TEL BTG

w9 23 A FA FAO
S FEAS) 9 AAFS

20054 251

P
T

E) UN- SN

%
A

HAEZ YA TE FRERE

W
E

% 3




PR T L Bms s

20044 12H 23H

% I8t B E 6
- . PRI
£ B IBEt o = S8

vl
\TIn
H
E
EE:
H

ol
i
H
4B
EE
H-




Abstract

v

List of Tables vi
List of Figures Vil
Nomenclature X
A1F3AE 1
11 A7 w7 3 =3 1
12 5 - 8 A7 5% 5
13 =& W& # e 9
A2 A=¥XH=F] A EA Aoy 12
21 IM9] 4387 wd 12
22 &£ EF Al Y FA 3 13
23 A BEA Aloje] B4 a4 17
A3 F NAA HEst 224G A 4 20
31 49 Fog v HA% 2 #4 20
3.2 MRAC 7]¥te] 3| Az £ FF 22
33 223 A A4 oA 23
34 £59 23448 BA 242 97 245 W oo 24
35 7hW 2324 APl o 2 AT 24 25
3.6 Nde 23A4% F=HH 27
3.7 22k wF AR WEG ZEx o 13 28




A 4
41
4.2
4.3
4.4

A5 g AL 75

51
52
53

34 A4d
34 A% PWM QIMEle] T4
Dead time2]
ANE 2917 £ g} 1 By

Ay T3 HEe 2A

PWM <11 E|

ety 71 HA}

&9 Fu e Ao adel 7E

MRAC 7]4ke] zlojrj2=8)e] T3

5 A ojA 28 o]

ol 54 Wi

A6 % A AgHold B 1R

61 3 A Bl 2

62 &4 E2 Ao AlEd oA

SRS et T (RS RN DU DS 50 S IPN RS P DY p—

64 MRAC 7]¥te] 4lMel2 &EAo] A& o4
A7 AR 2 2R

71 SEgloie] 74

72 2ZES 0| T4

73 Dead timed} 2919 42 919 A% £4 B4 AY e

74 IM Shebole 84 A% A4

75 ¢4 B2 Ao} 43

76 @ F95 v AAEs SEaol A3

77 MRAC 7]ite] AlMe2 &2Alo] 28

30
30
31
34
34

37
37
37
38

40
40
41
44
53

57
57

60
62
64
65
68
74




AsFAE

- o =
7]:}_51—--1':1_
1=

3 =

80

83

88

Appendix
Appendix

A
B
Appendix C A
Appendix D

88
94
97
103

109




Sensorless Control of Induction Motors with Simultaneous Estimation

of Speed and Rotor Resistance

Zhen-Guo Lee

Department of Mechatronics Engineering, Graduate School

Pukyong National University

Abstract

A number of sensorless induction motor drives have been developed in the past.
However, the performances of these sensorless drives are not sufficient when
compared to the sensored ones. A major drawback of these drives is due to the
difficulty of control at low stator frequency. During this region of operation, the
signal-to-noise ratio of the stator current is decreased significantly and the effect
of stator resistance voltage drop is not negligible. Another difficulty is to ensure
the robustness of drives against parameter variations, especially rotor resistance.
Also, it is well known that simultaneous estimation of speed and rotor resistance
is hardly obtained in the vector control induction motor drives with constant rotor
flux.

To solve these problems, we suggest a novel speed sensorless scheme based on

a feedforward torque control technique. The control scheme has some different

features compared with the classical vector controls. First, it controls rotor flux as
a sinusoidal waveform in the d, q reference frame without affecting the torque
control performance. It 1s possible to estimate on-line both speed and rotor
resistance using the rotor flux. Second, it does not have any current feed back
loops. Thus, we do not need to consider any phase compensations based on the
delay between stator voltages and stator currents. Since control voltage can be
determined using this feedforward technique, we can exclude complicated process
in order to design Pl gains in current regulators. Third, the electromagnetic torque
is controlled very fast and independent of the rotor flux without inducing spike in

the currents because the control voltage was derived theoretically from the steady
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state currents values. Since speed and rotor resistance estimations do not depend
on the stator resistances, stator voltages, and any other derivatives of currents, it
is possible to achieve speed sensorless with good performance even during low
speed region. Especially, we do not inject any high frequency signal to estimate
the rotor resistance, thus we expect less current ripples and we do not need to
design a high band-pass filter to reject them out. Hence, we can reduce the
burden of hardware to inject high frequency signals and also software to detect
these high frequency signals.

