U Cp£FREAM BEr BohbRoLEEhr BBl dte Guideehi ng
a

frequency), repeati ng the above steps to produce a pul se pattern used

for control | iy ddife S¥bi£&é NtnebeeBRL S Af phBentohpdde cadioee dimtdidsdmg | n
t he proposed nethod, a software programis used to execute the 20 control

of the volg agme Ubee ipwepéeal wiloweyted hecdupanebe @atenfit fAppjuency of
t he out put voltage of the 1nverter cannot be nmade higher than the on/off

frequency (themtsion oo ng62+kfler6ypnodulpeldwi L1OB7Rgbalteh@st noti tbeen
difficult to effectively decrease the noise generated from 25 a notor
coupl ed to tHmidveperrup| ot hewconkleb, apparespondibad patgnthe present
invention, the noise generated fromthe notor can be effectively decreased
by control | i mpENGHHoperhayennet vet.bgen £hdednis €Ored@ut vol tage in
hi gher frequency than the . , . . i
countries. This earlier application filed in Japan
10 proposes a method comprising the steps of detecting the
- difference between the peak value of a modulation wave
signal of each phase and a predetermined reference value
in response to the application of a phase control command,
' determining the above value for each phase in a unit
15 control period (the value corresponding to the reciprocal
of the switching frequency), and répeating the above steps
to produce a pulse pattern used for controlling the .
switching elements of the voltage source invérter.: In the
proposed method, a software program is used to execute the
gx 20 éontrol of the voltage source inverter. However, because
the on/off frequency of the output vcltage of the inverter
cannot be made higher than the on/off frequency'(the
switching frequency) of the switching elements, it is
‘difficult to effectively decrease the noise generated from
25 a motor coupled to the inverter.
‘In the control apparatus embddying the present

invention, the noise generated from the motor can be

-éfféctivély.decreased.by controlling ON/OFF operation of



swi tching frequency of the switching elenents formng the inverter.
~Further details of such enbodinent will be expl ai ned bel ow. 5 _
Fig. 1 is a block diagram showing the structure of a preferred enbodi nent
of the control apparatus according to the present invention. Referring to
Fig. 1, the control apparatus includes & d. c. power source 1, an input
termnal 2 for a freguency. conmand  si gnal [QFH},_a 10 input termnal 3
for a phHasetR®niRWALELEnQRtPYL VO Bih e ?Eﬁ'-?ﬁHeqc-th%nnﬁhﬁlﬂiLon
factor comangd sjgnal _[err]. A mmin switching circuit 5 of a voltage 4/
sourcei|ﬂM§Y%ﬁ¢$g99uﬁg§qHLBF¥r8&?§¢%N5W5iﬁhébqr '%ﬂ%ﬂ%ﬁsé%ﬁm¥595§gﬁcfing
as sem conductor, sw tchj el enents.. (11 Fi 1., ; . £onduct i ng

di odes are Jn‘bYeEFi%ﬁh) pl‘l‘ggh&ﬂ {a‘;ég'ea%'sl()sfjr#e All%vhegﬁ%grgqfsa'ﬁ% fﬁﬁ’éfgdg? hrough a
noise-prevggkﬁyg%geg.bgggﬁgor 6-t.0.an induction notor. .7 which is a |oad of

Bl

the inverter e control "apparatus further includes a control - purpose
one-chi psm croconput-ep; 40 §03ReG! ¢ dk {di%rim IdHEWPLRG Kife Sdet@cbRref the
invertefsby PVWM controﬁapuﬁse]sigrwﬂdﬁﬁ nes 8. The Wigﬁ%conputer 10 fncludes

an input pogt d0gresepeelcdmbodiRntRIE i Nidt ol agp@dtdsfor receiving.
the control command signals described above, an internal 25 bus 102, a ROM
103 storinga¥edt@iAgCcedt thle pregedts inventisn W ReEant tng abberFigi cl, a RAM
- 104 used as a tenporary storage and a register, a mcroprocessor (ALU)
~executing athéhoentroandppagatals dmerlatdesnss & edsower -s@urece 1, an
input terminal 2 for a fregquency cbmmand“signal wy*, an
10 input terminal 3 fdr.a phase commahd sigha1'e*,-and an . R
input terminal 4 for a modulation'factbrjcommand“signal
- Y*, A main éWitdhing.cirCuit 5-of-a voltage soﬁrée'inverter
includes a p1ura1ity_of or six=tfénsi$tofs 517to.55'actihg
as semiconductbr switching elemenﬁs. (in’Fig. 1} reversé
15 conducting diodes are not'ShOWn)a_-THe.VOltagé source
inverter is connected through-éﬁnoise+préventivé-a;c.
reactor 6 to an induction mdtor77~yhich*is a load of the
inverter. The control'aéparétus3furthér inc1udes.a--
control-purpose one-chip microcomputer 10 connected .to the ]
20 ‘transistors 51 to 56 of the. inverter by'PWM'conErol pulse' QJ
signal lines 8. |
The microcomputer .10 inéludesrén:iﬁpﬁt-port-101
connected to the input term;hals 2, 3'aﬁd'4 for receiving
the cont:pl command signals deséribed above, an internal
25 bus 102, a ROM 103 storing various qbnttdlgprograms, a
~ pulse width data table, etc., a RAM 104 used as a |

temporary'storagé and a register,JavmicroprOCessor?(ALU)

executing arithmetic and logiéalfopératiOns, a mode
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-1 setti,ng register 107 setting or selecting a control node (information
concerning the transistors to be controlled and the order of controlling
the transistors) required for supplying a predeterm ned pul se pattern to an
output port 5 106, a timng-setting register 108 sgtting the timng of
enabling the selected control node, a hol8 register 109 hol ding the

conbi nation of the data of. the_selected control node and the data of the
control - note ERbbINEgregasaELr d8i7sdetdd ngh atheEaleddang v ¢entsekrmod®7 and
108, 18an asspciative, nemory 110 including a plurality of nmenory units for
sequential |y StRFPREAEARNISPRCErRASGe they YA 1S 1 &P rRgyiaantrabbedach
tinme the data_o node , a t.he 3%@? of the control node enabling

timng are se?né EF?n@FHTfloéoﬁPPﬁﬁ83§PF%g zﬁQQRfﬁﬁFQﬁfknﬁeQE?ﬁed for

' 12
Gara storeo i FupREFEha o BreOe RTRING bytne FATE LG P iR eoAt  he
Lhere. beihoa6peaatinged £8kBEhESREE 3 O ILAAAP IR gt fnd GE NS

there- between, an exeécutron cont oIIer operatri 1se to

the appli Catl&ﬁlasilﬁ&etﬁe' QE&GEE%@ %bg@figlf Y8 hfah‘“tﬂﬁrhar?é rng Con@rfead

out the conbination of the control ta and € col ncl

timng data fEeTaiRe €REOELAbIHELABADLY thQ \Warn e Mtééaeéeéa ng data
stored in one of the nenory units of the associative 25 nenory 110 does not

coi nci de wi t heémeroPahofénandathesdnrki o themdone fdikiodkl endB¥ing
conparator 112 conpares the control timng data stored in the next nenDry
unit of the askmingtiegiseeped 1A0twet Rekbectdsle triew stairs 107 and 108,
Y 10 an associative memory 110 including a_élurality of memory
‘ units for sequentially storing the data_transferred from
the hold register 109 each time the data of the control
mode and the data of the control mode enabling timing are
set, a timer 111 continuously generating an output
15 representing the real time, a comparator 112 comparing the
control timing data stored in the associative memory 110
with the real time output of the timer 111 and generating
a coincidence signal when coincidence is reached ehere—
between, and an execution controller 113 operating in
et 20 response to the application of the coincidence signal from
the comparator 112 to read out the combihation of the
control mode data and the coinciding control timing .data .
from the associative memory 110 when the control timing
data stored in one of the memory units of the associative
25 memory 110 does not coincide with the reel time data
supplied from the timer 111, the comparator 112 compares

