AEP Ohio Technical Requirements for Interconnection Service

All Distributed Resources requirements are subject to Company’s Minimum Requirements for
Interconnection Service and Ohio Administrative Code 4901:1-22 (OAC). These Technical
Requirements by the Company shall not be in conflict with any requirements in the OAC. ltis
acknowledged that IEEE Standard 1547 “Standard for Interconnecting Distributed Resources with
Electric Power Systems” (IEEE 1547)! is the basis for interconnection Technical Requirements
for most jurisdictions. The intent is to utilize IEEE 1547 requirements and to supplement those
with a minimal number of additional requirements where appropriate. The purpose of a minimal
number of Company requirements not included in IEEE 1547 is to add clarity to some IEEE 1547
sections and to specify requirements for issues not addressed in IEEE 1547. These Technical
Requirements apply to all Distributed Resource technologies including synchronous machines,
induction machines, or static power inverters/converters.

The interconnection system hardware and software used by a Distributed Resource to meet
these Technical Requirements do not have to be located at the Point of Common Coupling.
However, the Technical Requirements shall be met at the Point of Common Coupling.

A table summarizing the Distributed Resource Technical Requirements is attached as Appendix
1. The pertinent IEEE 1547 clause number(s) are shown in this table.

Basic Technical Requirements:

The Technical Requirements in IEEE 1547 cover the following areas, Voltage Regulation, Voltage
Disturbances, Harmonic Current Injection, Direct Current Injection, Grounding Scheme
Compatibility, Inadvertent Energizing, Monitoring Operation, Isolation Device, Withstand
Performance, Paralleling Device, Response to Area EPS Faults, Reclosing Coordination,
Unintentional Islanding, Voltage and Frequency Detection, Abnormal Voltage or Frequency,
Reconnection Following a Disturbance, Secondary Grid and Spot Network Systems, and Testing
and Maintenance.

Testing:

A Distributed Resource proposing to interconnect with the Company’s transmission and
distribution systems (AEP Ohio System) must be tested as per IEEE 1547 Clause 5 to
demonstrate that the interconnection system meets the requirements of IEEE 1547 Clause 4.
Documentation of the results of the Design Test and Production Tests shall be provided to AEP
Ohio at the time of application unless such tests are to be conducted as part of the
Commissioning Tests.

When the interconnection system of the Distributed Resource uses an assembly of discrete
components, documentation of testing must be provided to AEP Ohio at the time of application to
confirm the compatibility of the discrete components to properly function together. Otherwise
AEP Ohio may require the Design Test to be conducted as part of the Commissioning Tests.

Written test procedures shall be approved by AEP Ohio for all tests to be performed as
Commissioning Tests. To avoid delay, these test procedures should be submitted to AEP Ohio
well in advance of the scheduled date of the Commissioning Tests.

A suggested format for test proposal submission and test result reporting can be found in
Appendix 3 — AEP Guide for Testing and Reporting per IEEE 1547.1.

Additional Technical Requirements:

Circuit Breaker - If a main circuit breaker (or circuit switcher) between the interconnection
transformer and the AEP Ohio System is required, the device must comply with the applicable

! IEEE publications are available from the Institute of Electrical and Electronics Engineers, 443
Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331 (http://standards.ieee.org/).
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current ANSI Standard from the C37 series of standards that specifies the requirements for circuit
breakers, reclosers and interrupting switches.

Main Disconnect Switch (Voltages exceeding 480 volts) — A gang operated disconnecting device
must be located at the Point of Common Coupling for all three phase interconnections. In all
cases the disconnecting device must be clearly labeled, readily accessible to AEP Ohio
personnel for use at all times and suitable for use by AEP Ohio as a protective tagging location.
The disconnecting device shall have a visible open gap when in the open position and be capable
of being locked in the open position.

The disconnecting device must have a ground grid designed in accordance with specifications to
be provided by AEP Ohio. Operation of the device must be restricted to AEP Ohio personnel and
properly trained operators designated by the interconnection customer. The disconnecting device
must comply with the applicable current ANSI Standard from the C37 series of standards that
specifies the requirements for circuit breakers, reclosers and interrupting switches.

Terminating Structure — When a new interconnection line is required, the interconnection
customer shall provide a suitable structure to terminate the interconnection line. The customer is
responsible for ensuring that terminating structure or substation structural material strengths are
adequate for all requirements, incorporating appropriate safety factors. AEP Ohio will provide line
tension information for maximum dead-end. The structure must be designed for the maximum
line tension along with an adequate margin of safety.

Substation electrical clearances shall meet or exceed the requirements of the National Electrical
Safety Code. Installation of disconnect switches, bus support insulators and other equipment
shall comply with accepted industry practices.

Surge arresters shall be selected to coordinate with the BIL rating of major equipment
components and shall comply with recommendations set forth in the applicable current ANSI
Standard C62.2 that specifies the requirements for surge arresters and other surge protection
devices.

Momentary Paralleling — For situations where the proposed Distributed Resource will only be
operated in parallel with the AEP Ohio System for a short duration (less than 100 milliseconds),
as in a make-before-break automatic transfer scheme, the requirements of IEEE 1547 do not
apply except as noted in Clause 4.1.4. All make-before-break automatic transfer switch systems
proposed by the interconnection customer must comply with UL 1008 and be listed by a
nationally recognized testing laboratory.

Voltage Unbalance — The interconnection customer is responsible for operating the proposed
Distributed Resource such that the voltage unbalance attributable to the Distributed Resource
does not exceed 2.5% at the Point of Common Coupling.

Power Factor - Each Distributed Resource shall be capable of operating at some point within a
power factor range from 0.9 leading to 0.9 lagging. Operation outside this range is acceptable
provided the reactive power of the Distributed Resource is used to meet the reactive power needs
of the electrical loads within the interconnection customer’s facility or that reactive power is
otherwise provided under tariff by AEP Ohio. The interconnection customer shall notify AEP Ohio
if it is using the Distributed Resource for power factor correction.

System Stability — AEP Ohio may require a stability study for Distributed Resources if the
aggregate generation is greater than 10 MW and in an area where there are known or posted
stability limitations to generation located in the general electrical vicinity (e.g., three or four
transmission voltage level busses from the transmission voltage bus serving the distribution
circuit where the Distributed Resource proposes to interconnect.

Maintenance and Testing — The interconnection customer is responsible for the periodic
scheduled maintenance on the interconnection system of the Distributed Resource (relays,
interrupting devices, control schemes, and batteries that involve the protection of the AEP Ohio
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System). Unless the equipment manufacturer provides study results that demonstrate the need
for less frequency, interconnection systems that depend upon a battery for proper function shall
be checked and logged once per month for proper voltage. At least once every four years, the
battery must be either replaced or a discharge test performed.

A periodic maintenance program is to be established in accordance with the requirements of
IEEE 1547. AEP Ohio may examine copies of the periodic test reports or inspection logs
associated with the periodic maintenance program. Upon request, AEP Ohio shall be informed of
the next scheduled maintenance and be able to witness the maintenance performed and any
associated testing.

