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1.3.1 BHMIhETRF[FIEH

o VRV 7 R A5 A P PR ST, AT 5 e ) R R A R P 87 T
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RIS R A U s RS RS — A AR T LA R AT SE X R A 4 )
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BT RXRIERIT RARGETT; AA, NEIATEFRE, I X Se RN i P2,
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P T RGBT — bR WA T 5 BRI i e R S Ak B
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Mg, A, 2R A DL L R A — AR T SRAR AT 1
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AT o 3k S PR A IR — A BEUER [R5 B A o N ) B mT LR & ]
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1.3.2 BEIIhETHREE

X AR B AL Bk B AP R, AT T 2R, bR
PN 1.6 i, —Se0r kR oe st )RR, AR M PR ik . [t — Lk
BOR R BGEE RGAT HINERDNEN S, @E TR EE GRS, BT 2
V5 HA SR KR RE T .

AS R T I

R R AR RS 25 Mo ) i I A LA
S |
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BRI R W% : TR I #5 h1) L
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( GPC: Generalized Predictive Control, |~ Uil )

DA s A ARV ERr I, DA AR A T SRS IO T (B S
ZHEER AR WS RFE TP, AR — D4 E I
IGERE o X AE R 5 2858 T — SEfa SRy W I, el s s (el T
— SR ARG O, AN B 45§ ( Direct Torque Control, DTC NERE IN=E: 4
& H ( Direct Power Control, DPC Y100 S bt 7 R UR TR TR
N TR 6 IR Ay 28, 0w T AR R R I SRAE AR i ER SR A
ARG ML MR IR ST I AT TR OIS, 308 B — L8 07 FH Ul 7 A=
PRI, JF AR RGOy, I R AR PR AR R ELAN A% B BB e
BEXTX — IR, AT T — e Bl Jy SRR I O

A R AR O — R A T ELAT ) ) AR 5 10 2 1 o R A
R UL TERE Ty ST PL ARSI A% W TR MR R A Z s M, #%
SEMFEH ( Field Oriented Control, FOC ) & AMTEVEIR—Fph om0, 5
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g B T EOR FE 5 R nshaA R E A G, BT ESL
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3

ol HL Iy B RGBT U — R R, 5 Rl s B 2 1E H
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AP Y Bl 25005 B

o DIITOCHAE SR/ MU R4 DR TF G F s/ . X — ORI SR
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IR AR T S ABIME R, AW E ST REA 225+ .

o AR 4R A ) A5 UE AL YE FE 40 % B R A B LGS ( Electromagnetic
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o TERFIEITAM FHRI RAFAUPERE. TR AR ds A R dE 4tk
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Hi A AR AP RE AR F A . AR AR E R, R BEE A TR .
HWSEORMIBTT SRR AR A . i TR R R MR ] SBR[, X2
TR EE B R — o 3o, TFICHIFE MR 1 i BR 45 ) O s A (R ) e
AR FHYE R4 o R T PV B ) B A P R, A B B3 T — ek it
UE T

FIHBCFRERIE 6 L2007 B0, AR A R A0 TR N, &
G EAT AR o R AEATAE
2.1.2 E-FRkEEIASIS = 8K 218 il B9 2 1

A2 AT FH R 25 A D 3 AR e 2 (0 D ST G AR IR 5, R SE AR etk
AP M . XX RG] DM AR R —Fh bkl g, ol WYt
BO7 Z58 R A LIRSy (PL) #5468 .
2.1.2.1  BRSEIAH

O R O e A W e 1< '8 (=R o il B SO B o5 Ok TRARD LD E R R
SRS R TF O o Tk S VA i A A A g B N S AL 2. 4 TR, B
ERSH RS =M IHE ST A, 38 g i 0 b A — 1 ko e
¥, ZHEFSHER T ESSHHERIERL,

XPT =AY, BN S E RS = MEE S TR, JRTEMNY
WARSHRRE L7 A OGRS, i 2.5 Fos, g, a Fl b AHAYH B EES 5
R o F vy, EIHRIBGSHE TEEE v, -
2.1.2.2 R TEIRE & ZEF GG &I

PWM 1 — #2484k T 3 9 B o 25 8] < & 4 il ( Space Vector Modulation,
SVM ), H s RS IR B 2 % R et it EAR . HARYE S =4
JERREHITER, A&

uJ/J\l\.)

v = v,y +avy +atvy ) (2.1)
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LT3 AR AR A i H P TR B T A% AR O SRS S R LR v,y = S,V

/\‘:F'x— a, b, cto RIF, MIESHIFRENHE T, i‘%Z.lﬁlJnLHTgﬁ
WS AR R R B, AR RN ] 2. 6 FTs .

