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VECTOR CONTROLL ED AC DRI VES

by R. H. Osman, Eng i neer i ng Manager , AC Dr i ves , Robi con
Corpor at i on

Abs t r a c t - T he b as i c c o nc ep t u al p r i nc i pl e
s

of o pe r a t i o n of v ec t o r - c ont r o l l e d AC dr i v
es

or f i el d- or i ent e d c ont r o l l er s ar e pr e s ent
ed

and t he di r ec t and i ndi r ec t i mp l ement a t i o ns

a r e br i e f l y desc r i bed . T he key per f o r manc e

c apa bi l i t y of t o r q ue c ont r o l i s e mph as i z e
d,

and me nt i o n i s ma de of t h e di f f i c ul t i e s i n

ac hi evi ng t he des i r ed per f o r manc e ar i s i ng

f r om f eedback sens i ng and mot or par amet er

v ar i at i on. T he be ha vi o r of f i el d- or i ent e d

AC dr i v es i s c on t r a s t e d t o t h at of o r d i n ar
y

f r equency- pr ogr ammed AC dri ves. Some

a ppl i c at i o ns s uc h a s he l p er d r i v es ,

dynamomet er dr i ves, and p r o pul s i o n d r i v es

are c i t ed as exampl es wher e vect or -

c ont r o l l e d AC dr i v es p r o vi de s u pe r i o r

per f o rmance.

INTRODUCTION

s t he c apabi l i t i e s of AC mo t o r d r i v es hav e

expanded, a new cat egor y of dr i v es has

e mer g ed a s a pr a ct i c al r e al i t y . T h i s t y
pe

of

d r i v e i s di s t i n gui s h ed by t he s t r a t e gy

of

t he co nt r o l r a t h er t ha n d i f f e r e nc es i n t h
e

power c i r cu i t . These AC mot or dr i ves ar e

c al l e d v ec t o r - c ont r ol l ed dr i v es or f i el
d

o r i e nt e d c ont r o l l e r s . T he pur p o s e

of

t hi s

pa pe r i s t o ex pl a i n wh at a ve ct o r - c ont r o l l e
d

AC dr i v e i s a nd ho w i t wo r k s . I t wi l l be

compared wi t h t he or di nary AC dr i ve. Some

appl i c at i ons r e qui r i ng t h e s uper i or

c apabi l i t y of t h e v ec t o r - c ont r o l l ed dr i v
e

wi l l be di s c us s e d.

T he t e r ms f e l d -o r i ent ed and v ec t o r

c ont r o l l e d a r i s e f r o m t h e b eh av i o r of t
he

magnet i c f i e l d s i n t he machi ne . T he

mec hani s m o f t o r q ue p r o du ct i o n i n el e ct r i
c

machi nes has been wel l known f or many years .

Onl y r e c en t l y ( Bl a s ch ke , 1972 have t hese

c o nc ept s been ex t ended t o f o r m t he bas i s of

a s t r a t egy f o r c o n t r o l o f AC mac hi nes wi t h

power convers i on appar at us . I t i s i mpo r t a nt

t o r e c ogn i z e f r o m t h e ou t s e t t h at t h e ke
y

o ut put of a ny e l e ct r i c mot o r i s t o r q ue , n
ot

speed , a l t hough i n t he ma j o r i t y of c ases

s pe ed i s t he c on t r o l l e d v ar i a bl e of

i nt e r e s t . T he AC ma ch i n e i s e s s e nt i a l l y
an

ene r gy c onve r t e r i n wh i c h c ur r ent

or

vo l t age, f r equency and speed ar e i nputs and

t o r que i s t he o ut put . See Fi g. 1.

Not e that t he motor has i n f l uence on t he

speed of t h e l o ad, b ut ot h er f a ct o r s l i k e

l oad t orque and moment o f i ner t i a ar e

equal l y i mpor t ant . The f undament a l pr oper t y

of v ec t o r c on t r o l l e d AC dr i v es i s t hat t h
ey

cont r o l t he out put t o rque o f t he machi ne

a cc ur a t e l y a nd qu i c k l y , i n c on t r a s t

t o

o r d i nar y AC dr i v es .

