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Predictive Torque Control of Induction Motor Drives Based on Dual Reference Frame
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Abstract: For sensorless control of induction motor, model reference adaptive observers are usually used,
where rotor speed is considered as an adaptive variable. The accuracy of rotor speed estimation not only affects the
accuracy of flux observation, but also affects the accuracy of the torque prediction model. To overcome the
drawbacks, a stator flux observer based on two coordinate reference frame was proposed, which represents voltage
and current mode in stator and rotor flux reference frames, respectively. The proposed observer decouples flux
observation and speed estimation by eliminating speed adaptation. In addition, a prediction model of induction
motor electromagnetic torque based on double reference frame was proposed to match the double reference frame
observer. The proposed algorithm was verified on a 2.2 kW induction motor experimental platform. Experimental
results show that the proposed algorithm has good performance in both low-speed and high-speed areas.
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Fig.2  Root locus of induction motor and observer
2.1.2 XUARR LN 2%

T T BR AR UL 5 e A T A B
TEHTRLRCAR B W I 5 v, X (8 ATHTE SE 7 A br &
TR, T W =(LW. - 12i)/L,, )5 Tl i1k
d¥./dt = =R i, + v; X (9) H15E 1 AL b 572 4 3|
MR R AR R, IR K

‘ L. -
d(‘llt,r - ij:o vl Trla ' ‘

Hrp
U=V

AP oy, N HE T REEE R B e o =
W e VORGSR R A A AR A ;erjﬂ%?fﬁ%-&
KA AR R i 50 o 2Kl
WA B 79 5 1) ) HEAS i B 7 e 1 B Ok AL A
AT RGO M = 0, A8 A
v = s R, NS I SERA S A g, Mo, 5

(15) A] E— 2L ik
awr L, -1

= v - v
&t LTo * To (16)

S R i TG R LN £ 5 R P, T TR LA A L
DA TS B, T 3 AL 6 ek B AR
T, PR EE XA A 28 LI 87 A s 27

dv.

dl =—I§z +o, +o, + Kisgn(i, —1,) (17)

31



BAMH 2 F RSIE FLOH B T AR 6 U O 4 450
v~ L, - 1 - )
s o At : by
dt LTo * To ' ¥(¥.i) tan”(¥,/ ¥,

Re[ K, sgn (i, - i)e™] (18)
Hor v e TG R A MR, SR 8
Fis -

Vg =T 0+ 0y (19)
Horr Sy R IR 3 AR 2 ) FF S FLBE 0, SR 8 T
HEDR 22 AMEI v, BT AT IR
vy =Ky ey + Ky fey di (20)
Hop
ey=(1T. - ¥ll)-e

K, K A HOBIRR 288

FE FREAE BRI AMEITRE B an &1 3 TR . A
WP LA, X (17) ZRA8) AN i
TR TH R T AN T W LI A A B e
WA BN L BIL B o e T W A e T 2 B
=3 Z O FR B -  T O G B AN A
FHERE AT AR, N R

d%@ v, . )/W_zir T,

de ™ de 3p, P

(21)
(21 B f i 1 A T 3
AN L

//"\ — ,/'\\ Vn i
>+ e —+ —
”'I’” =/ =] N

' PI
(i

B3 M RS AE
Fig3 Calculation block diagram of compensation voltage
FELI 2% 5 #E = (17) S 8) M s i35 5
BRQOY, SAHEFHER AR &.
A~ P O B O R ) AR T AR Ak 5 Wi i L B
AR TRE BE o TR ABOE A2 1 i BELRI % 7~ FL LY
AR, 2 BB R R R

R =R—1<R=f;1m[

o, = (

U esgn(il - i) ]de (22)

R. - R,

R =R -kR. (23)

ok, IR E B TR B EE R W REG K N
LA I BB 28 02, 4 D9 E IR R AR (L
G THE
ARTCARE HH BRI TR UL AL Ao 2 LI 45 HE P& 4 1] 4
Fi7R o
32

Lt ol HE o e Z.|/ £ i) |-O
a/ T B e 7 o
1;‘: |: v :,: Eis

P4 AL bR 2R W g

Fig.4 Novel dual reference frame observer
22 FREINALIR R ETNRE
TEA% 8 9 S ML F00 e REL A7 i v, 000
TR — BT T AR 2R, AR U R,

