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ABSTRACT

This thesis proposes the development of dynamic voltage restorer (DVR) using the
topology of diode-clamped three-level converter. The DVR is the voltage sag compensator that
cause by power quality problem. Voltage sag problem is mainly caused by fault in the power
system. When the voltage sag occurs, it will damage the sensitive loads in industry. Therefore, it is
necessary to solve this problem using the proposed DVR.

The conventional DVR has two-level converter in order to inject voltage into the power
system during voltage sag. The output voltage of two-level converter has much signal distortion
(harmonics) flow into the power system. Consequently, this thesis presents the new DVR using
diode-clamped three-level converter at voltage 3 phase 380 V 10 kVA for mitigation as above. The
diode-clamped three-level converter is comparing the conventional converter by simulation.
Moreover, prototype of proposed DVR using diode-clamped three-level converter is created, it will
controlled by dSPACE DS1104. And the proposed DVR use space vector control method.

The simulation result shows that the diode-clamped three-level converter can reduce
signal distortion (harmonics) compared with the conventional converter. Space vector control
method is able to rapidly detection and voltage sag compensation at period time less than %2 cycles
of voltage, which simply use to dSPACE in prototype. The experimental result shows that the
proposed DVR has increased the efficiency and also it is able to compensation more than 0.1

second.

Keywords: dynamic voltage restorer, three-level converter, diode-clamped, voltage sag
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2. Short Duration Variations

2.1 Voltage Dip (Sags)

2.2 Temporary Overvoltages
(Swells)

2.3 Short Interruptions
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3. Long Duration Variations

3.1 Overvoltage

3.2 Undervoltages

3.3 Long Interruptions
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5. Waveform Distortions

5.1 DC Offset

Il <
ﬂ?iiﬂﬂ?uﬂl@ﬂllﬂlﬁaﬂiaﬂ
(Geomagnetic)

= & A
NANWITLTIINTSUAUUVAIIAAU

muMIduFIveriouilaq

INUANUIATIARDAUIY




10

Y t4 o w '
M3197 2.1 durquazkansznuveslsngmssineanannias i @o)

a Y
‘uummﬂmymnmu

aamuiadlvidh

LAl

WHaniIsny

5.2 Harmonics

5.3 Interhamonics

5.4 Notching

5.5 Noise
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6. Voltage Fluctuations

(Voltage Flicker)
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Variations
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.1 Datasheet dASPACE DS1104

e Data Sheets

D$1104 Data Sheet

The following table shows the data sheet of the
D51104 R&D Controller Board.

Parameter Characteristics

Processor *  MPC8240 processor with PPC603e core and on-chip
peripherals

64-bit floating-point processor

250 MHz CPU

2 x 16 KB cache; on-chip

On-chip PCI bridge (33 MHz)

Memory *  Global memory: 32 MB SDRAM
+  Flash memory: 8 MB

Timer + 1 sample rate timer {(decrementer}:

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

32-bit down counter, reload by hardware, 80 ns resolution
+ 1 time base counter:

64-hit 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

® & 5 & & 8 & =

-

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

MNote: 5 ADC channels (1 x 16-bit + 4 x 12-bit) can be
sampled simultaneous

16-hit resclution

+10 V input voltage range

2 s 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)

* & & & 8 & & =

158 DS1104 Hardware Installation and Configuration  March 2004



Parameter Characteristics
ADC « 4 channels each equipped with one 12-bit sample & hold
4 x 12-bit ADC ADC
MNote: 5 ADC channels (1 x 16-bit + 4 x 12-bit) can be
sampled simultaneous
* 12-bit resolution
e +10V input voltage range
* 800 ns conversion time
* 5 mV offset error
« +0.5 % gain error
* 4 ppm/K offset drift
e 25 pprvK gain drift
e =65 dB signal-to-noise ratio (SNR)
DACs * 16-hit resolution
8 ) 16-bit DAC * 110V output voltage range
s +5 mA maximum cutput current
*  Max. 10 us settling time (full scale, accuracy 1/2 LSB)
e 11 mV offset error
* +0.1 % gain error
e 13 pprvK offset drift
* 25 ppmvK gain drift
* >80 dB signal-to-noise ratio (SNR)
Digital VO *  20-bit parallel VO
= Single bit selectable for input or cutput
e 15 mA maximum output current
+  TTL output/input levels
Digital Incremental Encoder e 2 channels
Interface + Selectable single-ended (TTL) or differential (R5422) input
(2 x 24 hit) » Fourfold line subdivision
*  Max. 1.65 MHz input frequency, i.e. fourfold pulse counts up
to 6.6 MHz
e 24-bit lnadable position counter
* Reset on index
*  5V/0.5 A sensor supply voltage
Serial interface ¢ | serial UART (universal asynchronous receiver and
transmitter)
* Selectable transceiver mode: R5232/R5422/R5485
*  Max. baudrate R5232: 115.2 kBaud
« Max. baudrate RS422/R5485: 1 MBaud

DS1104 Hardware Installation and Configuration — March 2004
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Parameter

Characteristics

Slave DSP subsystem

& # 8 & & & = 5 8 B 8 & & &

Texas Instruments TMS320F240 DSP

16-hit fixed-point processor

20 MHz clock frequency

64 K x 16 external program memory

28 K x 16 external data memory

4 K x 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 /O

TTL output/input levels for all digital VO pins
+13 mA maximum output current

Host interface

32-bit PCI host interface
5V PClslot
33 MHz +5 %

Physical size

PCI185 x 106.68 mm (7.28 x 4.2 in)

Ambient temperature

B

« 550 (32 RIR TSR

Cooling

Active cooling by fan

Power supply

-

+5V 5%, 25A
+12V 45 %, 03 A
-12V+5%, 02 A

Power consumption

185W

DS1104 Hardware Ingtallation and Configuration  March 2004



CP1104 Data Sheet

The following table shows 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}
(length x depth x height)

281 x 142.5 x 70 mm (11.06 x 5.61 x 2.75 in}

Space needed for 19 rack mount

Height 3 U; wiclth 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

5 V: max. 100 mA {via D51104 board)

Grounding The enclosure and the front panel are not grounded.
Cable length 2 m (6.6 ft) standard

Physical size (with desktop enclosure) 433.5 % 142.5 x 70 mm

{length x depth x height) (17.07 x5.61 x 2.75 in)

Space needed for 19" rack mount

Height 3 U; width 16.8"

Weight

Approx. 2.5 kg (5.5 Ibs); incl. enclosure and shielded
ribbon cables

DS1104 Hardware Installation and Configuration — March 2004
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.2 Datasheet LEM LV25-P

L EM
- ~
s

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).

2002/95/EC
16084

| Electrical data

10 mA

PN
V,, = 10..500V
Features

L. Primary nominal current ms 10 mA
b Primary current, measunng range 0.+14 mA * Closed loop t._compensated] voltage
R,  Measuring resistance Rio Booo transducer using the Hall effect
) » Insulated plastic case recognized
with £ 12V @+10mA 30 180 Q according 1o UL 94-V0.
@+14mA 30 100 0
with £ 15V @+10mA 100 350 0 Principle of use
@£14mA 100 190 Q
Ly Seconﬂaﬂ nminal current ms 25 mA » For voltage measurements, a cumrent
K, Conversion ratio 2500 : 1000 proportional to the measured voltage
Vv Supply voltage ;t.ﬁ %) 125015 v must be passed through an external
I Current consumption 10@215V)+1, mA resistor R , which Is selected by the
. user and installed in series with the
Accuracy - Dynamic performance data primary circuit of the transducer.
X Overall Accuracy @ 1, , T,=25°C @ +12.. 18V +0.9 % Advantages
@15V (x5%) +08 %
€ Linearity error <02 % e Excellent accuracy
Typ | Maxi e Very good linearity
[ Offset current@ 1, = 0. T, = 25°C 015 mA e Low thermal drift
lor Temperature variation of I 0°C .. +25°C [+£0.06(+0.25 mA e Low response time
+25°C . +70°C |£0.10[x 035 mA e High bandwidth
t, Response time " to 90 % of I, step 40 ps - ® High immunity to external
interference
e | ow disturbance in common mode.
General data \
_ _ Applications
T, Ambient operating temperature 0..+70 °C
T, Ambient storage temperature -25..+85 °C o AC variable speed drives and servo
R, Primary coil resistance @ T, = 70°C 250 Q motor drives
R, Secondary coil resigtance Dy G, NI iy . e Static converters for DC motor drives
m Mass 22 g e Battery supplied applications
Standards EN 2008 1997 e Uninterruptible Power Supplies
(UPS)
e Power supplies for welding
applications.
- - Application domain
Note: " R, = 25 kKQ (L/R constant, produced by the resistance and inductance
of the primary circuit). o Industrial.
070427/16 :
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Voltage Transducer LV 25-P

| Isolation characteristics

v Rms voltage for AC isolation test, 50 Hz, 1 min
Y Impulse withstand voltage 1.2/50 ps

dCp Creepage distance
dCl Clearance distance
CTI Comparative Tracking Index (Group llla)

259
16
Mini
19.5
19.5
175

kW
kV

mm
mm

Note: 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
e Pollution degree PD2
¢ Non-uniform field

EN 50178 IEC 6101041
dCp, dCl, VW Rated isolation voltage Nominal voltage
Single isolation 1600 V 1600 V
Reinforced isolation 800 V 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).

Ignoring 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.

Fage 20

070427/16 LEM reservesthe rightto camry outmodifications on its transdu cers, in order taimprove them, without prior notice www lem.com
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L EM
- ~
N

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

Bottom view Right view Top view
26
1524 24 0.635mm 403 E
s - s
SHT “HT LEM © swiss
_ — made
ey § m
& & & & C€
3xaimm Model » SP Number =———[ ]
& & Pl ! [ +——{=Dale code
. - + MY Moo+ -
| s s s
= | 2x782 | .| 1645
8 a3 ;
S 7 Connection
L I T—d -
I
+HT i
-HT
M o +Ve
L1 1 R
%2 E” MISoRML o
T_ g -Vc
Back view
Mechanical characteristics Remarks
¢ General tolerance + 0.2 mm ¢ | is positive when V_ is applied on terminal +HT.
» Fastening & connection of primary 2 pins » This is a standard model. For different versions {supply
0.635 x 0.635 mm voltages, tums ratios, unidirectional measurements...},
» Fastening & connection of secondary 3 pins © 1 mm please contact us.
» Recommended PCE 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 pimary current. As far as possible, R | should be
calculated so that the nominal voltage to be measured corresponds to a primary cumrent of 10 mA.

a)R, =25kQ/25 W, 1,=10mA Accuracy = + 0.8 % of Vi, (@ T, = +25°C)

Example: Voltage to be measured V, = 250 V
b)R,=50kQ/125W,l,= 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 38
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.3 Datasheet TLP250

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 o oo (m
The TOSHIBA TLP250 consists of a GaAlAs light emitting diode and a E'
integrated photodetector. -

This unit is 8-lead DIP package

TLP250 is suitable for gate driving circuit of IGBT or power MOS FET.

¢ Input threshold current: IF=6mA(max.)

* Supply current (Icc): 11mA(max.)

