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A voltage disturbance generator with phase jump for the

test of power quality improving devices

Byung-Chul Lee

Department of Electrical Engineering, The Graduate School,
Pukyong National University

Abstract

In this paper a new voltage disturbance generator with phase jump function
1s proposed.

Power quality disturbances such as voltage sag and swell, outage,
voltage unbalance, over and under voltage, periodic voltage notching, and
harmonic distortion happen frequently with the increase of industry
application. The voltage sags are power system events that present a
temporary decrease in the rms voltage magnitude in one or more phases.
Voltage sags are caused by a short duration increase in current
somewhere in the system for instance, during faults, motor starting and
power transformer engineering. Equipment used in modern industrial plants
(process controllers, programmable logic controllers, adjustable speed
drives, robotics, etc.) is actually becoming more sensitive to voltage sags
as the complexity of the equipment increase. Even relays and contactors in

motor starting mode can be sensitive to voltage sags, resulting in shut

- Vil —



down of a process when they drop out. To reduce the power quality
disturbances custom power devices such as dynamic uninterruptible power
supply, dynamic voltage restorer, distribution static compensator, dynamic
sag correctors have been proposed. To test the performance of these
devices power quality disturbance generator is necessary. Usually the
conventional generators are too expensive to use in general purpose.

The proposed generator can provide phase jump as well as voltage
sag, swell, outage, and unbalance conditions. The generator has good
features such as cost effective hardware setup, simplified structure, high
reliability and efficiency, no switching losses, and easy control. Operating
principle and characteristics are described and analysed. The usefulness of
the proposed voltage disturbance generator is verified through simulation

and experimental results.
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Fig. 5-3 a-phase source voltage and 3-phase output voltage in case of

Outage (200V/div., 50ms/div.)
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Fig. 54 Source voltage and 3-phase output voltage in case of
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50% sag generation (500V/div., 200V/div., 20A/div., 50ms/div.)
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Fig. 5-11 30 degree phase jump generation(lagging phase)
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Fig. 5-14 15 degree phase jump generation(leading phase)

(100V/div.,20ms/div.,20A/div.,2ms/div.)
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Fig. 5-15 30 degree phase jump generation(leading phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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Fig. 5-16 45 degree phase jump generation(leading phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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Fig. 5-17 60 degree phase jump generation(leading phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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a9 5-18 60° A H A Fof(100V/div.,10ms/div. 20A/div.)
Fig. 5-18 60 degree phase jump generation section zooming
(100V/div.,10ms/div.,20A/div.)
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Fig. 5-19 30 degree phase jump generation section zooming
(100V/div.,10ms/div.)
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Fig. 5-20 10 degree phase jump generation(lagging phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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Fig. 5-21 30 degree phase jump generation(lagging phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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Fig. 5-22 40 degree phase jump generation(lagging phase)
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a9 5-24 15° $745 (A4 100V/div.,20ms/div.,20A/div.,2ms/div.)
Fig. 5-24 15 degree phase jump generation(leading phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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1% 5-25 30° §7E () 100V/div.,20ms/div.,20A/div.,2ms/div.)

Fig. 5-25 30 degree phase jump generation(leading phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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1% 5-26 45° 971 (00V/div.,20ms/div.,20A/div.,2ms/div.)

Fig. 5-26 45 degree phase jump generation(leading phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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Fig. 5-27 60 degree phase jump generation(leading phase)
(100V/div.,20ms/div.,20A/div.,2ms/div.)
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a9 5-28 30°,60° AEW R S (A7) (100V/div.,10ms/div. 20A/div.)
Fig. 5-28 30, 60 degree phase jump generation section zooming
(lagging phase)(100V/div.,10ms/div.,20A/div.)
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(a) 30° =3t
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a7 5-29 30°,60° 914w ¥ g Gl (X174 (100V/div.,10ms/div.,20A/div.)
Fig. 5-29 30, 60 degree phase jump generation section zooming
(leading phase)(100V/div.,10ms/div.,20A/div.)
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APPENDIX

A. SCR =9 A ¢ W]
ol 29t SCR =9 A,

2=

=

el

B
TV
el
Caal
o

s

oF

R

i+
el
oV

X

Ton
pu

O

il

o

Phase Shift: @) &®)

Sag : M &®

|

®

,60,

Seal
Sea?

