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! electromagnetic compatibility
* . Interruptions

3. voltage sags/swells

*voltage Distortions: Harmonics
>, Transients

S voltage Fluctuations: Flicker
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PQ Condition | Standards Category IEEE Standards IEC Standards
Harmonic Ervironment/Compatibility | none [EC 1000-2-1/2
Voltages and Frmission/Tnmumity Linits | IEEE 519 [EC 1000-3-2/4 (555)
Cwirents Tests & Measwrenent none [EC 1000-4-7/13
(resonance, TIF Tnstall Mitigate Practices IFEE 519A IEC 1000-5-5

and notching) Conponent Heating [EEE/ANSI C57.110 | none
Voltage Level Emvironment/Compatibality | IEEE 141, 241, C84.1 | TEC 38/BTTF 68-6
(regulation, Emission/Tnmumity Limits | ANSTC 84.1 [EC 1000-3-3/5 (555)
unbalance, Tests & Measurenment none [EC 1000-4-1/14/15
fhicker, and Install Mitigate Practices | IEEE 141, 241, 1100 | IEC 1000-5-X
thictuations) Light Flicker IEEE 141, 519 TEC 868 (1000-4-15)
Momentary Environment/Compatibility | IEEE 1250 TEC 1000-2-4
Under Emission/Tmumity Limits | TEEE P1346 IEC 1000-3-3/5 (555)
Voltages Tests & Measurement none IEC 1000-4-1/11
(sags. dips) Install/Mitigate Practices | IEEE 446, 1100.1159 | IEC 1000-5-X

Fuse Blowing/Upset IEEE 242 protection | IEC 364

Transient Environment/Compatibility | IEEE/ANSI C62.41 | IEC-1000-2-5
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Voltages Tests & Measurement IEEE/ANSI C62.45 | IEC-1000-4-1/2/4/5/12
(surges and Instal/Mitigate Practices | C62 series, 1100 IEC 1000-5-X
TOV) Insulation Breakdown IEC 664 (creep, clear)
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Source impedance

Zs = R+jX
Fluctuating load Fluctuating Voltage
current Vd
Id

AV =1d Zs = Id (R+jX)
AV = PR+XQ (in per unit)
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DAL Gl 0o oy A=Y S 50 10500 O ygo as polie (pl .ol o ools yLas

Sdaxly ) ades Gl (omye 9 (owgien Slids do s polie V- Joux

Hz Voltage fluc tuation(%o) Hz Voltage fluctuation(%o)
sinusoidal rectangular sinusoidal rectangular
05 2.340 0514 10.0 0.260 0.205
1.0 1.432 0471 105 0.270 0213
15 1.080 0.432 11.0 0.282 0223
20 0.882 0.401 115 0.296 0.234
25 0.754 0374 12.0 0312 0.246
30 0.654 0.355 130 0.348 0275
35 0.568 0.345 14.0 0.388 0.308
4.0 0.500 0.333 15.0 0.432 0.344
4.5 0.446 0.316 16.0 0.480 0.380
50 0.398 0.293 17.0 0.530 0421
55 0.360 0.269 18.0 0.584 0461
6.0 0.328 0.249 192.0 0.640 0.506
6.5 0.300 0.231 20.0 0.700 0.552
7.0 0.280 0.217 21.0 0.760 0.603
75 0.266 0.207 22.0 0.824 0.657
80 0.256 0.201 230 0.890 0.713
88 0.250 0.199 24.0 0.962 0.767
9.5 0.254 0.200 25.0 1.042 0.822
10

? — sinusoidal

E — rectangular
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g Sllagi @y 7o, Sls o gl 5 gy V-V Jgoor

(input relative voltage fluctuation AV/V for one unit of perceptibility at output 5)

Veltage fluctuation Valtage fluctuation
Hz % Hz %
1202 lamp 2302 lamp 120 lamp 2302 lamp
60 Hz system 50 Hz system 60 Hz system 50 Hz system

