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Certification and Signatures

We certify that this report 18 a true represeniation of the results obtained from the tests of the
equipment staled. We further certify that the measurements shown in this report were madc in
accordance with the procedures indicated and vouch for the qualifications of all Retlif Testing

Laboratories personnel taking them.

MJ‘EERLV et

Robert P. Warren
EMC Test Enginecr

.

Richard J. Reiie
L aboratory Manager

Nop-Warranty Provision
The tesling services have heen perlvrmed, findings ebtained, wnd reports preparcd in accordance with generally aceepted Taboralory
principles and practices. This wurmanty is in teu of all others, sither expressed or implied.

MNon-Endursement

'_1'1115 test report comtains only findings and resulls amived at after emplaying Lhe specific tost procedures and standards listed herein, 1l
i# not intended o conslilute a recommendation, endorsement o centification of the product ar material lested. This test report mey nut
be used by the elient Lo <laim product endersement by NY LA or any sgency of the LS. Covernment.
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Test Program Summary

Report Number: R-9655

Customer: Lltility Relay Company
Test Sample: Zero-1leriz Protective Relay
Part Number: B-23-5P2
Serial Number: 14

Test Methexd: Test Specification:
o RF Susceptihility: Ontario [Ivdro Standard C-5047-77.
»  [hglectric Withstand: TEEE C37.90-1985, .
¢ Surge: Ontario Hydro Standard AZEM-82.

Modc of Operation:
Powered by |20 VAC, 60 Hz, monitering DC shunt input with siranlated adjustable 45mY shumt veltage. The Test
sample curceot limil and pick up was 750 A and the mstantaneous trip settng was set to 2000 A,

Susceptibility Criteria:
Dwring all immunity testing, the EUT was monitored for:
I, False nipping of the output wip relay.
2. lest sampie shuts down or resels.
3. “Pickup” LED remains clear (oot illuminaisd) when power input is tested.

Test Methods:
The follewing table depicts the test methods which were performed on the Zero-Herle Protective Relay and the

carrasponding Lesl resulls:

Paragraph Test Method Test Results
6.1 Kadiated RF Susceptbtlity Complied
a.2 Diclectric Withstand Complied
6.3 Surge Immunity Complied

Retlif Testing Laboratories
“
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1.0 Seope
The purpose of this test program was to determine the compliance of a Zerp-Hertz Protective Relay, Parl
Mymber B-203-5P2, to the requirements of Ontario Hydro Standard C-5047-77, IEEE C37.90-198% and
Ontario Hydro Standard AZ8M-82. The individual test methods performed on the Zeto-Hertz Protective Relay
are oullined in paragraph 6.0 of this test report.

2.0 Applicakle Documents
The following documents form a part of this test report to the extent specified herein:

RCM-001, Retlif Testing Laborateries, Calibration Manual,
ROM-001, Retlif Testing Laboratories, Qualily Assurance Manual.
ANSLINCEL £-340, Calibration Laboratories and Measuring Test Equipment — General Requirements.

MIL-8TT-283, Attenuation Measurements for Fnclosures, Flectromagmetic Shielding fer Electronic Test
Purpases, Moethod ol

MIL-TF-15733F, Filters, Radio Frequency lnterference, General Specifications lor.
WIL-5TD-2204, Insertion Loss Measurement, Method of,

Ontarie Hydro Designation Standard No. C-5047-77, Specification for testivg Susceptibility of electronic
equipnient to radiated inteclerenes.

[EELE C37.90-1989, Dielectric Withatand

Chilario Hydro Designation Standard No. A-28M-82, Oscillatory 1ransient lntsrference lonmunity Test.

.E Retlif Testing Laboratories
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1.0 General Reguiréments

3.1 Test Envirenmentl

All testing was performed at the Rellif Testing Laboratories, Ronkonkema, Wew York facility. Each test
method was performed in the environment specified within the test standard. Where the test environment
deviated from that speei ficd, it is noted in the applicable test method.

