METHED AND APPARATUS FOR CONTROLLI NG THE CGNTROL VOLTAGE OF A THREE- PHASE

INVERTER’EEEQEELDELADLALL;«%(WGR The present invention congerng .aJet hod
and Yan 5 aratus for controlling the control vol t age aiﬁa,ghreé?phase
inverter supplying an a.c.  nptor. The freﬂuency controlled a.c. nptor is¢
t he nost advanced de5|gn for instance lift use. Wth frequency )
control, the efficiency is high at all motor 10 speeds, and the nains

power factor is nearly 1. Frequency control is appropriate for both geared
and gearless |ift 8 d .ﬁiﬂ a/ﬁr %ﬂ@mmérp,l aaguu rately .
priced squirrel F Ei K —an
LﬂxfiéFr'be'cZELZ”F?tﬁBLé:?@a o', TERER BIASE, Toiitted /SRR g (AP
swi tching frequency anong existing g@gzrgelﬁﬁzggghcs conponents GTO
;Byrlsgg;fcﬂeﬁga{so be contenplate meshsse ST ave apprOX|nnteLgtggu?Lan
with transistors t§§a8§ (ﬁnr{'taﬂgn\t%ﬁg}?gdcg\ﬂcte(ﬁﬂ%ga E@gg %%ajr#q he

i nverter, pulse 0,

conpari onpofgg?%ggpaal S%Alrpgﬁ‘lt’if}iag SF’% 199 Q{E geg ngﬁg f?eedback th

current three-phase inverter supplying am a.c. motor.

j

The frequency-controlled a.c. motor is the most
advanced design, for instance, in lift.use. with
frequency control, the efficiency is high at all motor

10 speeds, and the mains ?ower factor is nearly 1.
Frequency coatrol is appropriate for both geared énd
gearless lifts, and at all speeds. Moreover, a simple
and moderately priced squirrel cage motor can be used
for the ﬁotof. In lift use, an inverter, implemented

‘15 with transistors is best suited for freéuency control
because_it is possible with transistors to achieve the —~
highest sw}tching-frequency among existing power
electronics components. GTO thyristors may also be
conteﬁplated because they have approximately equal

20 switching times, but mains current switching is more
complicated than with transistors because of the
required switching guards.

If in the inverter, pulse width modulation is
applied with a comparator, by comparison of sinusoidal

25 and triangle voltages- without feedback, the current




-2-" which the ifhverter supplies to the motor is not sufficiently
sinusoidal, for instance for lift use, because in the rectified

i nternedi ate “vel fage circuit, fromwhich the three-phase a.c. voltage
sugglying the 5 notor is obtained by rectification of the three-phase
maMis with the .inverter, the voltage is not edwstant. Al so, the

sem conduct or' switch does not follow the control wthout experiencing
delay. A'third fadbdchathe nfnvereerosuppliest tof the metesr éat et vol t age
10 which is caused by the difference_ in the voltage across the power

el ectroni cs conpoftifigientlassinysnpidabdudosr ingtance cEapaldftwisie st he
vol tage occurring with the other direction of current flow when the diode
which lies in par dechuse tinthe 1sectified dotermesdiatet ¥alrageordFouity
In_practice, the efrors gjve rise to vibration in the notor, which for
instance in lift #@nmwnnﬁlaershrﬁe-psaﬁer Baifoe VRLESEE| PUPPANANG e
disconfort to the passengers, At present, cyrrent feedback is g procedure
known 20 2 in tROta%; o?bFﬂéngﬁt Vn_rFﬁ\Fir igatiQhRf obheathress § or -
i mproving the curve shape, .The drawback of current, feedback is slow

response. This isReiR&WiLh Fher taverfsr,i theyvakkage 18 0RE: fENSHARE -
i nduct ances i ntroduce ti constants. The contrql 25 | o LS as.a rule
" sl ower the great e%titsrfé’ e?e'Bi'c?PaﬁCEBﬁ'stsa’ﬂttsc% l\ﬁzﬂ%%v%?t %Eﬂ'h'eﬁ't the