BB R B R R A ER, W« - B PRI N IX,
2.6 . M, MEEMSHHIER e AT b B, AT AR 4B Y % &
Vi Vi BV B, FF5ITE ¢« 1, R g B2, T4 T 51 5 B4 i
—i TR

/

ZLT( thk+Vk+1tk+1+V0t0) (22)

T=t,+1,,, +1 (2.3)

Kb, T a7, t“l/T%DtO/TU“Jﬁ%’Jﬁ%%iXT A A
=HARRH A A RS VEIIE, 452585 .

3Tl "1 (oo, )_sin<0—0k>



B2EF DELTBRBFEDEBEOSESRMESE 19

Od* Udvx md*
+ + +
| | |
§ § g

jﬂﬂﬂﬂﬂﬂﬂﬂﬂmwa
LTI

Bl2.5 = AHMGAZ 4% 0 BK 58 8 i 4%



20 DEEBBIE RIS TUNIER

(0o1)  (101)

B 2.6 SVM ) TAEEH
a VR BN DX L b )3 B IX P B0 26 f 1 AR A X

3T1p * | sin( 0 -6, )
lpy1 = 1%
de ﬁ
tO:T—tk—lk+l (26)
X, 0 ZRSFEREe WAME; 0, 2RV, WA,
F2.1 FRXREMBERE

(2.5)

s, S, S, W e V

0 0 0 Vy =0

1 0 0 vV, = %Vm

| ! 0 v, = ;—V‘l“ +j gv‘h,
0 | 0 v, - —%V(k, j ?ﬁvd(
0 1 1 v, = —%v,

0 0 1 Vs = _%Vd(- - gvtlc
! 0 1 v, :é—v,‘ ng‘h,
1 1 1 vV, =0
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% Variables required in the control algorithm
global Ts E L v states

% Sampling time of the predictive algorithm [=]
Ts = 25e-6;

Load paramsters

10; % Resistance [Chm]

10e-3; % Inductance [H]

100; % Back-EMF peak amplitude [V]
= B0*(2*pi); % Back-EMF frecquency [rad/s]
= 520; % DC=-link woltage [V]

% Current reference

I_ref peak = 10; % Peak amplitude [A]

f_ref = 50*(2*pi); % Frequency [rad/s]

% Voltage wectors

i) 0;

vl 2/3*Vdc;

Va2 1/3*vde + li*sgrt{3)/3*Vde;

w3 =1/3*Vde + li*sgrt(3)/3*Vdco;

wd =2/3*Vdo;

w5 -1/3*Vde - li*sgrt(3)/3*Vdc;

vh 1/3*vde - li*sgrt(3)/3*Vde;

w7 0;

vo= [v0 vl v2 v3 vd w5 w6 v7];

% Switching states

states = [0 0 0;1 0 0;1 1 0;0 1 0;0 1 1;001;1 0 1;1 1 1];
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XA PRE R DA T AL R — TR B e U RAERTE] (s, #E AT 5
AT TR ) AT RS EOE B Y Oy S ST, W Simulink 5D B R4S B
PRl IR ) 58 i o AR YA B T LB A R E O A L
HEUESHL

A% AL 2 25 T A 4. 8 15 IR A 0N L S il SR P i B, ARAS 2R
1 ATAE I T4l pRA, Pl PR T 2 = AN IRAB S S, . S, A1 S, o FS il pREAY
MARZSZRR (1 ref) FAMIEAR (I meas), XM NIAIITE o BIRRH
FOR . PRECRIT B B2 F i T AT RS B BT A B

AR R T AT (A R B 2 B AN AR i iR (x _ola) T
VEFR B e NG LR A (1 o1d)o i X SEAR Al i £ 3 [
S, EARA 4. 6 TR (4.23) BRI 555 ~8 1775 R SbHpEAr i,
WAL A, TAESS 15 APt B (e ).