3.1.1 5hielded Enclosures
All testing which required the use of a shielded cnclosure was performed in a solid steel, double wall,
modular type. The allenuation characteristics of the enclosure were in accordance with MIL-STT»-283.
All input power lings to the enclosure was filtered utilizing filters manufactured in accordance with
MIL-F-15733F and tested in accordance with MIL-STD-220A.

3.1.2 RT Absorber Material
Test methods requiring anechoic treatment, were perfirmed in a room treated with a combination of
pyramidal carbon impregoated fbam abserber and ferrite tile, The RF absorber was placed abave,
behind and en both sides of the ELT, and behind the radiating or receiving antenna.

3.1.3 Ground Plane
A brass ground plane, 0.3 millimeters thick, 1.0 meters square or more in area with a minimum width
of 0.75 millimeters was utilized. When a shielded enclosure was employed, the ground plane was
bomded to the shielded enclosure at intervals no greater than ong meter and at both ends of the ground
Hane.

3.2 Test Inslrumentation

A listing of all test instrumentation utiized is contained within each applicable test method. These listings
indicate the model, manutacturer, frequency range, last calibration date and calibration due date of all
instrumentation utilized.  All ingtrumentation utilized was calibrated pror 0 use in accordance with the
procedures set forth in Retlif Testing Laboratories standard manwals RCM-00] and ROM-001, which gre in
accordance with the requirements of ANSI/NCSL Z-540,

321 Grounding
[merference measuring instruments were physically grounded with only one connection.  When an
antenna was used, the measuring instrument was connected to ground with only the power cord ground
{green wire). When & copper-bonding strap was used on either the measuring instrument or the
antenma (such as the rod counterpoise), neither the power cord ground nor the instrument pround
lerminals were used,

3.2.2 Measurement Accuracy
The accuracy of all measurenents is as follows:

Frequency: =2%

Amplitude, measurement receiver; 2 AR
Amplitude, measurement system: £3 dB
Distance: £5%

Time (waveforms): £5%

o Retlif Testing Laboratories
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4.0 Test Sample Description

4.1 General

The test sample was a Zero-Hertz Protective Relay, Part Number B-203-8F2. The Zero-Hertz Proteetive Relay
was powered by 120 VDC, 60 Hz. The test sample measured |0 centimeters long by 17 centimeters wide by 6
centimgters high and weighed I pound. Thility Relay Company of Chagrin Falls, Chio, manufacwred the Zero-
Herte Prolective Relay.

4.2 Configuration

For all test methods, the Zero-Hertz Frotective Relay was configured as shown in the General Toest Semp
drawing, Figure 3. All systen cabling including cable length, routing and type were as specilied in the table

below:
Zero-Hertz Protective Relay Cable Configurations
EUT Port Numbers Cable Length Cahle Type Routed ta
*DC Shur [nput *10cm Uashielded |8 AWG OV Battery
Actuator Qutpul I5cm Unshielded 16 AWG Cable Trip Relay
AC Fower Tnput Im Unsghielded 16 AW 124 VAC, 60 Hz Mains

*Wate: For the Surge test. DO Shund Inpul, the bultery lixiore was replaced with o Yme Unshielded [3 AW Cable shorled at the

apposite end.

Retlif Testing Laboratories
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Figure 3
General Test Setap

115 vac, 50 Hz

/ ,.

Zero Hertz
Protective Ralay

I

1 kohm 1¢ turn potentiomnater

5.6 kohm resistor

9 volt battery

MNaotes:
1. The power cable was 1 meter lung.

2. The DC Shunt was connecled the the battery as shown except when this
input was subjected to the surgs test. It was than replaced with a 7 meter

cable which was shorted at the end.
3. The test sample was grounded at 3 bottorn case screw via ground strap for
the surge tests.