measuring el ements,  erol without experiencing delay. A third factor

— _ causing an error is that of the diffefential voltage
10 which is caused by the difference in the voltage
across the power electronics component in use as a
semiconductor switch, compared with the voltage
occurring with the other direction of current flow
when the diode which lies in parallel wiﬁh the
15 semiconductor switch is conducting. In practice, the
errors give rise to vibratioh in the motor, which for
instance in 1lift operation'impairs'the performance of
2 the 1ift and causes discomfort to the passengers.
At present, current feedback is a procedure known
20 in the state of the art in inverter technology as a
method for improving the éurve shape. The drawback of
current feedback is slow response. This is caused by
the fact that in currenﬁ feedback the motor
inductances introduce time constants. The control
25 loop is as a rule slower the greater the number of

time constants. Moreover, current measuring elements



are expensive because they are reqU|red t.0 be -able to measufe al so dlrect
current. Wth the aid of the present invention, it is possi b e to elimnate -
t he above-nenti oned drawbacks. 5 A method of the present invention for.
controlling the control vol tage of a thregw.phase inverter supplying an a. QJ
“‘motor is characterised in that the control voltage of each.phase of the

inverter's puhge WxpledndinilBéOduse ehey areddyuirad! tagber ablleattyy , and
10 that the .control voltage obtained fromthe output of the voltage

regul ator is peagueed dIsundiréctusuryrante vol'tage forned from the output
vol tage of each inverter phase and froma reference voltage. Since in

control ling the i WM athe veld g€ that prlesenterivemeids, icidstead of
current control, faster control is achieved since, unllke current control,

vol t age cont rpbs'sﬁ.bdle/em rel Hiringteauvhed abpverdredtienededoawbackisn an

advant ageous enbodi nent of the method of the invention, an actual val ue

vol tagesi s foAmmethodindfecltd presenputinventigm cforacbntnotitiag wiese and,

in order to consti-tute a synthetic zero level, there is conbined with the

vol t age neasucedtaxol hwltagetofaa threewphiase: ioarer ter asuppiliydmg rary

three tines the basic frequency, said a.c. voltage being obtained by 25

conbi ni ng t heapasi moto®NKS rdgaracterdbedgéﬁn dfhathetheal sankrgld. c. vol t age

obtai ned by full-wave ’

voltage of each phase of the inverter's pulse width
modulator_is controlled by a voltage regulator, and s
- 10 that the controi voltage obtained from the output of

the voltage.regulétor is produced from an actual value

voltage formed from the output voltage of each

inverter phase and from a reference voltage. Since in

controlling the inverter, voltage control is employed ' E

15 instead of current control, faster control is achieved
since, unlike current control, voltage control
invoives no delay caused by inductive phenomena. |

In an advantaéeous embodiment of the method of the o/

invention, an actual value voltage is formed from the

20 output voltage of each inverter phase and, in order to
constitute a synthetic zero level, there is combined
with the voltége measured at the output, an a.c.
voltage varying at a frequency three times the basic
frequehcy, said a.c. voltage being obtained by

25 "cgmb{ning the positive and negative voltages of the

.pulsating d.c. voltage obtained by full-wave

rectification of the three-phase voltage.



rectification of the three-phase voltage. - I n an advant ageous enbodi nent
of the method of the invention the control voltage, obtained at the output
of the voltage-regul ator of each phase, is formed fromthe actual value
vol[tage, forned fromthe ouput 5 vol tage of each inverter phase, and
froth the reference voltage, in that fromth&®actual val ue voltage and the

f vol'tage isformed their diff i ch | 1] ed |
Cuper | Mposed on the A AL RAYERFa680tS] ABRaRCRT AL B ARLEPACAE Shet n

whi ch the transi SRSPRELER Wity CRNA] CBRIGEER, SRUAIRAS aF cEhenPRbPHEY
advant ageous enbsh MO Ve b4 TeguLp e pRoRat o Ry £F Ferabieron
Sw tches, are cobfPoPEliato YAt P hEaBRe S3FMRY VBRI SFURHE Gro
ot orming’tho. of SFERBEnS it SREPErRE hHSR B THGh e Eqfhppnce
brovi ded an act uSPLEaESa o HHAS T SFamnsRE AeBeY YoV bagt randorhege
measured at the pR¢grbice’Yditagé 18 forned their difference, which is
amplified and superimposed on the reference voltage.
O '_ | ' In an advantageous embodiment of the method of the
10 inveﬁtion, the inverter is a transistor inverﬁer in
which the tfansisﬁors, serving as semiconductor
switches, are controlled for producing the output
voltages of the transistor inverter.
In another advantageous embodiment of the -

