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2188802 APPARATUS FOR. CONTROLLI NG A THREE- PHASE | NVERTER SUPPLYI NG THE A. C
MOTOR OF A LIFT The present invention concerns an apparatus for 5 ~
controlling a three-phase inverter supplying the a.c. notor of a lift. The
frequency-controlled-a.c. notor is the nost advanced design, for instance
for lift motor drives. Wth frequency conirol the .efficiency is high at al
10 nmotor speeds, and the mains power factor is nearly 1. Freque?ﬁi;@onﬁp&b
is applicable in lifts with, as well as w thout, gear transnissi d &
any speed. In addition, a sinple and noderately priced short-circuit notor
can be used. In lift wpearNTUIVESE eEoRTRLEIRNEN MR IPuAsBNSi Stors is
best suited for frequency control SIinNce W TN transfistors 1t .15 possible to
achi eve the hi ghest INVERTIERIGSUFBUYENGY THEMANG PIESOR POVWEI LEFECt roni cs
conponents. Also the use of GTOThyristors rs possiblé since their
switching tines are afpeoxiradenty 20ventiequabrncegis.an Hipeaeatusnifoy
current switching is nore conplicated with GIO thyristors than with

transi stors eceoseroflliing reechh ree-phesehiny eguemdsugpdpeingntbehasc.
reveal ed that a good strategy for controlling a short-circuit notor is to
keep the 25 magnetpt PEur darfstant. The magnetic flux is in general

associated with slow response. |f the magnetic fl ux
The frequency-—-controclled a.c. motor is the most

advanced design, for instance for liff motor drives.
.With frequéncy control fhe efficiency is high at all
10 motor speeds,_and the mains power factor is hearly 1.
Frequency control ié applicable in lifts with, as well
as without, gear transmission and at any speed. 1In
addition, a simple and moderately priced short-circuit
motor can be used. In lift use, an inverter implemented
15 .with transistors is best suited for freguency control
since with tranSistors-it is possible to achieve the
highest switching fregquency, among present power
electronics components. Also the use of GTO thyristofs
is possible since their switching'times are approximately
20 of equal length., However, mains current switching is
more complicated ﬁith GTO thyristors than with
transistors because of the reguired switchiqg guards.
Experience has revealed that a good strategy
for controlling a short-circuit motor is to keep the
25 magnetic flux constant. The magnetic flux is in general

associated with slcw response. If the magnetic flux

r
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-2- _changes, a time constant is introduced in the system Stabilizing the
magneti € flux can be achi eved by keeping constant the magnetic flux of the
stat®r, rotor or air gap. It is nost advantageous to keep the magnetic fl ux
5 of¥t he stator constant since in this case the risk of saturation of the
conponentss of the magnetic circuit is legst. In present-day inverter

technol ogy, current feedback is enployed for inproving the curve shape, 10
in which the pherengekreat ¢iakt domecttfnonmd hint rodidéed Dnt pHé Byetamasured.
A di sadvant ageous feature of current feedback is.slow response. This is due
to the fact thastabitiziegt thecdizagie tie finductamdes athibaeedobyr kgepdng se
-to tinme constants. The control - 15 |aop is usually the slower the greater

t he nunber of t¢esstenst &hes magmeddverflwureenthersstaténg ebbaenes ade
expensi-ve because they are required to be able to neasure direct current as
wel . If in thegaRver £&r ispmosd wdnan agrAve i b» keepothaphroBa tict §lax
conparator, by conparing a sinusoidal and triangul ar voltage, wi_thout_

f eedback, the CEF?EHF_§gﬁ§PFeGQH§§%ﬂ$rﬁﬁ%ﬁetﬁﬂt?ﬁ#$n§éffeghﬁsrhéﬁ oL
sufficiently sinusoidal, for instance for |ift_use, because in.the,
rectified interfRUPRRELIPH CfgdhG RANRONEES (o T R2ERBELAr EdXFHAde a. c.

vol t age supplylgg Eggsg?tor i s obtained by rectjflcatlon of the three-phése

In present-day inverter technology, current
.feedbagk is employed fof improving the curve shape,
o 10 in whiéh the phase currents obtained from the inverter
output are measured; A disadvantageous feature of
current feedback is slow response. This is due to
the fact that in cu;rent feedback the inductances
of the_motor give rise to time constants. The_cbntrol
15 loop is usually the slower the greater the number of
time constants. Moreo&er, current measuring elements
are,ex#ensive_because they are required to be able to
measure. direct curr;nt as well.
If in the inverter, pulse width modulation is
20_ applied with a comparator, by comparing a. sinusoidal
and triangular volfage, without.feedback, the current
supplied to the motor by the inverter is not
suﬁficiently sinuspidal,_fp: instance_for 1ift use,
_ be;ause in the rectified intermediate voltage circuit,
25 from_wﬁich the three—phase a.c. voltage supplying the

motor is obtained by rectification of the three-phase



- 3- naihs, with-the inverter, the voltage is not constant. Also, the . g
sem conductor switch does not follow the control w thout experiencing a
delay. A third factor causing error is the differential voltage which is.5. .

caused by the residual voltage across the power electronics conponent, =¥
conpared with the voltage appearing with the other direction of current,
when the diode in parallel with the sefirConductor switch is conductive. In
practice, these errqrs, . cause 10 _vibration of .the mator., which (fo

et ance) | nRRARE odh Sl | T AP FESFne CBR: FOARIRSE X 19 FIPTEARE- causes
di sconfort t e gﬁﬁgeﬂgg j he_ aid.of; the [ v ion it is
possible to gllfsnré'nate the %%%?/é%rargﬁt&i- g?\‘g&ggr g\ﬁo%cl?gtel ]hé‘gpggéat us in .

accordance Wl ¥ RELSEHt ! ?%68?&@3&19%%0%@1%3) ing atﬁﬂ&efgé@ég
[i d or

i nverter supplying an a.c. t notor conprises speed regul at or

form ng the CRA@IHRfYefolt NEsr AT asekeeRhtand thA v&ferairen vokt age
frequency fromthe actual value and the 20 reference value of velocity, a

curve fanslycadlsed BwthOrréoiaia0 vbe tagel iddids HftHdgswéer ence vol tages.
fromthe rotor current frequency and the frequency of the reference

vol tages, a ellera-rpmises ossmpbatat ,f ebmbarEdngitthe el eFeneggyol t ages from
the reference 25 voltage frequency and anplitude, and voltage regul ators
for form ng appeanmitnolwiht tijesothert dd repdtionnicl lcurrent, when
the diode in pérallel with the semiconductor switch
is conductive. In practice; these errors cause
10 vibration of the motor, which (fof.instance) in 1ift
‘operation impairs.thé performance of the lift and
causes discomfort to the passehgers;
With the aid of the present invention it is
- possible to eliminate the above-mentioned drawbacks. -
15 An appératus in accordaﬂce with the preSenf invention
for contrdlling a fhree—phase inverter'supplying an
aéc. 1ift motor comprises a speed regﬁlator for forming
the frequency of the rotor current-and the reference
voltage frequency from the actual value and the N
20 reference value of velocity, a curve family calculator
- for forming the amplitude of the reference vdltages |
from the rotor current frequency'and the freéuenéy
‘of the reference voltages; a.three—phase oscillatof
for fOrming the reference voitagés from the:reference

