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
generator/customer 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 generator/customer 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 generator/customer’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 an performs an impact study in response to an application for interconnection of
generation equipment 20 megawatts or less (standard form application) the generator/customer
may need to test the interconnection system (ICS) to assure IEEE 1547 compliance. It is the
generator/customer’s responsibility to clearly communicate its testing proposal and test result
report to AEP. The contents of this guide will help the generator/customer 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 generator/customer 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 report 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 report clear and unambiguous. For example:

I. An Over-voltage Magnitude Type test result would be titled with 5.2.1.2
Qver-voltage Magnitude test results. (See example in appendix D)

il. An Over-voltage Timing Type test would be titled with 5.2.1.3 Over-
voltage Timing test results. (See example in appendix D)
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iii. A Synchronization Production test result would be titled with 6.3
Synchronization test results. (follow same format as appendix D)

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

Unless the test purpose or procedure outlined in each sub-article is modified, the
test report 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 submitted test report. (See examples in
Appendix B)

Appendix 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. It includes populated examples.

4. Article 5, Type tests

a.

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

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 examples in Appendix C)

5. Article 6, Production tests

a.

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

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 examples in Appendix C)

6. Aurticle 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 generator/customer test procedure can simply be a list of
the sub-article numbers of the Type, Production, and Commissioning tests
that will be conducted by the generator/customer. It will be understood
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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 generator/customer submitted test procedure.
(See examples in Appendix 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
examples in Appendix C)

7. Article 8, Periodic interconnection tests

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

Appendixes:

1.

3.

4.

Appendix A — testing documentation - is a suggested cover sheet format for the
customer’s IEEE 1547.1 test results report package. It is partially populated with
examples of the support documents the customer plans to supply to support their claim
of IEEE 1547 compliance.

Appendix B — testing matrix - is a suggested format that enables the customer to
present how they plan to comply with a particular IEEE 1547.1 test and indicate the
devices, documents, and notes that relate to a given test. The second and third pages
are partially populated examples with representative typical content.

Appendix C — type and production test result identification example - are examples of
how a manufacturer’s own testing specifications can be used and highlighted to clearly
indicate where and what IEEE 1547.1 test requirement is fulfilled in support of the type
or production tests.

Appendix D — testing results summary example - is a suggested format that AEP
prefers for reporting customer - third party test results while complying with IEEE
1547.1 test result reporting requirements. Typical data included for illustrative
purposes.



Appendix A

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

=
N
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Specifications

Important: Do not use the following specification information to order an SEL 351A. Refer to the actual
ordering information sheets.

General 48/125 vdc or 125 Vac
. . Range 38 200 Vdc or 85 140 Vac (50 60 Hz)
Terminal Connections
Burden 25w
Note Terminals or stranded copper v ire Ring terminal are
recomimended Mimmuin temperature rating of | 24/48 Vdc
Tightening Torque, Terminal Blo k Range 18 60 Vdc
Minimum 8in-lb( 9 Nm Burden 25W
Maximum 12in 1b (1 4 Nm) Frequency and Rotation
Tightening Torque, Connectorized S st m Frequency 60 or 50 Hz
Minimum 44mn-1 ( 5Nm Pha e Rotation ABCor ACB
Maximum 8 81n-Ib (1 0 Nm) Frequency Traching
Range 401 65 Hz

AC Voltage Inputs

Note: V, or Vy required for frequency tracking

Control Qutputs

300 Vi continuous limut for three-pha  four-wire wye conn ction

300 Vp_y, continuous hmt for three-phase, three-wire delta connection

(connect any voltage up to 300 Vac) Standard
600 Vac for 10 seconds Malke 30A
Burden 003VAat67vV Carry 6 A continuous carry at 70 C
006 VAat 120V 4 A continuous carry at 85 C
080 VA at 300 V Is Rating S0A
AC Current Inputs MOV Protection 270 Vac 360 Vdc, 40 )
Nominal SA Pickup Time 5ms
Continuous 154 Breaking Capacity (10000 operations)
1 Second Thermal 500 A linear to 100 A symmetrical UV 0.75 A LR 40 ms
1250 A for I cycle 48V 050A LR 40ms
Burden 027VAat5A 251 VAat 15 A 125V 030A LR 40ms
. 250 v 020 A L/R 40 ms
Nominal 1A
Cyclic Capacity (2 5 cycles second)
Continuous 3A
24V 0.75 A L/R 40ms
1 Second Thermal 100 A linear to 20 A symmetrical 48V 050 A L/R 40ms
250 A for 1 cycle 125V 030A LR 40ms
Burden 013VAat1A, 131 VAat3A 250V 020A LR 40ms

Additional Neutral Channel IN Options (Not in SEL-351A-1) Note: Make rating per [EEE C37 90-1989

