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Field Meter Testing Using
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INSTRUMENT TRANSFORMERS




INSTRUMENT TRANSFORMERS
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CURRENT RETURN SWITCHES
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CURRENT RETURN SWITCHES




CURRENT RETURN SWITCHES

C Phase Current in closed position making contact with
attachment screw for shunt buss.

This re-routes current to by pass the meter.




CURRENT RETURN SWITCHES

Test switch A in the open position, current circuit is shorted- meter
bypassed

Test switch B in the closed position

Test switch C in the closed position, long screw makes improper contact,
current circuit is shorted- meter bypassed
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Form 9S Abase Adaptor
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SYSTEM ANALYZERS

Bird Dog Plus

Radian
RD31-221

testMET

Gold Miner § =

PowerMaster
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SYSTEM ANALYZER WE USE

v PowerMaster

5 Series Model




Testing Options Available
On the PowerMaster

F Integrated Site Test Setup

Test Setup |ReEIE==1] -

—[Meter Tests
Customer Load

Test Mode [¥Wh Rd
[ o Demand Test
Test Time | Secornds Test Revs |2

[ Phantom Load

Fhantom Load Setup |Mone =]
- Transformer Testing
CT Test Mode |Burden + Ratio | = Max Burder |0.5 >
[ PT Test Mo

reawssis [ ewsse | cobwsous I SR
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Before Beginning the Integrated Site Scan
The Following Steps Must be Performed

Proper PPE must be
worn and all Safety
Guidelines followed.

Install the Duckbill
Current Leads

Connect the Potential
Leads making sure
they are matched to
the proper current,




Select the Vector Analysis Option
Before Starting

Why ?
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View the Vector to Verify your Connections ...

§#* Yector Graph Selected Site: 3PH 4W WYE (100:5 CT)

Vector Diagram

OSVaSla
SVa 118.747 0.00°
Sla 2.478 29,399
PF = 0.871 29,390
Lag

®SVbSIb
SYb 119.579 119.92°
SIb 2.504 149.03°
PF = 0.874 29.11°
Lag

dSVeSIc
SV 119.885  240.00°
Slc 2.645 270,540
PF = 0.861 20.540
Lag

SYS

Vsys = 119.404
Isvs = 2.542
PF = 0.869
ROT = ABC

Measurement: Live Test, Sec ¥/Sec I, Instantaneous

|' Reference rCDnnect.'v'iew r Interval r Sec W/Pril _ Stop ‘
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View the Vector to Verify your Connections ...

Meter Vector Diagram

SVh




4 Wire Wye Service at Unity Power Factor

Meter Vector Diagram Waveform Report P

—— POWERMETRIX
Account No:

Tech 1:

Tech 2:

Sys ID: 7232-130003

T-2000000

--2000000

SVh
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4 Wire Wye Service at 50% Power Factor

Meter Vector Diagram

e —

Waveform Report 2

CARIBBEAN&
LATINAMERICAN
METER SCHOOL




il Yenior I Diagram

Single Phase Service

ifextear YWeootor IDiagram

Slh

Sla

ab

Ib

Wawelorm Report p
'POWERMETRIX
Hite 1 1PHASH Aonount Mo
Liualommian: 12eh 1:
“Tost Iste; Thursday, January 31, 2013 1:54:22 AM (UTC05:00) Toch %
Beryiee; 10hase, 3Wire (1V, 20) TR Sy Ve 7332130003

S¥abizla
el -4 0
\/\\/A\/\ |
L 470

BYaktl

50% PF

P N N 2
/ \\ i N 7 Y
/ \ / A / \ y \
/ \ \ / \ /
f / \ f \ / \
/ \ /
\ J \ / \ /
\ \ /
\ \ / \ / \
bt ! 1y ¢ \ / \ /
\ / \ / \ / \ /
\ / \
N/} A \ \ 7
9 NS \_,/ s
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~A410
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Three Wire Three Phase Network Service

Wavetornm Repart p
b
Vb
No Lag (1.00 PF) 30° Lag (0.866 PF) Waveform
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Three Wire Three Phase Delta Service

vab~

No Lag (1.00 PF) 30° Lag (0.866 PF)