05 2,457 2,340 10,0 0339 0,260
1.0 1,453 1,432 10,5 0355 0,270
1.5 1,124 1,080 11,0 0374 0,282
20 0,540 0,882 11,5 0,354 0255
25 0,814 0,754 12,0 0,420 0312
30 0,716 0,654 13,0 0,470 0,348
35 0,636 0,568 14,0 0 530 0 388
40 0,559 0,500 15,0 0593 0,432
45 0,514 0,446 16,0 0 662 0,480
50 0,455 0,358 17,0 0,737 0,530
55 0,428 0,350 18,0 0815 0584
6.0 0,393 0,328 15,0 0,857 0,540
65 0,366 0,300 20,0 0 581 0,700
7.0 0,348 0,280 21,0 1,071 0,760
75 0,332 0,266 22,0 1,164 0,824
80 0,323 0,256 230 1,262 0,850
88 0,321 0,250 240 1,365 09862
a5 0,330 0,254 25,0 1,472 1,042
3333 Test not required 2,130

40,0 4,424 Test not

required

\a
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o Slleg a4 e s o3 dle i ol Y-V Jgo

(input relative voltage fluctuation AV/V for one unit of perceptibility at output 5)

Valtage fluctuation Veltage fluctuation
Hz % Hz %
120 V lamp 230V lamp 120 WV lamp 230V lamp
60 Hz system 50 Hz System 60 Hz system 50 Hz system
05 0,600 0,514 10,0 0,254 0,205
1,0 0,547 0,471 105 0,280 0,213
1,5 0,504 0,432 11,0 0,297 0,223
2.0 0,471 0,401 115 0,309 0,234
25 0,435 0,374 12,0 0,323 0,245
3.0 0,421 0,355 13,0 0,359 0,275
35 0,407 0,345 14,0 0,411 0,308
4.0 0,354 0,333 15,0 0,455 0,344
4.5 0,37 0,318 16,0 0,513 0,378
5,0 0,34% 0,293 17,0 0,580 0,413
3.5 0,323 0,269 18,0 0,632 0,452
5.0 0,302 0,245 19,0 0,692 0,458
55 0,282 0,231 200 0,752 0,548
7.0 0,269 0,217 21,0 0,818 0,586
75 0,258 0,207 220 0,853 0,504
80 0,255 0,201 230 0,245 0,680
88 0,253 0,199 240 1,072 0,743
85 0,257 0,200 3333 Test not 1,67
req uired
40,0 3,45 Test
not required
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Slyzl 251 ol pon ) pgas po (ob slaslidy polie :F-Y Joonr

Rated input voltage =30 % +20 %
Vr.m.s. Vr.m.s. Vr.m.s.

57,7 40 68
100 70 120
115 80,5 130
120 84 144
127 89 152
160 112 192
220 154 264
230 161 276
240 168 288
380 266 456
400 280 480
420 294 504
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230 V lamp 120 V lamp

o 50 Hz system 60 Hz system

k 1.74802 1.6357

A 2m . 4.05981 2m . 4.167375

Wi 2w . 9.15494 2m.9.077169

w2 2m . 2.27979 2m . 2.939902

w3 2m . 1.22535 2w . 1.394468

Wy 2m.21.9 2w . 4.05981

¥¥



O 65 o3l sleeds, 5 S8 = poo Jab

Lamp- eye system

[}
o
2
S
(@]
©
=
50 S [ A R TR T
g o NC SRR SRR R L EEREE
S | ‘ : | | |
()] -50 7777777 - NG~~~ — === === |- === - - 4-—-—-——- 4 -—-—-—- -
[2] | | | | | |
g I I | I I I
L -100f------ e eannT N
Ao
0 5 10 15 20 25 30 35

Frequency (Hz)

