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Fig. 2.1 Principle of high frequency induction heating
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Fig. 2.9 Induction heating system transformer model and equivalent circuit
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2 A% Felo) 93 =Y L(ERE B 29 B)

Table. 2 Work Coil L,of Fixing Roller(Prototype Coil B)

) Tt

20[kHz] 30[kHz] 35[kHz] 40[kHz]
Ly (- (4 ) F-3HA]) [ nH] 39.6 39.7 39.7 39.7
L, ()-8 AD [ pH] 28.6 28.6 28.1 27.6
AR REQ] 0.745 1.160 1.327 1.494
B3t wA W7 psec] 14.77 14.77 8.742 8.10
AGATk 0.598 0.598 0.598 0.615

% 3AF 299 93 29 L(ZRE B 29 O)

Table. 3 Work Coil Z,of Fixing Roller(Prototype Coil C)

e -
I 20[kHz] 30[kHz] 35[kHz] 40[kHz]
L, (- (fm) F-3HA ) [ pH] 33.0 33.0 33.0 33.1
L, CH)F-sHAD [ pH] 25.2 25.2 25.2 23.2
S7HA R[] 0.636 0.636 0.636 1.263
Bab mj/ Wr usec] 12.26 12.26 12.26 7.84
A ATk 0.580 0.580 0.580 0.613
17.5
-
15
12.5
9B A
10 1 C
7'520 25 30 35 40
T3k [kHz]
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Fig. 2.10 Measurement result when using LCR meter
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=5

1 A% g9 93 2y

L(ZRE B 22 A)

Table. 4 Work Coil Z,of Fixing Roller(Prototype Coil A)

. F o
T = 20.0(kHz] | 17.5[kHz] | 15.0[kHz] | 12.5[kHz]
L, (7)) -8k A [ pH] 79.69 79.40 79.39 79.28
L, (fr () F-skAD [ pH] 69.96 70.796 71.94 72.90
S7HAE Q] 1.359 1.145 0.928 0.731
K3 w7 WMEr[ psec] 7.16 7.51 8.03 8.73
ATk 0.522 0.517 0.508 0.502
e F I
10.0[kHz] 7.5[kHz] 5.0[kHz] 2.5[kHz]
L, (- () 58k A [ pH] 79.29 79.32 79.32 79.33
L, CH)F-sAD [ pH] 74.02 75.10 76.31 77.89
S7HA 3 Q] 0.541 0.396 0.230 0.100
-3k w7l W[ psec] 9.741 10.66 13.09 14.4
ATk 0.493 0.501 0,5 12 0.611
3t 5 A& =299 4 2d L(Z2E Y ZY B)

Table. 5 Work Coil Z,of Fixing Roller(Prototype Coil B)

Eape <
N 20.0[kHz] | 17.5[kHz] | 15.0[kHz] | 12.5[kHz]
L, (7-(4) F-skA) [ pH] 41.29 1 1207 41.21 41.22
L,(f+ () F-skAD [ pH] 37.34 37.62 37.90 38.30
St A &3 Q] 0.879 0.451 0.421 0.332
K3l w7 HETl psec] 4.494 7.96 7.862 8.795
AFATk 0.629 0.448 0.476 0.468
e T
10.0[kHz] 7.5[kHz] 5.0[kHz] 2.5[kHz]
L, (F-(4) 58k A [ pH] 41.24 41.26 41.27 41.29
L, () F-stAD [ pH] 38.65 39.10 39.72 40.5
S A& Q] 0.253 0.178 0.108 0.049
B3t A W7 psec] 10.24 12.13 14.35 16.12
AFATk 0.463 0.460 0.471 0.563

18
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6 42 Eel9 913 2 L(ZRE 89 29 C)

Table. 6 Work Coil L,of Fixing Roller(Prototype Coil C)

e F o
= 20.0[kHz] | 17.5[kHz] | 15.0[kHz] | 12.5[kHz]
L, (7)) -8k A [ pH] 35.06 35.01 35.02 35.01
L, (fr () F-skAD [ pH] 31.56 31.59 31.94 32.25
S7HAE Q] 0.517 0.438 0.358 0.288
531 w7 W[ psec] 6.77 7.81 8.60 9.58
ATk 0.487 0.480 0.471 0.467
2w F I
10.0[kHz] 7.5[kHz] 5.0[kHz] 2.5[kHz]
L, (- () 58k A [ pH] 35.02 35.04 35.06 35.02
L, CH)F-sAD [ pH] 82T 32.94 33.47 34.15
7 A Q] 0.218 0.157 0.095 0.043
5-5F w7 W psec] 11.24 13.38 16.73 20.08
ATk 0.459 0.459 0.458 0.520
a8 2112 15y FEFV|E o]&3st ASe =4 ZP4E IS FHF=
st a2 E e o]t
20
=
15
=Ne}|
5 F1YB
5 10 15 20
F9+ [kHz)

19



on
e

0.5

Y4B

oM
™

0.4

20

15

10

3}4= [kHz]

N

A

Fig. 2.11 Measurement results when using a high—frequency amplifier

I 2,114

fol =

e}

ol me A

o

"
=

B

—_
fIte)

i

b

ng

3)

LCR 7]

bl as ol e

S

a9 2,108 238 21194 & 5 %o ¥

1A S B =

g

=
=

B2
7]