the control timing data stored in the next memory unit of

the associative memory 110 with the real time data -



- 9- 1 supplied fromthe tinmer 111. Therefore, only when the desired,
control timng coincides with the real tine, the execution controller 113
can decide the control signal to be applied to control the transistors
specified by the 5 control node data. 1In response to the application of
the coincidence signal fromthe conpafra®o+ 112, the execution controller
113 receives and checks the control npbde data supplied fromthe associative

mermory 1310 ﬂ%ﬂf&&dﬁﬁoﬁ\hEhéi ¢@meirmd 1dnd foHdrdafiows, cdnlyl wkeenothehe . -
control signal. 10 Then, the execution controller 113 decides a.pin_dﬁﬁthe
out put port3ddfré@ sbhtholheimdnir aoinicjeds ivsitiho the apprl etlim@wnthe t ot al
of six pins and sends out the control signal tothe nain_smﬁtghing circuit
5 t hrough tdwesetohedoptnodilerhdldutgam dssrildel(ehe 1gontrol signafgi o 2 js
an outline of a flow chart of a pulse pattern determ ning program executed
for det ermiiné ngpphiedutoecpatreln tiie thransdftns sﬁmﬁhﬁ‘gw dth8 the main
swtching circuit 5 through the output port 106 of the,nic;oconggtgﬁ 10.

In a first comprelinodet BathreqddndESRONSDHRINS i PRI 1FRFHPN QhdtPRe
phase command signal [err] applied tq the input pori. 0Ll of s o

ni cr oconput epingidenceegdanpl ifofy _rﬁoqﬂéhaﬁéksf}%adFﬁﬁ é?gﬁuﬁiTBO i's
unnecessary when the valyes of .[Jerr] .ap]l.err]. ar.e c - 1 hg.gQterior
1 of the m €PBEBRPLEES 11%. Ler&tVesh ‘-"a{lad;t4 e"f'—llﬁgﬁ‘et‘gtgewgéggf}rrlgg%e§8§gcommnd :
[err] is integrateq at a tine_interval, : 6" Rgdarei5ed eheti Me
[err], and ?‘I‘lgp;ﬁﬁge%&?mréh& fggrﬁ%ﬁaglﬁle%ﬂffﬁie resul t o? integration to,
compute the, comPeshbe ARRFR1NC Y Ind S YUY U144 6F ORESEIntEBENsibRad.

lOI'Theh, the execution controller 113 decides a pin of the o i:
output port 106 to which the control signal is to be

_applied .among a total of six pins and sends out the
control signal'to the main'3witching*éircuit 5 through the
selected pin of the output port 106.

15 - Fig. 2 is an outline of a flow chart of a pulse '
pattern determining program executed for determining the
pulse péttern of the control signal applied to the main
switching circuit 5 through the output port 106 of the

microcomputer 10. -In3a”fi:3t'step E1100,'the frequency

‘20 command signal w,* and the phaSé éOmmahd signal 6% appliéd
to the input port 101 of thé microcomputer 10 are read.
It is apparent that-this'reading-step F1i00 iS'unneceSSary,
when the values of-wi*"and B*EareVCOmputed in ‘the interior
of the microéoméutér 10.- Thén, in a step F1200, the’

25 frequency command @,* is integratéd at a time interval of
a predetermined period-df time'Afl,'and the phase command-
0* is added to the result of integration to compute the

composite phase 8, (control target'phasé); Then, in a
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- 10 - -1 step F1250, whether or not the value of this target phase [err] is
included within the range of [err] to [err] is checked. Wen the result of
checking proves that the value of the target phase [err] is not included
within the range of [err] to 5 [err], thotgrget phase [err] is converted
into a value which is included within the“range offerr] to[err]. Fig. 3
shows dquiIs of él%% M/cpagb of such processing. First, decision is nmade
in a s%gpl?ﬁﬁﬁpa WhEPREPES, OfofOth&heaVigdUst afhethis geargetsphiser] is
equal TO or 4 arger.than errl. en the result of decision in the step
F1251 is "Y @,P%hhﬁ{gg‘ggéa %h&b&"[ X\P‘F] range. afv &% @ iQ° (irehgckada step
F1252. On t K< h esul t _of deci,sion.in the step F1251 is
"NO', decisioﬁg?ggﬁirﬁﬁg?lﬁggg %ﬁggkéigppfffgf qq;kﬂﬁﬂ?ﬁ%“?ﬁ%gv%h%e of
[err] is 15 ¢Syt gpndd@ng [ €5kl 2 r Lt. of .decision i he step
F1253 is "YES'. [eﬁé] i s c%nv%r?gavﬁﬁgéhgggpﬁﬁ%féfi%ﬂﬁ)ﬁ3993,°€. ° tHe
processi iy @PES, tEh@nt£PGlet Prhbs gt h n.the result of decision
; figet P . g% %B@]er%% i a%ueanv(]h:t h,"50

in the step F1253 is "NO', conversi off err] i’s unnecessa
processing dmreindludéd® withihNthBerBh§SEBE iRV ER! i3ghe Sip &Nt 04% des
are provided by dividing the electrica? angl e (the3g@ase)¥3%RTé$r qu%)six

ranges each dehails of angfdew chage 6f 6Q6n bRoeeskimgh13QQ ghown in Fig.
2, the nost suitable control 25 npde corresponding td the tardet phase

[err] conputd@fisiarhel stmpdd-1200ai stepcFliedl Ibatol whethe Myt not tad e
pul se pattern of the control signal to be applied to the transistors 51 to
56 i s deci dé@lueheofcdiie diargefesphase ST is equal to or larger than
v 10 360°. When the result of decision in the step F1251 is
"YES", the target phase 65 is converted into (6, - 360°)
in a step F1252., On the other hand, when the result of
decision in the step F1251 is "NO"; decision is further
made in a step F1253 as to whether the value of Op is
15 smaller than 0°. When the result of decision in the step
F1253 is "YES". GT is converted in a step F1254 into
(GT + 360°), and the processing comes to an end. On the
other hand, when the result of decision in the step F1253
| is "NO", conversion of 9T is unnecessary, and the
bt 20 processing comes to the end.

In the present invention, six control modes are
provided by dividing the eléctrical'anglé (the phase) of
360° into six ranges each haVing an angular range of 60°. -

- In a step F1300 shown in Figq. 2, the most suitable control
25 mode corresponding to the target phase BT computed in
the stép F1200 is decided. That.is,-the most sUitable
pulse pattern of the control signal to be applied to the

transistorS'Sl to 56 is decided. The control modes



- 11- 1 corresponding fo the control [ 1
S _ phases each having the an
of 60 are previously determ ned. - For- exanple, the cont?ol m)degu'ar ange
igrrespondlng to the individual control phase ranges are stored in the ROV
3inthe form5 of a table.as show {9 Eig. 14. The manner of decision

of the pulse pattern in the step F1: i : ;
will reference to Fi p F1300 w Il be described in further detail

