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ABSTRACT

The AC-DC Converter has a lot of interesting aspects. Such as a stabilization of DC
output voltage, less harmonics in output voltage and its better power factor. These could help in
supporting and improving the power system quality. Cause of these benefits therefore these thesis
select the SVPWM AC-DC Converter.

This thesis presents a stabilize control output voltage of space vector pulse width
modulation (SVPWM) rectifier. Its ability is to stabilize an output voltage of 500 Vdc from three
phase input voltage 300 V system using a decoupling feed-forward control method by DQ Frame
technique is model in MATLAB/Simulink implementation into a real-time control system by
Digital Signal Processing Board (DS1104) can be easily control and effectively more than diode
rectifier. The rated design of AC-DC Converter is less than 1 kW and tested due to a variation of +
10% of rated input voltage.

The experimental result of SVPWM AC-DC Converter using d-qframe technique shows
that it can control output voltage in a good response when the input voltage is varied from 300 V
down to 270 V at a constant load at 1 kW. Another result the output voltage can be keep stable at

500 V when load changes from 100 Q increase to 400 Q.

Keywords : SVPWM, DQ Frame, Real time Signal
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(kA ]1 g?f Z-Transformation
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[0 (0] :% —siné), —sin(&d —2?”] —sin(&d +2?”j (2.47)
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cos b, —sin @, 1

[quo(ﬁd)]fl :g cos(ﬁd _ZT”) —sin(@d —2?7[] 1 (2.48)

cos(€d+2—”] —sin(€d+2—”] 1
3 3

Pd H a 4
mauaaunuuesa (Park’s Transformation) 1HasulSuanianamesaiu
J A a v Yy Aa 0 9 v T
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MNA 2.21 ﬂﬁllﬂﬁ\‘ll!ﬂﬂ?ﬂﬂﬂ{]ﬂl@\i Park



27

4
' 1 <
MsuaqunNUIEHINUNY abe HATMINYUVDY g0 Tudruilvzuaaslifiiuia

v
[

[ @ 4 1 [l = 1 A 9 Y] 1 ~ d' ~
ANVANNUDTICHINTIUNDYNUNNYNUAAIAWILUNY abc NUTIUNAADUNVDILUNY gd YU o
A A [l 1 1 A A A 1 A vo A ' &£
ADHYUNDYISHINUNU g UBITIUNAADUNUASTIUNDYNUNDYINUNU g Lasuni d il

Y
v 9 o

Jd o 3 a 1 { 4 { 1
WQﬂ%H%@Qﬂ’JTN!i’JL‘HQHN wt mmmuﬁmﬁﬂuﬁ qgd AZMENAUAITUNIT

ot) = jo w(t)dt +6(0) (2.50)

M 222 msutaaunuanngued Clarke Tihilungues Park

A A Ay A A 4 1
1o 6(0) ABANTNAUUBY 0 NIA1 (=0 1PBIAUTZNOVYDI gd QNIINBYIUNINW
4 9

VoIANoT 9z 18

i, = ji, =i, cos & ~i, sin @ — j(i; sin 0 +1, cos 0) (2.51)
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M1519N 3.2 DSI 104ADC_Cx #ag DS1104MUX_ADC

Input I’J’dﬁ' age Range SIMULINK OUTPUT

-10...+10V -1...+1(Double)

2) DSI104DAC_Cx Wag DSI104MUX DAC Wuvdendmsvutasdayana

g

'
o ana ~

an I < § o a { <
Avnealuernaenilosudynuainea 1V NA1DUNA taz NS 1AY0IUADNIZTYNVEIIAIY

o9
o

8A51 1:10 uIneaudyana 1V 1 SIMULINK  azliawiiny 10V idmauesnisa

[S2e5]

M1519N 3.3 DSI 104DAC_Cx uag DS1104MUX_DAC

SIMULINK OUTPUT Input T’Jaﬁage Range

-1...+1(Double) -10...+10V

3.8.2 Digital Input / Output Control

1) DS1104BIT IN Cx u@ag DSI104BIT OUT Cx @IMiUTy tagaadyaial

g

AvmoaALUY TTIL 3147w 20 Ua @unsanldousesdyanadlsnisdenminemuredlaensai

<
uasn

13197 3.4 DS1104BIT_IN Cx ttaz DS1104BIT_OUT Cx

Digital Input (TTL) SIMULINK OUTPUT
Without Data Typing With Data Typing
High 1 (Double) 1 (Boolean)
Low 0 (Double) 0 (Boolean)

2) DS1104BIT IN Cx uag DSI104BIT OUT Cx @IMiUTU tayaadynial
Av@oauUY TTIL  31u2u 20 Ua a1usorldsusesdyaualonisiaon

] A g
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13191 3.5 DS1104BIT_IN Cx taz DS1104BIT_OUT Cx

SIMULINK OUTPUT Digital Input (TTL)
Without Data Typing
With Data Typing
(Double) | 1 (Boolean) High High
(Double) | 0 (Boolean) Low Low

3.8.3 Encoder position control

1) DS1104ENC_SETUP Udsndwmsuidenyesdaynna (1,2) tazAusuduveseon

Tnauaosnldau

M1519N 3.6 DSI 104ENC_SETUP

Channel Encoder Signal | Position Position Value
Type Information
1...2 digital 24 bit 2% 427025

3) DS1104ENC POS Cx udendmiumsmmuamsaeaiodyaisueaoulan

1903719911 (RS422, TTL)
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13191 3.7 DS1104ENC_POS_Cx

Parameter Value
Min Max
TTL Input 19aflage High 20V 5.0V
ov 0.8V
Low
TTL Input Resistance 12 k€2
RS422 Input 128fage Diff > +0.2V
Diff< -0.2V
High ° Diff=1’mﬁage Difference between non-
inverted and invert
Low ® The input signal, together with the
corresponding inverted signals, must be in
the range 0....5V
RS422 Input resistance The Input resistance gradually drops from 8.5 k(2
at the corner frequency of 28 kHz to 210 € at the
corner frequency of 225 kHz

3.8.4 PWM control
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M15199 3.8 DSI 104ADC_Cx #ag DS1104MUX_ADC

SIMULINK Meaning
INPUT alue ata Type
Duty cycle a, b, ¢ Duty cycle of the PWM signal for channel a,b,c
.1 ouble
Stop PWM Enable PWM stop for channel pair a/a, b/b, c/c
/1 oolean -Value 1 stop PWM generation
-Value 0 resume PWM generation
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1.1 Datasheet dSSPACE DS1104

DS$1104 Data Sheet

The following table shows the data sheet of the
DS 1104 R&D Controller Board.