1

al <

g4 237 g A#Agdol =u

=
=

o

Sa3) Aol ge

=
=

Ahgstel 2

=
=

7ol dojxl F-sh vl WS 7

3
=1

No

o
o
el
LSS
)
oR
+
el
oH
el

20



AN = 748 F3 &3 59 AHE

31 71&9 143 ZVS-PPM 153} IHE Y I =74 4 T34
AA 9 AMEH I e v aFa 29 BE Rke] d9 wdk A
1 IGBT, 3+¢] MOSFET, SI Alo]g]x
B, MCT, MOSFET, SIT, MOS Al¢]E SITh &< 173 =% w=A &
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ZVS—PFM <IWEle] 325 Yepdl Zoju. o] WAL 2 F-3 55 E9
A e3F Aeker] fletel ke vt =8 48 200[VIAS &%

AWHE Aesirt. a2, o] WA ANHe 4 FukE 7his
EA QY 24E s WA eR fk hdat go] Roju] 2= AR
Tyl el AF AEAR s MskE o] Fabel i wH e A9t B
on, WAl 2913 FA A A7FE = A v AEHATE v FobA =

A
At Wty RAAZAF k(= M/ \JL,L,), ¥ WA ¥ o(=L/R,)
2 BN & A3 29 LR A7FEEA(L RS A Eele Y]
32 Ry mdZ Jehy

719 148 ZVS-PWM L3 IME Al=8S w4 60[Hz]l, 200[V]ell
dAd vole= BYA ARF 32 HBE dE 195 AWAECS

DEI AL, wol= A 5 2% ANV A% YA D =

o

AL, AAGRA B2 ANAE ¢, 297 A FA Qom %HAW aF

+
L,

200([V]
/60[Hz] L, L. R,

C, Cs C, M

L3 C1 Ql
D
Noise Filter B - i i igch—
1 1 Diode Bridge Non—Smoothing Filter High—Frequency

Inverter
a9 3.1 148 ZVS—-PWM 1573 AW E A|2~H

Fig. 3.1 1—staged ZVS—PWM high—frequency inverter system
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M M
Eq R v Eq i1 fEd =R
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(a) Mode 1 (b) Mode 2
Z
Vi1
Lo
Ro Ly r Lo Ry
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I8 3.2 R =71 8=

Fig. 3.2 Equivalent circuit by mode
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do, 1 ®,
@ o bt
dep 1 9 by
= T (k E;l+7) (3.1)
alvc1
dt 0

2902 §& t=toM "-o2xse] Fx DA ¥3t 2L +L,+M+R)
G, E/s X% AFZ 27t s&sto] FE #30 ZE7F " o] 73t 5
gk GO F-WHE gEFtA 293 & ZVS "W-ox7t AdHEt 294

d

ﬁ— 1 ( == C_}_ﬁ)

dt e 1

do, K Oy ®y

W:_W(E‘i_VGJFT)_T (3.2)
dvc1 b,

dt Cy <1,

& B B A% stk 297 5 99 teles Dol
EESE Bok AolE AE FHE & AES Ho] Y] wEe] 48 o

2E Do "H-232 AH t=¢A ZCS F ZVS "H—-2%t}, o] ~9]%]
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d¢1 1 @y
gt
d¢2 1 ¢2
W:m(sz,ﬁ‘T) (3.3)
clvc1
dt 0

7Y 3.3~79 3.4% G=03[uF], L,=T0[uF], k=06, r=10[usec]d 1
71E9 149 ZVS—PFM 153t mE o] AEeeld 2932 tehd 3
o2 gy e AN Ao AFHAE s

© A WA 293 A We) A% ek 0oldor 29wk,

® 3= wAxYg 71 3= FIdrEHE e Aoz o
® =AA(IGBT)@A2] ~E 2l (Strain) AYE 2= 002 3o}
@ 2=AIGBT)Y =9 |FS Coll £ 4 Utk

800 .
: Zw
2600 =
=
400 0
200
0 50
0 20 40 60 0 20 40 60
Timel z sec] Time| z sec]

(a) (b)
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Timel ¢ sec] Timel[ g sec]
(e) (f)

19 3.3 Pi=1,300[W], f=23.6[kHz]d W Z H A& oA 94
Fig. 3.3 The each part simulation waveform when Pi,=1,300[W], {,=23.6[kHz]
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Fig. 3.4 The each part simulation waveform when P;y,=150[W], fy=44.2[kHz]
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& AFAE CE T

Noise Filter +
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50/60[Hz]
Ds
C4 Cg C2 Ll M

Ls Q

o Non—Smoothing
Filter

% 3.6 PWM Ao 71%5S 7F4 ZVS B8 37338 1uF3 oW E(Typel)
Fig. 3.6 ZVS partial resonance type high frequency inverter with PWM

control function(Type I )

(1) Mode 1
294 5 d-2dte BECTh of W g =Y Lol Ut 45
= FAel Fstell A clv x| 7E anjEn ofu), AAE G2 AHF A E7)

doy 1 o

W_ 1_]{}2 (Ec V01+ )

d

ﬁ:_ 1 2{k2(E(l V0)+ﬂ}

S 5 (3.4)
dvq :
a0

dvq_ &

dt O, %L,
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(2) Mode 2
B QoA A&l A 75 =90 5& A
o] AZF T &< Aoz QAME dES Aojsh= Ao Zhsalxlth

olw, AWAIE G A7t WA Alzet, GE g2

do, 1 ®,

o g B Vet )

o 1 { 21 ﬁ}

TR (Vo= Vo)t .