+ SBupply voltage (VoC): 10-35V

«  Outputcurrent (10): +1.5A {max.)

+ Switching time (tpLH/ApHLY 1.5ps(max.)

« Isolation voltage: 2500V yms(min.)

* UL recognized: UL1577, file No. E67349

e Option (D4) type
VDE approved: DIN VDEO884/06.92 certificate No. 76823
Maximum operating insulation voltage: 630VPK
Highest permissible over voltage: 4000VPR

(Note) When a VDE0884 approved type is needed,
please designate the “option {D4)"
s Creepage distance 6 dmmf{min )

Clearance: 6. dmm(min.)

Schmatic Pin Configuration (top view)
Vee 1 |:
IF
5 20
2+ Vo 3
VF 3 E
3- Vo
o[
5 PO 1:N.C.
A 0.1pF bypass capcitor must be 2 : Anode
connected between pin 8 and 5 (See Note 5). 3 : Cathode
4:N.C.
5:GND
6 1 Vp (Output)
7:Vo
8:Vee

Truth Table
Tri Tr2
Input on Oon Off
LED off off on

fr; L] ] - Tl
e VL E [ )

;:-.”f_ TAE-880
TOSHIBA 11-10C4
Weight: 0.54 ¢

1
17
g
1

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) Al / ATa —0.36 mA f°C
@ Peak transient forward curent (Nete 1) IEpT 1 A
Reverse voltage VR 4} v
Junction temperature Tj 125 L
"Hpeak output current (Pyy = 2.5ps 1 £ 15kHz) (Note 2) lopH -1.5 A
"L"peak output current (Pyy = 2.5ps.f € 15kHz) (Note 2) lopL #1:5 A
(Ta £ 70°C) 35
Qutput voltage Vo v
5 (Ta = 85°C) 24
8 (Ta £ 70°C) 35
o | Supply voltage Veo v
a (Ta = 85°C) 24
Qutput voltage derating (Ta = 70°C) AVg / ATa 073 v/i°C
Supply voltage derating (Ta = 70°C) AV / ATa -0.73 V/°C
Junction temperature Tj 125 o
Operating frequency (MNote 3) f 25 kHz
Operating temperature range Topr -20~85 i
Storage temperature range Tstg —55~125 °C
Lead soldering temperature (10 s) (Mote 4) Tsol 260 ‘c
Isolation voltage (AC, 1 min., R.H.2 60%) 1 ('Note75) BVg 2500 Vrms

Note 1. Pulse width Py < 1ps, 300pps
Note 2. Exporenential wavefom
Note 3:  Exporenential wavefom, lopH £—1.0A( £ 2.5us), lopL = +1.0A( = 2.5us)
Note 4. Itis 2 mm or more from a lead root.
Note 5:
together.
Note 6:

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

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 1cm.

Recommended Operating Conditions

Characteristic Symbol Min Typ. Max Unit
Input current, on (Note 7) IFoNy T 8 10 mA
Input voltage, off VF(OFF) 0 — 08 v
Supply voltage Vee 15 — 30 | 20 v
Pezk output current lopH/lopL - —_ +0.5 A
Operating temperature Topr =20 25 70 [ 85 °c

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

2004-08-25



TOSHIBA TLP250
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=25°C 1.6 1.8 v
Temperature coefficient of _ i
Torward vidltags AVE/ ATa — lF=10mA — 20 — mv/°C
Input reverse current Ir - VR =5V, Ta=25°C - 10 A
Input capacitance Cr = V=0,6f=1MHz , Ta=25C — 45 250 pF
“H level lopH 3 Vet | 08 | a5 | -
Output current ?{‘13;3 =30V A
i lg=0
L" level lopL 2 Vo 525V 0.5 2 —
aye Voot = +15V, VEg1 = 15V _
H” level Vou 4 TEl000, I = man 1 12.8
Qutput veltage v
i Vee1 = +15V, VEg1 = —15V .
L" level VoL 5 |RS' 000 Ve~ 8v 14.2 125
Vee =30V, I = 10mA _ = _
“H level leoH — |Ta=25C
Vee =30V, I = 10mA — — 11
Supply current L E i mA
Ve =30V, I = 0mA - e -
L level lecL — [Ta=25°C
Vee =30V, IF=0mA — = 1
Threshold input “Cutput - | Veet =15V Vg = 15V ey 12 5 mA
current L—H" RL = 2000, Vg > 0V
Threshold input “Qutput | Vet = +15V, VEE| = 15V
» FHL - 0.8 — = \'s
voltage H—L Ry =200Q, Vo <0V
Supply voltage Vee - 10 —_ 35 v
Capacitance c Vg=0,f=1MHz
S — - 1.0 2.0 F
(input—output) Ta=25%C £
3 2 Vg =500V Ta=25"C 12 14
Resistance(input—output) Rsg — R H.< 60% 1x10 10 — Q
* Alltypical values are at Ta = 25°C ~ (*1): Duration of Ig time = 50us
3 2004-06-25
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TOSHIBA

Switching Characteristics (Ta = -20~70°C , unless otherwise specified)
Test
Characteristic Symbol Cir- Test Condition Min. Typ.* Max Unit

cuit
Propagation L—H talH — a.15 05
delay time HoL toHL Ig = 8mA (Note 7) — 0.15 05

] Vet = +15V, Vg = 15V us
Qutput rise time tr R =200Q — — —
Output fall time tF — — —
Common mode fransient
3 ; Vem = 600V, I = BmA
immunity at high level ChH 7 VEE =30V, “FaF= 25n:C -5000 — — /s
output
Common mode transient
: : View = B00Y, I = OmA

2
mtn;ld:uly at low level CrL ? Ve = 30V, Ta = 25°C 5000 Vips

* All typical values are at Ta = 25°C

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

2004-08-25
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TOSHIBA

TLP250

Test Circuit 1 :

Test Circuit 3 : IOPH

o

g —
_[ :I = 01pF T -
IF CD Vig
C [ }—@J_)
4[ } lopH
Test Circuit 5 : VoL
8
1 1
hE :I = 04uF :-'ch
VE L RL
I-—| L W
VoL
+[] iz
L] " 7
]‘ VEE1

Test Circuit 2 : IOPL

i
O
i
+[

|
o

0.1uF

Voo
& =
lopL
V-5

e

Test Circuit 4 : VOH

100

@

Veet

| N -
=
=
=
I

\FC

p=y
)
o

-

—

Ll_lL_I
g

VEE1

2004-08-25
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TOSHIBA ILF200

Test Circuit 6 to1H, toHL. tr tf

[ I
a
| | Ig 0.1pF Veed
] 4 Vo - 80%
* Wi B0%

ITJL_I

1000 ¥ [

L VEE1

Test Circuit 7: Cyy, Tl

o

0.1pF

Vee

l‘!T
T 1

o

H:iTI}
+® |
ITI LJﬁJ

600V

T o0%
Vem  qoy Vi
T

SW :B(IF=0)

CMLICpH) 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.

5 2004-08-25
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TOSHIBA

TLP250

IF=VE
109
Ta=25°C
50
) I I ~
g 4
E ”%
: "_
& F
=
s ‘m
8 05 7
- P
g " f
5
g
Qo
00: 7
001 I
1.0 12 14 16 18 20
Forward voltage Vg (V)
lg—Ta
4 30
g
3
5]
i
=
U
27 A,
]
E3
o
<
i
i) 20 40 B0 a0 100
Ambient temperature Ta (°C)
lopH, lopL - Ta
PW =28 us F= 16 KHz
=] 2]
g
5
8 .
L
B
g
=G
i S ™
@
5 O
_g &
Ed
0

o 20 40 60 20 100

Ambient Temperature Ta (°C})

Forward voltage temperature
coefficient AVE/ ATa (mV/°C)

)

Allowable supply voltage Voo

AVES ATa- g
28
-24
22 =y
an

20
16
14

01 03 0§ 1 3 5 10 30

Forward current I (mA)
Yee-Ta
30|
N

0

] 20 40 s an 100

Ambient temperature Ta (°C)
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TOSHIBA

TLP250

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 centinually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in
general can malfunction or fail due to their inherent alectrical sensitivity and vulnerability to physical stress. It is the responsibility
of the buyer, when utilizing TOSHIBA preducts, 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 Semiconducter Reliability Handbook™ etc.

The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
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 quality andfor 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 forelgn exchange and foreign trade laws.

TOSHIBA products should net 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 bedy. Do not break, cut, crush or
dissolve chemically.

8 2004-08-25

150



151

1.4 Datasheet IGBT Module SK30MLI1066

SK30MLI066

Absolute Maximum Ratings T, = 25 °C, unless otherwise specified
Symbol |Conditions | Values | Units
IGBT
Vees T,=25°C 600 v
I T =175°C T.=25°C 40 A
T.=70°C 3 A
lorm loam™ 2% gnom 60 A
Vegs +20 v
) o Voo =360V Ve <20V; T =150°C B ™
SEMITOP™ 3 Ves <800V
Inverse Diode
IGBT Module s T=175°C T,=25% ¥ A
T.=70°C a0 A
IF f V™ 2% Dy, 60 A
SK30MLI0E6 L t, =10 me; helf sine wave T, = 150 °C 160 A
Freewheeling Diode
I T, = HWE7C T.=25°C 36 A
T,=70°C 28 A
Target Data :
e fam [ AT 60 A
- b t,=10me; half sine wave T,=150°C 160 A
e Module
« Compact design | A
« One screw mounting URMS
« Heat transfer and isolation T 40.. #1753 c
through direct copper bonded Tog -40 ., +125 l o
aluminium oxide ceramic (DCB) v, AC. 1min. 2500 "]
« Trench IGBT technology
= CAL technology! FWD Characteristics T4 =25 °C, unless otherwise specified
Typical Applications® Symbol |Conditions | min. typ. max. |Units
« 3 Level Inverter IGBT
« UPS Ve Ve =Vep L. =043 mA 5 58 65 v
Remarks AN Vee=0V Ve =Veeo  T=25°C 0,0016 | ma
« Visol = 3000V AC, 1s, D0Hz lags Vi = 0V Ve =20V T=25°C 300 néd
« Dynamic measure: DUT= IGBT Ve T=25°C 0.9 1.1 v
(Gate pin 1) and Meutral Clamp T,=150°C 08 1 %
Diode (Kathode pin 16) as Yoa Ve =15V T,=25C 18 28 mi
free-whesling diode T =150°C 27 38 mo
Nl lonom=30A,V_ =15V T, =25C_ 145 v
TJ = 1%°Ccmpm_ 1,65 W
s 1,63 nF
G Ve =25,V =0V f=1MHz 0,18 nF
Gy 0,05 nF
Q. Ve =-TV.. 415V 275 nc
tdl‘)ﬂ] 24 ne
1, R, =28102 Ve = 300V 27 ng
E.. difdt= 2335 Ajus I= 304 0,87 mJ
: Tem Roq =250 T =150 °C 328 ns
t, difdt= 2335 Alus Vep=-TH+15V 54 ns
Er 177 mJ
Rig-a per IGBT 1,65 KW