In this paper, at first, the feedforward type torque control is described in detail
using the machine equivalent circuit equations. Then, the estimation equations for
speed and rotor resistance are derived from stator currents in d, q reference frame.
After that, the speed sensorless based on the torque control scheme is described.
Finally, through several simulation results using a PWM voltage-source inverter
and experiments based on a DSP control system, the validity of the proposed

method is verified.
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Table 2-1 Comparison between feedforward torque control and

conventional current feedback control
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A7 z7le] Qe & BAZR Hu, FAE bk FAE -1 FH 2
(4-11)3} o] Ht}

i

out(k)=a in(k—1)+ b out(k—1) (4-11)
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Table 6-1. Induction motor parameters and rated values

Py 2.2 [kW]

Ug 380/220 [V], 60 [Hz]
rated value

I, 92/53 |A]

P 4

R, 254 | Q]

R, 043 [Q]
motor parameter L, 169.11 [mH]

L, 169.11 [m H]

M 163.25 [mH]
inertia J 0.003 [N - m - s°/rad]
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Fig. 6-2 Response under the stepwise torque command

(a) torque reference and response (b) rotor flux reference and

response (c) rotor speed (d) phase voltage of u, w (e) stator current

of w and w phase (f) stator current of ¢ and ¢ axis
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Fig. 6-6 Simulation result of speed sensorless control with

simultaneous rotor resistance estimation (speed reference 100[rpm])

(a) speed (b) rotor resistance(initial rotor resistance set at 1.2 times of

real value) (¢) numerator and denominator of (3-19) (d) torque
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Fig. 6-11 The effect of the identification error of the rotor resistance
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Appendix C A|E8o|M =22 124

function []=sensorless()

o &msh oA Gl A R0 T

% pwm, TA £ ARy
5 PIAIS): 0.1485%(1+1/(0.02*s)

% BB atehvlE et A ZE sepvigateldl a7h §le Al ¥ 1w

% ol x= 2003 06€ 20¥

% Mg 2
T_timer=0.001,;
f ¢=3000.0;

%timer0% Bl { E[s]
%7l ] o] 5= 34 [Hz]

% REH vy 4

R1=2.54;

R2=0.43;

M=0.163;

L1=0.169;

1.2=0.169;

sigma2=L1*L2-M=*M,

P=2.0;

T_N=8.8848; 9%[N.m]
lamda2_N=054; %22 &}4 74 A A
J=0.003; WEWE
T _timer1=0.000001; 2%61us
1_N=3.8,

RI1_hat=R1;
R2_hat=1.2%R2;
M_hat=M;
I._hat=LI;

sigma2_hat=L_hat*L_hat-M_hat*M_hat;
thita=0.0*pi/180.0;

thita_hat=0.0*pi/180.0;

%AFAN F EE| R olE A<
alla=-R1*L1/sigma2;
allb=-M=*M/sigma2;
al2a=R2*M/sigma2;
al2b=-1L2xM/sigma2;
a2la=R1*M/sigma?2;

a21b=L1%*M/sigma2;
a22a=-R2*L1/sigma2;
a22b=1L1*1L2/sigma2;

b1=L2/sigma2;

b2=-M/sigmaZ2;

% ABEAEA

n_ref=50.0; %A% 4% [rpm]
wre_ref=n_ref*P*2.0*pi/60.0;

%271 M 71445 [rad/s]

Kp=0.1485;
Ti=0.02;
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sigma_deta_wre=0.0;
AA=0.1:
AB=5.0;

% Z7|AE2H

T_L=5.0; %43 E =2 [N.ml]
n_N=1720.0; %74 2 % = [rpm]
wre_N=n_N=P*2.0%pi/60.0;

n0_N=1800.0; %78 A& 714 = [rpm]
wO_N=n0_N=P#2.0%pi/60.0;

wre=0.0;

slip=1.0;

lamda2=lamdaZ_N:
il_a=lamda2/M;

i_a=il_a;

i1_b=0.0;

i_b=0.0;

12_a=0.0;

12_b=0.0;

1_d=1l_a;

alpha=0.9568;

beta=0.04321;
iu=sqrt(2/3)*il_a;
1v=sqrt(2/3)*(-0.5%11_a+sqrt(3)/2*11_b);
1wW=-1u-1v;
lamdaZ2_a=lamda2:
lamda2_b=0.0;
lamdal_a=L1*11_a+M=*i2_a:
lamdal_b=L1*il_b+M=*iZ2_b;
lamdal_d=lamdal_a;
lamdal_g=lamdal_b;
lamda2_1dot=0.0;
lamda2_2dot=0.0;

lamda?_hat=lamda2;

wre_hat=wre; YERINEHREE
v_dc=320.0;

wre_true=wre;
T_true=T_L;

