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-1 - 2188174 METHOD AND APPARATUS FOR FORM NG A REFERENCE VCLTAGE

AVPLI TUDE FOR A THREE- PHASE | NVERTER SUPPLYI NG A SQUI RREL CAGE MOTOR 5

The present invention concerns a nmethod and apparatus for establishing the
anplitude of a reference voltage for a three-phase inverter supplyi'ng a
squirrel cage notor. The frequency-controlled a.c. notor is the nost 10
advanced design for controlled speed driwvelss used for exanple, in lifts.
Wth frequency control the efficiency is constantly high at an Br
speed, and the mains power factor is nearly |I. Frequency contrz |L$0174
applicable in gearless lifts and in lifts with gear 15 transm ssion, and at
any speed. Mbreover, it i QMEEQQPNA:NQ A BRARATS 1 HRR NFPRUING; npl e and
reasonabl.y priced squirrel cage nmotor, In |ift applications, an inverter

i npl emented with trAnSESER ¢ Sr=2ea e <SR TL = JiDE SEOR 2 iREENRHASENt 1 0l

because transistors 20 gegﬁi %o be

achi eved anong present

thyristors ey al so bg?ggnbgggggkeq Jg# (gE”{on??Fnsu§emé§ §8nswgat nor e

cunber sone than t hat ranS| ors e conponents efuired for’

the 25 switching,guarde GLr edit 8 5MaKAN JHiSHg D &'SEHL 1Y £ 8aSTRE BY LotV etice

voltage for a three-phase inverter supplying a squirrel

cage motor.

N\ ' o The frequency-controlled a.c. motor is the most

10 advanced design for controlled speed.drives, used for
exémple, in lifés. With frequency control the
efficiency is cbnsfantly hiéﬁ at any motor speed,'and
the mains power'factor is nearly-l.. Frequency control
is applicable.in gearless 1lifts and in lifts with gear

15 transmission, and at ény speed. Moreover, it is
possible to use for the motor a simple and reasonably
priced squirrel cage motof.‘ In lift applications, an
inverter implémented with transistors is best suited
fbr use .in frequency control bedau;e transistors (

20 enable the.highest switching frequency to be achieved

among presently existing power eleétronics components.
GTO thyristors may also be contempiated, but their
use is samewhat more cumbersome than that of
transistors due to the componénts required for the

25 switching guard circuits which must be used with GTO

- thyristors.



-2- Experience has reveal ed that a good strategy for controlling a squirrel
cage_notor is to keep the magnetic flux constant. As a rule, inertiais
assﬁr;ated wi th magnetic flux. If the magnetic flux 5 changes, a tine
const-ant ks i.ntroduced. into the.system Stabilization of the magnetic fl ux
may be obtai ned by keeping the magnetic flux in.either the stator, the
-rotor or the air gap constant. The nnstzadvantageous procedure is that in
which the’ magnetic flux of the 10 stator is kept constant because the risk

of saturation of thé CQQE@BQEh&eIHa%hQéW@é¥é65ﬂﬁaﬂﬁﬁl Sdretitdcdgythgp at
its mnimum |t is present practice, in formng the reference voltage for

an inverter, to ¢seteoLleny heeddaekeiln chige Wutdt tihe wairkesy dhawn from
the inverter output is neasured. The drawback of current feedback is slow

responsé. This shayneespofiaxi soastand .by Adha frarde  hatertiguigent feedback
the inductances of the notor give rise to tinme constants. The control | oop
is as 20 a rul eastoekatediewgrtbamagnieltd onufiiher. ofIf ithe congtatic fhukt.
Mor eover, current neasuring-.elenents are expensive because they nust al so
be able to néaswhkangegct actimencondirandbjisctintfradur e ciete tlm?eanSt;ﬁmi-s
to 25 elimnate the drawbacks nenti oned.
Stabilization of the magnetlc flux may be obtalned by
keeping the magnetic flux in either the stator, the
- rotor of the air gap'constant.' The mﬁst advantageous
W, . . bfoéedure is that in which the magnetic flux of the
o 10 stator .is kept constant because the risk of saturation
of the components in the motor's magnetic circuit is
then at ifs minimuﬁ.'
It is présent practice, in forhing the reference
voitage for an invefter, to use current feedback in
iS which the current drawn from the inverter output is
measured. The drawback of current feedback is slow
respohse. This slbﬁ response is causéd by the fact
that in current feédback the inductances of the motor
give rise to time Eonstants. The control loop is as
26 a rule slowér the'gfeater the number of time constants
| in it. 'Moreover, current measuring elements are
expensive becéusélfhey must also be able to measure
diréct currént. | | |
. The obﬁect of the present invention is to

25 eliminate the drawbacks mehtianed.

