T EMif-L: BA G SC

stol B =k o] 9|3t
BLDC 2 ¢ A%57] AlolA Y

..
s A

20024 2 )]
PN PN

H7lE 2 Y2 T B ] LT



o
=
o
H
E
S
%
%1’3

BT am O 2 RS

2002 2

E SN TSP

HZFEZ YT E R

BB HE



RBCRES] TEMAL B im = oS

20014 12)] 26H

% LBt 2 @

i

il

A
il
H
B
e
H-
i
S
=
@



10
>

Abstract

Ay A &

1.1 A597

12 A754 % W&

A27% BLDC REle] »dg 9 B
21 BLDC R B¢ 32023 4
22 B4 Ao

)
X
2
& 9

A3 AAF7] AAA ] AA

31 719 #AE7] AA

3.1.1 vfAE-&d o] Bybal

312 dxA o] v

32 sfolHEE YXE7] AA

3.3 A|oj7] A

331 A7 A7

332 T Pl £%A0]7]
333 2345 PI &£ZA7] -

334 9X%7] Ao]7)

A4 A AgA 2 1
41 vhzE-Edoln WA PEA WA

42 22 % Pl Ao

a W W =

10
10
10
10
11
12
12
15
19
21

25
26
28



A58 AE @ wF

SECEDRE:

1
2 AZE9 Y FA
3

49 12

Aoy 2 &

» =
Aol 2

s
El
Al
r (

41

41

45

48

49

50

65

66



Improvement of Performance in Position Synchronous
Control System of BLDC Motors Using Hybrid Method

Seong-Kwon Yoo

Department of Mechatronics Engineering, Graduate School.
Pukyong National University

Abstract

Brushless DC(BLDC) motors have been widely used in a variety of applications in
the automotive industry, industrial automation and consumer electric appliances. The
BLDC motor is an synchronous motor with permanent magnets on the rotor and
windings on the stator. Compared to induction motors, permanent magnet (PM) motors
have higher efficiency due to the elimination of magnetizing current and copper losses
in the rotor. It is also easier to achieve high-performance torque control with PM
motors compared with induction machines.

This paper presents a precise position synchronous control of two axes rotating
system using BLDC motors and a cooperative control based on decoupling technique
and PI control law. The system is required performances both good speed following
and minimum position synchronous errors simultaneously. To accomplish these goals,
the three kinds of controllers are designed. At first, the current and speed controller
are designed very simply to compensate the influences of disturbances and to follow
up speed references quickly. Especially, the two degree of freedom(2DOF) PI
controller is used considering both good tracking for speed reference input and quick
rejection of disturbances in speed controller. Finally, a position synchronous controller
is designed as a simple proportional controller to minimize position synchronous errors.

Also, In this paper describes a novel precise positon synchronous control using
hybrid method The hybrid control is consisted of two different conventional position
synchronous control types, a cooperative control and a little modified master-slave
control. The cooperative control is adopted to the area within a small position
synchronous error(PSE). The master-slave control is especially applied to the area
which gives large PSE.

To verify the validity of this suggested method, some simulations were performed
using MATLAB.

Through the simulations, following results were obtained.



(1) Comparing with the PI control, the 2DOF PI control showed better properties in
the performances of reference tracking and reducing disturbance influence
including modelling error.

(2) Through the simulation, the proposed system realizes not only more precise
synchronous motion than conventional system ; master-slave control and
cooperative control method, but also very stability system.

(3) The simulation results using hybrid method show maximum position synchronous
error can be reduced approximately 50% comparing to the conventional control

type.

Key words : Brushless DC(BLDC) Motor , Two-Degree-of-Freedom(2DOF) Position
Synchronous  Control(PSC), Position ~ Synchronous  Error(PSE),
Proportional Integral(Pl) Control, Decoupling Method, Cooperative
Control, Master-Slave Control, Hybrid Method.
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Table 4.2 The values of motor parameters
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Fig 4.4 Speed responses with variable load in /5
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(d) Voltage response(a, B)
Fig 4.11 Simulation using cooperative control method(Anti-phase)
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(c) Current response(a, &)
Fig 4.14 Simulation results with PWM
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Table 5.1¢] YehH AT}

Table 5.1 Specification of BLDC motor used in experiment

Motor HA-FF33(Mistubishi)
Rated output 300[W]
Torque 0.95[N - m]
Maximum torque 29 [N -m]
Rated speed 3000 [rpm]
Maximum speed 4000 [rpm]
Rated current 1.9 [A]
Maximum current 5.7 [A]
phase-to-phase resist. 5.35[¢](20°C)
phase-to-phase inductance 24.4 [mH]

torque constant

0.57 [N - m/A] (5.8 kgf - cm/A]

moment of inertia

0.537 [kg - cm“] (2.0 [kgf - cm - sec?])

mechanical time const.

