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1. INTRODUCTION

The 489 Generator Management Relay is a microprocessor based relay designed for the protection and management of synchfonous
and induction generators. The 489 is equipped with 6 output relays for trips and alarms. Generator protection, fault diagnostics,‘power,
metering, and RTU functions are integrated into one economical drawout package. The single line diagram of Figure 1-1 illdstrates the
489 functionality using the ANSI (American National Standards Institute) device numbers.

SR489

Trip Coil .
Supervision

Output
relays

6, Output
relays

Analo
outputs

Analog
inputs

|

ANSI PROTECTION
12 overspeed [ BN J
21 distance ( JLJ
24 volts/hertz ®
27 undervoltage XK )
50/27 inadvertent generator energization e e ElZf' ________
32 reverse power/low forward power 3K ) 8
38 bearing overtemperature (RTD) e N
39 bearing vibration (analog inputs) [ 3K ) é_
40 loss of excitation (impedance) o
40Q loss of field (reactive power) o
46 negative sequence overcurrent (I t) e e
47 voltage phase reversal [ 3K )
49 stator thermal (RTD/thermal model) e
50 high-set phase overcurrent ® e o -
50BF breaker failure detection e,/0 (GENERATOR
50 offline overcurrent e 0 -
50/51GN ground overcurrent ( AN 4
51V voltage restrained phase overcurfent iy, | @'/ @
59 overvoltage [ 2K J EZ’
59GN/27TN | | 100% stator ground [ JK
60FL VIT fuse failure [ 3K}
67 ground directional [ A J —
76 overexcitation (analeginput) o E_
81 overfrequency/underfrequiency 1K) —
86 electrical logkout o e :—_ E:
87G percentage differential e e
sequentialitnipping logic e e u ill
trip cail superyision o0 = =
generatorfinning hours alarm [ A J

ﬂ*‘fﬂ

Figure 1-1 SINGLE LINE DIAGRAM

808783E5.CDR
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1. INTRODUCTION

A complete list protection features may be found below in the following tables: Table 1-1 and Table 1-2.

Table 1-1 TRIP PROTECTION Table 1-2 ALARM PROTECTION

. 7 assignable digital inputs: general input, sequential trip (low forward . 7 assignable digital inputs: general input and tachometer
power or reverse power) , field-breaker discrepancy, and tachometer . overload

. offline overcurrent (protection during startup) . negative sequence

. inadvertent energization . ground overcurrent

phase overcurrent with voltage restraint
negative sequence overcurrent

ground overcurrent

percentage phase differential

ground directional

high-set phase overcurrent

. ground directional
. undervoltage

. overvoltage

. volts/hertz

. underfrequency

. overfrequency

. undervoltage . neutral overvoltage (fundamental)

. overvoltage . neutral undervoltage (3rd harmonic)
. volts/hertz . reactive power (kvar)

. voltage phase reversal . reverse power

. underfrequency (two step) . low forward power

overfrequency (two step)

neutral overvoltage (fundamental)
neutral undervoltage (3rd harmonic)
loss of excitation (2 impedance circles)
distance element (2 zones of protection)
reactive power (kvar) for loss of field
reverse power for anti-motoring

low forward power

RTDs: stator, bearing, ambient, other
thermal overload

analog Inputs 1-4

. RTD: stator, bearing, ambientyother
. short/low RTD

. open RTD

. thermal overload

. trip counter

. breaker failure

. trip cOil menitor

. VT fuse failure

. demand: ‘currentpMW, Mvar, MVA
. generator,running hours

. analog, inputs 1-4

. electrical lockout . service (Self-test failures)

Fault diagnostics are provided through pretrip data, event record, wavéformrcapture, and statistics. Prior to issuing a trip, the 489 will take
a snapshot of the measured parameters and store them in@‘reeord with/#he cause of the trip. This pre-trip data may be viewed using the
[NEXT] key before the trip is reset, or by accessing the Jast trip'data of Actual Values page 1. The 489 event recorder will store up to 40
time and date stamped events including the pre-trip data:iEagh time a trip occurs, the 489 will store a trace of 16 cycles for all measured
AC quantities. Trip counters record the number of occurrences,of each type of trip. Minimum and maximum values for RTDs and analog
inputs are also recorded. These features will enable the opetatorito pinpoint a problem quickly and with certainty.

Power metering is built into the 489 as a standard feature.\Table 1-3 outlines the metered parameters that are available to the operator or
plant engineer either through the front panel emthroughithe communications ports. The 489 is equipped with 3 fully functional and
independent communications ports. The front panel RS232 port may be used for 489 setpoint programming, local interrogation or
control, and upgrading of 489 firmware?” The"@omputer RS485 port may be connected to a PLC, DCS, or PC based man-machine
interface program. The Auxiliary RS485 portymay be used for redundancy or simultaneous interrogation and/or control from a second
PLC, DCS, or PC program. There are also four 4<20 mA transducer outputs that may be assigned to any measured parameter. The range
of these outputs is scaleable.