d’U(/'l d)l (3.5)
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at  C. X1,

(3) Mode 3
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dt 1— k2
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Oy 3.7 2= =7} 32 (Typel)

Fig. 3.7 Equivalent Circuit by Mode(Type I )
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Fig. 4.23 The coupling coefficient k 1s varied, and the characteristic

when P, =2,400[W]
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Fig. 4.24 The coupling coefficient k 1s varied, and the characteristic

when P, =400[W]
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Fig. 5.3 Gate Signal Experiment Waveform of Switch(Duty— @,=0.18)
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Fig. 5.4 Voltage and current test waveform of main switch(Duty— @,=0.18)
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Fig. 5.5 Voltage and current test waveform of auxiliary switch(Duty— @,=0.18)
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Fig. 5.7 Experimental waveform of input voltage and current(Duty— ¢, =0.18)
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Fig. 5.9 Voltage and current test waveform of main switch(Duty— @, =0.328)
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Fig. 5.10 Voltage and current test waveform of auxiliary switch(Duty— @,=0.328)
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Fig. 5.11 Voltage and current test waveform of work coil( Duty— @,=0.328)
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Fig. 5.12 Experimental waveform of input voltage and current(Duty— ¢, =0.328)
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Fig. 5.13 Gate Signal Experiment Waveform of Switch(Duty— @,=0.5)
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Fig. 5.14 Voltage and current test waveform of main switch( Duty— @,=0.5)
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Fig. 5.15 Voltage and current test waveform of auxiliary switch(Duty— @, =0.5)
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Fig. 5.16 Voltage and current test waveform of work coil( Duty— ¢,=0.5)
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Fig. 5.17 Experimental waveform of input voltage and current( Duty— @,=0.5)
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Fig. 5.19 Differential amplifier circuit diagram
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Pimac Pin,filter Pinjnv. Pout,im“
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Fig. 5.21 Inverter system for loss analysis
T 97 He A Ay 29 Ao 4@

Table. 9. Measured values of input power

and output power

Load

Re

Ly Ly

of each part

Duty Pin_a.[W] Pin_sitter[W] B [WII Pout_inv.[W]
0.42 1,050 1,000 997 978
0.35 820 774 767 762
0.30 600 5 569 558
0.16 200 191 187 180
E W0 B
Table. 10. Loss analysis
Duty Diode Filter Inverter Synthesis
0.42 <A [W] 50 3 19 72
ael%] 95.23 99.70 98.09 93.14
0.35 = [W] 46 7 5 58
ael%] 94.39 99.10 99.35 92.93
<A [W] 23 8 11 42
030 a&(%] 96.17 98.61 98.07 93.00
0.16 EA[W] 9 4 7 20
ael%] 95.50 97.91 96.26 90.00
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A Study on High Frequency Inverter for Fixing Copier Using New
Induction Heating Method

Young-Byeon Yoon

Department of Electrical Engineering Graduate School

Pukyong National University

Abstract

In this paper, a ZVS-PWM high-frequency inverter with a
PWM control function is applied to commercial system 220 [Vrms],
and a resonator type ZVS-PWM high-frequency inverter circuit
with a fixed-Two methods were proposed.

The parameters of the transformer model equivalent circuit of
a copier fixing device, which is an essential element in the
parameter optimization of the proposed circuit, are obtained by
using a high-frequency amplifier and its frequency characteristics
are described. The proposed constant frequency soft switching
ZVS-PWM partial resonance type high frequency inverter
compared to the existing single-ended ZVS-PFM high frequency
inverter can suppress the voltage and current peak value of the
power semiconductor switching device and reduce the switching
loss. The efficiency of the proposed constant frequency zero
voltage soft switching ZVS-PWM partial resonance type high
frequency inverter itself is 98 [%] at rated power output. Also,
the efficiency of 96 [%] can be obtained even at low output, so
that the proposed high frequency inverter is very efficient
inverter.

The total efficiency from the commercial AC input to the
inverter output is 93 [%] at rated, which is considered efficient
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for use in copying machines. In addition, the diode bridge loss
accounts for the largest portion of the overall system efficiency
distribution. On the other hand, the nonparallel filter has a very
low loss.
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2 Z(1) PROGRAM

1. Sample program for MWPE-INV2-3L(DSP)

L R e o R o R S o R S S S S S L
Title : Sample program for MWPE-INV2-3L

MWPE-M, MWPE-C32, MWPE-INV2-3L

E R o o S e
#include <mwmath.h>

#include <mwio.h>

#include <math.h>

#define VO  Ox3F /*(WVU)=(000) ---->1111117%/
#define V1  0x3D /*(WVU)=(001) ---->111101%*/
#define V2  0x37 /*(WVU)=(010) ---->110111%/
#define V3 0x35 /*(WVU)=(01D ---->110101%/
#define V4  OxIF /*(WVU)=(100) ---->011111%/
#define V5 O0x1D /*(WVU)=(101) ---->011101%*/
#define V6 0x17 /*(WVU)=(110) ---->010111%*/
#define V7 0x15 /*(WVU)=(11D ---->010101%/

#define TWOPI 2.0*3.14159265358979
#define FREQ  (60.0/1.0)

