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>\< For a definitiou es space vectors 
[5]; Space ~'étt().rS and matrlcës ätc"deÎ'Îol!êÛi'bv 
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injected imo winding 2, PJ:<:viously acting as a 'com 
sating winding, it causes an opposing enrreat is t 
induced in the rotor: In the first instaat thls is 
equal-to statcccurrem Ì2 but opposite. The c 
obtaining in. this first il are thetefòtë id 

.' ~;, ~), .. H 
rotor .fielt 

di~g1:~il{is 6harig~(l à: . ini,hrÎì,{tt 
fig. 4b. For thC.sake ofsi?Jplidty, th~ 
to he locked, as I? indic~~~~?y t):t~ ut:l£Q::al)¿~~d 
of the shaft .. The ·field has rotated slightly and the 
nal alignmen't of" the cut;rent ycctor$ i¡ and i 
J:espéd:.to •• ·t~e fie1tì ~~~\h~~~.1,Ò)§t';·l£'.·"" . 

. stator Is nOW' t1irtieduritn.it mia tb'è 
lel(Fig·1.c);··.iliê·.o'ffêûfà:iiâf1:¡:s·.EêstoEe 
al1owed'to .... ,,, r. ~::,. ,,-, •• 

è) 

Left: Field and cucrents 

Right: Vector diagrams 

Fig. 4 Stutes of fjeld snd currents in nn induction motor 

Fig. 5 Conversion of .thc .rc<juìred currcrtts 
into attainable currents 

Fig.6 Vector dlligrllm for Fig. 5 
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aidìhte~t' ••. 
ln tealit}' .. th 
stl!;t1q.oary (F 
current vector 'i . 
(Fig. 6). Instead 
rotating winding 
i2> at is .rrow ne ;od~ce;:it . 
windings. a andß~tl:i vài:iíl.bIê cu:t:r~b.ts it.ab.a.I~ 

. '" •• . .....• 1 
shows which valtlCS the cuttcnts i,t and ¡ ß must 
at any instinto ·i~·á'ndirJ dëp!;rid flot'only Oh 
selectabl.e values ¡l'and 'i2> 'l1hiêh may, for in 
constant,' but alsoon the arigleofHie fieM'Ip,\vitl:i 
to the stato! ms it.: . 

ip = 

This relationship carr ~e realized. by the computa 
citcuit shown in Fig. 7 wh~cl.1.is called a vector ro 
\TR, since it causes the currentvccto:r to be romte&bv.th~ 
angle' of the . held; Fig. ~ shows. the' application' 'oi. tl1is. 
vector rotator fot field"oricnrated control In ail indue 
motor. In' the vettört. ~ot~tor the' required :posittonltlg' 
values i~) and i~l • arC 'formed fr(Ynl the, $ctp9ine 
values i~ and i: .a.od·. the anglefunttions'. ofthei{¡ 
angie li" These values at.e;'tèdto â vaiiiable-eurtent . 
convetter.U as manipul~tedyarìables for the cutte 
and ip ill the coues1'0ndlllg swor winding~, Th¢ i 
mation on the field lI.fl;glc il' rccruÎred hy the vector ro 
is obtained by measurJng the field vector in the 
[6J. Thet\VO Cqmp~nênts ~£'the Held vector ate measu 
by Hall generators arranged at different angles iti:·t:he 
gäp and are èdnverted;t6'tne requitèdähgle\fut¡ttidns' 
simp and cos1p b~ta véct6:rânalyzer [1]. 

This arrangement, \v}tIch effect~ fi;ld Qú¿ntationof rh9 
stator currcnt, provides separáte access to the nelil 
through ÍI and to the tOJ:qúê~prodÍlcing cutrènt throúgh 
iz. Thus it Ìs pòssible to operate an induction motor ili 
the same mannet as a d.c. inotor with cuitent corttról. 

To simplify the above explanation, it has been assumed 
that the rotor is locked. The same result would, however, 
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"current " cOntra]. 
,t1qe,;VèctP+ ro;a:tot,v:[t 1 
,a,tia;,lj~*~,'o£, Shis""y,¢ctp;r 
ny~rtel¡ as, wi\t¡Ìp'4lated Fig; 8 Application of a vector rotaror tor 

in, an .induction motor 



The motor current set up by the applied 'Voltage depends, 
amang other thh n the resistance of-the motor. This 
In turn dcpends..« e operating. tco:ìperarure which 
cannot generally be taken into account in the computation 
drcuit, Cóhset:¡;.ue:rú:l),~'. the. current; vector iV' deviates 
from its setpoInt yàlui:: i; and it is il<:cessary to super­ 
impose closéd-Ioôp . control of the current vector i,p 
on this COt1ttot(Fig. 9:0); Since the components of i,p 
remain steady under steady-state operating conditions, 
the deviation of i'lt from the requiredvaluë i; caused by 
resistance change can. be corrected by integral-action 
controllers, The actual value i,p requil'edfotthe control 
is obtained hy measurement oí the stator-oriented cur­ 
rent Yect(jr is and subsequent transformation of the 
field èo"öiç!jn:ate." .systetn. The transformation specifi- 
cation, is'. obtained by inversion of ~q~ati?n Cf) : . 