Parameter Characteristics
Processor * WMPC8240 processor with PPCE603e core and on-chip
peripherals

64-hit floating-point processor
250 MHz CPU

2 x 16 KB cache; on-chip
On-chip PCl bridge (33 MHz)
Global memory: 32 MB SDRAM
*  Flash memory: & MB

* & = &

Memory

Timer s 1 sample rate timer (decrementer):

32-hit down counter, reload by software, 40 ns resolution
* 4 general purpose timer:

32-hit down counter, reload by hardware, 80 ns resolution
* 1 time base counter:

&64-bit up counter, 40 ns resolution, range 23400 years

Interrupt controller 5 timer interrupts

2 incremental encoder index line interrupts
1 UART interrupt

1 slave DSP interrupt

1 slave DSP PWM interrupt

5 ADC end of conversion interrupts

1 host interrupt

4 user interrupts from the O connector

® & & & & s & »

-

ADC 4 muxed channels equipped with one 16-bit sample & hold
1 % 16-bit ADC with mux ADC

Note: 5 ADC channels {1 x 16-hit + 4 x 12-hit) can be
sampled simultaneous

16-bit resclution

+10V input voltage range

2 1s conversion time

+5 mV offset error

+0.25 % gain error

4 pprvK offset drift

25 ppm/K gain drift

>80 dB signal-to-noise ratio (SNR}

¢« & & & & & = =
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Parameter Characteristics
ADC + 4 channels each equipped with one 12-bit sample & hold
4 % 12-hit ADC ADC

Mote: 5 ADC channels (1 x 16-hit + 4 x 12-hit} can be
sampled simultaneous

s 12-bit resolution

+10 V input voltage range

800 ns conversion time

+5 mV offset error

+0.5 % gain error

4 ppmvK offset drift

25 pprvK gain drift

>65 dB signal-to-noise ratio (SNR)

* * &5 @ = »

16-hit resolution

+£10 V output voltage range

£5 mA maximum output current

Maix. 10 ps settling time (full scale, accuracy 172 LB}
+1 mV offset error

+0.1 % gain error

13 pprmvK offset drift

25 pprvK gain drift

>80 dB signal-te-noise ratio (SNR)
20-bit parallel YO

Single bit selectable for input or output
15 mA maximum output current

TTL outputfinput levels

DACs
& x 16-hit DAC

- & & @ » & = »

Digital VO

- 8 * @

2 channels

Selectable single-ended (TTL) or differential (RS422) input
Fourfold line subdivision

Max. 1.65 MHz input frequency, i.e. fourfold pulse counts up
t0 6.6 MHz

24-bit loadable position counter

+  Reset on index

s 5V/0.5 A sensor supply voltage

Digital Incremental Encoder
Interface
(2 x 24 hit}

- * = @

Serial interface + 1 serial UART (universal asynchronous receiver and
transmitter)

o Selectable transceiver mode: RS232/R5422/R5485

»  Max. baudrate R5232: 115.2 kBaud

+ Max. baudrate R5422/RS485: 1 MBaud

051104 Hardware Installation and Configuration  March 2004 159
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Parameter Characteristics

Slave DSP subsystem o Texas Instruments TMS320F240 DSP

16-bit fixed-point processor

20 MHz clock frequency

64 K x 16 external program memory

28 I x 16 external data memory

4 K % 16 dual-port memory for communication
16 K x 16 flash memory

1 x 3-phase PWM output

4 x 1-phase PWM output

4 capture inputs

SPI (serial peripheral interface)

Max. 14-bit digital [0

TTL output/finput levels for all digital O pins
£13 mA maximum output current

32-bit PCI host interface
5V PClslot
* 33MHz15%

Physical size PCI 185 x 106.68 mm (7.28 % 4.2 in}
Ambient temperature ... 558G (3231 YF)
Cooling Active cooling by fan

Power supply o 45V+59%,25A
s +12V45%,03A
¢ -12V5%,02A

Power consumption 185w

. & 8 & &

& & 8 & & & = »

Host interface

. =
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CP1104 Data Sheet
The following table shovs the data sheet of the CP1104 Connector
Panel.
Parameter Characteristics
Grounding The enclosure and the front panel are not grounded.
Cable length 2 m (6.6 ft) standard
Physical size (with desktop enclosure) 281 % 142.5 x 70 mm (11.06 x 5.61 x 2.75 in}
{length x depth x height)
Space needed for 19" rack mount Height 3 U; width 10.8"
Weight Approx. 2.2 kg (4.8 Ibs); incl. enclosure and shielded
ribbon cables
CLP1104 Data Sheet
The following table shows the data sheet of the CLP1104
Connector/LED Combi Panel.
Parameter Characteristics
Power consumption 5V max. 100 mA &ia DS1104 board)
Grounding The enclosure and the front panel are not grounded.
Cable length 2 m (6.6 ft) standard
Physical size (with desktop enclosure) 4335 %1425 x 70 mm
{length x depth x height) (17.07 x5.61x2.75 In)
Space needed for 19" rack mount Height 3 U; width 16.8"
Weight Approx. 2.5 kg (5.5 Ibs}; incl. enclosure and shiglded
ribbon cables

D51104 Hardware Installation and Configuration  March 2004 161
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9.1 Datasheet LEM LV25-P

Voltage Transducer LV 25-P

For the electronic measurement of voltages : DC, AC, pulsed...,
with a galvanic isolation between the primary circuit (high voltage)

and the secondary circuit (electronic circuit).

n Q
COMPLIANT
2002/85/EC

16084

| Electrical data

| Primary nominal current ms
| Primary current, measuring range

R, Measuring resistance
with £ 12V @10mA .
@+14mA
with £ 15 V @=10mA
@ =14 mA

maxi
| Secondary nominal current rms
Conversion ratio

Supply voltage (5 %)

| Current consumption

10 mA
0.+14 mA
RM mini RMmax\

30 190 Q
30 100 Q
100 350 Q
100 190 Q
25 mA
2500 : 1000

+12 .15 \4

10@t15V)+l; mA

Accuracy - Dynamic performance data

X Overall Accuracy @, , T,=25°C @ =12.. 15V
@15V (£5%)
€ Linearity error

| Offset current@ 1, = 0, T, = 25°C

+0.9 %
+0.8 %
<02 %
Typ | Maxi
+0.15 mA

lor Temperature variation of 1, 0°C .. +25°C |+ 0.06]x0.25 mA
+25°C . +70°C |+ 0.10|+0.35 mA
t, Response time " to 90 % of I, step 40 Hs
General data |
T, Ambient operating temperature 0..+70 °C
TS Ambient storage temperature -25..+85 °C
R. Primary cail resistance @ T, = 70°C 250 Q
R, Secondary coil resistance @ T, = 70°C 110 Q
m Mass 22
Standards EN 50178: 1997

Note: " R, = 25 kQ (L/R constant, produced by the resistance and inductance

of the primary circuit).

10 mA

PN
V,, = 10..500V
Features

e Closed loop (compensated) voltage
transducer using the Hall effect

¢ Insulated plastic case recognized
according to UL 94-VO0.

Principle of use

For voltage measurements, a current
proportional to the measured voltage
must be passed through an external
resistor R | which is selected by the
user and installed in series with the
primary circuit of the transducer.

Advantages

* Excellent accuracy

e Very good linearity

® Low thermal drift

® |Low response time

* High bandwidth

* High immunity to external
interference

* Low disturbance in common mode.

Applications

e AC variable speed drives and servo
motor drives

» Static converters for DC motor drives

e Battery supplied applications

o Uninterruptible Power Supplies
(UPS)

* Power supplies for welding
applications.

