dnimomyanan nezsoundananislt

uvase ihnszuaadunitavalaaldinalinmsaiuguuuuduiinda

A Single Phase AC Power Supply Using Integral Control Technique

-
- B o e——
P
i
i
|
i

11

e i e

l!ll]l]l” |

a d & d
oMind  Asallyannsel

ARTID TEERANAPANYAPORN

av:

@ b2 U
. 959)

lﬂﬁi“g.‘: .......... 8.7311-...
wunzifiou :
Fugouil.. 0. 4.0, 20

LLLLL LT TYY PP P vrees LT ITTY

$..120 3900

o =Y n'd:' | 1 d! = [ a o a
InsntinusiuudvmiavesmsannmandngastSaandanssumansumiiadin
mrIv1Imnssnlvivh
A IfINISUMTNT

o o Y v L
amiiumalulagnszosundudgunmsamanseila
W.11.2551
KMITL-2008-EN-M-020-189



A Single Phase AC Power Supply Using Integral Control Technique

ARTID TEERANAPANYAPORN

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
FACULTY OF ENGINEERING
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2008
KMITL-2008-EN-M-020-189



v Y a

1 U - A o
WoIneniinus unasse Ihnszuaaduniiaalasldmaidansaruguuuy

dUNNSD
o &R a ¢ a 4
UNANY ww onad Asuilygnsal
SHATINANYI 46060718
YIgyan ANTIUAARTUMIT NN
MU Jrangsuvdh
.9 2551

o1sggnrugadinentinug  sAas ey Ause

UNAAEID

a a o 14 A [y & 9 a
’J‘nmuwuﬁumuamsaammmmzﬁsmmmmu"lvlﬂmszuﬁaauwmlﬂﬁmumﬂuﬂ

a a o v oo

msmuguuuuduiinda Taemstleundudgyapafiduududusiagi Inarsmednierdya

s

' = a a o =} =" Y Y a & '
N'lu’N‘t)'J'5L“If‘VlﬂuYIﬂﬁ’c\ll]itl‘UmU‘]JﬂiJﬁﬂjﬂnﬂl1“5148’1\1ﬂ\ilWﬂ‘B’JU‘luﬂﬁﬂ'JUﬂﬂJi:ﬁ‘]JU 11 P

L7

d”dsl e 1 o o - o A @ Yo g & A
avguiliideanaasnunulszyidaden Toaseiu lWihnszuaassdilvuiabn delina
TumsdSulgedlszneudidamedudunaunzgunimvesnszuaduya  lasmaiinnis

a a o 1 ] o 9 a 4 o a o &
auguuuUBuNniasdssazgminn lFlunisniuguduneimes 1 iayauiad alu
dauusnaziinsnuiuazdmsizindnnisiinuuesesmsaduguduinia aneaou

auauiansiinuaie ldesnuuuseshidmanuaz aduszuuaiugumsiau



Thesis Title A Single Phase AC Power Supply Using Integral Control

Techique
Student Mr. Artid Teeranapanyaporn
Student ID. 46060718
Degree Master of Engineering
Programme Electrical Engineering
Year 2008
Thesis Advisor Assoc. Prof. Dr. Vijit Kinnares

ABSTRACT

In this thesis, a 1 phase ac power supply using integral control is designed and
implemented. This technique is based on a comparison between Unipolar PWM switching output
via a reset integral control circuit and sinusoidal reference signal for controlling system in order to
maintain output voltage at constant level in case of ac input source variations. This technique
offers advantages of a small dc link capacitor. This technique improves input power factor and
input current quality. The simple integral control technique is introduced to control a 1-phase full
bridge inverter. In the initial stage, the principal operation of integral control as well as various
characteristic operation are studied and analyzed for main power circuit design and operated

control system construction.
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Abstract

This paper presents a one-cycle control technique for a one-phase alternating current power
supply usmyg full bridge inverter. This technique is based on a comparison between Unipolar PWM
switching output feedback via a one-cycle control circuit and sinusoidal reference signal for
controlling the system. By using this feedback, the effect of direct current bus ripple is regarded. This
control technique offers advantages of small direct current link capacitor requirement resulting in
mmproving input power factor and input current quality.
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1) Portable Digital Oscilloscopes