. 4. The manner, of i Qv - : i
_ nner. oy eIder thd¥ing t¢he illust- 10
2ﬁ;ﬁgegdgsgfgézrzgf??ggﬁp283?H§}93ﬂﬂﬁ|C)-1s-suc 'tﬂat t%e@pulse'pattegg is.
. . £ o _ ‘ﬁﬂﬁ, OF f i x M
_?_ﬁlrjltrol rmd%ég%%_r?:ﬁ&gfhg%tgﬁal ad;r}lkgg){?'ca %%f]g?%@%]f;?g?‘?jdj?s%gge;)éd;..
[ers’ one Ogg%ggég'X&ﬁgnk%Nﬁfggkﬁbdﬂ o Mee Leyetongheheéndangduel 15
le {Lelztzg Fl%O acﬁg%éérg 0 Ef vgiue of the target phase [err] conbuted
f 1 qdardr &f st Pled 4ishele ROM hBANén bhe ion
of the nost 8t 1‘%81 EhESSt r'%\ node. Thus, when the nost suitable ngltofglltlon

rmfle 20 SCO%Eegp@%@l@gatso_-stﬂlﬁvd/aiﬁlﬁ‘i)é.-ti'lﬁ.tal’_get phase [err] is
sel ected; tne transistors to be on-of f controlled and the order of on- of f
control are decided. Thfe pi@nidcadf opechsion oA the PHABS Ba&teEIniiol
es Ml to M5 will now be described. 25 In the illustrated
]?g?ﬁg'r ”ﬁglthfgeé Q&e}@ teraeznt | o_hlvﬁ/bht,be-ndeeac-hbeénipoﬁuﬁsasri Be&iaéildé’&lﬁm 0 a
nd a latter half, that is, a step 1 and a s
reference.to Fig. 4. : : p : - .tep 2, SQ.that
The manner of inverter control in the illust-
10 rated embodiment of the present invention is such that the .~
pulse pattern is changed every electrical angle range of
60°, and one round of the six control modes cqve:ing:the-
total electrical angle of 360° is repeated. ‘Thus, one of
the six control modes Ml to M6 each covering the range of
15 60° is selectgd according to the value of the target phase
QT computed in the step,FlZOO. The flow chart of Fig. 4
shows the manner of selection of the most suitable controi

mode.
Thus, when the mqst_suitable.control mode
20 corresponding to the value of the target phaxse.é'_11 is.. ;Q.
selected, the traﬁsistdrs;to be on—off,controlied and the -
order of on-off control are. decided. .
- The p;actical operation in the individual: 
~ control modes Ml to M6 will now”be_desc:ibed,,
25 _ ' In the illustrated embodiment of the present
_invention, eaéh control mode is divided into a former half:

and a latter half, that is, a step 1 and a step 2, so that

the transistors 51 to 56 are on-off controlled in these



the tran5|stors 51 to 56 are on-off controlled in these 12 steps. By

di vidi ng each control node into the steps-1 and 2 and controlling the
transistors 51 to 56 in these steps, the inverter output voltage (the

vol tage applied to the notar): can be cengpokled at, @ frequency two tinmes as
high 5 as the on/off frequency (the sw tching frequency) of the

; &Z”E%Ei?oﬁlﬁﬁﬁsnl B st Sé‘d'g%‘répiﬂe‘g&@?tefr%”‘éﬂ?nc BB PR

the e r

evel's of tné BllFS 85:53%3?1&%’% e Side i 81 0,86 By EQ%ELESE %Pfgr
ferrlin thepgf'b IR DU WL U aind el ed0d LppLich 8B thee t

55 and 56 chag ?erc%]fnt ®e rc%"‘rﬂﬂ@li’é‘dlf@é'é)dﬁr@?uéhgf twentifibst agi Adkh

[err], [err] an fromtine t = [err he step 2. The manner of
conputatign gk Tthesenwﬂfo&&éaiuetndgea {168 rdwi@émingnﬂréqnéhcw bfbehe
described | ater. Suppose now that these periods of tine [err] to [err] are
previously detangigedrdQ as shown. In such a case, the transistors 54, 55
and 56 disposed on the negative armare initially in their on state at time
t [err] in the step Figf. thestoovd ridie nepleration ALh thet hentendi modg
tran5|stors 51, 52 and 53 di sposed on the positive armare initially in
their off 25Mlst &hatatisti rhe cpqration wierrtheevpbueoafothe; ﬁertgetthe
transistor 56 on the negative armis turned off, and

phase 6 is included within the electrical angle range

10 of 0° to 60°. Fig. 5 shows that the levels of the pulses
applied to_the transistors 51, 52 and 53 ehange after
'respective periods of time (control timing) tl, t2 and
., _ o

- pulses applled to the tran81stors 54, 55 and 56 change

from time t = to'ln the step 1, and those of the

15 after respective periods of time (control timing) t4'1

t. and t, from time t = Atl + t0 in the step 2. The

5 6
"~ manner of computation of these periods of times tl’ tz' t3,
tyr s 6 |
these periods of time tl to t6 are previously determined

end t Will be described later. Suppose now that
&J 20 as shown. 1In such a case, the transistors 54, 55 and 56
- disposed on the negative arm are inieially in_their on
state at time t = t, in the step 1 of the control mode
Ml. All of the remaining transisters 51, 52 and 53
disposed.on tne positive.arm are initially_in Eheir off

25 state at time t

to. After the period of time t3,
the transistor 56 on the negative arm is turned off, and
‘the transistor 53 on the positive arm is turned on. .

Similarly, after the period of time t,, the transistor



*

the transistor 53 on the positive armis turned on. Simlarly, after the
period of tine [err] the transistor : - 13 - 1 54 on the negative armis
turned off, and the transistor 51 on the positive armis turned on. Al so,
after the period of tinme [err],the transistor 55 on the negative armis
turned off, and the transistor 52 on fhespgsitive arm5 is turned on.. In
this manner, the transistors 51 to 56 are turned on and off in the order
describ HOVE.  TheN, LBR i LEABFS QN $ 03 1G4 Ayt [ £ 0N
) DPVn IREMebHE]vEAGTS Q! St[ufﬂae@%#, Hrka w@eéré)ﬁe};fﬂgr r@

respectively er the perio time [err] fromtinet = [err

transi stor 552 aNgh&5pasetivenadmlis ufrnied o\ I eSS} iaeter 3her the
period of tine[err],. and the transistors 53 and 56 are turned off and on
respec- ti \éﬁéiy’i@gﬂtéf t:bﬁ'eDEéi,O‘&h@f tirams ilstior .55 O 4hd Sregetivs narm t he
control node ML is determ néd .in the nmanner. descri bed above so that the
transi storsi®©ltipnéé afe,sahdcthecltrah®istome&R @n atik ddsit Hosveaem, the
val ues of the periods of tine [err] and [err] change dependi ng on the val ue
of the tSrges phosefieon}. IhnntFig mannere theudrsngistans gkl phaSeé [err]

i s supposed to be very close to [err], and the transjstors 53, 54 and 55
are turned aré twurned on| apd- off ingtthe Orfer dagakiked abrver der of
turning off these transistors may change, because, as will be seen_in Fig.

11A, the positive | evEnegy the ﬁE&HQ%éﬁ%fﬁMik}%ﬂ%ﬂﬁﬁ_Qﬁecﬁ&F%ﬂ%g%ffs ;

reversed fromthat of :the;nodulatjon. wave signal  of another phase at the
boundary wf% ?%e‘?%PEFEH’FgEaIaf&ﬁgI \g?ﬁes ﬁeéﬂaé °f_f time ht4 from~ °

time t = At. + t,., the transistors 52 and 55 are turned

v,

1 0’ . .
10 off and on respectively after the period of time tg, and <

the transistors 53 and 56 are turned off and on respec- |
tively after.the périod_bf timé té;_ The pulse pattern in
the control mode Ml is deterﬁined.infﬁhe'manner described
above so that the tfansistoré 51 t6'5é-até Séléctively_
15 turned on and off; Hdwevér, the values of the periods of -
time t;, t, and't3 Chanée dependiﬁg on the value of the
target phase BT.- In Fig. 5,'the_vélﬁe'bf the target '
phase 6T3ié sﬁpposed to be very close to 0°, and the
transistors 53, 54 and 55 are turnéd'bff.in the illust- -
20 }atéd order. Howevér, the order of'turnihg Ooff these |
transistors may chahge, because, as will be seen in Fig.
ilA, the posiﬁiVe level of the modu1a£ioﬁ'Wavejsignal of
one phasé is reversed from that of £Hé modulation wave
éignal of another phase'at_theIBOundéry where the
25 electrical angle is 30°. |
| Pulse patterns corresponding to the contrbi
modes Mz'to'M6'é:é'détermihéd as shown in Figs. 6 to 10