FRASIEE 11 AT 13 1543 B4 Hh THERBEIT 20 k IS H W (ik _ ref )
LRI (% ); FE2B 17 47300 746 k- 1 B Z0 A R A A

5518 4T ~29 AT Z (RIS SE B TIRAL B R . B RIS LR EE$E T 8 1] REMY
HLR R (5520 17), I BB N T4 22 17 AU RIS 7E |k + 1 B Z)
(ik1l) PYRIRTGNE . (HHE 24 77RO RBGTAT B — R R R T ESEH
TN — A SRR A 2 00 Hh 3 =2 (R 15822 . 3t 55 26 17 ~ 55 29 F7 AR PR K
A (g opt ) FIfEALEERE (x _opt ). FE5H 9 f3if, @it —ARK
(X (g opt ) EHHEFTRIMEA. &5 32 47 %1 1 B8 16 FL R 2% fa (64T 56 397
e, 5 34 47 ~ 28 36 ATRUACHD P AR T X R A A B 2% R g HE T IR A
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1 function [Sa,Sbh,5c] = control(I_ref,I _meas)

2 % Variables defined in the parameters file

3 global Ts R L v =tates

4 % Optimum vector and measured current at instant k-1
5 perszistent x_old i_old

6 % Initialize wvalues

7 if isempty(x_old), x_old = 1; end

g if isempty(i_old), i_old = 0+1j*0; end

9 g_opt = lelld;

10 % Read current reference inputs at sampling instant k
11 ik_ref = I_refil) + 13*I_ref(Z);

12 % Read current measurements at sampling instant k

12 ik = I_meas(l) + 19*I_meas=(2);

14 % Back-EMF estimate

15 & = v(x_old) - L/Ts*ik - (R - L/Ts)*i_old;

% Store the measured current for the next iteration
i_old = ik;

=
o

=
=]
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18 for i = 1:8

19 % i-th voltage wvector for current prediction
20 v_ol = wii);

21 % Current prediction at instant k+l

22 ikl = (1 - E*Ts/L)*ik + Ts/L*(v_ol - e);

23 % Cost function

24 g = abs(real {ik_ref - ikl)) + abs{imagi(ik_ref - ikl)};
25 % Selection of the optimal wvalue

26 if {(g=g_opt)

27 g_opt = g;

28 ¥_opt = i;

29 end

30 end

31 % Store the present value of x_opt
32 x old = x_opt;
33 % Cutput switching states

34 8a = statesix_opt.l}:
35 8h = states(x_opt,2);
36 Sc = states(x_opt,3);
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e o7 HL BIL 1) e s )
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PRI eI TR S . KB 2 450 T B iR AT PL B FE il 4% o 55 4%
AT SEC: g 55 Kp FIBUM S &% Kio X Tk 8nyiit, mILlaE
aeb o A 0 A 5 A A F LR B R e R 2 [ P A% 326 PR B
w,(s) 1
Ts) s
Wt (B 1), AIRAW 2R OR G 7 L icit PLEERI#R. B. 1 750
o5 th X — 05 B BT R FH A4 il 2 S 5
PI #5751 g A4S T RN ( saturation 3 ), DUSETED ELHHLEY BRI P9 4535
SEFHFWIEE . 45X — 2T DI RSB FIG:, Y8 & i 44
SER o A BRAE I 277 AR M4, I HLAE BRI e 7 o = A A B A5 R . it
P A 0 S R B A RN 1 S5 R B BRAEL, 7RO B SR T — N i bt
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% Variables required by the control algorithm

lobal Ts Rs Lr Lm Ls p tr kr r_sigma t_sigma lambda v states
Sampling time of the predictive algorithm [s]

Ts = 4de-5;

% PI speed controller parameters

Tsw = 0.002; % Sampling time of the PI controller [s]

Kp = 3.016; % Proportional gain

i = 0.141; % Integrative gain

Machine parameters

J = 0.062; % Moment of inertia [kg m"2]

p =1; % Pole pairs

Lm = 170e-3; Magnetizing inductance [H]
Ls = 175e-3; Stator inductance [H]
Lr = 175e-3; Rotor inductance [H]

Rs = 1.2; Stator resistance [Ohm]
Rr = 1; Rotor resistance [Ohm]
sf_nom = 0.71; Nominal stator flux [Wb]
T _nom = 20; Nominal torque [Nm]

% DC-1link voltage [V]

Vde = 520;

% Auxiliary constants

ts = Ls/Rs;

tr = Lr/Rr;

sigma = 1-(((Lm)"2)/(Lr*Ls));

kr = Lm/Lr;

r_sigma = Rs+kr”"2*Rr;

t_sigma = sigma*Ls/r_sigma;

% Weighting factor for the cost function of PTC

lambda = T_nom/sf_nom;

% Voltage vectors

v0 = 0;

vl = 2/3*Vdc;

v2 = 1/3*Vdc + 1j*sqgrt(3)/3*Vdc;

v3 = -1/3*Vdc + 1lj*sgrt(3)/3*Vdc;

v4d = -2/3*Vdc;

v5 = -1/3*Vdc - 1j*sgrt(3)/3*Vdc;

v6 = 1/3*Vdc - 1j*sqgrt(3)/3*Vdc;

v7 = 0;

v = [v0 vl v2 v3 v4 v5 v6 v7];