#define FS 10000

#define Vdcom 0.0

#define Vqcom 0.5

double wdt, wt;

double Uv, Vv, Wv;

int pat_flag;

void c_int10( void )

{
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static double ta, tb, tz;
double t1, t2, t3;
double Varef, Vbref;
static int area;
int OVV1, OVV2, OVV3, OVV4;
double T;
double va,vb;
double tal, tbl;
tal = tbl = 0.0;
wt = wt + wdt;
if (wt>= (TWOP/1.0 ) { wt = wt - (TWOPL/1.0); }
dqg2ab(Vdcom,Vqcom,wt,&va,&vb);
ab2uvw(va,vb,&Uv,&Vv,&Wv);
r=mwsqrt2(va,vb);
if(r>0.866){ [* (r>(sqrt(3.00)/2.0 *
va=0.866*valr;
vb=0.866*Vvb/r;

/*********~k~k*************k*k*k7'<************************~k~k~k*~k*********/

if(vb>=0.0){
if(va>=0.5773503*vb){
area=1;
}
else if(va<-0.5773503*vb){

area=3;

elsef

area=2;
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elsef
if(va<0.5773503*vbX
area=4;
}
else if(va>=-0.5773503*vb){

area=o;

elsef

area=o;

}
if(pat_flag==1){
switch(area)f
case 1: Varef=va-vb*(0.577350269;
Vbref=1.154701*vb;
OVV1=V7, OVV2=V1; OVV3=V3;, OVV4=VT,
break;
case 2: Varef=va+vb*0.577350269;
Vbref=-va+vb*0.577350269;
OVV1=VT7, OVV2=V2; OVV3=V3; OVV4=V7;
break;
case 3: Varef=1.154701*vb;
Vbref=-va-vb*0.577350269;
OVV1=V7, OVV2=V2; OVV3=V6;, OVV4=VT,
break;
case 4: Varef=-va+vb*(0.577350269;
Vbref=-1.154701*vb;
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OVV1=V7; OVV2=V4; OVV3=V6; OVV4=VT;
break;

case 5: Varef=-va-vb*0.577350269;
Vbref=va-vb*0.577350269;
OVV1=V7; OVV2=V4; OVV3=V5; OVV4=VT;
break;

case 6: Varef=-1.154701*vb;
Vbref=va+vb*0.577350269;
OVV1=V7; OVV2=V1; OVV3=V5;, OVV4=V7,

break;

3
if(pat_flag==-1){
switch(area)t
case 1: Varef=va-vb*0.577350269;
Vbref=1.154701*vb;
OVV1=V7; OVV2=V3; OVV3=V1l;, OVV4=VT;
break;
case 2: Varef=va+vb*0.577350269;
Vbref=-va+vb*0.577350269;
OVV1=V7; OVV2=V3; OVV3=V2; OVV4=VT,
break;
case 3: Varef=1.154701*vb;
Vbref=-va-vb*0.577350269;
OVV1=V7; OVV2=V6; OVV3=V2; OVV4=VT;
break;
case 4: Varef=-va+vb*0.577350269;
Vbref=-1.154701*vb;
OVV1=V7; OVV2=V6; OVV3=V4; OVV4=VT,
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break;

case 5: Varef=-va-vb*(0.577350269;
Vbref=va-vb*0.577350269;
OVV1=V7; OVV2=V5; OVV3=V4; OVV4=VT;
break;

case 6: Varef=-1.154701*vb;
Vbref=va+vb*0.577350269;
OVV1=V7; OVV2=V5; OVV3=V1; OVV4=VT;

break;
}
}
ta=Varef*1.0e-4; [* ta=Varef/FS */
tb=Vbref*1.0e-4; [* tb=Vbref/FS */
if(area==2 1| area==4 | area==6){
ta=Vbref*1.0e-4; [* ta=Vbref/FS */
tb=Varef*1.0e-4; [* tb=Varef/FS */
}
if((ta+tb)<(98.0e-6)) [* if((ta+tb)<((1.0/FS)-2.0e-6)){ */
ta=ta+1.0e-6;
tb=tb+1.0e-6;

}
if(ta<=5.0e-6){
ta=0.0e-6;
}
if(tb<=5.0e-6){
tb=0.0e-6;
}
if(ta>5.0e-6&&ta<=10.0e-6)1
ta=10.0e-6;
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}
if(tb>5.0e-6&&th<=10.0e-6){
tb=10.0e-6;
}
tz=(1.0e-4)-(ta+tb); [* tz=(1.0/FS)-(ta+tb) */
if(tz<=10.0e-6){
tal=ta;
tb1l=tb;
if((tal>5.0e-6&&ta1<100.0e-6)&&(tb1>5.0e-6&&tb1<100.0e-6)){
ta=ta+tz/2.0;
tb=tb+tz/2.0;
tz=0.0e-6;
i
else if((tal>5.0e-6&&tal<100.0e-6)&&th1<=5.0e-6)
ta=ta+tz;
tz=0.0e-6;
}
else if((thb1>5.0e-6&&tb1<100.0e-6)&&tal<=5.0e-6){
th=tb+tz;
tz=0.0e-6;

elsef
tz=0.0e-6;

}

if(pat_flag==1){
t1=0.0;
t2=ta*1.0e6;
t3=(ta+tb)*1.0e6;
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}

if(tz<=0.0e-6){

t3=100.0;