P E O U E N C Y PROCrRAMMEn AC 34TI'vC

T he c o nt r o l c o nc ept of an or d i nar y AC dr i v e

i s qui t e s t r ai ght f o r wa r d. We wi l l c al l t h i
s

st r a t egy f r equency programm ng . S i nce t he

ma j o r i t y of a ppl i c at i o ns r e q ui r e t he

c ont r o l o f s p ee d, t h e dr i v e co nt r o l i s bas
ed

, LOAD
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LOAD

I I S T I C

TORQUE

L E C T R I C A L

VOLTAGE.

F I G . 1 E L E C T R O M E C H A I J I C A L R E L A T I O N S
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on the pr oper t y o f t he i nduct i on machi ne

t hat t he r o t or s peed over t he nor mal l oad

r ange i s v er y near l y equa l t o t he

synchronous speed wh i ch i s det erm ned by

st at or f r equency and pol e number . Theref ore ,

i f t he s t a t o r f r equenc y i s c hanged , and i f

t h e l o ad t o r q ue i s l e s s t ha n o r e qual t o 1

P.U., t he mot or speed wi l l be changed

di r e c t l y pr o po r t i ona l t o t he ch an ge i n

s t a t o r f r equenc y . ( Appr o pr i a t e c hanges i n

s t a t o r v ol t age a r e al so r equi r ed t o ma i n t a i
n

t h e f l ux a t t he no m n al v al ue. )

F i g.

2

shows speed- t orque curves f o r an

i nduct i on motor dr i ven by a f r equency

programmed AC dr i ve: t hese ar e v i r t ual l y t he

same as one woul d obtai n i f t he sour ce was a

3 se t o f s i nusoi da l v ol t ages as wo ul d be

o bt a i ned f r o m a sy nc hr o no us gene r a t o r d r i v
en

at v a r i a bl e speed. I n t hi s t y pe of AC dr i ve

t he i nput speed r e fer ence i s used to

gener at e t he f undament a l swi t ch i ng f r equency

of

t he o ut put swi t c hi ng devi c es , whi c h

det erm nes synchronous speed. I n t h i s way a

r easonabl y good open- l oop cont r o l o f speed

i s o bt a i n ed , pr o vi ded t he l oa d t o r q ue i s

a l ways wi t hi n t he c apabi l i t y o f t he mo t o r a
t

maxi mum c ur r en t av ai l abl e f r o m t he AC d r i v
e.

Fi g. 3 sho ws t he bl o ck di agr am of a

f r equency pr ogrammed AC dr i ve.

F I E L D S I N M AC HI NE S

I n o rder t o underst and t he concept

of

v ec t o r

c o nt r o l , i n whi c h t he t o r que ou t put of t he

motor i s cont r o l l ed, we need t o rev i ew how

t o r que i s pr o duc ed . I n any e l ect r i c mac hi ne,

t o r que i s pr o duc ed by t he i n t e r ac t i o n of

f l ux and MMF. These magnet i c f i e l ds ar e

gene r a t ed by c ur r en t - c ar r y i ng c oi l s i n t
he

s t r uc t u r e. T he s e f i e l ds ha ve vec t o r

propert i es: t hey have bot h a magni t ude and

a d i r ec t i o n o r o r i ent a t i o n. ( Bo t h magni t
ude

and di r e c t i on ar e , i n ge ne r a l , t i me-

v ar y i ng. ) T or qu e i s pr o por t i o na l t o t h e

product

of

f l ux and MMF t i mes t he si ne

of

t he angl e

6

bet ween them ( Thi s can be

e l egant l y expr essed as the vect or c r oss-

I N P U T C O NV E RT E R L IT J, K F I L T E R

2 0 H z

I 0 H z

4 0 H z

6 0 H z

TORQUE

F I G .

