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A Study on the Sensorless Vector Control
of Induction Motor with Speed Estimator

Using MRAC

by Choi Seung-Hyun

Department of Electric Engineering
The Graduate School of Korea Maritime University
Pusan, Republic of Korea

Abstract

The vector control of an induction motor has been applied in
various industrial applications instead of a DC maotor.

The rotor speed value is used this vector control and it is gained
by speed sensor. However, it decreases the system reliability and
increases systems cost. Therefore, various control algorithms have
been proposed for the estimation of speed.

Pl control is usually applied to speed control because it maintains
the best state if Pl gains are properly selected. However it doesn't
maintain the best state if the parameter of an induction motor is
changed.

This thesis proposes a new algorithm of sensorless speed control of
induction motor. The proposed algorithm is based on a torque
equation using the theory of MRAC(Model Reference Adaptive
Contral). It is robust for parameter variation and disturbance. The
estimated speed is used as feedback in a vector control system.

To show the validity of the proposed algorithm, computer
simulation and experimental test have been implemented. The result
has been proven an excellent characteristic of the drive system.



ia(t),ip(t),i(t) : Stator instantaneous phase current [A ]

Vi (t), v(t), v (t) : Stator instantaneous phase voltage [ V]

|1a, Ilb,

Vab, Vbc,

T, Ty,

Vig, Vig -

i, . Stator three phase current vector [A ]
V.o . Line to line voltage vector [ V]

T, : Adjacent basic vectors & zero vector switching time [ sec]

i, 114 Stator current in f stationary reference frame [A ]

i, 15 - ROtOr current in @B stationary reference frame [A ]
ig, i1q - Stator current in dq synchronously reference frame [A ]
i, iy : RoOtor current in dqg synchronously reference frame [A ]
Vi, Vi - Stator voltage in ¢4 stationary reference frame [ V]

Ve Vog - ROtOr voltage in af stationary reference frame [ V]

Stator voltage in dq synchronously reference frame [ V]

Vg, Vo - ROtOr voltage in dqg synchronously reference frame [ V]
Do, P1p -
Do, P2p -
P1dr P1g:

Padr Dog

Stator flux in af stationary reference frame [ V]
Rotor flux in af stationary reference frame [ V]
Stator flux in dgq synchronously reference frame [ Wb]

Rotor flux in dg synchronously reference frame [ Wb]

. Effective space voltage vector [ V]

: Zero voltage vector [ V]

. Stator current command in dg synchronously reference frame



Vi, , Vig  Stator voltage command in of stationary reference frame

Vig , Vig Stator voltage commands in dg synchronously reference
frame

B, : Flux density [ Wh/m?]

I . Maxim value of phase current [A ]

iT : Torque command current [A ]

im : Magnetic command current [A ]

i : Composed stator current vector [A ]

iy : Composed stator current vector [A ]

o : Rotor current vector in rotor reference frame [A ]

v, : Composed stator voltage vector [ V]

Vs : Composed rotor voltage vector [ V]

v,, . Rotor voltage vector in rotor reference frame [ V]

v : Reference voltage vector [ V]

¢ . Flux vector [ Wb]

é, : Composed stator flux vector [ Wh]

b, : Composed rotor flux vector [ Wb]

¢é,, . Rotor flux vector in rotor reference frame [ Wb]

W, : Synchronous angular speed [rad/ sec]

Wy . Slip angular speed [rad/ sec]

W, : Rotor angular estimated speed [rad/sec]



: Rotor angular speed [rad/ sec]

: Rotor angular speed command [rad/ sec]
: Flux angle[rad]

: Rotor axis angle[rad]

. Slip angle [rad]

. Stator inductance [H]

: Rotor inductance [H ]

. Leakage inductance [H ]

: Mutual inductance [H ]

. Stator resistance [ 2]

: Rotor resistance [ 2]

: Rotor resistance in rotor reference frame [R ]
. Leakage factor

. Differential factor

: Moment of inertia [kg - m]

