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Abstract

Since the early twentieth century, induction heating have been
widely used and rapidly developed in the industrial applications because
of their distinctive advantages such as high-speed heating, safety, high
products quality, cleanliness, and etc.. In addition to this, with
tremendous advance in the latest power semiconductor devices permiting
switches of inverters to operate under high frequencies, the induction
heating systems have become lighter, compacter, and more efficience.

The main purpose of this study is to investigate the application of a
single chip, TMS320C240, microprocessor to a fully digital high
frequency induction heating system. By using the phase-shifted full-
bridge zero-voltage-switched PWM technique, this system can reduce
switching loss, component stress, and electromagnetic interference of
power semiconductor devices. In induction heating applications, because
the electrical characteristics of the workpieces will change in the
processing, the circuit resonant frequency must be changed in accordance.
Hence, the variable frequency control technique is used for tracking the
resonant frequency to keep the system operating at the optimal condition.
The phase-shift Pulse-Width-Modulated (PWM) is used for regulating

the duty-cycle to control the output power.

Finaly, the efficiency of this heater are measured and analyzed
under load variations. Experimental results show that the ZVS PWM

technique can improve the efficiency of this system.
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(SPI) (Watchdog Timer)
(PLL) (QEP) C240
412 C240
4.2
412 C240

TMS320C240 DSPcontroller Architecture

Data RAM Program ROM/
Flash
544w x 16 16Kw x 16
PA (64K-0)
A (15-0) 1 % v /(A 15-0, D 15-0)
< — E
< — Three 8-bit | § 028
I/O Ports ¢+ /O
D (15-0) v i e
3 Timers & e
C25LP CORE 1 Watchdog
16-bit Barrel 16-hit T-register —— o
16 x 16 Multiply ot
. 32-bit P-regi outputs PWM
Shifter (L) it P-register =
ShiftL (0,1,4,-6) pe——— °
32-bit ALU <@—> 12 Compare [
32-bit Accumulator outputs
ShiftL (0-7) Quadrature PY
8 Auxiliary Regs I Pulse control I
8 Level H/W Stack 1
2 Status Registers <+ SCI& SPI <> ©
Repeat Count 2 10-bit
<&+ apcs (S
16 input ch. ° /
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4.2 TMS320C240

TMS320C240
Clock Frequency 20MHz
50ns
ROM 16K Words
RAM 544 Words
16 hit
Multiple 16 bit ~ 16 bit® 32 hit
Operation Base Accumulator (32bit)
General Timer 3 (16 bit)
Watchdog Timer 1 8 hit
(Compare Output ) 12 9
(Capture Input ) 4
PWM PWM Output 9
Encoder 1
A/D 16 10 bit
A/D Conversion Time 6ns /1 10ns /2
SCl 1
Interrupts 28 6
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4.12 [35,36]

4.13
lo
TMS320C240
A/D A/D lo
lo
QEP2
QEP1
— > -
e
| ADC .. TM 53320240
—» QEP2
4.13
D
4.14

TMS320C240 DSP (0-5V)
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100k

R1
+15V

100k

%

4.14

(2)
TMS320C240

0~5Vv 4.15

10k

+15V

10k

Va
L F356
10k -15v

84

2.5V

Vb



3)

TMS320C240 A/D
0 5V
4.16
D1 D2
+5V
Vb % ’\;(;\/ . TMS320C240
% 1 DSP
I 5nF
416
(4)
TMS320C240 QEP
CAP1/QEP1
417
R h
Vo
° » it 500
§ M - —_— CAPV/QEPL
Lmalr Y
§ 68k
i 417 i
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4.13

4.13.1
MOTOROLA MC3423IC
4.18
SJO’\)O
+
R
E Vee= SV

R 4

c IMc3 a2 |

Bus

vvvvvvv

4.18
2 2.6V
2.6V Ri R
Vtrip RlRZ
Ru Ru

350V R, 51KQ

3502 61& \'R 66 8K
' 5K
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Vrip 350 Vin - VF 2- 0.7

R3 10mA 10mA 3KL R4 I 10mA 13002
4.13.2
30mm
20mm emm
DC Bus
419 ]
_|.
ES s
R % C2 R o =3
|/ LED
|\ S R 3
~ To DSP
I W OPDPI NT

4.19
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4.14

4.14.1 PID [37]
PID
PID
P Pl PD
(overshoot)
PID T
1 (A
W, W, = % >,
2 W, 10
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(undershoot)



G(s)

E(z) G(2) U(z)

VU(Z) =

G(z

4.20

4.15 G s G z
U z =G z E z

u[n] u[n]

PID G S 4-18

G(S)=K,+—=+K,S
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4-18

E(z)