T_refold=0.0;
S_wre_R2=0.0;
fenmul=M=i_d-lamda2_N;
sigma_fenmu=0.0;
sigma_fenzi=0.0;

theta=0.0;

nn_0O=nn_1+1;

9% Ll E37] Y doE TN H

v0=zeros(nn_0,1); %A 7HH E
v1=y0; %dE LA A A F (AL
v2=y0; %q= DG AA F (A4
v3=y0; WEAX
v4=vy0; %EAAL
vo=v0; 9%+ A A gk
v6=y0; % 5 A gk
v7=vy0; %A Aud A (= #E)
v8=v0; %AW S A (R H)
v9=v0; %22k =F45 2| # gk
y10=y0; %% = A & gk [rpm]
v11=y0; %4 =54 #hrpm]
v12=y0; %EE A gt
v13=y0; %622 A} A A gk
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v14=y0; 9623 A & 2= A 7k
vio=y0: 9% A E=L g
v16=y0; 9422} A &A1 A g

v0=0:T_timer:T_sum;

11, D=1 y2(1,D=1w;,

\'3(1 1)=0.0; v4(1,1)=0.0;
5(1,1)=sigma_fenzi; %22 A} 3 5 A
(

»6 1,1)=sigma_fenmu;

v7(1,1)=0.0; y8(1,1)=0.0;

y9(1.1)=lamda2; %222 45 2] B 2]
v10(1,1)=0.0; y11(1,1)=0.0; v12(1,1)=0.0;
y13(1,1)=lamda2; 9522} A}
y14(1,1)=R2_hat;

v15(1,1)=0.0; %1xtdFet 234752 4
AlZbo 2 AAgE Ax

v16(1,1)=0.0;

O 3% sk st 3k 35 s s ok sk s ok sk ok sk kot e sk sk sfesk sk skokok ok
% 5L

for s1=1:1'nn_1 %
if (s1<=200)

n_ref=0.5%s1;

ImsT9E 300 2 38

eise
if (s1<6000)
n_ref=100;
else
n_ref=100;
end
end
if (n_ref<=0.0)
n_ref=0.0;
end
w_ref=n_ref*P*2%pi/60;

v10(s1+1,1)=n_ref;

deta_wre=w_ref-wre_hat;
sigma_deta_wre=sigma_deta_wre+deta_wre:
T_ref=Kp=deta_wre+Kp/Ti*T_timer=,”
sigma_deta_wre;
lamda2_ref=lamda2_N=(1+AA#sin(theta))«1.0;
lamda2_ldot=lamda2_N*AA*AB#cos(theta)*1.0;
lamda2_2dot=-lamda2_N*AA*=AB*AB,”
xsin(theta)*1.0;

%HGAHE WA
ald=R1_hat/M_hat;
a2d=(L_hat*R2_hat+L_hat*R1_hat)/,”
(M_hat+*R2_hat);
a3d=sigma2_hat/(M_hat*R2_hat);
a4d=sigma?2_hat/(P*M_hat),
add=(sigma?2_hat*R2_hat)/(P*P*M_hat);
alg=L_hat/M_hat;
a2q=sigma?_hat/(M_hat*R2_hat);
a3g=(L_hat*R2_hat+L_hat*R1_hat)/,/”
(P*M_hat);

adg=sigma?2_hat/(P+*M_hat);

bl 2zol=

she}o]

w0=R2_hat*T_ref/(Pxlamda2_ref*lam,”
da2_ref)+wre_hat; %3 4A] = A4t
Ud=ald*lamda2_ref+a2d*lamdaZ_ldot,”
+a3d*lamda2_2dot-add*T_ref*wre_ha,”
t/lamda2_ref-a5d*T_ref*T_ref/(lamda,”
2_ref*lamda?_ref+*lamdaZ_ref);
Ug=alg*lamda?2_ref*wre_hat+a2q*lam,”
da2_ldot*wre_hat+a3q*T_ref/lamda2_,~
ref+adq*(T_ref-T_refold)/(lamda2_ref,”