Delta Service at Unity Power Factor

fexier Weantor | iagram

B

Waveionm Repeori

Accouni Mo:
Tech 1:

Customer:
Test Daie: w sdlay, ry 30, 2013 12:3201 PM (UrCI5:1) Tech 2:
Sorvice: 217hasa AWire 12 TA C-1 (3V, 3C) 11 Sy 11): va32-130m03
SValila

SVhilb
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Delta Service at 50% Power Factor

Micyior Worlor iagram Wavetorm [Report p

s j \ o, POWERMETRIX
e “S"J i Sive 1) 1A Aceouni No:
L [ Customer: lech 1:
.. Test Daie: Wodnosday, January 20, 2013 12:30:14 PR (U 1C=05:04) Tech 2:
Sorvice: 217hase, 4 LA G- 3V, 36) TR Sys 1) v232130003
SWabla

Syhsib
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VIEW THE VECTOR TO VERIFY YOUR
CONNECTIONS ...

Meter Vector Diagram

K sve

SVh




View the Vector to Verify your Connections ...

Meter Vector Diagram Meter Vector Diagram

_ Y

SVa

SVh




View the Vector to Verify your Connections ...

Meter Vector Diagram




What your Looking For!

§#* Yector Graph Selected Site: 3PH 4W WYE (100:5 CT)

Vector Diagram

PSVaSla
SVa 118.747 0.00°
Sla 2.478 29,390
PF = 0.871 29,390
Lag

PSVYbSIb
SVb 119.579  119.92°
SIb 2.504 149.03°
PF = 0.874 29.11°
Lag

OSVcSlc
SVc 119.885  240.00°
Slc 2.645 270.54°
PF = 0.861 30.54°
Lag

SYS
Vsys = 119.404
Isys =  2.542
PF = 0.869
ROT = ABC
Measurement: Live Test, Sec ¥/Sec I, Instantaneous
|' Reference r Connect. iew r Interval r Sec V/Pril _ Stop
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INTEGRATED SITE TEST

) Select Site

[glnteg rated Site Test

Meter Testing
Instrument Transformer Testing
B Data Trending
B Transducer Testing
¥ Deselect Site
B Utilities
E)Recall Data




Capture of Sine Waves of Amps & Volts

WA sare ey -2 Tra T ==
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Capture of Vector

# Yector Graph Selected Site: 3PH 4W WYE (100:5 CT)

Vector Diagram

PSYasSla
SVa 118.747 0.00°
Sla 2.478 29.39°
PF = 0.871 29.390°
Lag

PSVYbSIb
SVb 119.579 119.92°
SIb 2.504 149.03°
PF = 0.874 29.11°
Lag

PSVcSIc
SVc 119.885  240.00°
Slc 2.645 270.54°
PF = 0.861 30.54°
Lag

SYS

Vsys = 119.404
Isys = 2.542
PF = 0.869
ROT = ABC

Measurement: Live Test, Sec ¥/Sec I, Instantaneous

|' Reference rCDnnect.View r Interval r Sec V/Pril _ Stop |
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“Breakdown Of Vector”

Selected Site: 4W Y 3V 3C S000F09
SYSTEM OVERALL SUMMARY

# Power Meter

V(FDRMS)
V({Fund)
I(FDRMS)
A(Fund)

Vo
10
DPFO

PF{PF1a)

W(P1)
VA(S1)
VAR(Q1)

THD ¥
THD 1
FREQ

bSVaSla
118.5935
118.5872
2.506571
2.506556

0.0000°
359.9395°
-0.060506°

0.999999

297.2454
297.2456
-0.314487

1.030761%
0.337406%
60.00011

OSYbSIb
119.4417
119.4416
2.544676
2.544665

119.8656°
119.8011°
-0.064425°

0.999999

303.9387
303.9389
-0.341550

0.1254/5%
0.297266%
60.00003

PSVCSIc
119.7183
119.7181
2672775
2.672768

239.9556°
241 .0687°
1.113085°

0.999811

3199184
319.9788
6.216074

0.173148%
0.238195%
60.00012

SYSTEM

119.2512
119.2490
2.574674
2.574663

0.999937

921.1025
921.1633
5.560037

0.443128%
0.290956%
60.00011

Measurement: Live Test, Sec V/Sec I, Instantaneous

Interval

[ secvrril

Stop

)