2 .

S P E E D T OR Q UE C U R VE S F O R I N D U C T I O N

MOTOR

ON

FREQUENCY-PROGMVMED

A C D R I V E

product o f f l ux and MMF vect ors . ) S i nce t he

t o r que depends o n t he r e l a t i v e f i e l d

o r i e nt a t i o n, a s we l l a s ma gni t ud e,

a

bas i c

Dr o b l em of r o t a t i no machi nes i s t hat o f

preserv i ng opt i mum or i ent at i on when one

of c oi l s i s r ot at i ng.

F I E L D O R I E N T A T I O N IN DC ?TACHINES

The DC machi ne so l ves th i s prob l em wi t h

commutat or , and t wo s eparat e exter nal l y

acc ess i bl e wi nd i ngs . T he f i e l d wi ndi ng

es t a bl i s hes a f l ux f i el d wi t h

a

f i x ed

s e t

a

d i r e ct i o n wi t h r e s pe ct t o t h e s t a t o r . T
he

armatur e wi ndi ngs are connect ed t o t he

outs i de wor l d v i a t he commutat or so t h a t

armat ure cur r ent gener at es a st at i onary MMF

whi c h i s pe r pendi c ul a r ( s i n =

1)

t o the

f l ux. As t he machi ne r o t at es , t he commutat or

a ut o mat i c al l y s e l e ct s t he o pt i ma l l y - o r i
e nt ed

a r mat u r e c oi l s . T hus , o ne c oul d t h i nk of t
he

c ommut a t o r a s t he f i e l d or i ent ed co nt r o l l e
r

of a DC mach i ne. I t c o n t r o l s t he d i r ect i o n

of c ur r ent i n t he ar mat u r e c o i l s on t he

bas i s o f a r mat u r e po s i t i o n. See F i g. 4

OUTPUT POWER SWITCHES

I

D R I V C R S

I

RATE L1PlT.T

C I R C U I T

I

JAVE FORM GCNE

PAT

OR

COMT ROL

T APIPLITTJDE

A D J U S T

F I G . 3 F P ~ O U E ~ ~ C Y - P R O G F ~ ~ ~ ~ DC D R I V
E

(PLG

EXAP1PLE)
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Unf or t unat e l y , t he commutat or i s t he mai n

dr awback of t he DC mac hi ne i n t hat i t i s an

expens i v e s t r uc t u r e wh i c h r equ i r es hi gh

ma i n t enanc e, a s we l l a s pr o duc i ng spa r ks i n

nor mal operat i on.

F I E L D P O L E

E F F E C T I V E

F I E L D L O CA T IO N O F

CKT ARMATURE CO IL

FLUX

E S T A B L I S H E D

4

B Y F I E L D

=go

MMF OF

ARMATTJRE

F I G . 4 F I E L D O R I E N T A T IO N I N DC X AC H I N E

T hi s i s c onc ep t ual l y wha t a v ec t o r -

c ont r o l l ed dr i v e does i n t he case of an AC

ma ch i n e; t h at i s , i t c o nt r o l s t h e angl e

bet ween st a t or MMF and f l ux. A f ur t her

s t r uc t u r a l pr o per t y o f t he DC machi ne i s

t hat changes i n the cur r ent i n one wi ndi ng

hav e l i t t l e or no ef f ect o n t he magnet i c

f i e l d c r eat ed by t he o t her wi nd i ng. T hus

f l ux and MMF magni t udes are separ at el y

c on t r o l l a bl e and do no t i n t e r a c t ; t he y ar
e

dec oupl ed. Dec oupl i ng i s ano t her goa l of t he

vect or - cont r o l l ed AC dr i ve. We must

det er m ne h ow t o c on t r o l t h e s t a t o r c u r r e
nt

i nput i n o rder t o have i ndependent cont r o l

o f t he mach i ne t o rque and f l ux.