In accordance with a first aspect of the present



In accordance with a-first aspect of the present -3- invention, there is
provided a nmethod for thé formation of the anplitude of a reference voltage
for a three- phase inverter that supplies a squirrel cage notor, wherein

said anplitude is f or nmed by finding, in a5 predetermn ned constant f1ux *v@t?

curve famly representing the squirrel cage notor in question and in which *
famly of constant fl ux curves the nDtor3s rotor current - frequency appears
as a paraneter,, a curve the anplitude of the notor's stator -
vol tage, 10 WﬁQﬂ?Qﬁﬁ?%spBﬁﬁEetostHE°VFQ&Geﬁc¢e5PQQu§Qﬁnﬁﬂesf?ﬁ@&%ﬁ°n

vol tage, is obt erter reference . volta so that the
magnetic flux i Bﬁeé s?r&?e]ot’g\?\ﬁﬁ o%e 3. SREpASACAWST Hags %‘trnoah Yireene
invention is a e rent uri.ng el enents_are. :
needed to form eé?je ﬂek?%%g%rvéﬁg &Bpnlian %dvg ggfreeolug:agfbd‘b‘?'ﬁ%ﬂt of the

net hod of the|ﬁ§§?g%§wgat5e?ﬂgpﬁtgagl?IIﬁogh%gagﬁdf%ﬁgg t fAQ%Ocurves

are approxi mate ormng egs o tlng bot h

o d ialielsia o agy ugeaindy Jatslaeno o
approx'”ated\Mﬁﬂef%&ﬁirﬁéﬂtéhgélmétor in questlon and in which
family of constant flux curves the motor's rotor
current frequency appears as a parameter a corve from
~-which the amplitude of the motor 5 stator voltage
10 which corresponds_to the frequency of the_motor s stator
voltage, is obtained; i.e. the inverter reference.
voltage, so that the magnetic_fiux in tne Stator will
‘be constant. . - |
When the method of the invention.is applied, no
15 _expensive current measuringtelements are needed to
form the reference voltage._ -
In an advantageous embodiment of the.method of
_ the invention; the substantially U-shaped conetant
flux curves are approximated by forming the legs of -/
20 the curve .relatlng to both dlrectlons of rotatlon of
the motor, llnearly except for low stator voltage
frequencies, where the non-linear range at said low
frequencies is approximated with a horizontal line
portion. The height of said line portion.is found by
25 combtning the minimum of the base curve and a factor

proportional to the frequency of the rotor current.



portion. The height of said line portion is found by 25 conbining the

m ni rum of theé base curve and a factor proportional to the frequency of the
rotor current. . -4- The invention also provides an apparatus for
per¥frmng the method wherein, for the formation of the anplitude of the
I.nverter reference voltage, with the exception of |ow stator voltage
frequencies,, the 5 apparatus conprises a sunming unit in which the stator
vol tage frequency is CBiiirRERFION aatderprevidesorporpparpiteSorftaronal to
the rotor current frequency; an absolute value anmplifier in which the

absol ut e val ue PETHRFTRA ithRnerhedeveaseins AegathecformatdQRefdies is
formed; an adjustnent neans. by Ich the correction conponent proportional "
to the rotor cum taWéE;$U§H%y°%gﬁbﬁélﬁﬁfﬁ§ﬁﬁdfegﬁH?nFSrVPHéaé%prdQﬂﬁhtiQn
Ok e, pom L1 hegh, PN, £y Sk 490 LE0HoNE) B3t (LR AU g 11
Lo L B SR SRS TLURhaNELERLE SRCRRERE' e BORRFS,
) s or Qg VR P ' b ase,Buhs EecUipeEac of o
correction conpRGonent proportional to the rotor current frequency;
- ag absolute value amplifier in which the absolute
value of the amplitude in the case of negative
\/: + 10 frequencies is formed; an adjustment means by which
‘the correction cémpohenf proportional to the rotﬁr
current frequency can be adjusted: and, for thé
approximation of the non-linear portion at said low
" frequencies, a first summing-unit in which the
15: horizontal portion'appfoximating the minimum of the
‘curve is formed, in the case of low positive stator
véltage frequencies; a seéond sﬁmming unit, wherein
the amplitude value obtained from the first summing
‘unit is added to the minimum value of the base curve
~20- in the case of low negative stator voltage frequencies;
an adjustment meéns by which the correction component
propértional to the rotor current freguency can be
'adjusted; a further adjustment means by which the
minimum value of the base curve can be adjuéted; and
- 25 é'plufality of diodes and a diode threshold error