Captures System Overall Summary
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Harmonics for Amp And Volts

# Harmonic Analysis Selected Site: 4W ¥ 3V 3C SO00DFO09

1.00 75vaSia 0.3% 5THD I.g3q

1.03 %THD ¥
0.507 10.15
0 I r I || - - m

10 20

030 T Lo

0.05 7 I I I 10.15
I] T _ T T

0.24 3THD TI_p on
0.17 ¥THD ¥

0.15 75YcSIc

0.08 1 10.15

0

10 20
Measurement: Live Test, Sec ¥/Sec I, Instantaneous

|' Details rCDnnect.'v'iew r Interval r Sec Y/Pril r Amplitude r Stop

\olts

>
=
E
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Harmonics

Waveform Report y =4

B WA E A E T
Site ID: CIRCUITY § CORCOURSE PRY Account Mo: 33885301
Custormer: COMNCOURSE W ASSOC Tech 1: BEOBE HEMNSY
Test Date: Thursday. January 24, 2013 1:57:368 PM (UTC+05:00) Tech 2:
Soervice: I-FPhase. 4 Wire, Wye (3W., 3C} TR Sys 1D: S302-010025
SvaSla
200 — 1 00000

WS WL WL WL Y

-Z00 —— —— -1

SVbSib
200 -T-1

=200 -

200

-200
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CAUSES OF HARMONICS

Harmonics are caused by devices that use an irregular current
sinewave when the normal sinewave voltage is applied

LINEAR LOADS (Few Harmonics) NON-LINEAR LOADS (Harmonics)

* Incandescent Lights * DC Drives

* Heating Loads (Resistive) *Power Rectifiers

* Some Motors Compact Fluorescent Bulbs




HARMONIC DISTORTION

Harmonic waveforms are simply multiples of the fundamental waveform.

The graphs below show the relationship between a fundamental (60 Hz)
current waveform and a 5™ harmonic (300 Hz) component with about 25%
peak deviation.

«—— Fundamental (60Hz) — Resultant Wave Form

5th Harmonic (300Hz)
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COMPACT FLUORESCENT BULB
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MOTOR
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1
RELATIVE CYCLES
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POWER SUPPLY FOR LAP TOP
COMPUTER
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Meter Accuracy Test

P MainMenu  BETA TEST - p19.00M/¥16.94M/c#326.13K - Selected Site: 95|
E)sSclect Site

Pintegrated Site Test

ﬂInstrument Transformer Testing
BData Trending

B Transducer Testing

#d Deselect Site

B) Utilities

E)Recall Data




# Customer Load Test Results

Meter Accuracy Test

Selected Site: HIGH SCHOOL

Customer Load Meter Test

# Phantom Load Results

Selected Site: None

FL 99.902
Phase Voltage Current PF Time Pulses
All 12001 30,009 1.000 36.03 4
PF 09.866
Phase Voltage Current PF Time Pulses
All 12001 30,035 0.500 35.95 2

99.909

Current

Time

Pulses

3.037

£5.97

Wh Test
% Registration 100.055
Test Info Sys Info
Time(sec) 20.275 | |Wh 5.3971
Time Left 0.000 | |VAh 5.3973
Pulses Exp 2.9984 | VAR -0.0435
Pulses Act 3.0000| |V 119.473
Meter PF 1.0000 | |I 2.6770
Test Complete
vt [ - [ oo

Refast

r Retest All r Mext Page




Customer or Phantom Load Test

F# Meter Testing Selected Site: TEST

§) Customer Load

#dPhantom Load
E)Phantom Load with MTA15Z




Meter Accuracy Test Setup

7 Customer Load Test Setup Selected Site: 101 # _Phantom Load Sefup Selected Site: TEST

Service Type |3-Phase, 4-Wire, Wye (3V, 3C) TR ‘ SCEIASRVEINENANST 2.5 AMP FL, PF, LL
Test Setup |[DEFAULT 3 | k(B
Test MOdE Wh B Kt Test |Phase |Label |Mode [Yoltage |Current |PF LeadfLag [Flow |Pulses [Time |Rotation |Harm
17 Do Dermand Test . = e 1 L
all LL wh 120% 0.25 Lag DLy 10 ABC