1.2 [ms]

electrical time const.

4.6 [ms]

isolated class(field wind.)

B class isolated

isolated limit(field winding)

1500[V]. during 1 min

isolated resi.(field winding)

more than 100[MQ]

connection of field winding

Y - connection

encoder

8192 Pulse/revolution
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Fig 5.5 Experiment Equipment
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A. Matlab M-file Simulation Program

% 2DOF PI Control (decoupling)M-File
% Non-PWM method

function[y] = twopim( )
% Variation Initalizer

fs=10000.0; %sampling frequency
vdc_ref=160.0;

freq=50.0;

ig_refmax=1.68;

Tm_max=0.95;

%motor parameters

Ra=2.675;

La=0.0183;

Phi=0.283635;

pole=2.0;

Jm=0.0000537;

Dm=0.003024;

a=0.3;

Pr=300.0;

nrpm=3000.0;

%controllers gain

Kcp=75.6;

Kci=366.0; %La*Wc
Ksp=0.3787; %JIm*Wsc/Kt;
Ksi=302.925; %Ksp*Wpi;
kpp=50.0;

% % % % % % % %o % % %o % % %o % % %o % %o %o % % %o % % %o % % %o % % % %
c_1=0.0;

c_2=0.0;

sum_1=0.0;

sum_2=0.0;

e_wre=0.0;
e_theta_1=0.0;
c_theta=e_theta_1;

% 1-axis System Initalizer
wref=0.0;

wrm_1=wref;
wref_0_1=pole*wref*2.0*pi/60.0;
wre_0_1=wref_0_1;
vg_0=wre_0_1*Phi/vdc_ref;
iq_1=iq_refmax*wref/nrpm;
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vd_0=-wre_0_1*La%iq_1;
id_1=0.0;

zero=0.0;

TI_1=0.0;

seta_1=0.0;
s_eid_1=0.0;
s_eiq_1=0.0;
s_ew_1=0.0;

% 2-axis System Initalizer
wref=0.0;

wrm_2=wref;
wref_0_2=pole*wref*2.0*pi/60.0;
wre_0_2=wref_0_2;
vg_0=wre_0_2*Phi/vdc_ref;
iq_2=iq_refmax*wref/nrpm;
vd_0=-wre_0_2*La*iq_2;
id_2=0.0;

zero=0.0;

TI_2=0.0;

seta_2=0.0;

s_eid_2=0.0;

s_eig_2=0.0;

s_ew_2=0.0;

%

%sampling period and initalized values

T_t=0.3; %total time

ts=0.001; %1ms

1i=0.0001; %100us

dt=0.000001; %1us

k_1=T_t/ts; %speed roof repeat number(300)-1ms[per]
k_2=ts/ti; %current roof repeat number(10)-100us[per]
k_3=ti/dt; %motor model repeat mumber(100)-1us[per]
2z=0;

%total cycle repeat number at time shearing

K_O=k_1+1;

y0=zeros(k_0,1); %time vector

y1=y0 ; %speed reference

y2=y1; %1-axis speed response

y3=y2; %2-axis speed response

y4=y3; %positon error

y5=y4; %d-1axis current

y6=y5; %q-1axis current

y7=y6; %a phase voltage

y8=y7; %b phase voltage

y9=y8; %a phase current

y10=y9; %b phase current
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%replace for matrix first atoms variable value at 0 sec
y0=0:ts:T_t;
y1(1,1)=wref;
y2(1,1)=wrm_1;
y3(1,1)=wrm_2;
y4(1,1)=e_theta_1;
y5(1,1)=id_1;
y6(1,1)=iq_1;
y7(1.1)=Ra*id_1;
y8(1,1)=Ra*iq_1;
y9(1,1)=La*id_1;
y10(1,1)=La*iq_1;