Monitoring — AEP Ohio reserves the right, at AEP Ohio’s initial expense, to install special test
equipment as may be required to perform a disturbance analysis and monitor the operation and
control of the Distributed Resource to evaluate the quality of power produced by the Distributed
Resource.

Evaluation of System Impact:

A Distributed Resource proposing to interconnect to the AEP Ohio System may have significant
impact on the safety and reliability of one or more of the following portions of the electrical power
system; the AEP Ohio Distribution System, the AEP Ohio Transmission System, the Distribution
or Transmission System of a third party (called an Affected System) and the electrical system
where the Distributed Resource is to be connected. AEP Ohio shall not be responsible for the
evaluation of the safety and reliability impacts on the electrical system where the Distributed
Resource is to be connected. AEP Ohio approval of a Distributed Resource interconnection
should not be construed as an endorsement, confirmation, warranty, guarantee, or representation
concerning the safety, operating characteristics, durability, or reliability of the Distributed
Resource facility and the electrical system where it is connected.

AEP Ohio Distribution System Impact —

AEP Ohio is responsible for evaluating the system impact of a proposed Distributed Resource
interconnection based upon the information provided in the interconnection application once the
application is considered complete.

A study to determine system impact will be performed based upon the interconnection request’s
position in the Queue and the applicable time limits established by the regulatory authority having
jurisdiction. The study time limits and study scope vary depending upon the regulatory authority
and the type, size and proposed use of the Distributed Resource.

AEP Ohio supports limited study and the use of a screening process to expeditiously identify and
approve Distributed Resources that can be interconnected without significant system impact.
AEP Ohio screening criteria is based on the OAC.

Additional study time is generally required to evaluate Distributed Resources that are not pre-
certified. The exception may be for Distributed Resources that have been evaluated previously
by AEP Ohio and were found to meet the Technical Requirements including the necessary
testing.

The possible outcomes of the system impact study could include the following:

1) The proposed Distributed Resource interconnection meets the Technical Requirements and
there are no system impacts that would require modification or upgrade to either AEP Ohio
facilities or the Distributed Resource installation;

2) The proposed Distributed Resource interconnection does not meet the Technical
Requirements and modifications or changes are required to either AEP Ohio facilities or the
Distributed Resource installation;
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3) The proposed Distributed Resource interconnection would result in negative system impact
and modifications or changes are required to either AEP Ohio facilities or the Distributed
Resource installation;

4) The proposed Distributed Resource interconnection requires new AEP Ohio facilities.

The potential distribution system impacts listed in Appendix 2 may need to be examined as part
of the system impact study.

AEP Ohio Transmission System Impact —

AEP Ohio will determine if there may be an impact to the AEP Ohio transmission system
(including any transmission system stability impact) or an impact to a third party’s system when
the interconnection occurs on the AEP Ohio distribution system.

AEP Ohio will coordinate processing the interconnection request to assure the proper process is
followed and all required milestones are met.

Affected System Impact —

AEP Ohio will review each request for interconnection to the AEP Ohio distribution system to
determine if the potential exists for impact to a third party’s system. For example, the distribution
systems of several Rural Electric Cooperatives are interconnected to AEP Ohio distribution
feeders.

If the potential exists for an impact to their system, AEP Ohio will notify the third party of the
proposed interconnection request and coordinate processing the interconnection request to
assure that the proper process is followed and all required milestones are met.
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Distributed Resource Technical Requirements

Attribute

Requirement

Voltage Regulation

IEEE 1547 - Clause 4.1.1

Voltage Disturbances

IEEE 1547 - Clause 4.3.2

Harmonic Current Injection

IEEE 1547 - Clause 4.3.3

Direct Current Injection

IEEE 1547 - Clause 4.3.1

Grounding Scheme Compatibility

IEEE 1547 - Clause 4.1.2

Inadvertent Energization

IEEE 1547 - Clause 4.1.5

Monitoring Provisions

IEEE 1547 - Clause 4.1.6

Isolation Device

IEEE 1547 - Clause 4.1.7

Withstand Performance

IEEE 1547 - Clause 4.1.8.1 and Clause 4.1.8.2

Paralleling Device

IEEE 1547 - Clause 4.1.8.3

Response to Area EPS Faults

IEEE 1547 - Clause 4.2.1

Reclosing Coordination

IEEE 1547 - Clause 4.2.2

Unintentional Islanding

IEEE 1547 - Clause 4.4.1

Abnormal Voltage

IEEE 1547 - Clause 4.2.3

Abnormal Frequency

IEEE 1547 - Clause 4.2.4

Reconnection Following a
Disturbance

IEEE 1547 - Clause 4.2.6

Secondary Grid and Spot
Network Systems

IEEE 1547 - Clause 4.1.4

Testing

IEEE 1547 - Clause 5

Periodic Interconnection Tests

IEEE 1547 - Clause 5.5

Circuit Breaker

Meet appropriate ANSI C37 standard

Disconnect Switch

Three phase unit gang operated at Point of Common
Coupling

Terminating Structure

Adequate structural material strength suitable to terminate
line

Surge Arresters

Meet applicable ANSI C62.2 standard

Momentary Paralleling

Comply with Underwriter’'s Laboratories Standard 1008 and
IEEE 1547 — Clause 1.3

Voltage Unbalance

Unbalance attributable to Distributed Resource 2.5% or less

System Stability

Study required for units greater than 10 MW when
limitations exist
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Potential Distribution System Impacts

Voltage Regulation - With the addition of the Distributed Resource, the voltage level on both the
primary and secondary must be maintained within acceptable limits for both on peak and off peak
conditions.

1) Reverse power flow through voltage regulators or load tap changers may cause the
regulator or load tap changer to regulate the voltage incorrectly.

2) Improper settings of the Distributed Resource controls may result in the steady state
voltage straying outside the + or - 5% limits at the point of common coupling on a 120 volt
basis.

3) Low voltage may be experienced after a temporary fault or when restoring service after
a permanent fault if the presence of the Distributed Resource is essential to the
maintenance of adequate voltage.

4) The loss of Distributed Resource synchronous machine exciters may cause excessive
reactive power losses and low voltages on a circuit.

5) The presence of Distributed Resources with varying output (e.g. wind turbines,
photovoltaic cells, etc.) may cause excessive switching of capacitor banks and/or an
excessive number of regulator or load tap changer operations.

6) When line drop compensators are used on a circuit, the presence of Distributed
Resources may significantly alter the intended regulation scheme.

7) The presence of Distributed Resources on a secondary system may cause the off
peak voltage level to exceed its upper limit.

8) The Distributed Resource owner could experience periods when his unit(s) trips off
line from overvoltage due to system voltage excursions.

