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short resistor resistor

Size (kvar) circuit (kA) {per unit) (per unit)
900 4 1.95 1.55
900 9 1.97 1.45
900 14 1.98 1.39
1200 4 1.94 1.50
1200 9 1.97 1.40
1200 14 1.98 1.34
1800 4 1.92 1.42
1800 9 1.96 1.33
1800 14 1,97 1.28

Courtesy of Cooper Power Systems.
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Harmonie Percent Phase (dep)

Fund 100.0 124
2 0.2 136
3 19.9 -144
5 7.4 62
7 3.2 -39
9 24 =171
11 1.8 111
13 0.8 17
15 0.4 -93
17 0.1 -164
19 0.2 -99
21 0.1 160
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Recommended practice for establishing capacitor capabilities when
supplied by nonsinusoidal voltages (IEEE Standard 18-1980

Capacitor bank data:

Bank rating: 1,200 kvar
Voltage rating: 13,800 V (LL)
Operating woltage: 13,800 V (LL)
Supplied compensation: 1,200 kvar
Fundamental current rating: 50.2 A
Fundamental frequency: 60 H=
Capacitive reactance: 158,700 L)

Harmonic distribution of bus voltage:

Volt. Volt. Line
Harmonic Frequency mag., V, mag., V, current, I,
no. (Hz) (% of fund.) (V) (% of fund.)
1 60 100.00 7967.4 100.00
3 180 0.00 0.0 0.00
5 300 4.00 318.7 20.00
7 420 3.00 239.0 21.00
11 660 0.00 0.0 0.00
13 780 8.90 0.0 0.00
17 1020 0.00 0.0 0.00
19 1140 0.00 0.0 0.00
21 1260 0.00 0.0 0.00
23 1380 0.00 0.0 0.00
25 1500 0.00 0.0 0.00
Volt distortion (THD): 5.00 %
rms capacitor voltage: 7T977.39V
Capacitor current distortion: 29.00 %
rms capacitor current: 52.27 A

Capacitor bank limits:

Calculated (%) Limit (%) Exceeds limit 7

Peak voltage 107.0 120 No
rms volitage 100.1 110 No
rms current 104.1 180 No

kvar 104.3 135 No




i

be Chipe b | poesy poad § g

. . o /.,.o_{ fo . . .
L;‘"’Kjﬂ s Dol o L e D e s p S ‘L( “5")’"”"\_5") o
“ . B | PR T BN a S .. .
JL._J) u,{.)}n)u \IJLM_.C- L ..«,_;l V‘%ﬁ .JL{ e ‘3‘-,,-‘}-*‘;~——3—‘ \_WL:,;;;,\ ) ‘Lw \-,M,a'w; _(,)‘Mc-.-'
ST P S L B S A P S DV S T S I Sl e § el
Nl Lo LT I A A R
S . e . - .
~ N - . : < - . r
Q\.}u R gen D u e R it N:J,p.. A== R PR bl Jw};.) %/x JIL_/\ l..jkcbum,ub &
o s o <L . T X . . L ‘
S (o e N D s RV RN S J\,.'» s L@ibl\ﬁ\. _)i A \1?(.7\1«. o L?r.’_:’t'e"
. ! N I - ] . . L P | - . . . \ .
e e T e T B E LI S| PP I PR I I
- 5 - I . A
S e ms e a e . T N
T L E e 2 e D uiy}ﬂ)\ﬁ* oS JML.L;A P 2 e
N T T _.(/ DN S im s 4L ou Mb < - L,Ch L Lot -\S’ 4
oL S T e I S o Cob Ve e

SheEe e RVl hs gl il L L e gl
T LT .- - - i J}J g --’/u‘_“m" /L) W * )'. y b J? v

& ! ! P . M . - -, . P . . - -
— A Sy e 2 2 SaLs g 5| L Yol S Sl :
o 2 3 el IR I SRR e o /&! [ = b (NPT L},}\,M L.S_)\::J [RIge-

L NERPIRY T T L T
e JB s A_Qb’-‘.\ PRSI o _)3\ LM»J«Q % 'JL“ o "J'S 2 s

o ol
!

. . . . [ | N . = . [
L—S__..wqa‘..xﬁ - J/c._ﬁ _".‘_..A-‘;_ U+ \.4;};._..“;!_).! Pr L_@)UJ.:— k,.__ﬂ . O‘J;}M d\-.-’)?' L..VJL_QJJ Y

| ' 4 i T
Ceo st A y e ) TR Y . FET
‘ 05,54}1" et U E B (e O oW @l e ol e s g el W)

.. . T ' Co ' I . &

Sel s S ses i b mide Ol b e S clesla S0
. .

PSR "y Qluj} -l 2

. B ER e s . LA .\ | .
*© S o I e . |
- s Lo . T A N ‘\-\j:’

J)j'LOJ}n___M}‘/J el J R N U .,\N .-3\,_"\.;"50 V.M.:L\_B‘ oo st_) ..g U"L 'l‘:, >

M P e —

e Z. o o o .
l_ﬂe_\_ﬂj‘}ﬁ)u J._)~ ) >_>\.A_,M_: _,“,‘_,:\.:‘;/L-’;.i Sama o sl Q.'_,“JJJJJ J«J‘/JBI v A &...JLQ.L e

Y EO A T L& . — o
o 1 VM_,)ﬂw el o vad LD 03 S s o il u)—‘:].l) 3 oL 00 4 /\’L\.\_; i 3.C9

— —_
= . . £ . . - . =
-t . G - . 1] [ . .o § Al
S G | g LN 0 R LT N U e N IRV P 1L