respectively. These control modes M2 to M6 are generally



Pul se patterns corresponding to the control nodes M2 to M6 are determ ned
‘as shown in Figs. 6 to 10 respectively. :These control nodes M2 to Mo are
general ly - 14 - 1 simlar to the control node ML except that the order
of turning on and off the trapsistors.§1£io_56 is different fromthat shown
in Fig. 5 and description of the details of these'cbntrol nodes will be
unnecessary.- 5 Referring to Fig. 2 again, the periods of tine
[err] andl[eSﬁFiﬂér[@91thﬁﬂﬂﬁnﬁQﬂﬂfmﬁd%H%ggﬁﬁgephetbétséhSaPFéﬁﬁ af the
interrgt time interval of At _on the basis 1 of the value of the target
phase [err] AMEnd@dGe@e@nd of kit Fvnsiplores etehledPolpndifgBrenst or ed
in the ROM 1 103, The nmanner of. progcessing.in. this,step F1400 wll -be
descri bed i HF Mo thAl GHGH iy 184 5 arihd 188 S9haPEHA0I BE| BRCaAfEadignal

correspondin%ft hases of the a.c.

out put of 15 %@ee?sqﬁ/hé:%}atf'rhe‘ls["g%%segdi ;lggts?%g%g'%??rgi'n_ [err] and sin
(Lerrl). gl ine |11 usHeat GO BIh. of 4081 PERSCBL 1 BYENDIEOR nb!”

ki nds of predeterm ned reference valu are prevfots

first reference pyaldie g Hayi at'%’@Aeé‘ﬁﬂé‘ﬁ?fg{>PaEh§Hg%g§VEhe%u&QS 20

posi tive peaklval ue df the 4wodul 2&ion signa each e and“a second
reference valug g i anevGied MBSE tOARe tIRLLBYEL 8F AE? BRJehkVBaBERK

val ue of the nodul ati on wave
of the value of the target phase GT are detected in a.
step F1400, by reference to the table stored in the ROM
10 - 103,
The manner of processing in this step F1409.will
be described with referenCe.to Figs. 11A and 11B.
The modulation wave signal corresponding.to each
of the 120° different three phases of the a.c.'output of
15 the inverter is expressed as sin 6, sin (6 - —%— m) and
sin (6 - *%— m). In the illustrated embodiment of the
present invention, two kinds of predetermined reference
values are previously set. That is, a first reference
value X having a level higher than the level of the
&; 20 positive peak value of the modulation signal of each phase
and a second reference value having a level lower than the
level of the'negative peak value of the modulation wave
signal of each phase are previously set, and the periods
of time t; to t, and t, to t. are computed on the basis of
25 these reference values., The first reference value X, the
second reference value Y and the data of the.modulation

. wave signal of each phase are stored in the ROM 103, and

the ALU 105 executes the computation of the control



si gnal of each phase are previously set, and the periods of tine [err] énd
[err] are conmputed on the basis of 25 these reference values. The first
reference value X, the second reference value Y and the data of the

nodul ati on wave signal of each phase arg stored in the ROM 103, and the ALU
105 executes the conmputation of the cont? of -.15- 1 timngs [err] to
[err]. FEirst, when the target phase[err] is given as shown in Fig. 11A the
differeﬂce§ﬂﬂﬁ%ﬁ§n#1kﬁPf¥sst“reference val ue X and the instantaneousé;glue
of the 5 nodul ation wave,_si gpal - each phase at the given target phase
[err] are conputedinftﬁﬁ%étggﬁg EE?pE€F9§§*§§P?8d§mﬁf%i9ﬁ¥ﬁﬁﬁ§ﬁ and[err].
Then, when the. nex arge ha ent el I.en . as. o |0 H 11B, the

di fferenceSStboe"f'Jg\e]e'& %1’1 *1 lRéegg%ddr&]glfgr%g%g\eé%vg%ﬁg%% andi{hée:ilﬁsn%t ant aneous

value of the mdladiomyeve shitheol nsReRtalRMRAlvdlie Yeand arget phase

[err] are conp o de e respective periods of tine [err] and[err].

Thus, the GUEdPltidd  Wavéesibnk® b’ khchnphage hr &f&‘t% efDEREgSHOWN i n
Figs. 5 to 10 are given so that the pulse.pattern’'in each step of each -
control nogs£a P geé césnpededVbendadieest et refsgdurivg Peatiods factor y*
s additionally réﬁuired, further processing may be nmade iin 20 which the
conput ed pesﬂcu&méﬁtijlﬂez[sﬁd]tgo-[err] are multiplied by the adjusted
nodul ation factor [eTr]. g o :

- . . Then, when the next target phase 8, + 46 is

given-as showﬁ in_Fig; 11B, the'differences between the

10 second reference value Y and the instantaneous value of . <
the_modulation-waQe signai ofeeach'phase at the-given
target phase BT_+.Ae'are computed to detect the
respective periods of time tyr tsland.ts.

Thus, t_he._control_.tim'i'ng_tl_to_t6 in the.

15 control modes shown in Figs. 5 to 10 are given so that the '
pulse pattern in each step of each control mode can be
determined. |

When-adjustment_of"the modulation factor .y* is
additionally required, further processing may be made in N

20 which the computed peribds of time t; to t. are multiplied  ‘w
by the adjusted modulation factor v¥*,.

The target phase 6, + 4@ shewn'in_Fig, 11B .
means the phase detected at the time (the second instant)
where the predetermined constant peribd of time Atl'has

25 elapsed from the time (the first_instaht).where the
target phase-eT shown in Fig. 11A Was'given, . The
value A6 in the target phase eT + 48 includes an

integrated Compbnent of the frequency command w,* and a



The target phase [err] shown in Fig.11B neans the phase detected at the
time (the second instant) where the predeterm ned constant period of tine
[err] has 25 elapsed fromthe tine (the first instant) where the target
phase [err] shown in Fig. 11A was given.  _The value [err] in the target
phase [err] includes an inté&grated conﬁoﬁgnf of the:frequency command [err]

and a . 16h3; C éﬁ?“§¥] : cogpand,ferr].. Also, the
predet.rm%ne h?S#?Fant gerlo o) ﬁgﬁ% %é%f gg@@%?éegugbooésﬂéaﬁgethe time
interv of ' ; It ST, I fherr ppr oxi mat ed
as [err] = O,gahggﬁttg}t%ﬁyéﬁ %ﬁﬁgaék?eér}?]a’fasyglggybgholri%ggfggéfore, I n

the case of abope! aidatis ehe hari fiifyerver betusfp,tifgserenguister ence
value Y and the instantaneous val ues of the nodulationwave Signal of each

phase, the velidehof tThe valuesidfe Avaseh [ rdppPeginkesacgPrubl Rdgt Bfen
differences 10 between the first reference value X and the instantaneous
val ues of 5t heheodimat iatewanad sitgndls ofemachehese ThROr&Lode] ech! ¥nused

Wi thout giving rise to any substantial problem In such a case, the pul se
pattern in egdfeopft gomputatdionmmudeshaitf ferdnass betwed thesy¥anshai cal
on 15 both sides of t = [err] The manner of conputation of the periods of
time [err] tBRPERFENFR VBdueodt Baid ridve ivistantangaus tvalwesposi the
phase][err] is_inclyded within the range of 0 to[err] and which is shown in
Fig. 5 has bBRAULREEPPLHAVR S 9Metleadn&acly Rhase gstha Ivalwe afBth&he sane

applies to the rengjnin .
PP com9031Le phase BT used when computing the differences

10  between the first reference value X and the instantaneous
values of the modulation wave signal of each phase can be
directly used without giving rise to any substantial
problem. In such a case, the pulse pattern in each of the
control modes shown in Pigs. 5 to 10 is symmetrical on

15 both sides of t = At, to t..