}

if(pat_flag==-1){
t1=tz*1.0e6;
t2=(tb+tz)*1.0e6;
t3=100.0;

}

[* t3=(1.0/FS)*1.0e6 */

[* t3=(1.0/FS)*1.0e6 */

inv2_set_3pwm(t1,t2,t3,0VV1,0VV2,0VV3,0VV4);

pat_flag=-pat_flag;

void main( void )

{

*I

set_board( BDO );

inv2_init( 8, FS ); /* 1st param = 8:3-level

Uv = Vv = Wv = 0.0;
pat_flag = 1;
wdt = TWOPI/FS*FREQ;
wt = 0;
init_int1( c_int10 );
inv2_start_pwmO;
inv2_set_syncint( 10.0 );
inv2_start_int();
ei_int10;
for(;;) {
watch_data0;

2nd param carr freq (kHz)

[* Interrupt before 10us  */

[* int0 */
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2. Hard switching Inverter Simulation Program

Hard switchinng Inverter Simulation Program
By 2016.10.29
#include <stdio.h>
#include <math.h>
#define Vs 160/*160*/

#define Rfu 0.127
#define Rfv 0.127
#define Rfw 0.127

#define Cfuv 20.00e-6
Hdefine Cfvw 20.00e-6

#define Cfwu 20.00e-6
#define Lfu 780.0e-6
#define Lfv 780.0e-6
#define Lfw 780.0e-6
#define Rlu 50.0
#define Rlv 50.0
#define Rlw 50.0
#define Llu 0.0941
#define Llv 0.0941
#define Llw 0.0941

#define M_PI 3.1415
#define d_time 1.5e-6

#define We (2.0*M_PI*60.0)
#define Ts (1.0/16.0e3)
#define JO 12
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#define tend (Ts*1500)
#define DATstart (Ts*1000)
#define MA 100
double iloadu=0.0;
double iloadv=0.0;
double H=Ts/500.0;
double Eas=100.0;
double Ebs=0.0;
FILE *fpl,*fp2,*fp3;
void file_open(void);
void file_close(void);
void file_recording(doublel],double);
void digital_control(double[],double,int[],double[]);
int area_judgment(double,double);
void switching_vector(int,double,double,int[],double[]);
void switch_pattern(int,int[1);
void dt_pattern(double,double,int,int,int[]);
void runge(doublel],int[],int);
void defeq(doublel],doublel],int[],int);
void ab_trans(double,double,double,double *,double *);
void uvw_trans(double,double,double *,double *,double®);
void dq_ab_trans(double,double,double *,double *,double);
void ab_dq_trans(double,double,double *,double *,double);
void main(void)
{
static double time=0.0;
static double x[12];
static double o_time[5];

static double count[5];
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static double d_count;
static int Vsw=0;
static int Vswprov=0;
static int S[4]={0,0,0,05;

int OVVI[5];
int ma=0;
int it=0;
int i,j,k;
x[11=0.0; [*Tu*/
x[2]=0.0; [*Iv*/
x[31=0.0; [*uv*/
x[41=0.0; [*vw*/
x[5]=0.0; [*TloadU*/
x[6]=0.0; [*TloadV*/
for(i=0;i<=5;i=i+1)
{
OVVIil=0.0;
o_timelil=0.0;
count[i]=1.0;
}

d_count=1.0;

file_open0);

printf;
for(time=0.0;time<=tend;time=time+H)
{

[[if(time>=600*Ts) {Eas=105.0/sqrt(2.0);Ebs=105.0/sqrt(2.0);}
Eas=100.0;Ebs=0.0;

/lelse if(time>=500*Ts)  {Eas=60.0;Ebs=60.0;}

[lelse if(time>=400*Ts)  {Eas=50.0;Ebs=50.0;}
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[lelse if(time>=300*Ts)  {Eas=40.0;Ebs=40.0;}
llelse if(time>=200*Ts)  {Eas=30.0;Ebs=30.0;}
[lelse if(time>=100*Ts)  {Eas=20.0;Ebs=20.0;}
Ilelse {Eas=10.0;Ebs=10.0;}

if(time>=it*Ts) [*start of sampling time*/

digital_control(x,time,OVV,0_time);
it++;
count[0]=0.0;
}
for(k=0;k<=3;k++)

if(count[k]<=0.0)

{

Vswprov=0VV[k+1];
count[k+1]=o_time[k+1];
countlk]=1.0;
d_count=d_time;
dt_pattern(x(11,x[2],Vsw,Vswprov,S);

}

if(d_count<=0.0)
{

Vsw=Vswprov;
d_count=1.0;
switch_pattern(Vsw,S);
}
for(j=1;j<=4;j++)

121



I

countljl-=H;
}
d_count-=H;
if(time>=DATstart)
{
if(ma>=MA)
{

file_recording(x,time);

ma=0;

runge(x,S,Vsw);
ma++;
}
printf;

file_close();

void digital_control(double x[],double time,int OVV[],double o_time[])

{

static double Vdref0=0.0;
static double Vqref0=0.0;
static double Zalfa=0.0;

static double Zbeta=0.0;
double Valfa,Vbeta;

/¥ (1sample before) */
[* (1sample before) */
[* (axis) */
[* (axis) */

[* (axis) */
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[*three

double Vdref,Vqgref;
double Vcd,Vcq;
double Vcalfa,Vcbeta;
double Tad,laq;
double laalfa,labeta;
double Vcu,Vev,Vew;
int area;

double GI319];
Veu=(2*x[31+x[4])/3.0;
Vev=(x[41-x[3D)/3.0;
Vew=(-x[3]-2*x[4])/3.0;
phase to */