Voltage Flicker - Several Distributed Resource technologies have the potential for creating
objectionable voltage flicker. In extreme cases the size of the Distributed Resource may need to
be limited to prevent objectionable flicker or system improvements may be necessary to limit the
voltage flicker. Possible flicker sources include:

1) Wind turbines may produce rapidly varying output due to changes in wind speed, wind
turbulence, intensity, tower shadowing effects and blade pitching.

2) Photovoltaic (PV) installations may produce rapidly varying output due to intermittent
cloud cover over the cells.

3) Reciprocating engine Distributed Resources may be produce rapid output fluctuations
caused by engine misfiring due to low quality fuel.

4) Induction machine Distributed Resources may produce voltage flicker due to current
inrush when they are connected.

5) Synchronous machine Distributed Resources may produce voltage flicker due to poor
voltage matching and phase angle synchronization at contact closure.

6) Power inverter based Distributed Resources may not have soft start technology to limit
the rate of change of power output at starting.
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7) Interaction of Distributed Resources with other devices such as voltage regulators,
load tap changers and switched capacitor banks may produce objectionable voltage
flicker.

Overcurrent Protection and Protective Device Coordination - With the addition of a Distributed
Resource on a circuit, another source of fault current is introduced. The available fault current at
any location on the feeder will depend upon the type of fault (e.g. line-to-ground, three phase,
double-line-to-ground, etc.), the fault impedance, and the status of the Distributed Resource on
the feeder (i.e. on or off line). Each Distributed Resource technology has its own unique fault
current characteristics.

The presence of Distributed Resources may create several problems with overcurrent protection
and the coordination of protective devices. Some of the problems include:

1) The “reach” of overcurrent protective devices may be reduced due to a reduction in the
fault current contribution from the station source with Distributed Resources on a feeder.
For faults located downstream from a Distributed Resource, the fault current contribution
from the station source will be reduced when the Distributed Resource unit is on line.

2) Recloser to fuse coordination may no longer exist with the introduction of a Distributed
Resource on the feeder so fuses may blow for temporary faults.

3) Sectionalizers may misoperate if the Distributed Resource maintains voltage when the
sectionalizer should be "counting" an operation.

4) Nuisance tripping of a circuit recloser or station breaker may occur from a fault located
on an adjacent feeder due to the fault current contribution from the Distributed Resource.

5) The presence of an interconnection transformer with a primary voltage wye grounded
winding connection and a secondary voltage delta connection at the Distributed
Resource can desensitize ground fault relays and the ground fault settings on recloser
controls.

6) The introduction of Distributed Resource to a secondary spot or grid network system
can cause nuisance trips of protectors and protector cycling and may lead to out of phase
protector closing resulting in equipment damage.

7) The presence of a Distributed Resource may exacerbate cold load pickup problems
following a feeder outage.

8) The addition of a Distributed Resource may increase the available fault current to the
point where utility system or customer owned protective device fault interrupting ratings
are exceeded.

9) If the Distributed Resource remains on the feeder after a protective device opens for
any reason, then the protective device may reclose with the system voltage and the
Distributed Resource voltage out of synchronism.

10) Distribution automation schemes may be adversely affected by the introduction of
Distributed Resources.

11) System under frequency conditions may result in feeder or transformer overload
conditions.

Harmonic Current Injection - Several Distributed Resource technologies have the potential for
introducing harmonic distortion. Possible harmonic issues include:
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1) Rotating machines produce 3rd harmonic distortion. Machines having a pitch of either
5/6 and 11/16 introduce the most distortion with 2/3 pitch being the preferred pitch to
minimize distortion.

2) Inverter based Distributed Resources may inject harmonic voltages and currents into
the utility grid or may serve as a system sink for harmonics.

3) Wye-wye transformer connected Distributed Resources and single phase Distributed
Resources have the potential for being the worst harmonic sources.

Other Issues - Several other issues relating to the interconnection of Distributed Resources need
to be considered. Potential problems to look for include:

1) Voltage on unfaulted phases may approach 1.73 times nominal during single line to
ground faults when delta-wye or delta-delta connected transformer banks are used for
the Distributed Resource transformation.

2) Resonant overvoltages can occur if a synchronous or induction generator Distributed
Resource is isolated with capacitors during line to ground faults.

3) Single phase switching of a delta connected Distributed Resource transformer bank
may create ferroresonant overvoltage conditions.

4) Distributed Resources may present utility worker and public safety concerns by
inadvertently re-energizing the electric power system during abnormal system conditions.

5) The addition of Distributed Resource may overload conductors or equipment.

6) The presence of a Distributed Resource may defeat attempts to clear fault conditions
by continuing to energize the feeder during fault events.

7) Induction and synchronous machine Distributed Resources may be over excited by the
presence of a capacitor bank in an unintentional islanding situation and produce high
voltages in the island.

8) Inverter based Distributed Resources may inject direct current onto the feeder causing
transformer saturation.

9) When a grounded-wye high-side/delta low-side connected transformer bank is used to
connect a Distributed Resource, circulating current in the delta winding may result in
transformer overloading. This transformer connection allows zero sequence current to
circulate in the delta winding.

10) When feeders are switched from their normal configuration to affect load transfers or
to restore power to customers during outage situations, the presence of a Distributed
Resource may create voltage regulation problems, objectionable voltage flicker, improper
protective device operation and coordination or other problems.
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AEP Guide for Testing and Reporting per IEEE 1547.1

The purpose of this guide is to provide a suggested simplified format for test proposal submission
and test result reporting. It will provide direction for and set AEP expectations of the customer-
generator for the testing and reporting per IEEE 1547.1. IEEE 1547.1 specifies the type,
production, and commissioning tests that shall be performed to demonstrate that the
interconnection functions and equipment of the distributed resources conform to IEEE standard
1547. AEP recognizes the detail of IEEE 1547.1 can be intimidating at first glance. Once the
document structure is understood, the customer-generator task becomes nothing more than a
series of items for which to test and report results or report manufacturer test results. This guide
does not remove the customer-generator’s responsibility for reading, understanding, and
complying with all of the IEEE 1547.1 contents, as well as any applicable local codes, standards,
legislation, or commission order.

When AEP performs a system impact study in response to an application for interconnection of
generation equipment 20 megawatts or less the customer-generator may need to test the
interconnection system (ICS) to assure IEEE 1547 compliance. It is the customer-generator’'s
responsibility to clearly communicate its testing proposal and test results report to AEP. The
contents of this guide will help the customer-generator navigate IEEE 1547.1 when ICS testing is
necessary.

IEEE 1547.1 is organized into 8 distinct articles. While the entire document is important, there are
specific articles and sub-articles that warrant highlighting. They are:

1. Sub-article 4.3, Measurement accuracy and calibration of the testing equipment

a. When the customer-generator provides measurement equipment calibration
traceability, place this documentation at the front of the test report.

2. Sub-article 4.4, Product information

a. This sub-article describes when special testing parameters or criteria are to be
noted in the test report.

