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Why Metering Accuracy

* To ensure that a meter is meeting the
accuracy requirements mandated by the PSC
and management, we test it in the lab under
conditions mandated by ANSI C12.20 and
the metering manufacturer.

* Generally for a Class 20 CT Rated meter this
means:

= Testing at FL=2.5A, LL=0.25, FLPF=2.5A @PF=0.5 at
120V

= These points do not match the optimum operating points in
the real world. CT has optimum accuracy only above
| 24

5.0A.
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Why Metering Accuracy

* ANSI testing covers limited conditions

= Sinusoidal waveforms.
= 0.25A and 2.5A

» Electronic meters generally either work
correctly or fail drastically.

* |t should be arare occasion that a meter

fails to meet these accuracy standards in the
lab.

D
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Metering Accuracy

If the meter Is functioning accurately, what
does that say about whether or not the
customer Is getting the correct bill?

NOT MUCH!

P

POWERMETRIX



Consider a Typical Metering Installation

The meter measures ONLY the voltage and current reaching the
meter terminals. Wiring errors result in incorrect metering. Degraded
wiring overburdens CTs or allows current to bypass the meter.

Typical Metering Installation Meter

(Only One Phase Shown) | AAAAA
" " * %
Voltage VOV
Test ‘* ‘* * * * ok
Wiring Junctions Switches . - " "
*
Shown By x| Current
* ‘* E§ Test
Voltage *| Switches
Transformer - * *
* *
Current
> Transformer }
Utility Customer
Supply Load —
=

| Y
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Traditionally Only The Meter Is Tested

... But the meter measures only what reaches its terminals

Typical Metering Installation \
(Only One Phase Shown)

* &
— AAAAAS
* *
Voltage VN
Test | || | - e
Wiring Junctions Switches - / N
Shown By * * * *
Current
* ‘* E§ Test
Voltage Switches
Transformer - * *
x *
Current
= Transformer —
Utility Customer
Supply Load _

>

| Y
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Typical Metering Installation

Instrument Transformers Control Metered Values

... What If They Do Not Produce The Expected Outputs

(Only One Phase Shown)

N

Voltage

VAN

Wiring Junctions Switches

Shown By *

Transformer

* %

ﬁ*

=

*

*

*

*

*

Current
Test
Switches

Current

Transformer F —

Supply

Customer

Load
o
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Wiring And Junctions Connect The Meter

... What If There Are Wiring Errors Or Poor Connections
Poor Junctions Will Over-Burden The CTs And Reduce Revenue

Typical Metering Installation Meter
(Only One Phase Shown)

* &
— AAAAAS
e aVaVaN
Voltage
Test | || | = —
Wiring Junctions Switches _
Shown By * * * *
Current
* ‘* 0= | Test
Voltage Switches
Transformer - * -
* *®
Current
> Transformer —
Utility Customer
Supply Load o

>
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Billing Accuracy

 Even if the meter is perfect, the billing may
not be correct.

« Sources of billing errors include:

= CT - bad, over burdened, shunted, simply not correct
accuracy class

= PT — bad, overburdened, simply not correct accuracy class
= Faulty or incorrect wiring
= Meter not accurate under actual customer load conditions

= Clerical error

Theft
POWERMETRIX



3 Year Study from a Municipal with
35,000 Transformer Rated Installations

[l

Administrative Error
B Wiring Error

19% B Faulty Meter
0  Theft of Service

7%

H CT Problem

= PT Problem

An esses???
y guesses ?
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3 Year Study from a Municipal with
35,000 Transformer Rated Installations

Total Problems Found after 10% of Sites Tested:
96

Percentage of Sites found to have a Problem:
96 + 3,500=2.7%

Total Lost Revenue Found:
$ 2,248,354

Average Lost Revenue Found per Problem:
= $ 23,420

P
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Integrated Site Test Philosophy

«)

Site Analysis IT Testing
Step 1 Step 2

'

Meter Testing
Step 3

P
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Wiring can be wrong or faulty

* The meter measures ONLY the voltage and current reaching the
meter terminals.

* If these are not correct, then the billing will not be correct.