Application domain

* Industrial.

Pige 18
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Voltage Transducer LV 25-P

\ Isolation characteristics

v, Rms voltage for AC isolation test, 50 Hz, 1 min
VW Impulse withstand voltage 1.2/50 ps
dCp Creepage distance

dCl Clearance distance
CTI Comparative Tracking Index (Group llla)

252
16
Mini
19.5
18.5
175

kv
kv

mm
mm

. 2 Between primary and secondary.

Application examples

According to EN 50178 and IEC 61010-1 standards and following conditions:

e Over voltage category OV 3
® Pollution degree PD2
e Nonh-uniform field

EN 50178 IEC 61010-1
dCp, dCl, VW Rated isolation voltage Nominal voltage
Single isolation 1600 V 1600 V
Reinforced isolation 800 vV 800 V

Safety

This transducer must be used in electric/electronic equipment with respect to
applicable standards and safety requirements in accordance with the manufacturer's

operating instructions.

A\

Caution, risk of electrical shock

When operating the transducer, certain parts of the module can carry hazardous

voltage (eg. primary busbar, power supply).

Ighoring this warning can lead to injury and/or cause serious damage.
This transducer is a built-in device, whose conducting parts must be inaccessible

after installation.

A protective housing or additional shield could be used.

Main supply must be able to be disconnected.

Page 20
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Dimensions LV 25-P (inmm. 1 mm = 0.0394 inch)

=

Bottom view Right view Top view
26
[—&—‘ 2x710.635mm 4003 3
! 7 o ) U
+HT -HT LEM © swiss
— e made
I g A
& & & & €3
| 3xaimm Model + SP Number -——— ]
4 4 r = [ 1+——1Date code
. - £ M 1 ] 3 Mo+ -
t i T N D Tol
= ! 2x7“62 } = 16.45 45403

151

Connection
| i — T
LT ‘
AHT—
-HT. ::) +
o +VC

20.95

Back view
Mechanical characteristics Remarks
e General tolerance + 0.2 mm e | is positive when V_, is applied on terminal +HT.
e Fastening & connection of primary 2 pins e This is a standard model. For different versions (supply
0.635 x 0.635 mm voltages, turns ratios, unidirectional measurements...),
e Fastening & connection of secondary 3 pins @ 1 mm please contact us.
¢ Recommended PCB hole 1.2 mm

Instructions for use of the voltage transducer model LV 25-P

Primary resistor R | : the transducer's optimum accuracy is obtained at the nominal primary current. As far as possible, R | should be
calculated so that the nominal voltage to be measured corresponds to a primary current of 10 mA.

Example: Voltage to be measured V= 250 V ayR, =25kQ/25 W, I,=10mA Accuracy = + 0.8 % of V, (@ T, = +25°C)
b)R, =50kQ/1.25W, I,= 5mA Accuracy = = 1.6 % of V, (@ T, = +25°C)

Operating range (recommended) : taking into account the resistance of the primary windings (which must remain low compared to R, in order
to keep thermal deviation as low as possible) and the isolation, this transducer is suitable for measuring nominal voltages from 10 to 500 V.

Page 50
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TOSHIBA TLP250
TOSHIBA Photocoupler GaAlAs Ired & Photo-IC
Transistor Inverter
Inverter For Air Conditionor o
Unit in mm
IGBT Gate Drive
Power MOS FET Gate Drive LT

The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a
integrated photodetector.

This unit is 8-lead DIP package

TLP250 1s switable for gate driving cireut of IGBT or power MOS FET.

» Input threshold current: [F=5mA(max.)

» Supply current (Icc): 11mAlmax )

« Supply voltage (Voc): 10-35V

s Output current (I0): £1.5A (max.)

» Switching time (tpLH/tpHL) 1.5ps(nax.)

« Isolation voltage: 2500V yme(min.)

e UL recognized: UL1577, file No. E67349

e Option (D4) type
VDE approved: DIN VDE0884/06.92,certificate No.76823
Maximum operating insulation voltage: 620VpR
Highest permissible over voltage! 4000VER

(Note) When a VDE0884 approved type is neaded,
please designate the "option {D4)"
s Creepage distance: 6 dmmimin.)

Clearance: 6 dmm(min.}

Schmatic

Voo

IF

-

2+ Va
Ve :; {
3- Vo
GND

A 0.1pF bypass capcitor must be
connected between pin 8 and 5 (See Note 5).

Truth Table
i Tr2
Input On On Off
LED Off Off on

o
-
~
L}

e

TOSHIBA 11-10C4

Weight: 0.54 ¢

Pin Configuration (top view)

10
2l
3[}3

4[]

ig
17
16
g

:N.C

: Ancde

: Cathode
N.C

: GND

Vg (Cutput)
Vo

‘Vee

€~ D oA Wk =

2004-06-25
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Absolute Maximum Ratings (Ta = 25°C)
Characteristic Symbol Rating Unit
Forward current Ig 20 mA
Forward current derating (Ta = 70°C) Alg f ATa -0.36 mA/°C
@ Peak transient forward curent (Nete 1) IEpT 1 A
Reverse voltage VR 5 v
Junctlion temperature T 125 ke
“Hpeak output current (Pyy = 2.5us T < 15kHz) {Note 2) lopH -1.5 A
“L"peak output current (Pyy = 2.5us f £ 15kHz) (Note 2) lopL +1.5
(Ta £ 70°C) 35
Output voltage Vo v
5 {Ta = 85°C) 24
8 (Ta < 70°C) 35
2 Supply veltage Vece v
(Ta = 85°C) 24
Output voltage derating (Ta 2 70°C) AVo ! ATa 0.73 vi°C
Supply veltage derating (Ta = 70°C) Aee / ATa -0.73 V/i°C
Junction temperature Tj 125 ki
Cperating frequency (Note 3) f 25 kHz
Operating temperature range Topr —20~85 b=
Storage temperature range Tstg -55~125 26
Lead soldering temperature (10 s} (Mote 4) Tsg) 260 “c
Isolation voltage (AC, 1 min., R.H.< 60%) (Note 5) BVg 2500 Vims

Note 1:  Pulse width Pyy = 1ps, 300pps

Note 2:  Exporenential wavefom

Note 3:  Exporenential wavefom, lopH £—1.0A( £ 2.53s), lopL = +1.0A( = 2.5us)

Note 4. Itis 2 mm or more from a lead root.

Note 5:  Device considerd a two terminal device: Pins 1, 2, 3 and 4 shorted together, and pins 5, 6, 7 and 8 shorted

together.

Note 6. A ceramic capacitor(0.1pF) should be connected from pin 8 to pin 5 to stabilize the operation of the high
gain linear amplifier. Failure to provide the bypassing may impair the switching proparty. The total lead
length between capacitor and coupler should not exceed 1em.

Recommended Operating Conditions

Characteristic Symbol Min Typ. Max Unit
Input current, on (Note 7) IF(oNy v 8 10 mA
Input voltage, off VF(oFF) 0 — 08 v
Supply voltage Vee 15 = 0 | 2
Peak output current lopr/lopL — L 0.8 A
Cperating temperature Topr -20 25 70 [ 85 i o

Note 7: Input signal rise time (fall time) < 0.5 us.