5,000 cdg YT oY (gl (TV-T) sl a Jloged YO-Y S

JUCT Iy WY

@Moﬁ%),b)t&b)lS&l.aﬁ@Mbo&mowwq%m‘)w

AV c . : - .
LS‘)" 7 w )LJs g u‘s...c L as 6)‘5 o)‘._\.s‘ ods..\m ‘)).n.)..a < u)yo )L,.lj L)L""y Al

5 )é ‘) M)Q T‘5\ ‘—&—Y—\—‘/aﬁdu.o sdg.{:) <? QL"" )JJ.Q A/A u.ulfjs l.) qujM wa T

oS (0

Ol gt yiud g (o p0 0SS 0 p6 —A-V-IV-Y
10 (oo ploxl ) Jos g0 ¥ Sol,
b e ol &8l o 15l bailey o0 ¥ gles au ) 0als ools 59 S UK -

Dgd (o0 Gilw dd e~

o



O 65 o3l sleeds, 5 S8 = poo Jab

S 3l e i 5o alidlo 51 6 03905 (55 Lawgie ) Jiwr (38 bagie yilid
Aa\j.u [ JW.:L» asls ‘5’>5).‘> 6‘).) 2 9 (59,9 6‘).; e 6%[5 dJiLo.C 00 giro ..\.:L’ IRVELY e c.ala
Ceaglie) s S 53 lawgie ild amo gl 095 0 1y Foa MA o (Spdy BB LS glan
A3l o 4 e ¥+ ey i gl 450 35 ol (sl
tjﬁ)&}lg ‘S)LQT J.J:u rg.uv)gi” =Ye-¥V-Y-Y
Fr Jolas 0,5 pll Jlious Gygo a0 9 F Sel g5 5l eolatnl b b )l Judos
Slass Plas 9 7 ply (25,5 Slete slaws Jlas il 4l )0 wiged 00l b ()10 aiged
WAV G JURNVI P T AP
Job o 0o, 3l aS grezs Jloim| ali 0o, o YL L Hblis mhaw ¢ el 4> p0 0 bLS )|
el 00l 00ld HLis £-Y Jgaz 0 ool Caws 4 S8

o5 Jlesml mli ooy o YL L jblie mhaw ¢ ,eiSlo az 1o o bLS 1= g

i (%) Senzation levels in units of
v perceptibility threshold
05 1
L 16
2 64
5 400
10 1600
20 6400

5 ! 453 1051+ 305) (ot 15 = T

PR Lo, Y ol gl Ve A QT Saae yiSTas .ol Tohort ! Prmeo o pao 3L Tiong

Ll 4288 ) )-3‘)-3 Tshort

Loog Cugby i 3l oliws 5,15 slo cogusmo —1)-Y-1V-Y
o il a0 40+ U=V 0 )15 sles oogaxe -

oSl a0 DO B -V e s Sledlbl (g5l 0,53 6l )15 (slos oogue -

720 G /Y0 O (o wyb) 00gde —

¥5



O 65 o3l sleeds, 5 S8 = poo Jab

olKwe .b)ﬂ.o.c US”)T -A\Y-Y
g il F U lo Sl vgusme Wb olSlwd o9 Joud BB yss (gl ol o b,
S ek 4 yolie SGSTG o,S S (off-line L on-line) il Sl e o Wlgh 0 O Sebs

A3l ) b (g S g 998 el Jgaa 50 35290 polie jlplaS e (ol b Ces

il e Joed BB olKius s w5 35l 10 5l las iSTas laie S

(P @ )30 1) o litog yiSIl (5 )5 5l 4 bgypo (sl (9051 —1-A-1Y-Y
53 smboliiag iSU Ml 50 ye,Sld Cudgan a8l jshate 4 a3V sla gej]
TTB 5 TTA slo acgeme ) lawgs o Slislesl cpl 5l (S ool ool ad> V-V oo

Oy A g A 4 (Sg STl e az e dlais a5 oad sling B3 (nl cov lasbel ol

Test Interfrence imnmuity tests Note | Testvoltage!
No. (provisional) g Application mode
a b