25 voltage frequency and amplitude, and voltage regulators

for forming the control voltages for the pulse width



~4- nodul ators fromthe reference voltages and the actual val ue voltages
obfained fromthe inverter output. In an advantageous enbodi nent of the
appar at us of the invention, the speed regulator conprises a 5 differential
uniksfor formng the difference between the actual value and the velocity
reference, a P controller and an I controller -for controlling the

di fference between the actual velocity value and the reference val ue, a

er ence.bet e e nce value, a
The | Gont ol | BPARRATCHL A e £ QHenBL 0l RabbR REA SR G T

current frequeggyyeaydhia yuEidisk 441 da f OF of OLAENYnt BE teef Shthft Vol tage

frequency fromthe rotor current fregquency and the velocity reference

val ue. 15 | N gROtheTa B PSR SeRPBAIMER R 08l thide dgpeaiit N dhe

curve famly cal cul ator conprises, for form ng- the anplitude of the

ref erence vol t gges invieh tiike 2ithofses@nségnl atbbxcompre skamd y '
representing the notor, with the exception of |ow frequencies of 20 the

inverter re$erangeeventdeas urd SUWBE NPormihgl hecanbferegce GRIUWREHA ON
conponent proportional to the rotor current Frequency wth the frequency of
the reference thet agenalavadhsolatd tiad ueebopityi eefeeenker,man® t he
absolute value of the anplitude in the 25 . case of negative reference
vol t age frequemconésolided @&rchran ol awmtrédblerofiorotbnhgotlid ngorahect i on
conponent _ o _
- difference between the actual velocity value and the
reference value, a summing unit for combining the
N 10 output signals from the'P controller and the I céhtroller
with the velocity reference value to form the rotor
current frequency, and a summing unit fbr forming the
reference voitage frequency from the rotor current
~ frequency and the velocity reference value.
15 In another advantageous embodiment of the
invention the curve family calculator comprises, for
forming- the amplitude'of the reference voltages with
the aid of a constant flux curve family representing
the motor, with the exception of low frequencies of
20 the inverter feferenée voltages, a summing unit for
combining a correction component proportional to the
rotor cﬁrrent Sfrequency with the frequency of the
reference voltages, an absoiute'value'amplifier for
forming the absolute value of the amplitude in the

25 case of negative reference voltage frequencies, and

a control unit for controlling the correction component
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a summng unit for adding the m ninum val ue of the basic. curve
to the anplitude val ue obtained fromthe summ ng unit at negative reference

quenci es, .a control 10 uni®-for controlling the correction

ependent on the rotor current frequency, and a control unit for

n di fferen r he cu des and a djode threshold
Buitposss af Aektox2ag hf*agéﬁaswn{iﬁmaﬁééo 2% Bkci | | ator
n agp Iut value unit for.for & bsol ut e val ue of the
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Q539503 nfl i f 'éhé%i@@m%”\é‘irt&rsc@v d’ g% V{rﬂlggt he e o

O agega menor ClLrcul

oftages presented Igital forminto ana

rQ‘fléQIe‘?{céc Wof@écf’e nﬁréaﬁeﬁé%%S,S Ofsunliing unit for
addlng the minimum value of the basic curve to the
amplltude value obtained from the summlng unit at
negative reference_voltage frequencies, a control

unit for cohtrolling the correction component dependent

on the rotor current frequency, and a control unit for

controlling the minimum value of the basic curve and,

for forming the amplitude in diffetent parts of the

15

20

25

curve, diodes end a diode threshold error correcting
circuit.

j Adveptageously, the three-phase oscillator
coﬁprises an absolute value unit for forming.the

absolute value of the reference voltage frequency,

a voltage-controllea oscillator for producing a sgquare

‘wave having a frequency proportional to the frequency

of the reference voltages, memory circuits for storing
the curve shape of each reference voltage, digital/

analog converters for transforming the reference

voltages presented in digital form into anelog voltages,

an up-and-down counter for forming the address of the

memory circuits, and a comparator'for detecting the

.4



menory ci¥cuits, and a conparator for detecting the -6- sign of the
frequency of the reference voltages and thereby the direction of rotation
of T*hesmotor. In an advant ageous enbodi ment of the invention, each voltage
regul ator conprises an actual .value 5 voltage fornming circuit for forming
the actual value voltage fromthe voltage neasured at the inverter output,
and an actual value formng circuit for fggm ng the control voltage of the
pul se wi dt h nodul ator fromthe actual value voltage and the 10 reference
vol tage. In anoshgh advaReagerkifucidiipbiethe Ofef dLechb¥cbil@ageishandct ual

val ue voltage formng circuit conprises a summng unit conbining the .
positive and negherebyvahieagdy exft iprpuwSate tat tow. ofothagrotbrabt ai ned by
full -wave rectification fromthe three- phase mains voltage, and with a
sumi ng unit comnbi ni ngnt ka wivagageasuretbad intéet i ofether iovepdtion t h t he
a.c. voltage obtained as described. Advantageously, the control voltage
forming 20 cireach vodpegsesreguliFtfar cgemprisest agoapirpdg veRaeact ual

val ue voltage and the reference-voltage, with an anplifier integrating said
di fference, andveitrog §9mmh%9tﬂ%&cwﬂﬁﬁﬁ¢ﬁngﬁ@1@9ftb?eﬁ?ﬁ&ﬁltN@éiﬁbtalned

to be superlnposed on the reference value to becone
voltage from the voltage measured at the inverter

output, and an actual value forming Circuit for
forming the control voltage of the pulse width

modulator from the actual value voltage and the

U
10 reference voltage
In another advantageous embodiment of the
invention, the actual value voltage forming c1rcuit
comprises a summing unit combining the positive and
negative voltages of a pulsating d.c. voltage
15 obtained by full-wave rectification from the three-
" phase nains voltage, and with a summing unit combining
the voltage measured at the invetter output with_the
U a.c. voltage'obtained'as described.

Advantageously, the control voltage fotming
20 circuit comprises a differential unit comparing thel
actual value voltage and the reference voltage, with
an amplifier integrating said difference, and with a
sunming unit enabling the-differential thus obtained
to be superimposed on the reference value to become
25 a oontrol voltage taking.into account the momentary

state of the a.c. motor.



. @
25 a control voltage taking into account the nonentary state of theua.c.
not or . -7- An advant ageous enbodi nent of the apparatus of the invention
is al so characterised in that each driver conprises a delay circuit to s *
account for the switching delay of the seniconductor switch, and a _
sem conductor 5 switch driver circuist provided with an optoisolator. An
advant ageous enbodi nent of the apparatus of the.invention is also

characterised in tAiatad¥ignt 8yE6LEr embodimedtsicH &hd MFdLithd ¥hich the
controlled sem - conductor switches in the power stage are transistors. 10

An advant agamues ianbadt emt i 9f albe ahpaaetes icfed Hm ithentéeadhi Sralee
characterised in that the inverter ts a GTO thyristor inverter in which'the
control | ed semppurskstardeimychéscun tt te powvoundt diper arlee G toyingtors. 15
The speed regulator is fast,, owwng to the integrating controller. This is

i ndi spensabdeliay |19f tthgpsepacppducherasyd timdh varstia yserioenduntbe
toleratred. The curve fam |y cal cul ator approximtely inplenments the

const ant 5st SWdrtah 8 kVRF aGl EERitc PEQVIESS Wil thharpepripiealatarer fl ux,
'yet the accuracy is adequate for lift driving. Mreover, the job of tuning"
the curve fanily ¥t c2iv@BE28EOVRe eMRPEAMERT of dhe APRABALRHOL

correspondin% task in the case_of a, cal cul ator which -
the invention is also characterised in that the inverter

is 'a transiétor'inverte: in which thé controlled semi-
conducfof sWitchés iﬁ the.§OWer.stage are transistors.

