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Excerpt from IEEE I0EHI327-T-PWR {19900 AN LLECTRIC UTHITYS EXPERIENCE
WiITH NONMNSINUSOIDAL WAVEFORMS AND ELECTRICAL METERING.

D. P Hartmann, Serwer Member. JEEE
Eorrieville Posver Administration
Portland, Gregon

Soda Ash = Chlodne Plant

This plaac has large 6-puise rectfiers, the fifth harmonic is the largest produced by the
rectifiers. This particutar plant had 3 feedsrs witk CE CMS-18 incuction disc threa
phase wattmeters on each feeder. This plant becarme a BPA customer when the
Naorthwest Power Act was passed in '980. The previous suppiler of power hag tuned
shunt capacitors in sarvice for powser factor carrection, but ane of the tuning reactors
had faiied by burniout. Bacause of PCB's, those existing capaciters nad to be removed.
Purchase of eiectrical eguipment containing PCB's is faroidden at US DOE factlities,

Theoustomer was paving atiout $25,000 per month in power factor peralty due to the
power factor being nearer 0.9 yather than 0.95. This was on a powe« bill of abaut
$1,000.000 per month. That should have been encugh incentive 1o pur in bower factor
correction capacizors, but the customer did not want 16 da 3t First, the excuse was that
he had missed the budget planning time 1o get funds aliccated. Larer, it'aas that the
maonthly cost wasn't that bad. However, It was known that the efficlency of the piant
suffered during tight load peiiods on weekends and 3t night, because it was ona 1S
miie lang radial 115 KV line, and the source substation dropped shunt capacitors during
those light load periods.

On a Frigday, near Christmas. we had gone 30 the customer for another meeting o
discuss the installation cf shunt capaclcors for power facrar carrection. At lunch time,
rho mesting broke up, and the customer and his consuiting enginear arrived at the same
restaurant that our group had chosen. We joined taples, and more discussion followed.
After a few beers, it iwaked out that the custemer was fearful thac if he installed tuned
pawer factor contral zapacitars, that he waould leese his $30.000 oer month energy
“discount,

The "discourt” came from the fact that ne knew that tha CMS | 8 three phase induction
meter lagged true registzation by about ane tenth of one pey cant winen subjected to
fifch harmenic current distartion of more than ten per cenc. The recrifier loao was
aztualiy praducing about 35 per cert fifth haimonic current distorton. The fifth
larmaonic is negative seguence, so it has a tendency 1o wry to retard the norsal rotataen
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WAVE FORM (AMSH1M9.STD)

vin F1:202 (V)
THD: 3.2 %
rAaximuny: 287 (V)
Minimum: -235 (V)

P\ J

21i01/2000 13:09:58

Vi F2: 202 (V)
THO: 3.5 %
Maximum 284 {V)
Minimums 287 (v}

Vin F3: 204 (V)
THO: 3.2 7,
Maximum: 288 (V)
Minimum: <288 (V)

2k
T A

N

In F1: 35,226 (A)

THO: 20.1 %

FAaximum: 55.280 (4)
Minimum: -55.960 (4)

Vi F1: 224 (V)
THD: A7 'Y
Maximum: 320 (V)
Miniman: 320 (v

Munmimum: 40.120 |A)
Minimum: -39.600 (A}

In'F2: 31123 (af
TH B %

880 (Al
-48.480 (4]

Maxin

Minimun

WAVE FORM (AMSH1MI.5TD)

21,01/2000 13:12:07

Vn F2: 225 (V)
THD: 4.1 %
Maximums 320 (V)
Minimum: <322 (V]

Minimun: -323 (V)

s

In F1: 45.048 (A)
THD: 16.4 %
Maximum: 71.280 |8}
Minimum: -71.340 (A)

In F2: 33.986 (A}
THD: 20.9 %

Maximul
Mintmum:

In ¥3: 41.400 (a)
THD: 15.5 %
MAXImum: 54,440 (A)
Minimum: -54.920 (A)
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YDIOTGEMN. STD (Power factor: Triphasic +)

o.oson =
oO.z2400

O.4z00

o.Gz00

o.2100

1.0000

-0 100

-0 Gz00

-0 <z00

-0 400

™ - MULTIGRAPHIC

Act — Emmm
et YOIOTGEMN. STD (Current: Triphasic ~) YOIOTGEM STD (Powwer: Triphasic +)
L Thd V=5% Thd [=32% Thd ¥V=4.8% Thd [=27%

oo L 1=8554 P=433KW 1-7624 P=062KW
P.F=038:0.74 F.F=0.95:0.389

Tue 5 Jul 2005 Date of sample

Act: 050772005 11:37:30 Fram : 050772005 11:37:30 Ta: 05072005 12:56:40
At 2532108) hlaximum ;1307 (&) Winimurm ;0 CA)
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Selected “arable: E4Wwh L1

fot : D5AT005 11:37:30 From : D5/07/2005 11:37:30 To : D5A7/2005 12:56:40
fot 3.5 05 THI heeimum : 7.2 (%% THOO binimum : 0.0 (%% THO)
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Date 05950772005 12:50:00 | Period: 00:00:10 |