Nominal 02A Optoisolated Inputs
Continuous 15A When Used With DC Contral Signals
1 Second Thermal 500 A linear to 5 5 A symmetrical 250 Vdc  on for 200 300 Vde,  off below 150 Vdc
1250 A for 1 cycle 220 Vde  onfor 176 264 Vdc,  off below 132 Vdc
125Vde  on for 105 150 Vde, off below 75 Vdc
Burden 0002VAat02A,128VAalI5A 110 Vde  on for 88 132 Vdc, off below 66 Vdc
. 48 Vdc on for 38 4 60 Vdc, off below 28 8 Vdc
Nominal 0054 24Vde  onfor 15 30 Vde
Continuous 154 When Used With AC Control Signals
I Second Thermal 20 8 anear 'l"c]y > symmetneal 250 Vdc  on for 1706 300 Vac, off below 106 0 Vac
220 Vdc on for 150 3 264 0 Vac, off below 93 2 Vac
Burden 00004 VA at0.05 A, 125 Vdc:  onfor 89.6 1500 Vac, off below 53 0 Vac
036 VAatl5A 110 Vde  onfor751 1320 Vac, offbelow 46 6 Vac
Note: The 0 05 A option 1s a legacy nondirectional SEF protection 32 xgz g: gg: :g g gg g 3:2’ off below 20 3 Vac

option The 0 2 A option provides nondirectional SEF protection plus
directional protection for various system grounding practices Note: AC mode is selectable for each input via Global settings

IN10ID IN106D, AC input recognition delay from time of swit hin

Power suPply 0 75 cycles maximum pickup, 1 25 cycles maximum dropout
Note: 24, 48, 125, 220, and 250 Vdc optoisolated inputs draw
125/250 Vd or Va approximately 5 mA of current, 110 Vdc inputs draw approximately
Range 85 350 Vdc or 85 264 Vac (50 60 Hz) 8 mA of current All current ratings are at norminal input voltage
Burden 25W
SEL-351A Data Sheet Schweitzer Eng'neering Laboratories, Inc.
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Time-Code Input
Relay accepts demodulated IR1G-B time-code lhpul atPort [ or2

Synchronization (spec{ﬁcation is with respect to th€accura Y of th®
time source)

Synchrophasor +10 ps
Other +5ms

Communications Ports

El1A-232- 1 Front and 2 Rear
ElA-485- 1 Rear, 2100 Vdc of isolation
Data Speed 300 -38400 bps (38400 15 not available on
Port 1)
Dimensions
Refer to / ‘;guru 20
Weight

131bs (592 Kgr2u rack umit height relay
Operating Temperature

—40° to +185 F (—40 “to *85°C)
(LCD contrast impaired for temperatures below ~20°C")

Type Tests

5.5.1.2 ---> . Electromagnetic Compatibility Immunity

Conducted RT Immunit¥:  IEC 60255-22-6 2001
Severity Level 10 Vrms

Digital Radio Telephon®  ENV 502041995 _
RF Immunity Severtty Level ' 10 V/m at 900 MH Zand

189 GHz
FlectroSatic Dischark®  IEC 60255-22-2 1996
Immunity Severity Level 2, 4:6-8 LV contact:

24,8, 15 KV air
1EC 61000-4-21995
Severity Level 2, 4,6+8 KV conta®:

2:4:8,15 kv air
Fa% Transient/Burst IEC 6%55-22-4'1992
Immunity Severity Level 4 KV at 25 KHZand
5kHz

1EC 61000-4-4 1995
Severity Level ‘4 kV:2 5 KkHz on power
supply, 2 kV:5 KHz on 1’0 signal - data»
and control lines

1EC 801-4:1988

Severity Level 4 (4 KV on power suppl¥:

2kVonl'O)
Power Supply Immunity- 1EC 60255-11:1979

Radiated Radio Frequency ENV 50140 1994
Immunity - Severity Level (10 V/m

IEC 60255-22-3°1989
Severity Level ' 10 V/m
Exception 43 2 2 Frequency sweep
approximated with 200 frequency steps
per octave

1EC 801-3'1984
Severity Level 10 Vim
Exceptions -9 1 Frequency sweep
approximated with 200 frequency steps
per octave

IEC 60255-22-52002 )
Severity Level |1 KV Line to Line-
2 KV Line to Earth

IEC 60255-22-1-1988
Severity Level ‘25 KV peak’ common
mode, 1 0 KV peak differential mode
IEEE C37901°1989 )
Severity Level 3 0 kV oscillatory:
50KV fast transient

Surge Immunity

Surge Withstand
Capabulity Immunity -

5.5.2.2 --->

Schweitzer Engineering Laboratories, Inc-
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Environmental

Cold IEC 60068-2-11990 *A1°1993 7‘62 1994
Severity Level - 16 hours at —40 C

1EC 600682-30- 1980 .
Exception 6 3.3 Humidity not lesSt han
94%, Severity Level 25 C to 55 c"Cr
6 cycles:Relative HumiditY- 95%

Damp Heat»Cyclic

Dry Heat 1EC 60068-2-2'1974 YA 11993 A2 1 994
Severity LeVel - 16 hourSat 85 C
Vibration 1EC 60255-21-1-1988
Severity Level - ClaSS 1 Endurance:
Class 2 Repon‘e

IEC 60255-21-271988
Severity Level - Class 1 -Shock
withstand - Bumpand Class 2-Shock
Response

1EC 60255-21-31993
Severity Level  Clas52 (Quak®
Re%ponse)

Safety

Duelectri € Stren &h IEEE C37901989

Severity Level - 2500 Vac on contact
inputs, contact outputs, and analog
inputs- 3100 Vdc on power supply - Type
tested for | minute