%

% #it#iH Speed Roof Start #i#HHE Yp*r*rrkirkiriiiin
for k_v=1:1:k_1;

if k_v >=0&k_v<10 ; %speed reference of ramp
wref=150000*0.001+wref;

end

if k_v >=10&k_v<300 ;
wref=1500.0;

end

y1(k_v+1,1)=wref;

wref_0_1=pole*wref*2.0*pi/60.0;

wref_0_2=pole*wref*2.0*pi/60.0;

% load torque input
if k_v >=0.1/ts+1;
TI_1=0.425;
TI_2=-0.95;
end

% comparison of disturbuance
c_1=abs(TI_1);
c_2=abs(TI_2);

if c.1 > c_2 & c_theta >= 0.000174 ; % 0.01 degree
wref_0_2=wre_0_1;
end

if c.2 > c_1 & c_theta >= 0.000174 ;
wref_0_1=wre_0_2;

end

% 1-axis g-axis current response calculation
e_w_1=wref_0_1-sum_1;
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s_ew_1=s_ew_1+(e_w_1"ts) ;
ig_ref1_1=a*Ksp*e_w_1+Ksi*s_ew_1;
iq_ref2_1=(1-a)*Ksp*wre_0_1;
iq_ref_1=iq_ref1_1-iq_ref2_1;

% 2-axis g-axis current response calculation
e_w_2=wref_0_2+sum_2;
S_ew_2=s_ew_2+(e_w_2*ts) ;
ig_ref1_2=a*Ksp*e_w_2+Ksi*s_ew_2;
iq_ref2_2=(1-a)*Ksp*wre_0_2;
iq_ref_2=iq_ref1_2-iq_ref2_2;

%

%#iHE Current roof start #iH o  rrirrirrikiik
for k_i=1:1:k_2;
seta_1=seta_1+wre_0_1*ti;
if seta_1 >=(2.0*pi)
seta_1=seta_1-(2.0%pi);
end
if seta_1<=(-2.0*pi)
seta_1=seta_1+(2.0*pi);
end

%1-axis voltage calculation

e_id_1=zero-id_1 ;

s_eid_1=s_eid_1+(e_id_1*ti);
vdd_1=(Kcp*e_id_1+Kci*s_eid_1-wre_0_1*La*iq_1)/vdc_ref;
e_ig_1=iq_ref_1-iq_1 ;

s_eig_1=s_eiq_1+(e_iq_1*ti);
vqqg_1=(Kcp*e_iq_1+Kci*s_eiq_1+wre_0_1*(Phi+La*id_1))/vdc_ref ;
va_1=cos(seta_1)*vdd_1-sin(seta_1)*vaq_1;
vb_1=sin(seta_1)*vdd_1+cos(seta_1)*vqq_1;

%

seta_2=seta_2+wre_0_2*ti;

if seta_2 >=(2.0*pi)
seta_2=seta_2-(2.0*pi);

end

if seta_2<=(-2.0*pi)
seta_2=seta_2+(2.0*pi);

end

% 2-axis voltage calculation

e_id_2=zero-id_2 ;

s_eid_2=s_eid_2+(e_id_2*ti);
vdd_2=(Kcp*e_id_2+Kci*s_eid_2-wre_0_2*La*iq_2)/vdc_ref;
e_ig_2=iq_ref_2-iq_2 ;

s_eiq_2=s_eiq_2+(e_iq_2*ti);
vqqg_2=(Kcp*e_igq_2+Kci*s_eiq_2+wre_0_2*(Phi+La*id_2))/vdc_ref
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va_2=cos(seta_2)*vdd_2-sin(seta_2)*vqq_2;
vb_2=sin(seta_2)*vdd_2+cos(seta_2)*vqq_2;

%

% #it##H Motor model Simulation part Start ##H#H# %***
for k_m=1:1:k_3;

% 1-axis current

did_1=(-Ra/La*id_1) +1/La*vdd_1 ;

dig_1=(-Ra/La*ig_1) +1/La*vaq_1 ;

id_1=id_1+did_1*dt;

iq_1=iq_1+dig_1*dt;