03-06-2009 DIL 2 by SEMIKRON
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Characteristics
Symbol |Conditions | min. typ. max. |Units
Inverse Diode {Antiparallel Diode)
V=V Venom = 30 AV e =0V T=25"C ey 1.5 v
T =150 °C e, 15 v
Vig T=25°C 1 v
T, =150°C 09 v
T T=25°C 16.7 20 mi2
T,=150°C 20 233 | ma
® Tror T =30A T =150 C 30 Y
]
SEMITOP™ 3 a, difdt = 2335 Alps 1.6 Mo
E. V= 300V 0,26 mJ
IG BT MDdUIe Ru.u 40 per diods 23 L
Freewheeling Diode (Neutral Clampo diode)
Ve=Ven [l =20 AV =0V T =25C, ., 15 v
SK30MLI0EE T =150 °Cpy., 1.5 v
Veg T =25°C 1 v
T =150°C 09 v
Target Data [ T=25°C 16,7 20 Y
T,=150°C 20 233 v
[ I-=30A T=150°C A
Features a, difdt = -950 Alus uc
« Compact design E. V=300V 0,26 mJ
« One screw mounting S per diode 23 KW
» Heattra n:?fer and isolation W, 1o bt Sk 2,25 25 Nm
through direct copper bonded
aluminium oxide ceramic (DCB) ¥ ¥ g

« Trench IGBT technology
« CAL technology FWD

2 & 2 *
Typical Applications This is an electrostatic discharge sensitive device (ESDS), international standard

« 3 Level Inverter IEC 60747-1, Chapter IX.
« UPS
* The specifications of our components may not be considered as an assurance of
Remarks component characteristics. Components have to be tested for the respective
« Visol = 3000V AC, 1s, 50Hz application. Adjustments may be necessary. The use of SEMIKRON products in
« Dynamic measure: DUT= IGBT life support appliances and systems is subject ta prior specification and written
(Gate pin 1) and Neutral Clamp approval by SEMIKRON. We therefore strongly recommend prior consultation of
Diode (Kathode pin 16) as our personal.

free-wheeling diode

03-06-2009 DIL © by SEMIKRON
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50 BKIOMLICES x5 - 1 SKIOMLIOES s - 2
A 40 -
55 15V, / / / [ 1T1
— \\:\-; // 13v A T|=175C
50 |- Tj=25C,Typ  ——f. AN Vee=15V
45 [— Ti=150CTyp S DS iy \
1/ i N
40 ,// 7 N
35 ’ll{ / N
30 /4 N
”f 20 N
- / 9V
20 —
15 I// 10 \
10
Ic \
Ig 5
0 d 0
0 V09‘5 1 15 2 25 3 35VYa4 0T, 25 50 75 100 125 150 175
Fig. 1 Typ. output characteristic, inclusive RCC'+ E3 Fig. 2 Rated current vs. temperature IC =1 (TC)
ERA0MLI0BE o % ERA0HILIORE 15 &
25 [ 2,0
Tj=150°C
mWs mWs !
[~ Ve=300V Ea ~ " = Eqft
| Vee=-7/+15V "
2,0 -
Re=25Q L~ / 15 e
I ! " Eam
yd | )zl B
15 7 1 i L~ [
/] o ] | Tj=150°C
1 -
/,— on | 0 1 Vee=300V
1.0 | Vge=-T/l+15V
| o]
e Ic=30A
// 0,5 I
D|5 ] 3 1 il \ E" AW B || -\._; |
E £ Ex
0,0 0.0 ‘
101515 20 25 30 35 40 45 50 55A60 15Ra20 25 30 35 40 45 © 50
Fig. 3 Typ. turn-on /-off energy =f(lc) Fig. 4 Typ. tum-on /-off enerqy = { (RGJ
SKIOMLICES X8 - 8
20
v , /
18 V=300V 7
16 lopuise=30A //
14 7
12—t
10
y o
[ K
7
e
./
Vee
g nc
0 Qg50 100 150 200 250 300 350 400
Fig. 6 Typ. gate charge characteristic
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‘SHIOMLIOBE xla - 7

10000 T T T T
Ti=150°C Vce=300V
ns Rg=25Q  Vge=-7/+15V
Inductive load
1000
Tott
100 "
1 =
— tdan
([T T
10

10lc15 20 25 30 35 40 45 50 55,60
Fig. 7 Typ. switching imes vs. IC

10000

ns

1000

100

10

SKIOMLIEE s - B

T|]=150°C Vecc=300V
FT1.=30A  Vge=-7/+15V
Inductive load
i
1 T L
th(I
10Rg 15 20 25 30 35 40 Q45 50

Fig. 8 Typ. switching times vs. gate resistor RG

A 60
55
50
45
40
35
30
25
20
15
10

IF 5

0

Q

SRAMLREE 5 - 10

Anti Parallel diode,
Neutral Clamp diode

b

~

1Tj=150°0,typ

/

- ‘*'1Tj:25°c,typ l’

-

Ve

0.5 1 1

Fig. 10 CAL dicde forward characieristic
Anfiparallel Diode (D1)

5 2 V 25

-06-2009 DIL

© by SEMIKRON

154



155

SK30MLI066

UL recognized file no. E 63 532

543

—
o
(=]
2
=)
S
o
05

22 ==

Case T 76 MLI

03-06-2009 DIL © by SEMIKRON



156

MANHIN VU

HATUANNIIHELNS



157

N1sUsS=gud¥INIS
n1w3aonssulww ason oo

33" Electrical Engineering Conference (EECON- 3 3)

Keynote Speakers
UNAIISUIENY
UNA2WAIGU
avliyldeouunadu Vol.1 (Author Index Vol.1)
ABUWITeUUNADIY Vol.2 (Author Index Vol.2)
auu@aldiany Vol.1 (K rd Index Vol.1)
agliamdany Vol.2 (Keyword Index Vol.2)
ATAUANTS unaownodaonssului
Sponsor Wilhmae (PW)
nudn Proceedings S1Annsoiindnnao (PE)
Proceeding Vol. 1 Wi :,:‘ 0d1s (CM)
eeding Vol.2 dlannsound (EL)
nsUszudawadruiiuadnod (DS)
Abstract Program S=UU GDUﬂUlIa:ﬂ".S:Tmrn‘U [ET)
NN goUdGaNSsulW il (GN)
Wlatnd (PH)
maumalmoﬁua;gﬁ(iﬂaﬁmsaulnﬂ (CP)

" A ‘ _
DONSSLUZEEPINE (BE),

Ebu;'imﬁi; '

anumnalulagn

SOLUTION




158

A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Adisorn Leclasantitham
Alaraphunt Vongkunghac
Amnart Suksri

Amomn Jiraseree-amornkun
Amporn Poyat

Anuchit Charcan

Anurce Lorsawatsirt
Anuwat Jangwanitlert
Aphibal Pruksanubal
Apichat Bhatranand
Apichan Kanjanavapastit
Apinunt Thanachayanont
Apirada Namsang

Apiwat Lek-uthan

Arporn Teeramongkonrasmee
Arthit Sede-Yome
Athikom Rocksabutr
Atthapol Nyaopitakkul
Boonchuay Supmonchai
Boonlert Succhoey
Boonruk Chipipep
Boonsi Kacwkham-at
Boonyang Planeklany
Budhapon  Sawctsakulanond
Bunlung Neammanee
Cattarceya Suwanasri
Chal Chompoo-inwai
Chamarony Klimance
Chaiwat Nuthong
Chatwat Sakul

Chatwut Chat-uthat

Chatyachet Saivichit

Affiliation

Unversity of the That Chamber of Commicree
Narcsuan University

Khon Kacn University

Mahanakormn University of Technology

That Microclectronics Center

Kasem Bundit University

Mahanakorn University of Technology

King Mongkut's Tnstitute of Technology Ladkrabang

King Mongkut's University ot Technology North Bangkok

King Mongkut's University of Technology Thonburt
Mahanakorn University of Technology

King Monglkut's Tnstitute of Technology Ladkrabang
Rajamangala University of Technology Thanyaburt
Chulalongkom Umversity

Chulalongkorn University

Siam University

Mahanakam University of Technology

King Mongkut's Tnstitute of Technology Ladkrabang
Chulalongkom umversity

South-East Asia University

King Mongkut's University of Technology Thonburt
Chiang Mat Untversity

Raamangala University of Technology Thanyaburt

Mahanakormn University

King Mongkut's University of Technology North Bangkok

Narcsuan University
King Mangkut's Tnstitute of Technology Ladkrabang
Srinakharinwirot Tunversity

King Mongkut Tnstitute of Technology Ladkrabang

Rajamangala University of Technology Srivijaya, Trang Campus.

King Mongkut's Tnstitute of Technology Ladkrabang

Chulalongkom University

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Chatyaporn Lothengkam
Chalyut Sumpavakup
Chakkaphong Suthaputchakun
Chanatip Tumrongwittayapak
Chanchal Thatjiam
Chanchana Tangwongsan
Chanin Bunlaksananusorn
Chanin Wissawinthanon
Channaronyr Banmaongkol
Chaodit Aswakul

Chaovalit Thamviriyakul
Charnchat Pluempitiwiryawe)
Chatchat Suppitaksakul
Chatree Mahatthan ajatuphat
Chedsada Chinrungrueng
Chiranut Sa-ngiamsak
Chirasak Sinsukudemchat
Chivalai Temiyasathit
Chokchar Sangdao

Chow Chompoo-inwai
Chuttchaval Jeraputra
Chuwong Phongcharoenpanich
Danat Laksamccthanasan
David Banjerdpongehat
Deachs Puangdownreony
Decha Wilawat

Dicw Koolpiruck
Duang-arthit Srimoon
Dulpichet Rerkpreedapong
Ekachal Leclarasmee

Ekachat Phaisangittisagul

Affiliation

Mahanakom Umversity of Technology
Mahanakorn University of Technology
Banygkok University

Kasem Bundit University
Srinakharinwirot University
Chulalongkom Unmiversity

King Mongkut's Tnstitute of Technology Tadkrabang
Chulalongkaerm university
Chulalongkorm University
Chulalongkom University
Mahanakorn University of Technology
Chulalongkorn University

Rajamangala University of Technology Thanyaburt

King Mongkut's University of Technology North Bangkok

Chulalongkom University

Khon Kaen University

South-East Asia University

King Mongkut's Tnstitute of Technology Ladkrabang
Mahanakormn University of Technology

King Mongkut's Tnstitute of Technology Ladkrabang
Mahidol University

King Mongkut's Tnstitute of Technology Ladkrabang
Mahidol University

Chulalongkorn University

South-East Asta University

Mahidol University

King Mangkut's University of Technology Thonburi
Rangsit Umversity

Kasctsart University

Chulalongkormn University

Kasctsart University

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

159



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Ekapon Siwapornsathain
Tssarachal Ngamroo
Jakkree Srinonchat
Jirasuk Vilasdechanon
Jukktrit Tagapani)

Kamaol Kacmarungst
Kamon Jiraserceamornkul
Kampol Woradit

Kanadit Chetpattanancndh
Kanokvate Tungpimolrut
Kayin Vichienchom
Keerati Chayakulkheeree
Khatathap Swatdipisal
Kittiphong Mcesawat