+*T_timer);
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U_dqg=sart(Ud+*Ud+Ug*Uq):
while U_dq>183.7 %150%sqrt(3/2)183.7
T_ref=0.9+T _ref % &L A o7
if T_ref>T_N
T_ref=T_N;
end
if T_ref<0.0
T_ref=0.0;

end
w0=R2_hat=*T_ref/(P*lamda2_ref*lamd,”
a2_ref)+wre_hat;
Ud=ald*lamda2_ref+a2d*lamda2_ldot,”
+a3d*lamda?_2dot-add*T_ref*wre_hat,”
/lamda?2_ref-abd+T_ref+T_ref/(lamda2,”
_ref*lamda2_ref*lamda?2_ref);
Uqg=alg*lamda2_ref*wre_hat+a2q*lam,”
da2_ldot*wre_hat+a3q*T_ref/lamda2_,~
ref+adqg*(T_ref-T_refold)/(Jamda2_ref,”
=T _timer);
U_dq=sqrt(Ud*Ud+Uqg*Uq);

end

T_refold=T_ref;

y3(s1+1,1)=T _ref;
t_t=0:0.000001:0.000999;
U_ab=(Ud+*Uq)*exp(j*(w0*t_t+thita_hat)):
Ua=real(U_ab);

Ub=imag(U_ab);

Uu=sqrt(2/3)*Ua;
Uv=sqrt(2/3)*(-0.5xUa+sqrt(3)/2xUb);
Uw=-Uu-Uv:

v7(s1+1,1)=Uul(l);

v8(s1+1,1)=Uwl(1);
rt=183.7*sawtooth(2*pi*t_t*f_c.0.5);

Uul=Uu-rt;

Uvl=Uv-1t;

Uwl=Uw-rt;
U_u=183.7*sign(Uul);
U_v=183.7*sign(Uv1);
U_w=183.7xsign(Uw1);
U_NN=(U_u+U_v+U_w)/3;
U_ul=U_u-U_NN;
U_v1=U_v-U_NN;
U_wl=U_w-U_NN;
U_a=sqrt(3/2)*xU_ul;
U_b=U_ul/sqrt(2)+sqrt(2)=U_v1;

% HAFALFZA A}
for s2=1:1'nn_2 %lus@$ 2 1000 Al
dias=allax*il_a-allb*wre_truexil_b+a,/
12a#i2_a-al2b*wre_true*i2_b+bl+U_a(,”
s2);
dibs=alla*il_b+allb*wre_true*il_a+a,
12a%i2_b+al2b*wre_truexi2_a+bl=U_b,”
(s2);
diar=a2la*il_a-a2lb*wre_true*il_b-a,”
29a%i2_a-a22b*wre_true*i2_h+b2xU_a(,”
s2);
dibr=a2la*il_b+a2lb*wre_true*il_a+a,”
22a%i2_b+a22bxwre_true*i2_a+b2*U_b,”
(s2);
il_a=il_a+dias*T_timerl;
il_b=il_b+dibs*T_timerl;
12_a=i2_a+diar=T_timerl;
i2_b=i2_b+dibr=T_timerl;
thita=thita+w0=*T_timerl;

if thita>=2.0%pi
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thita=thita-2.0*pi;
end
if thita<=-2.0*%pi
thita=thita+2.0*pi,
end
T_truel=P*M=(11_b*i2_a-il_a*iZ_b);
if (wre_true<=0.0) & (T_truel<=T_L)
wre_true=0.0;
else
wre_true=wre_true+T_timerl/J*(T_tr,”
uel-T_L); %T_timer=0.000,001, T_L=3.0
end

thita_hat=thita_hat+w0=*T_timer;
if thita_hat>=2.0%pi
thita_hat=thita_hat-2.0*pi,
end
if thita_hat<=-2.0*pi
thita_hat=thita_hat+2.0*pi;
end
lamda2_atrue=M_hat*il_a+L_hat*i2_a;
lamdaZ_btrue=M_hat=*il_b+L_hat*i2_b;
lamda2_true=abs(lamdaZ_atrue+j*lamda?2
_btrue):
yv13(s1+1,1)=lamda?2_true;
v15(s1+1,1)=T_truel;
lamda?2_refa=lamda2_ref*cos(thita_hat);
lamda?2_refb=lamdaZ2_ref=sin(thita_hat):
v9(sl+1,1)=1a2_ref;

v12(s1+1,1)=wre_true*60/(P*2+pi);

i_a=alpha=*il_a+beta*i_a;
i_b=alpha=il_b+beta*i_b;
iu=sqrt(2/3)*i_a;
iv=sgrt(2/3)*(-0.5%i_a+sqrt(3)/2*i_b);
Iw=-1u-1v}
il_d=cos(thita_hat)*i_a+sin(thita_hat)*i_b;
theta=theta+AB=T_timer;
if theta>2+pi

theta=theta—2x*pi;
R2_hat=alpha*sigma_fenzi/sigma_{en,”
mu+beta*RZ_hat:

sigma_fenzi=0.0;

sigma_fenmu=0.0;