2004-06-25



TOSHIBA

Electrical Characteristics (Ta = =20~70°C, unless otherwise specified)
Test
Characteristic Symbol Cir Test Condition Min. Typ.* Max. Unit
cuit
Input forward voltage VE — IF=10mA , Ta=25C 1.6 1.8 \
Temperature coefficient of e =
forward voltage AVE/ATa —_ IF=10mA — 2.0 —_ mv/°C
Input reverse current Ir — VR =5V, Ta=25°C — 10 A
Input capacitance Ccr = V=0,f=1MHz , Ta=25"C — 45 250 pF
“Hleve! lopn | 3 ) Voo | 08 | 25 | -
Output current 2{?? =30V A
ap e lp=0
L* level loeL 2 Vg g=25V 0.5 2 -
s Vet = +15V, VEgy = 15V -
H level VoH 4 RL= 2000, Ir = 5mA 1 128
Output veltage "
ap Veeq = +15V, VEgy = —15V 7
L" level VoL 5 |ReSlo000 Ve 0 by 142 | 125
Vg =30V, Ip = 10mA _ 7 _
“H" level IGeH — |Ta=25C
Ve = 20V, I = 10mA £ - 1
Supply current &5 bl il mA
Veg =30V, IF =0mA sy 75 -
L” level et — |Ta=35°C
Ve =30V, IF = OmA = — 1
Threshold input “Qutput ” IFLH = Vet = +15V, Vg =15V o 12 5 A
current L—H Ry = 2000, Vo > 0V
Threshold input “Output | Vet = +15V, Ve = —158V
. FHL — 0.8 - - v
voltage H—L RL = 200Q, Vg <0V
Supply voltage Vee = 10 — 35 '
Capacitance c Vg=0,f=1MHz
s = — 1.0 2.0 F
(input—cutput) Ta = 25°C &
Resistance(input—output) Rsg — ;sz:;gg};; e 2re 1:1012 1014 — Q
* All typical values are at Ta = 26°C  (*1): Duration of Io time < 50us
3 2004-06-25
Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max Unit
cuit
Propagation L—H tpLH - 0.15 05
delay time 12 boHL Ig = 8mA (Note 7) = 0.15 05
[ Voot = +18V, Vg = =15V us
Qutput rise time tr R =200Q — — —
Qutput fall time tf — — —
Common mede transient
- ; ; Ve = 600V, IF = BmA
immunity at high level CmH T Vigg = 30V, Ta = 25°C -5000 — —_ V /s
output
Common mode transient
. : Ve = 8OOV, [F = OmA - .
m[r;t:"mly at low level CuL 7 Voo = 30V, Ta = 25°C 5000 Vius

* All typical values are at Ta = 25°C

Note 7: Input signal rise time (fall time) < 0.5 us.

2004-06-25
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TOSHIBA

TLP250

Test Circuit 1 :

Test Circuit 3 : IOPH

o

0 —
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TOSHIBA

TLP250
Test Circuit 8 tpiH, tpHL. tr tf
s W Y S
[ ] ¥ tr t
J Lk :l 1 01pF 1 Veer i + v 0%
= I = Vo - OH
1 T R]_ VO ---------- " =, GND
[} ——wr i VoL 80%
- [ ]_' vee tpLH tpHL
Test Circuit 7: CyH. Tyl
-
-
1[] ]
aw IF 0.1uF
— ] = ) Vee
A B T
] e
4 |: ]—‘
Vem
D
w L 1
600V
| o0%
Vem oy T
4 £
480 (V
T CuL =
SW A(IF=8mA) T
CwH . AB0.(M).
- A~ R 26V )
CHL
SW :B(IF=0)

CMLICmH) s the maximum rate of rise (fall) of the common mode voltage that can be sustained with the output
voltage in the low (high) state.
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RESTRICTIONS ON PRODUCT USE

The information contained herein is subject to change without notice

The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed
by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is
granted by implication or ctherwise under any patent or patent rights of TOSHIBA or others

TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire
system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life,
bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the
“Handling Guide for Semiconductor Devices,” or "TOSHIBA Semiconductor Reliability Handbook™ etc..

The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, perschal
eguipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products
are neither intended nor warranted for usage in equipment that requires extraordinarily high gquality and/or reliability or a
malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”™). Unintended Usage include
atomic energy control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments,
combustion control instruments, medical instruments, all types of safety devices, ete.. Unintended Usage of TOSHIBA products
listed in this document shall be made at the customer's own risk.

The products described in this document are subject to the foreign exchange and foreign trade laws,

TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under
any law and regulations.

GaAs(Gallium Arsenide) is used in this product. The dust or vapor is harmful to the human body. Do not break, cut, crush or
dissolve chemically.
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International
TOR Rectifier

FD - 84808

IRG4BC20UDPbF

INSULATED GATEBIPOLARTRANSISTOR WITH ULTRAFAST UltraEast CoPack IGET

SOFT RECOVERY DIODE
Features

* UliraFast: optimized for high operafing
frequencies 8-40 kHz in hard switching, >200
kHz in resonant mode

« Genemtion 4 |GET design provides tighter
parameter distribufion and higher effidency than
Genergtion 3

= |GBT co-packaged with HEXFRED® ultrafast,
uitra-soft-recovery anfi-parallel diodes for use in
bridge conigurations

UC-ES = g0V
Ug[,:m:,q-m =185V

@‘u’GE =15V, |c =554

* Industry stendard TO-Z20AB package
+ Lead-Free
Benefits
« (Generation -4 1GBTs offer highest efficiencies
available
« ¥3BTs opimized for specific application conditions
« HEXFRED dicdes opfimized for performance with
IGBTs. Minimized rmecoveary characienstics require
lesainn svubbing
+ Designed to be a "drop-in” replacement for equivalent
industry-standard Generafion 3 IR IGBTs
Absolute Maximum Ratings

Parameter Mane. Uniits

Vs Colesto -t EmTe Volags &0 [
o @ Te = 5°C | Confinucus Calectr Curmrt 13

HT.-_- = 100°C | Confinuous Calsctor Curment E_.E

ki Pulsad Caleslof Cusent 52 A
L Clamped Inductive Load Cument @& 52

ET.-_- = 100°C | Diode (‘.:lrinu:ujz Forward Currsnt T-‘;l'.'l

E Diade Masdmurmn Farsard Cument a2

VaE Gatedo-Emiler Voltage % 20 v
[Foy @ T = 25°C | Mawimnum Powes Dissipstion &l e
MTC = 100°C. | Madmum P ower Dissipalion 24

T. Oparaling Jinedion and £5 ta +150

Tam Siorage Temeraium Range L

Soidering Tempeahre, ko 10 s, 300 (01,063 in_ (1. Gmmi) fom case)
Mounfing Torgue, B2 or M3 S, 10 ki (1.1 Nemm)
Thermal Resistance
Par ameier Min. Typ. Max.  |Units