Kittisak Tripipatpornchai

Komsan TTongesombut
Krischonme Bhumkittipich
Kunnthphong Srisathit
La-or Kovavisaruch
Lunchakom Wuttisittikulkij
Mana Srivudthsak

Manop Aorpimat

Manop Wongsaisuwan
Miti Ruchanurucks
Mungkol Konghirun
Mongkorn Klingajay
Monthon Leelajindakrairerk
Montri Karnjanadecha
Montri Pannarut

Montri Suwanapingkarl
Nacbboon TTooncharcon

Nalin Sidahao

Affiliation

King Mongkut's University of’ Technology Thonburt
King Mongkut's Tngtitute of Technology Ladkrabang
Rajamangala University of Technology Thanyaburt
Chiang Mai University

Mahanakorn University of Technology

Natwonal Elcctronics and Computer Technology Center
King Mongkut's University of Technology Thonburi
Srinakharnw ot University

Prince of Songkla University

WNational Elcctronics and Computer Technology Center
King Mongkut's Tnstitute of Technology Ladkrabang
Sripatum University

King Mongkut 's University of Technology North Bangkok
Khoen Kacn University

Rangsit University

Kasctsart University

Rajamangala University of Technology Thanyabury
Mahanakam University of Technology

National Elcctronics and Computer Tochnology Center
Chulalongkom University

Chulalongkorn University

Mahanakorn Umversity of Technology

Chulalongkormn Unmiversity

Kasctsart University

King Mongkut's University of Technology Thonburt
Rajamangala University of Technology Thanyabury
King Mongkut's Tnstitute of Technology Ladkrabang
Prince of Songkla Unyversity

National Electronics and Computer Technology Center
King Mongkut's University of Technology Thonburt
Chulalongkom Umversity

Mahanakorn University of Technology

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

160



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Nararat Ruangchaijatupon
Narisara Sophayont
Narong Buabthong
Narong Yoothanom
Narongrit Sanajit
Natham Kocdsam-any
WNattavut Chayavanich
Natth Junkrob

Nattha Jindapetch
Natthaphob Nimpitiwan
Natthawuth Somakcttarin
Nimit Boonpirom
Nipapon Sirpen

Niphat Jantharamin
Nopadol Uchaipichat
Noppadol Wanichworanant
Nuntiya Chaiyabut

Opas Chutatape

Duen Pingern

Pakorn Kacwtrakulpong
Panrasce Ritthipravat
Pasawee Srimord
Patamaporn Snpadungtham
Pathomthat Chiradeja
Peerapol Yuvapoositansn
Pecrayot Sanposh

Petch Nantivatana
Phatboon Booppha
Phakkawat Jantree
Phichet Moungnoul

Phoemphun CGothongsap

Affiliation

Khon Kacn University

TOT Public Company Limited

Thammasat university

Sripatum University

Mahanakomn Umiversity of Technology

Kasem Bundit University

King Mongkut's University of Teenology Thonburi
South-East Asia University

Prince of Songkla University

Bangkok University

Rajamangala University of Technology Thanyaburi
Sripatum University

Chiang Mat University

Warcsuan University

Thammasat University

Mahidol University

Bangkok University

Rangsit University

Ramkhamhacng University

King Mongkut's University of Technology Thonburi
Mahidol University

Sripatum university

Kasctsart University

Srinakharinwirot University

Mahanakom University of Technology

Kasctsart University

Sripatum University

Kasem Bundit University

Rajamangala University of Technology Suvarnabhumi
King Mongkut's Tnstitute of Technology Ladkrabang

King Mongkut's University Technology North Bangkok

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

161



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Phornphop Nawanctr
Pichai Arce

Pichaya Tandayya

Pinit Jitjing

Pinit Kumhom

Pt Thepsatorn

Pisit Liutanakul

Pisit Phokharatkul

Pisit Wisutmetheckorn
Piya Warabuntaweesuk
Pongsack Promwong
Ponpranod Didsayabutra
Pornchat Chanyagom
Pornchat Supnithi
Prajualy Pawarangkoon
Pramin Artrit
Pranchalee Rattanasakornchai
Prayoot Akkarackthalin
Preecha Kocharoen
Puangtip Phadungrot
Punyaphat Phumiphak
Rachu Punchalard
Rangsipan Marukatat
Ravee Phromloungsri
Rungsimant Sitdhikorn
Sakchat Thipchaksurat
Saliltip Sinthusonthishat
Samphan Phrompichai
Samroeny TTintamai
Sanchat Dechanupaprittha
Sangsurce Vasupongayya

Sansance Aucphanwirivakul

Affiliation

Mahidol University

Thammasat University

Prince of Songkla University

Rajamangala University of Technology Thanyaburi
King Mongkut's University of Technology Thonburt
Srinakharnwirot University

King Monglut's University of Technology North Banglkok
Mahidol University

Mahanakom University of Technology

Banvkok University

Mahanakormn University of Technology

California Tndependent System Operator

Mahidol University

King Mongkut's Tnstitute of Technology Ladkrabang
Mahanakom University of Technology

Khon Kaen University

King Mongkut's University of Technology Thonburt
King Mongkut's University of Technology North Bangkok
Sripatum University

Mahanakom University of Technology

Mahanakormn University of Technology

Mahanakorn Umversity of Technology

Mahidol University

Udon Thani Rajabhat University

Mahanakom university of technology

King Mongkut's Tnstitute of Technology Ladkrabang
Mahanakorn University of Technology

Mahanakorm University of Technology

Sripatum University

Kasersart University

Prince of Songkla Untversity

Chiang Mai University

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

162



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Sanya Khunkhao

Sanya Mitaim

Suowapak Thongvigitmance
Sarawan Wongsa
Sarawuth Chaimaol
Sarun Sumrddetechkajorn
Sermwak Uatrongyit
Sirichal Dangeam
Sirtluck lorepunmance
Swipong Chaysin

S

aj Sirisukprasert
Sirtvat Poonvasin

Sirvit Tacchajedeadarungsri
Snwich Tadsuan
Somboon Nuchprayoon
Somboon Sangwoengwanich
Somchai Blansoongnem
Somchai TTiranvarodom
Somchat Jimwibhakorn
Sommart Sang-Ngem
Somnida Ratanapanachote
Sompongse Toomsawasdi
Sompom Sirsunwannukul
Somsak Walairacht
Somying Thainimit
Somyot Kaitwanidvilal
Songkran Kantawong
Songphol Kanjanachuchat
Suchada Sitjongsataporn
Suchada Tantisatirapony
Suchart Yammen

Sumate Nactiladdanon

Affiliation

Sripatum University

Thammasat University

National Electronics and Computer Technology Center
King Mongkut's University of Technalogy Thonburt
King Mongkut's University of Technology North Bangkok
National Electronics and Computer Technology Center
Chiang Mai University

Rajamangala University of Technolegy Thanyaburt
Suan Dusit Rajabhat University

Srmakharinwirot University

Kasctsart University

Kasctsart University

Khon Kean University

South-East Asia University

Chiang Mai University

Chulalongkern University

Rajamangala University of Technology Thanyaburi
Rajamangala University of Technology Thanyaburi
King Mongkut's Tnstitute of’ Technology Ladkrabang
Mahanakom University of Technology

Mahidol University

Siam University

King Mongkut's Umiversity of Technology North Bangkok
King Mongkut's Tnstitute of Technology Ladkrabang
Kasetsart University

King Mongkut's Tnstitute of Technology Ladkrabang
Banyrkok Tniversity

Chulalongkom Unmversity

Mahanakomn University of Technology
Srinakharinwirot Untversity

Narcsuan University

King Mongkut's University of Technology Thonburi

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

163



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Sumrit TTungsasutra
Suncat Pranonsatit
Suntorn Witosurapot
Supakit Chotigo
Supakorn Siddhicha
Supaporn Kiattism
Supatana Aucthavekiat
Supavadee Aramvith
Supawan Phonphitakchai
Suphattra Phetnil

Surachai Chat

Nancy
Surachai Limyingcharocn
Surakarn Duangphasuk
Surapan Atrphaiboon
Suratose Tritilanunt
Surce Pumrin

Surin Khemtol

Suthee Rukkaphan

Suwat Pattaramalal

Tanin Duangjan

Tanit Malakorn

Tasance Chayavanich
Teeravisit Laohapensacng

Thanadol Pritranan

Thanapat Promwattanapakdec

Thanaphat Sittithumwat
Thanapong Suwanasri

Thavatchai Tayjasanant

Thawatchai Thangrattanasuwan

Theekapun Charoenpong
Theerapol Muankhaw

Thecravod Wiangtong

Affiliation

Khon Kacn University

Kasctsart University

Prince of Songkla University

King Mongkut's University of Technology Thonburt
National Electronics and Computer Technology Center
Unmiversity of the Thar Chamber of Commerce
Chulalongkom Univeristy

Chulalongkaern University

Narcsuan University

Mahanakorn University of Technology
Chulalongkom University

Khon Kacn University

Mahanakom University of Technology

King Mongkut's Tnstitute of Technology Ladkrabang
Mahidol University

Chulalongkermn University

King Mongkut's Tnstitute of Technology Ladkrabang
Kasem Bundit University

King Mongkut's University of Technology Thonburt
Srinakharinwirot University

Naresuan University

King Mongkut's University of Teenology Thonburt
Mahahakorn University of Technology

Mahidol Tniversity

Sripatum University

Stam Univer:

ty

King Mongkut's University of Technalogy North Bangkok
Chulalongkom Unmversity

Prince of Songkla University

Srinakharinwirot Untversity

Rajamangala University of Technology Thanyaburt

Mahanakorn University of Technology

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

164



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Thecrayut Janjacm
Toempong Phetchakul
Ukrit Watcharceructat
Varakom Kasemsuwan
Varathana Arjrith
Veeh Vivek

Veerachai Malyavej
Viboon Chunkag
Vichai Saclee

Vit Kinnares

Viragit Tmtawil

Virote Pirajnanchal
Viadumir Buntiloy
Vorapong Silaphan
Wanchai Chankaipol
Wanchat Chimchavee
Wanchat Pijitrojana
Wanchak Lenwari
Wannarat Suntiamomtut
Warawat Tangsrianugul

Warayut Kampeerawat

Watcharachal Wirlyasuttiwong

Weerapun Rungscewvyjitprapa

Wekin Pivarat
Werapon Chiracharit
Wichian Premchaiswadi
Wichit Krucasuk

Wijittra Petchakit

Wiklom Teerapabkajorndet

Wilaporn Lee
Wipavan Narksarp

Wigut Titiroongruang

Affiliation

Kasem Bundit University

King Mongkut's Tnstitute ot Technology Ladkrabang
King Mongkut's Tnstitute of Technology Ladkrabang
King Mongkut's Tnstitute of Technology Ladkrabang

Srinakharinwirot University

King Mongkut's University of' Technology North Bangkok

Mahanakorn University of Technology

King Mongkut's University of Technology North Bangkok

South-East Asia University

King Mongkut's Tnstitute of Technology Ladkrabang
Khon Kacn University

Rajamangala University of Technoloey Thanyaburi
Mahidol University

Mahanakom Umversity of Technology

Sripatum University

Unmversity of'the That Chamber of Commerce

Thammasat University,

Rangsit Campus

King Mongkut's University of’ Technalogy Thonburt
Prince of Songkla Umversity

King Mongkut's Tnstitute of Technology Ladkrabang
Mahanakorn University of Technology
Srinakharinwirot University

Chulalongkom Umiversity

Srinakharinwirot TIniversity

King Mongkut's University of Technology Thonburt

Stam Univer:

ty
Sripatum University
Walamlak Umversity

Prince of Songkla University

King Mongkut's University of Technology North Bangkok

Stam University

King Mongkut's Tngtitute ot Technology Ladkrabang

€
™

rEEEH] mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
e The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

165



A ua
FEHTBHNITUUNAITH

nsdszpdnmamadmnssulidh

@
ar

A3

=n.