Typical Metering Installation

(Only One Phase Shown) ¥ P
* * *
Voltage WA A A
Test ‘* ‘* L= -
Wiring Junctions Switches ! _ . _
*
Shown BY +| Current
i ‘* e | Test
Voltage *]| switches
Transformer — * *
* *
Current
> Transformer
utility Customer
Supply Load

= >
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Integrated Site Test Philosophy

Vector Diagram

7 Vector Graph BETA TEST = p24- 11IM/%20 19M/c#225.06K = Selected Site: *HONE®

Vector Diagram

dSVasSla
Sva 118.611 0.00°
Sla 2.488 6.300
SVc PF = 0.994 6.30°

Sib Lag

Site Analysis dSYhSIh

Svb 119.436 119.80°

SIb 2.602 247.290
PF = 0.609 127.49°
Lag
Psva dSVcSIc
Sla Svc 119.715 239.87°
Slc 2.469 124.83°
EFE 0.423 -115.04°
LoFa |
Slc
SYS
Svb Veys = 119.254
e Isys =  2.520

PF = 0.675
\_ ROT = ABC

Measurement: Live Test, Sec ¥/Sec I, Instantaneous
r Reference r Show Wiring r Interval r Sec ViPril

Stop

P

POWERMETRIX




Vector Diagrams are a Powerful Tool
They show everything you need

Voltage Amplitude
* Voltage Phases

« Current Amplitudes /
* Current Phases

/
« Relationship of Voltage to /
Current \

e If we know what we \
should see b

 We can detect many Ny /
problems ~_ |

Site Analysis
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3-Wire Delta Form 5S 2CT 2V

P Vector Graph Selected Site: SHOP

Vector Diagram

dSVabSla
Gvab  238.922 0.00°
S1a 1.055  32.74°
A SV PF = 0839 32.74°
SIc |29
PSVchSle
Gveb  237.914 299.489)
Sic 1.033  271.29°
PF = 0.881 -28.19°
Lead
SYS
Svab Wsys = 238.418
[sys = 1.044
PF = 0.860
Sla

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Reference r Show VWiring r Interval r Sec WiPri 1 r Enable Ratios r Stop ‘

4-Wire Wye Form 6S 3CT 2V

P Vector Graph Selected Site: 3PH 4W WYE ZCOIL

Vector Diagram

®SVaSlab
Sva 120000  0.00°
S1ab 5.000 330.000
SVe A PF = 1.000  1.000
Sich Lag
$SYcSIch
Slab Gvc  120.000 240.00°
51ch 5.000 270.000
PF = 1.000  1.000
Lag

SVa

/

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Show Wiring r Connect.View +PF r -PF r Reset

What should the vector diagram look like?

4-Wire Delta Form 9S 3CT 3V

P Vector Graph Selected Site: SHOP

Vector Diagram

dSVaSla
M [sva 120.684 0.00°
Sla 1.013  29.979
A PF = 0.866  29.97°
Lag
POSVbSIb
svb  119.439  179.81°
S1h 0.994 149.689
PF = 0.865  -30.14°
Lead
dSVcSle
Svb G¥c  119.720 269.91°
Slc 1.056  269.979
PF = 1.000 0.05°
S Lag
SYS
Vsys = 119.948
Isys = 1.021
PF = 0.910
ROT = ABC

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Reference r Show YWiring r Interval r Sec WiPri 1 r Enable Ratios r Stop

eI i Gl ot

Vector Diagram BSVaSIa

SVa 120.707 0.00°|
i5la 1.012  359.97°
SVe PF = 1.000 -0.03°
Lead
Ic
PSvbsIb
ISVb 119.419  119.82°
I5S1b 0.994 119.70°
PF = 1.000 -0.12°]
Lead
> DSVCSI
= Colc
Sla SVa ISVc 119.727  239.94°
IBlc 1.056  239.96°
PF = 1.000 0.02°
b Lag
Sl
SYS
svh Vsvs = 119.951
Isys = 1.021
PF = 1.000
ROT = ABC

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Reference r Show YWiring r Interval r Sec WiPri 1 r Enable Ratios r Stop
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3-Wire Delta Form 5S 2CT 2V