Type Yokogawa DL1540C/DL1540CL
Maximum Sampling Rate 200 MS/s

Analog Bandwidth 150 MHz

Vertical Resolution 8 bit

»
T T =T

B, SRR Aot ERRY

31/ 4.1 Digital Oscilloscope 3¥® Yokogawa, 8 bits 200 MS/s, 150 Hz



2) Digital Multimeter

Type
Voltage Range
Current Range

Frequency Range

51l v.2 in5osiieialav-ueni) B Hewlett Packard 973A

Hewlett Packard 973 A
AC/DC 0-1000V
AC/DC 0-10A

20 kHz

108
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3) Fluke 41B Power Quality Meter

Type Fluke 41B

Voltage 5.0 — 600Vrms
Current 1.00 — 1000A
Watt/Volt-Amps 0.0W(VA) - 600kW
Frequency 6.0 —99.9Hz

a4y

4 o l4
v.3 1n3vaiodamdenudunaiedyn 0ve Fluke 41B

o w o

Saht
| =2
).
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1. Introduction

The insulated gate bipolar transistor (IGBT Is
increasingly being used in small, low-nolse, high-
psrformance powaer supplies, inverters, uninter-
ruptable power supplies (UPS), snd motor speed
controls.

Fuji‘s Hybrid IC driver for IGBTs was developed to
take full advantage of the IGBT.

3. Applications

« Genagral-purpose invertar and motor control
¢+ Servo control

» Uninterruptable power suppiies (UPS}

¢ Welding machines

4. Comprehensive Chart

112

IGBT-Driving Hybrid ICs (EXBS..-Serles)
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2. Features

A

Various series

Standard series: For up to 10 kHz operation
High-speed eories: For up to 40 kHz oporation
Thosa sories cover the full range of IGBT products.

Buitt-in photocoupler for high isolation voltage: 2500 V
AL for one minute

Single supply operation

Built-in overcurrent protection clrouit
Ovarcurrent detaction output

SIL package for high-density mounting

1GBT 800 V IGBT drive 1200 V IGBT drive

Up to 160A Up to 400A Up to 75A Up to 300A
Standard type EXBE50 EXB881 £XB350 EXBSBT
High-spoed type EXB840 EXB8st EXB840 EXB8s1
Notes: 1. Standard type: Sigoa! delay in drive cirouits Up to 48 (max.)

2. Highapeed type: Signal defay in drive circult;

5. Dimensions, mm

+ EXB850
+ EXBB4D
43 MAX. J0
!
!
3 |.M exgssr |
& ) '
\, ] J
TYIVYYRTYnY
408,
g w’“w L"_2929. 1.3
® 35 ®

Up to t.5ue imax)

page 1

EXB851
EXB841
43 MRAX, ; 0
. z
i _|m i
% ' iz
i - mm%nI o
23
" -«-L“-.-L fdvn it -
o ®

38.8¢
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6. Functional Block Diagrams

EXBBSD, 851 EXB840, 841 Notation common to all EXB series
r?’(?——"'—""“ L Fin number | Degcription
Overcoenant, ! [O) Connected 1o smocthing
protettion { copacitor for reverse bias
ciroult power supply
@ Power supply (420 V)
@ Drive cutput
@ Far connecting an extamal
capacitor to protect sgainst
malfunction of the overcur-
rent protsction circuit. (The
H capacltor is not needed in
! maost cases.)
@ Overcurrent detection output
@ Collactor voltage monitoring
®O® Not connectsd
® Powor supply {0 V)
agad Not connected
@ Drive signal Input (-)
® Drive signal input (+)
7. Ratings and Characteristics
B Absolute maximum eatings ¢ (Ta = 25°C)
ftomn Symbot | Conditon Rating Unit
EXB850, EXB34D | EXBS51, EXBO4
{Madlum capacity}| {Large capactty)
Supply voltage Veco 25 v
Photocoupler input current lin % mA
Forwrard blas output current ig1 PW = 2 us, duty at 0,08 or less 15 4.0 A
Reveres bias output current ig2 PW w2 e, duty 51 0.05 or less 15 4.0 A
Input/Output isolation voltage viso AC 50/60 Hz, 1 minute 2500 v
Operating surface temperature Te ~2510 485 <
Storage temparature Tstg «26 to +126 <
M Recommended operating conditions
Iam Symbol Recommended operating conditions Unlt
Standard type High-sposed typs
gxBsso | expes: £xB840 | ExoB4)
Suppty voltage Vee 203 v
Ph pler Input current tin § ] 18 mA