3. Sub-article 4.5, Test reports

a. In the test reports AEP expects to see a given section containing test results
titled with the IEEE 1547.1 sub-article number of the test. This practice will
keep the test reports clear and unambiguous. For example:

i. An Over-voltage Magnitude Type test result would be titled with
5.2.1.2 Over-voltage Magnitude test results. (See Example A)

ii. An Over-voltage Timing Type test would be titled with 5.2.1.3
Overvoltage Timing test results. (See Example A)

iii. A Synchronization Production test result would be titled with 6.3
Synchronization test results. (follow same format as Example A)

iv. A Revised settings Commissioning test result would be titled with 7.6
Revised Settings test results. (follow same format as Example A)

b. Unless the test purpose or procedure outlined in each sub-article is modified,
the test reports need only include test results including unit measured. Test
reports containing dimensionless results will be returned as unacceptable. It
will be understood that any and all test related purpose, procedure,
requirement, and criteria will be contained within the identified IEEE 1547.1
sub-article and does not bear repeating in the customer-generator submitted
test reports.

9



Appendix 3

c. Example B (Distributed Generation IEEE 1547.1 Testing Matrix) is a template
spreadsheet that allows the customer to indicate how they plan to comply with

a particular IEEE 1547.1 test and indicate devices, documents, and notes that
relate to a given test.

4. Article 5, Type tests

a. It is the responsibility of the customer-generator to determine if any of the Type
tests have been addressed by the manufacturer.

b. Type tests performed by the manufacturer shall be clearly identified by

indicating on the manufacturer literature which Type test is addressed using
the Type test number as described above. (See Example C)

5. Article 6, Production tests

a. It is the responsibility of the customer-generator to determine if any of the
Production tests have been addressed by the manufacturer.

b. Production tests performed by the manufacturer shall be clearly identified by
indicating on the manufacturer literature which Production test is addressed
using the Production test number as described above. (See Example C)

6. Article 7, Commissioning tests

a. Sub-article 7.1.2 indicates what test procedures must be submitted to AEP for
approval prior to testing.

i. The submitted customer-generator test procedures can simply be a list
of the sub-article numbers of the Type, Production, and
Commissioning tests that will be conducted by the customer-generator.
It will be understood that any and all test related purpose, procedure,
requirement, and criteria will be contained within the identified IEEE
1547.1 sub-article and does not bear repeating in the customer-
generator submitted test procedures. (See Example B)

b. Any Type or Production sub-article number test not appearing in the list from

item 7.a.i of this document must appear as satisfied per item 5.b or 6.b. (See
Example C)

7. Article 8, Periodic interconnection tests

a. The periodic test schedule shall be included in the test results report.

The following Examples on pages 11 — 20 are representative of acceptable IEEE 1547.1
documentation.

Example D is a suggested cover sheet format for the customer’s IEEE 1547.1 test results report

package, which lists all of the support documents they plan to supply to support their claim of
IEEE 1547 compliance.
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Example A
DISTRBUTED GENERATION IEEE 1547.1 TESTING RESULTS SUMMARY

The tables below summarize the results obtained from testing. Nominal/Actual may be rounded.
Deviation is absolute.

5.2.1.2 Over-voltage Magnitude
A-Phase Over-Voltage Low Setting

Trial Nominal (V) Actual V Deviation (mV)
1 121 121.1 50

2 121 121 25

3 121 121.2 150

4 121 121 40

5 121 121 35

B-Phase Over-Voltage Low Setting

Trial Nominal (V) Actual V Deviation (mV)
1 121 121.1 50

2 121 121.1 50

3 121 121 25

4 121 121 -45

5 121 121 30

C-Phase Over-Voltage Low Setting

Trial Nominal (V) Actual V Deviation (mV)
1 121 121 5

2 121 121 15

3 121 121 -5

4 121 121 20

5 121 121 15

3-Phase Over-Voltage Low Setting

Trial Nominal (V) Actual V Deviation (mV)
1 121 121.1 70
2 121 121 25
3 121 121.1 90
4 121 121 40
5 121 121 35

5.2.1.2 Over-voltage Magnitude

A-Phase Over-Voltage Mid Setting

Trial Nominal (V) Actual V Deviation (mV)
1 138.5 138.6 55
2 138.5 138.5 15
3 138.5 1385 10
4 138.5 1385 30
5 1385 1385 45
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B-Phase Over-Voltage Mid Setting

Trial Nominal (V) Actual V Deviation (mV)
1 138.5 138.5 20
2 138.5 138.5 30
3 138.5 138.5 10
4 138.5 138.6 80
5 138.5 138.6 70

C-Phase Over-Voltage Mid Setting

Trial Nominal (V) Actual V Deviation (mV)
1 138.5 138.5 20
2 138.5 138.6 55
3 138.5 138.5 40
4 138.5 138.5 10
5 138.5 138.6 50

3-Phase Over-Voltage Mid Setting

Trial Nominal (V) Actual V Deviation (mV)
1 138.5 138.6 70
2 138.5 138.5 25
3 138.5 138.6 90
4 138.5 138.5 40
5 138.5 138.5 35

5.2.1.2 Over-voltage Magnitude

A-Phase Over-Voltage High Setting

Trial Nominal (V) Actual V Deviation (mV)
1 156 156 15
2 156 156.1 55
3 156 156.1 60
4 156 156.1 50
5 156 156.1 75

B-Phase Over-Voltage High Setting

Trial Nominal (V) Actual V Deviation (mV)
1 156 156 20
2 156 156 30
3 156 156 10
4 156 156 40
5 156 156 45

C-Phase Over-Voltage High Setting

Trial Nominal (V) Actual V Deviation (mV)
1 156 156.1 65
2 156 156 20
3 156 156 40
4 156 156 10
5 156 156 30
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3-Phase Over-Voltage High Setting

Trial Nominal (V) Actual V Deviation (mV)
1 156 156.1 80
2 156 156.1 75
3 156 156.1 60
4 156 156.1 90
5 156 156.1 55

5.2.1.3 Over-voltage Timing

Low Time Delay

Trial Nominal (ms) Actual (ms) Deviation (ms)
1 20 16.7 -3.3

2 20 18 -2

3 20 17 -3

4 20 16.8 -3.2

5 20 17.2 -2.8

Mid Time Delay

Trial Nominal (s) Actual (s) Deviation (ms)
1 1.52 1.525 4.8
2 1.52 1.525 4.6
3 1.52 1.525 5.1
4 1.52 1.525 5.3
5 1.52 1.525 4.9

High Time Delay

Trial Nominal (s) Actual (s) Deviation (ms)
1 3.02 3.025 4.6
2 3.02 3.025 5.2
3 3.02 3.025 4.7
4 3.02 3.025 4.6
5 3.02 3.025 5.4
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Appendix 3

