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Adaptive Deadbeat Current Controller for Induction M achine
Drives
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Abstract: A self-tuning current controller for inductionmachines isproposed A deadbeat controller isutilized in the
stationary frane, eliminating the machine back electro motion forcew ith an assumption that it is a constant in one
sampling interval A recursive paraneter estmation algorithm then adjusts the controller online to guarantee the
precise current tracking, independent of time-varyingmotor paraneters Simulation results show that this schene is
able to achieve both the satisfactory steady state performance and fast dynamic regponse w hen plant paraneters
vary.

Key words Induction maching Current control; Deadbeat control; Parameter estimation

1 1
- ( )
1 ( ) 1
. 20 70 , ()

B laschke ) !

' [2,3]

. 2004-11-03; : 2005-01-24
(60474007, 50477042): (03B S089).

(1980—), , , ; (1962—), ,

1 )



1098 20
. " LR, Lo ]
Ly @ o BT TE 2 Tar:  Tao@®
”——-»?—y PRS0 L] 1045 2% » AL . L R
B idxv %2—14 ln.hc I T d—_ L rm(k) T a._ d—?
iq:e é&: Al R 1
3 , - 70 - Tw(k)
R.
. T w (k) 1- 7T L.
(P1) : [T i
[4.51 (0 0
I
' B = 0 i
- @ . (2b)
) 0 o0
[9,10] -0 0-
' . ids, iqs d q ; Vds, Vgs
[11]. d q , Lljdr, (I}qr d q
‘Rs,R: ‘Lol Llm
,Ls: Lm+ LSI,Lr
=Lmnt LrI,LsI Ln 1T
, o C0 = (1 -
, , LAt L r)).
[12]
’ (1)
: : ios(k + 1) = aias(k) + bW (k) +
cwr (K) Yy (k) + dves(k), (3a)
is(k + 1) = aie(k) + bW (k) -
2 o ()W (K) + dve(k).  (3b)
: R, RLZ
x(k+ 1) = Ax(k) + Bu(k), (1a) a= 1- T[cxs LLJ'
y = C (k). (1b) LuR. Lo I
b= T g2 Tay 97
ids 3 (3)
s Vs fa b (k) + cowr (k) Y (k), (4a)
X = , U= Ly y=1 | (2a)
W, Va iq bW (k) - cew (k) Wi (K). (4b)
Y,
, (4
A =
B 2
1- T[%n i"fEJ 0 b (k) + cw (k) Y (k) = e, (5a)
) ' , b (k) - et (k) Yir (k) = e (5b)
1. 7| By Bla
e L ' ®3)
R, - iss(kK+ 1) = aidss(k) + dvas(k) + ew, (6a)
Tl & 0 iw(k + 1) = ais(k) + dve(k) + eo  (6b)
0 L, B ' (6)
- L las(k + 1) =
a|dqs(k) + dv dqs(k) + Edqo(k). (7)



10

1099
(14)
[idj [vdj [eqj
ldgs = . JVodgs = ,Edp = .
la Va & Va(k) = ‘;‘[ldqs(k+ 1) - las(k+ 1)]-
(7)
las(k) = @lugs(k - 1) + dVag(k - 1) + fj-[mqs(k) - law(K) 1, (15)
Ea(k - 1). (8)
(5) Alastk+ 1) = aAlss(k) + dV2(k).  (16)
Vz(k) = - gAldqs(k) =
- §~[|dqs(k)- laas (K) 1 (17)
Edp (k)= Edp(k- 1). (9)
(1) (8) (9,
qus(k) =
Ve(k- 1) + :}{[ldqs(u 1) -
L) ] - a[las(®) - les(k- 1) (10) a d o
e (K) ek 1) Voes(k- a
1) lags (k + 1) |
las (k + 1) ks 1) =
iqs(k) + aiqs(k) - aiqs(k' 1) +
dves(K) - dves(k- 1); (18)
\VA
Ve (k) - iw(k- 1) =
V (k) = Vi(k) + V2(k). (11) alis(k- 1) - in(k- 2]+
(10), ags ags = .
Vil = dve(k- 1) - ve(k- 2)]; (19)
Vags(k- 1) + %{[|Jqs(k+ 1) - Y(k) = H " (K)X (k). (20)
()] - allin() - Tue(k- D}, (12) ) e - - D)
H(K) = [:m ,
(1 @2 k- 1) - ielk- 2)
Va(k) = V() - Vi), (13) X (K) = velk- 1) - valk- 2
Va(k) = (19)
‘gl‘ldqs(k+ 1 - iAqus,(k+ 1)] - .
_ d (RLS)