Retlif Testing Laboratories
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5.0 Test Sample Parameters

5.1 Mode of Operation
Dmring the performance of all lesting specified herein, the test sample was powersd by 120 VAC, 60 Hz,
maonitoring DC shunt input with simulated adjustable 45mV shunt voitage. The Test sample cuerent limit and
pick up was 750 A and ths instantaneons trip setting was set to 8000 A,

5.1.1 Support Equipment
The fullowing support equipment was utilized to operate and manitor the Zerp-Hertz Protective Eelay:

Description ManuFBacturer Model Number Serial Number

Trip Belay Faotter & Brumtield KRPA-11AG-6 NA
| ¥

5.2 Performance Requirements
Any false tripping of the culpul wrip relay was considered as a sign of Susceptibility. If the test samples shut
down or reset and if the “Pickup” LEL illuminates when the power inputs were tested, it was also considered as
a sign of susceptibility.

52,1 Monitoring Equipmoent
The Lero-Hertz Protective Helay was monitored for suscepnbility wtilizing the test sample LCD
display and the output tip relay.

Page 10 of 29



6.0 Test Methods
The following test methods were performed on the Zere-Hertz Protective Relay in accordance with Ontario
Ilydro Standard C-5047-77, IFEE C37.90- 1989 and Ontario Hydro Standard AZ8M-82:

Paragraph Test Methixd Test Resulis
0.1 Radiated RE Susceptibility Complied
6.2 Dieleciric Withstand Complied
6.3 SurEe Inimunicy Complied

See the individual test metheds contained in paragraphs 6.1 through 6.3 of this test report for a full description
of the procedures utilized and test results obtaimed.

@ | Retiif Testing Laboratories
I Test Report No. R-9699

Page 11 of 29




6.1 Radiated RF Susceptibility, 450 MHx

Purpase

The purpose of this test method was to verify the ability of the Zero-Ilertz Protective Relay to withstand radiared
elecrromagnetic fields at a frequency of 450 MIIz generated from a 5-watt hand held radio.

Test Parameters

The radiated susceptibility test method had characteristics as shown in the table below:

Test Frequency Limit | Test Position I Polarizadon
L 450 MIIz 3.0 Watts ' Front Wertical, Horizootal, Perpendicular
45 MHz 5.0 Watts Back Vertical, Horizontal, Perpendicular
o 45) MHx 3.0 Watts Left Vertical, Horizontal, Perpendicular
430 MHz 5.0 Waits Right Wertical, Horizontal, Perpendicular
430 MHz. 2.0 Watts Top Vertical, Herlzontal, Perpendicnlar
450 MHz 5.0 Watts Boltom Vertical, Horizpntal, Perpendicular
Test Setup

The Zero-Hertz Protective Relay was configured in accordanes with the General Test Sctup drawing, Figore 3, The test
instrumentation was configured in accordance with Fieure 4 and as shown in the foilowing pholographs. The Zero-
Herlz Proteclive Relay was configured in a shielded enclesure employing RT absorber material.

Test Procedure

With the test instrumentation and the Zero-Hertz Protective Relay configuced as stated above, the following sieps were

petfommed:

L
2,

-
2.

n

Test Resulis

The Zero-Hertz Protective Relay was placed inside of a shielded chamber.

With the Zero-Hentz Protective Relay operaling as deseribed in Faragraph 5.1 berein, the front surface
of the test sample was probed with the 5-Watl Hand Held Radio.

The 3-Wait Hand Ileld Radio was maintained at a minimur distance of six inches from the surface of
Lhe Zero-Hertr Protective Relay, in both the horfzomtal and vertical polarities.

During this probing, the 5-Watt Hand Held Radio was contiouously keved ap.

The Zero-Hertz Protective Relay was continueusly monitored for susceptibility criteria as describad in
Paragraph 5.2 herein,

Steps | through 3 were repeated for each surlace of the test sample and for the horizomal, vertical and
perpendicular polarizations,

The Zero-Hertr Proteciive Relay was found o comply with the specified requirements fur the Radiated RF
Susceptibility sl method.