: Braking factor

: Mechanical rotor angular speed [rad/ sec]
: Load torque [N -m]

. process state vector

. process output

: reference model state vector

. process-model state error



e, . process-model output error

e : error signal as used in the adaptation
v . error-augmenting signal

u . process input

r . reference input

@ . signal vector

% . controller parameter vector

o . correct parameter vector

¢ . parameter error vector(4- 4°)

r . adaptation gain matrix

ASG : auxiliary signal generator

SPR : strictly positive real
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o= ali(t)
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Fig. 2-4  Fig. 2-3
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I = §(|1a+ P+ i1c)

[uN

jwet

= Zia(t)+ ain(t) + a%iy(1)] = e

Vi= S [via(t) + avi(t) + atvy(t)]

1= S[ult) + agu(t) + ahu(t)]

2.2

(a. 8 )

(2-3)

(2-)

(2-5)
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Fig. 2-5 Change abc axis to @8 axis

i = %[ila'l' fp+ dgc ]

= 5[(0- st i) ) (@iw(‘)' Qi“(t))]

= At iy (2-6)
(2-7)
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(b) Two phase of sine wave current

Fig. 2-6 Phase transformation of sine wave current
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(2-8)
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Fig. 2-7 Relation between stationary and synchronously reference frame

2 aB Fig. 2-7
(2-9) :
i1aqg = (i1t Jigg) [cOS(- fe) +jsin(- be) ]
= 01,0088+ 1 4SiNGe+ ] (- 11,8IN0+ i14C088,)
= ity (2-9)
(2- 10)
SO et | @0
(2- 10) dq aB
(2-11)

_ila]: [c036e - sin&e][ild] (2- 11)

i1 sin g, cos e || i1



2.3

23.1
3 3
(2- 12), (2- 13)
D d
Vi = R1|1+a ¢ (2-12)
_ - d
Vor = R2r|2r+a ¢2r (2_ 13)
[20]
_ jo, . 16 . _ jo, _ 1
Vo= Ne = Vy , 1= n <y, P= ne '¢2rvR2r_?R2
(2-14)
_ Ny
, N N2 (Nl
N, : )
(2- 13) ,
n e O
Ropip = 7 R 76, i, = n Rai, (2-15)
(2- 13)
d, _.d, e
dt ¢2r - dt( n ¢2)
e 'V 4
n (E - jw d) (2'16)

(2-14), (2-15), (2- 16) (2- 13)
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(2- 17)

V= Ryip+ dt - jw P,

¢:qJ-L: M iy
¢2] [M LZ][iz]
=L, +Mi,
$,= Mi+ L,i,
, L= 14+ M, L,=1+M
L,Ly 01,2 , M
l, I, 1 2

2-12), (2-17) (2-21)

\ 2% = Ry+pL, pM iy
[ ] Lo wob mee - woc 1[0 ]

(2-21)
(2-22), (2-23), (2-24),

Vig,= (Ryi+ pLy) iy, + pMiy,
Vig= (Ryi+ pL )i+ pMiy
Voo = PMig, + W Mig+ (Ry+ pl )iz + Wil igg

Vo= - W Miy,+ pMiyg- WL, + (Ry+ ply) iy

) 2 (V2:V2(z+jv2ﬂ )
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2.3.2

(2-12) (2- 26)

j6e _ A je
vie = Riie "+p(ghe)

Tvi= Ryl (pHjwe) ¢

(2-17) (2- 26)

0 o 0 "
VzeJ = Rz'zeJ + ¢zeJ - JWr¢zeJ

Vo= Roip+ (W) ¢,

)

(2-26), (2-27) (2- 28)

Vi]= [Rl"'(p_'"jWe)Ll (p+jW.e)M ] B
v, (P+jwgdM — Ro+ (p+jwil, ]l i,

Vig RytpLy - wel, pM - WM _ild
Vi | = wl,; R;+pL; w M pM 1
Vag pM - WM R+ pL, - wel, 24
Voq wM pM wdl , R,+ pM, I 2
(2-29)
Vig = Ralgg+ P(L qiag+ Mizg) - We(L 1igq+ Miy)