Phaze 1 Phaze 2 Phaze 3 Phasze Il
Yoltage [W] 224 224 224 224 ~
Current [A] 1284 1253 1262 1266 ~
Apparent Power [KWVA] 287 E1E ~ 280.E72 ~ 282 E88 ~ 251
Power [kK'WwW] 159 145 156 451
Reactive P. L [kwar] 218 217 213 E43
Reactive P. C [kwvar] i) u} 1] u}
Power factor 0.55 0.5z 0.55 0.54
Cos Phi 0.92 0.90 0.92
Thd I (%t 26.1 26.5 25.9
| Thd V (%) 7.2 7.2 7.5
Date 05/07/2005 12:50:10 Period: 0D:00:10
Phaze 1 Phaze 2 Phaze 3 Phasze Il
Voltage [W] 226 225 225 225 ~
Current [A] 786 751 784 Trd =
Apparent Power [KWA] 177 E3E ~ 1E9.726 ~ 177184 ~ 525
Power [kKWwW] 158 148 158 454
Reactive P. L [kvar] G4 ES B3 132
Reactive P. C [kvar] u] u} 1] u}
Fower factor 0.8a 0.8v 0.8a3 0.8a2
Cos Phi 0.92 0.92 0.92
Thd T (%) 26.6 28.9 26.6
|Thd W o -] 3 £.4




=

YDA AOTIN - DY WIT

YPBA MK KBS YIYYL DUDAD DPITA
INZE 21sxE p310e 'nd prasly

:Nolyn 'k3INN .7

0.8 P719¥ N?lpPJa.1
5913f kde nd¥o
PPN ?¥ Nkd¥n
, 11%=2 p%; ,
!‘ -of 60%-N 27
129¥ "0 799 k3NnJ.3
NI I . YOIND




.

YDBN NOTIN - DI WNIT
YPBA MK KBS YIVYE DUPAY DRI

INZE 153 E p319e 'nE prasly

909N PPN h¥ad 1ININD NIYH HNIIN
XoIN €29nd poonn pIPN '3 2€p




.

YDBN NOTIN - DI WNIT
YPBA MK KBS YIVYE DUPAY DRI

INZE 21sxE p310e 'nd prasly

:PENI=¥IIND €297n] PIVNI PIPN |'d 2€p5n

7 YUY UL UYL =8 D

e o

W
.-

iy
From BOS, =S =B+ s PP+
i
From QDO — ' =i+ D
I
from SPQ — 5% = P4 0R
i
From SDS =P =S+ =Pyt + IF
P P
p'F'zgz\/PzﬁLQzﬁLD2
1
COSpp =— = P =P.F.|__,



=

b 7 R

INZEL sy E p319e 'nE prasly

ey

2027 PPN _|'D 2€p»

2901 pavnn p?PN .1
277 NII¥H i 2
77 NlY5 Hden
)k pk poc
9o/n 138, d3N; |oH' .3
3 27 77/ 298N

Inlk ¥nf




.

YDBN hO TN - DAY WDIT
YPBA MK KBS YIVYE DUPAY DRI

INZxE 215 E p310e 'nd prasly

P XOIND €290 PIORR PFPN |'D €297270 NI¥NEN
¥2INn NIt pPoonn PPN |'P €299n.1
p'O0IAND, P'FBPA 1P 215 ?Pond ¥lo
.09k | h2IPyn, '0'03n Idn 29¥N F¥ pndlyos
1P ONI¥2 P73 p'Inkd 6413 2972/ .2
Plop X9IN €292 p'7AI¥7 275 'JEN PJ'D
. DINJNPIOn ppNd Fok 1-&
PRPN JIP'h NISIX¥N 15 k'3 HI¥NENH.3
OJpP HYIYND |21¥' hk nI¥3dN |J'k pPoO»»
NIZPINN [Jk |2-poN ¥12¢] 2'¢2kn pood
. 7/d’09 [JOND




=

'mvn DOTN - DU NAIT

IDBA PIYK KB YIYYL DYDAD DRI,

INZE 21sxE p310e ind prasly

: plood
092 F¥N YoIN €290.1
072 P?PN ]'¢d sNEN;
9007 P?PN_[179')
NI NINY p? 723 .2
27PN [JIPp'H 19pRd
)J¢ AYYN |k .3
nladd | it P?PND