1 Dielectric LV rms 2 -
2 -..;:5; Insulation resietance IV d.e 0.5 -
3 g E Topulse voltage 1.2/50ps IV peal 2 1
4 Mains frequency Vorams (2) 250 -
5 Tipulse voltage 1.2/50ps IV peals | (7) 2 1
[ »| Low-voltage tramns(l kHz to 1 MHz) V peak 8) 100 -
7 T..E % Damped oscillatory waves at 1 MHz KV peak | (3) 1 0.5
8 '?‘z ‘*g Fast transients with low energy IV peak | (6) 2 2
o |3 E Interruption of a.c. power supply ms (8) 1to 10
10 Static electricity discharges IV 4 15
11 g, Mawms frequency Afm 8 500
12 | 5 =| Impulse 8/20 ps Afm peak | (8) 500
13 % '% Damped oscillatory waves at 1 MHz Afm peak | (8) 50
14 | @ £[Radiated H.F. (20 MHz to 500 MHz) V/m (5) 10

v
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Measurement method 1

Sim- Voltage: Flicker power [1[W]

ulation |Carrier ampl. / mod. % / mod. freq / ¢,/

No. Calculated results / simulated results /
Current: relative error

Carrier ampl. / mod. % / mod. freq / ¢;/

1.1 Voltage : V2230V / 20% / 8.8 Hz / 0° 92W /92W / 0.0%
Current : V2-10A /20% /8.8 Hz /0"

1.2 Voltage : Y2230V / 20% / 8.8 Hz / 0° 0.0W /0.0W/0.0%
Current : V2-10A /20% /8.8 Hz / 90°

1.3 Voltage : 2:230V / 20% / 8.8 Hz / 0° =02W /-02W / 0.0%
Current : V2-10A /20% /8.8 Hz / 180"

14 |Voltage : V2:230V /0.25% / 8.8 Hz / 0° 14.4mW / 14.4mW / 0.0%

Current : V2-10A /0.25% /8.8 Hz /0°
Voltage : V2:230V / 0.25% / 8.8 Hz / 0° 0.0W /0.0W / 0.0%
Current : V2-10A /0.25% /8.8 Hz/ 90°
1.6 Voltage : \2:230V / 0.25% / 8.8 Hz / 0° -14.4mW / -14.4mW / 0.0 %
Current : ¥2-10A /0.25% /8.8 Hz/ 180°

Jdo a0 Soo8 Gl SO (Jg a0 LIS Y gy slp 1) YL cEs Y-V Jgo rioren
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Measurement method 2

Sim- | Voltage: Flicker power 1 [W]

ulation | Carrier ampl. / mod. % / mod. freq/ ¢,/

No. Calculated results/ simulated results./
Current: relative error

Carrier ampl. / mod. % / mod. freq / ¢,/
1

21 Voltage : V2-230V / 20% / 8.8 Hz / 0° 92W /92.23W /0.25%
Current : ¥2-10A /20% /8.8 Hz/0°

2.2 Voltage : \2-230V /20% / 8.8 Hz / 0° 0.0W /0.0W / 0.0%
Current : ¥2-10A /20% /8.8 Hz / 90°

2.3 Voltage : V2-230V /20% / 8.8 Hz / 0° -02W /-91.77TW / -0.25%
Current : ¥2-10A /20% /8.8 Hz / 180°

2.4 Voltage : V2:230V /0.25% / 8.8 Hz / 0° 14.4mW / 14.2mW / -1.4%
Current : ¥2-10A /0.25% /8.8 Hz/0°

245 Voltage : V2-230V /0.25% / 8.8 Hz / 0° 0.0W / 0.0W / 0.0%
Current : ¥2-10A /0.25% /8.8 Hz/ 90°

2.6 Voltage : V2:230V /0.25% /8.8 Hz / 0° -14.4mW / -14.2mW / 1.4%

Current : ¥2-10A /0.25% /8.8 Hz/ 180°
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Measurement method 3

Sim- Voltage: I [W] Figure

ulation | Carrier ampl. / mod. % / mod. fraq / @,/ No.