P Vector Graph Selected Site: SHOP

Vector Diagram

dSVabSla
Gvab  238.922 0.00°
S1a 1.055  32.74°
A SV PF = 0839 32.74°
SIc |29
PSVchSle
Gveb  237.914 299.489)
Sic 1.033  271.29°
PF = 0.881 -28.19°
Lead
SYS
Svab Wsys = 238.418
[sys = 1.044
PF = 0.860
Sla

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Reference r Show VWiring r Interval r Sec WiPri 1 r Enable Ratios r Stop ‘

4-Wire Wye Form 6S 3CT 2V

P Vector Graph Selected Site: 3PH 4W WYE ZCOIL

Vector Diagram

®SVaSlab
Sva 120000  0.00°
S1ab 5.000 330.000
SVe A PF = 1.000  1.000
Sich Lag
$SYcSIch
Slab Gvc  120.000 240.00°
51ch 5.000 270.000
PF = 1.000  1.000
Lag

SVa

/

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Show Wiring r Connect.View +PF r -PF r Reset

What should the vector diagram look like?

4-Wire Delta Form 9S 3CT 3V

P Vector Graph Selected Site: SHOP

Vector Diagram

dSVaSla
M [sva 120.684 0.00°
Sla 1.013  29.979
A PF = 0.866  29.97°
Lag
POSVbSIb
svb  119.439  179.81°
S1h 0.994 149.689
PF = 0.865  -30.14°
Lead
dSVcSle
Svb G¥c  119.720 269.91°
Slc 1.056  269.979
PF = 1.000 0.05°
S Lag
SYS
Vsys = 119.948
Isys = 1.021
PF = 0.910
ROT = ABC

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Reference r Show YWiring r Interval r Sec WiPri 1 r Enable Ratios r Stop

eI i Gl ot

Vector Diagram BSVaSIa

SVa 120.707 0.00°|
i5la 1.012  359.97°
SVe PF = 1.000 -0.03°
Lead
Ic
PSvbsIb
ISVb 119.419  119.82°
I5S1b 0.994 119.70°
PF = 1.000 -0.12°]
Lead
> DSVCSI
= Colc
Sla SVa ISVc 119.727  239.94°
IBlc 1.056  239.96°
PF = 1.000 0.02°
b Lag
Sl
SYS
svh Vsvs = 119.951
Isys = 1.021
PF = 1.000
ROT = ABC

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Reference r Show YWiring r Interval r Sec WiPri 1 r Enable Ratios r Stop
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Services are Generally Simple

3-Wire Delta 4-Wire Delta
A A
) 1
T N Van
240 . ; vea
o i 240 . Vor Vib
C
} C i
240 Ven Vbc
{ Y Y
4-Wire Wye Single Phase

Our metering choices make them complex. ?
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3 PH 4-Wire Wye 3CT 2V - Form 6S

? Yector Graph Selected Site: 3PH 4W WYE ZCOIL

Vector Diagram ®SVaSla

Sva 118.597 0.00°
Sla 0.993 359.289
SVc PF = 1.000 -0.720
Lead
Ic
$SIb
SIb 1.012  119.06°|
- Sl
cla SVa | PSVcSIc
SVe 119.715  239.869)
Slc 1.061 240.42°|
PF = 1.000 0.56°
Lag
Slb
SYS
Vsys = 119.156
Isys = 1.022
PF = 1.000
ROT = ABC

Measurement: Live Test, Sec V/Sec I, Instantaneous
Reference Meter View r Interval r Ser VPl Stop

Connect View

? Yector Graph BETA TEST - pl19.00M/v17.25M/c#267.23K - Selected Site: ZCOIL

Vector Diagram

PSVaSlab

Sva  118.410 0.00°
Slab 4.354  331.40°
SVc A PF = 0.878 -28.600
SIch Lead
PSVcSIch
Slab Sve  119.582 239.659
Slcb 4.386  269.829
PF = 0.865  30.16°
Lag
)
e | SYS
a Vsvs = 118.996
Isvs = 4.370
PF = 0.871
ROT = ABC

Measurement: Live Test, Sec ¥/Sec I, Instantaneous
r Reference r Connect. View r Interval r Sec W/Pril Stop

