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Procedure of Filter Design for Limiting Harmonic and Improving Reactive

Compensation in Low Voltage Power System
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Abstract

The filter design in low voltage is closely related to commercial top

secrets. Some famous foreign manufacturers, like Nokia and ABB have
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never revealed the detail design processes. Many factory buildings which
have installed the filters can only obtain the final design data. The filter

design can not be successfully achieved by only applying some percents of

reactor in series with capacitor, by only deleting higher order harmonics

filters to prevents from amplification of lower order harmonics, or by only

deleting some capacitors to reduce harmonics. The key factors of harmonic

filter design are included. Protecting from harmonic current and protect

voltage should be considered and analyzed. The limiting harmonic should be

laid out concerning with the whole system. The success in power factor

achievement and the evaluation of the whole scheme are very important.

After the filter is applied to the system, the suppression effect should satisfy
IEEE 519 standards. Furthermore, the filters should be adaptable to variation
of load and should be appropriately categorized. The design factors also
include the variation of system parameters. Besides, there may be other

methods for harmonic suppression. Finally, the application and settlement of

the design solutions are executed. A design case is illustrated in this article

to demonstrate the design process. The authors hope that this research may

contribute to the power quality in Taiwan.
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=1 @
{EAREME : 042KV » fRIETE 3/5 Al
I, =(10 X 1000)/(\/ 3 x0.42KV) A/PU
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x| 35 3/5 H:,FULL 3/5 3/5 ,_JI,FULL

LOAD | LOAD T LOAD | LOAD | LOAD TLOAD
3| 231 A]0.00017 [0.00028 | 153 A|0.00011 [0.00018
510235 A| 0.00745 | 0.01242 | 40.66 A | 0.00296 [0.00493
7| 45.84 A|0.00333 | 0.00555 | 16.64 A | 0.00121 [0.00202
9| 2.08A]0.000150.00025 | 1.20 A|0.00009 [0.00015
11| 38.60 A | 0.00281 | 0.00468 | 14.15 A | 0.00103 |0.00172
13] 25.12 A | 0.00183 | 0.00305 | 9.97 A | 0.00073 |0.00122
15| 2.09 A10.00015 | 0.00025 | 1.20 A|0.00009 |0.00015
17] 22.30 A | 0.00162 | 0.00270 | 7.88 A | 0.00057 |0.00095
19] 16.05 A [ 0.00117 | 0.00195 [ 6.91 A|0.0005 |0.00083
21| 2.09 A|0.00015 | 0.00025 | 1.10 A | 0.00008 |0.00013
23| 14.70 A | 0.00107 | 0.00178 | 5.04 A | 0.00037 [0.00062
25 10.90 A | 0.00079 | 0.00132 | 5.15 A | 0.00037 |0.00062
29| 7.44 A | 0.00054 | 0.00090 | 2.82 A|0.00021 |0.00035
31| 567 A|0.00041 |0.00068 | 2.15 A | 0.00016 [0.00027
35| 3.92 A0.00029|0.00048 | 1.48 A|0.00011 |0.00018
37| 2.64 A|0.00019 [ 0.00032 | 1.00 A | 0.00007 {0.00012
41) 1.44 A |0.0001 |0.00017 | 0.54 A|0.00004 |0.00007
43| 0.51 A|0.00004 | 0.00007 | 0.19 A | 0.00001 |0.00002
47| 0.12 A| 0.00001 [0.00002| 0.05A| 0 |0.00000
49 0.11 A | 0.00001 | 0.00002 | 0.04 A 0 0.00000
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o I, total I, total /1, S A
) | fullload aﬁz%ﬁf{l[&ﬁi)&%m (%)
3 0.00158 0.528% 12.00%
*5 0.06697 22.322% 12.00%
7 0.02980 9.933% 12.00%
9 0.00140 0.467% 12.00%
*11 0.02512 8.372% 5.50%
K13 0.01643 5.478% 5.50%
15 0.00142 0.472% 5.50%
17 0.01447 4.822% 5.00%
19 0.01057 3.522% 5.00%
21 0.00140 0.467% 5.00%
*23 0.00952 3.172% 2.00%
*25 0.00723 2.411% 2.00%
29 0.00485 1.617% 2.00%
31 0.00370 1.233% 2.00%
35 0.00255 0.850% 1.00%
37 0.00172 0.572% O L00%
41 0.00093 0.311% 1.00%
43 0.00033 0.111% 1.00%
47 0.00008 0.028% 1.00%
49 0.00007 0.022% 1.00%
THDi 27.50% 15%

it BTG

h EpcELR

B T TR U B At 2 AP AR - ML
R S50 77 I TRZAH R IS
e BRRE T Z A ©

— ~ BRI

STEP 1. HE BT Z iR AQ. -
MBS -

STEP 2. E-HdAl PCC B3k 2L B{H D,, » 4158
ERERATR -

STEP 3. {#iff} [2] ZHEGR{FESVFR R B I H]
FrHEGSHHAM TR - AEME 5.1
B -

STEP 4. {fatis BRI E Wl AR akat 2

1.6 PLUSE %18 AR BEEH - Sl
(1) ZREHMEI T 2 R £ 2 W R i vl
3 HESGHESBIR (Qp ns) »
(Qp, 1) (ARWETHULARDL)
() FIHMHFAER > R~ +— XK
i M AR - HERETHE AR
(Qgs ns) ~ (Q nz) ~ (Qpy, Dy )
(3) FAHMFAR ~ LR~ +—REK
TZRAE BB A - HFE
{5 BIES (Qps ns) ~ Qe ma) ~ (Quns
ny) ~ {Qus niz) ©
MR A B PR AT (1) () ()
E—FERBL

2. WMR AR R I
(1) FHEHDH =R B =R W B
W HAREHEA RIS (Qaong)



EWTIELAT

STEP 6.

