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A Study on the current harmonic testing for the low-voitage circuit-breaker with
electronic over—current protection

Myoung-Seok Kim*, Jun-Sick Oh*, Gyu-Hwan Han®
*LGIS Power Testing & Technology Institute (PT&T)

Abstract ~ ¥ =8& AY Adrid HgEe [EC
60947-2 (Circuit breakers)% AFRZH(Current
harmonic) WAAE #4< IEC 61000-3-2, IEC
61000-3-4°] did FZHe LU, APEY, 2zx3
of ¥ g, Aare nzvd Y 9% ¥ APA
vlo] @ F2HE nFskD, 16A 23 AF nx3 AY
AL g AdEAE nAstaA gt

1.4 B

FH89 717 8RN AgddERY29 59 R
BAg viRes G AHEAE AFE s,
AYAA 71719 d&3FE n4d¥s, Aoz wdd
2 ek olHY AH L vy J7i2 st ALGAF
de nxHrt $FE @AM 7718 Aggte s A
a 71719) eFFoy &4 F AF 4% Fade
o] e}, st g ABY sHafel srle] o
&, AF, A-RY 7019 o1Eg, 2EHAg £
&, 3377189 2N By 28%, BAURY &
=33, wAAge A, AR g4y ol v
olg% maste WiAAge THy] 4 ¥shyld) &
T EEE SR AR AEE A oYy He
€ BASI] Asid, zas 24dS Sole A, ¥H
E 43 A% d9da® dAske A, Jvle 2z
3 W#e Zslste WY $8 AMgda o B =&
dre azse) g A 244 2 FAFF (IEC)
o] AgdEg 2 Ag4dule] datd e g,
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2.1 2xxe] g
a2z 71ES(50 iz £ 60 Y B HS5
el 948 71d AF Ev Ageln, nzve A
2 A3 2y, A5 2y Foz B ok
123559 3v £& 5ule Fu<E 71l AZ 2y
e, A1) o] BEE & At
Mm=pxXfl oo 1)
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nzve 82 29 ()3 o] 7185 60 Hz A
Bl vlg] d3€ ¥ (AFPh)e] @} ag()e 7B
oot A3 2z, A5 nEY, A7 nxxk % P4 2
29120+ 3% HE¥RE BHeAT

TR} (Harmonic)olls AYH A{F nzuz F£¢
F eov, WiAAEe] BAFA HIHE L2EA
AZ1718 Ao g A AY, AF, FHFE Aojsin
2N g93ez AAste nxgs) vY Bz Q9
FRoRe HYde 1292 FEY 5 2. o
¢ a2%e AY9TF AY Ex AFHEA Qg 2

$ysl AE A2z 440 ok
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101 azxate] WMA(IEEE S1d.519)

Z8E AgAadd X0 e ujdg Rraiey
B 2=y o3 viAY Fale vFE ARE 52
A @} v gRsldle AWy, ojaz AAY RE
AY X471 (Static VAR Compensator), A4AAF
2 29% 2E1Y, A neps g3Y, Ao
BAZAHY, MAAFYH 2L BN $HE Awg
(Invertor for dispersed Generation), HA2 4
Hol, Cycloconvertor, SMPS8(Switch mode power
tsjtrlply), PWM (Pulse width modulated) Drive7} §l

2.1.2 Jebole] nxal 4
Agrizide wAERdr] 2 A1gAanst g, o
= AgUdlA drjdule FAF, ¢4, 2F T 9F
4 ZACM Aride] REE 98 ARE Adsle )
€ UG Aarle EFHR(Trip unit) e F7b
A2 gEFHY dE3AAY(TM: Thermal-magnetic
trip unit type)@} AapAA{A(EC: Electronic
control trip unit type or solid-state type) 22 F#
B8 4 3ot dEAAe AAAE B9 ., &
EF) ALt v, dAHL FHAAFY 0.5~1.0
wiZbAl Aofste], theake] Ajgdte] AF sl ol
k. 29 AFMNLE T¥S HAHo 283 AF
= FA 71%E e AFez ddstn g VA4
2ol A4 wojvlg(Bimeta) 3} (A RLE2 T35
o], FAEHL nlolvigel WIAYEE o] &3} 1,
TCAEL L AARYE ol g, AANe HFLA
AlA (Current transformer)st J4kxiel 3z P EY
AR (Actuator) 2 FA =9 sldh. AapAol4e] Block
diagram< ¥ (2)d FdHa(ch. AFAAAME =
Z% #9 AFAM AAA 9 Wsle H(2)% Zo] 1
g}

Ims=\ 1,"+ I*+-+ I, ——— (2)

#47rel A% naw 43NE 1,/ L1E 3, Anzs
H¥E TDn2 RAsHE, 2(3) go] €}

Ims= 1y 01+ 2 D,D
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7185 ARe HFAL(Peak factor)e HF HUx
Peak I,=V32 1,2 ©@4e A% V2rtgch gy A
AFo] g GEste] ATASE ()% 2.