end

if  (theta<=pi/3)|((theta>2+pi/3)&(theta
o <=4x%pi/3))|(theta>=5%pi/3)
fenzi=L2xAA*AB=*lamda2_N;
fenmu=(M=il_d-lamda2_ref)/cos(theta);
fenmul=alpha*fenmu+beta*fenmul;
sigma_fenzi=sigma_fenzi+fenzi;
sigma_fenmu=sigma_fenmu+fenmul;

end
i1_g=sin(-thita_hat)*i_a+cos(-thita_hat)*i_b:
T_true=P*M_hat*lamda?2_ref/L_hat*il_q;
yv1(s1+1,1)=i1_d;

v2(s1+1,1)=1l_q;

vA(s1+1,1)=T_true:
dlamda2=(-R2_hat/L_hat*lamda2_hat+,”
M_hat*R2_hat/L_hat*i1_d)=T_timer;
lamda2_hat=lamda?2_hat+dlamdaZ2;
lamdaZ_a=lamdaZ_hat*cos(thita_hat);
lamdaZ2_b=lamdaZ_hat*sin(thita_hat):
v14(s1+1,1)=R2_hat;

- 101 -




Appendix C A| &g ol T2 13

vo(sl+1,1)=sigma_fenmu,
v6(sl+1,1)=sigma_fenzi;
wre_hat=w0-M_hat*R2_hat/L_hat/lam~
daZ_ref*il_q;
if wre_hat<0.0

wre_hat=0.0:
end
v11(sl+1,1)=wre_hat*60/(Px2xpi);
v16(s1+1,1)=R2;

end

K

oA
% 5%

= i 3
2l T—= E

00********************************

figure(1)

subplot(311);
plot(y0,v10,'r",v0,y12,'k" ,y0,v11,'k-.")
legend('reference’, actual’,’ estimated’)
title(’Speed [rpm]’)
subplot(312);
plot(v0,v3,’k",y0,v15,'k-.")
title(' Torque [N.m]")
legend('reference’, ' response’)
subplot(313);
plot(y0,y16,'k",y0,v14,'k-.")
title( 'Rotor resistance [L]")
legend('real’, estimated’)
figure(2)

subplot(311):

plot(y0,y7,'k" ,v0,v8,'k-.")
title('Voltage [V]")

legend('u axes’,'w axes’)
subplot(312);

plot{(v0,y1,’k" y0,v2,'’k-.")
title('Current [A]")

legend('d axes’,’q axes’)
subplot(313);

plot(v0,v5, 'k’ ¥0,¥6,'k-.")
title(’Num, Den”)

legend('numerator’,’ denominator’)
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Appendix D &Alel =272

/*************************************************************************$

I.M Motor Speed sensorless Control System

HW : PE-Expert 2.0

By Lee. Zhen-Guo. 2004.7.11

**************************************************************************/

#include <mwmath.h>

#include <mwio.h>

JExxrsrckkrr W ZE A A soorkkskookorx [/

#define twopi 2.%3.14159265358979

#define FS 2500.0  /=adjustable */
#define td 0.000004

#define T_timer 0.001

#define one 1.0

#define zero 0.0

Jrxxwxwrne Motor Parameter ki /
#define R1  2.54

#define M 0.163

#define L 0.169

#define P 2.

#define Kp 0.05
#define Ki  0.85
#define Kp_torg .0045
#define Ki_torq 225.
#define Kp_R2 0.002
#define Ki_RZ2 0.01
#define wrpm_ref 50.
#define A 0.05

#define B .5

#define u_inver 10.1
#define theta_a -0.15
#define lambda0 0.54
#define G_Aa 1000.
#define G_Ab 1.
#define gainl 0.01249
#define gain2 0.9875
#define gain3 0.001256
#define gaind 0.9987

SEwscksrknns W A A sokokdokokskoiokksr [/
double i_de. v_dc, i_u, i_v, iw, m_~
abs, u_ref, theta, thetal, m_u, m_v, ./
m_w,u_d,u_qg,u_a,u_b,udq_abs;

double linshi, cnto, cntn, dn, dnn, ./
wrpm, wre,theta_ AB.R2_hatl;

double T_timer_us, m_deta, wrpm0, .~
omega,f_ref, wrpm_sigma,count,wrpm_,”
hatl,torql_new,wrpml;

double u u, u_v, uw,uual, ublu,
a2, ub2u ulu_vlu wl, u_refl, fen/
mu. ZR, ZX, i_a, i_b, slip, kaiguan, .
iul, i_wli_al,i_bl,

double torq. torql, torg_old, lambda, .~

- 103 -




Appendix D A g =z 13

lambda_dot, lambda_2dot, torq_dot, .~
ald.a2d,a3d,add,add, alg,a2q,a3q.adq,
sigma:

double  lambda_a, lambda_b,
dlambda_hat, lambda_hat, torq_hat, .~
i_d,i_q,i_d2.i_q2,id2,iq2.i_v1,i_d1,”
1_dl_old,i_ql.i_lqlll;

double wrpml_ref, wre_deta, wre_ref,”
wre_hat,
wrpm_hat,i_ldhat,i_lqghat, thetal_AB,”
theta?_AB,fenmul_max,theta_AB_max;

double fenzil,fenmul,lambda_1,R2_hat,
R2_hat_old,R2_hat_filter,fenzil_sigma,/
fenmul_sigma,theta_AB_filter,wre_hat2;
double K1, K2, G_Ba, G_Bb, G_Ca, ./
G_Cb, G_a, G_b, dval_a, dval b, ./
val_a, val_b, lambda_hata,lambda_hatb,
lambda_new torq_new,

double lambdal,torql,R2,theta_oldl,~
theta_old2,omega_old2,omega_oldl,”
countl,wre_hatl Jambda_2,deta_torq,”

wre_sigma, i_a2, 1_b2,

sigma_torq.deta_R2 sigma_R2;

/#xx Carrier &7] QEHE FE s/
//*********************************/
void c_int10{void)

{

ad_start(ADGO);

wait(60);
ad_in_grp(ADGO,&i_dc,&v_dc.&1_u,&i_w);
m_deta=1.155*td*FS;

L_v=-1_u-1_w,;

omega_old2=omega_oldl;

omega_oldl=omega;
theta_old2=theta_old1;
theta_old1=theta;

thetat=omega/FS;

if (theta>=twopi) theta=theta-twopi;
dg2ab(u_d.u_g,theta,&u_a2 &u_b2);
ab2uvw(u_a2,u_b2,&u_u,&u_v,&u_w);
m_u=1.155%(u_u+u_inver*mwsin(theta,”
+thetal))/v_dc;
m_v=1.155%(u_v+u_inver*mwsin(theta,”
+thetal -twopi/3.))/v_dc;
m_w=1.155%(u_w+u_inver*mwsin(thet,”
a+thetal +twopi/3.))/v_dc;

if (i_u>zero) {

m_u+=m_deta;

} else {

m_u-=m_deta;

}

if (i_v>zero) {

m_v+=m_deta;

} else {

m_v-=m_deta;

i

if (i_w>zero) {

m_w+=m_deta;

I else {

m_w-=m_deta;

1

if (m_u>=one) m_u=one;

if (m_u<=-one) m_u=-one;

if (m_v>=one) m_v=one;

if (m_v<=-one) m_v=-one;

if (m_w>=one) m_w=one;

if (m_w<=-one) m_w=-one;
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inv_set_uvw(m_u,m_v,m_w),

}

/st s ok sof st sk ok sk s ok stk st s R skl s s ks stk ok /
Jrsrsrs Timer QE] @ E S s/
/3 sk e s o s sl ok sk ok skt ok ok SRk sk sk s skl ok ok /
void c_int09(void)

{
uw2ab(i_u/mwsqrt(3.),i_w/mwsqrt(3.),.”
&i_a2,&i_b2);
ab2dq(i_a2,i_b2,~twopi/12.0+theta_a,&i,”
_a&i_b);
ab2dq(i_a,i_b,theta_old2,&i_d,&i_q);
i_dl=gainl*i_d+gain2*i_dl,
i_ql=gainl*i_qg+gain2*i_qgl;
lambda_1=gainl*lambda+gain2*lambd,”
a_l;

dq2ab(i_dl1,i_qgl theta_old2,&i_al,&i_bl);
fenmu=R2*R2+omega*omegaxL*Lxsli,”
p*slip;
ZR=R1+(omega*omega*M=*M=*R2xslip),”
/fenmu;
ZX=omega*(L-M)+(R2*xR2+omega*o,”
mega*slipxslip*L#(L-M))*omega*M/,”
fenmu;

u_al=ZR=*i_al-ZX=*1_bl;
u_bl=ZR*i_bl+ZX=*i_al;
u_refl=mwsqrt2(u_al.u_bl)/mwsqrt(3.);
ab2uvw(u_al,u_bl,&u_ul,&u_vl,&u_wl);
dlambda_hat=-R2_hat/L*lambda_hat+,”
M=*R2_hat/Lxi_d1;
lambda_hat+=dlambda_hat*T_timer;
torq_hat=P*M/L*lambdax*i_gl;
K1=(R2_hat/1.*G_Aa+wre_hat*G_Ab)//~