Test Time Seconds
Test Revs D

Meter Model ‘K‘\r' ‘
Mfr.SN (3214 |
Meter No (4213 |

Setup changes will apply to this test only

Reset MNext

Edit

Select

CARIDBEAN&
LATINAMERICAN
METER SCHOOL




Meter Test Results

kWH
# Customer Load Test Results Selected Site: HIGH SCHOOL
Customer Load Meter Test
Wh Test
% Registration 100.055
Test Info Sys Info
Time(sec) 20.275| |Wh 5.39/71
Time Left 0.000 | |VAh 5.39/3
Pulses Exp 2.9984 | VAR -0.0435
Pulses Act 3.0000 | |V 119.4/73
Meter PF 1.0000 | |I 2.6770

Test Complete

|' Festart




Phantom Load Tests Results

# Phantom Load Results Selected Site: 4WIRE WYE TEST 5:5ct
100.42
Voltage Current Time Pulses
119.67 5.01 32.28 9
FL PF 100.03
Phase @ Voltage Current PF Time Pulses
All 119.74 5.00 0.48 37.23 5
L 100.07
Phase @ Voltage Current PF Time Pulses
All 120.32 0.50 1.00 35.75 1

| |

[ Retest [ Retestal




VERIFYING CT ACCURACY
PvamMens  GETATEST - pio.00M/YI60M)csT26.19  Selected Sie: 95

P Integrated Site Test

Meter Testing

Instrument Transformer Testing
B Data Trending

B Transducer Testing

#d Deselect Site

B Utilities

E)Recall Data




SETUP SCREEN FOR VERIFYING CT ACCURACY

# CT Testing Selected Site: 101

CT Test Setup

Service Type |3-Phase, 4-Wire, Wye (3V, 3C) TR

AL rden + Ratio [

Maximum Burden |2,D |:|

Transformer Specs for Phase A

Manufacturer |General Electric

Model [TEC250 Accuracy Class |0,15
Catalog # Burden Class |0.1
Serial No |14785
_ Nameplate Ratio [250 13
Rating Factor |2
B o [ ;[ oc B e




DEVICES USED TO MEASURE THE
CT’S “PRIMARY” CURRENT
(CUSTOMER LOAD)

Flex 36 for Services 600 Volts or Less

2003 3 5

T

High Voltage Fiber Optic
Probe
Used on Primary and Overhead
Secondary Services



MEASURING SECONDARY CURRENT

(\}IIIF

MrrrR SCF ooﬂ



VERIFYING CT ACCURACY ON 600 VOLTS
OR LESS

CARIBBE
LATINAM




FLEX PROBE MEASURING CT’S
“PRIMARY” CURRENT IN AN U.G.
TRANSFORMER

F 2l 1002




FLEX PROBE MEASURING CT’S “PRIMARY”
CURRENT IN SWITCHGEAR

NO SAFE PPE EXISTS

ENERGIZED WORK PROHIBITED

FLASH PROTECTION SHOCK PROTECTION
Flash Hazard Category D

Min. A'r)c Rating: b gg: callem*2 | Shock Hazard when 480 VAC
Flash Protection Boundary: in i
imy = No FR Category Found cover is removed

= Do not work on LIVE! Limited Approach: 42 in
Restricted Approach: 12in
Prohibited Approach: 1 in

SWBD MSB-4 1/6/13 By: Phillips Consulting Engineers, LLC




IMPORTANT NOTE
GET AHEAD OF THE CTS...




Do your best to get close to the
source as possible...