30 Example C
Port 2 Serial
Wanelangth: 820 nm r'!'[IE' =
Optiral Comnertor Trpe: ST Emvironmental Tests
Fiber Type Warltimods Enclosume Profection: IEC &§0529:2001 512%
) IPG5 enclosed in s e
Link Budget 8dB 00 or
Typical TX Power. 16 dBm P mited termminal dust protection
BN Min Sensitiviry: -4 dBm assambly (SEL Pant S2159000 70).
Fiber Size- 65125 ym e e
Approeamars Fangs: ~1 km relay.
Diata Fate: 5 Mb Vibmatton Fesistance: IEC §0055-21-1:1988,
Typical Fiber Atemmtion:  —3 dB/km Clazs 1 Endurance
DOptional Communications Cards IEC&D!:S—" -3 195!.1 Class 2
Crptiom 1: EIA-132 or ETA4RS comnmnications Shock Fesistance: IEC 50055-21-2:1988,
card Class 1 Shock Withstand, Bunp
Orprion - DeviceMNat comrmumications card Class 2 Shock Besponse
A Cald: IEC S006E-2-1-2007
Communications Protocols —40FC, 16 hors
SEL. Modms, DWE FTR, TCPTR Telnat, SNTE IEC §1350, Damp Heat, Steady Stater  TEC S006GE-2-78:2001
Msnosen Brrs, EVMSG, C37.118 (synchrophasers), and ) 40°C, 83% mlative Inmvidity, 4 days
Devicelier D Hear, Cyelic: TEC 60068-2-30:2005
Operating Temperature A5-55°C, 6 oycles, 05% mlaime
Er Peformmce Rating: —40 o ~855C (0% ta =1§5°F) oy E;]'::W o
E]H’]:Ecg::;) G00GE-2-1 and Har wﬂcEFfﬁE]' -
NOTE: ot applicabis 1o UL applications Dielectric Strength and Impulse Tests
NOTE: LD conirast is inpaired for tempemtores below —20°C and Dislectric (HiPo): TEC §0255-5:2000
above +T0RC IEEE C37.90-2003
DeviceNet Conmumications 2.5 K\ac o current fnputs, veliage
Card Rating- 5P (140°F) masmm inpats, contact IO
. ; 2.0 kVac on malog ingurs
Operating Environment 1.0 kVac on analog output
Pollution Degres: ¥ 283 kEVdc on power supply
Cmervolfaze Category: s Tmpealse: IEC S0255-5:2000
Amnospheric Pressure: B-110kDa 05 1. 2. TEV oo power sipply,
. e - mems . oomiact 10, ac ooment and voltage
Flelative Honidiny: 505%:, noncondensing inpis
Micirmim Alitode: 2000 m 0.5 1. 530 V on amalog aurputs
Dimensions RF1 and Interference Tasts _
144.0 mm (567 in) = 1920 nom (756 i) = 1474 mmm (5 80 i) EMC Imemunity 9.9.12
Waight Electrostanic Dischargs IEC $0055-22-2:2008
Ity IEC §1000-4-2-2008
10kz{24T=) Severity Level 4
Rolay Mounting Scrow (3#8-32) Tightzning Torgue 8 kV contact discharge
M s N 42»&.1 {1:']&;;?] 15 KV air dischargs
. . 1.7 M 15 il Fadiated FF Inmamiry: IEC §0055-22-3:2007
Marimmr 7 Him (15 in-o) IEC 61000432002, 10 Vim
Terminal Connections [EEE C3780.2-1005, 35V/m
. Fast Tramssent, Burst IEC §0055-22-4:2008
Termina| Slock _ Temrre TEC §1000-4-4-3004
Scxew Sizes = 4EV @ 15kHz
Ping Termiral Width: (310 inch mancirmmm 2KV @ 3.0kHz for comam. parts
Terminal Block Tightening Torgue Surge Irmmiry %gﬁ}[ 5'[ ll-l ;:ﬂ'_;"?gﬂ
Minimume 0.9 Mm (B in-Th) 2 EV line-to-line
Maxinmm 1.4 Mm {12 m-It) 4KV line-to-zarth
Compression Plug Tightening Torgue Suree Withstand Capability IEC $0035-22-1:1988
) ? 0.5 Nm (4.4 in-1b) Inmmmity- 2 5KV common made 9522
M = E 1.0 LV diferential moda
Mangpmma 1.0Mm(B.B m-Tt) 1 EV common mods on comm . ports
IEEE C37.90.1-2002
Compression Plug Mounking Ear Screw Tighbening Torgue 35 B gscill
Minimume 0. 18 Mm (1.5 in-Tb) 4KV Fast tramstent
Nondpmmy 0.151m (22 in-T0) Conducted BF Fommmity:  [EC S0255-23-6:2001
IEC S1000-4-62004, 10 Vims
Magnetic Field npmmiry: — TEC §1000-4-3-2001
1000 A for 3 seconds
100 A'm for 1 pimaste
SEL-TODG Data Sheset Schweitzer Enginesring Laboratories, Inc
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Appendix 3

Example C A
EMC Emissions Differential (57}
Electromagnetic Compatibiity Piclup Acomacy (A secondary)
Broduct Specific: EN 502631900 5 A Modal: =5% phas =010 A
Processing Specifications and Oscillography 1A Model =5t phs =002 4
TAP Famge (A secondary):
AC Vilrage and ]
Current Tnpizs- 32 samples per power system cycl 5 A Modal: 05310 A
Analog Inpets: 2 sanmles per power sysism cycle 1A Modsl: 01-62.4
Frequency Tracking Range:  15-70 Hz Unrestrained Element
Diigital Fileering Cme-cvcle cosire after low-pass analog Piclp Timer 081018 opcles (Wi Ty hdax)
filtering. Met filtering (analog plus Restrained Element (With Harmonic Blocking)
S B o e Dickup Time: 1.5/1.62.2 cycles (M TypMas)
Protection and Processing interval is 4 tmes per Restrained Element (With Harmonic Restraint)
Corirol Processing: power system cycle (cept for math Pickup Time 2622, T2 86 cycles (WEn Typ/Max)
wiich are processed every 100 ms). Harmanics
The protection slemenes 40, 51, and Pickup Range (% of
78 are processed r?m per{;fﬂéﬂ- fimdameneal): 100
Aralog quantifiss for ms are . N
determinad through use of daa Pacp Accumacy (A seoondary) _
mverazed over the previons 8 ocles. 3 A Miodal: =5% phus =010 A of hanwonic curent
Decillegraghy 1 A Mipdal: =5% phas =002 A of harmwanic cunrent
Lenzih 15, 64, 180 cyel Time Dielay Acouracy: = 5% plus =0 25 cycle
Sanypling Fate: 32 samples per cycle umihered Restricted Earth Fault (REF)
4 sanples per cycle flrared Pickup Faree (per it of
Trigger Programpable with Boalsan 0N of newiral cument
enpression impue, T 0053 .00 per unit, .01 per-umit so=ps
Farmat: ASCT and Compressad ASCTT Dackup Acouracy (A secondary]:
Time-Samp Fesohrtion: 1ms 5 A Modsl: =5% phas =0 10 A
Time-Samp Acomacy: =5 ms 1.4 Mindel: =5% phas =002 A
Sequential Events Recorder Timing Accuncy-
Drirectiomal Cutput: 15025 oy