Impulse IEC 60255-5°1977
Severity Level -05 Joule:5 k\V

Certifications

ISO -Relay is designed and manufactured to an 1SO-9001 certified
quality program

UL /CSA UL listed to the requirements of U/--508,; CS4 C22N14
Jor Industrial Control Fquipment -

CE-CE Mark’

Processing Specifications
AC Voltage and Current Inputs

16 samples per power system cycle, 3 dB low-pass filter cut-©fT
frequency of 560 Hz

Digital Filtering

One-cycle full cosine after low-pass analog filtering Net filtering
(analog plus digital) rejects dc and all harmonics greater than the
fundamental

Protection and Control Processing
Four times per power system cycle
Relay Element Pickup Ranges and Accuracies

Synchronism-Check Elements (25) (Not in SEL-351A-1)
Shp Frequency

Pickup Range 00050500 Hz, 0 001 Hz steps
Shp Frequency

Pickup Accuracy. +0 003 Hz
Phase Angle Range 080", 1 steps

Phase Angle Accuracy +4

SEL-351A Data Sheet
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Instantaneous/Definite-Time Overcurrent Elements (50)
(Definite-Time Elements not in SEL-351A-1)

Current Pichup (A Second gy

5 A Nominal Pha ¢

Channels .

1 A Nominal Phase

Channels

5 A Nomin g IN
Channel

I ANomin ] IN
Channel

02 A Nomunal IN
channel

0 05 A Nominal IN
Channel

025 10000 A 0.01 A steps
(phase & negative-sequence)

100 170 00 A 0.01 A steps
(phase-to-phn'se)

0050 _100 0 g A, 0.010 A step ;(restdual

ground)

0052000 A 00! A steps
(phase & negative-sequence)

020 3400 A, 001 A steps
(phase-to-phase)

0 010-20 000 A, 0 002 A steps
(residual ground)

0250 100 000 A, 0.001 A step ¢
(neutral ground)

0050-20 000 A, 0.001 A steps
(neutral ground)

0005 2500A,0001 A steps
(neutral ground)

0005 1500A,0001 A steps
(neutral ground)

Steady-State Pichup Accuracy

5 A Model .

1 A Model

0 2 A IN Model

0 05 A IN Model
Transient Overreach -
Time Delay .

Timer Accuracy -

+0.05 A, £3%

£0.01 A £3%

+0001 A, £3%

+0.001 A, £5%

+5% of pichup

0.00 _16,000.00 cycles, 0 25 cycle steps
4025 cycle, £0.1%

Time-Overcurrent Elements (51)

Current Pichup (A secondary)

5 A Nomunal Pha ¢
Channels

| A Nominal Phase
Channels

5 A Nominal IN
Channel

1 A Nommal IN
Channel

02 A Nominal IN
Channel .

005 A Nominal IN
Channel .

Pichup Accuracy
5 A Model
1 A Model .
02 A IN Model
005 A 1yyModel
Time Dial ¢
us.

lEC:

SEL-351A Data Sheet

025.160gA,0 01 A steps
(pha ¢ & ncgative-sequence)

010 1600 A 001 A steps
(residual ground)

005 320A 001 Asteps
(phase & negative-sequence)

002 320A 001 A steps
(residual ground)

0 500-16 000 A, 0 005 A steps
(neutral ground)

0100-3200A _O 001 A steps
(neutral ground)

0005 0640 A 000! A steps
(neutral ground)

0005 0160 A, 0001 A steps
(neutral ground)

+005 A, +3%
+001 A, £3%
+0005 A, £3%
+0.001 A, £5%
+5% of pickup
05 150,001 steps
005_1 00, 001 steps

Timing +150 cycle o 44 opbetween2and3
nbltiples of pickup
005 A IN Model +350 cycles 44 a0 between 2 and 3 )

multiple s‘n:)f‘plcl\up
Under- (27)/0vervoltage (59) Elements

000 300V, 0.01 Vsteps
(mo 4 elements)

Pichup Ranges .

Steady -State

Pichup Accuracy . 405V 4lefor125 30000V

Transtent Overreach S%

5.3.X.X -->Under-/Overfrequency Elements (81)

Frequency . 4016500 Hz 001 Hz steps

Time Delays 20016 000.00 cycles, 0 25-cycle st eps
Timer Accuracy . +025 cycle, £0 1%

Steady-State plus
Transient Overshoot 001 Hz

Undervoltage Frequency
Element Bloch-Range . 2500 30000 V

SELocic Control Equation Variable Timers
Pichup Ranges

000 999,999.00 cycles . 0 25-cycle steps (reclosing relay and some
programmable timers)

000 _16,000 00 cycles..  0.25-cycle steps (some programmable and
other timers)

Pichup/Dropout Accuracy: +0.25 cycle, 0 1%
Substation Battery Voltage Monitor (Not in SEL-351A-1)
20 300 Vdc, 1 Vdc steps
+£2%, %2 Vdc

Pichup Ranges

Measuring Accuracy:

Metering Accuracy

Accuracies specified at 20°C and at nominal system frequency unless
otherwise noted

Temperature Coefficient.  [(0 0002°p) ( €y ( *C20C)P
(see example below()_

Phase Angle Accuracy +0.5¢

Ia I, Ic, Vs

Va V. V¢ (wye-connected voltages)

Vag. VBe, Vea (delta connected voltages)
Voltages

Va. Vg, Ve +02°9 (670 300 V, wye-connected )
Vap. Vae. Vea' +04°(67 0 300 V, delta-connected
Vg £02°(67 0 300 V)

Vi, Va, 3Vg*. +0 6°9 (670 300 V)
1> V2, 3Vg 9,210/,
* not available when delta-connected

Currents Iy, Ig, Ic
5 A Nominal .
1 A Nominal .