1 =
d |dq5(k) - |dq5(k)i| -

2l

a a .
i d |dqs(k) - d |dqs(k):| +

Q

~

a
=l ags (K - 1)] . (14)
b

%Hqs(k' 1) -

P () = <1 -

0) = B(k- 1) + K (K [2(K) -

h'(k) Bk - 1)1, (21a)

K(k)=P(k- 1)h(k)[h"(K)P (k-

Dh(k) + u] *, (21b)

L KW WIP K- 1. (210



1100

20

5kHz,
Re= 055 QR = Q75QL:= L, =
Q 068H,Lm= Q 063H, 380V,
1w, 1 440 r/min, 50 Hz,
pn= 4 d 2A . q
2s 1A
2
. idse, iqse d q
Didse, i d q 3
(Q 0002 9 ,
2.5
— : -l ' ; } ;
LSt .w‘dsz faee
<
05t
-0.5 4 L
0 2 4 6 8
t/s
2
2 7
ju"re - id.\‘e
Iq.\t‘
_<\C 1F iq‘vc »\
0
1.9998 2.0002 2.0006
t/s
3
e
1.00
< i
099}
0.98 L

25 252 254 256 2358 26

t/s

2021
201 .
< Lgse
2.00
id..w
1.99 & . . N . .
25 252 254 256 258 26
tls
5 d
4 5 ,
3 1
6 7
2.5
’ N
1.5 . idsz . Luse
S qse 'qse
0.5
-0.5 " " s
0 2 4 6 8
t/s
6
25 -
,‘A/Idxe
[ \
F : L i se
< 1.5 I{I_\'e iq.'f d
05
-0.5 L
2 4 6 8
t/s
7
6 7 )
8



10

1101
2.5 ; 2.02T
Lgse .
.. Ise
J e
1.5+ * 2.01
< e s i
e . \ / Py dse
051 Lase 2.00 A\
-0.5 — : N ! 1.9 b ) ) L R L
1998  2.002 ; /5-006 201 ¢ 25 252 254 256 2.58 2.6
tls
8 12 d
5
1.00 7 4r
< o = *
togg- g 2 a "a d 4
iq:e l ‘—\_/__ // L
/ /
0.98 . 0 .
2.5 252 2.54 2.56 2.58 26 0 2 3 6 8
t/s
9 q 13 a d
A= Q 96, a d
Q 001, a d 13
1.00 7
< iq;f 1
0991 e 6
098 , ) . . — ) )
2.5 252 254 256 258 26
t/s
10 q l
2.02 f ’
2_01 L idre !
§ iz;se '
2.00 (References)
[1] Kaznierkow ski M P, M alesani L. Current Control
1.99 L . . ] ) Techniques for Threephase Voltage-urce PNM
25 252 254 256 258 26 Converters A Survey [J] Industrial Electronics,
tls IEEE Transon, 1998, 45(5): 691 -703
1 4 [2] Ching-Tsai Pan, Yi-Shuo Huang, Tail ang Jong A
Constant Hysteresissband Current Controller with
9 12 Fixed Switching Frequency[A ] Proc o the 2002 IEEE
dq Int Symposium on[C]. L’A quila, Italy, 2002, 3 1021-
dq ,

1024

( 1106 )



1106

20

PX

(References)
[1] . M1
46-52

, 2000:

(Feng X T. Techniqucal of Fractionation by A dsorption
Process[M ] Beijing: Chenical Industry Press, 2000:
46-52 )