[* (d-q axis ) */
[
[
[
[

(d-q axis ) */

(axis) */
Inductor current(d-q axis) */
Inductor current(rotating) */

[*  Area Nummber */

ab_trans(x[1],x[2],(-x[1]-x[2]),&laalfa,&labeta);
ab_trans(Vcu,Vev,Vew,&Vcalfa,&Vcebeta);
ab_dq_trans(laalfa,labeta,&lad,&laq,time);
ab_dq_trans(Vcalfa,Vcbeta,&Vcd,&Vcq,time);

G[111]=21.355618;
G[11[2]=0.26619429;
G[11[3]=6.0835251;
G[11141=-0.3033412;
GI[115]=1.0306289;
G[1116]=-0.1419936:;
G[11[71=1.4862007;
G[11(8]=0.011270438;
G[21[1]=-0.26619429;
G[2][2]=21.355618;
GI[21(3]1=0.3033412;
G[21[4]1=6.0835251;
GI[21(5]=0.14199036:
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G[21(61=1.0306289;
G[2][7]=-0.011270438;
G[2](8]=1.4862007;
Vdref=Vdref0;
Varef=Vqref0;

Vdref0=(-G[11[1]*Tad-G[11[2]*Taq-G[11[3]*Vcd-Gl[114]*Vcq+Gl11[5]*Zalfa);
Vdref0=Vdref0+G[11[6]*Zbeta-G[1171*Vdref-G[11[8]*Vqref;

Varef0=(-G[2][1]*Tad-G[2][2]*laq~-G[2][3]*Vcd-GI2][4]*Vcq+GI21[5]* Zalfa);
Varef0=Vqref0+G[2][6]*Zbeta-G[2][7]*Vdref-G[2][8]*Vqref;
Zalfa=Zalfa-Vcd+Eas;

Zbeta=Zbeta-Vcq+Ebs;

[*d-q*/
dq_ab_trans(Vdref,Vqref,&Valfa,&Vbeta,time);
area=area_judgment(Valfa, Vbeta);
switching_vector(area,Valfa,Vbeta,0VV,o_time);

3

int area_judgment(double Valfa,double Vbeta)

{
if (Vbeta>=0.0)

{

if (Valfa>=Vbeta/sqrt(3.0)) return(l);
else if (Valfa<-Vbeta/sqrt(3.0)) return(3);
else return(2);
}
else
{
if (Valfa<Vbeta/sqrt(3.0)) return(4);
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else if (Valfa>=(-Vbeta/sqrt(3.0))) return(6);

else return(b);
}
}
void switching vector(int area,double Valfa,double Vbeta,int OVV[],double
o_time[])
{
double Varef,Vbref; [* Vector */
double ta,tb,tz; [* output time of each vector */

static int f=1;
if(f==1) {f=2:}

else {f=1;}
if(f==1)
{
switch(area)
{

case 1:0VV[1]=0; OVVI2]=1; OVVI3]=3; OVVI4]=7;
Varef=Valfa-Vbeta/sqrt(3.0);
Vbref=2.0*Vbeta/sqrt(3.0);
break;

case 2:0VV[1]=0; OVVI[2]=2; OVV[3]=3; OVVI[4]=7;
Varef=Valfa+Vbeta/sqrt(3.0);
Vbref=Vbeta/sqrt(3.0)-Valfa;
break;

case 3:0VV[1]=0; OVVI[2]=2; OVVI[3]=6; OVVI[4]=7;
Varef=2.0*Vbeta/sqrt(3.0);
Vbref=(-Vbeta)/sqrt(3.0)-Valfa;
break;

case 4:0VV[1]=0; OVVI[2]=4; OVV[3]=6; OVVI[4]=7;
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Varef=(-Valfa)+Vbeta/sqrt(3.0);
Vbref=(-2.0)*Vbeta/sqrt(3.0);
break;

case 5:0VV[1]=0; OVVI2]=4; OVVI3]=5; OVVI4]=7;
Varef=(-Vbeta)/sqrt(3.0)-Valfa;
Vbref=Valfa-Vbeta/sqrt(3.0);
break;

case 6:0VV[1]=0; OVVI2]=1; OVVI3]=5; OVVI4]=7;
Varef=(-2.0)*Vbeta/sqrt(3.0);
Vbref=Valfa+Vbeta/sqrt(3.0);
break;

}
if(f==2)
{
switch(area)
{
case 1:0VV[1]=7; OVVI2]=3; OVVI3]=1; OVVI[4]=0;
Varef=Valfa-Vbeta/sqrt(3.0);
Vbref=2.0*Vbeta/sqrt(3.0);
break;
case 2:0VV[1]=7; OVVI2]=3; OVVI3]=2; OVVI4]=0;
Varef=Valfa+Vbeta/sqrt(3.0);
Vbref=Vbeta/sqrt(3.0)-Valfa;
break;
case 3:0VV[1]=7; OVVI2]=6; OVVI[3]=2; OVVI[4]=0;
Varef=2.0*Vbeta/sqrt(3.0);
Vbref=(-Vbeta)/sqrt(3.0)-Valfa;
break;
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case 4:0VV[1]=7; OVVI2]=6; OVVI3]=4; OVVI[4]=0;
Varef=(-Valfa)+Vbeta/sqrt(3.0);
Vbref=(-2.0)*Vbeta/sqrt(3.0);
break;