£2mA, 20 1% (05 1000 A)
+05mA, 5019 (0 1 20 A)
Currents ]N' ||, 3|0, 3|2

5 A Nominal 4005A 43° (05 1000A)
1 A Nominal . 001A 35,001 2004)
Currents Iy

02 A IN Nominal
0 05 A IN Nomunal

008 mA 40 1% (00054 5 A)
JmA LSw(001 154)

Schweitzer Engineering Laboratories, Inc.
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Appendix C

TIB-102 1/07f

TECHNICAL INFORMATION BULLETIN

Alternator Data Sheet

Alternator Model: 7M4374
Kilowatt ratings at 1800 RPM 60 Hertz & LEADS Standard Medium Voltage
KW (KVA) 3 Phase 0.8 Power Factor Dripproof or Open Enclosure
Class B Class F ClassH
8°CO | 90°CO | 9°CO gﬁ‘:& 105°C 130°C @ gﬁ‘:; 125°C 150°C @
Voltage* Continuous Lioyds ABS Standard Continuous Standby Standard Continuous Standby
4160 1525 (1906) | 1680 (2100) | 1680 (2100) | 1860 {2325) | 1875 (2344) [ 2050 (2563) 1860 (2325) | 2050 (2563) | 2050 (2663}
ORise by resistance method, Mi-Std-705, Method 680.15. Eritish Standard Rating per BS 5000
Submittal Data: 4160 Volts*, 2050.4 kw, 2583 kVA, 0.8 P.F., 1800 RPM, 60 Hz, 3 Phase STD. CONNECTION
Mil-Std-705B8 Mil-Std-705B
Method Description Value Method Description Value
3011b  Insulation Resistance >1.5 Meg 5053b  Overspeed 2250 RPM
302.1a High Potential Test 507.1¢ Phase Sequence CCW-ODE ABC
ain Stator 2200 Volts 508.1c  Voltage Balance, L-L or L-N 0.20%
Main Rotor 1500 Volts G01.4a L-L Harmonic Maximum - Total 50% N
Exciter Stator 1500 Volts (Dislortior: Factor) <
Exciter Rolor 1500 Volts| 601.4a L-L Harmonic Maximurn - Single —/30%/-
PMG Siator 1500 Volts 601.1¢c Deviation Faclor 5.0%
401.1a  Stator Resistance, Line lo Line — TIF {1960 Weighlings) <50
High Wye Connection 0.072 Chms — THF (IEC, BS & NEMA Weightings) <2%
Rotor Resistance 1.196 Ohms 652.1a  Shaft Current <0.1ma
Exciter Stator 22.1 Ohms
Exciter Rotor 0.066 Ohms e Main Stator Capacitance to ground 0.014 mfd
PMG Stator 2.1 Ohms
410.1a  No Load Exciter Field Amps 079ADC
at 2080/4160 Volts Line to Line Additional Prototype Mil-Std Methods
420.1a  Short Circuit Ratio 0.575 are Available on Request.
421.1a Xd Synchronous Reactance 2108 p.u. - Generator Frame 744
14222 ohms - Type MAGNAMAXDVR
422 1a X2 Negative Sequence Reacl. 0.207 pu - Insulation Class H
1397 ohrns - Coupling - Single Bearing Flexble
423 1a X0 Zero Sequence Reactance 0.023 pu - Amortisseur Windings Fuli
0.155 ohms — Excitation Ext. Voltage Regulated, Brushless
425 1a  X'd Transient Reactance 0.126 pu - Vollage Regulalor DVR2000
085 ohms - Voltage Regulation 0.25%
426 1a  X"d Sublransient Reactance 0.098 pu
0.661 ohms
- Xq Quadrature Synch. React. Not Available - Cooling Air Volume 1130 CFM
427 1a  T'd Transient Short Gircuit - Heat rejection rale 5655 Biu's/min
Time Consiant 0178 sec.
428 1a  T"d Sublransient Short Circuit - Full load current 356 amps
Time Constant 0.013 sec.
430.1a T'do Transient Open Circuit - Minimum fnput hp required 2881.8
Time Constant 2.55 sec. Efficiency at raled load : 95 4%
432.1a Ta Short Circuil Time
Constant of Armalure Winding 0.055 sec. - Full load lorque 8405 Lb-ft

*

without notice and without any obligation or liability whatsoever.