15 invention, the inverter is a GTO thyristor invefter in
which GTO thyristors; serving as semiconductor
switéhes, are controlled for producing the output

K,/ voltages of the Gfo thyristor inverter.
' The invention also provides an apparatus for

20 performing the aforegoing method wherein, for
controlling the'éontrol'voltage of the pulse width
modulator in one inverter phase, there is'provided an
actual value voltage forming circuit in which from the
Qoltage measured at the Inverter output can be

25 estaﬁlished as an actual value voltage; and a

reference voltage forming circuit in which, from the



e s o= —-

25 establ i shed as an actual val ue vol tage, -and-a referente vol tage
formng circuit in which, fromthe actual value voltage and the
reference vol tage, there can be forned the control voltage-for®the pulse...
wi dt h nodul ator. In an advantageous enbodiggnt, the actual value § i
"voltage formng circuit conprises a summ ng unit, conbining the positive = °

vol tage and negetife vali@dltazdUdd! tR Qe@ef&é@%%&%&?eéh@%@
full -wave rectification of the three-phase supply voltage, and a sunm ng

uni t CO”bi”i”9c£ﬁ¢bé0Eb%ﬁéd“ﬁﬁé”éﬁhé%olh@olQageW£BE”€ﬁ§_ﬁﬁl@étwiﬂiﬁf“*
a.c. voltage obtained as described. .In another "advant ageous enbodi nent, the
control voltaggo8QLELRe.Circuit conprises a differential unit conparing the
actual val ue vol tage and the reference 15 vol tage, an anplifier _
integrating said dihf aher@vaniihdoss nehbedinehtgnaild nde gl dvhfiaeenti al”
obt ai ned as described to be superinposed on the reference value to becone a
control yol t ageolgkgeg fortming: arirduiteconpriglesna Wwumibhg @hithe a. c.
not or. 20 . I'n anot her advant ageous enbodi nent., the inverter is a
transi stor inveoibiningwuheh gositivé oveleagee and eregdvivedvsttagendftor
switches in the power stage. In another advantageous enbodi nent, the '
i nverter a pulsating d.c. voltage obtained by full-wave

rectification of the three-phagse supply voltage, and a

summing unit combining the voltage measured at the k"_:
10 inverter output and the a.c. voltage obtained as

described.

In another advantageous embodiment, the control
voltage forming circuit comprises a differential umnit
comparing the actual value voltage and the reference

15 voltage, an amplifier integrating said difference, and
a summing unit enabling thé differential obtained as
described to be supérimposed on the reference value to
become a control voltage taking into account the o’
instantaneous state of the a.c. motor.

20 In another advantageous embodiment, the inverter .
is a transistor inverter in which transistors serve as
.con:rolled semiconductor switches in the power stage.

In another advantageous embddiment, the inverter
is a GTO thyristor inverter in which GTO thyristors

25 serve as controlled semiconductor switches in the

power stage.



s "a GTOrthyrlsfoF inverter.in mhlch GIO thyristors 25 serve as

controll ed sém conductor switches in the power stage. When t he vol t age
regulator of the’invention is used, the ripple of the voltage is, due to
t he™ synthetlc zero level, less of a detrinent. than in the case when a

si hdsoi dal voILage :s formed with 5 referé ce to the mains zero.
ZFrgﬁSYeLf-ohﬂcéde#Snf tn ERLPoEEede KAGIREERE A ol TRVBRELGR,
Strjrglair];)iog?t ?ggi ?1; r n’mﬁgéj 9%15’1‘8 %’gs?grang%lt\eqcﬁt@l S hcﬁyeveg Fﬁgn by

Che. Teqal ator . T .%f%’%% crEPY 18relo 249 Y 4 %e. naﬁ?e PRl S
_exarrpl e only, w tcta deefv;ﬁg&cg ggnhgs%égé vol i n which:

E S,
Fig.1is acircuit I agram of one e rrent accor nce W tﬁ t he present

et on 9 2 idgandied vl el TN 0, ROV, 527D ViLagnd
tran3| stor '”Ve”t"égd!étfbi‘%faﬂﬁeriﬁ%ﬁtt@f 209y Wi EFbPehbLal N¥E BN
produced from the actual value and reference value
voltages 15 amplified and superimposed on the .
K./ : reference voltage. By the superpositioning principle,
| .10. - faster control is achieved than by carrying the entire
voltage control through the integrnting amplifier of
the regulator. |
The invention is described further hereinafter; by.
way of example only, with reference to the
15 = accompanying drawings, in which:
Fig.l is a circuit diagram of one embodiment in
accordance with the present invention;
(L | Fig.2 illustrates the formation of the synthetic
zero ievel; and
20 Fig.3 shows an n.c. motor drive comprising a
three-phase transistor inverter with voltage
regulators according to the invention.
In the following the operation of the voltage
regulator 1 of the invention working in phase A is
25 described with tﬁe aid of Figs. 1, 2 and 3. The

voltage regulators in phases B and C are similar to



In the following the operati.on of the voltage regulator 1 of {he invgntioni

working in phase Ais 25 described with the aid of Figs. 1, 2 and 3.
The voltage regulators in phases B and C are simlar to ~7-"the vol t age
regulator 1 in phase AL Fig.3 illustrates an a.c. notor drive in which a s m

- transistor inverter provided with voltage regulators 1 of the inyéntion is

erpl oyed. TIRHd R Er ke Begutbiage | oGkl st 1adr Cpagt3 yrldenede

nmeasured at the.inve output wth the asuring e

f | * i ' ] t
{gcﬁggrggyve\n tfa?g%{.\@‘h ndESrf aETied 11%1; Jil-i‘fcﬂ 4 CELRAE 1% I EPESEENt S

I ch-a person skil Inthe art 1S fam liar and it i's not

part of the Sg@&ﬁ!démt&fen%omg r()‘%li—@ors 1n}s§nt&@1- mfém&geigut put

of the voltage regulator 1, a con tage Va' for a pulse w dt

modul ator 2 i epliciered. The E’.ﬁlg%%swdjﬁ f\:ﬁ@%ﬁt@ge% Tdtsr thropghaa

delay circuit 3 and a control ans 4 a transisto Inamincircuit 6

of the isnvert gloltdge Vd|ameasuzed Ht lthed bisveptérabutput RPLER the Power
returning fromthe - notor goes to a resistor R2. The structure of the

10, 20,0 sk tsmens 8,5 e Uasktonte ey yervy s o0
control vol t agoreingfof heheureEetetide voltage represents technology
with which a person skilled in the art is familiar and
it is not part of the subject matter of the present ~/
10 invention. From the output of the voltage regulator

1, a controi voltage Va' for a pulse width modulator 2
is obtained. The pulse width modulator 2 controls |
through a delay circuit 3 and a control means 4 a
‘transistor Tl in & main circuit 6 of the inverter.

15 Transistors Tl to T6 supply an a.c. motor 7. Power
returning from the motor goes to a resistof R2.

?he structure of the voltage regulator 1 is shown

in Fig.l. The voitage regulator comprises am actual -/
value voltage forming circuit 9 and a circuit 10

20 |, forming the control voltage Va' of the pulse width
modulator. In the actual value vsltage fbrming
circuit 9, a summing unit 11 produces a synthetic zero
level. The synthetic zero level is obtained by

- éombining a positive voltage pUl and negative voltage

25 .  nUl of the pulsating d.c. voltage, appearing across a

capacitor C4 and which has been obtained by full-wave



nodul ator. -I-n the-actwual value.voltage formng circuit 9, a summng unit 11
produces a synthetic zero level. The synthetic zero level is obtained by
conbining a positive voltage pU and negative voltage 25 nU of the