W (k+1)=W.(k)+ T (k)- RT.i(k)
(24)
T, T. 1
i(k+ 1)=(1-—)i(k)+——-
7, 7, R,

1
th[— = jo(k)1¥. (k) + 0. (k)

(25)
T.(k+1)=312)p,-Im[ ¥ (k+1)-i(k+1)]
(26)
Hrp k. =LIL,
R,=R. +k R,
L,=0-L,
2 (25) T & A A TG R, A6 T2 R iR 25 23
ARSI A A B

T AR v R A R TR, 28 (25) t =X
(16) 0, B L5 v 145
TL, - T .

v (k)

Tik+1)= ¥ (k
J(k+ )= )+L5T,»(T

(27)
o, W (), W (k) BCE B SCHR H B0 7 28 XA b
ZNLIN 2% T TS 5 TR F ML A B . TR
FEHb, A 1 15 28 G R 1 T DU0ORE B, TNy AR
AL FEAME , I =X
W (k+1)=W.(k)+ T (k)= RTi (k)+v,
(28)
P 104 27 9 ) Pl 2 1 Wi D G T RGBT SRS 31,
TR
T.(k+1)=(312)p, - Im[ W (k+1)- T (k+1)e”]
(29)
23 RN E\ELT
AT BT R, AR BR A i 4



A, A R T S R oad RO LA TR S 4E i )

WA 20215 HS51E F19H

AL 0 00 2 ) B HEL T L B T AR Bl B Y
RS o A BT & S5 (IR ER TR
AP o AR SO A S B
Pl i) AN R B R SR -

N

g = YT = T.(k+h) 1+ A| 1w = 19,k + h) I +

h=1

L.(k+h)} (30)
Hrp
T =k, (0] - d)+k [(0] - d)d
{0 i, (k+h)<i,,
L.(k+h), = ) .
T e ik +R)I> i,
K T RE G S 2 (H ;A B RES E 5 E F
T B WRAE 2 ] AL EE R A L, (B + h) Dl i fL i
Sl
P00 L JeL (B + )V e e KA G, B, 1 (B +
b)) BUE R TG 55 K, T 3 L R 2K
X PR P H R R AR I S R, e
6 MEEREM2ANER G, 2NF 5 L i 1
W, R, PR PR T 7 Uk, BT = 0,046,

w [010] P4 uq110]

u [001] u, [101]
15 PHHLT AR A A R AR o

Fig.5 Voltage vector generated by two-level inverter

TERCFHER R G, il T80 b BEAR AT 3
INA e BT TR], DRI, A7 1l JR B A s ]
FEIR o 2SR k200 A L st B E ( + 1)
2T . oA T I PR BT R SR I R HE IR
AR SR FH LI 35+ F5T0 ™ (14 77 35 T BRI a) 3R
BV XL g >R FH 1oy i Rz 2 3K, SR 5 7 UL s ik
(ke + 1) s 220 SO f MR 25722 o8 A Bl 1, 000
(ke + 2) B 220 SRR R AL 14 5 T W IR L TG
B o SRS A T AE ST R, R IR ALY
HLR K3

TR FELATL U A o 2% TN 2 R 42 o) F) 8 AACHE
FIaNTE 6 7 , S5y =R 2R, 23 il B B
A LM g T RUAR R 2R 1) FL R R R Tk
SR AL R AL

S - .
o, K K

A

T BRI AL

S JG— M
g
T

PI
| (ke 2ff D)

6| wEwsiam
B i e YN

ent e

o, B AL R R
i 7 i

Ko il REmER

Fig.6  Block diagram of the overall control system

3 FIRZR

31 XBFAE

JIT e R 0 A AR SOV AL SE B - B kAT
WG, SIS — 5 2.2 kW BN B AL 5 Kk
1 1R 20 R ALIBR 45 20 B o JR 0L L ML Ay Tl A 3
St A ) A B B E AL, G O Ak B R R
TMS320F28335, L HLZ 8 : V,, =540 V, R =
268 O,R=213Q,L,=2751 mH,L =1, =283.4
mH, p, = 1.0, J=0.005 kg/m*; 7K % [7] 45 B3 HLAE N
TR AL, 2 B 0 R IR LRt B 2k FE
i, R AR AR RS ] . AEAS SIS BN HL AL
P14 DR 785 72 i 3 o BIORSE A 46 2 I FR O U AR R
e o7 5 3k i R R A5 L AL A Y 1 2
a8 AR AT
32 XEHER
3.2.1  EE{kMERE