= Ryig+ pdig- Wedyq
Vig= Rilig+ Pdig- Webuq

Vog = Riog ¥ Pdog- Wsppq= 0
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(2-27)

(2- 29)

(2- 28)

(2- 29)

(2- 30)



Voq= Riigg+ Phagt Weppg= 0

(2-32),

(2-33)

$10= Laigg+t Miyg= liigg+ M (ligg+ i)

¢1q: L1i1q+ MiZq: |1i1q+ M(i1q+ iZq)

$20= Loigg+ Migg= lyipgg+ M (lig+ izg)

¢2q: L2i2q+ Milq: |2i2q+ M(i1q+ iZq)

Ly= 1,4+ M, L,= L+ M

(2-33) ,

P = ¢2d_ Mi
207 T L, '
o b M
|2q— L2' L2|1q
(2-34)

(2-35)

R, R,

d .
E¢2d+|__2¢2d' L_Mlld' Weppq= 0

2

R>

d R,
at Pt L, P T, Mgt Wedag= 0

d ¢2q:%¢2q:0

(2-35)

- 13 -
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(2-34)

(2-31)
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(2-32)

(2-33)

(2-34)

(2-35)



d R R _
E¢2d+|__z¢2d' L_leld: 0

R
- o Mig* Wghpg= 0 (2- 36)
2

R, d .
L_zﬁsézd"' $oa = Miyg

Ry,

W= L_ M d ( ) (2- 37)
2 24
__ d _
$oq CONSL. == ¢, dt $2a= 0
(2-37) $2a= Miyq
wy= 2 ( ) (2-38)
1d

: Lo
, T .2 (Rz)
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3. PWM

3 Fig. 3-1
ON-OFF
2
(1) 6 3 ON , 3
OFF
)

-
]r

J_
Va| = j_

o

R 1E

Fig. 3- 1 Three- phase voltage source inverter and AC motor

, Fig. 3-1 Fig. 3-2
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Fig. 3-2 Basic scheme of 3-phase inverter and AC motor

ON

( VO! V7)

Fig. 3-3

EEI:I Bk

Sa, Sb, Sc  ON-OFF
8
OFF

: Fig. 3-3
Illll

ON

60
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Lo Ay 41
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F
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Fig. 3-3 Complementary switching and space voltage vectors
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1
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(1)

PWM

Vi V2 Vi Vi Vs Ve
Fig. 3-4 Posttion of 6 basic vectors

A

p

V3 (010} Y1 (11

I |
Vi Vo (0o S vy 5
4 -
- V7l i O
(01 v I (1000

W00l V(101

Fig. 3-5 SVPWM, vectors and sectors

AC

: Fig. 3-6 ap
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(2 aB Vv S., S,
SC

©) PWM

Yi(llo [ |
L ) Ha 1 i3

Wi (1005
5 =G : 'J":i !
Fig. 3-6 Reference vector as a Fig. 3-7 Switching pattern of
combination of adjacent vectors SVPWM in the sector |
[}
P
¥ (010 ¥z (11
I
¥a Vi -
(01 F 0y
vl
W1 .V{,L]Ulj

Fig. 3-8 Hexagon of SVPWM pattern
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3.1

[Sa Sb SC]T [ Vab Vbc Vca ]T
(3-2)
Vap 1 -1 0 S,
VbC - VdC 0 1 1 Sb (3'2)
Vea 1 0 1 SC
’ [ Va Vp V¢ ]T (3' 3) Vdc
DC
V, 1 2 -1 111 Sa
Vb = _3 VdC 1 2 = 1 Sb (3' 3)
v, -1 2]|s.
8 (3-2) (3-3) Vdc
il Table 3' l
a,p , (3-4) ap
3 apf ap
3 8
Fig. 3-6 ap afB
1 1
v, 1 — - Vy
=2 S A (3-4)
7 I PR s | %
2 2
8 6 2
. 6 Fig. 3-5 6
: 60 8
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, Vi Vo Vs LV