% 2-axis current
did_2=(-Ra/La*id_2) +1/La*vdd_2 ;
dig_2=(-Ra/La*ig_2) +1/La*vqq_2 ;
id_2=id_2+did_2*dt;
iq_2=iq_2+diq_2*dt;

end %motor simulation roof end
%
ia_1=cos(seta_1)*id_1-sin(seta_1)*iq_1;
ib_1=sin(seta_1)*id_1+cos(seta_1)*iq_1;

ia_2=cos(seta_2)*id_2-sin(seta_2)*iq_2;
ib_2=sin(seta_2)*id_2+cos(seta_2)*iq_2;

% 1-axis torque
Te_1=pole*Phi*iq_1;
Tm_1=Te_1-TI_1;
% 2-axis torque
Te_2=pole*Phi*iq_2;
Tm_2=Te_2-TI_2;

end %current roof end
%
%1,2-axis speed calculation
wre_0_1=Tm_1*ts/{Jm+wref_0_1 ;
wrm_1=wre_0_1*60.0/(2.0*pi)/pole;
y2(k_v+1,1)=wrm_1;

wre_0_2=Tm_2*ts/Jm+wref_0_2 ;
wrm_2=wre_0_2*60.0/(2.0*pi)/pole;
y3(k_v+1,1)=wrm_2;

%
%
% position synchronous controller
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er_1=wre_0_1-wre_0_2;
e_theta_1=e_theta_1+er_1*ts;
e_wre=e_theta_1*kpp;
ya4(k_v+1,1)=e_theta_1;
c_theta=abs(e_theta_1)

sum_1=e_wre+wre_0_1;
sum_2=e_wre-wre_0_2;

y5(k_v+1,1)=id_1;
y6(k_v+1,1)=iq_1;
y7(k_v+1,1)=va_1;
y8(k_v+1,1)=vb_1;
y9(k_v+1,1)=ia_1;
y10(k_v+1,1)=ib_1;

2z=2z+1
end %speed roof end

0,

(]

0,

figure(1)

set (gcf, 'NumberTitle’,’off’)

set (gcf, 'Name’,’Speed’)
plot(y0,y1,’c-’,y0,y2,’r-"y0,y3,’b-)
xlabel('time[sec]’)

ylabel(real speed[rpm],’fontsize’,8)
axis([0,0.3,0,1600])

grid

figure(2)

set (gcf, 'NumberTitle’,’off’)

set (gcf, 'Name’,’Position’)
plot(y0,y4,’r-’)

xlabel('time[sec]’)

ylabel(’position error[rad]’, fontsize’,8)
axis([0,0.3,-0.05,0.05])

grid

figure(3)

set (gcf, 'NumberTitle’,’off’)

set (gcf, 'Name’,’Current’)
plot(y0,y5,’r-",y0,y6,’b-")
xlabel('time[sec]’)

ylabel(’d,q current[A]',’fontsize’,8)
axis([0,0.3,-1.0,1.2])

grid

figure(4)
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set (gcf, 'NumberTitle’,off’)

set (gcf, 'Name’,/’a,b phase Voltage’)
plot(y0,y7,’r-’,y0,y8,’b-’)
xlabel('time[sec]’)

ylabel(’a,b phase voltage[V],fontsize’,8)
axis([0,0.3,-4.0,8.0])

grid

figure(5)

set (gcf, 'NumberTitle’,off’)

set (gcf, 'Name’,’a, b phase Current’)
plot(y0,y9,’r-’,y0,y10,’b-)
xlabel('time[sec]’)

ylabel(’a,b phase current[V], fontsize’,8)
axis([0,0.3,-1.0,1.0])

grid

B. Experiment Program

BLDC Motor 2-axis Position Synchronous Control System

HW : PE-Expert 2.0
SW : Tlit C-compiler 4.70

By Seong-Kwon, Yoo 2001.10.24

#include <mwmath.h>

#include <mwio.h>

[ AR| M e

#define FS 10000.0
#define  de_tm0 1000.0
#define  vdc_ref 161.0
#define  iq_ref_max 1.68
#define  de_pulse 32768.0
#define  pole 4.0
#define ke 0.2836
#define La 0.0183
#define  kcp 75.6
#define  kci 366.0
#define  ksp 0.3787
#define  ksv 302.9245
#define  kpp 100.0
#define  alpha 0.3
#define  Alfa 0.0