10 An advantageous embodiment of the apparatus of
the invention is also characteriéed in that fhe inverter
is a GTO tﬁyristor inverfer.iﬁ.ﬁhich the controlled.
semicénductéf switches iﬁ.the power stage ére GTO
_thyristors. _ |

15 . Thé'séeed.regulator is fast, 6wihg to the
infegrating controller. This is indispénséble in lift
apglications because no vélbcity error can be-toleratred.
Thé curve faﬁily calculaiér approximately implements.
the constant statbr flux characterisic curves for the | \-/_

20 given stator flux; yét the accuracy is adeguate for
.lift.driving. Moreover, the jbb of tuning the éurve
fémily calculator of the invention is éasier than the
corresponding task in the éase of a calcﬁlafér which
would implement the given curves exéctly. instead of

25 the three-phase oséillator, servo—téchnology, for

example, may be used in the reference voltage forming



mould |nplenent t he given curves exactly. Instead of 25 the three-phase
OSC|IIator servo-technol ogy, for exanple, nmay be used in the reference

-----

vql t'age forn1ng -8- process. However, notor drive conponent tests and
res ch are‘easier to performwith the aid of said oscillator. Since in
the control of the inverter, voltage 5 regulators instead of current

regul ators are enployed, control is faster because voltage regulators are

free from del ayr? AL by dauied ) Vemaleseoarmae Mompewneht it teserd
expensi ve current-nmeasuring conpohents in the inverter output is avoided.

The isol ation ofrdddiarkh drwesieies POVBErsbagewdithh thlee adiad off sdid
optoi solator efficiently prevents the.access of interference fromthe nmain

current path todsha 1add®] circuits. The invention is described further
hereinafter, by way of exanple only, with reference to the 15 acconpanyi ng
drawi ngs, in which:- Bihcd Bmowseacbhttodr bfethe \ihivelrtar aveltad®r is
supplied by a frequency converter; 'Fig. 2 is a circuit diagram of one
enbodi ment 06 a regesichteagl otead afcondaroe weghleltens egentemggloyed,
i nvention; Figs. 3a-3c illustrate the operation and design of a curve
famly caIcuIat@mnﬁrqlmasrﬁ@mteonbecause voltage regulators are free
from delay caused by inductive phenomena. Moreover,
the use of expensive current-measnring components in
the inverter output is avoided.l The isolation of the
inverter's power stage with the aid of an optoisolator
efficiently prevents the access of 1nterference from
_the main current path to the control circuits.
The invention is described further hereinafter,
by way of example only, with reference to the
15 accompanying drawings, in which:-
Fig, 1 shows a lift drive in which an a.c. motor
is supplied by a frequency converter;
Fig. 2 is a circuit_diagram of one embodiment of
W, _ a speed regulator in accordance_with'the present -
20 invention;. | |
Figs. 3a-3c illustrate'the operation and design
of a curve family calcularor of the invention;
Fig. 4.shows a three-phase oscillator for an'
apparatus in accerdance_with the invention;
25 Figs. 5a-5b illustrate the eperation and

structure of a voltage regulator in accordance with



Fig. 4 shows a three-phase oscillator for an apparatus in accordance vgth -
the invention; 25 Figs. 5a-5b illustrate the operation and structure
of a voltage regulator in accordance with -9- the invention; and Fig. #B>

shows a sem conductor switch driver for an apparatus in accordance with tf

i nvention. In the follow ng, the operation of an apparatus 5 of the =«
invention is described by exam ning th®-lift drive depicted in Fig. 1, in
which an a.c. notor 10 is.supplied by a frequency converter. The
t hr ee- phase tbétt Ageeatppinygi rapda power stage 8 of the frequency converter,
the phase voltages of which are UR, - US, 10 and UT, is rectified with a
rectifier 16 conprFégng 6a sihavisera ofemi eerductorbevatsht Beiyer. i3 t age of.
an internediate voltage circuit. The d.c. voltage of the internediate
vol t age circaitapparptusr dd REIRFIARGD ¢l thr the, iPKeNSdReY- st age 17
conprises transistors 15 T1 to T6 and diodes D1 to D6 which rectify the
d.c. voltage of thé&niher Fdilawingrcthe PBehRESRB 2 &3Nc 2RRALH
supplying the a.c. notor 10, the hase,voéta es of .which are U@% UB and UC. -
The di odds PEt BhppiBVERtdRR dib RS CHHRER L BY) R BAPRER (0% oS or )
| nductive 291?%5263231592%E%é“pﬂgfoi,19ndak¥8ﬁ %&Pg.gheﬂ%ééfﬁl@'Shaft
is supplied by a'frequency convgfter. The'thfee-phase
voltage supplying a power stage 8 of the frequency
cdnverter, the phase voifages of which are UR, US,
10 and UT, is rectified with a rectifier 16 comprising
'a number of diodes, to become the d.c. voltage of an
intérmediate.volfage circuit. The d.c. voltage of the
ihtermediate voltage circuit is filtered using a
'capacitof Cl. - The power stage 17 comprises transistors
15 T1 to T6 and diodes Dl to D6 which rectify the d.c.
voltage of the intermédiate circuit to become an a.c.

i . : ) _
voltage supplying the a.c. motor 10, the phase voltages
of which are UA, UB and UC. The diodes D1 to D6 are -
zero diodes constituting current paths for inductive

20 currents.
The a.c. motor 10 drives with the aid of a shaft
12 the traction sheave 13 moving the counterweight 14
and the 1ift car 15 with the aid of lifting ropes. For
the return energy, in this instance a braking resistor

25 Rl and a braking transistor T7 have been provided.

The control of the“braking transistor T7 is nét dealt



;12 the traction sheave 13 noving the counterweight 14 and the lift car 15
w.th the aid of lifting ropes. For the return energy, .in this instance a
braking resistor 25 Rl and a braking transistor T7 have been provided. The
cqptrol of the braking transistor T7 is not dealt -10- with in this
coffnection since it is an independent «ifi4 whi ch operates when the d.c.
voltage of the internediate circuit rises over a preset limt. The power
stage 17 of theithvant ghiiss coomecdiiad Sinne tite appanaindepéndhati mvdart i on
conprising a control electronics unit 1, a tacheneter generator 11, pulse
wi dt h nodul at o¥Bieh opgresesyehegdhresb®i MPtagenet dhet dndermgddpaed
regulater 2, a curve famly cal cul ator 3, a three-phase oscillator 4, o

~vol tage regul afFdFSULE F3SES O¥Er shPLiRS&%erkiMetio 7f for the sem conductor
switches .of the inverter power stage 17. The inputs of the speed re%ylator
2 are the actual val GBSvPEWeThE d ofofr dthgt i bV tehel FOCBR ARG 18

vel ocity refergence, value_v* obtai fromthe control electronics unit 1.
The 15 oper.tiB% g?etﬁBPESﬁFHﬁ 951 1S iR ARR . 1°9BPT+BLRAENG ERBEFLOCI ty
reference val ug, v*, represents.technol,o wi th which a pers skilled in the
art is fanilia-%e?ﬁ58§ﬁ§§UP§l5f hé s W%ﬁﬁﬁeﬁ%ﬁeﬁag?ﬁ ?ﬂe PPégGency fs

O o 1 enc ey BRED g7t 15 P Vo fag-RlasbbEng oL PnBHELEN
9a to 9¢, a speed regulator 2, a curve family calculator
3, a three-phase oscillaior 4, vpltage regulators 5a to

10 Sc, and'drivers 7a_£o 7f for the semiconductor switches
of the invertef powef stage 17. The inputs.of the'
speed regdlator.Z are the actual value v of the speed
éf rotation of the motor and a velocity reference value
v* obtained from the control electronics unit 1. -The

15 operation.of the control electronics.unit l for forming
the velocity reference value v* represents technology
wifh.wﬁi§h a person skilled in the art is familiar.
The outputs of the spéed regulator 2 are the frequency
fs of the'reference voltages and the frequency fr of

20 the rotor current. The frequency fs-of the reference
voltages and fhe f:équency.fr of:the rotor current are
inputs for the curve family calculator 3, in which the
émplitude As.of the reference voltages is formed.