Arithmetic

Vector Diagrams Tell You Everythin
1 Form, 1 Service Type — Two Views

3PH 4-Wire Wye 3CT 2V - Form 6S

? Yector Graph Selected Site: 3PH 4W WYE ZCOIL

Vector Diagram

PSVaSlab
Sva  120.000 _ 0.009
Slab 5.000 330.00°
Ve A PF = 1.000  1.000
Slcb Lag
PSVcSIch
Slab Svc  120.000 240.00°
Sich 5.000  270.00°
PF = 1.000  1.000
Lag
SvVa

Measurement: Live Test, Sec ¥/Sec |, Instantaneous
Shaw Wiring | Comnect View +PF T FF [ Reset

Meter View

? Yector Graph BETA TEST - pl16.02M/v16.13M/c#289.54K - Selected Site: ZCOIL

Vector Diagram

PSVaSlab

Sva  118.415 0.00°)
Slab 4.326  331.34°
SV A PF = 0.877  -28.66°
Slch Lead
PSVcSIch
Slab Svc 119.616  239.749)
slch 4353 269.76°
PF = 0.866  30.029
Lag
|
v | SYS
a Vsys = 119.015
Isys = 4.339
PF = 1.000
ROT = ABC

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

Reference Connect. View r Interval r Ser VPl Stop
Vector
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3-Wire Delta (Form 5)

P Vector Graph

Vector Diagram ®SVahSla

Selected Site: SHOP

Gvab  238.922 0.00°)

S1a 1.055  32.74°
A SV PF = 0.839  32.74°

slc Lag
PSYchSIc

SVcb  237.914 299.48°

S1c 1.033  271.299

PF = 0.881 -28.199

Lead

SYS
Svab Vsvs = 238.418
[sys = 1.044
PF = 0.860
Sla

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

r Reference rShow Wiring r Interval r Sec WiPri 1 rEnabIeRatios r Stop

4-Wire Delta (Form 8)

Vector Diagram

dSVabSla
Svab  238.095 0.00°|
N i5la 0.254 29.31°
SVcl PF = 0.872 29.319
Slc Lag
$SVabSIb
S¥ab  238.095 0.00°
I5S1b 0.250 148.93%
PF = 0.857 148.937
Lag
PSVcSIc
Svab ISVc 207.741  270.38°
IBlc 0.266  269.47°
PF = 1.000 -0.929
Sth sla Lead
SYS
Vsvs = 227.977
Isys = 0.257
PF = 0.909
ROT = ABC

Measurement: Live Test, Sec V/Sec I, Instantaneous
r Reference r Show VWiring r Interval r Sec WiPri 1 r Enable Ratios r Stop

ector Diagrams are a Powerful Too
They show everything you need

4-Wire Wye (Form 9)

P Vector Graph

Vector Diagram

Svbn

e
PIb

ven

B
-
Pla¥an

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

Selected Site: DELETE ME

r Reference

rShowang r Interval r Meutrals

dSVanPla
SYan 115.440 0.00°|
Pla 3.193 359.75°
PF = 0.975 -0.259
Lead

®SVbnPIb
S¥bn  117.717  240.46°
P1Ib 2.252  240.31°|
PF = 0.921 -0.15°|
Lead

PSYenPlc
[Sven 118560  119.349)
Plc 2.494  119.329
PF = 0.953 -0.029
Lead

SYS
Vsvs = 117.239
[sys = 2.616
PF = 0.950
ROT = CBA
Stop

4-Wire Delta (Form 9)

P Vector Graph

Vector Diagram

Svb

Shh

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

Selected Site: SHOP

PSVaSla
SVa 120.684 0.00°|
i5la 1.013 29.97°
PF = 0.866 29.979
Lag

PSvbsIb
S¥b 119.439  179.819
51b 0.994  149.68°
PF = 0.865  -30.14°
Lead

PSYcSIc
sve 119720 269.919)
[S1c 1.056  269.97°
PF = 1.000 0.05°
Lag

SYS

Vsvs = 119.948
Isys = 1.021
PF = 0.910
ROT = ABC

r Reference

rShowang r Interval

r Sec VP 1

r Enable Ratios r Stop
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P ¥ector Graph

W

Testing Current Transformers

hat’s Wronq?