R Jupetion-lo-Case - ISBET - - 21

Rue JunGonstoJase - Diode wox o a5 AN
R Cnon o oSk, T, gre oad surfacs sanw 050 mema

LT Jui i o B A b e, Bypical mockosd moiink s - 80

b W sight - 2 [0.07) o g (o)
wwnwirfcom 1
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.3 Datasheet IRG4BC20UD

Internaticnal R
TR Rectifier IRG4BC20UDPDbF
ghg;L;ﬁDg;;EgllgLEARTRANSISTDRWW ULTRAFAST UltraFast CoPack IGBT
Features
= UraFast: optimized for high operating =

fresguencies 8-40 kHz in hard switching, =200 Vegs = GO0V

kHz in rescnant mode
= Genemtion 4 |GET design provides tighter
paramdtar distribution and higher effidency than VCE-:mH]p =1.85V
Generation 3 =
= |GBT co-packaged with HEXFRED® ultrafast,
uitra~soft-recovery anti-parallel diodes for use in
bridge confi gur ations n-channel
* Industry standamd TO-Z20AB package
* Lead Free
Benefits
= Saneration -4 EBTs offer highest efficiencies
anval lable
« WEBTs opiimized for spedfic application conditions
= HEXFRED dicdes opfimized for performance with
K5BTs. Minimized mcowveary characienistios neaquine
lessino snubbing
+ Designed to be a “drop-in" replscement for eguivalent
industry-standard Generation 3 IR IGBTs
Absolute Maximum Ratings

EVse =15V, I = 668,

Pararmeter M .aoc. Ui its.

Vs Coleche-to Ermer Volags 600 W

ke i Te = 25°C Confinuous Colector Curmnt 13

e & Te = 100°C Confinuous Coledior Curmnt a5

bena Pulsed Colecior Cument @O 52 A
b Clamped Inducive Losd Cument O 52

mTc = 100" C Dicde Confinuous Fomward Current 7.0

kena Diode= Wasdmuen Foswsrd Cumsnt =]

Ve Satedo-Emiler Wollage & 20 W
Po i Te = 35°C H:m:ml_rn Power ‘Dﬂn_m!:m & w
Fp @& T = 100°C i P ower T 1 24

Ta Operating Juncion and £5 o +150

Tt Storage Temperabume Range L =

Soidering Tempem e, o 10 st 300 {0083 in_ {1 8nm) fFom case)
Mounling Torque, 6-32 or M3 Soew. 10 liofin (1.1 Nem)
Thermal Resistance
|Par armeier Mlin. Typ. Iol.ane. |Units:

Ree: Junclion-to-Case - KSBET ———— - 21

Ruic Junclion-to-Case - Diode - - a5 AN
Reacs Case do-Sink, fial, greascd sunisce o 050 ]

Rpis Ju e o io A rmbient, Bypical o ol mount amm e f-Tu]

[ W mighe — 2 {0.07) = g (o=}
wnanairfcom 1
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9.4 Datasheet 20ETF10

International
ISR Rectifier

12127 rev.A 0172000

QUIETIR Series
20ETF. HV

FAST SOFT RECOVERY
RECTIFIER DIODE

Vo <13IVe20A
* |, =355A

FEM
V., 80010 1200V
Deacription/Features
The 20ETF.. fast soit recovery QUIETIR rectmar
sanes has besn oplimized for combined short
Tenersa recovery time and low forward voitags drop.
The gless passivetion ensures stabie raliabis
nparation in the most savers lemparature and power
cycing conditions.
Typical applications ana both:
W cutput ractification and fraawnaedng In
invartera, chopoars and canvertars
[l &nd Input rectiications where Gevers
ragtricions on conducied EMI ahould be met.
Major Ratings and Characteristics Package Cutline
Characteristics 20ETF.. | Units
I“I,l’-'-’l Sinusoidafwavelorm X A
Vg menge 800w 1200 ¥
— 366 A
Ve o @20AT 26T 13 v
o @A DDA ® ns
TO-220AC
T, g -4 1560 T
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EC28 svsutlas i nszuaaauiulddinszuanssuuy SVPWM lasls
LA ﬁnnﬁmﬂﬁuuﬁﬂﬁ'ﬂuunu D4 Frame
SVPWM AC-DC Converter By DG Frame Control Technique

wor aow 1 e = wl
BWIAN UIRY  UWAD THEH MTWEEIW

e TimnT i ansTmnTrenad awmendume iy saiangd
=Wy + ouuEAe-wATuET dsasaamn unefuyd S i ee
Trrafnl 0-85447-5115 E-Mail: jack_ee18i@hotmail com

unARdHa

unAailduasie msidnunvrerlsiilhnmuesiueueds e 300 v
TWFhaTuaRT TR 500 VDC Teolfwanmiulaiusafuuiy Space Vector Pulse Width Modulation
[SVPWM) rsmunuumsusumeenssliwdnmessuauusisuluunu DO Frame Fainsenulsarudng
ﬁf_ﬁﬂi‘i"ﬁi‘uh‘[ﬁ'mmﬁi:ﬁﬂwuﬂ: ArRl® 1 kW unsuiurnd el S ssuta sl lfivnh
+10% wndiiR Sas il s adl U IRIUSN LUK (Real  time) s mEsusa
fganmemnTuriasidaousululilunsy Matab/Simulink Hune inluranada g mAines fu
DSPACE 1104 i'ﬂ:ﬁﬂlﬂmﬁmﬂ:ﬁi"mmﬁﬂuﬂ: senuuuErHITL s e uems v e
TWHIATUARTILLY SVPWM detnuazaan 7205 waslewdedt e damaldnsesnuuuiaesil
ﬂﬁiﬁiﬂmgﬂﬂ‘iﬂﬂmﬂm‘iﬂﬂﬁﬂﬂunE'mﬂum:uamuumaq'nﬁi!hu Taluawran

wammRaEvmRhRsm sl s reuesiu e n Tt nusesiury SVEPWM
fulm=imEmwes uazmanTmithhlzoadlsowidaiuwinge
ATHER: SVPWM, Real ime, DQ Frame

Abstract

This artiche i an analysis of the confrol AC-DC converter 5300 WV to 300 VDC using the principle
Space Vector Pulse Width Modulation (SVPWM) The output woltage using the principle control in the D0
frame and about 1 kW power rating. The input of rated change = #10%_It could be an effective real time
SVPWM AC-DC converter in the future by the implementation with digital signal processing board such as
D51104 from dSPACE GmbH. The design of the converter in thiz paper is result in an economic, more
efficiency and faster output response comparing with an ordinary three phase rectifier.