case 5:0VV[1]=7; OVVI2]=5; OVVI3]=4; OVVI[4]=0;
Varef=(-Vbeta)/sqrt(3.0)-Valfa;
Vbref=Valfa-Vbeta/sqrt(3.0);
break;

case 6:0VV[1]=7; OVVI[2]=5; OVVI3]=1; OVVI[4]=0;
Varef=(-2.0)*Vbeta/sqrt(3.0);
Vbref=Valfa+Vbeta/sqrt(3.0);

break;

ta=Varef/sqrt(2.0/3.0)/Vs*Ts;
tb=Vbref/sqrt(2.0/3.0)/Vs*Ts;
tz=(Ts-(ta+th))/2.0;

if(f==1)

{

else

if(area==1 || area==3 | area==5)
o_time[0]=0.0;
o_timel1]=tz;
o_timel[2]=ta;

o_timel[3]=tb;

o_timel[4]=tz;
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o_time[0]=0.0;
o_time[1]=tz;
o_time[2]=tb;
o_time[3]=ta;

o_timel4]=tz;

}
}
if(f==2)
{
if(area==1 i area==3 ii area==5)
{
o0_time[0]=0.0;
o_time[1]=tz;
0_time[2]=tb;
o_time[3]=ta;
o_time[4]=tz;
}
else
{
o_time[0]=0.0;
o_time[1]=tz;
o_time[2]=ta;
o_time[3]=tb;
o_time[4]=tz;
}
}
}
void switch_pattern(int Vsw,int S[])
{
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switch(Vsw)

case 0: S[1]=0; S[2]=0; S[3]=0;break;
case 1: S[1]=1; S[2]=0; S[3]=0;break;
case 2: S[11=0; S[2]=1; S[3]=0;break;
case 3: S[1]=1; S[2]=1; S[3]=0;break;
case 4: S[1]=0; S[2]=0; S[3]=1;break;
case 5: S[1]=1; S[2]=0; S[3]=1;break;
case 6: S[1]=0; S[2]=1; S[3]=1;break;
case 7: S[1]=1; S[2]=1; S[3]=1;break;

}
void dt_pattern(double Iu,double Iv,int Vsw,int Vswprov,int S[])
{
int SS[4];
switch_pattern(Vsw,S);
switch_pattern(Vswprov,SS);
if (S[111=SS[1]) {if(lu>=0) S[1]=1; else S[1]=0;}
if (S[2]'=SS[2)) {if(v>=0) S[2]=1; else S[2]=0:}
if (S[311=SS[3]) {if(-lu-Iv>=0) S[3]=1; else S[3]=0:}
}
[*runge kutta*/
void runge(double x[],int S[l,int Vsw)
{
int i
double k[12][12],b[12],fn[12];
defeq(fn,x,S,Vsw);
for (i=1;i<JO;i++) k[1I[i]=H*fnlil;
for (i=1;i<JO;i++) blil=x[il+k[11[i1/2.0;
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defeq(fn,b,S,Vsw);

for (i=1;i<JO;i++) k[2][i]=H*fnlil;

for (i=1;i<JO;i++) blil=x[il+k[2][i1/2.0;
defeq(fn,b,S,Vsw);

for (i=1;i<JOsi++) k[3I[i]=H*fnlil;

for (i=1;i<JO;i++) blil=x[i]+k[31[il;
defeq(fn,b,S,Vsw);

for (i=1;i<JO;i++) k[4I[il=H*fnl[il;

for (i=Li<JO;i++)

{
xli1=x[i]+1.0/6.0*(k[11[i]+2.0*(k[2][]+K[3ILD+K[4]0D);
3
}
void defeq(double fn[],double x[l,int S[l,int Vsw)
{
double Vuv,Vvw;
double Lfuvw; [* =Lfa*Lfb+Lfb*Lfc+Lfc*Lfa */
double Cfuvw; [* =Cfa*Cfb+Cfb*Cfc+Cfc*Cfa */
double Lluvw; [* =Lla*LIb+LIb*LIc+LIc*Lla */

switch_pattern(Vsw,S);
Vuv=Vs*(S[1]-S[2D);
Vvw=Vs*(S[2]-S[3D:;
Lluvw=(LIu*LIv+LIv*LIw+LIw*LIu);

fnl5]=((LIv+LIw)*x[3]+LIv*x[4]-(LIv*RIu+LIw*Rlu+LIv*RIw)*x[5]-(LIv*Rlw-LIw*R1lv
)*x[6D/Lluvw;

floadu=x[5];

fnl6]=(-Liw*x[3]+Llu*x[4]+(LIw*Rlu-LIu*RIw)*x[5]-(LIw*RIv+LIu*Rlv+LIu*RIw)*x[6

130



D/Lluvw;
iloadv=x[6];
/*
Lluvw=LIu*LIv+LIv*LIw+LIw*Llu;

fnl5]=x[3]1*(LIv+LIw)+x[41*LIv-x[5]*(RIu*LIv+RIu*LIw+RIw*LIv)+x[6]*(Rlv*LIw-Rlw
*LIv);
fnl5]=fn(5]/Lluvw;

fnl6]=(-x[3*LIw+x[4]*Llu+x[5]*(RIu*LIw-RIw*LIw-x[6]*(Rlu*Llu+RIw*LIu+RIv*LIw
);

fnl61=fnl6]/Lluvw;

iloadu=x[5];

illoadv=x[6];
*

Lfuvw=Lfu*Lfv+Lfv*Lfw+Lfw*Lfu;