Tirne-Sramp Fesolhstion: lms

Time-Samp Acomacy
(with respect 1o tima
B =ims
Relay Elements
Instantaneous/Definite Time-Overcurrent (SOR, 506, SO, 500)
PBiclayp Settimz Fange A secondary:
5 A modals- 050000 A Q.01 A steps
1 A modals 0.10-1920 A Q.01 A sieps
Arooracy: =53 of setting phis =002 * Lyrag A
secondary [steady-sate pickam)
Timne Delay- 10003400 00 seconds, 0101 seconds
steps, =0 5% phus =025 o
0. 1040000 seconds, 1.0] seconds
steps, =0 5% plus =025 oy for 500

Bickop Tiropout Time: =15 gyc
Inverse Time-Overcurrent (5P, 516, 514, 510)

Biclayp Setting Fanze A secondary:
5 A models 0.50-16.00 A 0.01 A steps
1 A madels 010320 4 000 A st=ps
Arooracy: =53 of setting phus =002 * Lyrag A
secondary (seady-stans pidom)
Time Dial:
s: 0.50-15.00, 0,00 steps
IEC: 0.05-1.00, 001 steps
Arouracy: =15 gycles phas =4%; betereen 2 and
30 mualtiples of pickup (within raed
range of omrent)

Schweitzer Engineering Laboratories, Inc.

ANEI Exmemely Imvarse =5 cycles plus =57 between 2 and 30
TOC Carve (T4 With 05 plples of pickup (within rased

Time Dial): range of current)
Undervoltage (2T 2TPR 2TV1, 275) 922X

Diclnm Farge: O, 2.0-30000 V' (2.0-520.0 V fior
phasze-to-phase wye connecsd;
210-170.0'V posiire-saquence. dalta
conmected)

Aramacy: =53 of serting plus =2 W

Packup/Dropout =15 gycle

Time Dislay: 0.00-120 4 secomds, (.01 second
e

Aramacy: = SepsH B oy —

Overvoltage (59P, 53PE, 5V1, 595, 590, 596) 9.2.1.X

Pickp Farse: Off, 20-30000 V' (2.0-520.0 V for
phasze-to-phase wye connectsd;
2017000V pesitve sequence, dala
conmected)

DBiclam Faree (530G 5000 Of 20-2000V

Acomacy: =53 of serting plus =2 W

BickupTivopon =1.5 cycle

Time Dislay: 00012000 secomds, (.01 s2cond
g

Arcamacy: =0 5% plus =023 e

SEL-TOOG Data Sheet
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Volts Herlz (24)
Definite-Time Element
Piclp Famge:
Steady-Sase Pidamp
Aromacy:
Pickup Time:
Timne-Delay Fange
Time-Delay Acomcy:
Feesat Time Fangze
Inversa-Time Element
Pickup Famge:
Steady-Sace Pidap
Aromacy-
Pickup Time:
Curve:
Faoar:

Fesst Time Fangze

Composite-Time Elerment

Appendix 3

102007

=1% of setpodn
25 ms @ §0) Bz (M)
00440000 5

=4)1% phs =42 ms @ 60 He
0,040,060 5

102007

=] % of setpoin:

25 ms @ H He (hax)

0.5, 1.0, ar 240

0L1-100s

4% phis £25 m= (2 50 Hz., for VHz
above 1.2 mualiple of pickm setting,
and for operating fimss =4 5

0L00—400.00 =

Combmation of Defimite- Time and Inerse-Thne specifications
User-Definable Curve Element

Pickap Famge:
Steady-Sase Pidmp
Acomacy:
Pickoap Time:
Fesst Time Fangs
Directional Power {32}

1002007

=] % of setpoin:
25 ms g 0 He (o)
0L00—400.00 =

2,82

Instantaneous/Definite Time, 3 Phase Elements

SEL-TDOG Data Shesat

Type: =W W VAR, VAR
Pickoap Setiings Fangs, VA secondary-
3 A Model- 1.0-5500.0 VA, 0.1 VA sieps
1 A Model- 0.2-1300.0 VA, 0.1 VA sieps

Acnumacy: =010 A~ (L-L woltage secondary’) and
=3%5 of seting at umity power factor
for power elements and zemo power
%T for reactrve power elemment

tllg.[:l: A (L-Lwolage secondary’) and

=5%5 of serting af umity power factor
E{'ﬂl’fﬂ']‘&rﬁ"& ﬁ?&mg
(1 A nommal)

Picomp Dimopoant Time: <100 oycles

Time Dlelay: 0.00—240.00 seconds, 001 second
siEps

Acnumacy: =.5% phas =025 cyrle

Frequency (B1) 5.3.X.X

Satting Fanges: FO-M0Hz

Accuracy: =001 Hz (W1 = 60'V)

PickmpDimopoant Time: <4 cyclas

Time Dielay: 0000240040 seconds, 001 second
slEps

Acouracy: = 5% phas =025 oycle

Example C
RTD Protection
Satting Fangs Off, 1230°C
Arouracy: =3=C
FID Open-Circuit
Dietection: FR50°C
FID Short-Circust
Dietection: ==50°C
ETD Types: FT100, MI100, WIL 30, CIT0
FID Lead Fesistamee: 25 oho max. per lead
Update Fage: =3s
Moise [Inmumity oo BETD T 1.4 Vac (peak) at 50 Hz or greater
Togmats: frequency
FIT Trip/Alamm Time
Deelary: Agpros. 63
Distance Elemant (21)

17

Tavo zones of Compensator Distance alemenrs with Load
Enmmoachrent block

Pezach Pickoup Fange- 5 A modsl: 0.1-100.0 ghms
1 A modsl: 055000 chms
Ofset Fangme- 5 A modsl: 00-10.0 ohos
1 A modsl: 005300 ohois
Steady-Stats Impedance 5 A modal: =5%; phas =0.1 obmy
Acoxacy: 1 A mode =5% =[5 olm
Pickgp Tims: 33 ms at $0 He (Max)
Defnite-Time Dialay- 00030000 5
Aroaracy: =0 1% phis =015 cycle
Iinimm Phase Cument: SAmodsl: 054
lAmedsl: 014
Iviaxinmm Torque Angls
Fange- 20457, 17 step

Loss-of-Field Element (403
Tweo Mho Zones

Fope 1 Offset 5 A modsl: 5000 to 0.0 ohmos
1 A madel: —25000 to 0.0 chms
Fope 2 Offset 5 A modsel: -50.0 to 50.0 chms