SVPWM 8
v’ (V')
(
T, )
Fig 3-6
3 : PWM
Tlv T2
U17 U2 U11
U, V*

Table 3- 1 Switching patterns and output voltage vectors

V oltage .
ES G Sa Sb Sc Y Vab Vbc VCa Va Vb VC
Vo 000 0«£0° 0O 0 O 0 0 0
2 o 2 1 1
Vi 100 3 Ve £0 Vige 0- Vg 3 Vie - 3 Vie - 3 Ve
2 o 1 1 2
\x 110 _3 Vdcé60 0 Vdc - Vdc _3 Vdc _3 Vdc - _3 Vdc
2 o 1 2 1
Vs 010 |3 Vgs120° |- Voo Ve 0 |- = Voo 5 Ve - 5 Vao
2 o 2 1 1
Vi 011 _3 V4. £ 180 - Vdc 0 Vdc - _3 A _3 Vdc_3 Ve
2 o 1 1 2
Vs 001 —3Vd04240 0- Vg Vg |- —3Vdc - —3vdc—3\/dC
Ve | 101 | 2ves300° Ve Ve O Ry Zvelv,
V- 111 0«£0° 0O 0 O 0 0 0
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(3-5)
(Ty, T2) Ts
(000, 111) ST
o T .

fOTSV* _ fOTl\/1+ le V, + fT1+ T2v7 (3-5)

Ts= T+ T+ Ty

(3-5) PWM v
(3-5) (3-6)
TV = T,V i+ T,V,+ To(Veor Vo) (3-6)
v = E v1+%v2: U+ U, (3-7)
(3-6) 3

Uy, U, T,,T, T,

*

U11 U21 V CL’,B
Ve o + 2 1 2 cos60° 1_ + 2 cos g
[vﬂ]_ T173 Vd°[0]+ T3 Vdc[sin60° ]_ Ts Vdca[sin&

Y a : Tl—g Vg + Tz—g V4. COS60° = Ts—g V4. a coséd

v ¥ : Tz—g Vg4 Sin60° = Ts—g Vg asing
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T,

sin(% - §)
= Tsa
sin %

T+ T,=T,,Tg=0

PWM

0 V1 \
sin ( 0)
T,= T 3~ -var vl
_2\/ sm—” Vdc
3 "d 3
T,= T, lv| _sind \/_3TSJ—lV sin &
_2\/ sin—” Vdc
3 "d 3
To= Te- (T1+ Ty)
Fig. 3-5
T1+ T2 > Ts
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ON OFF

Fig. 3-9 : : ;o
ON, OFF

ON, OFF
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- T ol

= 182

= RaB

= 1E 8

= R el

; T . Ta
% T Tz | J'T(} Tz . S
Sa | 1 '
i
Sh | 1
Se |_‘_1!
Sa |1 | | ; ] 1
Sb I
Sc [ | ]
S |
Sb | !
Se | : |
i 1
Syl | | — —
Sc | :
S, | : |
St [ I ]
Sc I ;
S |1 :
Sh [ 1 ]
S| I | — 1

Fig. 3-9 Switching sequence at each sector
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4. MRAC

4.1 MRAC

Fig. 4-1 MRAC , 1958  Whitacker

, primary controller

non- adaptive

reference
primary controller
Adaptation mechanism Yo Ym
(yp) (Xp)
(u) reference (r) , adaptation mechanism
Referance ¥
t L
model
r = Adaptive e
| laws -
¥ _ .
T T ¥o
’Enr*lfl';lligr = Process T : —-
'