pul sating d,c. voltage, appearing across a capacitor C4 and whi ch has been
obtai‘ned by* full-wave rectification, with8z diode rectifier bridge 5, of
the three-phase nains, which have the phase.voltages UR_US and UT, to
becone the a.c. Vertifdcadlomphavigdniaidiodel regsifdler thvidgeyad i vefvbheage
nU and the 5 a.c. voltage VO fornmed of these are depicted in Fig.2. In
a sumi.ng unit 1thresepbasen@ains e rwhiel dnavec theophase \ml!éawmvgéd
with the voltage Va neasured.at the inverter output.  In_the pulse width .
nodul at or cont r oPSvanda§d,1Fo begamer the carewi Voltage HA5er®¥@ial unit 13
forms 'the difference hetween the actual value voltage and the reference

vol tage Va*, saiBoalti¥ecy¥odtags i nghannegatdve vieltags infkrand thee
differential unit 13:cogprises.a summpg ynif with one of, its, t | nputs 15
negative. 2 The gﬁ?ﬁ'OV°H%§&%€§Qf€EFEQ. Qant Eséhéﬁﬁé@QE#QFQ$éﬂgid of a
trimrer TML. I|n ﬁge gunning unit 15, the reiiren e vol tage Va* and ihe
correction conpoR&dt <pr ot & ng it dfenkbeys etk 2eER 8Vedge

Va* and th tual val | t S
ar an € ac ug.c\fav%it\é%e Y £s Ccombined with the voltage Va

measured at the inverter output.
In the pulge width modulator control voltage
10 forming circuit 10, a differential unit 13 forms the
difference between the actual value voltage and the .
reference voltage Va¥*, sﬁid difference conérolling an
integrating amplifier 14. The differential unit 13
comprises a summing unit with one of its two.ihputs.
15 negative. The gain of the amplifier 14 can be changed
with the aid of a trimmer TML. In the summing unit
15, ﬁhe reference voltage Va* and the correction
—/ component produceé from the difference of the
reference voltage Va* and the actual value #oltage are
20 superimposed to become the control voltage Va' of the
pulse width moduiator. |
In order that the desired pulse width modulation
gight be obtained, the modulator 2 has to be
controlled with this voltage. Tﬂe modulator 2
25 compfises a triangular wave generator 16 and a

comparator 17. The trinagular wave generator 16 is



- 20 —superinposed to becone the control voltage Va' of'the’ﬁhlsg wi dt h
modul ator. In order that the desired pulse wi dth nodul ati on m ght be
obt ai ned, the nodul ator 2 has to be controlled with this veltage. The
modul ator- 2 25 conprises a triangul ar wgye generator 16 and a ¢onparat or;

- 17. The trinagul ar wave generator 16 is -9- common to all phases A B
and C. The np L N@ ~disgiqt | i apned tdhsd Aand its
conpl ement ary g#%ﬁgh,ggta?ﬁé%gﬁ%%%?q%f.ﬁT'gasFénaFgf(xnné%%gﬂ?ﬁe

transistor TI E‘igii‘.ﬁ_li BMYHA  iAN6bELEnsiIBR! the QRItPWE SAtARG! ReRsi stor
T2. It is necessary in this context to take into consideration the effect

of storage ti ”Eomﬁhlébeh%af‘y"%%ﬁ@l bage eHE' 8Rtput EMPVerhé §1kaal A

transi stor carryihg a currént, the transistor remains conductiveé 10 ~for

about anot her tyRREY1H THRSaGMKEist&Y' TRUoE ¢he! iifvdiees [ aBAlStHe
operating as the pair to the other nust not be opened, as a short-circuit

woul d ot@ermﬁsgigﬁgqrAfﬂgbﬁgﬁwﬁgstné geafgistorhaonductive only after
the charge on thé base has dissipated. In 15 = Fig.3, an asymetric del ay

3 has been introduged ign ﬂé&m%oinofhibecbm@sdtstﬁ& fdakei Lhtbhe aid of a
hysteresis gate 18 so that the other transistor T2

consideration the effect of storage time. That is,

when the base current is removed from a tramsistor

carrying a current, the transistor remains conductive 7

10 for about another twenty microseconds. During that
| time the iransistor operating as the pair to the other
mﬁst.not be opened, as a short-circuit would otherwise
6ccur. The transistor ceases ﬁo be conductive only
éfter the charge on the base has dissipated. 1In
15 Fig.3, an asymmetric delay 3 has been introduced in
the.contfol of the transisﬁor Tl with the aid of a
hysteresis gate 18 éo that the other transistor T2
might not opeﬁ before the tranmsistor Tl has ceased to </
conduct. The delay provided by this circuit is
20 determined by the product of resistor Rl and capacitor
Cl. The diode D1 is needed in order that .there might
be no delay in the switgh-off operation.
The control means 4 for the transistor Tl has two
floating power sources. A negative supply is required
25 in order to provide a powerful negative base current