- -

| T . . A 5 o 7 \ . ot
\_},e__c 92 o‘)b\_)l - Lg_i.\)}ﬂjbb B fb R "w\i‘/JL LA}.QJ— .J/\IJ ‘\ﬂs&.ﬁ)‘g L_l,ml:- 3 e

‘




V] S S e O i

JJ‘JJL_«J'JJ L_)L_;ﬁ ;J)}_.q.:u Lﬁ)})b)}.ﬂ_‘ul)} S L@S:J},Ubbj;\ JMK Jlj’ Lo_,..tb!)
o f S 8, lesle (Bey BY i 5L sery C ANSI/IEEE oy A4 -

(3~Y JL& PEN .)).JLSA a.\L&:...._«-:‘ Jy‘u)}j———bﬁ)ij M_A.:‘J‘)L w&bK é“/.;' J‘ o \_a...ﬂ_q_,( P «.(K

- -

Site: Examnple Plant
Example Transformer

Harmonic distribution of {transformer tead curvent:

e ——

Current  Frequercy  Current

Harmomiz ) {Hz! (pul e FPxhe
] 150000 60 1.00¢ 1.000 1.000
a LB 150 Q.038 0.000 .00z
3 26.1U6 =060 0261 0.084 1.702
7 3050 420 008G 0.003 0123
9 a2 240 i 003 0.000 0.001

1 8.890 660 0 NRS 0,008 {1,955
13 3,100 T80 0031 0.0031 0,162
15 0200 Q00 0.002 0.000 0001
17 4,300 1020 . OdH 0.002 0,666
19 2 600 1140 0.028 b.0Nm 0.244
21 0.100 1260 1.007 {1,000 0,400
23 a3 138G 0,033 0 (H1 0576
25 2.100 1500 0.024 4000 0276

Totals: 1484 5.712

K Tactor: 54

Standard derating (ANSIIEEE CBT.L00-1986)  0.87 pu

Assumed eddy-current Joss factor Puw = B%
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Type MVA Voltage %Pear
Dry =1 3-8
=15 5 kV HV 12-20
=15 15 kV HV 9-15
Oil-filled =25 480 VIV 1
25t05 480 VIV 1-5
>5 480 VLV 9-15 Piiin os polin —0-% Jyum

sorrcE: DL E. Rice, “Adjustable-Speed Drive and
Power Rectifier Harmonies: Their Effects on Power
System Components,” in Proceedings of the IEEE
PCIC Conference, No. PCIC-84-52.
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HOT SPOTS ON TANK
FLUX LINKS FUSE HOLDER OR MAY CAUSE PAINT TO
BUSHING END BLISTER OR CHAR

2z

AN

N

ZERO-SEQUENCE FLUX IS IDENTICAL
IN ALL THREE LEGS
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Harmonic 6-pulse ASD PWM drive Arc lighting SMPS
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3 20* 70
5 18 90 7 40
7 12 80 3 15
9 2.4% 7
11 6 ™0 1.8 5
13 4 70 08 3

ASD, adjustable-speed drive; PWM, pulse-width modulated; SMPS, switch-
mode power supply.

*For single-phase or unbalanced three-phase modeling; otherwise, assume
triplen is zero.
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Low Voltage Filter Calculations: Example Filter Design Spreadsheet

SYSTEM INFORMATION:
Filter Specification: - 5 ]th Power System Frequency: l g ﬂfi Hz
Caparcitor Bank Rating: Cm kvar Capacitor Rating: L 480 Volts
Rated Bank Current: Q Amps — Hz
Nominal Bus Voltage: 480 Volt? Derated Capacitor: 500  kvar
Capacitor Current (sctual): 601.4 Amps Total Harmonic Load: 500 | kVA
Filter Tuning Harmonic: th Filter Tuning Frequency: 282 Hzx
Cap Impedance (wye equivalent): 0.4608 W Cap Valuc (wyc equivalent): 5756.8 u¥
Reactor Impedance: 0.0209 W Reactor Rating: 0.0583 mH
Filter Full Load Current (sctual): 629.9 Amps Supplied Compensation: 524 kvar
Filter Full Load Current (rated): 629.9 Amps

Transformer Namcplate: kVA Utilisy Side Vh: 1.00 ] % THD

(Rating and Impedance) 5,00 e (Utility Harmonic Voltage Source)

Load Harmonic Current: ‘Eﬁ;iﬂi l'/- Fund | Load Harmonic Current: 180.4 Amps

| Utility Harmonic Currept: 47,7 Amps | Max Total Harm. Curcent: 2281 Amps -
CAPACITOR DUTY CALCULATIONS:
Filter RMS Current: 669.9 Amps Fundamental Cap Voltage: 501.8 Vohs
Harmonic Cap Voltage: 36.4  Volts Maximum Peak Voltage: 539.2 Vol

| RMS Capacitor Voltage: §04.1  Volts . Maximum Peak Current; 828.0 Ampa

CAPACITOR LIMITS: (IEEE Std 18-1980) FILTER CONFIGURATION:

Limit Actual ] 480Volt Bus ——-—— - -
Peak Voltage: 120% 112% Xi= 0.0200 W E
Current: 180% 111% .
KVAr: 135% 117% :
. 500 kWWAr@ .77,
RMS Voltage: 110% - 105% 480 Volts

FILTER REACTOR DESIGN SPECIFICATIONS:

Reactor Impedance: 0.0209 W Reactor Rating: 0.0553 mH
Fundsmental Current: 6299 Amps Harmonic Current: 228.1 Amps
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Date of Disturbance,

Tinie of Disturbance:
Company .

AddeLs\s:

Contact Name:

Phone #;

Brief Descoption of Disturbance:
Equipment Category:
Equipment Type:
Manufactyrers:

Equipment Limitation:
Cost of Equipment Failure:
Caost of Downtime:
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