STEP 7.

STEP 8.

STEP 9.

STEP10.

3 624 WA

(Qp ) ©
(2) BEHDHI =R ~ =R ~ VIRFEB
T a8 - HAREHE D B (Qp,
ny) ~ (Qp, 3) ~ (Quus ) ©
(3) FAHIFI =X~ =R - WREA
e T R A 0 FLRRETHE Y
FES (Qp» 1y) > (Qpy 13) ~(Qpay 1)
(Qps,ns) ©
MEFRAK A RIEIBCRTER (1) (2) 3)
fE—FEARTL

FllR swep | DhiF g HAEDHMIEAQ
R STEP 2 & piais KO {#E Dy » &
RBIPIRAINE 5.2 @ o

{#F S.UM.T B{a ik RIgEE 31
I ATTE R I P9 P R AR ( Qo )
R MR & IEEE-519 FRHEER L)
He BB

{E R HE (Qp, ny) FHEIEIES
THBABRERS EEEYHER
BARTHEEE (Y #) Cp > FHUHE
TEEME Vg ~ FRBEBME |~ &
B H M RE L, ~ FREE R
Vi R E B AE lieg s

R AR R EHRE TR L > L
ARk n Bl 8% LUES | A Apr(n=12)
Sy ER RN RIS 5 BRI R (leg/n)
FRAIAE 200A LI » LAEGEA—/ Xiee
MG T - EREERE Rl
P RS R

FERCIR 3 Bk - PRIGE R B
SSHEAE C~ BT ER V. BEUEER
I EHAROEEE L WEERE V.
B BUEEIRE] -

STEPI11.

STEPI2.

STEPI3.

STEP14.

STEPI1S.

C,=Cyq/n
V=V
l.=leg/n
L=L.*n
V=V

[|.=]:,

e
C, FASIR Y Hibs 2 WA o

RIS EREARN C, 0 Voo I REHEH
LV, IL%'IE‘TﬁF&EJ N
BERHISER V, 2 VXL
BARBUIEER L pe21x13
BEBRBEEE Qe :
EHSRPEER Ve =Vix11
BHEBRBUEENR 1L pe=lespe
EHEEMEER Qe
i BB AR ERE - 5
HAORE SHATTE B T IR UE - FREE Qe pec
B QU spec * {HELTE 60HZ HERBLIHE
A HRE Dh IR B o A R R ARAY
EIRE o, ([ERTWR (EENR
g !)

RIS AEERHRAE L spec PRAE WIS ARAHIHIT
#

BV DA - (RABAE RS - EEREPARR -
BT ST - BACKRSAHE SRR

468 1 BRI - AN 5.1 -

EITERBARZ AR SEGL
it LAHERE OB AN 5.3 -

HEA R - MR EER R BE
EATEE - HERETRIETTIEIF -



(SER RPN R B B R IR . AT

51 LIN's H 38 (2]

52 I BE A E

S Am HEFR S SRR T

fxs

Xl

o [

h (UMt ...
HPCCRBHMRARTHRS Dh=

h
m

S o)

1+{:l(sh+ﬂh}{£)[ “0er(i-1) o

HohCohRE O MEEEHER o HEEEES
SoENER hEXHE

> Oh=c, heahgns2%
|

=N B

Wil TRkt iRk AR #5 filter 2ENER
B #7 filter 4}pE B o 1048 BT LUBR UL % #CH )
15 0.4~1.0 £l FrophR s R wms] »
Se Ak o IR AR » L REE TS - BE
TRARZE « APFR HIEERAD 12 Bl - DURE(TR
HAFFER -

Bz ~ & E ]

T AR IR TR A OB B AR T R MR R R
i RRE & I A BB — B RER - T

-
Progrom THDi=min IE Dn RO Qa1
h=2

() ek (C)EshetR
5¢n5<5x0.92 Qf5+Qf7=Qc
7<n7<7x0.92 Qf5>0 , Q0

(=) BB AR ik

05<12% 023<27%
D11<5.5% 025<2%

FIERE N SECE H R - AR R E
PR K B TR

— BRI R BRI EENRRT LT ER

I BT A RN B - ELE RSN
MDA - SEEEER A -

2. PR SRS IRE R E - RS
MARSE LHREREEKLBETR ~ #
BRHIEERT - HEERERE R R E
EIEBBRG Y GRS T B IR
TABLEASK » A TR R &
IR '

3. BREHTAIE M BTG S0 RS - RRFDEIE]
- IEEE 519 BEAEPY » ARE MEER

4. FEHITATEIR R ARG T A BH0 E IE
SO - MEE T B R E R AR - ¢
I EAFIAT IR -

5. FETIT TR AR TR R U A NS & ZR T
6. AHFHIRBE T HE APFR 5 ARF » £E
A IUAE » DAfE RAR BN ERERD -
7. S BRI T E HIBRRIRRE A -