Fig. 4-1 General parallel MRAC scheme
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Fig. 4-1 (primary controller

adaptation mechanism

) :

reference . MRAC
MRAC
, reference ,
, reference
(van Amerongen 1982)
primary
, self-tuning  predictive adaptive
, reference generator
MRAC series-parallel
, reference (
)
. Passenier
MRAC adaptative law . adaptative

law  sensitivity

Popov (hyperstability)

[24][27][28]
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Adaptive controller design

The process

DC

The primary controller

primary controller

, reference
perfect model- matching
primary controller

, PID

, direct adaptation ,

. primary controller MRAC
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, u u=6"w

, reference r

‘ o , ( )

, (signal vector)

] g reference

The reference model

reference
, reference ,
- . perfect
model- matching ( (the pole excess)
) reference
) (phase)
reference
( reference
). , reference
1 u L
reference
, reference
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reference ,

reference

Derivation of adaptive laws

adaptive law , Lyapunov

Lyapunov's method

MRAC ) )
Lyapunov's direct method(Parks,1966) . Lyapunov's
method Lyapunov V(x) ,
x=10
V(x) >0 forx=+0 (positive definite)
V(x) <0 forx=+0 (negative definite)
V(x) — for [[x|l— oo
V(0) = 0

, Lyapunov function V
Lyapunov's method

adaptive law

(e: Yp= Ym y €= Xp- Xm)

- 30 -



, Lyapunov function signal error  parameter error

signal error vector e=Xx,- Xp
parameter error vector ¢= 6- 6
Lyapunov function V
V=e'Pe+t ¢

p It

%

V=- e'Qe+ {some terms including ¢}

¢ Q e
% Q
P
ATP + PA = -Q
reference ,
A : Q
P
\ e=0 $=0
Vv @ e
0 0
reference signal , signal vector

- 31 -



, ¢=0

, . reference signal

) adaptive law ,

0= - I'e&
e e & o
e (e=Xp- Xp)
p'e (€1= Yo~ ¥n)
e+ Vv . & w @

MRAC using output feed back

’

, primary controller  perfect model- matching

. adaptive law , vector e

SPR(Strictly Positive Real)

MRAC X

(elzyp' ym) v

M onopoli , ‘augmented error method'
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Yp u

Landau . , SPR

Narendra Valavani(1978)

primary adaptive law

low damping ratio

. ASG
signal vector
The augmented error method
augmented error method primary  controller

4-2(Narendra et al., 1980: Narendra and Annaswamy, 1989)

r " ¥ Y,
- ke = Process -
+i
) Y
ASGH ASG2
Yol B X N |
o a a,
¥+ ¥+
[ & <

Fig. 4-2 Primary controller structure of augmented error method
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o' = (r,0®",y,, ©®7) : The signal vector

7= (ky,c',dy,d") : The controller parameter vector
A : The correct parameter vector
$=6- & : The parameter error vector

4.2 Adaptive law

Adaptive law Lyapunov Hy per stability
) SPR
(e) , SPR p (compensator vector)
(e=p'e ). p £ SPR(strict positive
real)
€= Yp- Ynm )
c(observation vector)
(e) ,
SPR . Fig. 4-3(b) ,
p (K-Y lemma). p( )
( reference ) (auxiliary
signal)
Adaptative law  Lyapunov ,
Suzuki  Dohimoto hyperstability theory
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N
= b - - = p! -
+ 5
i
A -
(@)
i | ] e s
» D - »- i
i 5
A
A -

(b)
Fig. 4-3 Normal place(a) and alternative place(b)

of compensator vector p

ASG

. Narendra, Valavani(1978) (1= Yp- ¥Ym)

Ko .
e, = k—mwm(¢ w) (4-1)
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v Kp SPR
Kp, K
yp= Wm(r+¢TW) (4'2)
W, SPR SPR adaptation law
<Case 1> :w, , SPR(strictly positive real)
W, SPR e, e, adaptation law

Wy, = ¢ (Sl - A) b,

(4-3)
(¢’ = (1,00 0) )
Lyapunov function
V=cePe+ ¢TI % (4-4)
€
e
I'' = I' >0,e=
ein 1)