No. Calculated results/
Current: simulated results’
Carrier ampl. / mod. % /mod. freq /¢y /  |relatve error

31 Voltage : V2230V /200 /8.8 Hz / 0° 2W/O1W /1. 1% 221
Current :v2-10A /20% /88 Hz/0°

3.2 Voltage : V2:230V / 20% / 8.8 Hz / 0° 0.0W / 0.0W / 0.0% 299
Current @ v2 10A [ 20% /8.8 Hz / 90°

3.3 Voltage : V2230V /20% /8.8 Hz/ 0° S02W 01 -1, 1% 3973
Current ; v2- 104 /20% /88 Hz / 180°

3.4 Voltage : V2230V /0.25% / 8.8 Hz / 0° 14.4mW /[ 14.2mW / -1.4% 374
Current : w2 10A /0.25% /8.8 Hz /0~

3.5 Voltage : V2230V /0.25% /8.8 Hz/0° O.0W S 0.00W [ 0.0% 305
Current : v2-10A /7 0.25% /8.8 Hz / 90°

3.6 Voltage : V2230V /0.25% /8.8 Hz / O° 14 4mW /[ -142mW /[ -1.4 % 2.96
Current ;w2 104 /0.25% /8.8 He / 1807
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x 107 Output from Pflicker mu=0.25% mi=0.25% phase diff = 90 degrees
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Measure method 3. Pflicker. Measure object: Electric heater. fs=1200Hz
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Simulated result of ON-OFF modulation of electric heater.
Direction of flickerpower is toward generator.
D T T T T T T T T

-40 - ‘ ! -
60 F | | E

sof | ) | [ _

Pflicker
=]
[==]
_"‘h-___‘_\_\_‘_]
—=
——
—
" —
—
—
T
—
NI_M___--‘“—\
—__
‘--___‘_-‘

-120
140 |- ' | -
| ' |

160 | .
180 | .
_200 1 1 1 1 I 1 1 1

0 1 2 3 4 5 6 7 8 9

time [s]

Sbyz 9 5y Lher e 3B S ax 10 VAL (5ke as 5l eolaiwl L on-off [ S8 lgy ol YT S

Simulated result of ON-OFF modulation of electric heater.
Direction of fickerpower is toward load.

] T T T T T T T T
450 + } E
'l
400} '] \ ". i
s NN NN \ \
= | Y \ \ | '\,‘
350 | y | | Il \ "1 i
108 | |
| ! |
| ||
300F ]_ | |
1 \
250 ' : : : : : : '
0 1 2 3 4 5 5 7 8 9

time [s]

Glaod b, 95l b)) g5l 4l 3l oolatul L on-off | S8 4lgs guls :YY-V S



D)8 s )3 S8 mlie 28k slo (g, poe b

o ul?u." ‘;A.c on-off uw&sb\.‘o wlf)s AS.’Q)J =P TR u...,l.f)s 9 o uL?Lu‘ ‘SQ..\.Q

(e Ss ol ()

o g Sate S g 5wl (e Gl g 3y e (o slaes (e 4 AT 35 (0
el oo ools L YY-F IS j0 asel Logu
Y by 5l eoliiwl b as ol ylas on-off [b sl (oile and uiomen g Jos iolojl s

Bl asis 1) (S8 lasl s oly s

6oL Oy S 50 (hos sla (g 15 o5l -F-V-Y-Y

oo plonil aSils &y (ol (yei SO Jlasl alais 0 ¥ bg) by des gle (6,05 o5l
10 qujs8 a5 Sy 4y Joae S o 055 850 kw51 i Sls5 (61,1 eools (i (el
P JS8) asl e kV