~
*
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#define  dn_max 0.9*de_pulse
#define  iu_offset -0.11
#define  iw_offset -0.11
#define  CHO_range 31.25 [* u_04& HEXF AD range */
#define  CH1_range 31.25 [* w_04& HEXF AD range */
#define CH2_range 450.0 /* Vdc_0 AD range */
#define  CH3_range 31.25 [* Idc_0 AD range */
#define  CH4_range 31.25 /¥ u_14 HZEXF AD range */
#define  CH5_range 31.25 ¥ w_14 ZHAEX T AD range */
#define CH6_range 450.0 [* Vdc_1 AD range */
#define  CH7_range 31.25 [* Idc_1 AD range */
#define  wref_range  157.0 [* =X [rad/s](1500rpm)*/
e TE T PN P TR
double twopi, zero, one; [* =220 H5 Y
double ts, ftm0, tm0; [* 742|of & Efo|H ¥/
double mu_ref0, mv_ref0, mw_ref0 ; [* 34 MX|EX| ¥4
double mu_ref1, mv_refl, mw_ref1 ;
double  idc_0, vdc_0, iw_0, iu_0; I* AD BiZ= ¥/
double idc_1, vdc_1, iw_1, iu_1;
double iu_offset, iw_offset ; [* AXMF offset 2EXX| ¥/
double  w_ref 0, w_ref_1; TN =y
double va_0, vb_0, vd_0, vg_0; [* abZ=, dg= HMYX|H ¥/
double ia_0, ib_0, id_0, iq_0, ig_ref_0, iq_ref1_0, iq_ref2_0;
double ia_1, ib_1, id_1, ig_1, ig_ref_1, iq_ref1_1, iq_ref2_1;

[*abZx, do= NTHUE. 9= T, 2XRE HFXHY
double eid_0, eiq_0, s_eid_0, s_eiq_0 ; ¥ d,o= AFA U QAF™E ¥
double eid_1, eig_1, s_eid_1, s_eiq_1 ;
double wrrpm_0, wrrpm_1; [ ST H0] B ¥/
double w_0, we_0, wrpm_0, ew_0, ewrpm_0, s_ew_0O;
double w_1, we_1, wrpm_1, ew_1, ewrpm_1, s_ew_1;

[ AESZCIAL ™2 [rem]), E=2X, LAHE
double  a, k; [* ST E7L AL ¥
double cntn_0, cnto_0, dn_0, cntn_1, cnto_1, dn_1;

[* B XY, oA FIREZL SE(timer int 2EI) ¥/
double wrt_0, wrt_1, wet_0, wet_1, n_wet_0, n_wet_1;
double e_rad, e_theta, e_wre, sum_0, sum_1; I XI1=2| Moiz| ¥/
/ !
[* BDO, BD12| Carrier £7| SIE{EE 2E&| ( 2IE{ZE Z=7| 100us : INT1,INT2)

- MYzt HE H MRHMOE S 3ATY XFHA| A - *l

/ !

void c_int10( void )
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set_board(BDO0);

[* BDO =7|3} ¥/

di_int2(); [* INT2 2X| ¥/
TR, 12 x7|2H MA 9 XMo|2 HE bbb
cnto_0 = cntn_0;
cntn_0 = (double)pio_in_cnt(); I* abz E7|ZtZ AHAE ¥

wrt_0 = twopi * cntn_0 / de_pulse + Alfa ;
if(wrt_O > twopi) {wrt_0 -= twopi;}
else if(wrt_0 < -twopi) {wrt_0 += twopi;}

wet_0 = wrt_0*pole ;
n_wet_0 = (signed int)(wet_0 / twopi) * twopi;

if(wet_0 < 0.0) n_wet_0 += twopi;
wet_0 = wet_0 - n_wet_0;

ou,w o MRZHEADHE), d-q F 7MY A R

ad2_start(ADGO);
wait(60);

2
[ 71AHZE Adt ¥
[* twopi reset. & A| ¥/

[* twopi reset. AXA| ¥/

[ J7|ZE AL

[* -2pi ~ 2pi ¥

/* ADEHEE A|E} ¥/
[* 3.4 us ZHH|X|1 ¥/

ad2_in_grp(ADGO, &idc_0, &vdc_0, &iw_0, &iu_0);/* ADGO 3} 1o{Ee! ¥/

ad2_start(ADG1);
wait(60);
ad2_in_grp(ADG1, &idc_1, &vdc_1, &iw_1, &iu_1);

iu_O=iu_0 - iu_offset;

iw_0=iw_0 - iw_offset;