>
=%

Sa?
SpaZ

Va
Sal
Spal
Fig. A-1 Transformer connection

S

o] VrEbrkr)



B. DSP AojH =
DSP+= TMS320F28125 Al83F o™, TMS320F2812+ vlola 2+
EZg A DSP oz 1% B-1loA] Hol:x AXH AojFo =

o 7lss A Fol Eddeta lol v estA Ao] 7]

Al

8% o
5 AT 7 AvH27, 28] AlojE ¢3¢ DSPO dH#Hol~E 19 B-2
o} Zo] FA 8T

¥ B-12 TMS320F28129] 71%5S ®ola ¢t}

DSP core
+JTAG _
+18k DARAM | Logic Flash Memory
IIF 64k X 16 bits
Memory
IIF
P bus I/F
|
\
Event
manager SPI scl CAN WD ADC Interrupt o]
(EV2) Reset &C Registers

19 B-1 DSP9 W44

Fig. B-1 DSP inner construction

,61,



A

k]
o
+
X
o2
1>
Lo
[-‘O
r>«
o
ol
o
=)
—_
Q1
(@)

TMS320F28122 32-bit 4k9]

{

MIPS®| dAit&rz Zz2adls ddsta v A/D AWEH 2= 12-bit

16129 A/D HAHE(A/D converter)E 7FA1 o wWHYHEAYG

(Va), BFALAFTa)e) A/D NSel Agatn 9z, fxgde wae
e DSPUlel A 2919 AR sobabiul AgHth 1% B-2: 9

=

AHT Analog A2 9 s ooz dHete] Adsol = 24

X

=2 7] (Isolation Amplifier HCPL-7800)2 % ¥3le] A/D B E o &
% Ay Differential Amplifier 23 & A/D Aol 4= H},

Digital JOE X og] /e LEE zta g9lon o]E A& photocoupler
= E3) 9o} Ay|Hog HAFo] 9

DSP coredl & IEEE1149.1 7279 JTAGJoint Test Action Group)

AE #AEo] 9do] JTAGE scan-based emulator®t 5418 dlo] T 21
@ Jjdto] golstEE wo] gltl. TMS320F2812¢] & 270 ¢ SCI(Serial

Communication Interface) 2 E7} ¢ om 3t} SCI= Ao 9=
Host Computer2te] S2lza1d=2 20]3 9ty Yo Al shr}o|Ae SCI

/& ANFZE Ao AT RSA5 AL 93 Isolated RS-485 <

,62,



1 Emulator
isolation:barrier T JTAG
|
|
: SCI
e Amplifier
._,_ﬂﬁh_* Level AD
(PT) ! shifter
]
I
I
I
: yop— CAN
mplifier
; HICPL
cn | -te0 [ A
b ter
H TMS320F2812
|
|
I 10
& HICPL .
voltag—™ _7800 [ Amplifier AD
e I
divider) :
|
I QEP
T
v Dillerelrfiai AD
(=12 .A?Tlpllfler
|
I
I
! PY¥M
p— ?E&j—-nmmma- AD
icn

I
isolatiop barrier

05
14804

CAN SH

¥

-+—MC1, MCZ Control

—_————]—

|
CD“% & (Digital output)
i
|
I
I
1
phuqn— Temperature,
cougler Puse Encoder
1 (Digital Input)
|
|
|
! PYAM1 -PY 12
TiPY- TPV
Optical | 1 Gonte
— -
Fibkr Drive

Contrmol Power Supplyl

Control Power Supplyll

1% B-2 DSP QlE ¥ o]~

Fig. B-2 DSP interface

,63,



3 B-1 DSP Alol7] (TMS320F2812) A%

Table B-1 DSP controller (TMS320F2812) spec.

7l & A % 4+ =
SARAM 18K x16bits o] g H E g
Memory Flash 64Kx16 bits = mg3
WFUF ALY (Va) | 370
Analog I/O | A/D channel | 12bits, 16 ch. WFHHAF (o) | 37
/O 9 channels |[SCR Gate drive =%
Sequence control,
SCI 2 ch.(4 lines) | &% E41(RS-485)
N RS-232C
Digital 1/0 CAN Ich.(2 lines) | W% At A3 &9
=g
Parallel 4 vorts MC; ul\lfco]j“
digital 1/0 b autt =,
Emulator Pot JTAG 7 pins Emulatorel] 14

Aol Al AXH Ao Aol DSPR YEFHE+= RE A= 1
2 B-20A HE AAH AAZSZ7)(HCPL-7800,AD202), Photocoupler(PC817,

TLP550), Isolated Communication chip(MAX 3480B), Optical Fiberg &3l #

7|Ho g HAr o] glon ol Fa| ARyl Ao FH 2ol i
Z5% Noise Marging ZYes AAEo] Qr} =k A|oj7]o A ALg3stal A=

