Journal of the Korean Institute of luminating and Electrical Installation Engineers Vol 17, No.1, pp. 103~111 January 2003 g 17-1-15

SIPAIHO| O FHM NXL HE HF, TUY ¥
+SEE XN§o| Y A7

(A Study on the Measurements, Moldeling, and Passive Filter Application of
Neutral Harmonic Currents by Field Tests)
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Abstract

With the proliferation of nonlinear loads such as personal computer in an educational building, high neutral
harmonic currents have been observed. High neutral currents in three-phase four wire distribution power
systems can cause lots of harmonic problems such as overloaded neutral conductors and malfunction of
protective equipment. On-site measurements of harmonic currents and voltages were made and the
corresponding equivalent circuits was developed. The circuit model under study was simulated numerically and
graphically through the use of the software MATLAB. Simulation results verifying the effects of a single-tuned
passive filter for the neutral harmonic current reduction are presentec.
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©

BMIE. 2 3030[AJE AHE5ESL

E‘ ) BMIE® 3030A =E53

AZAA 02 } ZaAe) WHFEAD, A

(120-240(V] PTARE) 2 A=& ZHAsto] K]
= Slth

A shleln el HolelE A

ag 2. &3 F|
Fig. 2. Measurement Equipment

pzd Brp)Ee F3 93 E(Total Harmonic
Distortion, THD) & Jehd & it

V 2V
VTHD=—n—7—’ x100{ %] o)
1
DI

I'ryp = ”;12 x100[ %] 2

o171, Vi, [1& 7183H60Hz) o] sk A Foltt.

Bl AA|Ztztoz #spsleg ofr- g 3k
At} AR A BAsle nxv} §i-8, 4

A AR AR A AN AR A(71ME 9
3] HgkS 74]*&% ZA3E 0] 83

O a)E ALY AF 2L At gE oz 2AelE
(3Bmsec) B FAE %kol 1, 29 3 HAw &
NeYo|t}, 1Y 48 BA, 18 5% C4, 28l 2
Y 6= FAMY AF F A B o FAAH] W
Hojla] g 3io] ofs) Ak gholtk

Journal of KIIEE, Vol. 17, No. 1, January 2003



A% - HER - o]UF

[ 25. O
ol TN /\\ _______
1 .

Y T T Ty g

“

. 2B, PUIDIV UEQYXI:QI_‘ I.3IMS-DIV HORIZ.
IR L N
vt S e 5ems o 0.6 i
FPHASE C CURRENT nMPLxTUDE SPECTRUM

(@) A AF 9 Adstad

(=3 w -1 —
=
oo T8 5. CA9 AR 9 Me mE
Fig. 5. Current and Voltage Waveforms for Phase C
B -
; e
o l N T R o
PN“SE a CUR‘:ENT QMPLIT E SPECTI LIM g
monHE L PTSEECTE, om !
125.0A-DIV VERTICAL 3.3MS-DIV HORIZ.
(b) AY AF ~HEH s
33 3. AN ER 9 dg ot L : P -
Fig. 3. Current and Voltage Waveforms for Phase A T ST v e o R,
HONGIK EFP 12 2002 3:23 PM
(a) T4
S RN Ll §
589, 0%
2JS. OA-DIV VERTICAL : 3.3IMS-DIV HOR1IZ, [
HFUND |
E I L o e T T T e
L HOMGIK nse s S;:‘:apsacvzaaz 323 PM ] 1 .
. e
NEUYRQL CURRENT FIMPLITUDE SPECTRUH g
(a) B)‘o}' ;‘(i—rar ‘;_g }‘(:]_O‘:]'ﬁ]-fg HONG K 12 2002 3123 PM

(b) T4 AfF ~4EY

e [ O8 6. S4M HR W MY Ty
ol Fig. 6. Current and Voltage Waveforms for Neutral
Line
R ——A—— AR7] 22450 FHAUS A 4P Ee] 2%

oz Aol Havtolck nxd} i AL K 1
o GERESIT 24 Fel Aot aesh BoEL
I8 4. BY HE U ¥ 1Y E4} 2 -0l Hla) $27F 2o AekelT,

(b) BY 4§ 2dey

= =

Fig. 4. Current and Voltage Waveforms for Phase B 15 125} o)Aake] SJHBE e ujgo|n AJeka
ok VALOIA %3} 18 71258 ofujaith 45

AEA A o 2o

125.@A-DIV UERTICAL 3. 3MI DTV HORIZ.