[*uv-w = > ab = > dq = FEHE Y
uw2ab(iu_0, iw_0, &ia_0, &ib_0);
ab2dq(ia_0, ib_0, wet_0, &id_0, &iq_0);

1= ®FJHZ| ¥
eid_0 = - id_0;
s_eid_0 += (eid_0 * ts);

[ d= XPEL AL (2] FHo, Fsh)

[* ADHEH AlZE ¥
I 3.4 us ZHX|A Y

[* offset 2X */

[* uvw -> ab B3t ¥/
[* ab -> dq Hi&t ¥/

[*d= X

2
=]
[ AHEZ

vd_0 = (kep * eid_O + kci * s_eid_0 - we_0 * La * iq_0) / vdc_ref;

eig_0 = iq_ref_ 0 - iq_0 ;
s_eiq_0 += (eig_0 * ts);

[ =AY (HIZHY mof, sl

[* o= XHXF ¢ ig_ref ¥/

I 2AHE

vg_0 = (kcp * eiq_0 + kci * s_eiq_0 + we_0 * ( ke + La * id_0 ))/vdc_ref;

[*dq & ->ab & > uvw = FHEHE Y

dg2ab(vd_0, vg_0, wet_0, &va_0, &vb_0);

[* dg -> ab 243 ¥/

ab2uvw(va_0, vb_0, &vu_ref0, &vv_ref0, &vw_ref0);/* ab -> uvw £i&t ¥/

vdc_inv0 = 2.0 / vdc_0;

[ HZEE Al
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mu_ref0 = vu_ref0 * vdc_inv0;
mv_ref0 = vv_ref0 * vdc_inv_0;

mw_ref0 = vw_ref0 * vdc_inv_0;

inv2_set_uvw( mu_ref0, mv_ref0, mw_ref0 ); [* inverterof| 3AFX S QI ¥/

ei_int2(); [* INT2 &{7} ¥/

}

void c_int08( void )

{

set_board(BD1); [* BD19| x7|5} ¥/
di_int1(); [* INT12| 2X| ¥
oo 0 x5|7b ME 9 M7|ZH AS Krrmtrrres |
cnto_1 = cntn_1;
cntn_1 = (double)pio_in_cnt(); [*abz Z=J|Zt= AL ¥
wrt_1 = twopi * cntn_1 / de_pulse + Alfa ; [* 7| HZE QAAE ¥/
if(wrt_1 > twopi) {wrt_1 -= twopi;} [* twopi reset. & A| ¥/

/r*x

else if(wrt_1 < -twopi) {wrt_1 += twopi;}

wet_1 = wrt_1*pole ; [* M7|ZF oAt ¥
n_wet_1 = (signed int)(wet_1 / twopi) * twopi;
if(wet_1 < 0.0) n_wet_1 += twopi;
wet_1 = wet_1 - n_wet_1;
d-q & QIZINEt Al Y uv-w = MeelTh
iu_1=iu_1 - iu_offset; /* offset 2X */

iw_1=iw_1 - iw_offset;

[*u-v-w & > ab F > dq F ZEHE Y
uw2ab(iu_1, iw_1, &ia_1, &ib_1); [* uvw -> ab His} ¥/

ab2dq(ia_1, ib_1, wet_1, &id_1, &iq_1); [* ab -> dq 43t ¥/

[* 2% ®MRHZ| ¥

eid_1 = zero - id_1; [*d=E XEXMF 0%
s_eid_1 += (eid_1 * ts); I* QAL ¥

vd_1 = (kep * eid_1 + keci * s_eid_1 - we_1 * La * iq_1) / vdc_ref;

eig_1 =iq_ref_1 - iq_1 ; [* 9= X|HEF : iq_ref ¥/
s_eiq_1 += (eiq_1 * ts); I 2LAEEZ Y

vg_1 = (kep * eiq_1 + kci * s_eiq_1 + we_1 * ( ke + La * id_1 ))/vdc_ref;