:The frequency fs of the reference_voltages is,
25 in addition to the amplitude As, also carried to the

three-phase oscillator 4, where the reference voltages



voltages and the frequency fr of the rotor current are |nputs for the curve
famly calculator 3, in which the anplitude As of the reference voltagbs i s
formed. The frequency fs of the reference voltages is, 25.in addition to«~
the anplitude As, also carried to the three-phase osci | | at or 4, where the? *
ref erence voltages Va*, Vb* and Vc* ff the three phases are forned. From
the reference voltages va* Vb* and Ve*!and fromthe voltages Va, Vb, and

Vc neasured ?ﬁefgggQack SYAan i td e gvgﬂpg%bghgggg %§¥H4ﬁ%éﬂewgpts 9a,

t
9b, and 9c, ol vof?a €s for ul'se”™i dt h

nodul at or s 6@he69e§g Qﬁ:earﬁﬁ@%% a;,n gg égét 998 I %ulﬂloql{ 5b and

5¢c. Fromthe pulse w c are talned the i nput .

signals A, BligadeClyal, Wi %dtéénﬁéééﬁfeérbge%éeé ack Qllh e pLovi ded

W th optoiso at or ‘| oating power sources, as wel as contro

signals A2, B tgad G%lfﬁgéi?@eéjéﬁiffﬁg7@1e$€inegd9'af 9b , A SKEONthe

transi stor in each transistor phase, Said control signals being the

conpl eneng ar ¥oAerelgRA1: dged hea cONYH 0l agagnals£bkr, tBRe Pl <d .widkn

i nstance, with the aid of a conparator the control signal A2 is obtained as
the conpl enegbany atodzaled 0 6dearkdnée ohrsi gpahiAed @ng.the thoIdwgai d of a

conparator. The design of the pulse width nodulators 20 6a to 6¢
represents teeguthegysnvsd, fsundndrseo a
| From the pulse width modulators 6a, 6b and 6c
are'obtained the input signals Al, Bl and Cl of the
10 . transistor drivers 7a, 7c¢c and 7e pfovided with
optoisolators and fléating power soﬁrces; as well:as
- the control signals'Afy B2, and C2 for the driver 7b,
7d and 7f of the second transistbr in each transistor
-phase, said controi signals being the éomplemehtary
15 signals to the controi signals Al, Bl aﬁd Cl. For
instance, with the aid of a cohparator the control
signal A2 -is obtained as the complementary signal to
the control signal Al, e.qg. with the aid of a
comparator. The design of the pulse width ﬁodulators \;/
20 6a to 6c represents technology well familiar to a
person skilled in the art, and their'dperation wiil not
be described in detail. The trahéistor drivers 7a to
£ drive'the'transistors Tl to T6 in the power stage
17 of the inverter. | |

25 - In the following, the apparatus of the invention

is described in more detail. The main characteristic



*

persen skilled in the art, and their operation wll not be described in
detail-. - The transistor drivers 7a to 7f drive the transistors Tl to T6 in

t he* poyer stage 17 of the inverter. 25 ° In the follow ng, the
apparatus of the invention is described in nore detail. The main
characteristic -12- features of the speed regulator 2 are shown in Fig.

2. The difference between the velocity reference value v* and the actual
velocity value v is calculated in the d+lRerential unit 18. The
differential signal Is supplied 5 to the inputs of the P (proportional)
control | er 19, feadunes iafputlse olpeed reghhastgrali Agr sbewnolireFizD. Before
supplying it to the | controller 20 the level cf the differential signal is
adj usted to beTAgpAdffienance hatecpotBit VeherdtyTREL eRenOee M3 IoH ¢V Bwi t ch
SI is 10 needed in_order that the | controller ;20 can he set to its
initial value ®n Hfe 3942kt uR1CI¥RevValRpul dSgRELcLatRe Bredht ol | er
19 is adjusted wﬁ%%ﬁ;he potentjonepnter TM. . ?e | and.P control., conponent
are conbi ned wofHf SOFERM i Y5 et renEEevd}¥'ﬁrFH§1f% SHARHy higuealie
whi ch from the sum of $aid ter f or the_frequen fr qf tqﬁ rotor
Current . SPnodd e TS 9 VAT A (RAPPPRELPREd e So) GO T IRE kot nd
voltage is obtained b Coq?'n' he. of ot 'S a
nunber of pole%b§|%§égﬁﬁ1 #K}ﬂ@ i ?1RE8QHSE18g) %%d@?&ilé%_iﬁ? r§£%$§é
' supplying it to the I controller 20 the level cf the
differehtial signal is adjusted to be appropriate,
using a potentiometer TMl. An electronic switch S1 is
10 needed in order that the I controller 20 can be set to
its initial value when the lift starts. The output
signal of the P.controller 19 is adjusted with the
potentiomenter TM2Z. The I and P control components
are combined with the velocity reference v*, in the
15 summing unit 21, which from the sum of said terms forms
the frequency fr of the rotor current. Since it is
generally valid that the freguency of the stator
N\ voltage is obtained by combining the product of the
motor's rpm and the number of pole pairs with the
20 ftequency of the rotor current, the frequency fs of
the reference voltages is obtained in the summing unit
22 by combining the actual velocity value v with the
frequency fr of the rotor current.
The method of the invention for forming the

25 amplitude As of the inverter's reference voltages is

~ next explained by examining, to begin with, the constant



20 frequency of the rotor current, the frequency fs of the reference -
voltages is obtained in , the summ.ng unit 22 by conbining the actual s .
velocity value v with t he frequency fr of the rotor current. The nethod of—_

the invention for formng the 25 anplitude As of the inverter's raference«g“‘
vol tages i s next explained by examining, to begin with, the constant

--13- flux curve famly describing thggihort circuit notor, shown in Fig.

3a. The curve famly of Fig. 3a represents the anplltude As of the stator

vol tage of 41g."BAoGy kufis B QUBLILNAS feOLnbDE LIYELL 1 sl erence s

voltages 2% f Gnet ron o ator voltage of the

motor, i t%&‘g?tﬁ}{]??'% Wh%aref efr?é‘c&é’&étﬁﬁ a&fdﬂéer%%t rreg:»trcg seriifd e”t

frequenC|es 0 én ‘t he neEgnetic tat or onst ant .

the val ue zgfgo Qe‘npm%ua%t Qs JoQ GHd eé‘EaééP%'Si‘E%(gfar Eh%hga%' ggurve fro i S

obtained, its mninum being the mninumvalue o e anplitude of the

control VO'i?Q?SthIhSm?§@¥ﬁ§H'K§|6EL£§@aﬁﬁ¢e§Hé¥e§ QEfEh%nEHJVe famly are
conposed of linear parts constituted by the high positive and negative 15

referenge wabieggek! eaeencifRmetaith abf Nee | £ PeglieRAYt s @lfatdheg to | ow
positive and negative frequencies fs. The curve famly cal cul ator of the
i nventi on stator voltage of the motor, i.e. the inverter's
reférehce voltages, at different rotor currenﬁ
freguencies fr0O to fr4 when ?he maQnetic flux.of the
stator is constant. At the'value zero of the rotor.
10 current frequency fr the basic curve froO is obtained;
its minimum being the minimum value of the amplitudé
of the control voltages. The substantially U-shaped
curves of the curve family are composed éf linear
parts conStitufed_by the high positive and negative
15 reference voltage frequencies, and of non-linear
parts relating to low positive and negative |
fr;quencies fs. |
The cﬁfve family calculator of the invention
calculates the amplitude As of the inyerter feference
20 voltages using the linear aéproximation of the constant
curve family shown in Fig. 3b. In Fig. 3b, the curve
O is the approximation of the bésic curve frO of Fig.
3a. The minimum of the curve o is KO. This ampiitude
As applies .when the rotor current freguency fr.ié zero.
25 When the horizontal axis is interpreted so that negative

frequencies fs of the reference voltages cbrreépond



calgulatgs the anplitude As of the inverter reference 20 voltages using
the |inear approximtion of the constant curve famly shown in Fig. 3b. In
Fig . 3b, the curve Ois the approxination of the basic curve frO of Fig.
3a. “¥he minihum of the curve O is. KO This anpl i tude As applies when the
rotor current frequency fr is zero. 25 _jien the horizontal axis is
interpreted so that negative frequencies fs of the reference vol tages

correspond -44-the bbRee! ek editiont icin ftdOid | Obheh heR bRaekdebf or
the voltage to also be correct with negative frequencies fs the absol ute

val ue of the steméghiblihge mustalle® bakeiorddct avide weyeidei Sraddedcdes
correction conponent K1 5 proportional to the frequency fr of the rotor
current and thefsibtbhéuadbsvaute valuzkerf tihey ef traigh el aper nusrabe akes .i S
obtained for the curve famly in Fig. 3a, with the exception of |ow
reference voltale toetjnencuevef © ik0 added a Atormeetibrereonponehtage
frequencies fs, the bottom height of the curves is proportional to the
frequency fi5 ofPXéporbionaduteetheafgresvesthyfnt hef ntime nootonl gerkénaf t he
basic curve. The entire apgroxinate curve i is obtained by conbining the
curve 15 of fravdehleeesbfolyter ¥Rduands wHkamyethewefromhi gheabsol ute

value, with the curve of |ow frequencies fs of the reference voltages.
approximate value is obtained for the curve family in