reeey : Vay =217.620°
A i Vv =219.22 120"
258.8U-DIV UPEHRRYSXEC‘::L .SNQPSS.HJOMYS/DA\J HORIZ. V CN = 217 . 3 4 1200

HOMG YK 12 2002 X233 PM o
VNG = 034 -1
(@ C% BF 2 Aoy

oy . W Mu=2N M7 M12, 2003Y 18 @

—sesul

SSSS



gAY 9O BYM DA ME 57, 29y N ASEH W80 FY A7

E 1. DXn} Mgt £3
Table 1. Harmonic Spectrum of Voltage Waveform

hES | A B ce

A= 13719 | 880C) [ 37100 | 3944 | 27100 | AR
Z1¥s | 1000 0 1000 -120 1000 120
3 12 63 13 12 12 &)
5 02 161 03 -84 05 74
7 08 64 12 5 07 170
9 04 -1 06 -151 06 147
11 07 -3 09 17 08 170
13 0.1 -159 03 M 01 -167
15 0.4 172 02 121 04 15

F] Va = 217640° [Vmsl, Vapa = 19 [%)
Vi = 21922-120° [Vims), Vnpp = 22 (%]
Vc1 = 21722120° [Vms], Vnu),(‘, =18 [%]

AR AP ul4Y Fekz Aste] mE} ol
&2 29 398 28 67HNH & 5
Itk 28 R} AF G4E BAE) a5
B2 FAANE A 3z} 2731000l 2]
o) Utk 2A ARA BRE T P}

Ia=129.12-30" [A]
Ip=154.22-121" [A]
1c=120.62114° [A]
Iy=89.0295 [A]

E 2. 1Xn df &3
Table 2. Harmonic Spectrum of Current Waveform

X S A% BA [oF'] NG44
A5 | an100] ) | 2100 240 | 2100 | 990 | 3100 | 94)
A% 1000) -3 1000 ] -121 | 1000 | 114 100 %
3l mlos| | 2 [ ]omi]l 7
5 6.3 -5 | 46 8 115 ] -157 ] 163 20
7 113 | 164 | 130 29 126 | B | 126 | 166
9 28 -3 32 46 44 60 | 436 | 121
11 29 A4 36 113 31 -8 | 103 | -142
1B | 18] 2|19 1] 06 60 34] 16
15 13 91 12 (1301 19 -0\ {170t 55
17 15 141 22 1 -1421 17 ) 6.3 -10
19 16 176 07 8 11 -4 13 s
21 04 -4 03 -78 06 - 46 117
23 {02 1101 05 4 -2 1 02 1-121 25 97

F]Ia = 12612-3 [Amnsl, Inpa = 238 (%]
In = 1494,-121° [Amms], Inog = 254 [94)
I = 11552114° [Arms), Inpc = 300 [%]
IM = 02.%° [Arms]. ITHD.N = 2185 [%]

tl

i

274 At 157] §< AND A gk

et 2o}

Sav =21.26 + 11.382 [kVA]
Sev = 32.80 + 10.124 [AVA]
Sev =24.98 + 12.521 [kVA]

l‘jfi 72 Ao AH E]-?"SJ_Qj’,_ DAFo]E( 33 )

26.PKW-DIV UERTICAL
HASE A POWER SNRPSHOY
HONG 1K 12 zeBz 3128 PM

a2l 7. AN 3 I
Fig. 7. Power Waveform for Phase A

T3NS 0TIV HORIZ.

~1

26.6KW 01V VERTICAL 3. 3IM8-DIU HORTZ.
PHASE & POWEE SHAFSHOT
HONG IK EF 12 2002 3128 PM

18l 8. BA H8 Iy
Fig. 8. Power Waveform for Phase B

-1

R

26. BWW-DIU UERT ICAL I IMS DIV HORTZ.

PHRSE C POWER SHRFSHOT
HONG T BEP 12 Z002 I:ize PM

a8 9. CA MY 1y
Fig. 9. Power Waveform for Phase C

3. H{MBROF Z&ay

5t A4S B7} 8128 A seid, ulde
she] s} g} Z4o] $-4 Holof @tk F4

Journal of KIHEE, Vol. 17, No. 1, January 2003



o £ AGAL 7|3 B} mEt Hepe Fo.
2 v % i)

Vavn=Va+ Va
Ven= Vg + Vg (3
Ven =Va+ Vg

4714 Var- Ade] 7183 FAgkol i, VAhE A%
o] 1z MYe=Z h 23--0jch

IEEE Std. 519199201 w2 uldy Fahe 7]&
o Aol o3 Juldx Hapet nxat AFde g
o2 yehd 71 3leHel

