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TESCO METERING

Induction Meters

* Two coils and a conducting (usually aluminum) disk.
A braking magnet.

* Magnetic field from the first coil generates eddy currents
in the disk.

* Magnetic field from the second coil interacts with the

eddy currents to cause motion.
Line . A— Load
* Disk would accelerate without bound except for eddy “ T \\:Z/ . -l:
currents caused by motion through fixed magnetic field Current Coils —\\
Permanent Braking Magnets

which slows the disk.

e The end result is that each revolution of the disk measures
a constant amount of energy.

tescometering.com 3



TESCO METERING

Basic Energy Formula

» The essential specification of a watthour meter’'s measurement is
given by the value
K., [ Watthours per disk revolution |

« AKh of 7.2 is typical. In this example, each full rotation of the disk
IS equivalent to 7.2Wh of energy.

 The watthour meter formula is as follows:

watthours
disk revolution

E [Watthours |= Kh[ }*n[disk revolution s
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Meters 101 — Solid-state

TESCO METERING

Overview of Functionality

* Potential and Current is scaled down and conditioned with transformers and filters.
 ADC’s (analog to digital converters) digitize the signals.

* A micro-processor or DSP executes the calculations.

* Resulting data is displayed, sent externally via the communication circuits, and used

for the calibrated pulse output.

tescometering.com
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14S
1S
3S
76S
45S
5S 265

15S
245

tescometering.com

Meter Forms

39S 17S
25
125 35S
4S
08 255
46S
665
11S 32S
6S
S 13S 165
56S
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SELF-CONTAINED

1S

2S

17S

15S

tescometering.com

Meter Forms

TRANSFORMER-RATED

14S 395 3g 365 -
12S 29S
76S
5S 35S
293 4S 465
8S
16S 11S 265
66S
13S 6S 95 455
325 56S 10S 245



Meter Forms
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Self-Contained Meters

Primarily Residential

Relatively Low Current
Example: 100A
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el Self-Contained

Primarily Residential

Service wire holder

T
|

3-wire sysiem

7 {110-120/220-240 volts
' ‘l Conduit

|ll7

Entrance head—

\
\

Main entrance panel

Electric meter

Weatherproct fittings

LA,
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Transformer-Rated Meters
Primarily Commercial/Industrial

Relatively High Current
Example: 4000A

ge an
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Transformer-Rated Meters

Primarily Commercial/Industrial

HI |H2 |H3
N~
Pe? ¢ ¥ e i
p=— A
3 iy N S
G’IOUII*— ]
p—X 1 X2 | L
Q.
a
I :

tescometering.com

12



Diagram Example

TESCO METERING

Chapter 2: Introduction to Metering

Meter Forms

Documentation of approved meter forms can be found in ANSI C12.10.
“nE” number of elements. “nW™ number of wires.

—51\ —H\
' zljdi o= References

;a.w e e ,:*szm& * Power Measurements Handbook,

< e I o e
N P — 4 NN

ﬁ Dr. Bill Hardy

TIN ]

\ 7t e UGLY’s Electrical References
F°";S<;E w pmsaEm nw * Meterman’s Handbook

Transformer-Rated Transformer-Rated Transformer-] Rated
P . ’ .
N * Manufacturer’s websites
Ill E [ EGQR ? |
Form /S(ZE 4“ \\\e) Fonn;S Q2E -l“KDelta) Fm'm-QS (S‘E.-SW)
ransformer-Rated Transformer-Rated Transformer-Rated
20 Power Measurements Handbook
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Chapter 2: Introduction to Metering

Meter Forms

Documentation of approved meter forms can be found in ANSI C12.10.
“nE” number of elements. “nW™ number of wires.

€N ?aif € —]\

Fonn 15 (IE “') Form S (IE 3\\') Fm‘m 35 (lE ‘W)
Self-Contained Self-Contammed Transformer-Rated
7B LI / T i

l | ;I" . + — |
l, J}]i[ el ..'l \ < ﬁ, ! ‘ & }.|
AL iE/
\ 3 ' X " _
Form 45 (1 (ua W Fom; Ss_'fzi 3W) Fom 65 CE 4{\'.Wye)

Transformer-Rated Transformer-Rated

Form/S(.E-m -Wye) Fom:SS( E-m “Delt
Transformer-Rated Transformer-Rated

Fom\ 95 (SE 4W)
Transformer-Rated

20 Power Measurements Handbook

tescometering.com

Diagram Example

References

 Power Measurements
Handbook, Dr. Bill Hardy
 UGLY'’s Electrical References
 Meterman’s Handbook
 Manufacturer’'s websites
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Diagram Example

Form 95

i1 A I o » 3 Current Coils
CSelale ) u{ ’ §, | « 3 Potential Colls

J

;
J
f

l :
g —E*
s

Meter Internal Winng
Front View
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Blondel’s Theorem

TESCO METERING

* French Electrical Engineer Andre Blondel
e Attempt to simplify electrical
measurements and validation of the

results
* Paper submitted to the International
Electric Congress in Chicago in 1893.