Vector Diagram

SvVbn

Slb

Selected Site: DELETE ME

Wen

|
Sla
5Ic

SVan

Measurement: Live Test, Sec ¥/5ec I, Instantaneous

|' Reference rSth Wiring r

Interval r Sec WPl

dSVanSla
SYan 117.914 0.000°
cla 3.243 179.780
PF = 1.000 179.78°
Lag

®SYbnSIbh
Svbn  119.674 240.87°
SIb 2.288  240.42°
PF = 1.000  -0.45°
Lead

dSVenSIc
SYen 121.251 119.46°
Slc 1.679 119.21°
PF = 1.000 -0.25°
Lead

SYS
Vsys = 119.613
Isys = 2.403
PF = 1.000
ROT = CBA
Stop

Phase A CT reversed.

P
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Backwards CT = ?2?2? $$$

e kW=Va*la*Cos0O0+Vb*Ib*Cos
O+Vc*Ilc*Cos 0O

* Cos 180 on phase A makes this
NEGATIVE power!

* Reading will be 33% low assuming a
balanced current load!

|
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Testing Current Transformers
What’s Wrong?

¥ ¥ector Graph Selected Site: DELETE ME

Vector Diagram

dSVansla
SVan 118.017 0.00°
Sla 2.289  240.46°
Svbn PF = 0.493 -119.540
Lead
dSYbhnSIb
la Svbn  119.774 240.91°
SIb 3.245 359.77°
PF = 0.482 118.86°
Lag
, dSYenSlc
SIb:Van Sven  121.387  119.50°
slc Slc 1.680 119.24°
PF = 1.000 -0.26°
Lead
SYS
ven Veys = 119.726
Isys =  2.405
PF = 0.658
ROT = CBA

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

|' Reference r Show Wiring r Interval r Sec W/Pril _ Stop
Phase A & B CTs swapped.

P
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Swapped Wire = ?2?? $$$

e kW=Va*la*Cos0O0+Vb*Ib*Cos
O+Vc*Ilc*Cos 0O

* Cos 120 on phase A and B makes
this NEGATIVE power!

* Reading will be OW assuming a
balanced current load!

|
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Bad Wiring on Voltage Circuit

« Can reduce available current to meter so it doesn’t
have VA to operate properly

 Current drawn by meter reduces voltage seen at
meter

uUTILITY V
CONNEC u

TION l RZ
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Bad Wiring on Voltage Circuit

 For 50 ft of #14 wire to the meter,
normally we would have:

= Vu =120V, | =0.2A, R1+R2 = 0.036Q => 0.0075V
=>0.006% Error

e Consider a bad connection with resistance
4.0 Q, then

= Vu =120V, | =0.2A, R1+R2 = 4.036Q => 0.843V
=>0.7% Error

* A significant error

Vi =Vu— | *(Ri+R2)

?
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Bad Wiring on Current Circult

A faulty connection can easily add a
few tenths of an Ohm burden

Improper wiring
Missing commons
Multiple Grounds

Almost all wiring errors result in reduced

P
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Bad Wiring on Current Circult

* Using too small a gauge wire can result
In over burden

= 50 ft of #14 wire is 0.14Q) this iIs more burden than is
allowable for a 0.1B class CT.

= 50 ft of #12 wire is 0.09Q this is almost the total
burden allowable for a 0.1B class CT.
 Without any bad connections or other
problems using too small a wire size can
Insure you get the worst performance from
your CTs.

D
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CTs

 One of lowest accuracy items in chain
= 0.3 percent FL to RF x FL
= 0.6 percent 10% FL to FL
= Not specified < 10%

 Accuracy decreases rapidly with burden

* |[F RF exceeded accuracy decreases
rapidly

P
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CT — Accuracy - Burden - Load

0.3B1.8 CT

o
o
|

05 Meets 0.6 Spec
P
& Meets
§ 0.4 [— Accuracy
< Spec
()
2 03—
c
[}
&}
o 02
(al

o
[HEN

100 400 Saturation

Percent Rated Load ?
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CT Ratlo W|th Burden Testing

« Ratio Testing is the
preferred approach when
we can gain access to the
CT primary.

 Various types of probes
can be used for primary
side.

= Flex
« HV
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CT Ratio W|th Burden Testing

- Secondary
connection is
made through
the test switch

e Same
connection that
IS used for the
rest of the site
testing.

Ratio Testing with applied burden is the
most accurate and complete approach for
testing at CT In service.