See the following single (1) data sheet for a complete presentation of the test result obtained.

o Retlif Testing Laboratories
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Test Photograph
Radiated RF Susceplibility

Tesl Setup

Retlif Testing Laboratories
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MEASUREMEMNT RO

Figure 4
Radiated RF Susceptibility, 450 MHz

SUPPORT ROOM

Transmitting Radic

il

T
g"
Iy

AL Power

=1

|

GROUND PLANE

o

1 Power Cable was 1 meter kang

Wooden Table CUT
TEST ROOM

2. Hand Hed Redic was malnigined at 2 minimum distarce of gis inches frorm the ELT
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EQUIPMENT LIST

RF Radiated Susceptibility
EN Type Manuofacturer Deseription Madel No. Cal Date Dlue Date
M Shiclded Ene. (24x20%12) Univeesal Shiclding 1dR, 14kHz - 1 302002 302003
fifa 5 Watl Hand Held Radio - Rilesm FW Radur TBX- 455 nfa nfa

Pape 15 of 20
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6.2 Dhielectric Tests

Purpose
The purpose of this test was to determine the dieleciric propertics between the case of the Zero-Ilertz Protective Relay

and its power input leads.

Test Points
Test Paints Voltage Applied
Maing — Chassis 1500 VAC
DC Shunt — loput - Chassis 1500 VAC
Test Setup

The test instromentation and the Zero-Hertz Protective Relay were configured as shown in the attached photograph.

Test Procedure
Wilh the Lest instrumentation and the Zer=Hertz Protective Relay confligured as stated above, the following steps wure

perforned:

Dhiglectric Withstand

1. The dielectric metet was connected between the mains and chassis ground of the Zero-Hertz Prodeetive
Eelay.

Yoltage was gradually increased from 0 to 1500 VAC at a rate of 2530 ViSec,

Onee the voliage was allained, conditdons were maintained for 1 minute.

The Zero-Hertz Protective Relay was monilored for any degradation oc dicleciric breakdown.

The leakage current was measured and recorded in millamperes.

Steps 2 throuph 5 were repeated with the dielectric meter connected berween the DC Shunt input and

{Chassis ground.

hoLh B o

Test Results
The Zero-Hertz Protective Relay wag found o comply wilh the specilied requirements of TRRE C3%,90-] 382 Diclectric

test method,

See the Jotlowing single {1 data sheet for a complete presewtation of the test results obtained.

® Retlif Testing Laboratories
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Test Photographs
Diclectrie Withsiand

¥iew #1

Vipw #2

Retlif Testing Laboratories
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EQUIPMENT LIST

Diclectric Withstand Test
EN Type Manufacturer Description Modet No. Cal Date Due
X4 Sheelded Enc. (24220212} Universal Shiclding 1(MdB, 14kHz - 1 S 3000 430:2003
Tol2  ACDC Hipok Tester Chiad 'gch A Sentry 20 Q200 S0

Retlif Testing Laboratories

o
9

Test Report No. R-9699
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RETLIF TESTING LABORATORIES, INC.

DIELECTRIC TEST DATA SHEET

CUSTOMER:  Thility Relay Coampany JOBKUMBER: R-9699
TEST SAMPLE: Zero Hertz Protective Relay MODEL: nkh
TEST SPECIKICATION:  TEEFE C37.90k-19%9 SERIAL NUMBER nfa
PART NITMBER B-Z03-5p2
TECHNICIAN: 5, C'al‘lﬂ:'}-' )fﬁw DATE: November 15, 2002
PRE-CONDITIONING:  nia ) FAULT APPLIED: 1/
TEST FOTNT VOLTAGYE APPLIED LEAKAGE CTUTRRENT
1 EUT Chassis L Power lopul Contector 15300 VAC .31 mA
EUT Chassis wo D Shom Input 1300 VAL (.06 maA

LLAR NOTES:

VOLTAGE INCREASE TEST LOG

Dhigleetric Withstand 250 volls was injecicd between the EUT cuse and each of the leads hsted

above. The u'[}ltaﬁc wts umiformly inereased at a Tate of 250 volts/sec

tr 1500 volts and maintaimned for a period of | minute. After both leads

were tested, the test sample was verified to be wnrkinji{ cormectly.