( )V=ce (A,P+PA,)e+ 2(p 'WhlPe+ 24" % (4-5)

w, SPR (K - Y lemma ),
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P 1

AP+ PA,= -0Q
Pb, = ¢ ¢' = (1,0,0, ,0) (4-6)
(Pby) ' = (¢)T by PT = ¢f by, Pe= c¢'e
L> ¢’ = (1,0,0, ,0) L> g
V= -¢e' Qe+ 2(¢g'We, + 24" "¢ (4-7)
Y 0

2(¢"we, = - 2" I '¢
¢p'we;= - ¢TI

0 = ¢= - I'we,  adaptive law (4-8)

<Case 2> :w, SPR

W, SPR , 41 )
e, Y
_ -1
= e +v L "u

e+ wol(gl t- L Tg) w

Wy (¢'wW) + wyLg 'L 'w- w,LL '¢"w

W, L(¢ 'L 'w) — adaptation (4-9)

o
1
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(e) adaptation

L  w,L SPR S . L
(n.) (n- m- 1<n_.<n- m+ 1)
L 1
L '= w, oL n_=n-m-1
. adaptive law (e;1)
e . €
L , Lyapunov V==¢e'Pe+ ¢ I "¢
, e e e
e
e
e =
&t
4-9) e
e= A,e+ b,¢" (L *w) €= (1,0,...,0)e (4- 10)
b, L ( 4-9) [
L by,

V==e"(ATP+ PA e+ 2b, Pep (L ‘w)+ 26"y ‘¢

(4- 12)

w,L  SPR

- 38 -



Pb, = ¢ o
P e r
(Pbp)" = ¢ byP = o
bnPe= cle= e
21" g = - 209" LW
(4-13)

¢ (

oL - L g
¢ 6-8 ’
gL t- L'g= (0-8 )L - L T@-8")
=OL -l - (0L -1 )
(4-14)
I ° |
_ (4- 15)

(4- 16)
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u= 06 "w . (4-16)

e= e+ w,L(® "L '- L '8 Nw

e= e + w,L(® 'L 'w- L 'u) (4- 17)
P adaptive law ,
4.3.
@, ( ) MRAC
plant )
PI
, MRAC ,
primary controller . primary controller
Lyapunov
Adaptive Law ,
J,
B, Th T,
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(4- 20) , Fig. 4-4

Fig. 4-4 Block diagram of plant

+ Buw, 4-19)

+ Bw, (4- 20)

A. Derivation of the process

Fig. 4-5
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Fig. 4-5 Block diagram of process

@
Yo
(u=ig) Yp

Yo _ @ _ _ Ky
u I gs J,S+ B,

= —Ktp u
Ye J,S+ B,

(4-21)

u

J3S+B, X1

JpySX + Bx;=u

B 1
SX;= - =P X;+ - U
1 ‘]p 1 ‘]p

1 .
J—ppZ a, ,‘]_p: bp,SX1= X1

X;= - a,X;+ byu

] yp: Kthl
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B. Derivation of the model

. Fig. 4-6 ,J, K,, B

‘]mv KtmvBm

M=l T+ Y 1 Y~
" Klm | ~ " 'JmS—I_an | g

Fig. 4-6 Block diagram of model

gs yml ’ TI ym2
yp= Ymi- Ym

(r=ig) Ymi :
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r I gs J.S+ B,
K 4-22
Ymi JmS+ Bm ( - )
(4-22) ,
r =X
J..S+ B, 2
JSX, + B Xo= 1
Bn 1
SX, = 3. X, + 3 r
B, 1 )
J = am , J_ = Bm ,SX2= X2
X,= - apX,+ br
1 ym1= KthZ
(T|) Ym2 ]
ym2 a)r l
T, T, J.S+ B,
1 1 (4-23)
ym2 ‘]mS+ Bm |
(4-23) ,
T, :
J..S+ B, X3
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B 1 .
J: =am, J_: bm,SX3= X3
m
X3= - @pXz+ by T,
’ ym2=X3
Ym=Ymi- Yme
Ym= KmXz- Xz
] Ktm
L] Tm
3pL .
Tm= 37 Lr? ;ldrlqs
3pL
Th= Kths , Ktm 37 ern ;ldr