(R2_hat*R2_hat/(L*L)~wre_hat*wre_hat);
K2=(wre_hat*G_Aa-R2_hat/L*G_Ab)/,/
(R2_hat+*R2_hat/(L*L)+wre_hatxwre_hat);
G_Ba=(L*R1/M+M=R2_hat/L)*K1-Lx/
R1/M;
G_Bb=(L*R1/M+M=*R2_hat/L)*K2;
G_Ca=-L/M=(K1-1);

G_Cb=-L/M=*K2;

G_a=sigma/M*(K1-1);
G_b=sigma/M=*K2;
dval_a=-G_Aax*lambda_hata-G_Abx*la,”
mbda_hatb+G_Ba=i_al-G_Bb#*i_bl+G,”
_Caxu_a2-G_Cb*u_b2;
dval_b=-G_Aax*lambda_hatb+G_Ab*l,”
ambda_hata+G_Ba*i_b1+G_Bb*i_al+G,/”
_Caxu_b2+G_Cb*u_az;
val_a+=dval_a*T_timer;
val_b+=dval_b*T_timer;
lambda_hata=val_a+G_a*i_al-G_b*i_bl;
lambda_hatb=val_b+G_a*i_b1+G_b#i_al:
lambda_new=mwsqrt2(lambda_hata,l.”
ambda_hatb);
lambdal=gainl*lambda_new+gainZ?*la,”
mbdal;
torg_new=P*M/L=(i_bl*lambda_hata— "
i_al*lambda_hatb);
torql_new=gainl*torq_new+gain2+*tor,”
ql_new;

if (torgl_new<zero) torql_new=zero;

if (_gl<zero) i_gl=zero;
i_ldhat=lambda/M+L/(M*R2_hat)*lam,”
bda_dot;

i_lghat=torg=L/(P*M);
i_lglll=lambdaxi_ql;
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deta_torg=(i_lghat-lambda*i_ql);
sigma_torq+=deta_torq;
wre_hat=Kp_torg*deta_torg+Ki_torg*T
/_timer+*sigma_torg;

if (wre_hat<zero) wre_hat=zero;
wre_hatl=gainl*wre_hat+gainZ2+*wre_hat1:
wrpm_hat=4.774648+«wre_hatl;
torq_old=torq,

if (kaiguan==zero) {
lambda+=0.1*T_timer;

if (lambda>=lambda0) {kaiguan=one; ./
lambda=lambda0; }

lambda_dot=0.1;

lambda_2dot=zero;

torg=zero;

torq_dot=zero;

} else {

if (countl >=2000.) {
/*R2_hat+=Kp_R2+*(lambda_dot*(i_ldh,”
at-i_dl)-M=lambda*(i_lghat-i_ql1)*(o”
mega-wre_hat));
R2_hat_filter=L*lambda0*(1+A*mwsin,/”
(theta_AB)+A*mwcos(theta_AB))/ (M,
*i_d1-lambda)/B+M=*i_ql/(omega-wre,”
_hat));
R2_hat_filter=L*B=B*lambda0/(M#*(i_,~
dl-i_dl_old)/T_timer-R2_hat*(M*i_d1,/
~-lambda_hat)/L+B*B*M=*i_ql/{omega,”
_oldZ2-wre_hat));
deta_R2=(M=i_d1-lambda_hat)*(i_1dh,~
at-1_d1);

sigma_R2+=deta_R2;
R2_hat=Kp_R2*deta_R2+Ki_R2+*sigma,”
_R2+R2;%/

R2_hat_filter=L*B*Bxlambda0/(M=*(i_,”
d1-i_dl_old)/T_timer-lambda_dot+B#*,”
B+Lxlambda/R2_hat1);

i_dl_old=1_dl;

R2_hat_old=RZ_hatl;

if ((R2_hat_filter>2.5)I[(R2_hat_filter,”
<0.2)) {R2_hat_filter=R2_hat_old;}
R2_hatl=gain3*R2_hat_filter+gaind*
R2_hatl;
R2_hat=1.45*R2_hatl;

telsel

countl+=1;

}

wrpml_ref+=100.xT_timer;

if (wrpml_ref>=wrpm_ref) wrpml,/
_ref=wrpm_ref;,
wre_ref=wrpml_ref*0.20944;
wre_deta=wre_ref-wre_hat;
wre_sigma+=wre_deta;
torqg=Kp*wre_deta+Ki*T_timer*wre_~
sigma;

if (torq<=zero) torg=zero;
theta_AB+=B=*T_timer;

if(theta_ AB>=twopi) {theta_AB-=twopi;}
lambda=lambda0=*(1.+ A*mwsin(theta,”
_AB));

lambda_2=lambda0*(1.+ A*mwcos(theta
S _AB));
lambda_dot=lambda0*A*B*mwcos(the,”
ta_AB);
lambda_2dot=-lambda0*A*B=B*mws,”
in(theta_AB);
torg_dot=(torg-torg_old)/T_timer;