1 0
- The manner of computation of the periods of time
~ ty to t. in the control mode Ml, in which the composite
phase.eT is included within the range of 0°'to_60°_and
| which is shown in Figf 5 has been described with reference
St 20 to Figs. 11A and liB. The same applies-té_the remaining
control modes M2 to M6, and any detailed description will
be unnecessary.
The processing described above determines the
two items, that is, the data of the control mode.and=the
25 data of the control iiming tb be registered in the two
registers 107 and 108 respectively.
.__Figu 12 is a flow chart of a program F2000 for

storing the data of the two .items described above in the



€

control nodes M2 to M5, and any detail ed description will be unnecessary.
The processing descri bed above determines the two itens, that is, the data
of the control node and the 25 data of the control timng to be registered
in the two registers 107 and 108 respectively. Fig. 12 is a flow chart of a
program F2000 for storing the data of-th& two itenms described above in the
- 17 - 1 associative nmenory 110 provided for.controliing the_outggt; port
106 of the assootatpueemenOryFilld PrRstidedfos GRRrPhlang: ERC29Y5PIE1 0
whet her or not all the control nodes and coptrol timngs 5 required f&f
control |ingpoht 30 ofatdesMd T FORRIERT e been conpletely stored in the
associ ative nmenory 110.. When the result of_decision_jn t t 100 is
"NO', the-correspondiﬁ@r§6htﬁﬂcﬁﬁiﬂ?i%§sﬂ?)%dl?natﬁgQPeg?gﬁegelg in a
step F2200, and_ the.correspqndi cont,r tlok0g [S3100nek81ed 1kl :
regi st er 108het?ﬁé'9feﬂ§%F ,QH%HERPEééﬁFé%%%gaéédrgggg%gg &%tipb?ﬁef_
result of decision.n the step 52100 0 t YEns i sBBdst B8 Roogsamaly000
cones to5it538H&Fepn%PF999ﬂ£éé}f%@¥ ?ﬁ%ﬁ??g & %ﬁﬁl?or.15 i Fl'ustrating the

outline of {he praar E - | Yhe NQuBYELati e REABLYMEDQ00
i ncl udes seP&& F?’g‘\ﬁgl@é:s?%g’g%v\%orfér? g?‘t‘:; 1%. Therefore, the gr ogram F2000

Lor Setlingyhad %ﬁ%?%@éﬂ%gid¥”ﬁéé&$ﬂ@ﬁeiﬁ‘£ﬁeb§td§SFQEbedibn"N@th¢me
etail with'réeference to Fig. 13. : :
corresponding control mode iS'Stpréd:in.the register 107
in a step F2200, and'the'correspénding control timing is |
10 stored in the register 108. 'Thé'sﬁeps-leoo, F2200 and -
F2300 are*répeatediﬁntil the :ésﬁlt'bf decision in the |
step F2100 becomes "YES";.and:the proéram F2000 comes to
its end. | | |
In Fig. 12,'a-loopnfl6w_ié showh-fqr
15 illustrating the outline of the program F2000. 'Actually,
howéver, the program F2000 includes series flows as shown
in Fig. 13. _Therefore,*the'prégraﬁ-FZODO'for_setting and
‘executing a control mode will be deSCribed in Eurther
detail with reference to Fig. 13.
20 - The flow chart of Fig; l3_¢brrésponds.to'the
| control mode M1 shown in Fig. 5 in which the value of the
composite phése 6p is included wiﬁhin the range of 0° to
60°. As descfibed alréaay, thegédnttdl'mode M1 shown in
Fig. 5 includes thé control step 1 ranging from_time't =

25 t. to time t = Atl'+ to, and'the_cdntrol step 2 ranging

0
from time t = At; + t4 to time t = 2+At; + t4.
First, decision is'madéxfn*a step F2001 shown in

Fig. 13 as to whether the present-ptogeSSing-is to be:



éo o + The flow chart of Fig. 13 corresponds to the control nDdF gﬂd
shown in Fig. 5 in which the value of the conposite phase [err] |sd|n§ﬂu e
within the range of 0 to 60. As described already, the control gnzg err]
shown in Fig. 5 includes the control sLeg 1 ranging fromtime E = Eo
totimet =[err], and the control -step E3rang|ng fromtime t = [err]

' = ' | Si | ' t F2001 shown in Fig. 13
25 To whethor {FRSESFoEs s Sedta Pl Tek o i “5€8p 13" afeerdeuat ot he
as to whether the present pro | o PR aoprREe gL bot Step
OB (RERSCEERUTE B AU LICS SR I0f], SEBTh kb
F and Instru | ' _
i ' d.. 5 "Suppose

t 1 and cebveal int Bt ralt HAS! d¢/ Ald eﬂ;f@ffl Ve fEPESLE " "
ﬁogf for exagple, %hat t he resulth$iAZC|S|on 1A 1kﬁp%t%ﬁpﬁﬁﬁblsF§P ES

In this caseand &bﬁﬂrEZO@%ebs2EéQQyQﬁ§§iégjf§E%fgéf%g¥§%§f$§§€$€$%ed to

provi de the pul se pattern for inmediately tudrning on rs 54,

: . . : 0 . 53
pagehpwt, Uforne xaiplid)e taAYrd Yestle of dedfsidf 1R3:
?ﬁén56aa2?ebag§gos isyexecuted mﬂ?%ﬁhis schedul ed 10 Turh OR the %ﬁHNS|stor

ier " iRerg ' Then, a
turn ©he. shept FaAdilster JESAT.t ernt haiperdard Ofa tdvdp [©Idd2 { .
g?egngooz i s executed which is scheduled to turn_oﬁ the transistor %1 and
turn of f thef¥®enEeds or Thisabtep Fi2802eiiisodcdfeduld o g®vide then, a

. : . and
T G TR PR S Ear, nmensepesnososningron s Srafiamcads o o1
F2006, a”i‘Eﬁf‘%@logsiQﬁérfﬁ%23?a§§§§uihgﬂiﬁg i%gei%L?iQZQQEQiors 51,
s 10 52, 53. fThen, a step F2003 is executed which is' scheduled
~ to turn on the transistor 53 and turn off the transistor
56 after the period of time t3. Then, a step 2004 .is
executed which is scheduled to turn on the transistor 51
and turn off the transistor 54 after the period of time
lS__tl;- Then, a step F2005 is executed which is scheduled
to turn on the transistor 52 and turn off the transistor
55 after the period of time t2. Then, in a step F2006,
an instruction instruéting execution of schedules of the

control step 2 in the next processing which starts-at time

20 t = Atl +,t0.
On the other hand, the step F2001 is "NO", a
step F2007 is executed which is_scheduléd to immediately
turn on the Eransistors 51, 52, 53 and immediately turn
off the transistors 54, 55, S6. Then, a step F2008 is
25 executed which is scheduled to turn on the transistop 55. .
and turn off the transistor 52 after the period of time

t5. Then, a step F2009 is executed which is scheduleg

to turn on the transistor 54 and turn off the transistor



control step 2 in the next processing which starts at tine 20t = f[err].. On
‘the other hand, the step F2001 is "NO', a step F2007 is executed which is
scheduled to inmediately turn on the transistors 51, 52, 53 and i mredi ately
turn off the transistors 54, 55, 56. _Thgn_ a step F2008 is 25 executed
which is scheduled to turn on the transi'Stor 55 and turn off the transistor

e o e el 5B 20055, BXER 38 2P 1S
e L e e pert o0 of, 118 8rida o Ten o R ERARPUBREECSY Y,
53 21 Ler (he peiod of Wi Lrlsi S RI4Y. akfep, EREPERERA, ofciael ruction
next_processing LS NG, a0 LG Rresfan A0nEprR.i6n thsesdcee

e erence {0 Snsbiiil MY Ol Mo GeIRhCor thel BomesancBtepal i he

steps F2002 to 2 5-% , 1 o5 FgPdEnGhangethe phoymamn FRIOON svime of
Fig. 14. Th&%@f&ﬁ%&:ﬁ)( %%%Eyéﬁ pr%cess?ng programs sinmilar to that
described with.reference to Fig. 15 13 are cyclically executed while

changi ng ovgp ﬁﬁé transi stors in each control node as seen in Fig. 14. The
tabl e shown in Fig: 1l4phes §§@f@dibﬁ=ihetﬁ§mha§a of the control mode Ml

hés beén deScribed‘With_reference'to Fig. 13, by'wgy of

10 example. It'is apparent thét,'in the other control modes;
the ¢orresponding-transistors-turned on and off in the
steps F2002 to F2005 and E2007't¢'F2010 change as shown in
the table of Fig. 1l4. Thefefbre, six kinds of’proceSsingi_'
programs similar to that:described'with reference to Fig.