Test result was expected fo make a three-phase SVPWM AC-DC converter circuit iz a high
performance power and can be applied widely.
Keywordz: SWVPWM, real time, D frame
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SVPWM AC-DC CONVERTER BY DQ FRAME CONTROL TECHNIQUE

o o me we amar
HWIRL UIAY | TRHE MTAEEIN

T meTnamnrieih ansSmrrmesd aninmdum e Tulad e it
39 ny 1 nundiieunmon duanszmn dunafuyd Imimlnnid 12110
Trsfimn 0-85442-6115 E-Mail: jack_ee1B@hotmailcom

1mARLD

uﬂﬁﬂu\{tﬂumﬁLﬂ‘r‘r:ii"m'mqwaawq'mﬂﬂqﬁ'u‘lﬂﬂ'mi:uaaﬁ'ummﬂﬂ' %A 300 V uilw
WA nTsuanse 1uR 500 VDC TeolsmanmaudaiursuuLy Space Vector Pulse Width Modulation
(SVPWM) maunuundudemeanszlfwinmreaunuusiduluunu DQ Frame Vs Tu RS
ﬁgﬂﬁuiruh[ﬂwﬂuﬂi:fmmuﬂ: Ffmtlaiie 1 kW Lsswe s e R rla e kidiund
+ 10% s AfAR "}ﬂ:mmmiﬁ‘l.ﬂﬂi:qﬂﬂi'ﬁ'umm’mﬁuuuuﬁul::m (Real time) fanmTideuda
FanmInTurda s auRelullun Ty MatiabiSimulink thuwafnlzutanadugnudines fu
DSPACE 1104 iﬂ:ﬁﬁiﬁmﬁmn:iﬁmuvzuut senurLETI el R Lasi U mile
TrifnTuansiuuy SVPWM dntneasein miacih wasdmndaailtenn daeelimseenuuunsesi
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HafIRREIURIRIEs sl e n ussR U R T W A A T uaR TILLL SVPWM
flmfmEammm weseansmitlldszondlsrwisadauninans
FTHaRN: SYPWM, Real time, DQ Frame

Absiract

This article i an analysia of the control AC-DC converter 300 V to 300 VDC using the principle
Space Vector Pulse Width Modulafion (SWPWM).The output voltsge using the principle control in the DG
frame and about 1 kW power rating. The input of rated change ia £10%_ It could be an effective real time
EVPWIM AC-DC converter in the future by the implementation with digital signal processaing board such as
DS1104 from dSPACE GmbH. The design of the converter in this paper i= result in an economic, more
efficiency and faster output response comparing with an ordinary three phase rectifier.

Test result was expected to make a three-phase SVPWM AC-DC converter circuit iz a high
performance power and can be applied widely.
Keywords: SVPWM., Real time, D{ Frame
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A.2 Voltage Control by DQ Frame Technique of SVPWM AC-DC

10 Eco-Energy and Materials
Science and Engineering
Symposium

Energy Technology, Environmental
and Social Impact, Nanotechnology
and Material Technology, Energy
Economic and Management, Nuclear
Technology, New Technology and
Other topics related to energy field.

On December 5-8, 2012
Sunee grand hotel,
Ubon-ratchathani

Organized by




10™ EMSES 2012

International Scientific Advisory Committee:

General Chair:
Assoc.Prof.Dr. Namyoot SONGTHANAPITAK
General Co-Chair:
Prof. Dr. Kiyoshi YOSHIKAWA
Asst.Prof.Dr. Panpetch CHININTORN
Organizing Chair:
Asst. Prof. Dr.Sommai PIVSA-ART
Prof. Dr. Takeshi YAO
Organizing Co-Chair:
Prof. Dr. Hideaki OHGAKI
International Scientific Committees:
Prof. Dr. Susumu YOSHIKAWA
Prof. Dr. Phadungsak RATTANADECHO
Prof. Dr. Shiro SAKA
Prof. Dr. Hitomi OHARA
Prof. Dr.-Ing. Habil Ingo STADLER
Prof. Dr. Young S. CHAI
Prof. Dr. Nipon TANGTHAM
Prof. Dr. Masayoshi OKUBO
Prof. Dr. Somchat WONGWISES
Prof. Dr. Nadarajah MITHULANANTHAN
Prof. Dr. Yukio OGATA
Prof. Dr. Yuichi ANADA
Prof.Dr. Narongrit SOMBATSOMPOP
Assoc. Prof. Dr. Bandit FUNGTAMMASAN
Assoc. Prof. Dr. K. Srinivas REDDY
Assoc. Prof. Dr. David Jan COWAN
Assoc. Prof. Dr. Per B ZETTERLUND
Assoc. Prof. Dr. Vijit KINNARES
Assoc. Prof. Dr. Yoshikazu SUZUKI
Assoc. Prof. Dr. Thawatch KERDCHEUN
Assoc. Prof. Dr. Wakin PIYARAT
Assoc. Prof. Dr. Seiichi KAWAHARA
Assoc.Prof Dr. Kawee SRIKULKIT
Asst. Prof. Dr. Somchai HIRANVAROMDOM
Asst. Prof. Dr. Wanchai SUBSINGHA
Asst. Prof. Dr. Thanapong SUWANNASRI
Asst. Prof. Dr. Napapom PHUANGPORNPITAK
Asst. Prof. Dr.Boonrit PRASARTKAEW

RMUTT, Thailand

Kyoto Uni., Japan
RMUTT, Thailand

RMUTT, Thailand
Kyoto Uni., Japan

Kyoto Uni., Japan

Kyoto Uni., Japan
TU, Thailand

Kyoto Uni., Japan
Kyoto Uni., Japan
FH Koeln, Germany
Korea

KU, Thailand

Osaka Uni, Japan
KMITL, Thailand
UQ, Australia

Kyoto Uni., Japan
Hokkaido Info. Uni., Japan
KMUTT, Thailand
KMUTT, Thailand
I1T-Madras, India
IUPUI, USA
Australia

KMITL, Thailand
Japan

RMUTI, Thailand
SWU, Thailand
Nakaoga Uni., Japan
CU, Thailand
RMUTT, Thailand
RMUTT, Thailand
KMUTNB, Thailand
KU, Thailand
RMUTT, Thailand