[*dq & ->ab & > uvw = FHEHE Y
dg2ab(vd_1, vg_1, wet_1, &va_1, &vb_1); /¥ dq -> ab Hi&t ¥/

ab2uvw(va_1, vb_1, &vu_ref1, &vv_refl, &vw_ref1); [* ab -> uvw izt */
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vdc_invl = 2.0 / vdc_1;
mu_ref1 = vu_refl * vdc_inv1;
mv_refl = vv_refl * vdc_inv_1;

mw_ref1 = vw_ref1 * vdc_inv_1;

inv2_set_uvw( mu_ref1, mv_refl, mw_ref1 );

ei_int1(); /¥ INT1Q] 3|7} ¥

}

/ |
/* BDO, BD12| Timer QIE{HE FEl (CIE{ZE ZF7| 1000us. timer0,timer1)
- SZRAM H FZHo{7(of ofEt MFXIZEA] AL - *

/ !
void c_int09(void)
{

set_board(BDO0); [* BDO2| x7|3} */

di_timer0(); [* timer02| ZX| */

s SEA

dn_0 = -(cntn_0 - cnto_0); I*

7I2E % HS=E Y/

if( dn_0 >= dn_max ) dn_0 -= dn_max; /* countere| E& ¥/

else if( dn_0 <= -dn_max ) dn_0 += dn_max;

w_0 = twopi * dn_0 / de_pulse * FS; I*
we_0 = w_0*pole; I
wrpm_0 = 60.0/twopi*w_0; I*

w_ref_0 = -a*wref_range;

a=a+k; I
if(@>1.0) { a=1.0; } I
[* X|EEE stA @ -5*31.426[rad/s]=-1500[rpm] */
if(w_ref_O<-wref_range) w_ref_0 = -wref_range;

[* X|EEx SHA| : 5*31.426[rad/s]=1500[rpm] */
if(w_ref_O>wref_range) w_ref_0 = wref_range;

wrrpm_0 = 60.0*w_ref_0/twopi; I*

I 15 S=x0f7]

ew_0 = w_ref_0 - sum_0; I*
ewrpm_0 = 60.0*ew_0/twopi; I*
s_ew_0 += ew_0 * tm0; I
ig_ref1_0 = alpha * ksp * ew_0 + ksi * s_ew_0; I*
ig_ref2_0 = (1-alpha)*ksp*w_O;

iq_ref_0 = iq_ref1_0 - ig_ref2_0; I
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set_board(BD1); [* BD19| x7|5} ¥/

[* 2% KA Y
dn_1 = -(cntn_1 - cnto_1); ¥ FIRE Zf HSE ¥
if( dn_1 >= dn_max ) dn_1 -= dn_max; [* countere| 23X ¥/

else if( dn_1 <= -dn_max ) dn_1 += dn_max;

w_1 = twopi * dn_1 / de_pulse * FS; I* ZIAZS= [rad/s] ¥/
we_1 = w_1*pole; * ®7|UEE [rad)s] ¥
wrpm_1 = 60.0/twopi*w_1; [* 7| HZS= [rpm] ¥/

w_ref_1 = -a*wref_range;
a=a+k; I*
if(@>1.0) { a=1.0; } I*

if(w_ref_1<-wref_range) w_ref_1 = -wref_range;

if(w_ref_1>wref_range) w_ref_1 = wref_range;

wrrpm_1 = 60.0*w_ref_1/twopi; I x|

o
I

= [rpm] ¥/

I 2% S|
ew_1 = w_ref_1 + sum_1;
ewrpm_1 = 60.0*ew_1/twopi;

s_ew_1 += ew_1 * tmO;

ig_ref1_1 = alpha * ksp * ew_1 + ksi * s_ew_1;
ig_ref2_1 = (1-alpha)*ksp*w_1;

ig_ref_1 = iq_ref1_1 - ig_ref2_1;

[ |IXS2| Hoi7|

e_rad = we_0 - we_1 ;

e_theta += e_rad * tmO ;

e_wre = e_theta*kpp ;

sum_0 = e_wre + we_0 ;

sum_1 = e_wre - we_1 ;

ei_timer0(); [* timer0Q| &{7} */

- ZI|R| MF A E7|3} AMSESol 27|35} ADHE range M - "l

void main( void )