P
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Integrated Site Test Philosophy

¥ CT Testing Results Graphs Selected Site: 4WIRE

Ratio Error (%) Accuracy Parallelogram Reference
A"z“ A CTs measured
- C i LI;?Jl\r;v%rmaster
o %

-1.2L /
Secondary Current Change (%) 35;. gi;. /1? " 15:. Eij a0
1.2-

0.9967

Testing

T —
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Direct Burden Measurement

 DBM measures voltage and current at
the CT secondary and uses Ohm’s
law to get a specific burden reading

e V=I|*R
becomes
* R (burden)=V /I

P
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3 CT Burden Measurement Batt [3302 100%]

Direct Burden Measurement

Site: TEC

Total Burden (Ohms): 0.0795

Length: Feet: 1.00
Diameter; AWG: §.00
Wire Burden (Ohms), 00006

Wolts
Amps

Measured Burden (Ohms)

0,20
20032
00789

A

Total Burden (Ohms): 0.0859

Length: Feet; 2.00 Wolts: 0.21
Diameter: AW, .00 Amps: 24892
Wire Burden (Ohms): 00013 Measured Burden (Chms): 0.0346
Total Burden (Ohms): 0.0842 C
Length: Feet; 3.00 Yolts: 0.21
Diameter: AWG: 8.00 Amps: 2.5003
Wire Burden (Ohms), 00019 Measured Burden (Chms), 0.0823

Test Complete

[ Refest [ Retestall

Cone

iz
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Direct Burden Measurement

« Can be used on sites with as low as
1mA on the secondary

* This is the preferred technigue over
added burden as it gives a direct
answer rather than a burden range

 DBM can also be used to help
troubleshoot loose and intermittent
connections

?
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Testing Current Transformers

Ratio vs Applied Burden
« CT testing can be done with very high accuracy

7 CT Testing Results Selected Site: 4WIRE

Measured Ratio; 250.02 PASS A

MNameplate Ratio: 250 1 5 Primary Amps: 249.99 Reference CT
Ratio Error (%) 0.01% Secondary Amps: 4.999 measured using
Phase Error (degrees): 0.059° Phase Error (minutes); 3' 33"

PowerMaster with
752 clamp-on

Measured Ratio: 250.13 PASS
M late Ratio: 250 : 5 Fri A 220,10 prObeS.
ameplate Ratio: ; rirmary Amps: . )
Ratio Error (%) 0.05% Secondary Amps: 4.999 Es_sentlally NO
Phase Error (degrees): 0.026° Phase Error (minutes): 1' 32" ratio error, phase
shift, or change in
Measured Ratio: 249.92 PASS C secondary current
Nameplate Ratio: 250 : 5 Primary Amps: 249.88 versus applied
Ratio Error (%) -0.03% Secondary Amps: 4.999 burden
Phase Error (degrees): 0.013° Phase Error (minutes); 1'68" '

Test Complete

r Demagnetize r Graphs r Data r Darne | _//

POWERMETRIX
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% Change in Secondary Amps

Testing Current Transformers

Ratio vs Applied Burden
« CT testing can be done with very high accuracy

7 CT Testing Results Selected Site: 4WIRE

Phase | Ref ooR | 0le | 03e | ose | Loe | 200 | 400 |
& 0000 0000 0000 0000 0.000 /A /A

B 0000 0001 0001 0001 0001 N/ /A

C 0000 0001 0001 0000 0.000 /A /A
Ratio Data

Phase | Ref | 0.9 0.12 0.32 0.5 100 | 200 | 400 |
& 250:5 25002 249098 249.96  249.98  250.02  NjA /A

B 250:5 25013 250.13  250.13  250.12  250.13  MjA /A

C 250:5 24992 24907 24996 24996 24996 NjA N/
Ratio Error (%)

Phase | Ref | 0.0 0.1 0.32 0.552 100 | 200 | 400 |
& 0.01 001 002 001 0.01 /A /A

B 0.05 0.05 0.05 0.05 0.05 /A /A

c 003 001 -002 002 002 /A /A
Relative Phase Data (degrees)

Phase |  Ref 0.00 019 | 03w 0.50 102 | 200 | 402 |
& 0.06 0.07 0.06 0.07 0.06 /A /A