correction circuit for the formation of the amplitude



proportional to the rotor current frequency can be adjusted; a further
adj ust nent neans by which the m ni num val ue of-the base curve can be
adj usted; and 25 a plurality of diodes and a diode threshold error e
correction circuit for the formati on of the anplitude in various parts e =
of the curve. The invention is described further hereinafter, by way of
exanple only, with reference to the acconpanyi ng draw ngs in which: 5
Fig. 1 shows the constant flux curve fan?tTy representi-ng-a squirrel cage
motor; Fig. 2 illustrates the Iinggrgﬁgproxination of the constant flux
r

curve famly repPed8RtONS B/RF WyF GYEYfiotor; and'10 -« Fig. 3 -
h fam | | cuyl_at f ' ti h to, ti . Th
Tothod of the | nventi A6 A IEARY 1RCR ST b FUE L BRE; Retaipathar by .
f | t [ i i | ] h t fl ux «
15 fami 'y, | repr A5u,PEnSRaMILH MYy GLeROPELEFERES b0 RIS nra 1LY

famly of Fig. d.L6RHESEALS wHiGk™P!itude As of the notor's stator voltage,
i.e. the inverter's réference voltage, as a function of frequency fs, for

various rotog current piequenti®ies 2he féShstantr f1uthelrbe sRANGs i ¢ 1 ux
of the stator is -
representing a squirrel cage motor;
fig. 2 illustrates the linear approximation of
the constant flux curve family representing the sduirrei
cage motor; and . R L AU
10 - Fig. 3 shows a curve-famiiy'calculatqr.for'
implementing the present inventioﬁ,-' 
The method of the invention for forming the
amplitﬁde As of the inverter's reference voltage is
explained by first considering the constant flux cufve
15 family, representing a squirrel cage motor, shown in
: Eig: 1. The curve family of Fig. 1 represents the
_émplitudé As of the motor's stator Voltage, i.e. the
inverter's'reference voltage, as a-ﬁunction of
frequency fs,-for variéus rotor current frequencies
'201-ffo to fr4, when the magnetic flux of the stator is
constant...With-the value of the rotor current
'frequency fr = 0O we obtéin.the.base curve fro, its
minimum being the minimum value of the reference
voltage amplitude. The substantially U-shaped curves

25 "of the family comprise linear portions constituted

by high positive and negative stator voltage



constant. Wth the value of the rotor current frequency fr = O we obtain
t he base curve fro, its mninmumbeing the mninmumval ue of the reference
voktage anplitude. The substantially U shaped curves 25 of the famly
conmpfise linear portions constituted by high positive and negative stator
vol t age -6- frequencies, fs, and non-linear portions constituted by |ow
positive and negative stator voltage freguencies fs. The present curve
fam |y cal cul ator calculates 5 the anplitude As of the inverter reference
vol t age, using tfredquersbiemppioxiand i npnolinparcpastianst carséatvsedani |y
depicted in Fi.g. 2. The linear approximtion is accurate enough to
represent ‘the cdnstlan Haaktie vand apeggtivie]| prateperaltage f0CANLBGVHES,
setting up, or comm ssioning, the curve famly cal culator inplenented with
| i near approxi ngiS-on is sinpler than that of an anal og cal cul ator which

cal cul ates the curve famly exactly. The_curye O in Fig. 2 is the

appr oxi mation of 15 t@%éé’eei%‘?‘?/eg‘f’ Y?ofa'ﬁ?‘gy i?i?ﬁga?fﬁi ﬁﬁﬁncblaattﬁé' curve
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vol tage using the linear approximation of the constant flux
curve family depicted in Fig. 2. The linear
approximation is accurate enough to represent the
constant flux curve family in lift operation.

10 Moreover, setting up, or commissioning, the curve
family calculator implemented with linear approximation
is simpler than that of an analog calculator which
calculates the curve family exactly.