PeakI=V32 - Irms=V2 - I,y Q+2) D, — (4)

oty AEH S VIR & A% HER ostdM
Wrle oERS ¥ 4 gxn, V2ru Fe B Az
2 olae] Hol Ayl Aol el THYE 5 Aot
wgbd ARG A$ mZ:ve] e W (Filter) & &
A8 Aol ], AN Aejsx o JE 4TYL
HUTE ool dhm, AMSAE AT B HEX
of 252 xwrlel AR S AT ok

a8 (2)

2.2 Xetyjel nxw 83 7Yy

A Ao HFste FHLE AYrA 3 73
9 IEC 60947-1 AEF¥ FH(Product family)s
IEC 60947-2 A&7 3 (Product standard)el &
A, sz 16 Aclsh AR g nast AR
A& 29 IEC 61000-3-2 Limits for harmonic
current emissions. equipment input current =
16 A per phase, IEC 61000-3-4 Limits for
harmonic current in low-voltage power supply
systems for equipment with rated current
grater than 16 A ¥ #}x7F4doz nzxve LAd,
Alzg] R84, 2y 4%, axy Ao ¥ AYE
4 B4 Wy dx: AEe  IEEE  Std.
519{(Recommended practices and requirements
for harmonic control in electrical power system)

7t itk

2.3 x4 HEWH « AgHsd
2.3.1 IEC 60947-2 Annex F
(Low-voltage switchgear and controlgear-
Part 2 Circuit-breakers)
AR AAF BEAANE 2 Adv)d] ey, F
ZAel RAF BE7|50] nZ2T BN DEG A5 &
FYPFEAE ABE T3 ASTTT. FE&MdE AR
s JAE fd AdEnE 38 AUEs a3vle
2.8 BEFHo dm, ABVA xdrle AAF BE
Fxo] st maEw, HEYS ¥ HF JEYHE
(current interruptions)® WA7lEe] sidh. A{ =
Z9%AYL Option 1 £+ Option 22 EFHA, 4
BAF A= Atolelzg, X33o], HAAHEA
2 AYFAR FAET. AEgERP L o B
1) Option a; 71 ¥ +3%, 53 zx9

188 72% <33 nxu<r1 23 88%

RS 45% <52 2 <7|EH 55%
2) Option b: Z1&3+33+53+73 nZx5}

33 n&IY71 89 60%

5ab nxvyr1 8 14%

7aF 2oyl R9 7%

ANgAdAe Ade dAARA 0.9 ARAN EY
A golel dtm, A EAIZEE 2.08e EAIZE 10
B2 @ 3l2e] AAE Y HE £ A4 HER
sto}, A1y ¥ Ao A |371F ofde 2o,
1) $71F A A¥ES Aevle 43A 79 0.99
oM EYs]x] detol atn], Ay HF 2 0¥
M EFAE Azt AZAF B4 HaA
o] 0.9k Hopxe] 1.19 Gof glojof @t
2) BF7NE B: AEF Al 4R 7 0.9
A EYSA Dol stu], AlFF Axatr}t Al
e AAH S48 o} At

2.3.2 IEC 61000-3-2

(Limits for harmonic current emissions’
equipment input current < 16 A per phase)
AEAGAEN FdEHE 2234 FHS A gl g
of FAsE, & 2ol 16 A T A widA B
Argsle A7) - ARl distd A g8l
A7) - AR wal, AlBzd 2 e Fddd
B HE oldle Fr}

1) Class A:

34 88717 9 Class A, B, CE AYY ZE 77
1% n=3, 5 7,9 11, 13, 15=n<39 (& 129
at(n)ol Ad & nxy HF)
$4 n=2, 4, 6, 8<n=40
2) Class B:

EORE(o]E]) V712 Class AY A4 388 nxy
AHFx1.5vwre] pza HH(A)

3) Class C:

ZB7Ne e 2B4HYE n=2, 3,5, 7, 9, 11sn
%39 (&4 nzx AFd dig dF A9 %3/

4) Class D: B4 3% (Special wave shape) %
600 W ujgt 7]7]