1 A modsl: -250.0 to 2500 ohms

Zope 1 and FTore I Diameter: 5 A modsl: 0.1-100.0 chms
1 A medal: 055000 chms
5 A modal: = 0.1 ohm phas
=5% of (ofset - diametar)
1 A modsl =05 ohm phis
=5% of (ofset - diametar)

Steady-Sate Inpedance
Acoxacy:

Minimmm Bos -Seq. Sigralss 5 A modsl: 0.25 W (V1), 0.25 A J1)
AN

Directional Element 4ngle

Pickup Tims:

Zooe 1 and Fone I Definge-

Time Diadays-
Arouracy:

1 A madsl: 025 V(1) 0035
—20007 1 007
3 cyrles (M)

000240000 5
20 1% phis = % oyele

Voltage-Restrained Phase Time-Overcurrent Element (51V)

Phuse Pickup (A secondary): 5.4 Modsk 20-1604

Sieady-State Pickap
Acoxacy:
Times Diials:

1 AModel: 04324

5 A Model: =5% phas =0 10 A

1 A Mindel: =5% phas =002 A

5 0o50-15.00, 0.01 sieps

TEC: 0051 0 0.01 steps

=49 plos=1 5 cycles for coment
‘between I and 20 nonlriples of pickhup
[within rated mngze of Coment)

0.1 251 (W0 per amit of WO

Schweitzer Engineering Laboratories, Inc
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Exampla C

Voltage-Controlked Phase Time-Overcurrent Element (S1C)

Dhase Dickup (A secondary): 5 A Modsl: 05150 A
1 AModel: 01-32 4

Steady Stae Pidup 5 A Modal: =575 phas =010 A4
Acoumacy: 1 A Miodal: =5%; phas =002 4
Timne Dials: Tr5: 0.50-15.00, 001 steps
TEC: (05100, 0.00 steps
Aroaracy: =43¢ plus =1 5 gyrles for omment
betwean I and 20 nnllhpl&i af pickm
[within rated mnze of coment)
100 Percent Stator Ground Protection (646}
Meuml Fondamenial
Crervaltaze (3451 OFE, 0.1-130.0'W
Steady-State Pidoap
ﬁgftra:'; =7 phs=01V
Pickop Time: 1.5 oycles (Max)
Definite-Time Delay: 00030000 5
Aroaracy: =].1% phis =0.25 cyrle
Third-Harmomic Volmgze
Diifferential or Thind-

Harmonic MNeuiral
Undervoltage Pickap $4G2: 0.1-200W

Steady-Sate Pidoap
AcOmacy: =7 phs=01V
Therd-Hammeomic Voltazs
Fanze 00to30
Pickop Time: 3 cycles (i)
Definite-Time Dalay: 00030000 5
Aroaracy: =0 1% plus =0.25 cycle
Field Ground Protection (&4F)
{Rieguires SEL-2654 Field Ground Module)
Fiald Ground Proteciion
Element: 0.5-200.0 kilobms, 01 kilobm step
Pickop Accoracy: =5% plos =5 ohms for
48 =VF =825 Vidc
=57 plos =20 kilobms for
B25 = VF=1500Vdc
{VF is the penervior feld winding
El'.l:mﬂll.t 1}
Biclagp Time: 2 5 if the injection im the
EH_.-!liﬁafis at ] Hz
B 5 if the Ijection in the
SEL-2654 iz ﬂﬁﬂﬁil—h
Definite-Time Delyy: 002003
Mviaxinmm Diefinite-Tine
Dellay Accuracy: = 5% phis =5 ms
Qut-of-5tep Element (T8)
Forward Feache 5 A modsl: 0.1-100.0 ohms
1 A madal: 055000 ohms
E=vere Reach: 5 A madal: 0.1-100.0 ohms
1 A maodal: 0.5-300.0 chms
single Blinder
Fight Blinder: 5 A maodal: 0.1-30.0 ohms
1 A maodal: 052500 chms
Left Blinder: 5 A modal: 0.1-30.0 ohms
1 A maodal: 052500 chms

Schweitzer Engineering Laboratories, Inc
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Double Blinder

a3

Cniper Besistance Blinder: 5 A model: 0 2-100.0 olms=
1 A model: 105000 alms
Immer Plesistamce Blindsr: 5 A model: 0.1-50.0 ohms
1 A model: 52300 olms
Seeadhy-State: Inpedamce 5 A madel: =01 chrn plus 574
Accuracy: dlamster
1 A model: =05 ghm phus =5% of
diameter
Bz, -Seq, Current 5 Amodel: 0.25-30.00 4
Supenazion: 1 A model: (L05-6.00 A
Fackup Time- 3 gycles (Pvian)
Diefinite Time Dielay- QU00-1.00 5, 001 5 step
Tip Delay Fange: 0.00-1.00 5, 0.01 5 step
Trip Duration Fange: 000=5.00 5. 0.01 5 step
Diefimite-Time Timers: =0.1% phis =¥ qycla
Ground Differential Elements (BTH)
Ground Dafferential Piclam: 5 A Model:
0 I*CTR/CTEN - 15.00 4
1 A Model:
QLO2*CTR/CTREMN —3.00 A
(Fatio CTE/CTEM nmst be within
L0200
Seeacdy-State Pickup 5 A Model: =5% plus =010 4
Acouracy: 1 A Model: =53%phs =002 4
Packup Time 1.5 oycles (Max)
Time Dialay Fange: 005003
Time Delay Acomacy: = 5% phis £%4 oyrle

592

Megative-Sequence Overcurrent Elements (46)

Diefmite-Time and Iverse- 231 00%: of generator rated

Time Meg -Seg. I' P secondary cument
Gemarasor Fated Secondary 5 A Model: 1.0-1000 A secondary
Cumrent- 1 A Miodel: 0. 2-2.0 A secondary
Speady-State 5 A Model: =0.025 & phas =375
Acomacy: 1 A Model: =0 005 & phas =3%
Fackup Time- 50 ms at $ Hz (mean)
Diefinite-Time Delay Setting
Fampe: 00292090
Mromum Diefimite-Time
Delay Aromacy: =0.1% phis =4 2 ms at §) Hz
Imverse-Time Element Timsa
Dial: E=1talds
Linear Feset Time: 24l s fxed
Imverse-Time Timing =A% phas =50 ms at G0 Hz for | T,
Accuracy: abowe 105 nmitiples of pickap
Rate-of-Change of Frequency (318)
Backup Serting Fange: Off, 0.10-15.00 He's
Aromacy- =] 00 mHz's phas =3 33% of pickap
Trend Settimg- INC, DEC., ABS
Packup Dropaont Time: 3-30 cycles, depending on péckap
safting
Piclampy' Dropout Dielay 0.1 00 000 03000 =, 01 5
Fampe: inTements
Woltage Supervision (Pesithve

Sequence) Bickup Fanme:  (Off, 12.53-300.0% 0.1 V increments

SEL-TDOG Data sheet
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34

Synchromism Check (25Y) for Tee Breaker
Ef::hrmm{he-:k Valaze VY VBY, VCY, VARY, VBCY,