33

Reviewer

Wongwit Senavonyrse
Worakarn Wongsaichua
Wuthiporn Loctwassana
Yatongchat Auvchai
Yodchanan Wongsawat
Yongyuth Naras
Youthana Kulvitit

Yuttapong Juaraksopakun

Affiliation

Srinakharinwirot University

Thon Ratchathani University

Mahanakorn University of Technology

Rajamangala University of Technology Tsan Sakhon Nakhon Campus
Mahidol University

Stam Umversity

Chulalongkorn University

King Mongkut's University of Technology Thonbur

B

2

mstlszpinmsmsimnssitifheded 3 (EECON-35) 1-3 Fuman 2553 SanTaitadlnel salne ava. ww, v,
The 33 Electrical Engineering Conference, 1-3 Diecember 2010, Organized by KIMITL, CMU, MUT

166



PW 09

FungRaudf 2 54218 2553 1391 15.00 - 17.00 1.

£

#04 : Chiang Dao 2

ssmunguden :  srasfs@ vezgans

PW-044 na115.00 - 15.20 w.

arzeenuvugUnIsvaosIduIuseynTIuing 10 kva Taolinewaeimes
aszdunnylalsaunad
pilas Sy uny nguavol o 0Radieg

unanaidnavams S eiiacsaniuyases i lsigann fuda e s Unsel
BABHIUTILULLOY NS (Dynamic Voltage Restores, DVR) U41A LD KVA U531 380V 3
il mawd S0 oszudivangeqn 154 aeafneiesd 205 uasdansemy
uwssiunndang Eonfigaduam 0.1 5nf Taelimsehasiusnsedwnauaoiinas
3 seduunlalorunaud] ioanfgmunams RmiouFoannngnsalvamons s
T ranTsdnaNL U TR e na RN oR R AN R § 16

ofs vanutndius et nd Bidn ufs Reesd yunaesahinauedined 2 sedu

nufds uanwinfiunauisadined 3 seAud TS U TS U g AT 1¥EnAay

PW-045 1na115.20 - 15.40 1.

mrrandeynvedtinddeaiindninni SEL fugivdoysgmamindsiiihves
milihdmgiing
o 2ot s AN UL 35T
&nmwu%ﬁuﬁm:r-'uBhﬂssmﬁaqamaﬁméﬂmﬁwﬁaﬂ"mrv’lSBL fuginioga
aunminda i weants biidugdnn msigudeyannnandids hifhwealrzme
Iny ms g angfnnee Ao Foindoaio Tanunindrds TihEn fruauwin usid
ﬂ1:11m'l§ﬂi:7u'1ﬂfwm=ﬁayn?mefﬂaaﬁuﬁﬁwé«néuﬁdn:ﬁ'l'r’i*JT:wu'Muﬂi:umlun".i
Fndmnastian Hoyauaddiaddasiulisansoinigwtoyanunmindd i wasms

Trlfhdruniinini® inons fanimsihsinuazndssuinnuesdeyanasuS sverindi 18

wamsiisannsmini faganswuinin uazguiv soteyatinddosiuivg mtoya

auamnids ldfawasnts biddaug inald wazdidmants 3ol 1 14 luawins

sz e degaus siust iiunnzgaiuue nlszime' oy 1

PW-046 1na115.40 - 16.00 1.

mmaugafwediEnintle A i ammenwinmma

‘uinsna

Siepdl Begssy  Saveo ynmy vwouTde uns FuTies wERREAIDe
tuspnlulnsnia aan ldadnaualupisndends Iddruoamdadiandaa

wyuo uay uazudsetied dealfiian s dwassiasidi Resioeanmsunis

gaaiad Wil luseun uvlmwﬂ'fmumlu']ﬁﬂﬂ'liﬂﬂu_ni"liﬁ\ﬁniui"[awa{ (Aqua

Elecmnlyzer-.m]i’)?%ﬁﬂr'f”mg:uﬁﬂui:uu Fomihisumar i ildndnmueoinszimn

I RO OO -

Baniis phmn sunsasaside il

wiin'lals A
usifleamniifauas A5 DuwieRinsidenian Saldawrmanesuntavesiidsifh Ty
ssfirmnEsu el Wendlullymifoan anAfiiiavemsmunIE Y
wog AE fudninaderninszny i $189 Power System Stabilizer: PSS -ﬁqﬁiﬁ,anéﬁu
indoatiniin i Hien Faenamunumsiusiddiiilives AE e nsiofds W ime
indaadin il ivaiao 2ss adramunzay S Wannsundavaasda i luspuyld
(Relf s uar A masoianlfed ddsr fndnu Aantunauilefival AE uax pss
Mo udmdonfulfnuremyTng3Rii kamswamouuanslivindt msnauny
Faufuve1 AE uaz PSS Thinmuenmsanntsunisvasinds i 18Anhinsnaunuuas

AE S0 pss adhilnadi il

unvInenaeaIny

PW-047 a1 16.00 - 16.20 1.

mafnmmamnlindanduemado
w35 v T 55n miogy suing weuSenusnd wns ik vosnes
ymaaituauansAnuondim sl Endsn luenmsSou suowsinld
witagn Wlfrasenms dumfunnens S unden il ihdans e Tendmelu
a1n13 Aes ailud e an i e m s e seins luswiTona
Fmgilsedamdadinnzng oms lwdssruvesarans Sou a1 darasdouniolu
st Inidaasdyudunsiifoy) Tnodudunis@owiluarnsSoudiuau 3 01msie
o1 A5 gy wamasa (e1a13 1) 015 30 TriUnu (9113 9) nazaTmTRELTIS Y
i (e1ms 5) uardmindeymnnaims S wasnudivesemslaz yduvy Al 1
st nass o fruaudonmsuas 2inned s iiwdsou Infirde Aty
onmmitliauada snmslimszidaganuduosinslivd et s Dhuaaai
a0 @93 L uaz 9195 a2 FauansTiui¥iarns s Thudmdsan i
gandamadouiug FeondayanuinnEndenudEen e T flunndus
Fansfunums IEndssmuarmsdiudyalsedninmms WwanmesenmsGouwas

amdnends luatnansa i

PW-048 a1 16.20 - 16.40 3.

wdnsfaudaand s idd i wiia 3 ola
audsed yaante Sriurhudt sisd tingae
wndnynl aFa1 uay 113 wupduln

imanaiiiiiauonisafiantos Sewdsnu il uaediddniete 3 s
wininea Tratlummiter luinrnau Tnsanafwad dsproaoraot 1 milseond 1#18huia
ilszaasa Qﬂmn{ﬁnq‘muluﬂs:nnumﬁm widaoms 3 iud g unssumuazis i ud
spiard Iddaludsezanasindggyinowideniludyyiuddnealng
TulnsnouInsaand saf Wozgnddllusnmatndivouoadd wum 16 Suinws 2
vssie aunriifendraanseldluffnnszualigegads 40 uemul’ Tusenulifh
nesudaALILY 3 i 4 e Winus s 380230 Taas casoden Inunnsusewa'lE 4

Tnuaiaeiy mudounen U iF e vazmmandanaa o e £5%

PW-049 1301 16.40 - 17.00 w.
Capacitor Location amd Size Determination for Reduce Fnergy Losses in a
Distribution Feeder of Lao PDR
Khamphoungum Tk, Panbatha Buaset and Jiftipath Trivanghulsei

Capaciter locarice and sz it diseibution systems is very impcrtan: for obeaining their
mazinmm potential benefits, This paper preseats a mothod to chtain the approrimate size and
location of capaciter ar any bus in the disteiburion feeder. The proposed method 4= bassd on
wrinimizing powee Tnsses in the diswibution system. The power loss optimization can also be
used to determing the approximate location and size of the capacitor bank embedded i the
distribution feedsr, inciuding power losses, total anaual cost, enstgy losses and the available
rating of capasiter barle. Results indicated that, the distributico systems are imgroved using the
proposed metand with a case srady: Visnrians provincs in Las PDR. Comgparison of dietribution

Fosder at peal-lcad bofore and after installing the capasitor show imgrovement of 2526 % on

‘total aonual ost, 33.28 % on power and energy losses. The proposed method can be a benefitin

the distribution systom analysis for planning and operation.
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Design of 10 kVA Dynamic Voltage Restorer by Three-Level Diode-Clamped Converter
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Abstract

This paper presents design of dynamic vollage restorer
(DVR) by three-level diode-clamped converter, The rating of DVR is
10 kVA, 380 V with 3 phase system, 15 Amax, and 10 kHz of
switching frequency. DVR can compensate the voltage sag within 0,1
second of sag duration. This compensator converter selected the three-
level diode-clamped topology for the harmonic reduction. The
simulation result shows that DVR can compensate the voltage sag
effectively. In addition, voltage output of three-level diode-clamped
converter can also reduce harmonic of voltage compared with two-level

converter.

Keywords: Dynamic Voltage Restorer, Three-Level Diode-Clamped

Converter
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Abstract

This paper presents the effect of the lead-acid battery in 10
kVA 380V 50 Hz Three-phase Dynamic Voltage Restorer. According
to the life cycle of energy storage device, the lead-acid battery is
considered in this paper. The study focuses on the performance between
ideal energy storage device and battery. The battery can effect to the
voltage production that the DVR cannot produce the correction voltage
at the desired time. The simulation results show that the load voltage
waveforms, that used the battery as energy storage devices in DVR, will
change when voltage sag occurred and DVR cannot produce the
corrected voltage waveform. These effects depend on the nonlinear

parameter, state of charge and output voltage control strategy.
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Abstract

This paper presents the analysis of DVR in 10 kVA 380 V
50 Hz Three-phase Dynamic Voltage Restorer. The comparison
between with and without transformers is considered in this paper. The
DVR operation with transformer has effect to output voltage waveform,
according to the phase shift and voltage drop. The simulation results
show that the magnitude of load voltage without the transformer about
1.0 p.u. more than with transformer. Moreover, it has not effect of phase
shift and no voltage drop. This study can be ensured that the effect of
transformer, that occurred on results, has o consider for DVR

application.

Keywords: Dynamic Voltage Restorer, Transformer, and Voltage Sag
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Abstract

This review presents voltage sag compensation by using the
Dynamic Voliage Restorer (DVR). It will operate at a voltage sag
occurs, The simulation results show that the DVR can compensate for
voltage sag as well. The vollage load during voltage sag is close 10
normal voliage (1.0 p.u.). In addition; DVR can also make the power

system better power quality as well.