I n a c age i nduc t i o n mac hi ne, o nl y o ne se t of

wi nd i ng s i s ac c es s i b l e , t hos e on t h e s t a t o
r .

T hu s , t h e e l e ct r i c al i np ut s t o t hos e

wi ndi ngs mus t c o nt r o l

MMF

f l ux , a nd t hei r

o r i ent a t i o n. T he bas i c p r o pe r t y o f AC

mac hi ne s ut i l i z ed i s t h at p er i o di c t i me-

v ar y i ng c ur r ent s i n po l y phase wi ndi ngs

p r o duc e r o t a t i ng

MMF s

i n t he machi ne.

So

by

j udi c i o us use o f t he power swi t c hes i n t he

i nver t er t o c o nt r o l s t a t or c ur r e nt

s

we can

cont r o l t he s t a t or MMF ampl i t ude and

pos i t i on. No w i f o ur c o nt r o l l e r k no ws , by

ca l cu l a t i on and measur ement , t he pos i t i on

and magni t ude of t he f l ux, we can deci de how

t o c on t r o l t he st at or

MM

by appl y i ng t he

f ol l owi ng pr i nc i pl es :

1.

2

3

I f t h e f l u x i s l e ss t h an we wa nt ,

i ncrease t he st at or MMF component

pa r al l el t o f l ux : I nc r e a s e I s c os & by

i ncr eas i ng Is o r dec r eas i ng6 or so me

c o mb i nat i o n t her eof . Co nv e r se l y i f t he

f l ux i s t o o l a r ge , dec r ease t he c omponen t

of s t a t o r MMF par a l l e l t o f l ux . Se e F i g.

5.

I f we want t o produce zer o t o r que, make

t he s t a t o r MMF exact l y pa r a l l e l t o t he

f l ux ( s i n &= O , and I S =

I n

( magnet i z i ng

c ur r ent ) .

I n or der t o produce t or que, make t he MMF

l ead o r l ag t he f l ux i n spac e. T he

d i r ec t i o n o f t o r que depends o n t he s i gn

of

6

. I nc rease t o rque by i nc reas i ng both&

and

Is.

T he vec t o r c on t r o l t r a ck s t he f l u x po si t i
on

and makes t he s t a t or MMF f o l l ow i t a round

wi t h an angul ar separ at i on whi ch depends on

how much t orque i s t o be produced. Si nce the

s t a t o r MMF mus t a l s o ma i n t a i n t h e f l u x, t h
er e

i s a l ways a c o mponen t of I s par a l l e l t o t he

f l ux.

TORQUE PROD UCING COPlPONENT OF ?IMF

STATOR CURRENT

VECTOR Is

FLUX PRODUCING

COMPONENT OF

MMF

-

I

I

I s

VECTORS FOR

R E V E R S E

TORQUES

Is VECTORS FOR

L O C U S O F Is VECTORS

WHERE ISCOS& = CONSTANT

ORWARD

TORQUES

I

I

d A X I S ( D E F I N E D A S D I R E C T I O N O F F LU X VS C
TO R )

F I G . 5 . VECTOR DIAGRAM OF MAGNETIC VARIABLES I N INDUCTIOF
MOTOR
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Ge ne ra l l y spe ak i ng , t h e f l ux wi l l be

ro ta t i ng so t hat t he contr o l l er must make

t h e s t a t o r MMF r o ta te i n or d er t o kee p a

const ant o r i ent a t i on. I f we assume const ant

f l u x o pe ra t i o n, t hen a cer t a i n co ns t a nt

magnet i z i ng curr ent component I M wi l l be

r equi r ed to ma i n ta i n f l ux. We can say:

I M = I S c o s 6

I S s i n 6 a: t orque

=

const ant

Thi s l eads t o the r e l a t i onsh i p between

s t a to r cu r r e nt , t o rq ue angl e a nd t orq ue f o
r

cons ta nt f l ux opera t i on.