Fig. 3a, with the exception of low reference voltagc
frequencies fs. | |
At low refefence voltage frequencies fs, the
bcttnm height cf the curves i; proporticnél to.the
f;equency fr of the rotor current augmented by the
minimum value KO of the basic curve. The entire
approximate curne i is.obtained by combining thc cuive
15 of frequencies fs of reference voltages with a high
absolute value, with the curve of low frequencieé fs
of the reference voltages.
Fig. 3c shows the curve family calculator
\_ accomplishing thc linear approximation of the coristant
20 flux curve family'as shown in Fig. 3b;- The inputs are
the frequency fs:of'the stator voltages of the.motor,
i.e. of the inverter reference voltages, and_the fctor
_currént frequency fr. A£ freqnencies fs cf reference
_voltages with é high absolute value, the_émplitude
25 As of the feferencé.voltages is obtaincd_by'combining

the frequency fs of the reference voltages with the



Fig. 3c shows the curve famly cal cul ator acconplishing the |inear . .
approxi mati on of the constant 20 flux curve famly as shown in Fig. 3b. The
i nputs are the frequency fs of the stator vol tages of the notor, i.e. of &
the inverter reference voltages, and the rotor current frequency fr. At
frequencies fs of reference voltages with a high absolute value, the -

anpl Ftude 25 As of the reference vol$ages i s obtained by conbining the
frequency fs of the-reference voltages with the. . -15- correction
conponent &brobtained comgrordret rkil osb tai nedt £ FoRqURBC Y oftor @ pdH«€h can be
regulated by a trimrer. TM3 in the summing unit 23. The anplitude of the
ref erence foegugasyt s @ndaiwieich scamrbe edegiuhatbhd bycase rdfmnasitive
reference voltage frequencies fs, to diode D7 and to the di-ode threshold
error corr&¥3i Af &hecsumming fyrokt thd. ouThet anplikizde bife thmpl i tude As is
obt ai ned. " Thereafter, the anplitude As is carried to the three-phase

osci | | at orrafefpBre VR LagRs trusicbtairednie ¢arrigds danthe formed. The
di ode threshold error cqorrecting circuit 27 conprises an anplifier 28, a

di ode | %ﬂﬂea°fe§P§ﬂGﬂVﬁ2f%&eﬁﬁ&ﬁﬁiV%lFégérﬁﬁ@@uﬁepﬁégefﬁnequencies fs,
L he 5P LEEat 208, bRk S a0 il o PR RS ke, SiBrer g (e
di ode D8 tgi}QSiQiQQ? %QE%§Qﬂéjéﬂééﬁt of which the ampiitude'As
is obtained. Thereafter, the ampiifﬁde As'is éarried
' to the three-phase oscillator 4, where the invérter
10 reference voltéges can be formed. The.diode threshold
error correcﬁingléifcuit 27 comprises'an amplifier 28,
a diode D11 éhd a resistof R2; At neéative refefence
voltage frequencies fs, the.amplitudé is.fifst carried
to the absoluté'vaiue amplifier 24, in Which.the
15 negafive.amélifude becémes positive, ahd thereafter
through the didde D8Hto the diode threéhdld error
correcting circuit 27. |
At low référence voltége'frequencies'fs; the
amplitudé As of the féférence voltagés is formed.by
20 carrying tﬁe correctibn cohponent KZ,.fofmed.from the
rofor cufrent.fféquency fr, first to a.sumﬁing unit 25
in order to Combiné the correction Cbmponeht K2 with
the'minimum value Kd of thé basic cﬁrve.  Af pbsitive
values of the rotor currént fféquenéies'fr; éﬁ amblitude
25 .is obtained frém the émplifier.which is compdsed of

the sum of the correction component K2 and the minimum



correcting circuit 27. At low reference voltage frequencies.fs, the
anpfitudé As of the reference voltages is forned by 20 carrying the
cqrrection conponent K2, forned fromthe rotor current frequency fr, first
to a™§unming unit 25 in order to conbine the correction conmponent K2 with
the mi ni mum val ue KO of the basic curve.. At positive values of the rotor
current frequencies fr, an anplitude 2515LS obtained fromthe anplifier

whi ch. i s conposed of the sum of the correction conponent K2 and the m ni num

-16- val ue KOyaasushoan a8 &h8wn3Bn Ffi@ anpl.i t 4t AsgiSi Gald i ggl {&rough the
diode D9 to the diode threshold error correcting circuit 27. At negative

val ues of thedaiirdred W Edigh I eqEeagepdkr pot e qhanidiloaeobimtdwitobafrom.t he
summing unit 25 is once again conbined with the m ni mumval ue KO of the
basi c curve, iernddre camredtingi ti26uithe 7anplaitt meeatiivad nesll deonof hi s bei ng
carried to the correcting circuit 27 through the diode D10 for formng the
anplitude As. the murorctuonesvnpoagnent K2 ,probeucearftriory tdleta ted

current frequency fr can be adjusted by nmeans of a trinmer TM4. The m ni num
KO of the basiframrtiee csumbingdjpnstedShysa oncemagaifivEonkiined whtiwsthe
nmodern design for inplenenting the three-phase oscillator. Input quantities
are the 15 freq{mrmynf\sabwetﬁ@ pEf éhénb@s\ml CAFYE ,arih t4he summing unit

26, the amplitude obtained from this being carried to
the correcting circuit 27 through the diode D10 for
forming the amplitude As. The correction component
10 K2 produced from the rotor current frequency fr can be
adjusted by means of a trimmer TM4. .The minimum KO of
the basic curve can be édjusted by a trimmer TM5.
Fig. 4 shows a modern design for implementing
the three-phase oscillator. 1Input quantities are the
15 frequency fs of the reference voltages and the
- amplitude As. In an absolute value unit 29, the
absélute value of the frequency fs of the reference
voltages is formed, which theréafter is suppliéd to
a voltage-controlled oscillator 30. The output of this
20 oscillator is a square wave of which the frequency
corresponds to the frequency fs of the reference
voltages. The parallel-mode output of the up-and-down
counter 33, of which the counting direction is
determined by the comparatér 34, aﬂd which uses for
25 imput the square wave from the oscillator 30, is used

as an address for three memories 315 to 3lc. The



anplitude As'. Ln an absolute value unit 29, the absolute value of the = °
frequency fs of the reference voltages is.fornmed, which thereafter is* *
supplied to a voltage-controlled oscillator 30. The output of this 20 = -~
oscillator is a square wave of which the frequency corresponds to-the e *
frequency fs of the reference voltages. The parallel-node output of the

up- and-down counter 33, of which the gopinting direction is determ ned by

t he conparator 34, and which uses for 25 input the square wave fromthe

oscillator 3@empSrdted 331 We AN LSEhd Widhree. m@ffeéuéﬂaé?t ¢s3k¢ The
-17- conparator 34 detects the sign of.. the frequency fs of the reference

vol t ages andthéerebgreheedivicaaidagus aind otlné f €y othéh@ifetehi onhiogh is bei ng
controlled. In the menory circuits 3la to 31c is stored the curve shape 5
of each ref erenativol béigehs tmotkd)-weiglkeeiphHosengi £botentded.andnhamhaby i s
obtained a symmetric, digitally encoded three-phase systemat the outputs
of the nenorhemogyactiaclids PHa digiikd iwrsitoned ther cudveoshlapee

i dentical digital/analog converters 10 32a to 32c with the purpose of
produci nP r e@peedfrherafgreneialinge Wi thgb20rdegrep* phagevc*, Control of
the anplitude of the voltages Va*, Vb* and Vc* is expediently acconplished
at this stagdifhrsagrethe angt danrky i Fpurktainedeadpyrratrafal og converters

digitally encoded three-phase syStem at the outputs
-of the memories 3la to 31lc. The digital words are
carried to three identical digital/analog coﬁverters'