Cfuvw=Cfuv*Cfvw+Cfvw*Cfwu+Cfwu*Cfuv;

fnl1]=(-Rfu*Lfv+Rfu*LEW+RfwW*Lfv)*x[1]-(Rfw*Lfv-Rfv*Lfw)*x[2]-Lfv*(x[3]+x[4
1-Vuv-Vvw)-Lfw*(x[3]-Vuv));
fnl1]=fnl1)/Lfuvw;

fn2]=(Rfu*Lfw-Rfw*Lfw)*x[1]-(Lfu*Rfv+Lfu*Rf w+LEfw*Rfv)*x[2]+Lfw*(x[3]-Vuv)
+Lfu*(Vvw-x[4D);
fn[2]=fn[2]/Lfuvw;
fn[3]=(x[11*Cfvw-Cfwu*x[2]-Cfvw*iloadu+Cfwu*iloadv)/Cfuvw;

fn[4]=(Cfuv*x[1]-Cfuv*iloadu+Cfwu*x[2]-Cfwu*iloadv+Cfuv*x[2]-Cfuv*iloadv)/Cf

uvw;
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}
void ab_trans(double Xu,double Xv,double Xw,double *Xa,double *Xb)
{
*Xa=sqrt(2.0/3.0)*(Xu-Xv/2-Xw/2);
*Xb=(Xv-Xw)/sqrt(2.0);
}
void uvw_trans(double Xa,double Xb,double *Xu,double *Xv,double *Xw)
{
*Xu=sqrt(2.0/3.0)*Xa;
*Xv=(-Xa/sqrt(6.0)+Xb/sqrt(2.0));
*Xw=(-Xa/sqrt(6.0)-Xb/sqrt(2.0));
}
void ab_dq_trans(double Xa,double Xb,double *Xd,double *Xgq,double time)
{
*Xd=cos(We*time)*Xa+sin(We*time)*Xb;
*Xq=(-sin(We*time)*Xa+cos(We*time)*Xb);
}
void dqg_ab_trans(double Xd,double Xq,double *Xa,double *Xb,double time)
{
*Xa=cos(We*time)* Xd-sin(We*time)* Xq;
*Xb=sin(We*time)* Xd+cos(We*time)*Xq;
}
void file_open()
{
fpl=fopen(“HSTPI datal.txt“,“w");
fp2=fopen(“HSTPI data2.txt",“w");
fp3=fopen(“HSTPI data3.txt“,“w");
fprintf(fpl,“Timelsec] TAu[A] TAV[A] TAW[A] VcuvlV] VevwlV] VewulV]
Valfa[V] VbetalV] Vcdlv] VeglV] Vruv[V] VrvwlV] VrwulV] iloadulA] iloadv[A]
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iloadw[A\n“);

}

fprintf(fp3,“Ifu Ifv Ifw Iu Iv Iw Vuv Vvw Vwu \n“);

void file_close()

{

}

fclose(fpl);
fclose(fp2);
fclose(fp3);

void file_recording(double x[],double time)

{

double Vd,Vq,Va,Vb,ia,ib,Vcu,Vev,Vew,Vruy,Vrvw,Vrwu;
Veu=(2*x[31+x[41)/3.0;

Vev=(x[41-x[31)/3.0;

Vew=(-x[3]-2*x[4])/3.0;

ab_trans(Vcu,Vev,Vew,&Va,&Vb);

ab_dq_trans(Va,Vb,&Vd,&Vq,time);
ab_trans(x[1],x[2],(-x[1]-x[2]),&ia,&ib);

fprintf(fpl,“%10.3e “,time);

fprintf(fpl,“%10.3e %10.3e %10.3e %10.3e “ x[1],x[2],-x[1]-x[2],x[3D);
fprintf(fpl,“%10.3e  %10.3e  %10.3e  %10.3e  %10.3e  %10.3e

“,x[4],-x[3]-x[41,Vd,Vq,Va,Vb);

fprintf(fp2,“%10.3e %10.3e %10.3e %10.3e\n",time,x[3],x[4],-x[3]-x[4D);
dq_ab_trans(Eas,Ebs,&Va,&Vb,time);
uvw_trans(Va,Vb,&Vcu,&Vev,&Vew);

Vruv=Vcu-Vcv;

Vrvw=Vcv-Vew;

Vrwu=Vcw-Vcu;

fprintf(fpl,“%10.3e %10.3e %10.3e “,Vruv,Vrvw,Vrwu );
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fprintf(fpl,“%10.3e %10.3e %10.3e\n"iloadu,iloadv,-iloadu-iloadv );

fprintf(fp3,“%10.3e %10.3e %10.3e %10.3e
“ time,iloadu,iloadv,-iloadu-iloadv );

fprintf(fp3,“%10.3e  %10.3e  %10.3e  “,Rlu*iloadu,  Rlv*iloadv,
-Rlw*iloadu-Rlw*iloadv );

fprintf(fp3,“%10.3e %10.3e %10.3e\n",x[3],x[4],-x[3]-x[4] );

}
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