E=n-1

The theorem states that the power provided to a system of N conductors is equal to the algebraic sum of the power
measured by N watt-meters. The N watt-meters are separately connected such that each one measures the current
level in one of the N conductors and the potential level between that conductor and a common point. In a further
simplification, if that common point is located on one of the conductors, that conductor’s meter can be removed and
only N-1 meters are required.

tescometering.com 16



Blondel’s Theorem

TESCO METERING

Blondel Compliant

2 Wires 3 Wires 4 Wires
1 Meter 2 Meters 3 Metlers

| |/ A E=n-1

© | —9
1 NSV HE

1S 12S 9S

s
o=

The theorem states that the power provided to a system of N conductors is equal to the algebraic sum of the power
measured by N watt-meters. The N watt-meters are separately connected such that each one measures the current
level in one of the N conductors and the potential level between that conductor and a common point. In a further
simplification, if that common point is located on one of the conductors, that conductor's meter can be removed and
only N-1 meters are required.

tescometering.com 17



Blondel’s Theorem
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Non-Blondel Compliant

E=n-1

2S

The theorem states that the power provided to a system of N conductors is equal to the algebraic sum of
the power measured by N watt-meters. The N watt-meters are separately connected such that each one
measures the current level in one of the N conductors and the potential level between that conductor and
a common point. In a further simplification, if that common point is located on one of the conductors, that

conductor's meter can be removed and only N-1 meters are required.

tescometering.com 18



Blondel’s Theorem

TESCO METERING

Why Is non-Blondel metering bad?

« Makes assumptions about the service

« Example: balanced voltages

* Assumptions might not be true

 When these assumptions are not true, then there are power measurement

errors even if the meter is working perfectly.

The theorem states that the power provided to a system of N conductors is equal to the
algebraic sum of the power measured by N watt-meters. The N watt-meters are
separately connected such that each one measures the current level in one of the N
conductors and the potential level between that conductor and a common point. In a
further simplification, if that common point is located on one of the conductors, that
conductor's meter can be removed and only N-1 meters are required.

tescometering.com 19



Blondel’s Theorem

TESCO METERING

Why are non-Blondel meters used?

. Fewer elements (meters) = lower cost

. Especially true for electro-mechanical meters
. Fewer CT’'s and PT's = lower cost

. Less wiring and cheaper sockets

The theorem states that the power provided to a system of N conductors is equal to
the algebraic sum of the power measured by N watt-meters. The N watt-meters are
separately connected such that each one measures the current level in one of the N
conductors and the potential level between that conductor and a common point. In a
further simplification, if that common point is located on one of the conductors, that
conductor's meter can be removed and only N-1 meters are required.

tescometering.com 20



Metering Examples

TESCO METERING

) 0 A1l sockets are viewed from the front.
LINE A1l meters are viewed from the front,
' L not from the base.
FORM 1S

L 54

0

l 0
LOAD

FORM 1S
1@, 2 W CIRCUIT

1 Stator, 2 W Meter, Self-Contained

Bay City Metering

] P: 212-575-0785
tescometering.com 21



Metering Examples
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FORM 2S

1e, 3 W CIRCUIT
1 Stator, 18, 3 W Meter, Self-Contained

Bay City Metering

tescometering.com P: 212-575-0785 29



Metering Examples

TESCO METERING

2 3 0

LOAD

32,4 W, Y CIRCUIT
3 Stator, 32, 4 W, Y Meter with 3-2 WCT's

Bay City Metering

. P: 212-575-0785
tescometering.com 23



Metering Examples

TESCO METERING

FORM 165

2 o
LOAD

32,4 W, Y CIRCUIT
3 Stator, 32, 4 W, Y Meter, Self-Contained

Bay City Metering
P: 212-575-0785

tescometering.com 24
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Metering Examples

| 0

2 3

LOAD
32,4 W, ACIRCUIT

2 Stator, 30,4 W, A Meter with 3-2 W CT's

Bay City Metering
P: 212-575-0785

25
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 Wikipedia — of course
o https://en.wikipedia.org/wiki/Blondel%27s theorem

« Power Measurement Handbook — Dr. Bill Hardy — TESCO CTO Emeritus

o http://www.powermeasurements.org/library/Presentations/NCMS%20201
39%20-%20Non-Blondel%20Metering.pdf

 Third Party meter sites
e https://www.baycitymetering.com/
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Agenda

Meters 101 - Electro-Mechanical vs Solid-State
Meter Forms
Self-Contained vs Transformer Rated

Blondel’s Theorem

Available References A
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TESCO METERING

Introduction to Watthour
Meter Testing

TESCO'’s Meter School Monday, July 22, 2024

COOL 3:15 PM — 4:30 PM
John Pollard

July 20-23, 2025

TES
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Questions to Answer

Why do we test & how do we test?
What types of meter tests are there?