W CARIBBEANSs
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Fiber Optic Horseshoe Probe used on
Primary Services (above 600 volts)

d g N
;

CARIDBEAN&
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Fiber Optic Horseshoe Probe used on
Primary Service (above 600 volts)




Phase B | Phase C
125v 1.60a { | 125v 0.00a g




Fiber Optic Horseshoe Probe used on
Primary Service (above 600 volts)
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Fiber Optic Horseshoe Probe can also be
used on Over Head Secondary Service




CT Ratio Test Information Results

# CT Testing Results Selected Site: TEST WCHM
_ _ Measured Ratio: 99.84 FAIL A
Possible Errors will be Mameplate Ratio: 100 : 5 Primary Amps: 50,54
in RED, this appears to Ratio Error (96): -0.16% Secondary Amps: 2.531
be a CT runnin g Phase Error (degrees): 179,844 Pha?e Error (minutes); 179° 50' 33 ]
backwards. | | =

Measured Ratio; 99.77 I 08 b | A

If you didn’t check the
) Mameplate Ratio; 100 5 e £

vector before starting, Ratio Error (%) 0.23% i
this is probably your Phase Error (degrees): -0.149° x :
probe installed in - e
reverse. Check the Measured Ratio: 99.65 PASS C
probe and retest the MNameplate Ratio: 100 : 5 Primary Amps: 53.74

h . . Ratio BError (%) -0.35% Secondary Amps. 2696
phase In question. Phase Error (degrees): -0.205° Phase Error (minutes): -12' 17"

Test Complete
|' Retest r Retest All r Demaghetize r Graphs r Data r Dore

CARIDBEAN&
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CT Ratio Test Information Results

# CT Testing Results Graphs

Ratio Error (%) Accuracy Parallelogram

k-
-

5L
; :
Secondary Current Change (%) 135 /A0 135
30—+
A
B
C
0 }
0.0 0,3 0.5 1.0 2.0 4.0
_30__

[ oa [ ® B [ oc [ Al [ Dat

CARIBBEAN&
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RESULTS FOR RATIO ONLY

# CT Testing Results

Measured Ratio: 99.67 PASS A
Mameplate Ratio: 100 : 5 Primary Amps: 1997
Ratio BError (%) -0.33% Secondary Amps. 1.002
Phase Error (degrees); -0.045° Phase Error (minutes), -2'42"

Measured Ratio: 99.66 PASS B
Mameplate Ratio: 100 5 Primary Amps; 19,95
Ratio BError (%) -0.34% Secondary Amps: 1.001
Phase Error (degrees): -0.044° Phase Error (minutes), -2' 38"

Measured Ratio: 99.68 PASS

MNameplate Ratio: 100 : 5 Primary Amps: 1997
Ratio BError (%) -0.32% Secondary Amps: 1.002
Phase Error (degrees): -0,053° Phase Error (minutes), -3'9"

Test Complete
|' Retest r Retest All r Demagnetize r Graphs r Data r Dore |

CARIBBEAN&
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Results for Burden Only

#* CT Testing Results Selected Site: TEST
Secondary Current Change (%)
Sec Amps: 3.250
Max Chg: 11.9%
Bur Class: 0.z
Chg @ Class:  -1.09%
Possible Error
[ SeC Amps: 2,278
Max Chg: 10,8%
B Bur Class: (1
0 — [Chg @ Class:  -1.00%
.0 4.0 -
Possible Error
-5
[ SeC Amps: 1.257
Max Cho: 9,6%:
C Bur Class: 0.z
0 — [Chg @ Class:  -0,97%
.0 4.0 -
Possible Error
-5
Test Complete

CARIBBEAN&
ATINAMERICAN
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FO Inspector [Phasor Diagranl

Options Comnands Renote Help

<{DIRECT >
{Alt>+Letter

120.00 U 4WY ABC
60.05 Hz
il

ET-T-]
Rotation

Tue DOct 02 07:57:52 2007 0000000000

UALID SERUVICE

A Phase Readings

111.2 Uolts rms
1.619 fAmps rms
0.64 Lagging

50.2 ® Lagging
114.00 Hatts
177.90 U

0.00 °

50.17 °

B Phase Readings

111.6 Uoli= rms
2.989 fimps rns
0.70 Lagging

45.3 ® Lagging
234.31 Hatts
333.56 U
120.00 °
165.4a6 °

C Phase Readings

112.1 Uoli= rms
2468 fimps rns
0.98 Lagging

11.0 ® Lagging
274.61 Hatts
279.75 uUn
240.00 °
250.98 °







Bad CT

S[pATA FOR:CT #32: DIAMOND | #EECALL |

REF RATIO- 189.8:5 @  2.6°. .. .