Ta= T + 1y
Ig= Ig + I 4
IC= [C1+1Ch

o714 T Aol 7185} AFZ Ba} Aol )
W2 57} MaEt i AY 12w A% h
230t

N

’

Va2 (Pat+ 1Q4)

Za=Rp+ 1X 4=
A A A P34+Q§1

[Q] ©)

o714 Paxt A% FAFEIW], Que A F
AHH[VAR]eIth Vand A% AR} VIE Y
Epich,

Fate] FEAEAN 9 F8%N Atolell HAAF
RNGE 574" diA¥Y VNGIVIE S44 AdF
IMAJell A T3t

R = (2] ®)

Iy

A FHUA ARk WX Ro Aol
HAAGR AN E 440D 8 Aeaisch

wWep S HelA B uaY o) 34 Srham
= 119 109 zo] frEdr,

gy - HMHoel=2N M17H W12, 2003H 1€

a8 10, 3M ST 52
Fig. 10. Three-Phase Equivalent Circuit

1z 48 3% 57t A=Y 100 45T
dlo]e1 & #-83to] MATLAB[7]S ARS-&F AlE o]
A diE gosi7|E ditt

a2 e AYe] 1% 2 A9 es A8
old AIRFE Ag 2571(0~3Bmsec) R, 19
by A% A5 AdEdet I8 12& BY,
I9 132 CA, 28l oy 14e 449 AF 2

A} e Ve,

Phase A Snapahot

w0
200 P P H
= B DV e A S scs e O E
e AN
,§.m ----------------- R S B R het
g ¥ Vs B = E
Time (msec)
00 -
&R0 bt R e ot
i e Y /
e hozosos A
-4 ) 5 E
Time {mesc)

(@) A% A% 2 AYNY

Phase A Cutrent Ampiltude Spectrum

b) AZ dF =HEY

a8 1. AN 37 3 Hg ot
Fig. 11. Simulated Current and Voltage Waveforms

for PhaseA
o . Phase & Snapshot
5 '
o
s ;;ﬂ
L NS
,4% -

(@ BY 25 2 A543



AYNYO) QP FYNM Dan HE FY, 22FY R

fAEEH MO Y A7

g 12. B MF 9 Mg Oty
Fig. 12. Simulated Current and Voltage Waveforms
for PhaseB

Phase C Snapshot
T T

—

Curent (A)

LB BB LU BB

Voltage (V)

15 20
Time {maec)

(a) C& A% 2 AYd

%% Phase C current Amplitude Spectrum

-1, 3 S R R T L L LTI T PPPPRETEE

L] T S L LL PR PR L R T R ER PR PP

10%f--f------f------- R S RIELES

swbo bbb

o% L_;JW 2t Sth 7th 9!1. nlm 13h 1£m
(100%)

by C& A& =9y

Jg 13. CA MF % dgt oy
Fig. 13. Simulated Current and Voltage Waveforms
for PhaseC

Neutral Snapshot

N

Vottage (V]
Q m:nmm

O3 14. S4M ¥ @ 3 Ty
Fig. 14. Simulated Current and Voltage Waveforms
for NeutralLine

a8 158 AAte] A #H3o g Algee]Al AlZE
71(0~33msec) %C’POIEP. 19 162 BY,
a9 172 Cde) A 93e vehin,

Phase Arm Snapshot

gl 15. AN Y ot
Fig. 15. Simulated Power Waveforms for Phase A

O8 16. BA M3 11y
Fig. 16. Simulated Power Waveforms for Phase B

- T
FA A

§u RN S

IR O WO 5

o, i ' s

12 17. CA WY Tty
Fig. 17. Simulated Power Waveforms for Phase C
38 Ak FAX| 9} A B o] gtE H

W A

Journal of KIIEE, Vol. 17, No. 1, January 2003



ojtt. Hgte] Azt Apol7} vz AL
z23 A4S P&l 1[%)7) de A

ol

= ARl 2R} Agol4

Aolek. WE APFo| Aol e o] l
A& Aol 1%/ & AN 18ty F3)
HeaE HAAM0VIAA ARkl dEolch
% 5 HYe) A9 AR S vud
o)
E:d 3. Mgt Hlw
Table 3. Voltage Comparisions between Measurement
and Simulation
= 3 Al EHeA
A YA [Vl 2176 2176
Vpa [%) 19 1.60
BA Vs Vi) 2192 219.3
° | Vnos 24 2.2 264
ca Ve [Vis) 217.3 217.3
Vrpe [%6) 18 171
k3 4. ®F Hln
Table 4. Current Comparisons between Measurement
and Simulation
=z A Mgl
A% 1a [(Ars] 1291 1261
Inpa [%] 238 2381
BA Is [Ams) 1542 1533
Inpes (%] 54 26.38
on e (A 1206 1184
Inpc (%) 300 3156
N In [Ams] 8.0 8.7
Inpy [%) 2.8 266.4
ki 5. 8 bl
Table 5. Power Comparisons between Measurement
and Simulation
=4 AlgdelA
Ay | Pan kW 2.6 %664
® | Qax [kVAR] 1332 1413
By | Eo (kW] 28 2%
° Qev_[kVAR] 0124 0252
o |[Por kW] AB 448
° | Qo kVAR] 2521 2524