Asst.Prof.Dr.Supakit SUTTIRUENGWONGSU, Thailand

Asst. Prof. Dr.Vallop PHUPA

RMUTEP, Thailand

Asst.Prof.Dr.Pramook UNAHALEKHAKA RMUTSB, Thailand

129



10" EMSES 2012
|
Dr.Arthit Sode-Yome EGAT, Thailand
Dr. Sei-ichi AIBA Japan
Dr. Wirachai ROYNARIN RMUTT, Thailand
Dr. Yuttana KAMSUWAN RMUTT, Thailand
Dr. Jakkree SRINONCHAT RMUTT, Thailand
Dr. Chatchai SOPPAPITAKSAKUL RMUTT, Thailand
Dr. Pinit SRITHORN RMUTIL, Thailand
Dr. Uthen KAMNAN RMUTL, Thailand
Dr. Cattariya SUWANNASRI KMUTNB, Thailand
ASEAN Committee:
Prof. Dr. YoyokWahyuSubroto UGM,Indonesia
Prof. Dr. WegaTRISUNAYANTI UGM, Indonesia
Prof. Dr. Tumiran UGM, Indonesia
Prof. Dr. Jun LI NYU, Singapore
Prof. Dr. INTHAN ITB, Indonesia
Prof. Dr. Khamphone NANTHAVONG NOL, Laos
Prof. Dr. Kampui SOUTHISOMBHAT NOL, Laos
Prof. Dr. Yew Wei LEONG NYU, Singapore
Prof. Dr. Nguyen Minh TAN HU, Vietnam
General Secretary:
Asst.Prof Dr.Krischonme BHUMKITTIPICH RMUTT, Thailand
Dr. Sumonman NIAMLANG RMUTT, Thailand
Technical Program Chair:
Asst.Prof Dr.Krischonme BHUMKITTIPICH RMUTT, Thailand
Area: Energy Technology(ET)
Dr. Wirachai ROYNARIN RMUTT, Thailand
Asst. Prof. Dr.Boonrit PRASARTKAEW ~ RMUTT, Thailand
Dr. Sathapron THONGWIK RMUTT, Thailand
Dr. Nathabhat PHANKONG RMUTT, Thailand
Area: Environmental and Social Impact(ES)
Dr. Nithiwat CHOOSAKUL RMUTT, Thailand
Area: Nanotechnology and Materials Science(NM)
Dr. Sorapong PAVASUPREE RMUTT, Thailand
Asst. Prof. Dr. Kitipong KIMAPONG RMUTT, Thailand
Asst. Prof. Dr. Sirichai TORSAKUL RMUTT, Thailand

Asst. Prof. Dr.Warunee ARIYAWIRIYANANT RMUTT, Thailand
Area: Energy Economic and Management(EM)
Assoc.Prof Dr. Natha KUPTHASTHIEN ~ RMUTT, Thailand

Dr. Surin NGAEMNGAM RMUTT, Thailand
Dr. Pimnapat IEMSOMBOON RMUTT, Thailand

Area: New Energy Technology(NT)

Dr. Boonyang PLANGKLANG RMUTT, Thailand

Area: Nuclear Technology(NU)
Asst.Prof.Dr. Krischonme BHUMKITTIPICH RMUTT, Thailand

130



10" EMSES 2012

Exhibition Chair:
Dr. Amnoiy REUNGWAREE
Dr. Winai CHANPENG
Local Arrangement Chair
Dr. Sorapong PAVASUPREE
Dr. Natee SRISAWAT
Registration and Finance Chair
Dr. Sumonman NJAMLANG
Dr. Supaporn THOMSORN
Weeraporn PIVSA-ART
Publicity Chair
Asst.Prof.Dr. Krischonme BHUMKITTIPICH
Dr. Sumonman NJAMLANG
Dr. Montip LASURIYONTA
Somchai BIANSOONGNERN
Publication Chair:
Prof. Dr. Preecha P.YUPAPIN

RMUTT, Thailand
RMUTT, Thailand

RMUTT, Thailand
RMUTT, Thailand

RMUTT, Thailand
RMUTT, Thailand
RMUTT, Thailand

RMUTT, Thailand
RMUTT, Thailand
RMUTT, Thailand
RMUTT, Thailand

KMITL, Thailand

Assoc Prof. Dr. Takashi SAGAWA Kyoto Uni., Japan

Dr. Boonyang PLANGKLANG

Asst. Prof. Dr. Sonobe TARO
‘Website and Inform ation System Chair:

Dr. Nathabhat PHANKONG

Phongsuk AMPHA

Deachrat JAITHAWIN

RMUTT, Thailand
Kyoto Uni., Japan

RMUTT, Thailand
RMUTT, Thailand
RMUTT, Thailand

131



1™ Ecor-Ercrigy and Malerial Seics sad Esgasecring 2012
December 58, 010 1hon Ranckailasi, Thidkad

VOLTAGE CONTROL BY D) FREAME TECHNIQUE OF SVEWM
AC-DC CONVERTER

HN. Moungkinm and W. Subsingha
Bajananzala University of Technoloey Thanvatnm, Thailand

Abstract

Thiz article presents a simumlation model of Space weohr Pul Width Modulation
(SVPWH) Eectifier using MATLARSimulink which abilify is to swbilize an eutpat
voltaze of 500 Vidc from a 3 phaza 300V system using a decoupling feed -foreard confrol
method by dg frame teckmigue. The model is fested due to a vanation of = 102 of med
inpuat woltage. From the simmlation masdsl, it can use for moplementation imto a real-time
cooirol system by Drigital Signal Processing Board (such as DS1104). Together, it also
can be desipned into a real cinooit easily and effectively The experimental results show
itat the SVPWM Rectifier which is presemted in this paper has an adequate parformance
which can be applied widehy

Keywords — About D) Frame, SVPWM Rectifier, Deconpling Contml
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Voltage Control by D) Frame Technique of SVPWM AC-DC Converter

Fnsineer
Fajamangala University of Techmology Thanyaburi, Flong &, Thamyaburi, Paﬂmnﬂlmn 12110
E-mail: jack_ee]8@hotmail com

Absfract— This paper presents a simulation model of Space vector Pulse Width Modulation (SFPWM) Rectjffer wsing
MATLARSimulink. Iz abdlity & fo stabilize an output voltage of 500 Fde from a 3 phase 300F system using a decoupling
Jewd-forward control method by dg frame tecknique. The model is tested due o @ varfation qf = 10% qf rofed inpart voltoge.
From the simulation modal, it can use for mplementation into a real-fime control syatem by Digital Signal Processing Board
(such ar D31104). Together, it also can be designed mto a real circult easily and gffectineely. The axparimental resulis show

thert the SFPWM Rectjfier which is presented in this paper has an adeguate performance which can be applied widely

Eeywords— About D{Q Frame, SVPWM Rectifier, Decoupling Control

1. INTRODUCTION

HNowadays, the pulse width modulation techmigue
which iz applied in AC-DC comverter has a lot of
imteresting aspects. Such as a stabilization of D oatput
voltage, less harmomics in ouipu voltage and it betier
power factor. These could belp in sopporting and
improving the power system quality. This paper presents a
voltaze comirol of such ac-dc comverter ufilized by the
space vector pulse width modulation (SWVPWN) technique
and 8 novel dq frame approach. Thus, the converter will
ransform an unstsble inpat voltage from 3 phase AC
system into a stabilized DC output voltage in a short tdme
TESPOMSE.

1. MATHEMATICAL MODEL OF SVFWM AC-
D CONVERIER

The SVPWM AC-DC comverter presents in this papes
can be seen i Figure 1. which is composed of a balanced
B-L series impedance in arvirary of 3 phase mput system.
In the converter ciromit, it nses of § IGBTs ac switching
devices, resistance at load side and also use capacitor as
low-pass filtering

All of § electronic switches (IGBT) in Figure 1 has
been confrolled by comtrol mmws‘&m
approach. However, the SVPFWM patiern is penerated
nsing 3 novel d-q frame as described following.

[}

e e
ns ] i L | = :‘M
i, k = T

X X E

Fig 1 Mafhematical model of SVFWA AC-DC converter
i

Considering the 3 phase simmsoidsl input voltage of
the converter as a stationary reference frame,

F_ () =F_ cos{ar) (1}
7, 0=, colar—2m) @
V_(1)=F, coslar +% ) 3

which I i mavirmen voltaze of the arbitrary 3 phase

From the cirowit in figure 1, equations of ndoctive
voltage in each phase and capacitive cwment cam be
written as follows.