WCAY or angle Som VAY or VABT
‘Lb]ngp'ﬂ.ﬁ.uﬂan High
Setting Blange: 0L00-300.00 W

“Wolmge Window Low Setting

Range: 0u00-300.00 W
Steady-Stare Voltaze =5% phus 2.0V (over the ranze

Acommacy: of 125300
Wiainmum Percentaze

Vltage Difference L1505

Maxirmim Slip Frequency:  —0.05 Hzto 030 Hz
Steady-State Slip Acommacy: =002 Hz

Close Accepiance Angle 1

2: 020
Breakier Close Delay: [LD01-1.000 =
Steady-Srare Angle

Acomacy: =2*

Synchronism Check (25X) for Generator Braaker 54.XX

Synchronism-Check Volraze VAN, VER VO VARX, VBCORL

Sonaree: VAN or ansle from VAN or VABX
‘Liallzge'ﬂ.ﬁ.miﬂn‘l-ﬁgh
Setting Fange: 000030000 W
“Wolmge Window Low Setting
Rangze: 0L00-300.00 W
Steady-Stare Voltaze =5% phus 2.0V (over the ranze of
Acommacy: 12.5-300W)
Wiainmum Percentaze
Vltage Difference L1505

Mipipom 5Hp Frequency:  —1.00Hzw 090 He
Maimmm Slip Frequency: 090 Hzto 100 Hz
Steady-State Ship Acomacy: =002 Hz

Close Acceptance Angle 1
2: 020
Tarzar Close Angle: -15 2 15°
Breaker Close Delay: [LD01-1.000 =
Closs Fathire Angle- ki
Steady-Srare Angle
C =2
Generator Thermal Model (49T
Thermal Cherioad Trip 30-250°% of Full Load Coment
e

TCUN Alanm Pockup Level: 30209 Thenmal Capacity Used
Time-Constamt Banze (3): 110 mimpes

Time Accuracy Pickm' 51-".— "'*ms at Epickum
Tiropouat Tome- J(pa'a—luﬁlﬂ-ﬂ .
Autosynchronizing
Freguency Matching
Speed (Frequency) Cootrol Chatpats:
Fladza Digital Cuiput, adjustable pulse
duration amd interial
Laower: Digital Curpur, adjustable pulze
duation and infemial
Frequency Syochronism
Timer 53500 5, 1 5 infrements

Frequency Adjustment Fases 0001-10000 He's, 0001 He's increment

SEL-TOOG Data Sheet

Exampla C

Frequency Pulse Interval- 1-120 5, 1 5 increment
Frequency Pulse Minmwmy . 10800 s, 0001 s incremment
Freqgoency Pulse Magnoom:  0.10-800M) 5, 0001 5 increment

Eick Pulsa Interval: 1-130 =, 1 5 incremends
Eick Pulse Mminmm-: 002-2.00 5, 001 s mereaments
Eick Pulse Maonmmy: 002200 =, 0,01 = mrreaments
woltage Makching
altage Conmol Crafprats:
Faise: Diginal Oatpar, adjustable pulse
thuration and mmenal
Lirarer: Drgzal Oatpar, adiustable pulse
thuration and imenyal
Toltage Synchronized Timer 536 3 1 5 incremenis
Woltage Adustmment Fate
(Comtral System): D0I-30000 W, 0001 Ws increment
Toltage Pulse Interval- 1-120 5, 1 5 incremoent
Voitage Contmol Pulse
Mindnomn: 010600 =5, 0001 5 Increment
Tnltage Conmol Pulse
Mancimmam- 01060000 =, 0001 5 incremment
Timing Acomacy: =0, 5% plus =% oyt
Metering Accuracy

Arooracies are specified at 20°C, nominal frequency, ac cuments
withdm (0 2-20.00) * Ly A secondary. and ac woliages within

S0-250W secondary unisss otherwise noted.
Phase Cirrents: =1% of readine, =1
{ﬂ.i“_a':clﬂ.;‘—ﬂ.:-' A for relays with
poma = 1A
3-Phaze Averagze Oament: =17 of reading
Drifferential Cuansites: =Fofmeading ph =01 A5 4

nomenal), =002 4 {1 A nonynal)

Current Harmonics: = of readine phis =01 A (54
momrsmal), =002 A {1 A cominal)
G (Fesidual Cument): =1 of reading, =1* l:d:S.IIr’ at 0.2-0.5
AfrmelyvswibLl, ., =1 A)
IN (Meutral Carrent): d:l":.nfrea:hng_ =]"
(=257 at 0.2-0.5 A for relays with
Tio=14)
31 Mezarve-Saquence
Curreni: =X of reading
Sysiem Frequency® =001 Hr of reading for
withim 2070 Hz (V1 = &0 "..-‘_|
Line-to-Lime VWoltages: =]%: of reading, =1° for wolngss
within 34254V
3-Phaze Average Lineto- =174 of readine for voltazss
Line Voltagze: withim 24253V
Line-to-Groomd Voltages:  =1% of reading. =1° for woliages
withim 34353V

3-Phaze Averaze Line-to- =1%: of reading for voltages

Crronmd Voltages: within 24264V
Toltage Harmonics: =5 of reading phus =0.5 WV
IV Mesatme-Sequence =£1% of readine for voltazes
Woltazer withim 24264 W

Pzal 3-Phase Power (kW) =37 of reading for 0.10 < pf < 1.00
Eeactive 3-Fhase

Pomer (KVAR): =3 of reading for 0000 < pf < 0.9
Apparent 3 5

Power (KVA): +3%: of reading.
Power Factor: =17 of reading
EID Temperatures: T

Schweitzer Engineering Laboratories, Inc.
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Example D

DISTRIBUTED GENERATION IEEE 1547.1 TESTING DOCUMENTATION INDEX

Facility Name:

Facility Location:

Total Generation:

DG Type:

Date:

1D Document

A Brand XYZ, Model 123 Converter Test (IEC XXXXX-XX)

B Brand ABC, Model 456 Turbine Type Test — Design Evaluation
C Brand ABC, Model 456 Turbine Type Test — Annex to Design
D Brand XYZ, Model 123 Converter Test (UL XXXX)

E Brand DEF Relay Manufacturer Specification

F Brand DEF Relay Test Report

G Brand ABC Turbine Technical Specifications

H Previous Transformer Inrush Test Result

I

Brand GHI Breaker Specifications

Line Testing Notes
1 All field tests shall be conducted per IEEE 1547.1 procedures in referenced section
2 General requirements contained in IEEE 1547.1, Section 4 apply to field tests
3 Field tests conducted on complete commissioned facility to Area EPS
4 All field test data recording and instrumentation shall be controlled by the testing entity
5 Facility technicians will operate facility for purpose of field tests
6 More notes
7 More notes
8 More notes
9 And more notes
10
11
12

20