% Switching states

states = [0 0 0;1 0 0;1 1 0;0 1 0;0 1 1;0 0 1;1 0 1;1 1 11;

o Q

oe

0 0P 0 00 P o°

o

K73 B.2 PTC &%

function [Sa,Sb,Sc] = control (T _ref,sflux _ref,wm,i_meas)

% Variables defined in the parameters file
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global Ts Rs Lr Lm Ls p tr kr r_sigma t_sigma lambda v states
persistent x_opt Fs

if isempty(x_opt), x_opt = 1; end

if isempty(Fs), Fs = 0 + 0i*1; end

% Stator flux estimate

Fs = Fs + Ts*(v(x_opt) - Rs*i_meas);

9 % Rotor flux estimate

10 Fr = Lr/Lm*Fs+i_meas* (Lm-Lr*Ls/Lm) ;

11 g_opt = 1el0;

12 for i = 1:8

0 oy Ul i W

13 % i-th voltage vector for current prediction

14 v_ol = v(i);

15 % Stator flux prediction at instant k+1

16 Fspl = Fs + Ts*v_ol - Rs*Ts*i_m eas;

17 % Stator current prediction at instant k+1

18 Ispl = (1+Ts/t_sigma)*i_meas+Ts/ (t_sigma+Ts)*...
19 (1/r_sigma* ( (kr/tr-kr*1li*wm)*Fr+v_ol));

20 $ Torque prediction at instant k+1

21 Tpl = 3/2*p*imag(conj (Fspl)*Ispl);

22 % Cost function

23 g = abs(T_ref - Tpl)+ lambda*abs(sflux_ref-abs(Fspl));
24 if (g<g_opt)

25 g_opt = g;

26 xX_opt = i;

27 end

28 end

29 %**************************************
30 % Optimization

31 [~, x opt] = min(g);

32 % Output switching states

33 Sa = states(x_opt,1);

34 Sb states (x_opt,2);

35 Sc states(x_opt,3);
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1 % Declaration of global variables required by the
control algorithm

2 global Ts R L A Agll Agl2 Ag2l Ag22 Bgll Bgl2 Bg2l Bg22 S
3 % Sampling time of the predictive algorithm [s]
4 Ts = 10e-6;

5 % Source voltage [V]

6 Vs = 180;

7 % Source frequency [f]

8 ws = 2*pi*50;

9 % Input filter parameters

10 LE = 400e-6;

11 Rf = 0.5;

12 Cf = 21le-6;

13 % Load parameters

14 R = 10;

15 L = 30e-3;

16 % References

17 i_ref = 8;

18 w_ref = 2*pi*30;

19 % Weighting factor instantaneous reactive power minimization
20 A = 0.008;

21 % Input filter model

22 Ai = [0 1/Ccf; -1/Lf -Rf/Lf];

23 Bi = [0 -1/Ccf; 1/Lf 01;

24 Ci = [1 0; 0 171;

25 Di = [0 0;0 0];

26 Gin = ss(Ai,Bi,Ci,Di);
27 % Discretization of the input filter model
28 Gg = c2d(Gin,Ts);
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29 Aqgll = Gg.a(l,1);

30 Agl2 = Gg.a(l,2);

31 Ag21 = Gg.a(2,1);

32 Ag22 = Gg.a(2,2);

33 Bgll = Gg.b(1,1);

34 Bgl2 = Gg.b(l,2);

35 Bg2l = Gg.b(2,1);

36 Bg22 = Gg.b(2,2);

37 % Valid switching states of the Matrix Converter
38 S(:,:,1) = [1 00; 01 0; 00 11;

39 S(:,:,2) = [1 00; 001; 01 01;

40 S$(:,:,3) = [0 1 0; 1 00; 00 11;

41 S(:,:,4) = [0 1 0; 00 1; 1 0 01;

42 S(:,:,5) = [0 0 1; 1 0 0; 01 01;

43 S(:,:,6) = [0 0 1; 01 0; 1 0 01;

44 S(:,:,7) = [1L 0 0; 00 1; 00 17;

45 S(:,:,8) = [0 1 0; 0 0 1; 0 0 171;

46 S(:,:,9) = [0 1 0; 1 0 0; 1 0 0];

47 S(:,:,10) = [0 0 1; 1 0 O0; 1 0 O];

48 S(:,:,11) = [0 0 1; 0 1 0; O 1 01;

49 s(:,:,12) = [1 0 0; O 1 0; 0 1 01;