TiB-102 1/07f

Voltage refers to wye (star) connection, unless otherwise specified. Kohler Co. reserves the right to change the design or specifications
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Appendix C

7M4374 60 Hz

TYPICAL DYNAMIC CHARACTERISTICS
Alternator Model: 7M4374 :

| |

1 1 I
. _J_—_=-=é

|
[} |
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500

Recovery time ¢
sec
¥
Recovery time 7
sec

Load application Load rejection
30% 30%

20% G 0 O

{017 0 S 0 e 3 S N S

10% £F i =

% Voltage Dip
% Yoltage Dip

=t

UBA, = ] 1 ; 0% ! 1

0 500 1000 1600 2000 2500 0 500 1000 1500 2000 2500
KW K

Efficiency at rated voltage and frequency vs. load kw
[ 8 pf — —i0pf |
98.0%

97.0% Foolr = - e e e e e e b s e
96_0%_-.,.- M EED ' B S I B SO I . F -2 =1 - M I B CRCE I OO
92.0% ===
91.0% ===
90.0% -l AP e o E e e e e e
89_0%_,,,,_ i PR B - - - - - - -~ - - I N S — - - - - - e
88.0% ' ' '

A

SIS UK

k \.‘.

N

B

1] 500 1000 1500 2000 2500
kW Output

_ Voltage dip with motor starting
Percent dip

40% . =

20'-%)_-.. 1= o - == 1= e o= F |- . - - = -1~ NAREETE - - |- = -k -~ =

15% = - F = - - 0 SN - =

LS/ S N N P, ot ) S Y . 0 IS S O I O O SOt JE i S N S I - IO N S I S N N N s 2 =

0% ==

0 1000 2000 3000 4000 5000 6000 7000 3000
Locked rotor kva

k

Data Rev.  11/01/95 Version; 20012

* Voltage refers to wye (star) connection, unless otherwise specified. Kohler Co. reserves the right to change the design or specifications
without notice and without any obligation or liability whatsoever.
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Appendix C

EMC Emissions

Condacmad Eméssions: ENFENT1998 Class A
Padinted Tms=sions: I[N 53111590, Class A
Eleclimnaynelic Cunpalibdily
Droduct Specific: BN 500631000
Processing Specifcations and Oscillography
AC Vplrape and
Current Inpazs: 12 sammples per pomeer rystem cycle

Analog Inpeafs: 4 sanmples par powar cyvetam oycla

Frequency TrackingRange:  15-7) Hz

Digzital Fileerins {Cma-ryele cosine afier bow-pass analog
ﬂd!gna",‘l h?ﬁkmilhm;?}ru

r:'_|

ereater than the fimdamenial

Profermon and Processng imferval is 4 fmes per

Coomod Processine power sysiemmn Cycle (exceps Sor math
varahla: and aralog quanitites,
wiich are processad svery llIln:s}
The proTeCion sismenrs 40, 51, and
TR ame procased mvice per ryrla
Aralog quanfites for mms dafa are
derarmined throagh use of dam
mreraged moer the previmes R rwclss
Oezilivgraphy
Langih: 15, &4, 180 oyclac
Fammpling Rate- 37 camples mar ryrle imfiitemd
2 sanmples per cycle fltered

Trigger Programmatble with Boolsan
Enpression

Format: ASCT apd Comnpressed ASCIT

Tirma-Srarp Resnhmion: 1=

Time-S@mp Acomacy: =5 ms
Soamuantial Feants Bacnrder

Time-5zamp Fesohrion: lms

Tirne-Stamp Acoumay
{with respect o tme
sonmee): =3 o
Helay Elements
Instantaneous/Definite Time-Overcurrent (S0P 506, 50M, 500)
Bickip Sefing Fanz= A secondary:
5 A midals 03006 00 AL 0.01 A steps
1 A models 01019204 0.0]1 A steps
Accaracy: £3% 0F SEEENE PIIS L~ byray A
sscondary (meadv-raa pidosy)
Time Delay: 00020000 seconds. (.01 secomds
steps, H1 5% phuis £).23 o
0. 10400 00 secomads, 001 sacomds
steps. +.5% phus =0.25 o for 500

Birlap Tropour Time: <15 e
Inverse Time-Owvercument (SIP. 516, 51N, 510)

Diclop Sefmng Ranz= A secondany:
5 A modals 0.50-16.00.A,0.01 A steps
1 A models 0.10-320 4 0.00 A steps
Arooracy: =5% of settimp phis =002 = Bynags A
secondnry (sendy-sinte pickm)
Timne Chal:
115 05015 (0. 001 steps
IEC: 0.05-1.00, 001 steps
Aroaracy: =] 5 cycles phas =4%; between X and
30 mualtipdes of peckum {witun rated
ranpe of ozt

Schwaitzar Enginoerirg Laboratorias, fnc.

M

Diffierential (37}
Unresimmed Pickup Bamge:  1.0-20.0 in per vmit of TAD
Hesmamed Peclorp Kanges  (0.10—L.040 10 per unst 2t LA

Fechup Aomacy (A secondary’c
3 A Nandsl =570 plus =0 10 A
1A Model: w2 phas =000 A
TAR Rampe (4 saromdary)”
5 A Modal: 05-310A
1 A Modal: 01624
Unrestrainad Element
Paclmp Time 0BT.01.2 oypcles (Mm Typvlax)

Restrained Element (With Harmonic Blocking)
Piclamp Time 151622 opcles (W Typ M)

Restrained Element {With Harmonic Restraint)