for rapid switch-off. The two floating voltages are



n;ght not'open befoore-the transistor T1 has ceased to conduct. The del ay
provided by- this circuiit is 20 determ ned by the product of resistor Rl

and capacitor 'C'.  .The diode D .is needed in order that there nmight be no
delay in the switch-off operation. The control neans 4 for the transistor
Tizhas two floating power sources. A negativbOSuppIy I's required 25 I n

order to provide a powerful negative base current for rapid switch-off. The
two floating volRERRYcadewith Tectiflrr diodes Pectpr DO amddfdsl ggring Do
and filtering capacitors C2 and C3._ The power supply of the control neaps 4
is a high-frequ ehbpEar Cgomd Gl yThe, PoYersauppdd PhHhthe control
transfornmer TRl havi ng, epough 5  ndi ngs to provide the requisite
floati ng power SHpPREeT. 1fn @}8@?%&&&#@ f CHBAPPRE POYSE SURRLYIA?, An

osi stor R, - THEMR GPPEPRURTY. o o' CorAtr ERFBeE bk DETAESANERer 10
Crrour L T O SoaphRsk s SRS FhathetEh, BB, 20 e
the storage time, Fupther moge, Lo pni L PELaPRSE Phel Trandfimid™S' 51O
TR1l. An optoisolator 20 supplies the end stage
transistors T7 and T8 by way of the resistor R3. -fhe
latter transistors constitute a dual emitter follower
‘10 circuit. | | |
The dfode D10 is a so-called Baker diode. It
prevents the power transistor proper, Tl, from
becoming saturated. This reduces and stabilizes the
-storage time. Furthermore, the switch-off power of
15 the transistor is reduced due to the diode. The |
resistor R3 is needeé for fhe Baker diode D10 to
operéte correctly. The control signal of the control
— means is inserted at the point a. The point O/E
represents the ground of the oscillator electronics.
20 The diode D1l is the protective diode for the
optoisolator 20.. |
The power supply of the main circuit 6 of the
fpur-quadrant transistor inverter is in the pesent
instance obtained by full-wave rectification of the
25 phasé voltages UR, US and UT of the three-phase mains
with the diode bridge 5. 1In this way, a fixed



resistor R3 is needed for the Baker diode DIO to eperate correctly. The
control signal of the control neans is inserted at the point, a. The point
O E represents the ground of the oscillator electronics. 20  The diode .
D11 is the protective diode for the optoispjator 20. The power supply of " -
“the main circuit 6 of the four-quadrant transistor inverter is in the fﬁnf'

‘pesent i nst ancintermededtly vblltlagenvias rpeédaitedt meirodls tdife 2bapacphage
voltages UR, US and UT of the three-phase mains with the diode bridge 5. In

this way, a ficed Fromttheedntetnadifes irélaagéue.%d podisced ebgapaci t or
C4. Fromthe internedi ate voltage i s produced, by pulse w dth nodul ation, a

t hree- phase v@ilge widthBmoddld€iwd ) & othirekrphalsiee @rglAgnuBi t ude.
This 5 controlled three-phase power contvols the notor 7. The di odes D12

to D17 are zerandli®Uewithnebinttolled Ufreghenayhandoranpldinides cThients
while the transistor connected in parallel with the diode is switched off.