Additional features are outlined in'Table 1-4.

Table 1-3 METERING Table 1-4 ADDITIONAL FEATURES

. voltage (phasors) . drawout case (for ease of maintenance and testing)
. current (phasors) and amps demand . breaker failure

. real power, MW demand, MWh . trip coil supervision

. apparent power and MVAgemand . VT fuse failure

. reactive poweryMvar demand, Mvarh positive/negative . simulation

. frequency . flash memory for easy firmware updates

. power factor

. RTD

. speed in RPM,with a key phasor Input
. user programmable analog inputs

1-2



1. INTRODUCTION | ORDER INFORMATION

ORDERING
489 * x *
489 | Base unit generator management relay
P1 Current Transformer Inputs: 1 A CT secondaries
P5 Current Transformer Inputs: 5 A CT secondaries
LO Control Power: DC: 20-60V; AC: 20-48V @ 48-62 Hz
HI Control Power: DC: 90-300V; AC: 70-265V @ 48-62 Hz

Al 0-1 mA Analog Outputs

A20 4-20 mA Analog Outputs @
ACCESSORIES Q
489PC Software:........... Shipped free with 489

DEMO: ..., Metal carry case in which 489 unit may
SR 19-1 PANEL: ........... Single cutout for 19” panel

SR 19-2 PANEL: ........... Double cutout for 19” panel

SCI MODULE: .............. RS232 to RS485 converter box, de

arsh industrial environments
500, 600, 750, 1000 Phase CT primaries

PCT: e 50, 75, 100, 150, 200, 250, 300,
HGF3, HGF5, HGFS:.... For sensitive ground detection onghi tance grounded systems
489 1 3/8” Collar: .......... For shallow switchgear, reduces depth of the relay by 1 3/8”

489 3" Collar: ................ For shallow switchgear, redu e‘depth of the relay by 3”

ase CT secondaries must be specified at the time of order. The control
power and analog output range must also be specified e e time of order. There are two ground CT inputs, one for the GE Power
Management HGF core balance CT and one for a gr ith a 1A secondary (may also be used to accommodate 5A secondary).
The VT inputs will accommodate VTs in either a delta or figuration. The output relays are always non-failsafe with the exception
of the service relay. The 489PC program is provi each unit. A metal demo case may be ordered for demonstration or testing
purposes. Other accessories are listed below.

3
O
&

L 4

1-3



[489 SPECIFICATIONS]

1. INTRODUCTIO

POWER SUPPLY
Options: LO / HI (must be specified when ordering)
Range: LO: DC: 20 to 60 Vdc

AC: 20 to 48 Vac @ 48 to 62 Hz

HI: DC: 90 to 300 Vdc

AC: 70 to 265 Vac @ 48 to 62 Hz
Power: 45 VA (max), 25 VA typical
Proper operation time without supply voltage: 30 ms

AC ANALOG INPUTS FREQUENCY TRACKING
Frequency Tracking: Va for wye, Vab for open delta
6V minimum, 10 Hz / sec.

OUTPUT AND NEUTRAL END CURRENT INPUTS

CT Primary: 10 - 50000A

CT Secondary: 1A or 5A (must be specified with order)

Conversion Range:  0.02-20x CT

Accuracy: @<2xCT:£0.5%of 2x CT
@=22xCT:+1%0f 20x CT

Burden: Less than 0.2 VA at rated load

CT Withstand: 1 second @ 80 times rated current

2 seconds @ 40 times rated current
continuous @ 3 times rated current

GROUND CURRENT INPUT
CT Primary: 10 — 10000A (1A/5A)
CT Secondary: 1A/5A or 50:0.025 (HGF)
Conversion Range:  0.02 — 20 x CT for 1A/5A
0.0 — 100A primary for 50:0.025 CT (HGF)
Accuracy: HGF: +0.1A @ < 10A
+1.0A @ = 10 — 100A
1A/B5A: @ <2XCT:205% of 2x CT
@=22xCT:+1%0f20xCT

GROUND CT BURDEN

INPUT BURDEN
Ground CT ) VA o
1 0.024 0.024
1A/5A 5 0.605 0.024
20 9.809 0.024
0.025 0.057 90.7
50:0.025 HGF 0.1 0.634 90.7
0.5 18.9 75.6

GROUND CT CURRENT WITHSTAND (Secondary)