FRTIO
]
FCHAMGE

-------- / - Burden Is _Applied

"""" e T ey E

SEC AMP=2.049 PRI AMP-=45.00 "

_o|SEC=BUR/DIRECT . PRI=BENC/HUOPT

7 @.1 8.2 8.5 1 2 4
APPLIED BURDEM IN OHMS

3

|PﬂHERHﬁTE 338 _ANALYSI
SAVED OM 13-0CT-95 18:42:51

.




Bad CT ?
Ratio Should Be 200 : 5

SDATA FOR:CT #1: AB3881 2 SDATA FOR:CT #2: AB3881 2

REF RATIO= 1962 |5 0 336.3%....... REF RATIO= 511.9i5 @ 31.3%.. .

...............................................

RATIO : - : : : RATIO

R __--_--_--_: ------- TR H]
:cHnHGE : FCHAMGE
|!|T+1f AT 199 o L
d / """"" A AR —4 NJ . ; . !
SEC AMP=.1855 PRI AMP=78.33 - SEC AMP-, 6440 PRI #MP=65.93 -
_z| SEC=BUR/DIRECT h PRI-IQU/FLX36 | g SEczqufDIREcT . PRI=IQU/FLX36 |
5 a1 8.z = 4 5 8.1 8.z = 4
APPLIED BUEDEH IN DHHS APPLIED BUEDEH IN DHHS
POMERMATIE 3308 AMNALYSIS POHMERMATIE 33080 ANALYSIS
SAVED OH 22-JUH-29 14:36:136 SAVED OH 22-JUN-29 14:37 :157




No, Just A Bad Electrician

Additional run of wire installed and pulled
through Two CTs backwards

Current Flow

%@$<~“ﬁff\N*,”

2> METER SCHOOL



Bad CT ?
300 : 5 Primary CTs Ratio Results at 112%

DATA FOR:CT H1: I:IFIRTFI HZ

¥REECALL*¥
1
e S
.............. l:.------i-------I.-------:-------
y '
RATIO Bﬁi,fﬂ“’? v :___—_‘%
rCHAMGE :

ST S
SEC AMP=.1268 PRI AMP=6.793
—q SEC=BURA-DIRECT .

[ : . PRI=ENC/HVOPT
B ©.1 8.2 8.5 1 2 a
APPLIED EURDEM IM OHMS
FILEEMARTA M2 #007] POWMERMATE 338 ANALYSIS
EB1S2S SEVED ON 21-SEP-99 11:54:57




Same CT 15 Minutes Later

What Happened ?

“[DATA_FOR:CT #1: MARTA W2 ERILEERR
REF RATIO= 293.%.0 0  @.8%:. ... .
Y IS NN OO Ut SR SN
RaTio | M S S S A 21% of CT
CHANGE | H i H i Rated Load
RAT+IY AT 1,00 i z
- - - - - %
B R R SR B el
SEC AMP=1,054 PRI AMP-63.23
—g| SEC=BUR-DIRECT + PRI=BHCA/HUOPT
B ©@.1 ©@.2 @.5 1 2 a
APFLIED EURDEM IM OHMS
FILE-MARTA WZ #013] PONERMATE 338 ANALYSIS
EB 1525 SAVED 0N 21-SEF-99 12:1i:16

Best Resolution Achieved If Secondary Amps

Are At Least 10% of CT Value




Vectors

What Do We Look For ?




Services At Unity Power Factor

4 wire WYE

3 wire Delta

- ISV

Meter Vector Diagram

le

Svb

St

Slak\?j

Vb

4 wire Delta

fifiexterr Wentor I3iagram

o

-~ }\ Z

Sih KSV[,
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Typical WYE Service

Meter Vector Diagram

SVa

y CARIBBEAN&
LATINAMERICAN
METER SCHOOL



Problem ?