Boandar ? {E{SHEEE -



ERMTIEAF] W 624 M8

F 53 B ER A B O BatE A IR D) R B

f # » i
R
0.4 LOAD 0.5 LOAD 0.6 LOAD 0.7 LOAD 0.8 LOAD 0.9 LOAD | Full LOAD i it
FSFILTER | RATE: | RAME | RAAER | BAAE | RAAE | BAAE | BASB | ppmu
FTFILTER | BAOH | BAORK | BAOR | MAOR | BA—8 | BA—& | #rzg | P
3 1.759% 1.759% 1.471% 1.471% 3.031% 3.031% 3.919% 12.00%
5 4,940% 4.940% 3.692% . 3.692% 4.144% 4.144% 4.427% 12.00%
7 4.885% 4.885% 4.282% 4.282% 2.487% 2.487% 1.775% 12.00%
9 0.401% 0.401% 0.233% 0.233% 0.280% 0.280% 0.234% 12.00%
11 4.960% 4.960% 4.430% 4.430% 3.635% 3.635% 3.130% 5.50%
13 3.585% 3.585% 2.984% 2.984% 2.683% 2.683% 2.339% 5.50%
15 0.439% 0.439% 0.262% 0.262% 0.332% 0.332% 0.291% 5.50%
17 2.900% 2.900% 2.701% 2.701% 2.210% 2.210% 1.947% 5.00%
19 2.560% 2.560% 1.987% 1.987% 1.960% 1.960% 1.731% 5.00%
21 0.409% 0.409% 0.265% 0.265% 0.314% 0.314% 0.278% 5.00%
23 1.882% 1.882% 1.806% 1.806% 1.449% 1.449% 1.283% 2.00%
25 1.929% 1.929% 1.377% 1.377% 1.488% 1.488% 1.319% 2.00%
29 1.059% 1.059% 0.927% 0.927% 0.819% 0.819% 0.727% 2.00%
31 0.807% 0.80';’% 0.708% 0.708% 0.624% 0.624% 0.555% 2.00%
35 0.559% 0.559% 0.489% 0.489% 0.433% 0.433% 0.385% 1.00%
37 0.337% 0.337% 0.330% 0.330% 0.293% 0.293% 0.260% 1.00%
41 0.204% 0.204% 0.179% 0.179% 0.158% 0.158% 0.141% 1.00%
43 0.074% 0.074% 0.064% 0.064% 0.057% 0.057% 0.051% 1.00%
47 0.017% 0.017% 0.016% 0.016% 0.014% 0.014% 0.012% 1.00%
49 0.015% 0.015% 0.013% 0.013% 0.012% 0.012% 0011% 1.00%
THDi 10.669% 10.669% 9.000% 9.000% 8.225% 8.225% 8.052% 15%
On(Kvar): 1024 1024 1536 1536 1769 1769 2000
PF: 0.975 0.975 0.995 0.995 0.991 0.991 0.970
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22.8KV SCC=500MVA

Hormonic Lood 2150KVA (628
(Qc=2000KVAR of Full Lood
JO00KVA
= B
i=bA VMV 2
Wire by CUBUS (3045-3) x 2 3%
P
) PR}
33000 CT
i i & 3 3 [ 5 B
R | M | B | B | B B | R
FUSE: FUSE: FUSE: FUSE: FUSE FUSE: FUSE: FUSE:
B30A 630A 6304 6304 630A 630A 630A 630A |
¥Son ¥Son ¥Gos ¥on ¥on ¥fon E6o0n ¥6o 1
: OL=FY OL-RY OL=RY OL=-RY OoL-RY OL=RY OL=RT OL=RY
550A S04 600A ‘6004 ‘6004 BO0A 600A ‘600A
3P 52V 3P s52v 3F BBV 3P BBV P 6EV 3P BBV - 3P BBV 3F BAV
Ith= 4404 Tth= 4404 h=4B0A Iin= 4804 th=4B04 Ith=4B04 Ith=4B04 Iin=4B04
L=0.054mhi [ L=0.054mh 1=0.0896mn | - [ L=0.0996mh L =0.0996mh L=0.0996mn | 1=0,0986mh =0.0996mh
@ P Lo TN oy P TN : N o
SCIPEOOV SCIPE0OV SC3IPE0DV SCIPEOOV | sc3PE00V SCIPEODV SCIPEOOV SCIPEOOV
42 IKVAR A23KVAR 453KVAR A5 3KVAR i A53KVAR 45 30VAR 4 53KVAR 45 3KVAR
IA50KVA | C=3Te Co3) 150t €m3337.4u! C=3337.4uf | C=3337.4ut C=3337.4uf C=3337.4ul C=3337.4uf
1
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