15 13 are cyclically executed whilé changing over the
transistors in each cohtrol_mdde:as seen in Fig. 14. The
table shown in Fig. 14 is stored in the ROM 103 of the
microcomputer 10.

'Fig;-ls.shows.an'example of the PWM control

20 bulse pattern'oﬁtained-by the above manner of control
according to the_pfesent inventibn; It will be apparent
from Fig. 15 that the pulse'Pattern inclﬁdés changing
pulse widths providing'a waveform sufficiently close to a
sinusoidal wa&eform; |

25 In the embodiment of the present invention
described above, the'processing program comprises the
steps of computing the cOmposite'phaSe-ei, determihing

“the transistors to be turned on/foff on the basis of the



' uter 10. Fig. 15 shows an exanpl e  of the-PMNIpontroI 20 pul se
ggg{gfgngbtained-by ?he above manner of control according to the present
invention. It will - be apparent fromFig. 15 that the pulse pattern includes
changi ng pul se widths providing a maveﬁoﬁﬂisuff!C|ently close to a
si nusoi dal waveform 25 In the enbodi nent of the present

inventignldesumﬂuﬁtdﬂubmpoéiﬁhFﬁﬁ@g@séng aégggﬁghgggpghﬁegnyg%fsteps of

Y i oy the“transistors to be
conmput{ng the conposite phase:[err], de?ern1nlng_;ﬂﬁ; .
t ur ned 6n/ of ticinhebaties tfarnditstors &R '_théossy-isdofomesbhssgh%se [err],
determning the on/off timng of the transistors on the baS|s of tMe phase
[err] too, af@ofhi wald fineddulscigeduki tgnbheatonbinktiba bEampkstors to be
turned on/off and the tining)of 5 controlling those transistors. The
processi ng pEEFNEHSESFE itise Qboumned orfquefitand| yheepening of the_$|ne
interval of the:.predeterm ned constant period of tine [efr]. Therefore
such a naﬁneF°8Fr§§&&&ﬂj§h°ﬁﬁwiﬁﬁnﬁ#ﬁf¢$§advﬁheageoaessyag pbegpamor art
met hod of co arin% éo. nmodul,ation wave with carrier wave in that not only
t he nicropro§§§§5ﬂ ed aboye ﬂﬁbﬁﬁﬁQQRf%§¥k®sr¢E%Qt%fgegntgﬁtgﬂfeagggﬁgrm
conpari son but. also the inverter can generate ¢ L
clgge to a g?hggggaélO%aigﬁoﬁﬁqﬂﬁﬁﬁﬁﬂ}Qﬁdtqﬂﬁﬁﬁqﬁkpp%ﬁ1@%e°§utsmepattern
control . 15 t. Therefbgéhgﬁ ﬁforengﬂ$ione enbodlngg{_oéoégg p;esent
i nventi on, tﬁelfrequency Smyerd [P Ph HeHHeRELal P sing
- is advantageous over the prior art method of comparing
10 modulation wave with carrier wave in that not only the
microprocessor is freed from being always restrained for
the signal comparison purpose, but also the iﬁverter_can
generate an output waveform close to a sinusoidal waveforn
because of the effect of the pulse patterq_control.
15 - In the afbrementibned embodiment of the present
invention, the frequency command ml* and the phase
command 0* are used to compute the composite'phase GT
taking into consideration the vector control of the
induction motor. However, in the case whére application
\d 20 of the inverter frequency command wlf only is requiréd,
and the phase command 6* need not be applied, the |
composite phése eT'can-be comphted'accoraing to the

_equation'
Omn = I w,* At

[Without'impairing the essence of the present: invention.

25 o Further,'the_programmable I/0 function in the



conmmand [efr] are used to conpute the conposite phase [err] taking-into
consideration the vector control -of the induction notor. However, in the
case where application 20 of the inverter frequency command [err] only is
required, and the phase command [err]=nd&d~not be applied, the conposite
phase [err] can be conmputed according to the equation jerré,m@thout :

| mpai ri RY tdife LOSEPCRI 6 otbmpptesedD ishowm iign F 1% 1 is utilize@{fRF the
programmeble 1/0O function in the - 211 one-chéﬁ ‘crocongu er 10 shown
in Fig. 1 ighatékéeetibnr of hechrdudeidoPrecassidid)| ! f;rypr%c“e%%? i Rt Re™®
control node setting and execution program F2000 shomn.iR%Fig.1$3. However ,
when the capettiygoéndhexeapbioanPro@rmn EHQE showy 10 Fldps'fs

i nsufficient or when the programmhble 1/0O function i h nee chij
nicroconputEoweweCanwb?nbghﬁsééﬂ&ﬁéqX)qqm?hﬁxﬁﬂgﬁ?yghé,g?ggggxgggFg, -
checking the -port output signals, an exter ' B98I pprnt

havi ng ah ehﬂfvanéni-oﬁuﬂrét i’-&?‘ﬁ%"d@'ﬁseocf B@*eerg'ﬁél%??ﬁ{ﬁré’g&egf ect simlar
to that described abgve. K The for | g§§ At &P D@Scafhoteher agddi n
‘detai|l to afBREREEN; AN FRE ORETS e?@hp fééép¢nterval'[err].'Fbmever, in

- the case of _an applicati f e &y tehimeld | eenesrYngushebpotitanged
due to an eQP@rﬁgl tk% hF%cgts\(%l%ySciﬂas%! t%ﬁ%@?at {I-I’ e rise g}J the swi tching

S S SRR MR i Bylgpary bei péranniho daokomecn b ey
| having an equiValent function may be used to exhibit the

10 . effect similar.;o that described above.

The foregoing description has not refe;red_in

detéil to a chénge in the timer_intgrrupt time interval

5Atl; However, in the cése of an application where the
switching frequency must be changed due to an external-

15 'faétor éuch as a temperature rise of the switching |
elements, any Change'in_the time interyal_Atl_can be
dealt with_by_merely adding a routine in which the.pulse :
width is cngngea in proportion to.such changes.in the
external factors.