12s= 12, k p Z

wh er e r * = desi r ed t orque

See Fi g. 6

k P

s = arc t an

---

I M

By ma i nt a i n i ng t hese r e l a t i onsh i ps , t he

cont r o l achi eves decoupl i ng o f f l ux and

t o rque .

P E R C E F T

DEGREES

ANGLE

--

100

-150

P E R C E N T

T9RQUE

F I G .

6.

TORQUE ANGLE

AND

STATOR CURPXNT

VS . TORQUE

Al t hough t hi s i s con ce pt u al l y s i mpl e , t he

cont r o l l e r has t o t ake f l ux ampl i t ude

measurement s , conver t i n to vect o r f o r m and

per f or m f a i r l y compl ex c al c ul a t i ons t o

a r r i ve a t 6 and I S. Thes e must t hen be

conver t ed i n to i ndi v i dual cur r e nt s per

phase. The vect o r cont r o l l ed d r i ve r equ i r es

har dware or sof t ware capabl e of doi ng

co mpl e x cal cul a t i o ns r a th er q ui ck l y .

I>IPLEMENTATIONS OF VECTOR CONTROL

Because the ampl i t ude and or i ent at i on of

s t a to r MMF i s di re c t l y co nt ro l l ed by a

c ur r ent - f ed i nv er t er , t h es e ar e par t i c ul ar l
y

e asy t o equi p wi t h f i el d or i ent ed

cont r o l l e rs . The ampl i t ude of t he DC l i nk

c ur r e nt i s di r e ct l y pr o por t i onal t o I S and

t he cho i ce of o ut put t hy r i s to r pai r

det erm nes wh i ch of

6

di r e c t i ons i n s pa ce

t he MMF may have. The i nher ent r egenerat i ve

abi l i t y of c ur r ent - f ed i nv er t er s i s a

su bs t a nt i a l a dvant a ge , b ecause t ru e f i el d-

or i ent ed co nt r o l l e r s ar e de s i g ne d t o op er a
te

i n al l quadra nt s .

I t i s pos si bl e to de s i g n vec to r co nt r o l s f o
r

vol t age f ed dr i ves , but t hi s i s more compl ex

because t hree curr ent r egul at ors ar e

necessar y t o es tabl i sh pr eci se cont r o l over

s t a to r MMF . F ur t he rmo re , i n o rd er t o ut i l i z
e

t he

4

quadr a nt c apabi l i t y , a l i ne si de

conver t e r cap abl e of bi di re c t i onal cur r ent

f l ow i s r equi r ed. Thi s usual l y means another

se t o f swi t che s , f o r e xampl e , a s i n a du al

t h yr i s t o r c onv er t er .

Al t hough d i r ect f l ux sens i ng cont r o l schemes

are t he most i mmune to c ompl i cat i ons ar i s i ng

f r om m sadj ust ment and machi ne par amet er

change due t o t emper at ure, t he pract i ca l

di f f i c ul t i es of ai r - gap f l ux s ens i ng ar e

f orm dabl e. The re fo r e al mos t al l vec to r -

c ont r ol l ed dr i v es a r e of t h e i ndi r e c t t y
pe,

wher e f l ux pos i t i on i s i nf er r ed f r om r o t o r

pos i t i on or d er i ved f r o mh i ghl y pre c i se

cal cul a t i ons based on s t a to r cur r ent and

vol t age.

I n t hose vect o r cont r o l s based on r o to r

pos i t i on f eedback , advant age i s t aken

of

t he

f act t ha t t he f l ux mot i on wi t h respect t o

t he r ot or i s ver y s l ow compar ed to t he

mechani cal speed of t he r ot or , owi ng

t o

t he

short ed wi ndi ngs on t he ro to r . The f l ux

moti on i s comput ed as t he sum of t he r otor

angul ar vel oci t y p l us a smal l component

( s l i p) pro por t i onal t o th e pro duc t of t orq ue

and r ot or r esi st ance. Means must be provi ded

t o compensate f or t he change i n rot or

r es i s t ance wi t h t emperature . F i gur e

7

shows

t he bl ock di agra m f o r a vec to r - cont ro l l ed

dr i v e.