The curve O in Fig. 2 is the approximation of

15 the base curve frO of Fig. 1. The minimum of the
curve O is A0, This voltage aA(G.is iﬁ force when the
rotor current frequency fr is zero. If the horizontal

" axis is interpreted so that negative stator voltage
‘frequencies fs refer to the other direction of

20 rotation, the absolute value of the straight liné has
to'be taken in order tha; the voltage will also be
correct with negative frequencies fs. If a correction
component Al proportional to the rdtor current
frequency fr is added to the curve O and the absolute

25 value taken, an approximation is obtained for the

curve family of Fig. 1, with the exception of low



tnequéhcies fs refer to the other direction of 20 rotation, the absolute
value of the straight line has to be taken in order that the voltage wl|
al so be correct with negative frequencies fs. If a correction .conponerit A .
proportional to the rotor current frequency fr is added to the curve 0 and™ =
t he absolute 25 value taken, an approximation is obtained for the curve
famly of Fig. 1, with the exception of -l7ew - 7 - stator voltage .
frequencies fs. At |low stator voltage frequencies fs, the height of the
bottom of the cusvatos pedpagei Snafgueocties fst-or current frequency fr
augnented by the mninum 5 AO of the base curve. The whol e approxi mate
~curve i can be formed By teWbFRrAGTt NOlEagfe fFAERCGESy Sist.add § rieet@hti es
fs having a high absolute value_, with the curve of stator voltage
frequencies fs habihaePSkEPP absshet suFdeyds pyoportional may the 5 curve
fam |y cal culator is shown inplenmenting the |inear ap roximation of a
constant flux cuFYEOF anPFyeat fregueps¥edti puemgnts e eI IHIN age
frequency fs and,fhe o* r current frequency %{, whi ch canstitute the,
nput s of 1 neb 15A0CaPEuF P oPSAPcCREY Rad By Sk MPIEHiRRE TATIE Thi O Y pbr son
skilled in the aéén]ﬁef?g}%égrb9ngohﬁiBQngQ%% curve of stator voltage
frequencies fs having a high absolute value, with the’
-curve of staté& voltage frequencies fs having a small
absoclute value..
io - In Fig. 3 a curve family calculator is shown
implementing the linear approximation of a constant
flux curve family as illustrated in Fig. 2. The
stator voltage frequency fs and the rotor current
frequency fr, which constitute the inputs of the
15 calculator are formed by a technigue with which a
person skilled in the art is familiar and is not part
of the subject matter of this invention. The operation
of the curve calculator of Fig. 3 is considered next.
In the case of stétor voltage frequencies fs ~
20- with a high absolute value, the reference voltage
amplitude As is formed by combining the stator voltage
frequency fs, with the correction component Al found_.
from the rotor current frequency fr and which can be
adjusted with a trimmer TRl,'in a summing unit 1.

25 The reference voltage amplitude As' thus obtained

is conveyed, in the case of positive stator voltage



of. the subject matter of this invention. The operation of the curve
calculator of “Fig. 3 is considered next. In the case of stator voltage
frequencies fs 20 wth a high absolute value, the reference voltage

anptd tude As is formed by conbining the stator voltage frequency fs, with
theicorrection conponent Al found fromthe rotor current frequency fr and
~which can be adjusted with a trimer TR§-in a sunmng unit 1. 25 The
reference voltage anplitude As' thus obtained is_conveyed, in the case of
posi tive statorfvequagsies fg, frequahitds Bk, and 0 R cHEOEP ﬁhBeFB°édd| ode
t hreshold error correction circuit 5, from the output of whi ch,

anpl i tude As i s SEBPA ﬁ&er%ﬁﬁﬂﬂtQﬁrc%¥ﬁa%unﬁ??% §6°?EPBBn9€y¥91CP0r

exanpl'e, t f | | at wh t f
‘nver ter can be PG AERLE Scer@?se?:émccao%ere% o dAFFes é%ﬁ??t%agameim%e

f , l.se w d
Lor s anee, 2 aUe AP Uuarlifa B RS ERE S5,
formation of the,s (LRG0 AR 82 ) lepsfeafoeaﬁged' ode

threshol d error 80 rection circul VI ous a person s din the

art. Wth neQat'%%ﬁ%HatorHﬂﬂgéggiéﬁégnvgﬁ¥§ﬁeféantﬂg Qﬁpiiéadﬁo's first

carrled to an absolute va
' control, for instance, a pulse width modulator. The

- diode threshold correction circuit 5 consists of an
amplifier 6, a diode D5 and a resistor Rl. The
formation of the reference voltage, as well as the

_.operation of a diode threshold error correction
circuit 5, is obvious to a person skilled in the art.
With negative stator voltage f:equencies fs, the

" amplitude is first carried to an absolute value
amplifier 2, where a positive amplitude is obtained
from the negative amplitude,and.then via a diode D2
to the diode threshold error correction circuit 5.