Prkup L L2, AL B0 Ccles MIm1yp/ Max)
Harmanics
Buclap Baress (¢ of g )
fundamereal): 5 1P
Pirlam Aromacy (A sarondarys
5 A Model: =5% phas =0 10 A of harmonic curent
1 A Mipdal: =5%3 plhns =002 A of harmamic comrent
Time Dislay Arcuracy: =) §% pius 20,25 oyde
Restricted Earth Faulft (REF)
P:%Ruge@m of
i, IhT): 005300 par urst, 03] par-mit steps
Pirlam Arnmmacy (& serondarye
5 A Model: =% phes =D 10 A
1 A Modal: =5%plas =02 A
Timing Accumacy:
Diirectional Chtput: 1555 oy

ANSI Exmemsaly Iverse =5 cycles plos £5% :h!tn'een’mdil}
TOC Caree (U With 0.5 pmiltiples of picka (within

Time Dsal): rnge of current) o
Undervoltage (27P. ZTPP. ZIV1. 275) 222X
Pl Barse: Off, 203000V 2.0-520.0 V for
2.0-170.0'V posfive-sequance, dals
conmacted)
Aromacy: =3of setting phus 22 W
Puclam Cyopong: Time: <15 oprle
Time Dielany: 00012000 secomds, (101 second
shepe
Anomacy: <0.5% plus +H1.15 cyda

221X

(vervoltage (591 SOPT, SV, 505, 590, 59C)

Iuclp Rarge: Of, 20 3000V (2.0 520.0 V for
101700V positee saquence, deia
connected)

Dickup Rangs (500G, 5001 OF, 203000V

Aromacy: =5 of sening plos 22 W

Buclam Tropour Time <15 oprle

Time Dialay: 000-120 .00 secomds, (.01 second
T

Avvmay. =050 plus =015 cyle

SEL-TOOG Data Shaat
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Yolis'Hertz 241
Dafinite-Time Elemant
Pickuap Fanga: 1003007,
AR i
Pirkuy Tiase 25 e 2 G e Dol
Tiene-Drlay Boagme 0030000 =
TieDielry Acomacy . =0 1% plus =4 2 s g 60 He
Bl T Bapee Q0000 s
IrvErse-1lme ciement
Biuckarp Fange: JRELE ] )
Em.ﬂ.nu.nxrm SEEEHW 1% of cotpeint
Didlazp Tirse: 25 s o 60 2 vl
Curye: 0.5 1.0, oc20
Factor: 0.1 10.0=
Timing Aoy 4% phus +25 ma & 50 He, for VWHz
abone 1.2 muleple of Pl sermns,
and for opeating times = 3
Fazat Tims Pangar 00040000

CompositeTime Eloment
Combination of Defimite Time and Iverse Time specifications

Usen -Delarable Curve Elepienl

Pihuy Fape 1002007
Steady-Ttme Paclup
Arnmacy =1% of satpwint
Birkip Tirse 15 me @ 6 )
et e Hangas I EHENN =
Directional Power (32) o 0.X X
Instantaneousiuefinite 1ime. 5 #hase tl2ment®
Thpe: =W —W. SR VAR
Fidom Seminss Range, WA secandary:
5 A hiadel- 1050000 WAL 01 WA sIeps
1 A Mindal- 0.2-1500:0 WA, 0.1 W4 seps
Aiuray. =}, ll:l.Fl. {LL l.-u]I.uE.L- sey sl v gl
5%, of sering af umity power Bactor
ToT DeIwer BlETNSNTS 3] TETD powEr

facior for mactsvs power alamard

-HEIIEA *(L.L weltags sacondary’) and
;"-‘aul.':ﬂi.u.g al ity pre= G o

inictor for reactive pu'lf:.ﬂ:nu:u
(I A nomimal)

kil st e <N e

Tima Dalx: 0024000 secondsz, 0.0] second
SEpE

Accurncy: L0.5% phas L0.25 oycle

Hranquancy (€1 53 XX

Satting Fasga: Of, 15.0-T00 He

Accuracy: +0.00 He (W7 = 80 V)

PirlamT st Tirme: =4 rwrlen

Time Thelay- [ (=240 (W0 saronds, 001 sscond
sl

Accurncy: L0.5%5 phas ~0 25 oycle

SEL-TDOG Data Sheot
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RTD Protection
“ethmg Hamge CHE =
ArmTary +r=
FAL Upen-L et
Dhpecrion: =250PC
FIT Shart-Circust
Letaction =AU
HIL) Typaes: FUI0 MELN) LR LD
EALD Lead Hesistanes: Ay olmmax. per lead
Lipwtatn Hans- <
Pénsn Inrrammiry om K170 b 13 Wi (peeaks) ar 50 Hrar prester
Trgrats:
FIT Trp'Alarm Tine
Dheday. ATpIok ¢ 5
Distance Element (21)

Praro zones of Compensator Distonce alemenis with Load
Fnrroachmeser hinek

Hearh Bk Han 5 A ksl O 1—FEHN O mhers

= 1 Amoded: 0.5 3.0 ghar

CrFoet Dempe- 5 A mnodel: 0.0-10.0 ohoos

1 A madel: 0.0—30.0 olmms

"-:rn.atrg' e Irpedaree % A sl =4, phis =i Lalm
1 A mode =5% phis =0.5 ohm

P:l.r_'h:w I'u:n: 33 m= at S0 L {Pelfx)
Definsie-Time Dielry: 0.00—400.00 5
Arparacy: ) 17 phus s 25 cpcle
Minmane Mhase Current: 5 A model: 05 A