WITHSTAND TIME

Ground CT

1s 2s Gontinu
1A/5A 80 x CT 40x CT
50:0.025 HGF N/A N/A 50

PHASE VOLTAGE INPUTS

VT Ratio: 1.00 — 240.00:1 in 0

VT Secondary: 200Vac (Full Sc

Conversion Range:  0.02 - 1.00 x Full le
Accuracy: +0.5% of F |

Max. Continuous: 280Vac

Burden: > KQ

NEUTRAL VOLT, N

VT Ratio: . 240.00%1 in steps of 0.01
VT Secondary: Scale)
Conversion Range: 0 x Full Scale
Accuracy: + 0 f Full Scale

Max. Continuous: 280Vac

DIGITAL INPUTQ

Inputs: 9 opto-isolated inputs

External Switch: dry contact < 800Q, or

open collector NPN transistor from sensor
6mA sinking from internal 4K pullup @ 24Vdc
with Vce < 4Vdc

Sensor Supply: +24Vdc @ 20mA Max.

RTD INPUTS
RTDs: 3 wire type

RTD Sensing Current:
Isolation:

Range:

Accuracy:

Lead Resistance:
No Sensor:
Short/Low Alarm:

Applicable Voltage:
Trickle Current:

TRIP COIL SUPERVISION
20-300 Vdc/Vac
2-5mA

ANALOG CURRENT [NP

Current Inputs:
Input Impedance:
Conversion Range:
Accuracy:

Type:
Analog Input
Sampling Inter

100Q Platinum (DIN.43760)

100Q Nickel field

120Q Nickel program le
10Q Copper

5mA

36Vpk (Isolated with Analog Inputs and Outputs)
-50 to +250 °C @

+ 2°C for Platinum and Nickel

+ 5°C for Copper

25Q Max per lead
>1kQ
<-50°C @

DC @ 100mA max.
ms

NS PORTS

1, Front Panel, non-isolated

2, Isolated together @ 36Vpk

RS485: 300,1200,2400,4800,9600,19200
RS232: 9600

None, Odd, Even

Modbus® RTU / half duplex, DNP 3.0

ALOG CURRENT OUTPUT

Type:

Range:

Accuracy:

4 20 mA max. load:
0-1mA max. load:
Isolation:

4 Assignable Outputs:

Active

4-20mA, 0-1 mA (must be specified with order)
+ 1% of full scale

1.2kQ

10kQ

36Vpk (Isolated with RTDs and analog inputs)
Phase A,B,C output current

3 phase average current
negative sequence current
generator load

hottest stator RTD

hottest bearing RTD

RTD # 1-12

AB voltage

BC voltage

CA voltage

average phase-phase voltage
volts/hertz

frequency

3rd harmonic neutral voltage
power factor

3 phase reactive power (Mvar)
3 phase real power (MW)

3 phase apparent power (MVA)
analog inputs 1-4

tachometer

thermal capacity used

I, Mvar, MW, MVA demands
Torque

OUTPUT RELAYS

Configuration:
Contact Material:
Operate Time:

6 Electo-Mechanical Form C
silver alloy
10ms

Max Ratings for 100000 operations
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|489 SPECIFICATIONS

DC 30 Vde 10A 30A 10A | 300W
Resistive 125 Vdc 10A 30A 0.5A | 625W
250 Vde 10A 30A 03A | 75W

DC 30 Vde 10A 30A 5A | 150W
Inductive 125 Vdc 10A 30A 025A | 31.3W
L/R =40 ms 250 Vdc 10A 30A 0.15A] 37.5W
AC 120 Vac 10A 30A 10A | 2770 VA
Resistive 250 Vac 10A 30A 10A | 2770 VA
AC 120 Vac 10A 30A 4A | 480VA
Inductive 250 Vac 10A 30A 3A | 750 VA
PF=0.4

TERMINALS

Low Voltage (A, B, C, D terminals):

12 AWG max
High Voltage (E, F, G, H terminals):
#8 ring lug, 10 AWG wire standard

POWER METERING

Range: 0.000 - 2000.000 +/-Mw, +/-Mvar, MVA

Accuracy: +1% of V3x2xCTXVTXVT full scale @ lavg < 2xCT
+1.5% of V3x20xCTXVTXVT full scale @ lavg > 2xCT

WATTHOUR and VARHOUR METERING

Description: Continuous total of +Watthours and +/- varhours
Range: 0.000 - 4000000.000 Mvar-Hours

Timing Accuracy: +0.5%

Update Rate: 50ms

DEMAND METERING

Metered Values: Maximum Phase Current
3 Phase Real Power
3 Phase Apparent Power
3 Phase Reactive Power

Measurement Type: Rolling Demand

Demand Interval: 5 - 90 minutes in steps of 1

Update Rate: 1 minute

Elements: Alarm

GENERAL INPUT A - G (Digital Input)
Configurable: Assignable Digital Inputs1- 7
Time Delay: 0.1 - 5000.0 s in steps of 0.1
Block From Online: 0-5000 s in steps of 1

Timing Accuracy: +100 ms or + 0.5 % of total time
Trip , Alarm, and Control ‘

Elements:

SEQUENTIAL TRIP (Digital Input)

Configurable: Assignable to Digital Inputs!