C. Primary controller design

(e= yp' ym)
augmented error method

WT = (r levyvaZ)

signal vector

6= ¢ = (ko,c',do,d")
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controller parameter vector
A correct parameter vector

p=6-6 parameter error vector

u= ker + cw; + dyy, + dw, (4- 25)

D. Derivation of the adaptive law using Lyapunov's stability

[26][27][28]

theory

MRAC , )

Lyapunov's direct method(Parks,1966)
Lyapunov's method Lyapunov V(x)
, x=0
V(x) >0 forx=+=0 (positive definite)

V(x) <0 forx+0 (negative definite)

Lyapunov V==¢ePe+ ¢ I , V()
(4- 26)
V= e (AT;P + PA e (4- 26)
+ 2b, PegT (L Tw) + 2Ty ¢
(4- 26) (4-27)

Adaptive law
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6 = ¢= - I'(L *we
Lyapunov's stability theory

primary controller

Ko
A
0= ¢ d,
d
Yo, 0O 0 O
_ |0y, 0 o
0O 0 vy, O
0 0 0 vy,
kO_-VOL l’€
-1
c= -VY L "we

E. Sensorless vector control

. Pl

(Ziegler Nichols)
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adaptive law

(4-27)

(4- 28)

PI



@ Ziegler Nichols

K,= 0.6K
Ki= K,
Ko
Kd: 4 Wn
MRAC
mE;
w* [ =i, || T
e P e e e
‘ {Mﬂldal} i m

Adaptive

WS
Paramaiers
s _ =
T’[ mary u=|la!: i 1
controfler " J 5+B,
<Process>

Fig. 4-7 Speed control system using MRAC
MRAC

Fig. 4-8
MRAC )
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- B0 -

Fig. 4-8 Schematic diagram of indirect vector control system
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5.1

Turbo C
) 2[m

, Pl

Table 5.1 Parameters and ratings of

IBM PC
s], 200 [ 9]
MRAC

Table 5.1

sample induction motor

Parameters & ratings values
Rated output 22 [kw] (3HP)
Rated voltage 220 [V]

Rated load current 86 [A]

Rated speed 1740 [rpm]
Pole P 4

Stator resistance R: 0.9210 [Q]
Rotor resistance R 05830 [Q]
Stator inductance  L: 67.1 [mH]
Rotor inductance L. 67.1 [mH]
Mutal inductance M 65.0 [mH]
Moment of inertia J 0.0418 [kg- m]
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Fig. 5-1 500[rpm]

(&) P , (0)
MRAC
PI 300[ms]
MRAC 250[ms]

PI . Fig. 5-2
1500[rpm] . (a) 550[msg]
(b) 450[ms]

5.2
, SVPWM
(PC),
TM S320C31
2[ms] 200] 9]
5-3

T exas Instrument 32 DSP TMS320C31
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CPU

Altera EPLD (Erasable Programmable Logic Device)

1%

Fig. 5-3 Photograph of hardware

CPU , PC

EPLD : . DC ,
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A/D (MAXIM

MAX122B) EPLD . SVPWM
EPLD TLP550
IPM
’ DC ’
Fig. 5-4
SanRex 800[V], 40[A] DF40BA80

IGBT (Insulated Gate Bipolar Transistor)

, IGBT
IPM (Intelligent Power Module) Mitsubishi
600[V], 75[A] PM 75RSA 060
DC
450[WV], 2400[ «F], 85
30[W], 10[Q]
ON OFF
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Fig. 5-4 Schematic diagram of IM motor servo system
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Fig. 5-5 Flow chart of main loop
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Fig. 5-6 Reference speed(w,) 500[rpm]
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