0.69kV / 10kV
Ro+iXo

—( O r——3—

Above monitoring point | Below monitoring point

Wind turbine —Y
Vestas V52 Approx. 70 m

a4 .
- g

- B
- L

M

M = Monitoring point
odnlice aladi jo o S ol SLo YY-V S
A A e Jlasl aladi o aS canl (6,08 g 0,8 Lasin da (6,5 o3kl 5l Gus

Al oo S ase Sy et G0 Bul pizred 0,10 042

0



D)8 s )3 S8 mlie 28k slo (g, poe b

Baes cgol mys8 & o slajl g Conl (lins) 4ol G ool (mysd 28,5 )18 oo
g® b Sow 5l a8 09, (oo Ll cplply WSl (0 (KB 5 SoS mlie «s))laS sle L
abis .l ouls plxl bz JUS 4w g 5Ly JUK aw jo b (6,8 o3l osis odes (oSS
G0y wgas 3,15 5138 ok (s 55 VO o Iog0 ¢)5ile jshuil 5 (s 5Ly Ceas 0 onmline
el odls plxil 35,0 VYo uilS,8 L Unipower Recorder olSws alaws a5 o)L ,> 9 5L 5
ally adgi (o pled [0 el e (pl (b0 AT oog A Bs Ve bhgus (6,5 ojlail 6,90
R

4 U ool o,lg matlab « YF-Y K& simulink Jow 51 eolawl gl p sals (6,05 o3lail sl ools
JEESHO ORI AR NP KNP S FC SO R NER JPNCY IS
SV JSE) b oo 5k S 0 Gl Cmye 5 SR LAkl S (g 40 45wl (oo (Sllad
(Y0

WS oo B, P S8 10KV oSl 4y a8 el SO ol gl ace SO (60b 98 tae S

—* _ Butterumez] JH1numd(szH2numd(z)|

Measure data- Va e T H2dendz) |
Productt LP-ilter va Flicksrfilter Flicksrfilter
Wa-channel Wa-channel?

Instantaneous

power Vaxla

H2numd(z)

H1numdz)

Hz dendz)

Measure data - la H1dendz)
Froduct LP-filter 1 Flickerfilter  Fickerilter
s la-channel2

Flickerfilter

—* _ putteriumizy] JH1numd(z)HH2numd(z)|

Measure data- Vb e T H2dendz) |

HipZnumiz) N
— L= (18
HACIEE LP-filter Vb Flickerfilter Flickerfilter Hipzdent
Whechannel  Whechannel2 T Active pomer
Instantaneous Hlicker
Whedlb
m - Futtetumiz: Hinumdiz) Hznumdgz) | .
Measure dats -Ih [Butterneniz) Hidendiz) Hzdende?) |
LS LP-filter Ib Flickerfilter Flicke filter PaWinst
lb-channel  Ib-channel2
Flickerilter Instantaneous
3-phase fli cker power
ftve] —* « =}auﬂemum(z;| =|H1numd(zj Hznumaz) |
WMeasure data - 1o [putte ez | F1dendez Hzdende) |
Frodusts LP-ilter e Flickerfilter Flickerfilter

We-channel We-channel2

Instantaneous
Woxle

HZnumdiz)

H2dend(z)
Flickerfilter

Hinumdiz)

Measure data -l Hidend(E

LP-filter le Flickerfilter
le-channel Ie-zhannelz
Flickerfilter

ALl 4 e Jlasl adads (o 58 aw SO led awloes (gl simulink lases jo ouls b Joe XY IS

ay



D)8 s )3 S8 mlie 28k slo (g, poe b

Pflicker (normalised)

o
n

o

Pflicker produced by a windpower turbine

Flicker power is propagated
from generator toward network

Flicker power is propagated
from network toward the
generator

-0.5 : :
10

15 20

{ime [minutes]