ng . HMHIAY =N 177 N1, 20039 18

A7 e - 0)aR

4. *THE H§

22} A /12 s Ziziel Al
1 HE 2 FEUEEE 9% Agale) 34
ol B2z AFE A A7l AAES o
ERES om[s].

Bus
R
L
==C

a8 18. 825 EH
Fig. 18. Single-tuned Passive Filter

H20)M AR Mk AR MW, T2 A 33
zvjo} A 72257} Bo] EiElo} Qlou g A 33
%% 5z $5Rels} A TRxT 52 FFUEE
Aol A2 Bk

A 3nEv} $2 $5gEel AYL, WA A3
R=0.001 [Q], 9E¥~ X =05 [Q]eZ A&tz 7i=]
ARl e e

e

Ty

X1 _ 0.5
2nf — 2x3.14x60

Xc=h*X;=3"x0.5=4.5[2]

=1.3269 x10 "¥[H]

L=

C= =5.8946 x 10 ~'[ F]

1 _ 1
2nfX ¢ 2x3.14x60x4.5

hbAE, Al Tnzs £2 $EUHe) A% ke
Tk

R=0.001[&]

X.=0504]

X 05 _3
L= 5 = iy = 1.3269 x10 ~° [H]

Xe=h*X,=7%x0.5=24.5[%]

_ 1 _ 1 _ ~4
C=mfX e = Zx3.1ix60x2d.5 ~ 1-0827 x10 [ F]

A 3nzste}l A 7R 52 S5UEHE ABC
10



SIYNYY 942 55N

©=

Iy 19(a Aol FE] Ax] AEo] AE wH3o)

I, 228 19h)e ANl 8H A 7o AF AFE

Holk 19 20& BA, 28 218 ¢4, 12li 1y
= 22X PE Mx] WEo HF 33 AsE

S YERir

, Phn-Al‘n‘:_r pshot

-u«:xp-n

B =
Time(msec)

SSEH M0 e A

. . ; Phase :C Sn!gthot

R

=a| LI

et ﬁ‘l#

N R S S S
ME s 1 Tftgn(mnc)20 = *

(@) Ce) B UA AF A5

Phase C Current pitude Spectrum

lrl """" Lty

(oow) Mh Sth 7th  mh 1h 13 1Sk TR ASn 21t 2

(a) AAe] TE Bx A5 AFY

]
aoow) 3 S Am o ok i

(b) Ade) HE) A Fo) WF 2WEY

ag 19. AN HROE 3 AHEZ
Fig. 19. Current Waveforms and Spectrum for Phase A

3 =
Tenegmeec)

(a) BAe HE Hx dFe AFHY

5% o B Ampiitude Sp
OO I R
wosel
oA
T

A ] L J

(oo%y M S Tih Bt 11t

(b) B8 RE 4A Fo| AF 2"y

ag 20. BAIQ| MRIE Y AHER
Fig. 20. Current Waveforms and Spectrum for Phase B

@

B CAs "B AR o) AF 2HEY

38 21. CAlQ| MRS I AHEF
Fig. 21. Current Waveforms and Spectrum for Phase C

]
(@ 449 Be 4 dF9 dr=y
TOa%.
0% -
0%} -
sl
J80% 1
so%}-
0%}~
0%}~
0%}
0% -

P

: L 2
doowy Fho Sth I G tith  A%th 16th  $7th 19t 21th 23k

(b) B4 WE HA Fo) AF 2NE=Y

a8 22, EMMY| MR U AHER
Fig. 22. Current Waveforms and Spectrum for
Neutral Line

62 52 SEUC A Ao Bast
AR g HlmEolth FH4 F9 Al 3azsteh A
7929 §2 FEUHE HAsE FY4 AR A
5(]7('] 897[A]0|]/\-] A x]%- BA]Z 7L/\?‘5}1 AE g}]
Hge ABANN W A A7 sick