How do utility tests differ from customer
request tests?

What is In-Service Testing vs Periodic Testing?
What are regulatory tests?
How do we know meter tests are good?

What do we do with the test data? 29



Why Do We Test?

TESCO METERING

The meter is the “cash register” of the utility company and serves as a junction / interface
between the utility and the customer

Meter accuracy establishes “fair” transactions / billing between the utility company and
customer

Meter testing guidelines are taken from ANSI C12.1-2014 American National Standard for
Electric Meters — Code for Electricity Metering

Section 5 of C12.1 covers “Standards for New and In-Service Performance”

ANSI provides guidance rather than enforces standards

Final testing guidelines are established by the governing commission, local government, or

ANSI

American National Standards Institute

tescometering.com 30
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Why Do We Test?

Our regulatory commissions typically require us to test meters for accuracy
 Regulatory commissions typically take their lead from ANSI C12.1 American National
Standard for Electricity Metering

State regulatory commissions focus on accuracy because they want electric utilities to ensure
that no customer is being billed unfairly and that no subset of customers is being unfairly

subsidized by the rest of the rate payers
 Some states mandate only accuracy tests and others require demand and time of use

accuracy tests

Any tests beyond accuracy tests are tests that are simply good business practice
* With the advent of AMI, functional testing has taken a high priority for the utility as well

ANSI

American National Standards Institute 31

tescometering.com



TESCO METERING

Basics of meter testing

* Equipment Needed for Testing
Reference Standard
Test Kit or Load Box
Test Jack or Test Switch
Multi-Meter

PPE & Safety Equipment

e Tests Performed

Voltage | Current __[PF_____

Full Load Rated V Rated Test 1.0
Amps (TA)

Power Factor Rated V Rated TA 0.5
Light Load Rated V 10% of TA 1.0

* Meter Characteristics - Test Amps, Class, Form, and Voltage are shown on
the face of the meter as well as Kh (energy per pulse).

CL200, (120 TO 480V| WY or 4WD. 60Hz Kh 21.6 -
FM 168 (158, 148) Watthour Meter P/R 24.
R2.7-114327GK-023EBC [TA 30 A

tescometering.com 32
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Shop Testing

* Shop or lab testing is considered to be done
under ideal conditions.

* The test machine contains the reference
standard, meter socket interface, load
circuit, and electronics.

* The test machine is often connected to a PC
and data management system.

* The test machine may have an optical probe
and other pickups to be able to sense a

physical disc rotation, IR output, etc.

e Test machines are designed to test single
phase and three phase meter forms as well
as solid state and electro-mechanical
meters.

tescometering.com 33



Field testing can be performed with an adapter and site
voltage from the meter socket or by removing the meter and
testing in a piece of field equipment that may be contained in
a utility vehicle nearby.

Voltage and current may by synthesized through electronics or
the customer’s meter socket may be used as a source.

Some commissions may require complaint & witness tests to
be done in the field while others may allow to meter to be
removed, secured(bagged), and tested in the shop with a
withess.

Field testing and shop testing have various benefits to a utility.

e Quicker field procedure vs more back-office work.
* Longer field procedure vs less back-office work.

tescometering.com

| Field Testing
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Compliant Testing

Customers always have the right to request a meter test.
 There may be limits to how often a test can be
requested and there may be a cost to the end
customer as well.

e Some utilities and some jurisdictions allow for testing at
the customer site(field), others require a test in a
laboratory (shop) environment.

e Some allow the customer to witness the test, and others
require the utility commission to witness the test.

e Utilities must show that the meter tests within acceptable
limits and must demonstrate that they have a test
program in place to ensure the meters in service are
performing well.

tescometering.com



General Meter Testing Requirements

TESCO METERING

« New Purchase Meters
 Manufacturers tests
* In-house tests on new shipments

* Recycled Meters
* Return to Service Testing

* In-Service Meters
* Periodic Tests
» Selective, random, or statistical
testing
* End of Life Meters
* Retirement tests