1 Amndel 014

Delaiomm Topque Angle
Bampes a0 45", 17 step

Loss-ul-Field Elenmnl (403

Tuwn Mihn Fruniss

Fore | (ffeat 5 A sl =50 0 to ) 1 obos
1 A modad: —250.0 to 0.0 chms
Zome 2 Oifzet 5 A moded: -50.0 to 5000 chms

1 A mindal =250 0t 250 0 oz
Fnna | and Anee 1 iamsster 5 A ks 0 11T D infs
1 A moded: 0550 choe
Iompednnce: 5 A modsel: + 0.1 chm phas
ArTITW Y =% ot [ nifteat + Axameher)
1 A model: 2005 obm phrs
=37 ot {atiset + daaneter)
Miinimaoe Bos -5aq. Spals 54 maded: 0.25 VWL 025 AdL)
1 A moded: 025 % (W), 005 A (I1)
Directiopal Elemyent Angles 20007 fo 0.0°

Piclogp Time: T oycles {Prlms)
Zooe | and Zones 2 Defnie-

R =001 5
Arouracy: H) [T phIs = ¥ Ccle

Voltage-Restrained Phace Time-Overcurrent Element (51W)

Phinse Pickngp (A secondary): 5 A Model: 20-160A
| A Wineled™ a—1 0 &

Sieady-Sare Py 3 A Moded: =3V phas =0 DA
AcoEnoy: 1 A Moded 25% phos 2002 A
Time Dinls: Tl 0.50-15.00, 0.0] wieps
LELT =10 U] Steps
Arooracy: =47 phis =1 Cycles hor coment
berwesn 1 and 20 nmaldpdes of pickap
[Wiithin raed mnze of ComenT)
Linear Winl=e Fesmaint
Bange 0.125 1000 poy unst of VIO

Schweitzer Enginecring Laboratorics, fnc.
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Voitage-Comroliad Phase Lime-Nercurment Element (5100
Phnse Pickap (A secondnry): 5 A Modsl: 05160 4

Steady Stee Bidamp
Armmary

Arrrary

lANERM. 0132 A

5 A Mpdal =50 phs =010 4
1 A Mindal- =57 phas =07 &

&, 0O 50-15.04, 001 e
IEC: 005100, 0.01 steps

=% pins =1 S ryrles for comment

batoman 2 and 10 unl].hp].n: of piclmp
curraed)

(withom raded anga of

10} Parcant Stator Ground Profection (6406)

Laguibie esilnder

(Chiter Razictanee Rimdar

Imer Fesispmes Blinder

Eraady-State Inpadanca
Acoumacy:

Pos.-Seq. Cument
Pickup Timoe
Diafimite Time Dalay:
Trip Delay Fanss:
Thip Dumation Fanze:
Diefimite Timoe: Timers

% A mndal [ 21000 ahmiz
1 A paodal: 1 0-500.0 abmxs

5 A model: 0.1-50.0 olms
I A moddel: ) >-2300 alms

5 A pandal: +001 ohem plus +5%, of
diameter

I A moodel: 05 ohem phs L5% of
dlameter

5 A modsl; 0253000 4

1 A model: 005600 A

3 cpcles (Melax)

0U00-1.00 5. 001 5 step

0U00=1.00 5, 0.01 5 =sep

000500 5, 0,01 5 step
1% pilus =3, cpeln

Ground Diffarential Elemants (BTH)

oo DifferenEal Fickp:

Soeody Strte Miclom
Acomncy:

Fackam Timer

Timae Diclny Bange:
11 Llelay ACCUracy:

Ny live-Seyuence Overcunienl Elemenls (46)

5 A vioded:
EIrCIEACTEN — 1000 A

I A Mladal:
0O+ CTRCTEN 3.00A

(Mo LIRS TEN Ionst be withn
Lo-20n

5 A Model: 5% phus &0 10 A

I AModel: 5% plus L0.02 A

1.5 opcles (Max)