JE N FL LI IE | R SR g a5 R AN 7 s o
Pl BN FEL ALY 2 3 4 4 12 B W ML 2 772 v/min
F -2 772 v/min, 1M J5 1R 71 22 2 772 v/min, & T
BEREAYFE 21 E N 0.71 Wh,

i /A(10 A/KE)

n,,n,/(r-min™")(5 000 r- min” /4%)
T/(N-m)(5 N - m/k%)

t/ms(

F7 N HLIE S S

Fig.7 Forward and reverse rotation experiment of IM

TR T B ZTR AR I B PR
BT R AE THIRIOE . A
A& N LIE SRR AR RE R 1ERR
BT LR, R R KB N 7.5 Nom,
S DA A S A i ) R L, [+ Pt i TR L AL

33



wAAES) 20215 FS1LE F 194

Mg 5K TR A6 BR b UBE R TR A4 4 5 )

AR e L

TR LAY IE S e A oy, 0 e il
fliTHe SR D 22 N RT 8 s, vk, g iR 22 1 1
AR

Aw =[(w, - @,)/w] X 100% (31)

WL o T 1 2R o LA I A
TR R IR IE G 2o 00 2 O,
IR ZE IR 4%

n,/(r-min"")(5 000 r-min”'/4%)
Anl%(5%I)

1/ms(200 mg}m> :
K8 IE R Al T2
Fig.8 Forward and reverse speed estimation error
322 FaltERE
TERE A5 4 A 1 385 v/min, [E -1 5E I (E $5
20071 Wh KA K 256/ 0 5 Nom 2505 F (I
28 R R ) A0 B LA AL ) SRR F AL A R
ATEREANIE 9 s o MR O WL, 2 - 4 i L
BEAPRAFLE 0.71 Wh s HL L FE A B sh 8, e gh e
FEl/NT 1.5 Nem; 5 T HURBOE BT, ES I 5
(total harmonic distortion, THD) N 4.5%

n,/(r-min”")(5 000 r-min™'/4%)
n/(r-min”")(1 000 r-min™'/4%)
[Z]l/Wb(1 Wb/H%) i,/A(10 A/KE)

i/ms(4'0 ms/fﬁ)
9 RN LR

Fig.9  Steady state of induction motor

3.2.3 AR DX A SO

TEARH BRI T, i T L HLAE - HL U
DL S H Bl st /0 DR I B SO0 4% ) 2 e 2 AR
5o AT B EFE A0 LI 25 A A DX 1 R SRR
o7 FLATL IR % 3 48 4 18 5 60 v/min, SR J5 5848 &
30 r/min, BEETHEHLAL F 28 2R A . RN HL AL i
B AT T REREIREL DL M€ - HR IR
W 10 s, A 10 8] LIE H, BRI 7E R 25 2
RAETF, Bt s g5 A R Ar i PERE

34

n,,nJ(r-min”)(50 r-min”'/4%)
2]/ Wb(1 Wb/A#) i,/A(10 A/K#)

t/s(1 s/H&)
E10 IR X il

Fig.10  Speed estimation at low speed areas

3.2.4 LS

>4 HL AL BAR 4 1500 t/min H 52 BR
Tt SRR N 38 Aok 3 P AR A ] T R AL fif
TR EE O Nom M2 7.5 N-m, B i HLAY
SR AN 11 B o AL 11 AT LU HY $0
el s ) LA RO 1% PR P S A 7 PR 2
TN A7 288 2 5 | S ) el R AT, 7 0 ) B ) N A5
B T PR

i/A(10 A/K%)

n,.n/(r-min"")(2 000 r/min”'/4%)

T/(N-m)(5 N - m/%)