At low stator voltage frequencies fs, the
amplitﬁde As of the refereﬁce.voltage is obtained by
carrying a correction component, formed from the rotor
current frequency fr, to a summing unit 3, where the
correction component is combined with the minimum AQ
of the base curve. In the case of positive values of
fhe rotor current frequency fr, the amplitude As' is
obtained from the sumﬁing unit 3. This amplitude

consists of the sum of the correction component A2



anplifier 2, where a positive anplitude is obtained fromthe negative
anplitude and .then via a diode D2 to the diode threshold error correction
circuit 5. At low stator voltage frequencies fs, the anplitude As, of the .
reference voltage is obtained by carrying a correction conponent,,forned;mfﬁ-'
fromthe rotor current frequency fr, to a summng unit 3, where the
correction conponent is conbined with tBe m ni num AO of the base curve, -I'n
the case of positive values of the rotor current frequency fr, the

anpl i tude As' (&Ppthe MRHRIFEH YRAUGUAR A Fhiet PRSeTINUS Ve |aSt FEWb i st s

of the sumof the correction co nent A2 - 9 - and.the mnj num val ue AO
of the base curfAS- &- % ?'Hpggg?ﬁ? ASTRESERS iHhTA¥IRs 3 tH¥ ough a

di ode D3 he_di gde th hol d [ ircuit 5. I h f
negat i ve val uostor IR Toter EOEPFBRIAS SFREG Sttt oh R AT ot
cumming uni © 4 herERED OF AR bery AT e B0 £t BRI e ©

correction o r%&i%ql{)enc I"@'r-co,gﬁgcg%ggegﬁ%gn(ggvtm\np:[gﬁletgr%?rﬁgm%éa%fj fromthe

rotor current equency fr can adj usted \ _ _The
m ni mum AO of thenbasés G M €88 Ren2Rlksthed o# kR e Haldd MRy vER3n a

summing unit 4. The amplitude As' thus obtained is

conducted to the correction circuit 5. The correction
component AZ that is formed-fro& the rotor current g}
10 frequeﬁcy fr can be adjusted with a trimmer TR2. The

minimum AO of the base curve can be adjusted with a

frimmer TR3.

It is.obviousatp a person skilled in the art

that various embodihents of the invention are not
15 exclusively confined to the example presented in

the foregoing, instead of which they may vary within

the scope of the claims following hereinafter.
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I't is obvious to'a person skilled in the art that various enbodi nents of
the invention are not 15 exclusively confined to the eYEmﬁﬂ}4MJ£ﬁﬂE$¥illl
t he foregoing, instead of which they may vary mnthln scope of the .
cl arfrs §al | owi ng hereinafter. -10- CLAIMS 1 ‘”l,
the.formation of the anplitude of a reference voltage f ﬂgw

i nverter that, supplies a squirrel cage npjor, wherein said a IPtu e
formed by flndlng, in a predeterm ned constant flux curve fan1|y

representing the squirrel cage notor igrLgmstion and in which famly of
constant flux curves the notor's rotor—cuarrent frequency appears as a

paraneter, a curye from weittd Forargid tﬂ&&n@hémeoﬂotmta@mpslsﬁaé%f

vol t age, mhlch .corresponds to the frequency of the notor's stator voltage,

i s obtained, i.ea réefereneet eoliwigs dioxe & otlivem-pisasé hihvéheeraghati c fl ux
in the stator will be constant. 2. A nmethod as clainmed in claiml1,
wherein the 15 reqppiéessabsqmmnnﬁﬂ3cageﬂmqmmrpomseaminf$akdcampéitade
approxi mated by formng the | egs of the curve, corresponding to both
directions of5Sroiat formefl biye fimding t ditbea |preigetewninedecenstpntofilyX | ow

stator vol tage frequenci es, and wherein the non-linear.
curve famlly representing the squirrel cage motor in