B 0.03 0.03 0.02 0.03 0.02 N/ /A

c 0.02 0.02 0.02 0.02 0.02 /A /A

Reference CT
measured using
PowerMaster with
752 clamp-on
probes.
Essentially NO
ratio error, phase
shift, or change in
secondary current
versus applied

burden.
P
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CT — Accuracy — Burden - Load

0.3B1.8 CT

Meets 0.6 Spec

P

3 Meets
§ 0.4 [— Accuracy
<

> Spec
(@)

@

c

[}

o

O}

(al

100 400 Saturation

Percent Rated Load ?
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Testing Current Transformers
Ratio vs Applied Burden

 Arrived at site and ran a CT test

P CT Testing Results GBEAlE TEST - p15.67M/v16. 19M/cF381. 40K = Selected Siter 04/26/1TAT
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 Phase C looked really bad. ?
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Testing Current Transformers
Ratio vs Applied Burden

¢ Saw wire runnmg through CT.

 Shouldn’t be there.
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Testing Current Transformers
Ratio vs Applied Burden

« Removed wire.

P €T Testing Results GBaplis TEST - p16.55M/v17.00M/c#380.85K — Selected Site: 04/26/11A1
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* Everything tests OK. ?
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PTs

 Another low accuracy item in chain
= 0.3 percent basic accuracy

 Accuracy decreases rapidly with burden

P
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Testing Potential Transformers
Ratio Test

7 PT Testing Results BEFA_TEST - pl6.81M/v13.56M/c#373. 30K —=Selected Site: 95

Measured Ratio: 3.99 PASS A

MNameplate Ratio: 4@ 1 Primary Wolts: 454,96
Ratio BError (%) -0.27% Secondary Volts: 114.051
Phase Error (degrees): -0.018° Phase Error (minutes): -1' 3"

Measured Ratio: 3.99 PASS
Mameplate Ratio: 4.1 Primary Wolts: 454.89
Ratio BError (%) -0.30% Secondary Volts: 114.061
Phase Error (degrees): -0.050° Phase Error (minutes): -3' 1"
Measured Ratio: 3.99 PASS C
Mameplate Ratio: 41 Primary Wolts: 455,07
Ratio BError (%) -0.26% Secondary Volts, 114.062
Phase Error (degrees): 0.064° Phase Error (minutes), 3' 507

Test Complete

[ Refest [ Retestal
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Overloaded PT
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Probe
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« Under sized PT can lead to overburden situation and
waveform distortion. Especially with high end meters.
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Meter Performance under Real
World Conditions

e The fact that a meter Is accurate In
the lab does not mean It Is accurate
In the field

= Harmonics
» Rapidly changing loads
= Power factor variations

« Can all affect accuracy

?
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Integrated Site Test Philosophy

«)

Site Analysis IT Testing
Step 1 Step 2

J

Meter Testing
Step 3

P
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Integrated Site Test Philosophy
Meter Testing

Customer Load Test

Real - World Conditions
Voltage and Current Harmonics
Current and Phase Angle Balance

Load Box Test

ldeal Current and Voltage Waveforms
ANSI Full Load, Power Factor & Light Load

Custom Test Sequences for Special
Applications

P
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Integrated Site Test Philosophy

# Customer Load Test RestBETA TEST - p21.14M/v19.00M/c#275.08K - Selected Site: DELETE M et er

Customer Load Meter Test Testing
Wh Test

% Registration 100.015

Test Info Sys Info
Time(sec) 151.427 | |\Wh 17.9973
Time Left 0.000 | [VAh 24.8777
Pulses Exp 9.9985 | VAR 4.4997
Pulses Act 10.0000 | \V 119.259
Meter PF 0.6416 | |1 1.6524

Test Complete
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Integrated Site Test Philosophy

P Phantom Load Results Selected Site: TEST
FL 99.954 veter
: Testing
Phase | Voltage Current PF Time Pulses
All 238.54 4,995 4,18 2

PF 99.913

Phase | Voltage Current PF Time Pulses
All 238.54 4.995 0.441 8.24 2
Phase | Voltage Current PF Time Pulses
All 238.51 0.497 0.868 42.03 2
Page 1 /1
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Integrated Site Test Philosophy