Keywords: Dynamic Voltage Restorer (DVR), Voliage sag, Power
Quality
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Abstract
This paper presents the effect of Series-Connected Transformer in DVR Applications.
According to the DVR operation, the comparison of with and without series-connected
transformer is studied. The simulation results show that the magnitude of load voltage
without the transformer about 1.0 p.u. (per unit) more than with transformer. Moreover,
it has not effect of phase shift and no voltage drop. Therefore, it can be ensured that
the effect of transformer, that occurred on results, has to consider for DVR applications.

Keywords — Dynamic Voltage Restorer; Transformer; Voltage Sag.
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Abstract— This paper presents the effect of Series-Connected Transformer in DVR Applications. According to the DVR)
operation, the comparison of with and without series-connected transformer is studied. The simulation results show that the
magnitude of load voltage without the transformer about 1.0 p.w. (per unit) more than with transformer. Moreover, it has not
effect of phase shift and no voltage drop. Therefore, it can be ensured that the effect of transformer, that occurred on results,

has to consider for DVR applications.

Keywords— Dynamic Voltage Restorer; Transformer; Voltage Sag.

1. INTRODUCTION

Voltage sag is the one of power quality problems that
will damage production process, especially; the industry is
controlled by power electronics equipments. The voltage
sags in power system under [EEE 1159-1995 standard [1]
is the reduction of the magnitude of voltage supply in a
short time, since 0.5 cycles until a minute and return to

normal conditions as shown in Fig. 1. The rms value of

voltage between 0.1 p.u. and 0.9 p.u. compared with the
voltage of the system is 1.0 p.u. There are two important
variables, the magnitude and duration of voltage sag.

b

Voliage Swell Over Valiage

Transient

Normal Operating Voltage

Under Voltage

Voltage Sag
Sustained interruption

1)

Notch Transient

Instantancous | Momentary | Temporary

0.5 eyele 30 eycle 3 seq Tmin Event Durasion

Fig.1. IEEE 1159-1995 standard.

Dynamic Voltage Restorer (DVR) is the electrical
equipment, installed to compensate for the lost voltage
when voltage sag occurred, There are many researchers
studied and developed the DVR technique. Single control
loop technique is one of DVR technique which can
control the peak of voltage but it has problem in control
sensitivity and the presentation of control information [2].
Thus, DVR is not used injection voltage transformers and
capacitors DC-link can be self-recharged in normal
condition are developed. So if there is not transformer,
then the DVR has been reducing the size and costs [3].
After that a multi-functional DVR presented that in
addition to compensating voltage sag and voltage swell
can limit fault current and keep constant large variation of
the system frequency. But results showed that the
efficiency of compensation is not clear [4]. Although the

W. Chankhamrian is with the Department of Electrical Engineering,
Faculty of Engineering, Rajamangala University of Technology
Thanyaburi, Klong 6, Thanyaburi, Pathumthani 12110, Thailand,
E-mail: Wuth_p: yahoo.com)

K. Bhumk ch is with the Department of Electrical Engineering,
Faculty of Engineering, Rajamangala University of Technology
Thanyaburi, Klong 6, Thanyaburi, Pathumthani 12110, Thailand,
E-mail: krischonme.b@en.rmutt.ac.th)

results of research are able to compensate for the voltage
sag but the control of the DVR is still unclear. Therefore,
an attempt to reduce the complexity of the algorithm in
the control DVR and don't use transformers for Voltage
injection [5].

The study of the DVR, mainly will not mentioned
about the effect of the transformer. Knowledge,
Transformers has flaw is incur phase shift and voltage
drop. Moreover, the saturation of the transformer and
inrush current is cause need to use is the transformer with
rated 2 times the rated DVR [5]. Then this paper presents
the analysis of DVR and comparison between with and
without transformers. In addition, show that compensation
method is not using transformers. It has effective more
than with transformer. The presentation is the following
steps.

This paper is organized as follows. The analysis of
main performance of the DVR is described in Section II.
Simulation and results using the Matlab/Simulink
program is presented in Section III. And finally,
conclusion of the DVR is presented in Section IV,

2. ANALYSIS OF MAIN PERFORMANCE OF
DVR

DVR generally consists of 3 main parts: energy
conversion, energy storage and controller as shown in Fig.
2. Compensate method for the voltage of the DVR can be
classified into 3 methods [6];

1) Pre-Sag Compensation

2) in-Phase Compensation

3) Energy Optimization Technique

In this present work, Pre-Sag Compensation method
is selected because can compensate both the size and
voltage phase angle.

Control of DVR

Operation of control systems starting in occurred
voltage sag. Detector will verify it. When there are signs
it, the reference voltage generator part is created reference
voltage for comparison with the actual voltage in the
system. Afier, the voltage in this comparison will sent to
PWM in the compensating voltage generator & voltage
injection part for drive the converter, so it will inject
voltage into the system. Block diagram of the control as
show in Fig. 3.
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Fig.2, Components of the DVR
Series-connected transformer

Transformer acts as a power transfer from the DVR
to the load. Transformer consists of 2 sets of windings
around the core, which can be written in the equivalent
circuit as shown in Fig. 4 [7]. For the equivalent circuit
will be

Xo=E 11, (1)
Ry=E /I 2
Z =R, /IX, 3)
Z =R+ X 4)

From E,/E =N,/N =g we can move values from
one side to the other side. In Fig. 4 when the secondary
winding moved toward primary winding. We can write the
complete equivalent circuit of a transformer as shown in
Fig. 5. Parameters move from the secondary winding
toward the primary winding can be obtained from the
following equation.

I =ar, (5)

¥ =V;la (6)
R ~R/d @)
Eas A7 (8)

The complete equivalent circuit of transformer can be
evaluated VJ' from the ratio of the voltage;

A r‘lzzz v
’ Lz +1,Z,

The transformer is connected between converter and
power system will caused a phase shift and voltage drop
due to the drawback of the transformer. Moreover, the
transformer rate is 2 time of DVR rate because the
saturation of transformer and inrush current. Thus, the
transformer is large and expensive.

9

v

sosium, Chiang Rai, Thailand, 25-28 May 2011

voltage njection

Fig.5. The complete equivalent circuit of series connected

Fig.6.

transformer

current peak much
4 = greater than nonnal!

woxirmiately
| heightt

Current, flux and voltage waveform of series
connected transformer.

Fig.8. Circuit of occurred inrush current.
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Inrush Current

When transformer connected to AC power supply the
initial state will be surge current flow into through the
primary winding, called inrush current. This is similar to
the start-up of the motor suddenly.

When starting inject voltage to transformer, the
magnetic flux and current in the coil will start at zero and
gradually increases as shown in Fig. 6. So in the
beginning of transformer flux is approximately twice the
maximum size of the normal because the total area under
waveforms of the voltage in first half cycle. In the ideal
transformer, the magnetic current increases of
approximately twice the normal maximum as well
because generation magnetomotive force (mmf) which is
flux higher than the normal. Winding currents generated
mmf to cause flux in winding increases more than twice
the maximum value of normal flux. This is causing inrush
current in transformers. That requires a transformer rated
is the 2 times of the rated DVR. If the transformer has a
magnetic field residues in the core during the time of the
connection to supply makes inrush current may have
increased the intensity. From Fig. 7 and & the peak value
(1,,,) of the inrush current can be estimated as follows:

[10].
U

Liwp < m (10)
The rise time ¢, , is given by:
o, w lmth (1)
R R R
The time to half value ¢, is given by:
sy 0TX(R,  +RIXC +1,, (12)

Deestion am

Fig.9. Circuit Simulation of the DVR.

3. SIMULATION RESULTS

The simulation program is Matlab / Simulink. DVR
will be connected to the secondary side of transformers in
the distribution system as shown in Fig. 9. The defined as
fault in the power system at a time 0.1 seconds until 0.04
seconds, three-phase voltage 380 V 50 Hz, Swilching
frequency 20 kHz, C,=8uF, L, =2mH, R,=32Q,

C,,=6,600 pF , Criteria of the voltage sag |V|<198V,

sosium, Chiang Rai, Thailand, 25-28 May 2011

AB>1.85° or AB<1.75°and load is series RL, it has
value 13 Q and 19 mH respectively.

002 004 006 008 01
Time (s)

(a) Voltage power supply at occurred voltage sag.

01 012 014 016

006 008
Time (s)

(b) Compensation with transformer. ( R,, X', and Z,, are small)

002 004 006 008

0.08 0.12 014

008 01
Time (s)

(d) Compensation without transformer.

Fig.10. Compensation with DVR In case of a single-
phase fault at phase A to ground.

VAR AVA'S \\ :" A \
L) Y

012 014 016

008 008 01
Time (s)

(a) Voltage power supply at occurred voltage sag.

0.06

.12 014

008 01
Time (s)

(d) Compensation without transformer.

Fig.11. Compensation with DVR In case of a double-
phase fault between phase A and B.
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4. CONCLUSION

The comparison between with and without transformers is
considered in this paper. Simulation results showed that
the without transformers are performance better than with
transformer, because the voltage after the installation of
the DVR is about 1.0 p.u. compared with voltage of the
power system is 1.0 pu. For the compensated with
transformer, the key factors affecting the performance of
the DVR is impedance of the transtormer. If the large
impedance, the residual current in the transformers will
the voltage drop of the (ransformers were large.
Therefore, the size of the transformer should be selected
to the small mpedance can reduce voltage drop in the
transformer. Moreover, if build a prototype. The DVR
without transformers can reduce the cost of the
transformer.
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Abstract

This paper presents development dynamic voltage restorer (DVR) using three-
level diode-clamped converter for create voltage to compensate with switching
device is IGBT. Converfer controls injection voltage by using voltage regulafions, low-
pass filter for filter harmonics signal and reduce signal distortion from the DVR. It is
considered output voltage waveform of the converter. Simulation and actual fest
results show the effectiveness of the DVR to present. The output voltage waveform of
three-level dicde-clamped converter has a signal distortion less than output voltage
waveform of original two-level converter. Moreover, three-level diode-clamped
converter can also get a higher voltage range as well.

Key words: Dynamic Voltage Restorer, Three-Level Diode-Clamped Converter,
Voltage Sag
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ABSTRACT

This paper presents development dynamic voltage
restorer (DVR) using three-level diode-clamped
converter for create voltage to compensate with
switchmg  device 15 IGBT. Converter controls
injection voltage by using voltage regulations, low-
pass filter for filter harmonics signal and reduce
signal distortion from the DVR. It is considered
output voltage waveform of the converter. Simulation
results show the effectiveness of the DVR to present,
The output voltage waveform of three-level diode-
clamped converter has a signal distortion less than
output voltage waveform of original two-level
converter. Moreover, three-level diode-clamped
converter can also get a higher voltage range as well.

INTRODUCTION

Transmission power system is an important factor
and have essential for economic development and the
stability of Thailand, especially the development of
industries that require large amounts of electrical
energy. Transmission power system to supply the
electric power to the load must have high reliability.
If fault occurs m the power system will cause voltage
sag, voltage swell, interruption or disturbances that
cause rapid changes in voltage (Wanida, 2010}, From
the events above that causes the voltage difference of
the normally wave form, these affect to consumers
Most of the electrical load currently is sensitive to the
failure of the voltage, cause damage to the equipment
and information systems, including the loss of tme
and business opportunities affected hugely damage.
Considering the causes and elfects of power quality
problems to prepare to cope with this problem and
create equipment in order to optimize system
efficiency is improved.