A Phase and B Phase Current Crossed

Meter Vector Diagram

—

—

SVa




Problem ?
CTs Wired Backwards

Meter Vector Diagram

Svb




Three Wire Three Phase
Delta Service

Urp— UECTOR Uer— F VE= 127
CB=127:-%| DIAGRAM AB=127 FAMoEs -5
It =2.816 In =a.761|0r b= 127
LERD 2797 VLE |LAG 1l L
FF=@.931 IC FF=@.788|'[ 1p= -_

LG SEIE=E 77
T IN=E.7E
L|af gr="2t
[l B
S| If= —
2k DELTH
Vae | FORM 5712
HYERAGED
Ip =]
ugwﬂghq | #RECALL#
i= 2,789 |E-60.00
12241150
POHMERMATE 330 AHALYSIS
SAVED OM 2B—JAM-BE 12 :40:58

o \\H in \

> MFE. TT R %( OOl




Three Wire Three Phase Delta
Bad Power Factor

T UECTOR TryT [VE= 122
CE=122.4|  DIAGRAM RE=122 [ ve= =
It =6.2208 150 Iy =6.@54|Prut= 122
Lac 3150 Lag)yeg|Lag  wasful Yh= -7
PF= @.967 FF=@.265|T[ (H="-

|

Normally Leading BY 30 ¢ —>

L e L e |
|
-
1
Il
> |
na|
n

Ve | FoOR

Normally Laging BY 30 °

> C ARIDBEANS
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Three Wire Three Phase Delta
with Worse Power Factor

Uro— JECTOR Uep— F WE= 135
CB=133-2|  DIAGRAM AE=135 @I Lr = 2=
I =3,326 In =3.z224|FF b= 133
LAG 2267 Ucp|LAs - B4ac L] U= o,
FF= @.898 FF= .@398%9 IE= ——
—— —G|s} IC=2.20

L|af g

Ic T| Sp= ——
U| PR= —-

5| It= ——

I
VeE | ForM 5717

CARBBEANS
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Three Wire Three Phase Delta
with Even Worse Power Factor

T UECTOR UnE= whs 123
cE=128.7|  DTAGHAM AE=128 TN i =
[ _q 3000 I =2,135|Ff k= 129
LEAD 287 ° Ucp|LEAD 327 = (UL YHE -7,
e aee PF= @. 842 IE= —-

LAG |3f Te=1 .28

o Tk Ifj=. 665

93 1, ol o=

I o ol PR= —-
33 5[ I0= —-

3 DELTHA

VaE FORM S-12

Forward Rotation Stops at 90°

as the Angle Increases Reverse Rotation Begins

A

_B_
DI AMOND

c

CARBBEANS
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Problem- Crossed Potentials?

It looks like A-phase current is matched with B-phase
potential, and B-phase current with A-phase potential.

w | x | y | am | a8 | A | A | A | A | A6 | M

1508 r

Voltage

| Curren\l\
™

\ \

——A -F-B ——C

15
TOUN

PHASE_A|V E B| V_PHASE C|A PHASE A| A PHASE 8 | A PHASE C [PH_ANGLE BA| PH ANGLE CA [PF_ANG PHASE A|PF_ANG_PHASE B| PF_ANG_PHASE C
2811 278 275.5 15 14| 1.7| 240, 120 263.5| 1415 5.4




Problem- Crossed Potentials?
Instrumentation data from the Metercat Diagnostic Read

aqreed with data reported from the AMI meter.

Voltage

Voltage Phase Angle

Current

Current Phase Angle

Power Factor (1)

Power Factor Anale

kw

kVAR

kVA

Line Frequency

Phase A

0.00
214
259.27

019
259.27
on
-0.60

0.61

PhaseB  |PhaseC  |System
28112 28329

24000  120.00

134 | 148

13319 11248

083 099 007
15319 35248 26599
034 041 003
017 005 048
038 042 048
‘ ' | 59.99
ative

locked, 277.0V 4w wye, CBA phase rotation

vb W 270

210

180

150

1/29/2013 9:08:08 AM Phase rotation

As the load changed, the meter would
alternate between forward energy flow and
reverse energy flow.

CARIDBEAN&
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The actual problem was found to be non-brothered service conductors
through two of the current transformers. Phase-C current transformer

on the far right was correct.