7* Demand Test Results BETA TEST —229360 —Selected Site - MARTIN M et er
Demand Test Results
Estimated Time Remaining in Interval: 0:09 TeS t I n
Estimated Total Time Remaining: 0:09
Intervals Remaining: 1
Int Start Time| Pulses| Yoltage| Current PF wh ¥Ah| mYARh| %REG
1 10045 AM 35.97 116,580 2,256 0,995 64.77 64.54| -1660.17 99,96
2 10050 AM 35.95 116,566 2.255] 0,995 54,74 64.581] -1639.85 99,96
3 10055 AN 35.91 116,480 2,255 0,998 54,66 64.73| -1633.58 09,95
Dermand Interval 116,542 2,256 0,993 194,16 194,37| -4933.60 09,95
Minimum 116,420 2,295 0,998 5466 64,73 -1660.17 09,96
Maximum 116,580 2.256] 0,995 64,77 64.54| -1633.58 99.96
Test Complete - Data Saved
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Integrated Site Test Philosophy

P
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Meter Performance under Real
World Conditions

* Large “errors” can occur in the calculation
of VA and VARS when PF#1

= There is no “official” definition in the presence
harmonics.

= Different meters may implement different
definitions

= Variations can be as large as 15-30 percent
between two meters each of which is “working

properly”

?
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Clerical Errors

* Clerical errors can be the largest of all
= No amount of testing will detect them

= Only care and careful procedures will
eliminate these errors

P
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Not All Problems are Natural

 The current recession has dramatically
Increased incidences of revenue theft

= Self Contained Services
 Diversion prior to the meter
* Meter by-passing

= Transformer Rated Services

 Diversion priorto CT

« Tampering with the CT

« Tampering with PT

« Tampering with meter wiring

P
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The Same Testing
That Finds Revenue Loss
Due to Equipment Problems
Also Finds

Revenue Loss Due to Theft

P
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Estimating Errors

* Uncertainty When Nothing is Wrong
= Meter — 0.2% or 0.5% accuracy class
= CT - 0.3% probably 0.6%
= PT -0.3%
 Worse Case Error Estimate
= 0.2% + 0.3% + 0.3% = 0.8%
= 0.2% + 0.6% + 0.3% =1.1%
 |f everything is working correctly about
1.0% is the worst error we should find.

D
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When Accuracy Really Matters

 What do you do when 0.5% to 1.1%
accuracy Is not enough?

= Meter — Choose a 0.2% accuracy class

« Test for accuracy under customer load
conditions

= CT — Use accuracy class 0.15S
e Or reduce burden well below rated levels

= PT — Use accuracy class 0.15S
e Or reduce burden well below rated levels

D
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Burden Class 0.15S

PROPOSED IEEE C57.13.6 ACCURACY
0.15S @ E0.04, 0.15S @ E0.20, 0.15S @ BX.X RF 4.0
X CT TEST POINT
Y¢ €20 METER TEST POINT
0.15% ACCURACY REGION
3 0.30 1 ACTUAL
S
O 0.15%
> < /V/ I‘
1) i il I 1
X A X A /] L
E 5% 50% 100% 200 300 400
= 0.15 1 o J
o 10% |
(8]
q 030 ‘
samyos
0.60 1% \ NO ACCURACY GUARANTEED ‘
IN FRONT OF THIS LINE
RATING X X | | X
FACTOR — ‘ ‘ ‘ ‘
0.1 1.0 2.0 3.0 4.0
SECONDARY 7%77%73%7 mT? | ﬁ‘ﬁr | i§
.25‘ 1.0 2.5 5.0 10 15 20
0.5

Slide Courtesy Kent Jones, GE
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When Accuracy Really Matters

 We can reasonably obtain:
= Meter — 0.2%
» CT-0.15%
» PT-0.15%
 Worse Case Error Estimate

» 0.2% + 0.15% + 0.15% = 0.5%
 Expensive to implement but doable.

 Reducing the burden can often
accomplish nearly as much

|
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The Best Accuracy

* The best we can obtain:
= Meter — 0.07%

= CT-0.05% 0.15S CT with low burden in
optimal range

= PT — None
« Worse Case Error Estimate
= 0.07% + 0.05% =0.12%
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