20 . In the aforementioned embodiment of ;he prgsen;j 'C;
inVentiOn, the.a.c. output of the inverter is Supposed to;
have a sinusoidal waveform, and, on the basis of the abové
supposition, the modulation wave signal having”a.purely |
sinusoidél Qaveform is used. However, when the main

25 switching elements (the transistors in the case of the
illustrated embodiment) used in the'inverterlrequire'a

relatively long dead time for preventing_anlundesi:able

short-circuit trouble, use of'thg_modulation wave signal



wi dth i's changed in proportion to such changes in the external factors. 20

I n the aforenentioned enbodi nent of. the present .invention, the a.c. output

of the inverter is supposed to have a sinusoidal waveform and, on the

basi s of the above supposition, the nodulajion wave signal having a purely

si nusoi dal waveformis used. However, whén the main 25 switching elenments

(the trangis I e f . the il trated enbodi nent) used in the
i nvertgp r e_q&iaﬁrzngnrtg%aﬁq%afplso’i'@soéela‘#fi%V‘F PR ¥oRhdi Agtanluapesi rabl e

short-Circuibringubh pese Qféstdlet nmodul at i on wave si‘gnal - 22 - having
the purely sinusoidal waveformwould not always bring the best result. In

such a case, a nodifi eqns'is@%.hw%v%ag'eg,nag ﬁﬂﬂg&ivé%gg‘%ﬂ is{grrlgix?rr]rpletra{/a.?

positive bias and a 5 negative bias to t si'he

of an el ectrmodifdedl Byohdden'd, fr d Efid eh Sbd8 i gnal _obt ai ned by
addi ng and subtracting bias .corﬁ)on__ents to aén'dq? E%Jnkﬁt%%yg;i%eg%\a%gs?gnal '

after retdi emegabivehbiabneovahe inedlwa@y . d&fq: ( tipn wave
signal, so that 10 the resultant a.c. .output. of t e‘?ﬁé{/&erq’eér@%ggsfaog an -

si nusoi dal vedeebrircalt anglle b€ 188er,S0e0d @iy fé)irrp@q%f{\ge d% dgd
description of the present invention that a PW control |l ed vol a%}a source

inverter carPPeatendrbyl 8ddisg andosdibig aict ings MfilasIONPEHENE | ¥b % fRNNer

entirely di fgerent fromthe prior art method of -conparing nodul a-
rom the sine wave signal after retrieval of the sine wave

signal may be used as the modulation wave signal, so that
10 the resultant a.c. output of the inverter has a'siﬁusoidal
waveform. |
It will be understood from the foregoing
detailed description of the présené invention that a PWM-
controlled voltage source inverter can.be controlled
15 according to a softwére prbgram in a ménner entirely
different from the prior art method of comparing modula-
tion wave with éarrier wave. Therefore, the control
circuit can be made émaller'in scale,'whiie, at the same
time, the high reliability aﬁd.accuracy of the opefation

of the control circuit can be further improved.



tiorlmave mﬁthlcarrier wave. Therefore, the contr
smaller in scale, while, at-the sane tine, the high reliabili
accuracy of the operation 20 of the con goL circg S o i
| nproved. - 23 - x '-N?
control apparatus generating a control Si

gnals for Eontrdili"™ the
conduction siaimvef a plurality of switching elements in a Dﬁa
vol t age sourT® T nv  yohas L\d
o g IMverter converting a d.c. power input into a S
power out puty, conprlS|mgcoayrqtan9pﬁé§&&%y9ﬁ?q§?%%iﬁ\ﬁﬂF?ﬁ&?$€d¥€%ﬁ g “of

the a.c. output of said inverter for determni
conmand val ugoxocorspohling t:besgpad@gé:l:.,oghs% anfb')amé%emf%]r Dlr:]'%pb'f phase

sel ecting neans responsive to said h

cont rol modesispehipgngleRentrady & R of Yoyt e B 10 &
rom anon |
control tinmi r@vegtgggcgngé,?ﬁéh\éng gcg%:ﬁéw%?%%g%%r?% ”§d{>81y ghgeN ni ng

ide:

he order
specified by said control res
ponse to sai d phase conmmand
val ue, said %oﬁtrBPwFFnPﬂﬁpagt g néghs i ncl udi ng neanspfor generating

pover. means for et Ad BSRREC &M%Wﬂ”di L
predetern‘neghvalu%;tQﬁQphE?dfﬂgﬁldﬁlﬁ$€rter for detegm?nligegnhlgh by @
1nverter'outpnt pnase command §alne corresponding to said
_deS1red value; o .“ | | | .
b) control mode selectlng means respons1ve to |
a1d phase command value for selectlng a control mode
specifying the order of controlllng sald plural sw1tch1ng -
helements from among a plurallty of control modes~ _
c) means for determlnlng control t1m1ng for sald
| sw1tch1ng elements to be controlled 1n the order specified
by said control mode selected in response to sa1d phase
command value, 'said control t1m1ng determlnlng means
including means for generatlng a modulatlon wave sxgnal
correspondlng to each phase of sald polyphase a.c. power, C;
means for settlng a first reference value having a level
hlgh by a predetermlned value than the level of the
posrtlve peak value of said modulation wave signal of each
phase ‘and a'second reference value having a level lower
 than the leVel of the negative peak value of said
modulation wave signal of each phase, means for setting

the difference between said first reference value and the

instantaneous value of said modulation wave signal of each



bosLtiye peak val ue of said nodul ati on wave signalof each phase and a -

second reference value having a I evel lower than the.level of the negative
peak val ue of said nodul ati on wave signal of each ﬂiﬂﬂmmnﬂlmmtem ng
the di fference between said first referegée val ue Sl ous

val ue of said nodul ation wave signal of ®ach 24 - **C L M S
* phase at said phase command value as first control timng for sglg

swi t chihg elRi$# sat apRideRhasroroBBandnyalie cﬁlsr f@rfrtcegq;ewglertmmg
second=r eference value and the instantaneous val ue of said npdul ati on wave
si gnal of e pRke sYitchapdeel@menstsis ande nednsof otaisetdning dremand

' R l_ue, d | tim di
said rirst R RE ST et RaRR" 8r I BectRg; TodREend g AU AN 1S gnal g%
i d, ' | he .basi f .said sel ected rol node
ond sai d r1 uTLETASoR: TERNE B, AT A REERuALISH watE R U cfreh
in f i | i 0Q. 1t s ' atd an out put
Lot ecent Pnciigse 41 dMValBE, (WhiEn LETRAE A $TEA TR UEBAR §; gnal

when coi nci daMGee | sndled est8de PEENERBA! PRaLRAaIWEE QU @a'étncﬁd UL £ e

nmeans and said first or 'second control "tim ng setting, d output neans
responsi - 1 ivdniy selidesadngydgata. #igsd! cbatraPlotmiggiaighgontrol signal
at said control timngs to said switching elements to be controlled in the
order specified by saidl) seé&ssedoeogbneka®®ag. a2control sigmithad, for
generating a control signal for _ _

control said switching elements on the basis of said

selected control mode and said first and second control
timing settings, said control signal genérating méans
futther'including timer_means generating an output -
represénting thé real time; comparing means generating a
coincidence signal when coincidence is detected between
the real time output 6f said timer means and said first or
second contrél timing setting, and output means responsi-
tive to said coincidence sigﬁal for applying said'control
signal at said contfol timings to said switching elements
to be controlied in the order_specified'by said selected
~ control mode. | o
'2.“ A'method for.generating'a control signal for
controlling the conduction state of a plurality of
' switching elements in a PWM-controlled voltage sourée
inVe;ter converting a d.c. power input into a polyphése
a.c. power output, comprising the steps of: |
a) deteimining an inverter output phase éommand
value corresponding to a éiven'desired vélué of the a.c.

output of said inverter;



control ling the conduction state of a pIuraI|ty—of“§GTTEﬁTﬁ§_ETenents in a

PWW control |l ed vol tage source inverter convertln “EMM“M) into a
pol yphase a.c. power output, conprising the st eps ﬂlﬂnﬂ“m ng an

i nverter output phase command val ue cor Pdsponding 0 @ gtvén deS|red val ue

-~ of the a.c. output of said inverter; 25 b) selecting, in response to

sai d _phase command valle gl &g IWUeeSPerséytogsalia phdse eommand _
controlllng said plural switching elenents fromanong a plurality of: g;r
to

control nodggiue), @elcnBrvingnadmtspecifying the eaddrsmﬁtcbmmgamhangt g
be controlled in the order specified by said control node selected in
response tosaaiddpihasd cwitehlnglekenents £oowrsmongniangldsedrkiyniofy step
i ncludi ng generating a nodul ation wave signal corresponding to each phase.
of sai-d pol yphazelamodegsywer, setting a first reference value having a .