The power quality problems that may affect the
electrical equipment such as small electronic devices
or other equipment contained in appliances, make
device is damage or cannot use i, depending on the
severity or type of problem. Short duration variation
is phenomenon that is changing the voltage or current
only a short time. Most caused by fault in power
system. Which phenomenon of power quality in this
group are voltage sag, voltage swell and voltage
interruption (Liu, T W. et al., 2003).

Therefore equipment will be used to solve the
problem this is Dynamic Voltage Restorer (DVR)

which is connected for the generate voltage to
compensate make load voltage is normal. DVR
control is required to detection the voltage sag to
calculation the voltage magnitude and frequency to
compensate correct. Present the various technologies
used to provide the features and performance the
hest. The important power system requirements are
operation rapid of the DVR, for sensitive load not
damaged or has been damaged the least.

In the recent past, there are many researches on the
DVR, such as design using a single loop control.
Which can control the peak of voltage but sensitivity
of control is bad. Tt also does not display details of
control (Liu, I W. et al, 2003). Then, proposed a
new method to the system. However, there is no clear
comparison to the past research (Awad, H. et al,
2003). Later has tried to demonstrate the mvestment
analysis of complex systems clearly, but also lack of
basic mformation mn order to understand easy
(Ghosh, A. et al., 2003). Although, results of various
researches can be compensate for voltage sag. Also
has unelear in the control of the DVR. Therefore has
tried to simplify the algorithm in terms of control
However, the converter is operating to make noise
and disturb the measurement signal (Kittiwat, 2006).

Therefore, this paper proposes development of
dynamic voltage restorer (DVR) by using the
topology of diode-clamped three-level converter to
reduce signal distortion from the DVR. The proposed
procedure is as follows.

VOILTAGE DIP OR SAG

Voltage Dip or Sag 18 the magnitude of the voltage
lower than normally voltage during a short period
and return to normal. Which that period is the
duration of the voltage sag, mainly, cause by a fault
in the power system as shown in Figure 1 or the start-
up of a large load. It has two important parameters,
namely the magnitude and duration of the voltage
SElg,

The voltage sags in power system under TEEE 1159-
1995 standard (IEEE Recommended, 1995) is the
reduction of the magnitude of voltage supply in a
short time, since 0.5 cyeles until a minute and return
to normal conditions as shown in Figure 2. The rms
value of voltage between 0.1 pu and 09 pu
compared with the voltage of the system is 1.0 p.u.
Mainly, cause by a fault in the power system as
shown in Figure 3.
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Figure 3 fault in power system that causes the
voltage sag

Voltage sag drop across load line can be obtained
from equation (1).

s )

When FV_ is peak value of voltage at PCC point

sag
when fault occurred

V. is voltage source

Z, is impedance between PCC point and
Fault point

Z_ is impedance between source and PCC
point

Fault in the power system are not only voltage levels
reduced but also the main reason that causes the
phase angle of the electrical equipment as well

(Phichet, 2007). This can be obtained from equation
2.

¢=tan’ Lo |_ ot Zet e )
R, R TR,

When Z, =R, + jX,is impedance between PCC
point and Fault point

Z; =R, + jX, is impedance between source
point and PCC point

¢ is voltage angle at PCC point
when fault occurred

Voltage Sag Lost Energy Index

Voltage sag will cause power losses in power
transmission systems, which can be found in the lost
energy index follow equation (3) (R.S. Thallam et al.,
2000).

S i o
W:{I—"’" i x;‘"‘,+{lf;—’} x:’;ﬁr{]fi{' } «r )
J

When W is lost energy index during
voltage sag occur

1

ar

V,,V. is amplitude of voltage sag for

each phase
is normally voltage at voltage sag

point

ot

T.T,.T. is duration of voltage sag occur

[

for each phase

DYNAMIC VOLTAGE RESTORER

The operation of DVR, initial will injected voltage
into the power system to peak voltage, frequency and
phase control at the grid points, to make the voltage
at the load has been equal to the normal voltage. The
structure of the DVR is show in Figure 4. Generally
consists of a converter, filter, transformers, energy
storage and control systems.

Injection
¢} Transformer Lz

and

Cantroller

[
1
1
1
1
1
1
: Detcetion
1
|
1
|
|
1

Figure 4 Components of the DVR
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Figure 5 DVR is like a voltage source connected in
series

Figure 5 shows the DVR, which is like as a voltage
source that can control the peak, frequency and phase
of voltage.

TInjected voltage series to the power system, reference
voltage injection of the DVR into the system will be
converted to a PWM signal to inverter operation. The
difference of the reference voltage, depending on the
sultability of various control methods. Is there a way
to compensate for the 3 methods (Ahmed A. Helal et
al., 2008) is
1. Pre-Sag Compensation: Magnitude and phase
angle of the load voltage after compensation with
DVR is the same as before the fault condition as
shown in Figure 6.

Figure 6 Fhasor diagram of Pre-Sag Compensation
method

In-Phase Compensation: The load voltage is
compensated by the DVR will have the same
phase of the load voltage after the fault as shown
mn Figure 7.

=)

Figure 7 Phasor diagram of In-Phase Compensation
method

3. Energy Optimization Technique: A method for
reducing active power. Phase angle of the
voltage injected into the system must be
perpendicular to the current line as shown in
Figure 8.

Figure 8 Phasor diagram of Energy Optimization
Technique method

Compared methods the 3 methods, it is obvious that
the magnitude of the voltage injected mto the system
of pre-fault compensation and minimum energy
optimization is larger than the in-phase compensation
methods, but The minimum energy optimization
method, DVR will use active power in very small
quantities. The pre-fault compensation method is
usecd active power larger than other method
However, 1t 1s the most accurate to compensate. To
simplify, we can split the components into 3 main
parts (Kittiwat, 2006) 1s the converter, energy storage
and controller parts.

Converter part

This part is used to generate a voltage compensate.
The mam component is the converter circuit. In
addition transformer may be included, if the
nstallation of power system has high and medium
voltage. Figure 9 shows the 3-phase DVR. However,
for power system has low voltage. It was not
appreciated used transformer connect to between
converter circuit and power system. Tt is a direct
converter to power system. Because of the
disadvantages of the transformer causes a phase shift
and voltage drop (ChaiChan, 2001). Tn addition
important problem is the saturation of the transformer
and Tnrush current, This makes requires transformer
size is 2 times of size of the DVR (Power-One
Power Supplies, 2000). As a result, transformer has
large size and expensive. In high and medium voltage
power system that, when used transformer will have
an 1mpact on the transformer as well.

 Sensitive Load
- “igia— Sho [ |

B Epn

¢
o

| ——
7 [

[

i
&

Figure 9 Circuit of the 3-phase DIR
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Diode-clamped three-level converter

Figure 10 Diode-clamped three-level converter
1-phase type

Diode-clamped three-level converter 1-phase type
shown in Figure 10 will has use a three-level of DC
voltage from the two capacitors connected mn series
for divide voltage of DC power supply. three-level
converter advantages over two-level converter is the
voltage levels increases, making output current with
low distortion and reduced Inrush current for the
switching device. Compared to the two-level
converter with a DC link voltage is same. Generate
pulse width modulation (PWM) method for mult-
level converter can divide to 3 types (Bhabam
Shankar Pattnaik et al., 2009) is
1. APOD: Alternative Phase Opposition Disposition
Triangle waveform adjacent to the phase
difference 180 °. Triangle waveform for three-
level converter is similar to generate PWM
method POD type as shown in Figure 11.

o

AYAVAYAY N NN NN

w oo bl-

Figure 11 Alterative Phase Opposition Disposition
(4POD)

2. POD: Phase Opposition Disposition
Triangle waveform above with below when
compared to the reference zero point will have the
phase difference 180 ® as shown in Figure 12,

A AP AR R NA N AR AR AR
3 YYVYVVY S MYVNVYVVVY
SAAAAAAARAAR AAARRA AR
SNV VV VIV YV VIVVIVVUYVY

0 w2 : INY o

Figure 12 Phase Opposition Disposition) POD{

3. PD: Phase Disposition
All triangle waveform must have the same phase
as shown in Figure 13

i IR IIA A A A AR A
= MV VYNVVY VYV VVY VY
AANA A A

=
—
ol
o)
—
>
—
>
=
=

VYV VYVVV VY VSV VYN
W2 E 3mz = In

Figure 13 Phase Disposition) PD{

From 3 techniques above, penerate PWM method PD
type will cause the least harmonics. So n this paper
select of techniques PD to generate signal as shown
in Figure 14. The advantages of this technique is.
Low frecuency of the harmonics frequency was born
the two times of the switching frequency. In addition
the two times of harmonics frequency of the
switching frequency will zero just remaining
Sideband as shown in Figure 15. Thus makes it easy
to filter.

P W o e W X WA W WL W W
- YV VYV UAATA'S AR R

ONAARRKANRAR
VYUYV VY VY VY YTy V
N2 T ® 2R

L
Tt HJI:IH.LﬁI H
5 mT“ H

b i 2 —gr” 2

w2 i

Figure 14 outpul of three-level converter using PWM
signal PD type

Zuw -5 Qi + 30

Figure 15 specirum of voltage using PIWM signal PD
bpe

Energy storage part

This part has Important for capability to compensate
for voltage sag in terms of load that can be received
and the time to compensate, Generally use capacitors
t0 be purchased easily and cheaply. Capacitor size
can be obtained from equation (4)

e 2L‘cum[mius}I:'L'm(r::m]tcumuunz) 4
e T I @
( busimes) h.‘?(mm])
When C,,. iscapacitor size
Vimm 15 maximum voltage that can be
compensate
I Is maximum current that can be

comitm e

compensate
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A 1S maximum duration can be
compensate
- — is maximum DC bus voltage
s 15 Minimum DC bus voltage
Controller part

this part is the most important in the compensation
voltage sag. Responsible for controlling the start or
stop the system and calculate the compensate for
voltage then send signal to the converter part to
operation. Operation of control systems starting in
occurred voltage sag. Detector will verify it. When
there are signs it, the reference voltage generator part
is created reference voltage for comparison with the
actual voltage in the system. After, the voltage in this
comparison will sent to PWM in the compensating
voltage generator & voltage injection part for drive
the converter, so it will inject voltage into the system.
Block diagram of the control as show in Figure 16.

Detection wnid
Reference

Lienerarion

Figure 17 Circuit Simulation of the DVR

SIMULATION

The simulation program is MATLAB/SIMULINK.
DVR will be connected to the secondary side of
transformers in the distribution system as shown in
Figure 17. The defined as fault in the power system
at a time 0.1 seconds until 0.04 seconds, three-phase
voltage 380 V 50 Hz, Switching frequency 20 klz,
C,=8F, L,=2mH, R,=320, C, =6600uF,

s

Criteria of the voltage sag |V|£ 198 V, AB>1.85° or
AB < 1.75%and load is series RL, it has value 13Q
and 19 mH respectively.