L=V -1V, )
L% 2= I;':n _.ﬂ]rm (3
I%-FV 1V, (6)

CR=fitfiu+fi-T, O

f.. £, f, Represent as switching fimction of the AC-
D converter, whichis

f‘_ﬂS.—:.—SJ )

P (25,-5.-5) ©)
3

e (25, —35, —5) (10}

3
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Fig.2 The relationship of abc to dq reference frame

5 5 5 is also represented as control sigmals that

ar e
use o comrol in arbitrary phase of such comverter. Each
of control signals is sigpificant as “1™ or “07. This means
that, if §_ is “1° the upper switch in phase A is *ON° (the
lorwrer switch in phase 4 is OFF). Otherwize, when S is
‘0" the upper switch in phase A is “0OFF” and lower switch
will be O,

Therefore, these confrol sippals that wilized im
arbitrary 3 phase can be transforms into 3 two axis vector,
which called as synchromous d-q reference frame In
which, it can be writien as follows

.. X 2 (X
[I‘]=E;' cosdN  cos(@r Sx} cos{@r+ 3:} :F I: an
Sl—sinmr sin(ﬂ—%l:l —:i:{m'+§ﬂ .

1

As descmibed above, output voltape of the AC-DIC
converter can be menfioned into totally 8 switching states
(refer to 2* bif). These eight vectors are called the basic
spacet'acmnanduedamndhyL’u-VT.Thﬁis due to
the ransformation of the arbitrary 3 phase comtrol stae
imby D) frame as shown in Fipure 2. The voltage vector
of the converter can be illustrated as shown in Figure 3.
Mean by that, Table 1 shows the relationship between
each switching state in amy phase comespond to an
arbitrary voltage wector snd the ocoumwence of ountput
phase volmge, respectively.

However, there are only six active voltage wectors
(V1-V4§) that will provide an output woltape valme. Thess
voltage vectors are comespomding to each others in a
hexagomal shape as seen in Figure 3. Mean while, there
are two of zero vector (V0 and V7) that lied on the origin
and provide no owtput voltage value.

Y apl a

The objective of SVEWM technique is to
woﬁmmﬂtmmimﬂ:’d}iuu
arbitrary sector as illustrated in Fimme 3 by using eight
switching patterns. One simple method of approximation
is to generate the averape output of the imverter in a small
period T respect J, in such period Mean by that, it
two more states in order to caloulate the tme period (T,
Ts, To)-

Table-1 Switching patterns and omtput vectors
Ko.of | Switching state Crutput phase voltage
Vectors Emns F. F. F.
¥, e | o | w [ 0 °
F, [ ] 1 L | 2 Ve
3 3 3
¥, ¥, ¥,
F, e | 1| = —T" 2-?" —T‘"
- ¥, F
F, [ 1 1 —ET‘* T"‘ T‘*
. ¥, [ ¥,
[ t [ o | @ ET" —?‘* —T‘"
F, ¥, F,
T, 1 o 1 T"‘ =2 T‘f T'*
- ¥ F, ¥
¥, t [ 2| = T‘* T"‘ —ET“
¥ t [ o | = [ 0 .

The tme peried (T, T, Ty), it can be wntten as
follows
5-&=5%, a2

= I

LR 2;5 MT,sin(c) (14

gL L (15)

- & (16)
Ve 2y

By given A as modulation ratie, f &s switching
fTequency.

1 VOLTAGE FEED-FOEWARD DECOUFLING
COMNCEFT
This article is to control output voltage using the
principle voltage feed-forward decoupling for optimized
to provide more efficiency. it can be written as follows
equation (17H29).

L2=V_+ ol — V. (17
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L=V -eL, -fV, (18)
Cfa= %r_ﬁ_‘, +hi)-1, (19

When determine
I-;d' amij;garenmmnwlnesm d -g axis
Sy and fanEEHMiugﬁmm d -g axis

F Fgarevcr]tagﬂw]nﬁmd -g axis

() iz Radian/sec_
Which,
V,=F, 20
P’m =0 21

Beplace equation (20 and (21) into (17) and (18).1t can be
writien as follows

L=V, +ali, — ¥, (22)
Ly =-aLi -fV, 23)
Vi=f¥s (24)
W= (25)
L=V, +oli, -V, 26)
L3 =-ali -7, Qmn

v'=F,—(K —% iy —i)+eli, (28)

N r K.u e =
v, =V,-(K, -f-?}[i_? —i Y+ali, (29)

From equation (28) and equation (29),it can be bult
a block diagram as

awmdorda &
Al sith abpeeadte bk B Fee

frmm————

Pg-l‘i’ﬂtagef‘eed—l"md decoupling block diapram
4. SIMULATION AND RESULTS

This article is controlling and amalysis the stability of
S5VEWM AC-DC Cooverter oufput wvoltage using a
decoupling feed-forward conrol method by d-q frame
technique. The model of SVEFWM AC-DC Converter
cirouits has built wsing Matlsb/Sinmlink as showm in
Fipure-5.

BN E L e i e S e
e
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Fig.5 Block disgram by Maflab/Simulink

The sinmlation parameter of SVEWM AC-DdC
Comverter as described in Table-2.

Table-2 Switching patterns and outpat vecters

B=led 2 Ce=le-3F E ad=100k2
Ti{sFleb Tt (526 C=13%3
' |”|| " || || 1] WI‘ |‘ I H
3, I‘ m || | ||| ||“| H ||
s o
Fig 6 Voltage input on step load
hE Virde om
o Ilrm'u,ﬂ._.._.._w
wr|
1 u|
A
"
i 1= ° P
s a1
Fig.7 Voltage ontpat on step load
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Fiz 8 Valtage input varied from 300 V to 270 V
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Fig ® Voltage owiput effect t'rn'n.'mhg! mi:u::lladﬁu
300V (0270 V

5. CONCLUSION

The experimental result of SVEWM AC-DC Converter
drouits can conrol ouipit voltage wsing d-g frame
techmigue in 8 good response when load changes as shown
in Figure-7. Another result shows that the output voltage
can be keep stable when the input woltage is varied from
300 V down to 270 WV &t a constant load By the
researcher’s opimon the tmes response of SVPWA AC-
DT Comverter output voltage have to be improved in
further.

Nevertheless the simmlatdon model that prescribe abowe
can be modify to use as implementstion madel which nse
with DEP board such as DS1 104 in order to generate the
real time comtrol sipnal This can comfrol a real time
converter, which apply in amy application such as wind
generator and S0 on 85 shownm Figore 10. Which the
researcher was successfully developed as showm Figure
11. The may be a significamt aspect for some power
electronics application in renevwshle energy area.

‘ ) (2

x| — "1
5 : || e
I-;v.\.u .
o

1
EAl = =] o

A0 D

[ [y J e
k -
Srmidnk HTTRrACTE

| ._-—-.I—F" [T

Fig 10 Control stroctore of the project wsing D51104

1

21

E3|

5]

51

[4]

Fig.11 Example of laboratery applic stion
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