}
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a2d=L*(R2_hat+R1)/(M=*R2_hat);
a3d=sigma/(M=*R2_hat);
abd=sigma*R2_hat/(P*P+M);
a2q=sigma/(M=*R2_hat);
a3q=L*(R2_hat+R1)/(P=M);
omega=R2_hat*torg/(P*lambda*lambd,”
a)+wre_hat;
u_d=ald*lambda+a2d=*lambda_dot+a3d,”
xlambda_2dot-add*torg*wre_hat/lamb,”
da-a5d*torg*torq/(lambda*lambda*la,”
mbda);
u_g=alg*lambda*wre_hat+a2q*lambda,”
_dot*wre_hat+a3q*torg/lambda+adq*,”
torg_dot/lambda;
xy2ra(u_d,u_qg,&udqg_abs,&thetal );
while (udg_abs>=100.0) {
torq=0.8*(torq-torg_old)+torqg_old;
torq_dot=(torg-torq_old)/T_timer;
omega=R2_hat*torq/(P*lambda*lamb,”
da)+wre_hat;
u_d=ald*lambda+a2d*lambda_dot+a3d,”
xlambda_2dot-add*torq*wre_hat/lamb,”
da-abd=torg*torg/(lambda*lambda*la,”
mbda);
u_q=alg*lamhda*wre_hat+a2q*lambda,”
_dot*wre_hat+a3qg+*torqg/lambhda+adq+,”
torq_dot/lambda;
xv2ralu_d,u_qg.&udq_abs,&thetal );
}
cnto=cntn:

cntn=(double)pio_in_cnt();

if(cntn<0. ) {cntn=cntn+65536.0;}

dn=cntn-cnto;

dnn=-dn:

if(dn<0. && dnn>1500.0) {dn=dn/
+65536.0;}

if(dnn<0. && dn>1500.0) {dn=dn,
-65536.0;}
if (count >=100.) {
wrpm=wrpm_sigma/100.;
WTIpM_Sigma=zero;
count=zero,
Jelsef
wrpm_sigma+=60.0*dn/4.096;
count+=1.;
}
wrpml=gainl*wrpm-+gainZ+wrpm];

wre=wrpm*twopi/30.;

slip=(omega-wre)/omega;

Jrxwskkrkirk Main ST sorskeckorskskokokor/
Jrwrxnk 27| AR R Z 7| B} swekwrx/
/s sk sk s ke ook ke skok ok s ok ok stk sk sk sk sk skt skosk sk sk ok skok ok
void main(void)

{

countl=zero;

R2=0.43;

R2_hatl1=1.0;

i_d1_old=zero;

sigma_torg=zero,

u_ref=zero;

theta=zero;

thetal=zero;

theta_old1=zero;

theta_old2=zero;

theta_AB=zero;
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cntn=zero,
torg=zero:
WIpm_sigma=Zzero;
WIPmM=zero.
wrpml=zero;
torql_new=zero,
Wre=zero;
wre_hatl=zero;
count=zero,
lambda_hat=zero:
lambda_l=zero;
sigma=L*L-Mx*M;
ald=R1/M;
a2d=L*(R2+R1)/(M=*R2);
a3d=sigma/(M=*R2);
add=sigma/(P*M);
abd=sigma*R2/(P*P*M);
alg=L/M;
a2q=sigma/(M=*R2);
a3q=L*(R2+R1)/(PxM);
adqg=sigma/(P*M);
u_d=zero;

u_q=zero;
udq_abs=zero:
i_dl=zero;

1_ql=zero;

1_q2=zero;
omega=zero;
Wre_sigma=zero;
fenzil_sigma=zero:
fenmul_sigma=zero;
fenmul_max=zero;
theta_AB_max=zero;
R2_hat_filter=R2;

val_a=zero;:

val_b=zero;

lambda_hata=zero:
lambda_hatb=zero;
lambdal=zero;

set_board(BDO0);

inv_init(0,FS);
T_timer_us=T_timer*1000000.0;
init_timerO(c_int09, T_timer_us);
init_intl{c_int10);
inv_start_pwmd();
inv_set_syncint( 5.0 );

/% Interrupt before 5us
ad_set_range(ADGO, 25.0, 400.0,
25.0);
pio_clr_cnt();
start_timer0();
inv_start_int();
ei_intl();
ei_timer0();
for(;;) {

watch_data();
H
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