 Testing of related metering equipment

tescometering.com 36
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New Meter Testing Programs

e Utilities generally accept the manufacturer’s test results then perform some type of test on their own
» Statistical Sample Test of an incoming shipment
 100% test of an incoming shipment

e Utilities may opt for sample testing for residential and 100% testing for commercial shipments

* With consistent performance and accuracy of newer solid-state meters many utilities have moved to

statistical sampling for all new purchases

e A utility may have more stringent guidelines than the commission

e 98-102% vs 99.5-100.5% or even 99.7-100.3%

tescometering.com 37



TESCO METERING

Meters to be returned to service must always
(virtually every utility commission requires this)
be accuracy tested before being returned to
service.

Best business practices also require that the
meter is functionally tested as well.

With advances in AMI technology, many utilities
may identify meters as End of Life (EOL) and
simply “test and retire” OR they may perform
accuracy testing, functional testing, and
programming to return service and use in the
field.

tescometering.com

Return to Service Testing

38



In-Service Testing

TESCO METERING

* Meter Testing for new and in-service meters is specified in ANSI C12.1-2015,
American National Standard for Electric Meters, Code for Electricity Metering.

* Most utility commissions use this Standard a reference or the basis for their
meter testing requirements.

tescometering.com 39
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Test Plans for Meters

 The most common test plans for in-service meters include periodic
and statistical plans.

()
®@®
E———u

Periodic plans may be based on a test every x number of years.

55 000 801
° ]

This is more common with commercial meters.

This may even be annually on interconnect meters and
generation meters.

* Example ISO/RTO - PIM and 1 vs 2 years.

Statistical plans generally are based on a subset of the
population and broken out by groupings of the population. e

tescometering.com 40
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Periodic Test Plans

e Periodic

 Varies by State / Jurisdiction

* Example provided by ANSI C12.1:
* Each electromechanical meter is tested once every 8 years.
* All other meters are tested every 16 years.
* Appendix D provides details for other meters & devices.
* No guidance for AMI meters.

* Generally, an average of 12.5% of the population is tested per year.

* With AMI data and consistent performance, some utilities have moved their commercial
populations to once every 12 or even 16 years.

16 Years

tescometering.com 41
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Why Use a Statistical Testing Plan

e Focuses testing on the proper meters.

e Minimizes number of meters to be tested; usually requires less than 30% of what a
periodic testing plan requires.

e Provides data and analysis tools for use in understanding what is happening with
installed meters or for use in the purchasing of new meters.

Vb vy Y
0
7+ttt AR
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Homogeneous Population(s)

 The groups or populations being sampled and tested are made up of the same or similar items, items
which operate in the same way and were made in the same manner.

* For electric meters, this has traditionally been interpreted as being meters of a specific meter type
from a manufacturer (IE AB1, J5S, MX, etc).

* AMR & AMI programs have helped to make the overall populations more homogenous. This makes a
utility with AMR & AMI meters better prepared to take advantage of a statistical sampling plan.

* Some utilities may only have 4-5 groups now where they used to have 20+ groups to test
* (IE Focus, i210+c, kv2c, centron, etc).

tescometering.com 43
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Sample Test Plans

 ANSI z1.4 and ANSI z1.9 are some of the more commonly accepted sampling plans

« Z1.4 is more common and may be preferred as it is a sampling procedure based on
attributes

» Meters pass or fail

« Z1.9 is more granular and may be preferred for aging population as it is a sampling
procedure based on variables

» Meters can fail but there is an average and statistical value calculated for the
group
* One abnormal test (33%) could be enough to fail an entire group
« Utilities may denote abnormalities as “outliers”

tescometering.com 44



Testing of a Meter vs Testing a Site

TESCO METERING

* Test an installation and site and not just the meter
* Test programs may need to involve testing and checking the meter
performance as well as checking and testing the installation.
* This more extensive test check list needs to be done especially for the
higher revenue C&I customers.

tescometering.com 45



Testing of a Meter vs Testing a Site

TESCO METERING

* Testing of CTs, PTs, and associated site equipment is often overlooked but many
times is the key to lost revenue
* Voltage & current checks may show a condition to cause concern
* |E missing current on phase A or voltage on phase C
e Site accuracy may be 66%!
* Phase angle and phasor checks may show concern
* |E current 180 degrees off —one CT wired in reverse
 Meter tests at 100% but site accuracy is 33%!