10 32a to 32c with the purpose of producing respective
analog.reference voltages Qa*, Vb* ana Ve*, Control
of the amplitude of the voltages Va*, Vb* and Vc* is
expediently accomplished at this stage thrqugh the
reférence inputs of the digital/analog convertérs

15 32a to 32¢ with the aid.of the amplitude instruction
As ¢oming3ffom the curve family calculator 3. The end
resulté-arezthus three amplitude and phase-controlled
analog reference'voltage$ Va*, Vb* and Vc*, which
constitute a symmetrical three-phase system.

20 _ Figs.:Sa and Sb illustrate the operafion-and
structure of the sophisticated voltage regﬁlator_
opé:ating according to the principie of supefposition.
The regulator of Fig. 5a is applicable in controlling
the control voltage of one phase going £o the_pul$e

25 width modulator in the inverter control apparatus of

the invention. 1In the following, the operation of the



15 32a to 32c with the aid of the anplitude instruction As conming fromthe
curve famly calculator 3. The end results are thus three anplitude and
phasgjcontrolled anal og reference voltages Va*, Vb* and Vc*, which
constPtute a Symmetrical three-phase system 20 Figs. 5a and 5b

Il lustrate the operation and structure of the sophisticated voltage

regul ator operating according to the pripggple of superposition. The
regulator of Fig. S5a is applicable in controlling the control voltage of

one phase goi ng i e REHE 2000 8f ht ARduh3kAk ibR tlae dxXMBIHRT O rOhe
apparatus of the invention. In the follow ng, the operation of the - 18-
vol tage regul at @idofoft IRIgVETH | Md i SbeXxani 6Rd phhBet B aiThefidpwss &a and |
5b, in the phase A The inputs of the voltage regulator are the voltage Va,
measured at thetheverdldragritpedqulmtbrt Aeemehsuriodg agleeMant mmsureadtat ned
as feedback, and the reference voltage Va*. The voltage regul ator conprises
an actual val ue the tiageeftam ogtpet cui th3fhandeasoriag teldhdror riag t he
control voltage Va' for the -pulse width nodulator. In the actual val ue
vol t age fornPngobitadnied 355 ferdbadki ngndothenrefer engeny altagsy ekt i c
zero level voltage VO of Fig. 5b, The synthetic zero | evel voltage VO

whi ch has a freJ@eéndPltazn 199eL2tAE BABPELFREq@BNEF YAl srlnetobyage

conbi ning the pasitive voltage pU and the, i - i
forming circuit 35 and a circuit 36 forming the control

voltage Va' for the pulse width modulator. In the
-actual value voltage fofﬁiﬁguéircuit 35, the summing
10 ‘unit 37 forms the synthetic zero level voltage VO of
Fig. 5b. The synthetic zero level volfage VO, which
has a frequency.three times the basic fréquency, is
. obtained by combining the positive voltage.pUl and the
negative voltage nUl of the pulsating d.c. Qoltage
15 across the capacitor Cl, which has been obtained by
full-wave rectification with the rectifier 16, to
become the a.c. voltage Vo. 1In the Summihg unit 38,
the synthetic zeronlevel a.c; voltage Volis combined
with the acfual value voltage Va measured at the
20 inverter cutput; |
In the pulse width modulator céntrol'forming
circuit 36, ﬁhe_differenfial unit 39 forms the
difference between the actual value vbltage and the
reference voltage Va*, this difference being controlled
25 with the integrating amplifier 40. The gain of the

‘amplifier 40 can be changed with the aid of a trimmer TM6.



negative voltage nU of the pulsating d.c. voltage 15 across the capagitor,
Cl, which has been obtalned by full-wave rectification with the rectlfler
16, to becone the a.c.” voltage Vo. In the sunming unit 38, the synthethhf
zero level a.c. voltage VOis conbined wi th the actual value volfage Va
measured at the 20 inverter output. In the-pulse w dth nodul ator control
forning_circuit 36, the differential™ 187t 39 fornms the difference between

the act ual Lt d the sef |tage Va* diff
boi ng. cont r oFF cEhS5= S AFERS, B b Sﬁ%”%ﬁ%ﬁ??%ﬂ%btagfhi daiihr ¢ he

lif d - h
Slr.lrme: nlgelrml4t ﬁ%n ?ﬁ’ég?g gﬁeﬁ\ggk’\r}ot%k:tg?%&é%nfd}@ﬁe correcffl 5 (‘:%gpolngnt -?
formed fromye, dihf ﬁé% %ft%‘?:te‘éfceé' Jdee 45l %EQ%HO#E c¥@a12qd hfie actual

a
val ue voltage are co to constitute the contro ta e 5 a of the

pul se wi dth @gygggogr@acomm%éb TiT &M 8] e WPkt RS eeﬁmbae%oqt%gsﬂol Dage

circuit with one I'ts two i nputs negative. ‘The operation of th
regul at ors 5@aan9f5ehbnphf1%eou1@trph@é&@1a&so§I@al arche bher@Rnatifn of the
voltage regulator 5a in phase A i s necessary in this context

to take intoygpasBydecampen e aefsf@ﬁhrﬂj @i@é@ge Wi R oﬁaabfl Stgrhen from a
transi stor carrying current the base current is
two 1npu;f_negat1ve, The operation of the voltage
;:egulators:Sb and 5c in the other phases is similar
to the operation of the voltage regulator 5a in phase A.
10 - It is necessa#y in this context to take into
| conside;atigp_the effect of_storage timé. Thag is, when
from a_transistqr carr§ing current the base current is
rémo?ed, the transistor will conduct for about another
twenty microsecohds. During that time the transistor
15 operating as its'pai: must not be opened as a.short—
circuit would otherwise ensuéf The.transistor stops
conducting.only after the base qharge has dissipated.
The transistor driver in the power stage, depicted in
Fig..G, consists of a delay circuit 42 énd the driver \%/ :
20 circuit proper 43. The asymmetric delay in tbe |
‘transistor control is achieved with the aid of a
hysterésis_gate 44, to make sure that the other
transistor fZ of the transiétor terminal will not
start to conduét before the transistor Tl has ceased
25 conducfing._ The switching Aelay is determined_by the

product of resistor R3 and capacitor C2. The diode D12



réqpved,‘the transistor will conduct for about another twenty m croseconds.
During that tine the transistor 15 operating-as its pair nust not be opened
ag & short- circuit would otherwi se ensue. The transistor stops conducting
onl y=afiter the base charge has dissipated. The transistor driver in the
power stage, depicted in Fig. 6, consists,of a-delay circuit 42 and the
driver 20 circuit proper 43. The asynnETf?E delay in the transistor control

s achieved With the gl of i WS egh 5 OBiErdd. ke FBKRSWRhal the

ot her transistof>T the transistor termna nof "start to conduct

before the tra”ﬁ&%h%% TbégﬁyceaﬁggagﬁﬁggngygggmgA_IgeogwibQMﬂyg(gyfu@fs

determ ned by the product Tesi st and capacitor C2. The di ode D12

-20- is requirednpltoldendiAtasifEh-pif Hpgheiocewr cgit hout delay. The
input signal A is one of the driver input signal$ Al, A2, B, B2, d, or