ﬁ CARBBEANs

SCHOOL



C-phase CT

TERSCTIOOL




C-phase CT

Total current measured b hase CT was 58.6 amps




Total current measured

Voltage

Current




A-phase CT

Measured 92.3 amps on B-phase and 15.4 amps on A-




A-phase CT

Total current measured by A-phase CT was 85.3 amps

How does 92.3 and 15.4 add up to be 85.3 ?




B-phase CT

Measured 12.5 amps on B-phase and 56.9 amps on A-phase

U
)




B-phase CT

Total current measured by A-phase CT was 47.2 amps

How does 12.5 and 56.9 add up to be 47.2 ?




Total current measured

Voltage

Current

L4 L]
L 4
0..




A complex number can be visually represented as
a pair of numbers (a, b) forming a vector on a
diagram, representing the complex plane. "Re" is

the real axis, "Im" is the imaginary axis, and i is the
Imaginary unit

» Re

CARIBBEAN&
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https://en.wikipedia.org/wiki/File:Complex_number_illustration.svg

lllustration of on-site measurements

‘ 12.5 amps

56.9 amps

Measured Measured Measured
85.3 amps 47.2 amps 58.6 amps
2.13A0OM 1.18 AOM 1.46 AOM

The customer added
the 225 amp panel
some time after the
original installation.



Metering Problem ?
Opportunity to Bill for Excessive Reactive Load

Bad Power Factor

Ur— UECTOHR TP E=
CH=112.7|  DIAGRAM AN=112 . 311F 8-
It =2.878 Iy =3, 765|PF MC=
LAG 2927 [UCHy LAG 517 [UYhs
FF= @. 6@1 . LFF=@.618 18-
Lac sk Ic=
M gs
T| Sa=
Ul FPR=
S| 1G=
AaUTO
Van DETECT
Ip
LIHElTIHE
|
VEnN=112. SYSTEM |EHaEENR
12@ M U="112.6 [%=
IE =3.871 1= 3.838 |fa29,01
FF= B.638 DAVISON 13:15:87
FILE=DAUVISON #014] POHERMATE 320 ANALYSIS
o738 KWH 1.88 KM 42 | SAYED OM 2F-0CT-98 13:15:1@

ki \P\H)b) \

T > ME TT R 5( OOI




WHAT CAN A CUSTOMER OR
UTILITY DO ABOUT BAD FACTOR?




VARs Compensator
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Site With VARs Compensator Installed

U= UECTOR Upn= I} VA= 129
th=12259| DIAGRAM AN=128 BI40 vE= 153
Ic =3.878 Iy =3 .8@2 Prﬁﬁf 123
LAG 2817 |Ucy LAG 43 ¥ ihoa =g
PF=@.751 FF=@.739|'[ [p=2'5%5
Ic LaG |SF IC=3.55
Tr IH=.843
Llaf gr=22
Il B -
5] Ig= ——
Ven € TETECT
Ir
In
VEN=128.9
Ip 4IEE; v
L4z i68B°| A - B — C
FF= B8.687 EAZZ263
FILE=EAZ 265 #06%] POMERMA
FOCGRUM FUN SAVED 0H

Vars Compensator On

Vars Compensator Off

Urie - Uori— S|IF "R= 101
th=131s7|  DIAGRAM AN=131 .3 0f vE= 131
Ic =2, 343 I =z.1g@|Fr io= 121
LEG 2447 (Upoy LAG 50 ¥i-1n22 e
FF= 8.995] % PF=0@.991] | [p=7 .35
C LaG Sk I6=5158
Tk IH=.089
al Br="-=
iE =
5 I1d= —
AUTO
Van DETECT
>
IE
UEN=131.8
IE zlggg
LAG  i3@° A - B-C
FF= @.981 EAZZ26

FILE=EAZ2Z265
FULGREUM FLUM

CARIBBEANs
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SAFETY =

|S THE ABSOLUTE NUMBER ONE PRIORITY

e Hardhat

e Eye Protection
e FR Clothing

e Rubber gloves with “Grabbit” gloves or Leather
outer protectors
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