aSD 4 (93L Gryg8 Jlasl el 55 oul arnlxe SIS les YO-T S

130 kV oK | S 40 oe s (65 o3l -H-Y-Y-Y
90 el 00U [nbu‘ dj}w Sandviken 50 6'9‘5 130 kV olim.)‘ g_ia B 6)*? o)Lb\ 4;5.4.) 9o

il o3 Dygo 4 o (6,5 o5lasl pl 51 Lol Gon
2 dgzge SISl sl 0)sS A ooy @Sl o S8 Ladl Cuz asdllhe Gl (Y
A2 o Hlis |y asdlas 550 (598 jLid o] s ST ol SLo YE-Y S

. Forsbacka cww ;| 9 Stackbo o 3l o] a5 (604,9 Jlal bz Joli olSis)

Y &l 5 a4y by e K S| ugd 055 o HOTOTS (slis, ouiiS aydis zg,5 Jlis! bghas

ay

a5l o Sandviken o g5l

25

Y u?):tf o)’b.i‘ Uv9) LgLa: ;~.l.il$ asJlas Lgl)..s (\

. Sandviken



D)8 s )3 S8 mlie 28k slo (g, poe b

M2a 5 Mla blis) asl S i8Il ogd 0,65 Jlasl Joee 50 b oowlice alais 45 cal jaseis

e S8 les o ls Uaml T ls ol I8 ol Ceen jo LSl a4 caid [\ a4 (

b
MIla.b = Monitoring points 2002-05-08
M2a.b = Monitoring points 2002-09-24
A—— Direction of 400/130 kV
fundamental power
Measured direction
of flicker power Stackbo
Forsbacka
M1b
v v
Sandviken
M2b Mla. M2a
T T2
. T A
. .
v v
Hofors
Arc furnace

andllas 050 4l oz ST pl SLo YT S0

Al oo Ly, wdss b po Jasl s 15 08 o0 wSe  cZozBge « M2b csslive alais jo
Sl ascs jo g ol 1038 edalive aaii (SLdy mdaw s 5D 51 YL o S8 A cplplo
SV g8 il 1S G 09 ] 9 3,10 9939 1 (6,5 dummn Camdae Lol Al Cute S g5 aST o lo
Olg 50 90, diws ol o o oVe8 als IS g0 a 8g cpl by il o Hofors ,o S0

sandviken s¥gs a1 aSeyl s 4 Lol i jige M2b o MIb Ll )0 ol (6,8 ojll 18

a¥



D)8 s )3 S8 mlie 28k slo (g, poe b

L) Hofors o¥gd ails IS 4y connd (o duo iz Lg5) il 0 130 kV oKisl &0 2SGo 5 jlens
4 (M1b ) M2b alats ,0 oais (5.5 ojlail S8 olgs svee jidu (plplo « 25 km logo> alold
Ded oo ddgi Sandviken o 0¢> g0 415 Al

el 00 oslaiwl Unipower Recorder olews 9o 5l o (5.5 o5lasl 5l

YooV o0 A o M1 (505 o)lodl gl —F-Y-Y-Y

dw o pll (YF-Y JSO) MIb g Mla bl ,o VooV (o A o Jas sl (6,05 o5lasl sl
# xS oluil mbs ailead cud abais o j0 (lojes job 4y s 0l > 4w g Jo 4 51 5L
3l o 00l yLis YA-Y 5 PV-Y ela S

L o onl gyl SO )l 9 YV-Y G o Forsbacka il las )0 ouds (g, S8 olgs
el ool ooly Lad YA-Y ISC 50 SO Sl g8 0,65 o 0 L]

HUal 5590 gl Gles s ool 6,5 ojlwl S8 led caims oo lis bl A jghiles
220 0ad (68 o3l Sl (s 5 o)l 1B alals by jo abali 55 o 6l Sl e 1y ol
Lol i aladi g0

ov98 0,95 89 cogdle a4y aipoline adads g0 o j0 (S8 el YASY 5 YV-Y JSK0 g0 o cdo b
el U 550 45 et ol o Sl o & o5 S g Sl Jlab e K, S0