) =uln- 1+ (K, +K T +2)dnl- (K, + Zyen- 1+ K, efn- 2]
4-19
4-19 u[n]
4.14.2
TDK 463H551
4.21 PWM

TMS320C240 DSP
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4.14.3

DSP (QEP2)
QEP1
4.22
TMs320c240bsP
> PWM i g
et
4.22
4,15
DSP
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4.15.1

TMS320C240
1 PWM

4.23

3

(QEP)
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( Interrupt Server Routine)

4.15.2 DSP
A/D
4.24
2
10kHz 2000
(50ns*2000=100u 9) 100p s

PWM
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4.24
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5.1

MOSFET DSP
(Full Compare) 2 PWM
(Programable Dead-Time)
(Dead Time)

C240 PWM
3 6
+15V -5V -5V
5.1 TMS 320C240 DSP PWM
MOSFET

DSP

/O

MOSFET
5.2

(5V/div)
5.1 TMS 320C240 DSP PWM
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Tek QAR 10MS/s. 101 Acqs
» o

SRR B A 7 SR L TR o 1) R P L
(10V/div)
5.2 MOSFET
5.2
53 56 57 5.10 QL Q2 Q3 Q4
54 55
58 59 Q1 Q3 Q1
Q3
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53 Q1
Vgs(10V/div) Vds (100V/div)

[ - mI . . Z,‘ I.usﬁ : ImZ
54 Q1 Id (2A/div)
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i i 1 i + i P
m .3us m

55 Q1 1d (2A/div)

5.6 Q2
Vgs(10V/div) Vds (100v/div)
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57 Q3
Vgs(10V/div) Vds (100V/div)

Tek TR 20MS/5 3984 Acqs

....................................................

58 Q3 Id (2A/div)
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59 Q3 Id (2A/div)

Tek 20MS/s 23 Aogs

bl e d

.................................................

510 Q4
Vgs(10V/div) Vds (100V/div)
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5.3

 Tek 10MS/s

h |
H LY . X i
T T T T Y T T T T T T T T L BRI AL LA B

5.11 50 Vgs(10V/div)

5.12 50 (100V/div)
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5.13 70 Vgs(10V/div)

....................................................

5.14 70 (100V/div)
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5.4

5.15

30T
20 +
10 L+

-10 7
-20 7
-30 T

30T
20 +
10 |

10 T
20 T
.30 T

300 +
200 1

100 +

-1004
-200 1
-300 1

300 +
200 1

100 +

-1004
-200 1
-300 1

ey 999 Acqs

v Tek 10Ms/5. ) o

—_ IiI L T — 1
S

Vv Tek QIR 10MS/s 11293 Acg B

_ f S L o 1
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30 ]
20 -
10 |

-10 1
-20 1
-30 1

5.18

1507
100+
50

-50 1
-1001
-1507

-100 -
-200 -
-300 -

40 |

20 -

-20 A
-40 -
-60 -

5.18

Tek QIR 10MS/s 11293 Acqgs
i L I

i |
— LY ¥ 1

5.17

Tek BN 10MS/s. 1093 Acg

T L] 1
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5.5

(kH2)

5.6

12

5.19

80 —

70

60

50

30

5.20

0.45%

50 100 150 200 250 300 350 400 450 500 550 600

5.19

0.48
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7 3.8
2 0.8
(JRI FX410)



5.20

(Voltech PM3000A)
5.1
89.1%
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(W) (W) (%)
1 5500 4900 89.1
2 5000 4440 88.8
3 4500 3940 88.6
4 4000 3470 88.2
5 3500 2930 87.5
6 3000 2420 86.1
7 2500 1950 85.3
2.7
HP4284A LCR
METER 0.48
7 3.8 12
2 9.8 0.45%
5.21 5.22
LCR METER
LCR METER 1~-2V
5. 21
1
(L=mmAN?/I) 5.21

5.22
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—e—5kHz
4.5 .
4 —.—m—'z
L 3.5
S 3
2.5
2
1.
1
0.5
0
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
521
0; —— 50kHZ
) //1 —a— 60kHz
0.8 e
. ////\/1 70kHZ
o6 pr
05 / // \
0.4
e \
e = \
0.1 — o
0

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

5.22
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5.8

5.23

524 0 280V/15A
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525 EMI

o iind
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5.27
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i
Hi s
[ -- s
-E---m'

5.29

5.30
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5.31

5.32
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5.33

5.34
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5.36
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5.37

5.38
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Time

(1)

(2)

15KW

5Kw
70kHz

30M 40M

TMS320C240
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SKW

MOSFET
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Dead



3)

(4)

(5) (Heating Coil) (Workpiece)
(Finite Element Method,FEM)
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