BT SR b

Fig.11 Load disturbance response

B XF I 3 A SR TR R L TN e R 4
FEAE ARG TR) L, 382 11 27 2R 00 AL B 8 L0 g L XL Al
PR BB PONAR T . R EE5RE

1) 5 AR 7 B XA o 28 LN 6 705 1 5E 1
i e L N A 1, S 4 SR AR B, e WL %
TR AL IE S 5% | R LB AR 35 B LA
AIPERE

2)) i A LA B 28 A R TN A TR AN i e
AR R — 2 P 1R R R A TINS5
B 45 R I SR A v R TP R B BR A 4 L
TRREE AR T BRI NE O0 T, B B A PR A4 3l 25
UEPRAS

3) SR A R IAE T OBUAL R AR T e 4
AR, BAT B M Sh S TERE AR S TERE
1, 17k AT T SE PR R L LAR S R G

e TR R A2 , BN AL AR R AR R R RE S



i, A R T AE R O U TR S 4E )

WA 20215 HS51E F19H

ASC55 2 S B LN i e R T A B A S T
5 R A A 45 A O 5 S A TN 2 R A7 i S T T
A e 34 £ P V0 , e 20 2 R 114 ) S LA 555
B YRR RE o R — 25 R e TN A A 1 A Bl
SYERELA LB YR RE N T — P/ B IRAMR
Tl

S 3Lk

[1] Vazquez S, Rodriguez J, Rivera M, et al. Model predictive
control for power converters and drives: advances and trends[J].
IEEE Transactions on Industrial Electronics, 2016, 64 (2) :
935-947.

[2] Cortes P, Kazmierkowski M P, Kennel R M, et al. Predictive
control in power electronics and drives[J]. IEEE Transactions
on Industrial Electronics, 2008, 55(12): 4312-4324.

[3] M, kS kb i AT B AR AR T 44 i A e, g
R G BIE T BUIR AR R (D). AL T AR 2440, 2017, 32
(22):58-69.

[4] Wang F, Li S, Mei X, et al. Model-based predictive direct con-
trol strategies for electrical drives: an experimental evaluation
of PTC and PCC methods[J]. IEEE Transactions on Industrial
Informatics,2015,11(3) :671-81.

[5] kA, Set o PMIBZR 45 XU 5 A5 f L A 3 T s o
) BT R4, 2015,30(9) : 12-21.

[6] EhEl, AT L, faf MG A . 35 T vk 6 T i) RUE5t v Sl LT
FEHII. AR, 2017(11) :44-49.

[71 BEH, LS, X, 55 PR R G4 BRAE LAY
T R, B TR AR 24, 2016,31(19) : 115-122.

[8] 5K, Wi . 0 L ATLASE TR Tt e e 4 i (0. o (L AL
TR, 2015, 35(3): 719-726.

(9] BREAE A BRI 4% il /b = R e e 500 2 i A g v
WITHEL] B R G 510, 2016,44(22) 1 136-141.

[10] KK & A%, BLA o . Bk TPl o B e i 7K RE ) 45
DU P (1. v T H AR 40, 2016, 31(6) : 66-73.

[11] Lascu C, Boldea I, Blaabjerg F. A class of speed-sensorless
sliding-mode observers for high-performance induction motor
drives[J]. IEEE Transactions on Industrial Electronics, 2009,
56(9): 3394-3403.

[12] MRS, 2R , S, 45 BT 22 19 3 2R G Wl
for 19 7K B[R] A0 HBIL I 4% 4[], B TR 2240, 2017, 32
(6):156-163.

[13] XA, B A, W 4R, 46 . L o R ) 25 P AL 4 S 1 3 7
RV D], P TR 4, 2017,32(4) - 112-122.

[14] Davari S A, Khaburi D A, Wang F, et al. Using full order and
reduced order observers for robust sensorless predictive torque
control of induction motors[J]. IEEE Transactions on Power
Electronics,2012,27(7) :3424-3433.

[15] Wang F, Chen Z, Stolze P, et al. Encoderless finite-state pre-
dictive torque control for induction machine with a compensa-
ted MRAS[J]. IEEE Transactions on Industrial Informatics,
2014,10(2):1097-1106.

[16] Wang F, Zhang Z, Davari S A, et al. An encoderless predic-
tive torque control for an induction machine with a revised pre-
diction model and EFOSMOI[J]. IEEE Transactions on Indus-
trial Electronics, 2014,61(12) : 6635-6644.

WO H 19 :2020-03-16
& Mok H 31:2020-03-26

35