I gz ey aitaa ¥ (5 o5l g, 42 (53955 (sl 03l a5 55 5 (b > sl ge JSC
ol ol

Olg 4 o s Sl Gy 5 0l ol S S (g 0,55 Cdlad pas 050 (b o
Lol 500 0,95 pl o S8

a5 09h oo g S Ol g e Gl g 5y e sla oplil oy cdlad oye0 (b s

0



D)8 s )3 S8 mlie 28k slo (g, poe b

Measure M1a. Pflicker. Trafo T1 Arc furnace 2002-05-08
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: (Rr+RR, +1R,)(Rr+RR, + 2R r+rR, +2R R,)

(%)

. R,(E,Rr+E,RR, +E,iR; +E,R r+E,R, R, ~R,Er—R,ER,)
2 (Rr+RR, +1R,)(Rr+RR, +2R r+1R, +2R ,R,)
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11,12 variations vs a=(E2-E1)/E1: (E1=1 pu)
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+R,R,’R, +R,R,’R,)

ER,((R,+R,)r+R R

i (R, +R)r+ R Ry) OYV-F)
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11,12 variationz vs a=R2/R1 (R1=0.1)

a=R2/R1
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ER,(Rr, +RR, +1,R, +R 1, -R, 1)

I = VO-¥

" (R, +R/R+R’R, +R%r, +2R5,R, +2RR, 1, + 2RR, R, + 2R, R, 1, + (16-5)
R.R)r +R,R,’r, +R’R,* +2RR R, +RR,’r, +R’R1, + 2RR R, T,

i ER,(Rr, +RR, +1,R, +R 1, -R 1)) (15-%)

(R, +RR+R°R, +R’r, + 2Rt R, + 2RR, 1, + 2RR, R, + 2R R, 1, +
R R, )r, +R,R.’r, +R’R,” +2RR R, +RR,’r, + R’R,1, + 2RR R 1,
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. ER;(Rr, +2RR; +1,R; +1,R; +Rr)) (\Y-¥)
" R,R./r, +rR R, +1,R,’r, +, R, "R+ 2RR,’R, +RR,’r, + R’,R,
+R’rr, +R°R,r, + 2R, R, +2Rr, R, 1, + 2Rr,R R, +2RR R 1, +

2rR,R,1, +R’R,’

ERr,’rR,> +2R*,r,R,” -R,R R, + 2R’ R, + 2R’1,’1 R,
+3R%,’r,R, +3R’R’r,R, +3Rr,r,R °R, +4R’r,r, R R, +
4Rr,’rR,.R, +1,°R.°r,R, -2R °r,RR,> +2R ’r,’Rr, + R, 1,’R /1,
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Abstract

Nowadays power systems are often, connected together and supplied from multi points
to increase the reliability of whole system. However this matter is caused to propagate
the flicker produced by different flicker sources, throw the whole system. Therefore the
measured flicker level at the point of a linear load is a result of contribution from a
number of different flicker sources. On the other hand the liberalization of the electricity
markets has increased the need for performance assessment. In a mitigation process, it is
essential to know which one of the flicker sources is the dominant one.

Up to now the works done in this field, are often contains only the redial networks
which supplied from single side and the networks which supplied from two or more

sides have not been under consideration.

This thesis at first, evaluated the methods for flicker measurement with the simulated
model of [EC standard flicker meter in simulink- MATLAB. Then proposes a method to
determine the flicker propagations and trace the flicker sources in a power system which
supplied from two or more side, and describes how two or more flicker sources affect
on a linear load and one of them is dominant. Also different simulation examples are

represented and validation of proposed method is evaluated.

Keywords: Power system, Power quality, Flicker, Flicker meter, Flicker source,

Dominant flicker source, V-I slope, Flicker power.
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