page 2
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M Electrical charactaristics (Ta = 25°C)
kem Symbol | Condition Rating Unit
EXB340, EXBJ¢1 | EXBS50, EXBB51
{High speod) {Midlum spoed)
Min.| Typ. | Mex. | Min.| Typ. | Max,
Turn-on ime 1 ton Vetw 20V, IF w6 mA 15 2.0 | psec
Turn-on time 2 toff Veow20V,iIF=BmA 1.6 4.0 figec
Overcurrent protoction voltags Voep Verw 20V, IF « 6 mA -1 85 v
Overcurrent protection dslay tocp Veca 20V, IF =8 mA 10 10 it
Alsre delny TALM Vecm 20V, IFe5mA 1 11 e
Reverse biss power supply voltage | V RB Veem20V 8 5 v
Note: EXBSET und EXBIS0 imedium speed) require IF overdrive sh in the application circuit.
8. Appilication Circuits
1 EXB850 Application Circuits Control elreuit PC boerd
EXB850 is a hybrid IC capable of driving up to T o
150A for a 500V IGBT and up to 76A fora 1200V l :
IGBT. Since the signal delay In the drive circult is -
4118 or less, the hybrid IC is suitable for switching s S __:# GeT
atup to about 10 kHz. wwna + A A K
X i
Note the following when using the hybrid IC: e {
* The IGBT gate-emitter drive loop wiring must bs , ;
shorter than one meter. $ ol
% " 3 4 Todans
+ The IGBT gats-omitter drive wiring should bs 3 s i
twisted. N~
+ If a large voltage spike is goneratad at the collec- R ‘ ' 4 } oower
tor of the IGBT, incrsase the |GBT's gate series i ov
resistor (RG). L TR i
(RG) gy limad i *1: Fast recovery diods
s The 33 uF (#) capacitor absorbs changes in the *2: Photo coupler
supply voltage caused by the power supply
wiring impedance. 1t is not a power supply filter
capscitor.
Recommonded gate resistance and current consumption
IGBT rating| 600V 10 A 16 A 30 A S0 A 78 A 100 A 180 A
1200V — BA 1BA 5 A — 50 A B A
RG 250 2 150 Q Bz 500 30 280 B
lee 8 kHz 24 mA 26 mA
24 mA
10 kHz 25 mA 29 mA
15 kHz 25 mA 27 mA 32 mA

page 3
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EXB851 Application Circuits

E£XB851 ig a hybrid IC capable of driving up to
400A for 600 V IGBT and up to 300A for a 1200V
IGBT. Since the signal delay in the drive circuit is
4u6 or less, tho hybrid {C is suitable for switching
at up to shout 10 kHz.

Note the following when using the hybrid IC:

The IGBT's gate-emitter drive loop wiring must
be shorter than one metsr.

The (GBT’s gate-emitter drive wiring should be
twistad.

If a large voitage spike Is generated at the collec-
tor of the IGBT, Increase the 1GBT s gate series
resistor{RG).

The 47 uF (#) capacitor absorbs changes in
the supply voltage caused by the power
supply wiring impedance. it is not a power
supply filter capacitor.