C2. The driver circuitred3 diasvd e £+ Oaf t NY3 PRYUET thosEpplhitahg Pravaregative
supply is needed to provide a powerful negative base current to speed up

the switching- glhbplficdie trnsisd#esvénstpplponsr needgd td girdvisle a
inverter. These two floating voltages are produced -using rectifying diodes
D13 to D20 and pioWieatfiulg nkdattiapach 49e sc@Brantd €4. spEled mpidthes uppl yehoinghe

driver circuit 43 is a high-frequency chopper current Source
off of the transistors in the power stage 17 of the
inverter. These two floating voltages afe produced
using rectifying diodes D13 to_D20 and filtering
capacitors C3 and CA. The power supply of the driver
circuit 43 is a high-frequency chopper current source
45, the secondary of its transformer TR1 having a
sufficient number of windings to cater for all flioating
‘current sources required. Energy is supplied frﬁm the
15 'transformer TR1. An optoisolator 46 gupplies the end
transi§tors T8 and T9 of the Griver by means of
resistor R4. These transistors constitute a dual-emitter
follower circuit.
N The diode D21 is a so—called_Baker aiode. It
20 prevents the power.transistor proper from becoming
- saturated. This reduces and stabilizes the stofage
time. Furthermore, the switch-off power of the
transistor will be less owing to said diode. The
resistor R4 is needed for the Baker diode D21 to operate
25 properly. The point O/E is the ground of the

oscillator electfonics. The diode D22 is the



45, the secondary of its transformer TR having a sufficient nunber of.
wi ndings to cater for all floating current sources required. Energy is
supplied fromthe 15 transfornmer TR . An optoi-sol ator 46 supplies the enq:; .
transistors T8 and T9 of the driver by neans of resistor R4. These il
transistors constitute a dual-emtter follower circuit. The diode D21 is . a
so-cal | ed Baker diode. It 20 prevents2ihe power transistor proper from
becom ng saturated. This, reduces and stabilizes the storage tine.

Fur t her nor e, PERESSHLUVEN-LFIdHMRF BRet RREPESRLREOST ARl | | B8P ng to
sai d diode. The resistor R4 js needed-for the Baker diqde D21 to operate 25
properly. Th§1§BFﬁF EFEHQ§t#ﬁﬁ%ﬁBuﬁﬂeoFﬁPﬁe°B§EFPFgPoFQ£eﬁﬂ%?ﬁﬁ% : The .
di ode D22 is 1- praqtect i ode for Qpt Qi sol at 46. The

: Bl 54 gnad .Q; évﬁ gr ) thg . .
out put si gnaF2€of 1BRE R iSrer® F8 tRuZEbBEAPNERS FEANSHE BTce L the signal s
C, B d E drivi hq. 1 j Tl Lt )] o}VAR t il]ed
Che art that 5 di A% & RGLSETEd o perkBnREildRal G BB AMALTE 11

confined 40 &92£a004G SHBY fndtils "BY YALY 1AVERLESHNGACRR O Lhe clains

stated bel ow ition to a transistor invertér inplenmented with

transistor s,eiesu@awll@t Worfidd® tHVERE @BoTRY eRafi®1E0 it Unff 8@ GTO

thyristor inverter inpl'enmented using _
within the scope of the claims stated below. 1In

addition to a transistor inverter implemented with
transistors, the apparatus of the invention méy also
10 be used in a GTO thyristor inverter implemented using

GTO thyristors.



L}

GIO thyristors. ................. e
-22- GLAINS 1. An apparatus for controlling a three-phase inverter
supblying the a.c. notor . of a lift, the power stage of the inverter

i ncor poratj ng seni conduct or 5 smntches sai d apparatus conprising an
electronic control unit for producing a velocity-reference value, a
tachoneter generator for producing an actyal velocity value, voltage
nmeasuring el enents faqr measuring phase vb??ageS'at the inverter output,
pul se wi dt h nmodul ators 10 and control |l egs, L controlling the sem conduct or
switches in the inverter's power stage égﬁig—control signal s obtained from

t he pul se wi dth nodul OrS’Aéi%§§§p3£§gu g}fé Lg;oigrn1ng E@e guency of -

the rotor current and the fre erence*ld put VolTCa es from

said actual velq IJ@é\gyLghé%?%%ﬁgnlﬁgltuge|8§kbﬁe5?f rg@ge vahlde, g%éyrve

famly calculator for form e anp referencé voltadges from

the rotor curregfdee@endye %@véf@gftEﬁcBESQHS@E}SgOEeRE%oh%Wt%}Ce
vol t ages, a-three-phase oscillator for 20 form ng the reference voltages

fromthe freguerey winbaANd{didgpRirbbast ebRpeneenyohhagasctaishivol t age
regul ators for producing control voltages for the pul se wi dt h nodul at ors
fromthe referegontt®l agest afelr fpPSBucing a velocity reference value,
a tachometer'generator for producing an actual velocity
§alue, voltage measuring elements for measuring phase
—/ _ voltages at the inverter output, pulse width modulators
10 and eontrollefs for'contrOIIing the semiconductor
switches in the inverter's power stage using control
signals obtained from the pulse width modulators, a
speed regulator for forming the fregquency of the rotor
current and the fregquency of the reference input voltages
15 from said eetual velocity value and from said velocity
refereﬁce value, a curve family calculator for forming
the amplifude of the reference voltages from the rotor
U -current frequency and from the frequency of the
fefefence voltages, a three-phase oscillator for
20 forﬁing fhe reference voltages from the frequency and
amplitude.of the reference voltages, and voltage
reguiators for produting control voltages for the pulse
width modulators from the reference voltages and from
the actual value voltages obtained from the inverter
- 25 output.

2. Apparatus as claimed in claim 1, wherein the

T




4

_ the actual wval,ue voltages. obtained fromthe inverter 25 output. 2. .
Appar atus-'ds clained Tn'claimi, .wherein the = =23 "Speed regulator is a™"
differential unit for fornming the difference between the actual velocity{»

val ue and the velocity reference value, a P controller and an 1 controll e
for controlling the difference between the 5 actual velocity value and the
velocity reference value, a summ ng #RA8+ for conbining the output signals

of the P controller and the | controller with the velocity' reference

val ue in ordepeed pegtlatamhed s i@ (iiffierentiprdegndicForafPrmingming unit

for producing the 10 frequency of the ref-erence voltages fromthe rotor
current freqBéfEPrands ReQiagml the| sctrglyipdecity V%iﬂﬁu%ﬁ@ni%& cl ai med

inclaiml or 2, wherein the curve fam|y_cal cul atQr conprises, for -

produci ng t hBeARFAHUIETFT]ME reibiencd 50F95§§§Lﬁﬁﬂ1qqﬂa%ﬂc#15 of a
constant flux c rv?lfaﬁéégrggresegﬁlng %Fe t%r, except at | ow
frequenci es GPRERELHRFe LIRFEP ehtRIy Fa§3§,e£%&5%#ﬁﬁf%ﬁﬁﬁ ¥R
conbi ni ng. a gQrre tiog coqpoq;q{ %rgﬁgrgbonalltoi%he r%&Pr curreqt
frequenc;%yvi_?ﬁ ] P’re-(ﬁfé]hp%/ 01" the® Y21 &PENLE TSI tgg§§ nﬁf Wsofut e
Va'“e.a”p"faeéukgﬁd@“%ﬂgy'¥b#*@bﬁ@§8£H§etKQ'B%t%&é”?iﬁﬁg¥4t&9ﬁ%ﬁé
negati ve frequenci és “of e reference voFtages, a a control nenber for
adjusting  p controller and the I controller with the velocity’
reference value in order to produce the rotor current
frequency, and-a summing unit for producing the
10 frequency of the reference voltages from the rotor
current frequency and the actual vélocity value.
3. Apparatus as claimed in claim 1 or 2, wherein
the curve family calculator comprises, for producing
" the amplitude of the reference voltages with the aid
15 of a constant flux curve family representing the motor,
except at low frequencies of the inverter'é feferenée
véltages,'a summing unit fof combining a correction
component proportional to the rotor current frequency
with the frequency of the reference voltages, an /
20 absolute value amplifier for producing the absolute
value of the amplitude at negative frequencies of the
reference voltages, and a control member for adjusting
- the correction component dependent on the rotor current
- frequency for épproximately the non-;inear portion at
25 said low frequencies by a horizontal linear section, a
summing unit for producing the horizontal part