50 S(:,:,13) = [0 0 1; 1 0 0; 0 0 171;

51 S(:,:,14) = [0 0O 1; 01 0; OO0 171;

52 S(:,:,15) = [1 0 0; 01 0; 1 0 07];

53 S(:,:,16) = [1 0 0; 0 0 1; 1 0 0];

54 S(:,:,17) = [01 0; 00 1; 01 071;

55 S(:,:,18) = [0 1 0; 1 0 0; 01 071;

56 S(:,:,19) = [0 0 1; 0 0 1; 1 0 0];

57 S(:,:,20) = [0 0 1; 00 1; 01 01;

58 S(:,:,21) = [1 0 0; 1 00; 01 0];

59 S(:,:,22) = [1 0 0; 1 0 0; 0 O 171;

60 S(:,:,23) = [01 0; 01 0; OO0 171;

61 S(:,:,24) = [0 1 0; 01 0; 10 01;

62 S(:,:,25) = [1 0 0; 1 0 0; 1 0 071;

63 S(:,:,26) = [01 0; 01 0; 01 01;

64 S(:,:,27) = [0 0 1; 0 0 1; OO0 171;

R# C.2 WMAEHEE
1 function [Sopt] = MC_control (I_ref,Io,Ve,Is,Vs);
2 % Declaration of global variables required by the
control algorithm

3 global Ts R L A Agll Agl2 Ag2l Ag22 Bgll Bgl2 Bg2l Bg22 S
4 % Output references in alpha-beta coordinates
5 Irefalpha = 2*(I_ref(l) - 0.5*I_ref(2) - 0.5*I_ref(3))/3;
6 Irefbeta = 2*(sqrt(3)*I_ref(2)*0.5 - sqgrt(3)*I_ref(3)*0.5)/3;
7 % Initialization of the optimal value of the cost function
8 gopt = 1lel0;
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9 % Calculation of predictions for the 27 switching states
10 for k = 1:27;
11 % input current vector is given by the switches state...
12 % and the load currents
13 Te = 8(:,:. k)" "*Io;
14 % prediction of the source currents
15 TIs_p_3f = Ag2l*Ve + AgiZ2*Is + Bg2l*Ws + Bgl2i+*le;
16 % transformation to alpha-beta coordinates
17 Is_p re = 2*(Ia_p 3£(1) - 0.5*Is_p 3f(2)
- 0.5*Is_p 3f(3)}/3;
18 Is_p_im = Z%({sgrt(3)*Is_p_3f(2)*0.5
- sgro(3)*Is_p 3fi3)%0.5)/3;
19 % output voltage vector is given by the switches state...
20 % and the input wvoltage wvector
21 VHN = Si(:,:,k)*Ve;

22 Vall) = VHM{l) - (V=N(l) + WV=N(2) + V=N{3))/3;
23 Vol(2) = VAN({2) -(VEN(l) + VxN(2) + VxN{3))/3;
24 Vo(3) = VaN(3) =(VxN(1l) + VxN{2) + VxN{3))/3;

25 % prediction of the load currents
26 To_p 3f = (1 - B*T=s/L)}*Io + (T=/L)*Vo;
27 % transformation to alpha-beta coordinates
28 TIo_p re = 2*({To_p 3E(l) - 0.5*Ic_p_3£(2)
- 0.5*Ic_p 3f(3)1/3;
29 To p im = Z¥({sgrt(3)*Ic_p 3f(2)*0.5
- sgre(3)*To_p 3E(3)*0.5)/3;
i % cost function calculation
31 gl = {absi{Irefalpha - Io_p_re) + abs({Irefbeta-Ioc_p_im)):;
32 g2 = abs(Ves_p_re*Is_p_im - Vs_p_im*Is_p_re);
33 g = gl + A*gZ;
34 % optimization
35 if (gegopt)
ia gopt = g;
37 eopt = k;

i end

39 end

40

41 % Output switching states
41 Spa = 5(1,1,eopt);
42 SBa = S5(1,2,ecpt);
43 8Ca = 5(1,3,ecpt);
44 SAhb = S(2,1,ecpt);
45 SBb = 5(2,2,eo0pt];
46 3Cb = 5(2,3,eo0pt);
47 SAc = 5(3,1,ecpt);
48 SBc = S5(3,2,ecpt);
49 SCc = 5(3,3,eopt);

50 Sopt = [SARa S5Ba SCa SAb SEb 5Ch SAc SBo 5Co;
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