Recommanded gate resistancs and current consumption

Controf clrouit PC board

EBANE

o

1G8T

LYY A

~ “;JK

ol

—— 2V

| st

1GBT
rating

800V

200 A

300 A

400 A —

1200V

200 A

150 A

200 A 300 A

RG

120

8240

sQ 33Q

lce

S kHz

27 mA

29 mA

30 mA 34 mA

10 kHz2

3t mA

34 mA

37 mA 44 mA

33 mA

44 mA 54 mA

15 kHz 34 mA

EXB840 Application Circuits

EXB840 is a hybrid IC capable of driving up to
160A for 600 V IGBT and up to 76A for a 1200V
IGBT. Since the signal delsy in the drive circuit is
1us or less, the hybrid IC s suitable for switching
at up to about 40 kHz.

Note the following when using the hybrid IC:

The IGBT's gate-emitter driva loop wiring must
be shorter than one meter.

The IGBT's gate-emitter drive wiring should be
twisted,

1f a large voltage apike is generated at the collec-
tor of the IGBT, increase the IGBT's gate series
resistor(RG).

Tha 33 pF (#) capacitor sbsorbs changes in the
supply voltage caused by the power supply
wiring impedance. it is not a power supply filter
capacitor.

Control cirsuit PC board

EPAIGD T

oV

*1: Fast recovery diode
*2: Photo coupler

* 530

£y n&__,_] K

had -

— 20V

Ovarcusrart deteiion tutput

page 4
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*1: Fast recovery tiode
*2: Photo coupler
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Retormendad gate resistance snd current consumption

4 EXBB841 Application Circuits

EXB841 i3 a hybrid IC capable of driving up to
400A for 600 V IGBT and up to 300A fora 1200V ERAZS-30
IGBT. Since the signal delay in the drive circuit is

1GBT rating] 600V 10A 1BA 0A 60 A %A 100 A 160 A
1200 vV e 8A 1BA 25 A — S0 A 75 A
RG 250 02 150 Q 820 500 33q %O B0
fco 5 kHz 17 mA 19 mA
17 mA
10 kHz 18 mA 22 mA
16 kHz 18 mA 20 mA 26 mA

Contro! clreult PC board

118 or less, the hybrid IC Is suitable for switching o
at up to about 40 kHz. - 2 58T
@ 1BmA ! ™y K
Note the following when using the hybrid IC: i %J
» The IGBT's gate-emitter drive loop wiring must
be shorter than one meter. 2 [
+ The IGBT's gate-amitter drive wiring should be L N 115 Yolseod
twisted. sole o
» If alarge voltage spike is generated at the collec- 3 < je¢
tor of the IGBT, Increase the IGET's gate serles g siid “’} otz powet
resistor(RG). Tl ov
Ovegcurnenl deiction ot

+ The 47 uF (#) capacitor absorbs changes in
the supply voltage caused by the power

supply wiring impedance. It is not a power
supply filter capacitor.

Recommended gate resistance and current consumption

cer | 8OV 200 A 300 A 400 A N
rating | y200v 200 A 150 A 200 A 300 A
RG 1260 8240 &80 330
lce S5kt | 20mA| ZmA| 22mA | 27mA
0kHz | 24mA | 27mA | SOmA | 37TmA
Bz | 2Z7mA | TmA| FTaAmA | ma

pages

*4: Fast recovery diods
*2: Photo coupler
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9. Operation

1

Outline

The following buiit-in functions make the fullest
uss of the {GBT.

Signal isolation cirouit

Drive amplifier

Overcurrent detector

Low speed overcurrent cut-off clrcuit
Gate turn-off power supply

Signal isolation cirouit

A photocoupler with a high isolation voitage is
used for signal isolation. Thersfore, this hybrid
IC can be used in devices powered from 480V
AC.

High-speed or gensral-purposs photocouplers
are selected according to the specifications of the
hybrid IC because the drivs circuit signal delay
depends on the photocoupler characteristics.

Overcurrent detector

The IGBT can withstand an overcurrent of only
103 duration whan short-circuited. An ex-
tremely fast protaction clrcult 1s necessary for
this reason.

This hybrid IC incorporates 8n overcurrent
protection circuit. An overcurrant is detected
according to the relationship between the drive
signal and the collector voltage.

The principle of overcurrant detection is shown at
the right. An overcurrent is considered presemt
when the collector voitage is high although an on
signal is inputtsd.