The vector totator< '\llt 2 . required [or this is shown in 
Fig. 9h.ltHas the same structnreas that shown in Pig. 7, 
it merely pêJng necessary to substitute -1p in "plate of 
+lp; tÏ1is leads tú a sIgn chang!} of the crossed loops. 
The arrangement described thus also makes field orienta­ 
tion of the stator. current of anii:iducticm motor. possible 
wich a static COnverter for voltage control. 
Hence, the principle of field orientation ensures d ynami­ 
cally high-grade control for induction motors, inde­ 
pendently of the type of static converter employed. 

(3) 

[9] T'bisse; Ie;': "zuit DYi'J.amlkt;ruêh:i.ähígerege1tet 
stromrichtergespéisten , ; A~ynêht(ÍÌ1- Kuraschlußläufer 

. neil, Darmstadt, Techn; Hecbscb. .• Diss, 196f>- 

[lOJ Blaschke, F.; Ripperger, H.; Sreìnkönig, H.: Regelung 
riclitergespeisrèr Asyncbrdnmas.chlneo mit eJnge¡),tägtcrn 
derström. Siemens-Z, 42 (,19.68) pp. 773 r0 777 

í J Field-Oriented Closed~Loop Control of a Synchronous J\tfachine 
with the New TR..A.NSVEKTOR Control System . 

By Karl-Heinz Bayer, Hermann Waldmann and Manfred Weibelzahl 

Synchfot1otlS machinu are bèÎlSf, employed on r:1tl everitt('reas~ 
/IS/t; scale it; ¡,,¿ustrial drive systems/ed by siati« comerters: 
The reasons for this ¡ie in their straightfo11J/ard¡ robust 
construction, the sùltple mdtJner it, wltickthey ctm be mal,"" 
llctized [1} and their éXcellmt characferistîcs when flsed in 
COf!Jtll1c!ion I/Jith static coltl/crters [2], Since these driVéS 
arc expected to offer thé Sa.1J,ie ltig/¡-,~rade dynamic cltaract(ir­ 
isties as tlan'ab¡e~spced d.c. drùNlsj .~tJro/)isiotl ?tlt{st be !?Jade 
to control tite torque ifrrtaTltaneòtls£v to ti linear mfV? re/~l­ 
tionsltip. The sCl/7fe applies lo controIof the t1ld/?,netÎza.tioll. 
Both control operations J'J#/st be deco¡;rpJed, i.8. one must 
only inßuclJce tflC fOf'(jJf8 and attive pO¡l/(Jr~ and the other 
only the 1/Jf{I!.netiza!ion and reactive pOlper. lRANsvEcTon® 
control, which operatu on tf/a princiPle offield orirmfation, 
is é¡!¡i¡lell#Y sNilable for controJ ftmctÎol1s of this type. 

DtpL-Ing, Karl-Heinz Bayer, DipL-Ing. Hettnnnn Waldmann 
and Dlpl.-Ing. Manfred \'<!eibelzabl, 
Siemens .fi. ktiengescllschaft, 
Mcasutemênt and Process Engineering Divisioll, Erlangen 
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In field-oriented c9ptFPl the ,stator. current is,,,di;J 
into two components\vhich determine the torq .. 
magnetization in4ePÇll,dt;lltly of each other. l'og 
with the magnitude of th~ flux, the component i2 cP 
perpendicular to the rotating flU1t vectoc= determir 
torque. Onthe.otherhand, th,e,~lagnetiZation Ptoct~ 
by the stator winding isl,nfluenced directly by the 11 
paranel componenti}." ,14 a,'Gomputing circuit, ,th~ 
compone:i;lts are ca.lFulattrd for every teq1dted. Wo 
point of the syhchwu9C\s' .machine aI~d are b,$ed to 
the correspoudi:c.g'$qtpolllt val.lles fa.r the phase curre 

The c()nstr.ucp¡Qi1 a:i;ld tn.ode of operation of field-odent 
coi1trol fot: synchronous machines are descriped t 
followìng by \Yay pf eKample of a speed colitrol 
iinish-grinding mill in a ,"~clUeut [actoty. This mill 
driven by a 5 MW syuch.mnol1.s motor fed with a varia 
frc(luel1cy from R cyc1j)cçJQyptter. The mill cy 
which is 5 m ìn diameter and 15 ID long, serves as 

'* For a definìtion as a sp:¡ce vectot dueto KovÁC'ß and RACZ"See (31 
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