[2] Pavone D, Hotier G Systan Approach M odeling
Applied to the Eluxyl Process[J]. Qil & Gas Science
and T echnology-rev, 2000, 55(4) : 437-446

[3] , . [J]

10(2): 1-3
(XuM, YuJ S Technology of Soft Sensor [J]
A uanation in Petro-chemical Industry, 1998, 10(2): 1-3

[4]V anik V. Statistical L earning Theory [M ] New
York: W iley Springer, 1998: 146-175

[5] :

, 1998,

[J] , 2003, 18(3): 358-36Q

(YanW W, Shao H H. Application of SupportV ector
M achines and L east Squares Support V ector M achines
to Heart Disease D iagnoses[J] Control and decision,
2003, 18(3): 358-36Q

[6]Naga | E, Yang Y. Relevance Feedback Based on
Incremental L earning for M anmogran Retrieval [J].
Image P rocessing, 2003, 4(2): 7-11

[7] Cawwenberghs G,
Decreanental Support V ector M achine L earning [J ]

Poggio T. Incremental and
A dvances in N eural Infomation Processing Systams,
2000, 13(2): 147-158

[8] BurgesC J C. A tutorial on Support V ector M achines
for Pattern Recognition [J] Data M ining and
K nov ledgeD iscovery, 1998, 2(2): 1-47

[91Chang C C, Lin C 1 Training N u-support V ector
Regression: Theory and Algorithms [J ] N eural
Canputation, 2002, 14(2): 1959-1977.

[10] Tax DM J, Duin R PW. DataDomain D escription by
Support Vectors [A ] Proc o
Symposium on A rtif icial N eural Neworks [C ]
Brussels Facto D, 1999: 251-256

8th European

( 1101 )

[3]Bun S, Famlo S, Malesani L. et al A Dead-beat
adaptive Hysteresis Current Control [J] Industry
Applications, IEEE Trans on, 2000, 36 (4): 1174 -
1180

[4] Kavabata Y, Kavakami T, Sasakura Y, et al New
Design M ethod of Decoupling Control Systen for
V ector Controlled Induction Motor [J ]
Electronics, IEEE Transon, 2004, 19(S): 1-9

[5] Telford D. DunniganM W, WillamsB W. A Self-
tuning Regulator for InductionM achineV ector Control
[A]l Paver Electronics Specialists Conf , 2002 PESC
02[C]. Carins, 2002, 3. 1463-1468

[6] N ishida K, N akaokaM. D eadbeat Current Controlw ith
A daptive Predictor for Three-phase Voltage-source

Pow er

A ctive Power Filter[A ] Power Electronics Specialists
Conf, 2004, PESC 04[C] A achen, 2004, 2. 1010-
1016

[7] Telford D, DunniganM W, W illiamsB W. A daptive
High Bandwidth Current
M achines[J]. Paver Electronics, |IEEE Trans on,
2003, 18(2): 527-538

Control for Induction

[8]M alesani L, M attavelli P, Buso S Robust D ead-beat
Current Control for PNM Rectifiers and A ctive Filters
[J] Industry Applications, IEEE Trans on, 1999, 35
(S): 613-620

[9] Burton B, HarleyR G, Diana G, etal mplenentation
of aNeural N etwork to A daptively Identify and Control
V SI-Fed InductionM otor Stator Currents[J]. Industry
App lications, |EEE Transon, 1998, 34(3): 580-588

[10] Saetieo S, Torrey D A.
Space-vector PWM Current Regulator for Three-phase

Fuzzy L ogic Control of a

Pow er Converters[J]. Pow er Electronics, IEEE T rans
on, 1998, 13(3): 419-426

[11] Zhang C J, DunniganM W. Robust A daptive Stator
Current Control for an Induction M achine[A ] Proc
o 2003 IEEE Conf on[C] Istanbul, 2003, 1(23-
25): 779-784

[12] ShengM ing Yang, Chen-Haur Lee A Deadbeat
Current Controller for Field O riented InductionM otor
Drives[J]. Power Electronics, |IEEE Transon, 2002,
17(5): 772-778