The mai n dr awback i s t he need f or a r ot or

i nc r e me nt a l po s i t i o n enco de r , al t hough t hi
s

is

a f a r l es s di f f i c ul t mat t er t h an f l ux

se nso rs i n th e ai r gap.

Si nce l ow cost comput i ng power has i ncreased

dramat i ca l l y wi t h t he devel opment of t he

m cr oproces sor , t her e have been many

proposed i mpl ement at i ons of vect or cont r o l

based o n t h e cal cul a t i o n of f l ux pos i t i on

f r o ms t a to r cu r r e nt and vol t age. The se

schemes are based on t he anal ysi s of

t erm nal vo l t age i nt o t wo components , namel y

s t a to r I R d r op , and speed vo l t age . The f l ux

r evea l s i t s ampl i t ude and pos i t i on as a

r e s ul t of i t s vel oc i t y r el at i v e t o t he

st a to r wi ndi ngs wh i ch i nduces vo l t ages i n

t hem Al l t hese appro aches su f f e r f r o m t he

ser i ous d rawback t hat , a t l ow speeds , one

cannot d i s t i ngu i sh I R d rops f r om speed

v ol t age , par t i c ul ar l y s i nc e s t a t or

r es i s t ance var i es wi t h temperature .

Co nse que nt l y , t hese co nt r o l l e r s per f o rm

i ncr eas i ngl y bet t e r as speed i ncreases , but

ar e i n se r i ous di f f i c ul t y bel ow 0. 2 P. U.

speed. They ar e al so t he most dependent on

c or r e c t t uni ng whi c h i s es s ent i al l y

programm ng i n t he mot or par amet ers .

Al t hough we have i mpl i ed t hat f l ux i s

ma i nt a i ned const ant , a f i e l d o r i ent ed

cont r o l l er can mani pul ate t he ampl i t ude of

f l ux as wel l as t or q ue,

so

t ha t opera t i on a t

r educed f l ux i n extended speed i s per f ect l y

per m s s i b l e.
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3e,

AC

I N P U T

A

I

DECODER

&

GATE DR IVE RS INCREMENTAL

ENCODER

I N T E G R A T O R

F I G . 7 . S I M P L I F I E D D I AG RA M O F V E CT O R C ON
TR OL LE D A C D R I V E ; C U R E N T S O UR CE P OW ER C I R C U
I T

To summar i ze the spec i a l

c apabi l i t i es of a

vec t or - c ont r ol l ed d r i v e.

we can st a te :

1.

2

3

4

T he abi l i t y t o c on t r o l t o r que o ut put of

t he machi ne qui ck l y and prec i se l y .

Qui ckl y means st ep r esponse

of 1

ms t o

20 ms dependi ng on dr i ve power r at i ng and

t ype of s wi t chi ng devi ces. Some

c or o l l a r i es of t h i s pr o per t y a r e:

a . abi l i t y t o oper a t e a5 a t o r que

f o l l owe r

b . a cc el e r a t i o n and dec el e r a t i o n a t

t o r que l i m t

c . abi l i t y t o yi e l d speed on o ve r l o ad

True 4 quadr ant operat i on: Dynam c

r eve r s i ng and t he abi l i t y t o p r o duc e

t or q ue i n ei t h er di r e c t i o n whi l e

mai nt ai ni ng ei t h er di r e c t i o n of r o t a t i
on.

( Ass umes power c i r cui t can handl e

c o nt i nuo us r egene r a t i o n. )

T he a bi l i t y t o s t a r t i n t o a ma chi ne

s pi nni ng i n ei t h er d i r e c t i o n.

T he a bi l i t y t o c ont r ol f l u x i n t h e

machi ne.