| evel higher by a predeterm ned value than the Ievel of the positive- eak
val ue of said nodul at icoh dgherrining epnbaeh Ehﬁéégaﬁaras§é@oﬁﬂ

val ue having a level lower by a predeterni pned val ue than_th Level the
negative pe&ﬁemﬂﬂh§(ﬁOERQCFQHEEW%&?GnlﬂaG espgﬁsr 5Pegégﬁe§h§§e qgﬁtfng

the difference between_ sai st reference va n ous
val ue of saﬂﬁﬂﬁﬁﬂﬁaﬂQQﬁt%ﬁ %.e%t;%aﬁﬁsﬁﬂﬁgs g § g %ﬁ§3e connan vatue
as first contile, 0¥ dSHe P8l % M AGNaB0PhEHTRES 520 13R1Nd1hd N
generatlng a modulation wave signal corresponding to each
phase of said polyphase a.c. power; setting a first -
reference value having a level higher by a predetermined_ \’
value than the level of the positive peak value of  said
modulatlon wave signal of each phase and a second |
reference value having allevel lower by a predetermined'
value than the level of the negative peak value of said
- modulation wave signal of each phase, setting the
difference between said first reference value and the
instantaneous value of said modulation signal of each
phase at said phase command value as first control t1m1ng
for said sw1tch1ng elements, and setting the d1fference _fln ';;
between said second reference value and the instantaneous}
value of said modulation_wave signal at a value, which is_t
the sum of said phase-commaﬁd value and a predeternined_
phase value, as second control timino succeeding said
first timing; and | |
d) generating a control signal to control said

sw1tch1ng elements on the basis of sa1d selected control

mode and said first and second control t1m1ng settlngs,



bet ween said second reference value and the instant ' _
modul ati on wave signal at a value, which-is the sum of saj nd
val ue and a predetermn ned phase val ue, as second cont rljﬂﬁlﬂHﬂiﬁﬁﬂaﬂFmg
said first timng; and d) generating-a Z&ntrol signal i
swi tching el enents on the basis of said selected control node and said

C L

first and sédsheadmablsigmingasiidtlsg step Blirther including ~ © .
M S\ * said control signal generating step further includ ng generating

a coi néT deAeBeSRGAMY mmmmmm.grsaxiamsﬁedobﬁ&wa%ﬂchhgsr eal time and

said first or second control timng, and, in response to said coincidence

signal , apfffrr§esaPGtyssy dlhesirgedl tritmes adrid coaid of i bR BES sle@ o3 d

swi t chi ng elenenas to. be controlled in the order specified by said sel ected

control nmpd8RtE0l timinga g@dhodnadesRdinge tto Gaddn @oinbeaeneesai d first
Ld.second control timng are alternately set. A nmethod

control tigingf;nd say r
accordi ng to°tfar nfEPLYABPeFR1facentredetsdranale phesid vabnerbs det er ni ned

by the fol i ng.equation: [err].where [err] represents a frequency command
si gnal , [e#?iﬂﬁg%rgge%ﬁga%ﬁ&: Al SpRASESNSEER] be et ootllgérih the

represent soppqd Pr g8k nd signal . 5. A net hod according to
~daim 4, V\here?nggafgggggdé?e‘? 'ﬁeﬁ-egﬁ%&"véﬁ%rﬁedﬁqdﬁ. setting 'said
- second 3. A method according to Claim 2, whérein.said
first control timing and said second control timing are
alternately set.
L. A method according to Claim 2, wherein saig
predetermined phase value is determined by the following
‘equation:

! + 8

- o%

q% N
w l(n+l)d" *(n+1) (n)

wherng*l(n+l) represents a frequency command signal,
8*(n+15 reépresents a present phase command signal and
6*(n) represents a former phase command signal,

A 5. - A method according to Claim 4, wherein said :
pPredetermined phase value used for setting said second
control timing is selected to be zero,

6. A method according to Claim 5, wherein said
Phase command value 'is given by the sum of a . value
obtained by integrating a desired-frequéncy command value
of the inverter'output”a:'a'time interval of a unit time
and said desired phase command value of the inverter

output.



control timng is selected to be zero. 6. A nethod-aecording to:

C aimb5, wherein said phase conmand val ue is
glven by the s
83%gh?egtby {ntegratlng a desired frequency co ! \ \ ?nxglrgr
atinme interval of a unit ti and n[mm“
val ue of the inverter output - 27 -nQ7 > connand

nmet hod accopding to Chaim.4e d@ﬂat
I it t&bSG)ialire wal wbenémathef irst
reference vzrue and t h ﬁ sal second reference value are selected tgfbe

equal to. eagh ghQeL v ue of saAdtivast aceberie
moe t vabhei and, thasr of
absol ute va% 3 ? sal first and second reference val ues are selectgdt?g

bﬁaggua' I tosééBaLsEcBWd' 9 fRfrdride value-asposelegted sai BepegdadtefRi ned
gel tva ue met hod according to Claim4, wherein said step of
ecting sghednCothed!. node includes the step of naking reference to a

previously prepared table show ng a correspondence_bet
el ements toghe turnedxnﬁeﬁﬁoduaen@tﬂimgstgagyagg el yieen;saldsw tching
sai d plural control nodes specifying the o cémd ggﬁ?ﬁBltglnlngs and

swi t chi ng elgsolute Ialues of /said h%Hr%.ECBPSI ﬁéf"'?ﬁ a5 rgl‘r?:rlﬁ%\?h?ra%uﬁs in

said step of selecting said control_node, I.ffe
e &S
;ﬁntelrglct m)g;&e ss?ed@;:ﬂdgg:me%‘l‘a%&ﬁ 3h§§gf ﬁﬁggg \§gl thgfml s%g%ﬁ;é(rjalby
angl e -o 11
g poné%ng to said’ preaetermlneEhBQaQ%CQ Lqiyag to Caimb5, wherein

9. . A method accordlng to Claim 4, wherein sald step
" of seleéting.said control mode includes the step of_maklng  =
referenCe'to-a'p;eviously'prepared table showing a | N~
;correspondence between said switching . elements to be
‘turned on/off at said first and second control timings and
said plural cbntrol modes specifying the order of
controlling said switching_elementé.
10. - A method according to Claim 4, wherein, in said 
step of selecting said control mode, a differgnt'one.of_;_'
said plural control modes is selected whenever said phase
~ command value.is changed by an electrical angle o£'60°.
11. A method accoﬁding tq Cclaim 5, wherein said | _ ;;)
second control timing setting is obtained by subtracting
said firét control timing setting from a'predeterminéd
period of time.,
12. ) A method accordlng to Claim 11, wherein said.
phase command value is determined at a time interval of a
 pe:iod_of time which-is twice as long as said .
predetermined_period of time.

13. A method according to Claim 12, wherein said



second control tinming setting is obtained by subtracting said first control

—T— 1Ot

timng'setting froma predeterm ned period of- time. 12. A et hod .
according to Claim 11, wherein said phase commndalmllﬁul“jmm!ﬂrmred at a
tinme interval of a period of tine which is twce .
predet ermi ned period of tinme. 13. - R&et hod adbofdiﬁg fo aim 12,
wherein said - 28 - *C L M S * phase command val ue is

gi ven by int uy-ald nébreink desiuediérgivenchyvahtegorting isaisk dasigindut at
a timednterval of said predeterm ned period of tinme. 14. . A net hod
according to fPlexjuanicy wdlkueiof sthe pnedeternonspusenitod drimg doterval
vari-abl e. 15. A nmethod according to daim4, wherein the absol ute

val ues of saigf fédaist prefieeeoninedfpecied 04 td®eare selected to be
different from each other. ' .. e s
S 14. A method according to Claim 13, wherein said

predetermined period of time is variable.
15. A method according to Claim 4, wherein the
absolute values of said first and second reference values

are selected to be different from each other.