ANSI C12.20
COMPLIANT

46
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Meter Testing Traceability

. Test equipment to NIST standards

. Tracking number of meters to be tested per State
Commission requirements

. Tracking meter test data

* Meter Records
'f 19 ktowm Hsey Wanted me
* Meter Data Management - heSh s Infer L wond never
System (MDMS)  —=T—2
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Meter Testing Traceability

TESCO METERING

* Traceability is defined as the ability to link the results of the calibration and
measurement to related standard and/or reference (preferably national or
international standard) through an unbroken chain of comparisons.

e C(Calibration is typically performed by measuring a test unit against a known
standard or reference.

* Master standard (IE gages) are kept by National Measurement Institute (NMI) of
each country.

AR PJLA
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* National Institute of Standards and Technology (NIST) provides internal tracking

Meter Testing Traceability

numbers, which are often used as evidence of traceability.

 WARNING! NIST does not certify or guarantee that calibration and measurements

are correct, nor does it provide any kind of certification of accuracy and calibration.

* NIST only provides certifications for the work performed by them

tescometering.com

e =

% National Institute of
Standards and Technology
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Meter Testing Traceability - Standards

Intrinsic or |

Na}fnnal Sta
Rﬁerence Stan

/ Master Standard
/ Working Standard \

/ Unit Under Test \




Meter Testing Traceability - Standards

TESCO METERING

« National Standard
In the US, this is maintained by NIST, in Canada by NRC. Not all countries have a
National Standards group and even the US does not have a group for every item of
Interest to a utility (IE voltage transformers).

+ Reference/Master Standard g i\
Item of highest metrological quality located at a site where calibration is being /‘{/\AR
conducted. < P«ND

EN »\/%
Transfer Standard \\\1': #

Lower level of Reference Standard and used for calibration of lower-level calibration
requirements measuring devices.

« Working Standard
Lower level of Reference Standard and used for calibration of lower-level calibration
requirements measuring devices. Should be compared to Master Standard or
Reference Standard on regular basis; used for daily checks comparisons of the
calibrated devices.

tescometering.com 51




Test Equipment Calibration

TESCO METERING

Primary Requirement: Traceable to NIST Standards

e Meter Test Boards, Field Test Kits calibrated to a
known master standard maintained at Meter Shop

v Some periodicity such as monthly or quarterly

e Reference or Master standard calibrated by outside
vendor traceable to NIST or directly by NIST

v Usually annually

tescometering.com 52



Tracking Meter Records

TESCO METERING

* AMI programs help to update and overhaul meter record systems.

* Having the records for the entire meter population updated allows for a better
chance that test data is available to answer questions and that any meter may be
selected as part of the sample for testing.

tescometering.com 53



Meter Test Data Tracking
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e Test data should be tracked throughout meter life
— Certification testing, first article, acceptance
testing, in-service (field & shop), retirement. ToE——

L. Crestng mede content
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* Meter test data should be linked to meter record = || =
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Corgiuted

e Accuracy test data is usually collected
automatically as new meters are tested
in meter shops or cross docks.
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Meter Test Data Tracking
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e Need to consider tracking non-accuracy e —

Ble Yew Iook Hep

awk bt | Task Trew | Cotareler | amoncos st

functional testing (meter software o S a el BT (Sl

configuration, service disconnect testing, W
voltage, etc.) 5 ek
e Use installation reports to determine if there is il L
any initial concerns about the meters being ooy -1 B
installed. S . pr—
e Typical reports that should be available: S Dl T T

e Failed Meter Report, Project to Date R i = LR

2 |- TaskGrom : 1. Genersl
120| Determine the locason Comgleted [ 00 % Momal 8082008 Zroiopee |

e Electric Meters on Network Report i e e e B e i
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Meter Test Data Tracking System

e System should track meter test results for
ease of future reference or for response to
public or utility commission inquiries.

e May be part of Meter Data Management
System (MDMS) or a separate Meter
Records system.

e Requires discipline in collecting & entering
data, especially field tests.
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Questions?

c
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 Why do we test?

 How do we test?

« What types of meter tests are there?
« How do utility tests differ from customer request tests?
 What is In-Service Testing?

 How do we know meter tests are good?
« What do we do with the test data?

tescometering.com



Course Feedback

TESCO METERING

Track 1 - ANSI Meter Forms and

Intro to Watthour Meter Testing
Please Ta ke a Few 72125 John Pollard
Minutes To Provide
Feeback About The

Course & Instructor
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tescometering.com

Questions and Discussion

John Pollard
TSTM

This presentation can also be found under Meter
Conferences and Schools on the TESCO website:
tescometering.com

ISO 9001:2015 Certified Quality Company
ISO 17025:2017 Accredited Laboratory

59


http://www.tesco-advent.com/