Rega r d l ess of t he t echni que used, a vect o r -

c ont r ol l ed dr i v e i s f a r mo r e ver s a t i l e t h
an

an ordi nar y f r equency-pr ogr ammed dr i ve. As

we have expl ai ned, i n a f r equency programmed

d r i v e, t h e ex t e r na l s pee d r e f e r e n ce c o nt r
o l s

t he o ut put f r equenc y d i r ec t l y , a l t ho ugh

t h er e ar e al way s r a t e l i m t c i r c u i t s t o

prevent t he out put f r equency f r om changi ng

t o o f a s t . T ha t t y pe of d r i v e does no t have

f l ux pos i t i o n i n f o r mat i o n, and depends o n

pr ed i c t abl e behavi o r o f t he l o ad. As t he

o ut p ut f r e quenc y i nc r e a s es , i f t h er e i s a

l o a d, t h e s t a t o r f i el d gr a dual l y pul l s a
head
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of t he f l ux, t o r que i s deve l o ped, and

c ur r ent i s dr awn . I f t he l o ad t o r que d r o ps

t o z e r o , t h e r o t o r s p e ed s u p, al l owi ng t
he

f l ux t o c at c h u p t o t h e s t a t o r f i el d. T he

mo t o r t o r que t hen f a l l s t o z er o . T o r que i
s

no t c o nt r o l l e d, i t b ui l ds u p i f t h e mo t or

enc o un t e r s a l o ad t o r que t o r e t a r d t he

mot i on o f t he r o t or ( and consequent l y t he

f l ux) . I f t he l oad i s a di f f i c ul t t ype, i t

may not be poss i b l e t o s t ar t o r accel erat e

wi t h a f r equency pr ogr ammed dr i ve.

Ne ve r t he l e s s , mos t l o ad s l i k e c ent r i f uga
l

pumps and f ans can be handl ed wi t h f r equency

pr ogr ammed AC dr i ves.

A P P L I C A T I O N S

What t y pes o f appl i c at i o ns ar e di f f i c ul t f
or

f r equency pr ogrammed AC dr i ves wher e a

vect or - cont r o l l ed dr i ve may be put t o good

use? One obvi o us c a t egor y i s hel per d r i v es

wher e o ne des i r e s t o dr i v e

a

l arge machi ne

wi t h sev e r a l mo t o r s c o nnect ed t o di f f e r
ent

par t s . T hi s i s di f f i c ul t f or f r e quenc y

pr ogrammed dri ves because they t end t o

be ha ve l i k e v er y s t i f f s pe ed r e gul at or s .

On ce t he s t a t o r f r e q ue nc y i s e s t a bl i s h ed
,

t he speed change f r om zer o t o f u l l l oad i s

de t e r m ned by t he mo t o r . Lo w s l i p t y pes l i
ke

NEMA

B

desi gns may have onl y

10

t o

15

r p m o f

r a t ed s l i p . On t he o t he r hand, wi t h a

v ec t o r - c ont r o l l ed dr i v e, t her e i s n o

dependence on t he motor f o r l oad shar i ng.

One d r i v e i s se t up a s a speed r egul a t o r .

( Ve ct o r - c ont r ol l ed AC d r i v es us ual l y i n cl ud
e

a PI D s p ee d r e g ul a t o r , but i t s us e i s

o pt i o na l dependi ng o n t he app l i c at i o n. )

T he o ut p ut o f i t s s pe ed er r or a mpl i f i e r ,

pr o per l y l i m t e d, i s us ed a s a mas t e r t o r q
ue

command f o r a l l d r i ves . One can eas i l y

adj us t t he shar i ng by pot ent i o met e r c on t r o l

of t he t or que command i nto each dr i ve.

F i g ur e sho ws t he b l o ck d i agr am o f a d r i v e

s y s t em wi t h AC hel per dr i v es of t h e f i el d-

or i e nt e d t y p e.
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