39 (& nzv}
2 /W)

g n=2 3 5 7, 9.11, 13€n=s
(ol dig A & 1z IH

2.3.2 IEC 61000-3-4
(Technical report: Limits of emissions of
harmonic current in low-voltage power supply
systems: equipment with rated current > 16 A)
FAAGe] 240 V o3 @4 2, 3dAM, 600 V o3}
Ad 3, 484, 2AFSE 50 Hz Ty 60 Hzel oA
Age Ag aFd Y&=H0, FHYY AF 16 AE
Z3sbe Av] - ARG st AEEe wdAF
W ZAWAY B R (D 2o distd 71738
W, Ree(GEF 20 E AlEo] wE Huje] E4%o=
HAHYE Reer=(U%/2)/(3Usls), 2 A9 Av¥le
Rser""(Uz/Z)/(ZU%‘MI%)~ )f})‘z}gmtﬁ” Rsurz(Uz/Z)/
géfgwmg HEse, AlgAEA 2 Algxzd otus
1) Stage 1: Zto] E4 A3
Rsce (&3 2H]) 0] 3304 A|FH e ABlA,
n=3, 5, 7, ..., 31, 233 Wgste nzxd
A5 (%)
2) Stage 2: MulAE 2 AYASE 2Wez e
22X HAAZ Stage 1°] HEHA ge Hulz
Rece (B3] 2H]) 0] 330]433 A%
(1) 24, 43, 98 44 n=3, 5,7, 9, 11,
139 Wgde nzxy BR(%)
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(2) 3% &3 n=3, 5 7, 11, 139 d&He
223t AF(%)
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3) Stage 3: AMAE AAlSe Ay L 2Po
3t 248 HAR ALgal dule] FEAF S wg
282 75 A 23 E¥ Stage 13 Stage 27} H&
2 g€ R AL, 89 AY AFH gFe
85 & wpgc},

2.4 A7 nxa AP4Mule Alg

2.4.1 Hpnxm YA

Ajnzs IY7e FF04 8FHE Agzdd 4

2, AEAN(UYe HAEY HAALGE drtelm, of

ol 8FZ28 L i,

D ARARMWL FFAGe5, o188 A A ¥
e, AEAYUI B4 & 44U A% 230
V) EE 400 VARG E A7steor &
W, Age £2.0% olUlE RAsteiof &x, Zu)
T 20.5% ojuid A,

2) ’f}’?}?lé ET"- Adzte e 4 el 1200 %
1.5° 9 A,

3) ABAU) dF nzxH vge NS FHY
A3 o] AMste ol g RoEiA] T A,
A3 2x3: 0.9%, A5 nZE: 0.4%,

A7 2a2%: 0.3%, A9 229 0.2%,
*4 aZ23 A2~10: 0.2%, 7|5 1Z2FH A
11~40: 0.1%

4) AEARFW HFAE AENY 1.40~1.424)

ool 94 A Fol 87° ~93° oy A.

3, Class A =& Class B9 Algde A&

aeg.

AHHARG Az dadadae] AgAsu) 2

s]’“f‘ 05 Vpeak% —7::'7’}5}‘1] % 7}1»

6) ¢ s7EgE, du AL HqAEY ANFEARY
AEALE AHEse] 23 A

2.4.2 MRnxn EXHNX
Z7ule] 3% 8FAES 4PNy Yooz AL
He Re, Foge-ud deg HdY FE
Heterodyne 417}, 29 EY FA7122g Wd
5ol AIZb-dd waoz rdxld WY T 2d&
glo} W8 (DFT: Discrete-fourier transform)&
43ld 3P0, 2AAAE BFAE =& 71E2¥0]

5
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3o = g -y

1) 237179 2exe nxnm AR AR} e
A AlgAdele] AAAFY 0.2% Fx HE71F9
5%% 238 9 A,

2) A 48 d¥dae
Voea® 2H8k2] @& A,

3) AEF ARINE s WY ARE 2AHS
&R AR A 1.55:10%F #E A1R
A9™e (Low-pass filter)S AH8-3tq] A gt

AdFse 0.15

b A8 Dxu UYYHYXE o[8 Aty AIY
5.1 ANEEA dx)7le

3% AR e PAAF 25 A/100 VAcsE 2
AlgHu) g o] &sle, nxoE WY, EHA}
ol 4% WRE AR ADY] FI2A FAsA A
Bt ol mastel gi¥ Zdules WY A A

ﬁ\mﬂr}ﬂNN
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& ol &8st A9 Set-up AbE(1)® Zr}

i ] o

AL (1)

2.5.2 Aeby] Agan

nxv $AZAZ 4 2A 2 IEC 60947-2 &
Al F2] Option a)& #4¢ Ag9d 2 edeayge
29 (38 2ok AMES ¥FHlE 200/5 AR A9
3 nz% AFe] dEA 95AF =ZEyo)

a8 (3)

3.4 B

B sRdAe dEASNMY nxat AF9 gt
TFHNH 278 ANERY L A B gste o
STt Adrie o] HAR] ARE AI-AF EAS
AL 2 AUlE Sz sty Ags @ dog,
ERANE o8¢ 22y ZXE FESET. Y
of Bfdtn e AF nxady) §3e Hd 500 A
2 3 AL7719 Ad AF4AF 6300 AS AM¥s
7l felME B ERdM AAMNTE A@EE 383d
dAate Aol Aol BEAHoc} 2] =EdA=
HAF AEE ol EY HF] Asd 71 35S
83, ob&d AH mzye & (interruption)d %

3H(Dip)ol the AEAARE nAstnA Fo
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