{

rRkRRRRRRRRRRRRRRRRK 2| | A R] Rk R Rk KRR
= |
/ EI7|X A |

twopi = 6.28318 ;
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zero = 0.0 ;
one =1.0;

[* Carrier, Timer F7| */

ts = one / fs; /¥ 1 sampling A|Z} : 100 [us] */
tm0 = de_tmO / 1000.0 / 1000.0; [* timer 7| : 1000[us] => 0.001[s] */
ftm0 = one / tm0; [* timer interrupt &1} : 1000[Hz] */

[* 3am et XI@A| Y
mu_ref0 = zero;
mv_ref0 = zero;
mw_ref0 = zero;
mu_ref1 = zero;
mv_ref1 = zero;

mw_refl = zero;

&Y MEY Y

iu_0 = zero;
iw_0 = zero;
iu_1 = zero;
iw_1 = zero;

[ XNEEE
w_ref_0 = zero;
w_ref_1 = zero;

[* encoder FI2E *

cntn_0 = 0.0;
cnto_0 = 0.0;
dn_0 = 0.0;
cntn_1 = 0.0;
cnto_1 = 0.0;
dn_1 = 0.0;

[ ®212, 21AHZE
wet_0 = zero;
wet_1 = zero;

[ doz, ab% HYXIE Y

vd_0 = zero;
vq_0 = zero;
va_0 = zero;
vb_0 = zero;
vd_1 = zero;
vg_1 = zero;
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va_1 zero;

vb_1 = zero;

[* g%, ab% HEXMF, qF XBHFT 7/

ia_0 = zero;
ib_0 = zero;
id_0 = zero;
iq_0 = zero;

iq_ref_0 = zero;

ia_1 = zero;
ib_1 = zero;
id_1 = zero;
iq_1 = zero;

iq_ref_1 = zero;

[ MRLA QA ZE ¥/
eid_0 = zero;

eig_0 = zero;

s_eid_0 = zero;
s_eiq_0 = zero;

eid_1 = zero;

eiq_1 = zero;

s_eid_1 = zero;
s_eiq_1 = zero;

[* NEEE, SR}, LAAE ¥/
w_0 = zero;

ew_0 = zero;

s_ew_0 = zero;

w_1 = zero;

ew_1 = zero;

s_ew_1 = zero;
/************** Maln 0‘_1A‘_', ***************/
set_board(BDO); [* Board O(1X%)2| %7|35} */

¥ ADEE range MA *
ad2_set_range(ADGO, CHO_range, CH1_range, CH2_range, CH3_range);
ad2_set_range(ADG1, CH4_range, CH5_range, CH6_range, CH7_range);

[ SIE™HE xz2|o| Hol v

init_timer0(c_int09, de_tm0); [* timer0 X2|REl & F7| ¥/
inv2_init(0,FS); [*INT1 B ZERANAMZITIE ) & FT| ¥
init_int1 (c_int10); [* INT1 X|& ¥/

ei_int1(); [* INT1 {2} ¥

inv2_set_syncint(5.0); I* F§2l0{ 37| Sus O|FOf CIE{HE ¥/
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/* Counter */
pio_clr_cnt();
[* Timer */
start_timer0();
ei_timer0();

[* QIHE ZEIHAl ¥/
inv2_start_int();

inv2_start_pwm();

/a

I
/

*

*

li
li

*

e 2= Eglof ¥

Timer0 S=F JHA| ¥/
Timer0 QIE{HE {7} ¥/

FHElof S7| AEHBE WAl ¥

FHelof ke = JHAL Y

set_board(BD1);

I QIEHEE XM2lo| Fol ¥

inv2_init(0,FS);

init_int2(c_int08);
ei_int2();

inv2_set_syncint(5.0);

[* Counter */
pio_clr_cnt();

[* olt{E EHIHAl ¥/
inv2_start_int();

inv2_start_pwm();

for(;;)
{
watch_data();

}

*

/

I

/a
/a

"

/
Board 1(2%)e| x=7|35t ¥

INT2 Al (AlZbui x) & 7] 7
INT2 &l X|=

INT2 &{7} */

FH2lof F7| Sus O|Hof| QIEHE ¥/

2H 2= 22/

FHzlo] S7| IEHE JHAl ¥/

FHelof mtE &3 JHA 7/
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