RESULTS:

twlerunces given in the individual equipment specifications or approved test plan when tested in accordance with the above

slabed 1est methed.

DATA SHEET [ OF |




f.3 Surge Test

Purpase

The purpese ol this test method was to determine if the Zero-Hentz Protective Relay was so constructad as to have an
adequate leyed of ikrinsic immunity to common and differential mode surges applied to input power lcads, enabling the
Zeru-Hertz Protective Relay to operae as intended.

Test Parameters
The critical parameters of the applied surge waveforn are shown below:

Waveform: 1 MITz Damped Sine
WVoltage: 2.5 kV Differential Mode, 2.5 KV Common Mode
Pulse Repetition Rate: 120 Hz
Burst Width: 4 seconds
Pulses Applicd: 3 spaced | minute apart
Source [mpedance: 150 abimg
Licads Tested

The following leads on the Zero-1lertz Protective Relay were tested separately in order to demonstrate compliance to the
abowve TequiTements;

- 120 VAC, 50 He - Hot 1o Ground - I3 Shunt Toput - - Hot to Ground
- 120 VAC, 60t 11z - Nentral to Gromud - IHZ Slnt [nput - Neutral to Groand
- 120V AC, 60 Hz - Hot to MNewtral - D}C Shunt Inpat - Hot to Newtral

Test Setup

The test instruraentation and Zero-Hertz Protective Relay were conligured as shown in the attached photographs and
detailed in Paragraph 4.2 herein.  This configuration was based upon the peneral test setup shown in Retlif Testing
Laborarories Drawing Number R61000-4-3/P und the requirements of Ontario Hydro Standard A28M-32. The Zero-
Hertz Protective Relay was placed on an 80 cm high wooden test stand abowve the lesl enclesure floor. The test stand was
silualed such that it was at Jeast 50 cm from the encloswre wall. The power leads were routed through the mternal
coupling/decoupling network of the transient surge generator.

Test Procedure
After veniticarion of the transient generator output paramercrs, Lhe lollowing steps were performed:
I. The Zero-Hertz Provective Relay was powered from AC line vollage, which was supplied through the surge
generator,
2. The surge penerator was configured to apply 2.5 kY tranzients,
3. Three positive 2.5 kY transients were applied to the AC leads in the coupling modes specified on the test
data sheets at a repetition rate not cxcecding 1 PPM.
4. The surge generator was confipered to apply nogative surges and step 3 was repeated.
5. Steps | through 4 were repeated for each AC Input ol the Zero-Hertz Protective Relay and each DC Shunt
Input.

Test Resulis

The Zero-Hertz Pratective Relay complied with the requirements specified for this test method. The test sample did not
exhibit any malfunction or degradation of perfortmance beyond that allowed under Ontarie Hyvdro Standard AZZM-32
when subjected 10 the 2.5 kW syrge specified above, See the lollowing five (5) data sheets for a full presentation of the
results obtained.

® Retlif Testing Laboratories
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Test Setup Photograph
Surge
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AC MAINS ——

SHIELDED ENCLOSURE WAL - /

e

General Setup Drawing - R61000-4-5/P
Surze Test Setap

= 5m

Surge Generatar

and Gouplar
WOODEN TEST STAND
OSCILLOSCOPE
® . - .
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EN
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SRk
JBOT
424

Type

Cseillnsrpe
CareephingTecoupling Net
Sucpe Transient Generarcr
Grapliacs Plomer

Manufacturer
“lekeroamix
Veloex

Velonex

Hewlett Packard

EQUIPMENT LIST

Surge Test
Deescription Madel Nao. Cal Date Drue
[ - 500 MHz 2440 57202002 5R20/2003
M V2264 112152001 112102002
HiA 1212001 1122
HiA T4T0A 342002 371452003
&

Retlif Testing Laboratories
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