=

JDBA AOTIN - DI WIT

SDBA NY'K KBS Yyl DYDAD NS
INZE 21sxE p310e 'nd prasly

2p!2Cok NlJl2nO

Jon 200N Hhd2dn.1



B

TDBA COTIA - DAY DIT
YOEA MK XBIA YIVUL DYDY DRI

INZE 21sxE p310e 'nd prasly

D17 NTYONn .1
D'WUTN ,D'WUYUINY?
.D'Yranl

o117 Y1D'o .2

-TN NIDYVYN Nt .3
, 217 NN NI'TND
. TSA nnaIT




TN NOTIN - DI WIT
YOEA MK XBIA YIVUL DYDY DRI

INZE 21sxE p310e 'nd prasly

s nerden aryinvand nyyn

APPLICATICNS

The installation of filkers FB2 can be made in seres with a single-phase line or series with the neutral of a three-
phase installabion. Fig. 2 shows several applications of the FBZ a single-phase lime and an three-phase line.

| g

B

Gustng de Dajs
[T

B W Taien - g

4 L T

FE3 in 3 single-phassa line of computers

FE2 in a thres-phase line of computars

ol

et 5

54l

GE

el

ni

L

FE3 in a single-phase line with cne or several UPS

FB3 in a thres-phase line with several discharge ghits

Fig 2. - Comnection of filters FB3 fo 5

ngle-phase lines and three-phase lines




REAL AFPFPLICATICON

In this application was request to fiker 3r hamonic generated by diverse single-phass loads like computers, P

JOBN hOTJn - BT AT

V0B MK KBIJ3 VIV DRRT BRTTA

IN3E 215y E 23210 'nE prasly

etc. that criginated heating of the neutral line amnd triping of Herat lsakege protections.

itheoust Filter
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REACTORS FOR FILTERS p=7 %
TYPES FOR 400 V ac MAINS
CODIGO TIPO '8 PARA CONDENSADOR | kvara 400V | PERDIDAS
ODE TYPE FOR CAPACITOR kvar at 40K LOSSES

666011 |R- 10400 | 15 1,25 kvar / 460 V 10 50 W

666012 |R- 15400 | 22 19 kvar/ 460 V 15 57TW

666013 |R- 20-400 | 30 25 kvar / 460 V 20 78 W

666014 |R- 25400 | 37 30 kvar/ 460 V 25 W

666023 | RB- 30-400 | 45 37 kvar/ 460 V 30 120W

666024 | RB- 40-400 | 60 50 kvar / 460 V 40 145W

666025 | RB- 50-400 | 75 62 kvar/ 460 V 50 185 W

666026 | RB- 60-400 | 90 74 kvar/ 460 V 60 205W

666027 | RB- 80-400 | 120 100 kvar / 460 V. 80 235 W

666028 | RB-100-400 | 145 125 kvar / 460 V 100 250 W

666029 | RB- 120-400 | 175 150 kvar / 460 V 120 295 W
Cadigo Tipo Para inductancia Wvar ©
Code Type For reactors @ov) |
666 051 CF 46/12,5 R - 10-400 10
666052 CFa6/19 R - 15-400 15
666 053 CF 46/25 R - 20-400 20
6 66 054 CF 46/30 R - 25-400 25
€ 66 055 CF 46/37 R - 30-400 30
666 056 CF 46/50 R - 40-400 40
666 057 CF 46/62 R - 50-400 50
6 66 058 CF 46/74 R - 60-400 60
6 66 059 CF 46/100 R - 80-400 80
Cadigo Tipo Para inductancia Wvar ©
Code Type For reactors (230
6 66 061 CF26/63 R-5230 5
666 CF26/125 R-10-230 10
6 66 063 CF 26/ 18 R-15-230 15
6 66 064 CF 26/ 25 R -20-230 20
6 66 065 CF 26/ 30 R-25-230 25
6 66 066 CF 26/ 37 R - 30230 30
6 66 067 CF 26/ 48 R-40-230 40
6 66 068 CF 26/ 60 R - 50-230 50

TECHNICAL CHARACTERISTICS

Working volitage (L) 4680 V
Frequency = S50 or 60 H=z
Working temp. —25 / +40 “C

Test volt. between terminals 2.15 UM-10 s
Test voik. 1o eanh I KV {10 s}
Dielectric losses 0.5 W / kvar

Protection e a2

Dimensions See hg. 2 and @able

Weight See table

Standards: VDE O580C. BS 1€50.
IEC 70/70 A, UNE-EN S0 831
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