AP Ao] B Foa] DSPE FA4 0% 3 R 5VE ALgEom, Ao

BEol A FRE 2R CT F2E 15VE AHEarh

,64,



o AA Bz

=

C. Aloj

a9 C-2 olXA"E ACS

DSPE. E 9

<3
T

olFow AHdA

A 3] = ¢}
212 Band pass filter(BPF)

=]
=

bl 7150w ¢

F3}s

527 (HCPL-7800)<=

79 %

N

=
o

N
Hr

o]

g 2%

2.719A)

Aol A AC capacitor(20 4F, 370 V.,

=
=

A3 AaAFHomR BPFE AXA @i, mpx|ut

B

el

DSP2]

7]

3Z
=

o] Level shifting %

Ao gt

=2 A

o
——lv—‘

M= A7

o
AL

o]x

400 : 5.45

+1.5V

.

Transformer| |:> \I;;)"lr}a%e |:> HCPL7800 E:> Differ. Amp E> mming E:> B

1.5

0.1875:

a

Fig. C-1 AC input voltage ( » ) measuring circuit

,65,



o[N
|
~N
1o
i
8
>,
fol

3)

a9 C-491 A== DSPe Digital output Al

=
Relay®] z=#3 =z HA7FE Aolste], ddole HAS ON/OFF Ao

-

= uA T 9 [evel shifting =Z7]15 3 Z

|

o wEold ¥ DSPY A/D AWE Y e g

25:0.025 12 01 1:8 111 +1.5V
HALLCT | )| Yons® |[CD{HCPL7800 [C)|[Differ. Amp [Cofamm ™™ [Cyjanc

aY C2 AC YRR () FAE

a

Fig. C-2 AC input Current ( ;,) measuring circuit

Digital 8 % Relay 753 2

= PhotocouplerE %

ol
=

i

,66,



A+15V
N~

R?
R? 100
7 »
D2 c? - 1
INd1484K K? Tm :
+5V
2 | CON3

5 PC?
U2A R? 220 1 4
v

1opea [ >—1 />02 2 S‘Z\K_ 3 RELAY SPST
T = "L

a9 C-3 Relay 7+%53 =2

Fig. C-3 Relay driver

4) SPIE o] &3 DAC3 =

TMS320F28122 Z=2 038 A A UF9 WHyghs ojd=z1 A%
2 =937] Ysll, SPI £Eo] DACR420 Digital-to-Analog ConverterZ
AAste], FAl 470 WS old =2 AsHeE 4T 5 YA o)
At} 3 BNC connector® =@ 3}7A o] oAz rmTrg udls =3
S o gFZoll ZskA sk

uss8

VvCC_15P 1
———— VDD
7 DACOUTO
VOUTA H——F—F———
VREFHI 5
—————— 2 VREFHI
VREFLO 4
- | VREFLO 6 DACOUT1
vouTB o————————
LOAD_DAC —
LoAD DAC 14 15
SPISIMOA 10 3 DACOUT2
= sDI vouTc ———————
SPICLKA
SPIcLkA 11 | ok
12 | —
cs 2 DACOUT3
— vouTD FE———————
vce
e 186 ) cisEL
CLR_DAC P
SR DAC 15 1 &5TR
VCC_15N
vec IoN 8 VSS NC L(
DAC8420

13 C-4 SPIE ©] &3 DAC £93|=
Fig. C-4 DAC output using SPI

,67,



5) SCR *+&53 =

19 C-9% SCR 75 & ACE =ilo]u ]
=9 N3e 2 Edzo AF7 55 F
TE97F S0l

UIA
SCRSIAY) L 2_RLAAR 1

g Folt}, DSPAA Y&
AEE 20kHzo| F 3

J

o

U2 SCRSIA

7404

R4
47K

a9 C-5 SCRTH&53 =
Fig. C-5 SCR driver

,68,

N TIP4Lc




	표제지
	목차
	초록
	1. 서론
	2. 제안한 방식의 회로
	2.1 제안한 전력품질 외란발생기의 회로구성
	2.2 커뮤테이션 허용구간 분석

	3. 전력품질 외란 발생기의 동작원리
	3.1 새그, 스웰, 순간정전 발생원리
	3.2 전압불평형 발생원리
	3.3 위상급변 발생원리

	4. 시뮬레이션 결과
	4.1새그, 스웰, 순간정전, 전압불평형
	4.2 위상급변

	5. 실험 결과
	5.1 새그, 스웰, 순간정전, 전압불평형
	5.2 위상급변

	6. 결론
	참고문헌

