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Abstract

The voltage amplitude, frequency, and phase gained by a phase-locked loop directly affects system
stability under generator control, high-frequency induction heating, and parallel operation of the
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power supply. A rapid phase-locked loop with a wide frequency range is proposed to aim at the
problems of lower dynamic response and a narrower frequency range. The center frequency of fre-
quency-locked loop is added to the feed-forward term of loop filter to speed the response of the
phase-locked loop based on the theory of phase lock and frequency lock. The equivalent and general
digitization method between the second-order generalized integrator and IIR filter is designed. Fi-
nally, the effectiveness of the designed method is verified by experiments. This experiment can make
students know and understand digital signal processing and train their abilities to realize control
theory and mathematical knowledge by the digital process.
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SCHR[71AA[8]HT J& T R ik 25T H B B SR 06, H 3 AU B 52 2 U L 75 R o STRIR[O0 % K37
BURIEEAT 1285 PRI, ST EL A A & SO PR R B AR B A, S 4h HEE T B B 43 4% (Second order gen-
eralized integrator, SOGI) {1 8/{#H 31 (Phase-locked loop, PLL)EHT TP IR AE J7 8 i SR BRI 5 285 i v 25
D7 T BT HAB SR . BiIR (Frequency locked loop, FLL) 5] N ¥ T 4448 SOGI-PLL HIAHZ H id B
[ R, ] ARG SEAR B AH[10]. (H BB AEAE TS AR, B0 R A PR B 25 0 R AT A5 % [
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K, ASCHJ%eX SOGI-PLL #EAT IR FPEARHT, SRJE3: T4 FLL [ SOGI-PLL #eit—Fhei it A
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2. BUHBYHSHSNEF SOGI-PLL
2.1. SOGI-PLL BygtaEE

SOGI-PLL By BRHE W1 1 fraw, B ) R 3 28 I IE 22 A5 5 K AE 48 (Quadrature signal gener-
ator, QSG)~ Park Z&4fe. IRPK U AS A IR 2R 555 /0 4, QSG-SOGI nl i HAR(E 5 A # A —H IEAS
55, Hrh, v ARAZREERME;: v QSG-SOGI fith i) o fli/y & qv o QSG-SOGI % i b %%
B, 5o BIEAS: vo ARMASH ISR d S8, vo NBASSREE R q S0 B Konp FRERIED: 2% HL 1]
REG ko AIFERIEE BT REG o, NEMASTHEIHUE AR o NV BT EfAME; 08
BIUARAS I AT AR AL
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Figure 1. SOGI-PLL principle block diagram
[ 1. SOGI-PLL JRIPHEE]
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QSG-SOGI #iih 55 v IEAR G5 qvitiEE SHAES v 2 MR .
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2 50 Hz A4S REARHE 0 dB 25, 7EISI% 250 Hz Al 350 Hz AbBEAE KIEZE . ISk H 2R 7E iR
50 Hz &b B4 5 S v A RTIES S 5 qv BIAEAL 90°. Rk, T QSG-SOGI #RAE A —F i i &
WAy, RIRHUE SRS BAR A M AS FAE T, T R A M 3 Dk [ 7] -

10* 10? 10°
ﬁ$(Hz)

Figure 2. Baud diagrams of D(s) and Q(s) in QSG-SOGI
2. QSG-SOGI H D(s)F1 Q(s) KUK 4
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Figure 3. Time domain response diagram of QSG-SOGI (k = 1.414, @ = 2x-50 rad/s)
3. QSG-SOGI HyRTiZNE Rz E(k = 1.414, © = 21-50 rad/s)

MR 1 A1 Park 223, v =V cos(wt) i, TIFF
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Figure 4. Baud diagrams of E(s) and Q(s) in QSG-SOGI (k = 1.414, w = 2750 rad/s)
4. QSG-SOGI H E(s)F1 Q(s) MR 4FEl (k = 1.414, = 21-50 rad/s)
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Figure 5. Improved SOGI-PLL based on frequency locked loop
5. ET BRI SOGI-PLL
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Figure 6. Structure block diagram of typical type Il IR algorithm

& 6. gaR || B IR B ELEMER

1ID(s)F1 Q(s)ILH F A HAFAN il 75 58

0sgx =2 * k * w_dash * delta_t;

osgy = w_dash * w_dash * delta_t * delta_t;
temp =1/ (0osgx + osgy + 4);
11D(s) F 8 H AN A I 75 50

coeff_b0 = osgx * temp;

coeff bl =0;

coeff b2 =-1* coeff_bO;

coeff_al =2 * (4 — osgy)) * temp;

coeff_a2 = (osgx — osgy — 4) * temp;

11 Q(s) BB H AR A 75 5 3

coeff_b0 =k * osgy * temp;

coeff_bl =2 * coeff_hO0;

coeff_b2 = coeff_b0;

coeff_al =2 * (4 — osgy)) * temp;

coeff_a2 = (osgx — osgy — 4) * temp;

/ID(s)F1 Q(s) Gt — i FARE

w[1] = X[i] + coeff_al * w[2] + coeff_a2 * w[3];
Y[i] = coeff_b0 * w[1] + coeff_bl * w[2] + coeff_b2 * w[3];
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w[2] = w[1];
w[3] = w[2];

3.2. Park ZEH By SCE)
(AT I

u_DI[0] = cosine * osg_u[0] + sine * osg_qu[0];

u_Q[0] = cosine * osg_qu[0] - sine * osg_u[0];
3.3. IFERIEE LPF B =sCIn

ST ER R UE I B LPF BEAT XULR MEAS 15

LPF (5) =Ky + Koy - =

Il i *
plip p S

2 z-1) by+bzt
LPF J
[ts z+1J 1-7" (14

Q(M&+%WV
bl ( pII| s I(pllp )/2

He, b AR TRE: 2 vz BHE T
(MMCLINE
y_Ipf[0] = y_Ipf[1] + Ipf_coeff b0 * u_QJ0] + Ipf_coeff bl *u_ Q[1];
y_Ipf[1] = y_Ipf[O];
u_Q[1] = u_Q[0;
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Figure 7. Digital phase locked loop experimental platform
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Figure 8. Experimental waveform of digital phase locked loop
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