Vet low Ve high

On signel Normat Overcurrent

Off signal — Normal

4

Low-speed overcurrent cut-off circuit

A low-speed cut-off circult slowly turns off the
IGBT in rosponse to an overcurrent.

When an overcurrent is cut off at normal drive
speed, the collactor voitage splke generated is
1arge enough to damage the IGBT.

The low-speed cut-off circuit protects the 1GBT
against damage.

{The low-speed cut-off circuit does not operste
for overcurrents of 10 us or less duration.)

page 6

A
Overcurrent
protection

IGBT-Driving Hybrid ICs (EXBS..-Series)

ic

AND

Slow overcurrent
cut-off

Quick cut-off
for normal state
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Gate turn-off power supply

The IGBT needs 2 +15 V on-gate voltage to get a
fow on-voltage and -6 V off-gate voltage to
protect against malfunction in the off state.

This is a built-Iin circuit which generates a con-
stant-voltage supply from the 20 V supply for
IGBT gate turn-off.

Do not apply external voltage to pin 1.

10. Notes

1

Separstion of input circuit from output clreuit

Keep the wiring of the input clrcuit {photocou-
pler) away from the output circuit wiring to
assure that the proper dislectric strength and
high noise rasistance are maintained.

Use under recornmended opersting conditions

The IGBT works bast if the recommended operat-
ing conditions deiven in Section 7 ere observed.

Note that an excessive drive supply voltage could
damage the IGBT dus to excess IGBT gate voit
age, and that an insufficient drive voltaga could
sbnormally increass the IGBT's ON voltage.

Note that an excessive input current could
increase the signal delay in the drive circult, and
that an insufficient input current could cause
unstable operation of the drive circult.

Note that an insufficient gate resistance can
increase tha switching noise of the IGBT and
freawhesling diode.

Note the points above whare the recommended
operating conditions cannot be observed.

page 7
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11. Operating Waveforms

1 EXBSSO
Qperating conditions
Vee = 20V, lin = 4 mA, IGBT module: 2MB8150-060

Test circuits
Input-output wavelorms $IB0A  Wavelorms at ovarcurrent
- P
20V 20V
T 1GBT — T IGBT

KT e = KT

O=—=1 Drive Drive
_J—L o—— circuit .J—L O ClTCRL

Lo

Input-Qutput waveforms

i

B4

; : i

mAJdiv | Vo : §V/div, 6 psidiv

in: 6

PO N I W R
vee : b Vidiv Ic @ 100 Adiv, 2psidiv

3.

page 8
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2 EXBB8at
Operating conditions
Voo = 20 V, lin = 10 mA, IGBT module: 2MB150-060

Tast circult
Input-output waveforms eI 50 A Wavsforms at overcurrent
n U o
vV 20V
T IGBT SN T GBT oV
10mA

R e I | Gl

Ot Drive
j—L o—0o clreuit _l—L o—o] tircuit

g -~

nput-Ou avefs .

\

oV

| ] e

fin : Vo : 6V/dlv, 2 pedly

Wavaetorms at overcurcent are the same as for EXB8S1,

page 9
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Rew Gate Driver Hybrid IC for 3rd Generation |GBT

1. Features
{1) dv/dt capability of opto-coupler is Min. 15KV/us
{2) Spacing between primary pin and secondary pin is 10. 16mm
{3) Isolation voltage Is 2500Vrms/1 min

2. Difference from existing type

EXB841 New Driver
dv/dt 5 KV¥/us 15 KV/us
Delay time 1.5 us 1.5 us
Gpto-coupler TLPS50 (TOSHIBA) HPCLA504
43 A 19 MA, 13 MAX,
! {1 ;
1 1
: 1 = RO ¢ gletea= S 4L
Pin Arrange |= - oz :
ment ~ : % L §
’!,..._._...... Ty 1y . ‘ i — [AAEREAR I“‘f 1
$ 3
a _...m....L . S e 8. i~ __z.a_;i. 'm_,s_ e L
OBttt o s g

page 10
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