Q0 5003

24 Y% [RUS 2% CYTle

a3

2.9.2

Diafinire-Time and Israrsa-

12=100%, of generator rated
TimeMer Seq P Bicp:  secondary oamest

TNeumal Podamenma)l
Cnerialnge (&G CFF, 0.I-1300V
Staady-Stata Peckoap
_Afut:r. 3%, plos =01V
Piclop Tioe: 1.5 oycles (dax)
Dwfinite-Tma Dialay: 0000400 .00 =
ACCITacy: = 1% phis =0 25 Cyrle
Third-Harmemic Vhimze
Driffarantial ar Thend-
Harmori- Beumal
Undervoitapge Bickogp §1G2: &1 200V
Sieady-Hiate Fadioap
Acomacy. =5 plus =01V
Third Hamemic Valiage
Differectisl Ratio Tatting
Baigme G0 50
Pickup Time: 3 oycles (vlm)
Definite-Tme Dielary- 000400 0
Aroaracy: =, 1% phus =0 35 oycle
Fledd Ground Protection (&4F)
{(Hegures SEL-/664 Field bGround Module)
Ficld Goound Throtection
Clerreed: 0.5=200.0 kilotars, .1 ldloban step
Bickup Armoracy: =59 ploz =300 ohms for
48+ VF = 815 Vic
L5 plus ~ 20 sfloboes for
B23 - WF = 1500 Vi
{WF iz the penerator fisld winding
Euritariom rlrmhﬂp]
Pivhup Ties, 2wil IL_F ﬁl.lﬂ.ﬂ.'f in (=
R o if the i'rl'a:rnrr. in the
(1 T, & TS at 074 Hr
Definfe-Time Dielay. 09905
Madmrm Tiefinite-Tima
Nialay Armmany H1 L phe=ime
Qut-of-5tep tlemant (T3)
Furwand Femle 3 A pand=l 0.1-10000 wlmes
1 .4 madel; 05500 ohms
Penera Haarh: 5 A ranedal- 0 1-1000 0 nhms
1 & maddal- 0 535K 0 nhms
Simgle Bhindar
Fligit Blindar: 5 A modal: 0.1-50.0 chms
1 A modcl: 0.5 2500 ohms
Lett Bimdsr 5.8 madal” 013000 ahms

1.A madsl: 0.5-250.0 ohme

SCAWeITer Eagemaenng Laboratorias, .

bmmnm > A Model: [ 0-100 A secondany
1 A Ndel: 0 2-20 A Secondary

Emﬂ'.rguuﬁ-:b.q: 5 A Modal: <0025 A phas +3%0
Accuracy: I A Modal: <0005 A phas +3%4
Eacip L 0o at ol He (mas)
Diafimite-Tme Dialay Sathng

Bampye: 002 D00 O 5

Maomamm Ustmite- | mme

Lleday ACOn@cy: = 1T plus =3 2 me af o) Hx

Imverse Timee Element Time
Dl E—1talddz

I8 s meed

|, phas S0 mes at &0 He for | 1)
abere 105 omdtiples of pickoap

Rate-of-Change of Frequency (2183

Limear Koset 1mme-

Imerse Time Toring
Acomacy

Fackup eting Eamge: UHE, QL1500 Har's

Aroaracy: =100 mBziz phas <3 33% of pickmp

Trend Seming IC, DEC, ABS

BerlomTirnpmst Tinner A ryries, depending o picloq

saming

Puciamy Dropour Dielay 0. 100000003000 5. 01 3
Famge: ITements

Vhblrags Supancizion (Posdthra

Soquence) Didlomp Ranpe:  OfF, 12.5 300.07W, 0.1 V incromaeetz

SEL- UG Uats sheet
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Synclmumizm Check (257) i Tie Biedkel
'.?Tn.:hsmm-:ha;h Woltame WY, VIFE, VIO, WADY, VIRCY,

VAT or ansle from VAY of VABY

‘.h]mg;e'ﬂﬁ.n&uwliﬁ.;&

Seming Fampe: 00030000 W
Laltame Window Low Scrtings

Farge. ] I:l{l—:il}ﬂ 0w
Cteady-Stas Wbltaza Yaphus 2.0V {over the anzs

Accwacy: cqf]lﬁ—]l}ﬂ‘-')
Mavirmun Parcantaga

Voltage Difference 1.0-15.0%

Mavirmmn Sl Praqoency =0 08 Heto i S0 He

Steady-S@me SUp Aoomacy: =0.0% Hz

Clesse Accoptance Angle 1,
¥

2 0-20"
Bipeakeer Clasce Dielay: 0001 1000 s
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Appendix D

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

2 121 121.0 25

3 121 121.2 150

4 121 121.0 40

5 121 121.0 35

B-Phase Over-Voltage Low Setting

Trial Nominal (V) Actual V Deviation (mV)
1 121 121.1 50
2 121 121.1 50
3 121 121.0 25
4 121 121.0 -45
5 121 121.0 30

C-Phase Over-Voltage Low Setting

Trial Nominal (V) Actual V Deviation (mV)
1 121 121.0 5

2 121 121.0 15

3 121 121.0 -5

4 121 121.0 20

5 121 121.0 15

3-Phase Over-Voltage Low Setting

Trial Nominal (V) Actual V Deviation (mV)
1 121 121.1 70
2 121 121.0 25
3 121 121.1 90
4 121 121.0 40

(6]

121 121.0 35
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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
3 138.5 138.5 10
4 138.5 138.5 30
5 138.5 138.5 45

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

(6}

138.5 138.5 35
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5.2.1.2 Over-voltage Magnitude

A-Phase Over-Voltage High Setting

Trial Nominal (V) Actual V Deviation (mV)
1 156 156.0 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)
1 156 156.0 20
2 156 156.0 30
3 156 156.0 10
4 156 156.0 40
5 156 156.0 45

C-Phase Over-Voltage High Setting

Trial Nominal (V) Actual V Deviation (mV)
1 156 156.1 65
2 156 156.0 20
3 156 156.0 40
4 156 156.0 10
5 156 156.0 30

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

(6}

156 156.1 55
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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 -2.0
3 20 17 -3.0
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 3.020 3.025 4.6
2 3.020 3.025 5.2
3 3.020 3.025 4.7
4 3.020 3.025 4.6

3.020 3.025 5.4

(6}
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