_—
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P .
t he.corrgction.conponent dependent. on the rotor current frequency for
approxi matel’y the non-|inedr ‘portion-at 25 said fow frequéncies by a *-.
horizontal |inear section, a summ ng unit for producing the horizontal part
- 24-~approxi mati ng the mni mum of the curve at positive. frequencies of the
reference* voltages, a summng unit for adding the m ninumval ue of the
basic curve to the anplitude val ue obtained fromthe sunmng unit at 5
negative frequencies of the reference vot#4ges, a control menber for
adjusting the correction conponent dependent on the rotor current
frequency, and QPQSHFﬁ&aFﬁﬂﬂmﬁh?ch%ibﬁ@t?ﬁgtPﬁeCHFHFnﬁﬁlRﬁﬁh§%ﬁethe
basi ¢ curve, ang for produciqg t.he anflitUde I n gifferent parts of the 10
curve, and a di DIEWRPEIHFS Plerttt TOITFERRFRgVErFAERS, £ SUTAIRG HAK: as
claimed in any gf the .precedi ng clains, er e e three-phase qsciJl.lator
conprises an ab§8futa§d\}§’l%gtq1?n%llqlo'?u%r‘6%483?nagt %Eeab?&lﬁt Ve °ofuﬁ1e
frequency of thg,CEhalAICE 10ld ag6sas e OHL BRGNS AREOMRSE Qi 1] at or
for producing a square wave proporiional To the .requenc? 3P_ e reference

I : ' ' | h : fq f
voltages dFg??;¥fghgﬁWé“%J{%?éﬁé!é%%of ?h&“E&?e?QﬂE% Qo%%% d Sl P & o1

vol t age, og converters for converting the reference voltages In
di gi tal for”‘tqngbeén%d¥Jé%HJ§¥Eﬁb @ﬁeUEé?P&@tEPgPE%hp%%%nﬁr%@ﬂ%ﬂ&bﬁ@e

address of the nmenory circuits, and a conparator
on the rotor current frequency, and a control member
for adjusting the minimum vaiue of-the basic curve, and
(N for producing the amplitude in different parts of the
10 curve, and a diode ﬁhreshold error ;orrecting circuit.
4. Apparatus as claimed in any of the preceding
claims, wherein the three-phase oscillator comprises an
absolute value unit for producing the absolute value of
the freguency of the reference voltages, a voltage-

15 controlled oscillator for producing a square wave
pr?portionélito the frequency of the reference voltages,
me@ory circuits for storing the curve shape of each
reference voitage, digital/anaiog converters for
converting the reference voltages in digital form to

20 analog voltages, an up/down counter for producing the
address of the memory circuits, and a comparator for
detecting the sign of ﬁhe frequency 6f the reference
voltages, and thereby the direction of rotation of the
motor. |

25 : 5.."Apparatus as claimed in any of the preceding

claims, wherein each voltage regulator comprises an
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detecting the sign.of the frequency of the reference voltages, and thereby.

the direction of rotation of the notor. 25 "~ 5... Apparatus as clalned

i n any-of. the preceding clainms, wherein each vol tage regul ator conprlses’éﬁ
-25- actual value voltage forn1ng circuit for formng the actual val ue
vol tage fromthe vol tage nmeasured at the inverter output, and a control

voltage formng circuit for formng t?g control voltage for the pulse wdth -
g

5 nodul ator fromthe actual val ue voltage and the reference voltage. 6.

Apparat us as clalqg ##§ 96?%? m@grﬁh #ﬂqiggﬁf@u JAl per ¥?A%aggeforn1ng

circuit corrpﬁ RANS ng un| 05| I've Vo and the 10

negative vol iagn g fafl SpbiBdg d (fro\ﬁmtth%g%&m%m@%é)é/u;é‘él s$aKRe

rectification asé voltage, and a su ng unrt adalng t he
vol t age neaSWH$¥f¥eﬁrﬁhtﬁﬂ€rt§ﬁdoﬁtﬁ%hﬂ¥6ﬂbef% \¥%fﬁ9§ tEE§c9QEa'”ed
7. Apparatus as clainmed in claim5, wherein 15t control voltage :

formng circyidr GUHHiNgStRedebherent vl tiuyd mmam@gpﬁngeaﬁiaeh val ue
voltage with the reference voltage, an anplifier i-ntegrating said

differencs, avdl St6¥ fiforNthel el falhe B ffjerdndl tRyapeifey ehlties
obt ai ned can be superinposed 20 on the reference val ue to becone a control
vol t age voltage,- _ _

6. Apparatus as claimed in claim 5, wherein

the actual value voltage fofming circuit comprises a .

summing unit combining the ppsitive voltage and the J

10 negative voltage of a pulsating d;c. voltage obtained
by full-wave rectificetien of.a thfee-phase voltage,
and a summing unit adding the volfage measured at' the
inverter output to the a.c. voltage thus obtained.

7. Apparatus as claimed in claim 5, wherein

15 the control voltage forming circuit comprises a
differential unit comparing the actual value voltage
wfth-the feference voltage, an amplifier integrating
said differénce, and a summing unit from which the
differential gquantity thus obtained can be superimposed

20 on the reference value to become a centrol_voltage
taking into account the momentary state of the a.c.
motor, -

8. . Apparatus as claimed in any of the preceding
claims, wherein each driver comprises a delay circuit

25 1implemented, and a semiconductor switch driver circuit

- provided with an optoisolator. o
. . . —/

AT L



]

taklng i mt o account the nonentary state of the a.c. notor.: 8. Appar at us
as *el-aimed in any of the preceding clains, wherein each drlver conpri ses a
defa?%ﬁerU|t 25 inpl enmented, and a seni conduct or switch driver C|rCU|t_;fﬂ
provi ded with an optoisol ator .. -26- 9. Apparatus as clained in any of

t he precedlng clainms, wherein the inverter is a transistor inverter in-

whi ch the controlled sen1conductor:mm1%%es I n the power. stage are '
transistors. 5 Apparatus as claingd in claim], - 6,

7 or- 8, wherein the ?nverﬁ@?§§§9¥ﬁGﬁ§t9ﬁﬁH%ﬁ iR RRY 1 % FﬂemﬁFEHEFHQQ

control |l ed sem onductogssmntc s i.n the power stage are GIO, th%rlstors.

11.  An appar&t3L™For YBEREAG 1% TR Y ERE pifas® WPSRF P Er1RUBEFSAtial Iy

2 e ol bl o USRELhDHe LR LT ot L UL PoL | LYBLLRLS T RN ekl

.............. pOWer Stage are t'ra.nSiSt'OI'S. f e e e e s e e e e

5 10. Aﬁparétus as claimed in claim 1, 2, 3, 4,
5, 6, 7 or 8, wherein the inverter is a GTO thyristor
inverter in which the controlled semiconductor switches

in the power stage are GTO thyristors.

L 11. An apparatus for controlling a three-phase
10 inverter substantially as hereinbefore described with
reference to and as illustrated in the accompanying
drawings.
o/
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