qpestidn and in which family of constant flux curves
the motor's rotor current frequency appears as a
parameter, a cﬁrve from wﬁich the amplitude of the
10 motor's st;tor voltage, which corresponds to the
frequency of the mofor's stator voltage, is obtained,
i.e. the inverter.reference voltage, so that the
magnetic flux in the stator will be constan;.
2. A method as claimed in claim 1, wherein the
15 required substantially U-shaped constant flux curves
are approximated by forming the legs oflthe curve,
- _ o _dorresbonding.to both directions of rotation of the
motor, to be linear with the exception 6f low stator
. voltage frequencies, and wherein the non-linear
;20. portion at said low frequencies is approximated by a
horizontal line portién, the height of which is found
'by combining the minimum value of the base curve and
a factor proportional to the rotor current frequency.
3. An'apparatus fof_performing the method of claim 1
25 wherein, for the formation of the amplitude_of the

inverter reference voltage, with the exception of



20 portion at said Iom1frequen0|es I's approxi mated by a horlzontal l'ine
portion; the height of which is found by combi-ni ng the mni e of the

base curve and a factor proportional to the rot ncy. 3. S
An apparatus for perform ng the nethod of clai nﬁ"’u I'mlH ﬂmr the .~ __\__a;

formation of the anplitude of the inverter refer®tnce th the
exception of - 11 - low stator voItag%}frequenC|es t he apparatus
conprises a sunming unit- in which the stator voItage frequency is conblned
with a correctlgn co nent, J \dﬁntéonal ot or currgnt frequenc
absol ute val ue P&r VT WATH T T ?%ﬁﬁﬁte VeI 8BP3F *FHE SOPPT |

the case of negat E.Mﬁmflk A4S o5, 'vﬁn[af "ag%e a8k U5bIELL TR 2Y u%cyﬂcg be

the correction conponent proporti ona curre uenc

adj usted, and, £ghntREaARARRX iR F LS 1od hémﬁga%éh@ea&oéerle bhlaQn ¢3f said

Iom1frequen0|es a first summng unit 1 n whi hor 1 z nta portion

approxi mting tfReNMBitBWMcRir it R¥efudicy 0T AR dansh1tbe ¢agaedl low .
positive stator voltage frequencies; a second sunmi ng unit, wherein the

anpl i tude vag ueapplarned fihomHith fiHSalSo buEE VF1UBI bEi shadda@ltﬂddae
m ni.num val ue of the base curve in the case of |ow negative stator voltage
frequenci es; aniadihet cagle rEanedytiveg cfrédeencies is formed: an
| adjustﬁent-maans by whigh the correction component
proportional to the rotor current frequency can be
adjusted, ‘and, for the approximation of the non-linear L)
10 portion at said low frequencies, a first sgmming'unit
in which the hariZOntal'pOrtion'aéproximat;ng'thé
minimum of the cﬁrve-is“formed, in the case of low
positiile stator voltage frequencies; a second summing unit,
wherein the amplitude value obtained froa the first'
15 "summing unit is added to the minimum value of the base
curve in the case of low negative stator voltage
' érequencies; an adjustment means by which the cor-
rection component proportional to the rotor current
frequency can be adjusted; a further adjustment means
20 by which thg miaimum value of the base curve can be
adjusted; and a plurality'bf'dibdes and a diode
threshold error correction circuit for the formation
" of the ;mplituda in various partsuof the curve.
‘4. ' A method for forming the reference voltage
25 amplitude for a three-phase inverter substantially

as hereinbefore described with reference to the



recti on conponent” proportjonal to the rotor current freguency—can- be

adj usted; a further adjustnent neans 20 by which the @i al ue of the
b,asg{‘_curve can be adjusted; and a plurality of di ode’ Hm’“ ﬂ JHHLeshol d
errot correction circuit for the formation of the a c "0 s

parts of the curve. 4. A nmethod for formng the reference voltage 25
anplitude for a three-phase inverter subsk2mtially as hereinbefore
described with reference to the  -12- acconpanying draw ngs. 5. '
Appar atus for foPRFAGPERY1ING XA t age anplitude for a three-phase

i nverter, substantiall§ as hereinpbefore descrjbed wth referegce to and as

5 illustrated i n°the a®PBAF@hASHE W LRGMYNG the reference voltage

amplitude for a three-phase inverter, substantially
as hereinbefore described with reference to and as

5 illustrated in the accompanying drawings.
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