The bralbi ng ercomyrobtedt thrkee-phasenpdwer coatrslsnachdRhcootrdll ed by
the braking transistor T9. It is obvious to a person skilled in the art
that various disdibedes D12t ke Di7enirerzere ddbdesstoomdteitavinfge exanple-
presented in the foregoing, but may vary within the scope of the clains to
be current paths for inductive currents while the
transistor comnnected in parallel with the diode is
switched off. The braking energy goes to the braking v
10 resistance R2 controlled by.the braking transistor T9.
It is obvious to a person skilled in the art that
various embodiments .of the invention are not
restricted to the example presented in the foregoing,
but may vary within the scope of the claims to be
15 presented below. In addition to a transistor inverter
implemented with transistors, a GTO thyristor inverter
rsing GTO implemented thyristors is an example of |
another possible application of the voltage regulator o/

of the invention.
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15 présénted below. In. addition to a transistor inverter inplenmented
with transistors, a GITO thyristor inverter ‘using GIO inplenented thyristors =~
i's an exanpl e.of another possible application of the voltage regul ator of
the invention. <12- CLAIM5 1. A nethod~fl@&-the control of the control
wol t.age of *a three-phase inverter supplying ah a.c. notor, wherein the
power stage of said inverter is inplenment ELABMS\g seni conductor swi tches,
and wherein 5 the out put voltage of each Inverter phase in said voltage
control is measuréd,li heAneeébhddcdopr ithengomtodoldf nché heonérmbidol vol t age
of a pulse width nodulator in each phase of the inverter with a vol tage
regul ator, and fwaltiage aofoattbreesphage dmventar sugplyingt as euicput of
said voltage regulator froman actual value voltage, forned fromthe out put
vol t age of each matarj evhehain, thedpbwem & tagerahcaid| iayerter Asnet hod
as clainmed in claim1, wherein an actual value voltage is formed fromthe
out put vol t age Implemgntedhusingr semigoaductior wkteehes) nasddwnerein
constitute an artificial zera_level, the voltage neasured at the output is
conbi ned i th arthe Qutprtayeltagehofaeash dnventer phaget hresadidres the
' voltage control is measured, the method comprising
controlling the control voltage of a pulse width _
Y . modulator in each phase of the inverter with a voltage
regulator, and forming a.control voltage obtained at
10, the output of said voltage regulator from an actual
value voltage, formed from the output voltage of each
‘inverter phase, and from a reference voltage.
2. A method as claimed in claim 1, wherein an
actual value voltage is formed from the output voltage
15 of each inverter phase and wherein, in order to
constitute an artificial zero level, the voltage
measured at the output is combined with an a.c.
voltage which varies at a frequency three times the
basic frequency, this a.c. voltage being obtained by
20 combining the positive voitage and the negative
voltage of a pulsating d.c. voltage, produced by
full-wave rectification of a three-phase voltage.
3. A method as claimed in claim 1 or 2, wherein

the control voltage obtained at the output of the

I



basi c frequency; this a.c. voltage being'obtained'by 20 bohbining t he
positive voltage and the negative voltage of a pul sating d.c, yq1tage,
-produced by full-wave rectification of a three-phase voltage. ‘3. A net hod
as claimed in claim1l or 2, wherein the conl3el voltage obtained gt the.
out put of the -13- voltage regul ator of each phase is fornedtfron1thé\*‘
actual val ue volakimgéoregdlatan tdf eachuphaset dge folrmest £xypdmsehand t he
ref erence voltage, and wherein the difference between the actual val ue
vol tage and thacdtual valueewod agmitfoquhedgfrom thensmdmitput twoktagef efence
Is anplified and superinposed on the reference value. 4. A nethod as .
claimed in cl aieadh phase3andhdhs refarencer voiltiage; tarshsihrrweinnthet er
in which a plurality of transistors serving as sem conductor 10 SW t ches
are control | ed dfferencei hetmween thaitactialgvslue Mol tagsmsand othe
inverter. 5. A nethod as claimed in claim1, 2 or 3, wherein the inverter
i s a GTOSt hyri teferemeet dnput weoltargserd s hferoedr anskrthisy difference
sem conduct or switches 15 are controlled for producing the output
vol tages of thdecmmphifiedoand) supexrinposednonpsheametanangrrvatueng t he
met hod of claim11, having an_output voltage neasuring _el enent,
4. A method as claimed in claim' 1, 2 or 3,
- wherein the inverter is a transistor inverter in which
a plurality of transistors serving as semiconductor \/
10 ~switches are controlled for producing the output
voltages of the transistor inverter.