DISCUSSION AND RESULT ANALYSIS
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Figure 18 voltage compensation with three-levels

and two-levels converter, respectively. In case of
sigle line to ground fault at phase A to ground.
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Figure 19 voltage compensation with three-levels
and two-levels converter, respectively. In case of
double line fault btween phase A and B.
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From simulation compensation voltage sag the
results shown in Figure 18 and Figure 19. That
compensation by three-level and two-level converters
can compensate for voltage sag as well. However, in
the circuit used three-level converter, 1t 1s cbvious
that the harmonics frequency (fy,) 40 kITz and 80 kiz
15 less than used two- level converter. The total
harmonics distortion of voltage (THDy) is equal to
1.91%. For the effect of a single line to ground fault,
three-level converter is less than two-level converter
to 2.05%. In the three-level converter circuit the
THDy equal to 1.83%. This is less than a two-level
converter to 1.90% for the effect from double line
fault

CONCLUSION

This paper presents reduction of distortion signal
from the DVR by using three-level diode-clamped
converter. The simulation results show that the
voltage sag compensation by using three-level
converter proposed can solve the voltage sag problem
as well. Load voltage while the voltage sag occurs
has close to normmal voltage (1.0 pu). When
compared with the two-level converter that although
the voltage sag compensation is the same. However
Voltage waveform of the three- levels converter has
signal distortion is less than two- level converter. As
a result, the harmonics in the power system has less
as well.
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The Effect of Series-Connected Transformer
in DVR Applications
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Abstract

This paper presents the effect of Series-Connected Transformer in DVR Applications. Sizes of DVR are 10 kVA,
380 Volt and frequency 50 Hz. According to the DVR operation, the comparison of with and without series-
connected transformer is studied. To shows that without transformer can be operated better than with transformer.
Operation of with transformer will have an impact on the phase shift and voltage drop. The simulation results show
that the magnitude of load voltage without the transformer about 1.0 p.u. (per unit) more than with transformer.
Moreover, it has not effect of phase shift and no voltage drop. Therefore, it can be ensured that the effect of
transformer, that occurred on results has to consider for DVR applications. In addition if build the prototype can be
reduced cost of transformer.

© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of CEQ of Sustainable Energy System,
Rajamangala University of Technology Thanyaburi (RMUTT).

Keywords: Dynamic Voltage Restorer; Transformer; Voltage Sag

1. Introduction

Voltage sag is the one of power quality problems that will damage production process, especially; the
industry is controlled by power electronics equipments. The voltage sags in power system under [EEE
1159-1995 standard [1] is the reduction of the magnitude of voltage supply in a short time, since 0.5
cycles until a minute and return to normal conditions as shown in Fig. 1. The rms value of voltage
between 0.1 p.u. and 0.9 p.u. compared with the voltage of the system is 1.0 p.u. There are two important
variables, the magnitude and duration of voltage sag.
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Fig. 1. IEEE 1159-1995 standard.

Dynamic Voltage Restorer (DVR) is the electrical equipment, mstalled to compensate for the lost
voltage when voltage sag occurred. There are many researchers studied and developed the DVR
technique. Single control loop technique is one of DVR technique which can control the peak of voltage
but it has problem in control sensitivity and the presentation of control information [2]. Thus, DVR is not
used injection voltage transformers and capacitors DC-link can be self-recharged in normal condition are
developed. So if there is not transformer, then the DVR has been reducing the size and costs [3]. After
that a multi-functional DVR presented that in addition to compensating voltage sag and voltage swell can
limit fault current and keep constant large variation of the system frequency. But results showed that the
efficiency of compensation is not clear [4]. Although the results of research are able to compensate for the
voltage sag but the control of the DVR is still unclear. Therefore, an attempt to reduce the complexity of
the algorithm in the control DVR and don't use transformers for Voltage injection [5].

The study of the DVR, mainly will not mentioned about the effect of the transformer. Knowledge,
Transformers has flaw 1s tncur phase shift and voltage drop. Moreover, the saturation of the transformer
and inrush current 1s cause need to use 1s the transformer with rated 2 times the rated DVR [5]. Then this
paper presents the analysis of DVR and comparison between with and without transformers. In addition,
show that compensation method is not using transformers. It has effective more than with transformer.
The presentation 1s the following steps.

This paper is organized as follows. The analysis of main performance of the DVR is described in
Section II. Simulation and results using the Matlab/Simulink program is presented in Section 1. And
finally, conclusion of the DVR is presented in Section IV.

Nomenclature

DVR  Dynamic Voltage Restorer
pu.  Per Unit

rms  Root Mean Square

AC  Alternating Current

DC  Direct Current

IEEE Institute of Electrical and Electronics Engineers
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PWM Pulse-width modulation

mmf Magnetomotive force
Number of turns in the coil
Voltage induced in the coil
Current in amperes
Impedance of transformer

N

E

1

Z

R Resistance of transformer
X Inductance of transformer
v

Voltage input/output of transformer

a Ratio of transformer
U; the source and supply line impedance
t Time of inrush current

G Capacitance of the power supply
kHz  Kilohertz

MF Microfarad
mH  Millihenry
{2 Chm

2. Analysis of main performance of DVR

All DVR generally consists of 3 main parts: energy conversion, energy storage, and controller as
shown in Fig. 2. Compensate method for the voltage of the DVR can be classified into 3 methods [6];

1) Pre-Sag Compensation
2) in-Phase Compensation
3) Energy Optimization Technique

In this present work, Pre-Sag Compensation method 1s selected because can compensate both the size
and voltage phase angle
2.1. Control of DVR

Operation of control systems starting in occurred voltage sag. Detector will verify it. When there are
signs it, the reference voltage generator part is created reference voltage for comparison with the actual
voltage in the system. After, the voltage in this comparison will sent to PWM in the compensating voltage
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generator & voltage injection part for drive the converter, so it will inject voltage into the system. Block
diagram of the control as show in Fig. 3.

| 7 Injection 3 |
Vo | Transformer =gl Vi
Lead
[ Laan. H
I oY I
| Cf |
I {lan "
|
| e |
I Detection |
| and - -'q} |
| o Converter I
Controller |
I ) t "
: Energy |
| Storage I
DVR
— 8 ey B o
Fig. 2. Components of the DVR.
v
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transfrmation woltagre encrator
ABC /| v ap v ¥ dq ¥ ap
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T I -

uf dg ap ABC
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valtagre 1
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Accurate voltage ijection
Detection
Say viwnal
Fast _1

Deercetion

Sag detector
Fig. 3. Block diagram of the control of the DVR.

2.2. Series-connected transformer
Transformer acts as a power transfer from the DVR to the load. Transformer consists of 2 sets of

windings around the core, which can be written in the equivalent circuit as shown in Fig. 4 [7]. For the
equivalent circuit will be

T, =RT, M
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R,=E /I,
Z =R /X,
Z, =R +X,

@
3

C)

From E,/E,=N,/N =a we can move values from one side to the other side. In Fig. 4 when the

secondary winding moved toward primary winding. We can write the complete equivalent circuit of a
transformer as shown in Fig. 5. Parameters move from the secondary winding toward the primary
winding can be obtained from the following equation

|
SRR AN

- ©
v =V,la (6)
R =R,/ 7
X =X,/d (8)
R X

N |

Z jln
» .

Fig. 4. The equivalent circuit of series connected transformer.

Fig. 5. The complete equivalent circuit of series connected transformer.

The complete equivalent circuit of transformer can be evaluated ¥ from the ratio of the voltage;
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J = L v, (9
. LZ 457

The transformer is connected between converter and power system will caused a phase shift and
voltage drop due to the drawback of the transformer. Moareover, the transformer rate is 2 time of DVR
rate because the saturation of transformer and inrush current. Thus, the transformer is large and
exXpensive.

2.3, Inrush Current

When transformer connected to AC power supply the initial state will be surge current flow into
through the primary winding, called inrush current. This is similar to the start-up of the motor suddenly.

When starting injects voltage to transformer, the magnetic flux and current in the coil will start at zero
and gradually increases as shown in Fig. 6. So in the beginning of transformer flux 1s approximately twice
the maximum size of the normal because the total area under waveforms of the voltage in first half cycle.
In the ideal transformer, the magnetic current increases of approximately twice the normal maximum as
well because generation magnetomotive force (mmf) which is flux higher than the normal. Winding
currents generated mmf to cause [lux in winding increases more than twice the maximum value of normal
flux. This 1s causing inrush current in transformers. That requires a transtormer rated is the 2 times of the
rated DVR. If the transformer has a magnetic field resiclues in the core during the time of the connection
to supply makes inrush current may have increased the intensity. From Fig. 7 and 8 the peak value (I,,,)
of the inrush current can be estimated as follows: [10].

I o 10
Rtk .

The rise time ¢,,, 1s given by:

Lo
t,, = Ll* an
R R,
The time to half value ¢, 1s given by:
Trn ™ OTX (R + ROXC 41, a2
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current peak much
-~ greater than normal!

___flux peak approximately
twice normal height!

Fig. 6. Current, flux and voltage waveform of series connected transformer.

liftae p

P

linrn

§ o
w

Fig. 7. Inrush current waveform.

Fig. 8. Circuit of occurred inrush current.

3. Simulation results

The simulation program 1s Matlab/Simulink. DVR will be comnected to the secondary side of
transformers in the distribution system as shown in Fig. 9. The defined as fault in the power system at a
time 0.1 seconds until 0.04 seconds, three-phase voltage 380 V 50 Hz, Switching frequency 20 kHz,
C,=8F, L ,=2mH, R, =32Q, C, =6,600uF , Criteria of the voltage sag [V| <198V, A9>1.85° or

A0 <1.75% and load is series RL , it has value 13 Q2 and 19 mH respectively.
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Fig. 9. Circuit Simulation of the DVR.
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Fig. 10. Compensation with DVR In case of a single-phase fault at phase A to ground.
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(d) Compensation without transformer.
Fig. 11. Compensation with DVR In case of a double-phase fault between phase A and B.
4. Conclusions

The comparison between with and without transformers is considered in this paper. In Fig. 10 is
compensation with DVR in case of a single-phase fault at phase A to ground. Compensation with
transformer if R,.X, and Z are small will be compensated bad and if R .Y, and Z, are large will be
compensated bad and voltage drop as shown in Fig. 10(b), Fig. 10(c). In Fig. 10(d) showed that
compensation without transformer will be compensated very well. In Fig. 11 1s compensation with DVR
in case of a double-phase fault between phase A and B. Compensation, both with and without
transformers in this case same as in the previous case. Therefore Simulation results showed that the
without transformers are performance better than with transformer, because the voltage after the
installation of the DVR is about 1.0 p.u. compared with voltage of the power system is 1.0 p.u. For the
compensated with transformer, the key factors affecting the performance of the DVR is impedance of the
transformer. If the large impedance, the residual current in the transformers will the voltage drop of the
transformers were large. Therefore, the size of the transformer should be selected to the impedance
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suitable can reduce voltage drop in the transformer and better compensation. Moreover, if build a
prototype. The DVR without transformers can reduce the cost of the transformer.
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