Journal of KIIEE, Vol. 17, No. 1, January 2003



ki3 6. W7 ¥ IR HEE

Table 6. Current and Total Harmonics Distortion
98 1 3rd¥E | 7th9 g 3r§§'e7|ﬂ'

AXNA | AAF | AR | g3

A% Ia  [And| 161 1189 1288 1153
Tnpal%) 2381 113 198 73

BY In [Amd| 1533 1415 152.3 1377
Inps (%] 20.38 147 213 71

o3 I [Anl| 1184 1 1098 | 1198 | 1065
Tinc (%6 3156 145 %2 123

244 Ik [Awsl| &7 36.1 8 H8
Iiox (%] 2604 400 2759 291

4. 8 E

WG 20l 1S HFEE vEY wiAdd
Fop7h wo] ARSI glrt Yo R 34444 v
AA2ge Agsta glon, o fate} 343 53
7t o] TNl 89 AR 22, Hi*d*"i
B3R olgh mEy MF WYo g FAM T
v 477 s2A "o Ans A iR
4 =AY BdT o 7] azs ZEE o]
B, 344 nxst Afe] dig sjie] a4

azw £4e BMI 29 3080AS AH-Ee, 59
o} 229 Ao DF AES 39 W] 231504
o2l AZsgleh 33 nxd AF, 1Y, 49
& azst NG 3 57t RE TSk e

& dlolEl= ol gttt T84 dHe & [Al=A
AdFe] £HEE 13 (W2 AT B9 2Fe v
A Fekel 1xv 88 29 [)= A% izt

FE 7R Ao FAMAE ASIHE A 3
1za7} 273 [9elelvt Esof Slsict

a4 3 SR RE V1Rt Ay
Txv AE AEE ddstm, wdy Reke &
2—]5] ;(4?:]—:4. Agog 7]&3}. /H‘:‘_g] )\iz‘sﬂ o]_\—j_]\:q/\
Fateh axv RS HEE ddsle) 74 3
o MATLABS AHE-& Algdold o B5ed vkt
A3 4 5 Utk

sl St Qioﬂ 1

.:.

(:

O

&ﬂ
rlo

Nl

Dzt Az A2 de 2o]

Tl T TEEEE A MRsle] A B
2 axa A5 Az 298 45 st Alsge]

ZF - TIMHOE=RN N7 12, 2003H 19

A dde Sl dy A" F4
897[A]°ﬂ*1 | A Foll= BAIZ ZHash
T HEEE 264[%]00A 20908 A7 HUTh
5 HA Az S 1x0 AFee) BAE
st} HA) A3 iﬂi o} 512} gt} S F
A nzst AF AR RdYS Sl ax

9 A B DEE Al

References

(1] A C Liew, “Excessive Neutral Currents in Three-Phase
Fluorescent Lighting Circuits”, |EBEE  Transactions on
Industry Applications, July/August 1989.

(2) J. C. Balda and et al, “Measurements of Neutral Current
and Voitages on a Distribution Feeder”, IHE
Transactions on Power Delivery, October 1997.

(31 T. M Gruzs, “A Survey of Neutral Currents in
Three-Phase Computer Power Systems”, IEEE
Transactions on Industry Applications, Jury/August 1990.

[4) “3030A Profiler”, DRANETZ BM, 2000.

(5! L. Jiao and et al, “Modeling the Power Quality
Characteristics of Computer Loads”, Proceedings of the
1999 IHE Canadian Conference on  Electrical and
Computer Engineering, May 9-12 1999,

(6] IEEE Std. 519-1992, “IBE Recommended Practices and
Requirerments for Harmonic Contal in Electrical Power
Systems”, IEEE Inc., April 1993,

{7) “MATLAB User's manual”, Math Works, 2000

(8) EDSA User Guide, “Electrical Power System Harmonics
Analysis”, EDSA Micro Co., 2002.

o XXt o

4 3B ey

1954»4 19 2020 4. 19773 Foldistir A7) 28ty £
1977~1982 et vt 4 A4 4. 1982~ 1984 NMSU
A7) 383} A4}, 1984~ 1988 UTA # 7] 283 va}.
1988~1991 §t A APA MJATY 1991~ A A &
e el A A7) FE TR R

78 Pissm
1977 29 2694, 200243 Eouigta A7 FHE
. 2002 ~ @A Eodepst o ergl AMApEA.

O] & F(z=—mm)

19714 79 1694820008 F)tistn A7) BEBE
. 2002 & wishgY Au)Eera Fi( “*H 2001~
a1 (F)4 1"\'4‘“ A9, 2003~8A % digty
LN

i1