5. A method as claimed in claim 1, 2 or 3,
wherein the inverter is a GTO thyristor inverter in
which GTO thyristors serving as semiconductor switches

15 are controlled for producing the output voltages of
the GTO thyristor inverter.

6. An apparatus for performing the method of

claim 1, having an output voltage measuring element, o’
and whereih, for controlling the control voltage of

20 the pulse width modulator in one phase of the
inverter, there is provided an actual value voltage
forming circuit in which an actual value voltage can
be produced from the voltage measured at the inverter
output, and a control voltage forming circuit in which

25  the control voltage of the pulse width modulator can
be produced from the actual value voltage and the .

reference voltage.

T




and wherein, fof conﬂroILing the control voltage of 20 -the pulse width
nmodul at or i n*one phase of the inverter, there is provided an actual val ue
voltage formng circuit in which an actual val ue voltage can be produced
fromthe voltage neasured at the inverter outfut, and a control voltage
foxm ng circuit. in which 25 the control v® ﬁage of the pulse wdth
nodul at or can be prodyced fromthe actual val ue voltag nd the reference
voltage. = 7: An apphrat 48 SPPATAGHY 8% elaimed ign&is e WReTRIN VAl Ue
formng circuit conprises sunm ng_uni f conpining the pqsitive voltage and
he negat v vol S8R BFCRabuVale FaFRing f (REuLELaRRELES B sunnif

full -wave rectification of ,said three-phasg voltage and synm ng unjt .
whi ch conbi nes. ¢ HSbbI FaBbiatag, che BTy, upilass antk T masRtive.
vol tage thus obtained. 8. An apparatus as,clained.in claim,6 or .7, 10
wherein the contrg?feﬁg?aﬁg PO%M QﬁqﬁnﬁtCCOﬁﬁgF§§§ éﬁﬁﬁ#ﬂﬁéﬁhjal uni t
whi ch conpages th tual val ue wvaltage and_the.r.eference volta an_
anpl i fier whi ch iﬁvigrmsfsf%lf%& OLffaid Eﬁﬁﬁeﬁé’hﬁﬁ% Volt88e
aid of which the diftferential thus . obtai ned can.be 15; SWRer.imose n
the reference val.éétg ggggﬁggagﬁiﬁr&ﬁ&€%l?3§§lpgﬁi%8% ﬁéi & pragyred
' nstant aneous at the inverter output with the a.c. voltage thus

obtained.

— 8. An apparatus as claimed in claim 6 or 7,

10 wherein the control voltage forming circuit comprises
a differential unit which compares the actual value .
voltage and the reference voltage, an amplifier which
integrates said difference, and a summing unit, with
the aid of which the differential thus obtained can be

15 superimposed on the reference value to become a
control voltage taking into account the instantaneous
state of the a.c. mbtor.

\J 9. An apparatus as claimed in claim 6, 7 or 8,

vwherein the inverter is a transistor inverter in which
20 the controllea semiconductor switches in the power
stage are transistors.
10. An apparatus as claimed in claim 6, 7 or 8,
wherein the inverter is a GTO thyristor inverter in
which the controlled semiconductor switches in the

25 power stage are GTO thyristors.

-



state of the a.c. motor. 9.. An appar at us as claimed in‘claimé6, 7 or-8, )

wherein the inverter is a transistor inverter-in which 20 the controlled -
sem conductor switches in the power stage are transistors. . 10.* An appar at us.

-as claimed in claim6, 7 or 8 wherein thelbaverter is a GIO thyristor -,
“inverter in which the controlled sem conductor switches in the 25 pomérj
‘stage are GTO t hyr Ldt.or A methdd- fat. tha conttwelf of tthe coantvblof the

. control voltage of a three-phase inverter, substantially as hereinbefore

descrlbed\Mtrwbbtegen@ita)uhmeezpbapenynngnmenmrqybsﬁﬁntxally

Apparatus- for the control of a three-phase inverter, substantially as

her ei nbef ore deeteibbe fidneh deserihed Vbtan@eégnenqsttatbheln t he
acconpanyi ng draw ngs.

accompanying drawings.

5 12. ‘Apparatus for thé conﬁrol of a threé-phase
1nverter,‘subétantially as hereinbefore described with
reference to ahd as illustrated in the accompanying

drawings. : .
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