Pickup Level: 0.02 - 0.99 x Rated in'ste 0.01
Po

Low Forward Power /

Time Delay: 0.2 - 120.0 s in step; 1
Pickup Accuracy: see power meteri

Timing Accuracy: +100ms or + 0.5 9 total ti
Elements: Trip

FIELD BREAKER D CY (Digital Input)
Configurable: i to nputsl1- 7

Time Delay: in steps of 0.1

Timing Accuracy: % of total time
Elements:

TACHOMETER (Dig
Configurable: Assignable to Digital Inputs 4- 7

RPM Measurement: 100 - 7200 RPM

Duty Cycle of Pulse: .> 10 %

Pickup el: 101 - 175 x Rated Speed in steps of 1
1-250sinstepsof 1

cy: +0.5 s or + 0.5 % of total time

Trip and Alarm

RRENT ALARM

Ick-up Level: 0.10 - 1.50 x FLA in steps of 0.01
average phase current
ime Delay: 0.1-250.0 s in steps of 0.1

Pickup Accuracy:
Timing Accuracy:
Elements:

as per Phase Current Inputs
+100ms or + 0.5 % of total time

OFFLINE OVERCURRENT

Pick-up Level:

Time Delay:
Pickup Accuracy:
Timing Accuracy:
Elements:

OO

0.05 - 1.00 x CT in steps of 0.01

of any one phase

3-99 cycles in steps of 1

as per Phase Current Inputs ’
+50ms @ 50/60 Hz

Trip

INADVERTENT ENERGIZATION

Arming Signal:
Pick-up Level:

Time Delay:
Pickup Accuracy:
Timing Accuracy:
Elements:

PHASE OVERCURRENT

Voltage Restraint:

Pick-up Level:

undervoltage and/or Offline b er status
0.05-3.00 x CTin sf 0.0

of any one phase

no intentional dela

as per Phase nt |

+50ms @ 50/60

Trip

, IAC, Flexcurve, Definite Time
100.000 s in steps of 0.001

Phase Current Inputs

0ms @ 50/60 Hz or + 0.5 % of total time

QUENCE OVERCURRENT

3-100 % FLA in steps of 1

1,’t trip as defined by k, definite time alarm
0.1-100.0 s in steps of 0.1

as per Phase Current Inputs

+100ms or + 0.5 % of total time

Trip and Alarm

GROUND OVERCURRENT

Pick-up Level: 0.05- 20.00 x CT in steps of 0.01

Curve Shapes: ANSI, IEC, IAC, Flexcurve, Definite Time
Time Delay: 0.00 - 100.00 s in steps of 0.01

Pickup Accuracy:
Timing Accuracy:
Elements:

as per Ground Current Input
+50ms @ 50/60 Hz or + 0.5 % of total time
Trip

PHASE DIFFERENTIAL

Pick-up Level:
Curve Shape:
Time Delay:
Pickup Accuracy:
Timing Accuracy:
Elements:

0.05-1.00 x CT in steps of 0.01

Dual Slope

0 - 100 cycles in steps of 1

as per Phase Current Inputs

+50ms @ 50/60 Hz or + 0.5 % of total time
Trip

GROUND DIRECTIONAL

Pickup Level:
Time Delay:
Pickup Accuracy:
Timing Accuracy:
Elements:

0.05 - 20.00 x CT in steps of 0.01
0.1-120.0sin steps of 0.1

as per Phase Current Inputs
+100 ms or £0.5 % of total time
Trip and Alarm

HIGH-SET PHASE OVERCURRENT

Pickup Level:
Time Delay:
Pickup Accuracy:
Timing Accuracy:
Elements:

UNDERVOLTAGE

Pick-up Level:
Curve Shapes:
Time Delay:
Pickup Accuracy:
Timing Accuracy:
Elements:

0.15 - 20.00 x CT in steps of 0.01

0.00 - 100.00 s in steps of 0.01

as per Phase Current Inputs

+50 ms @ 50/60 Hz or 0.5 % of total time
Trip

0.50 - 0.99 x rated Voltage in steps of 0.01
Inverse Time, definite time alarm
0.2-120.0 sin steps of 0.1

as per Voltage Inputs

+100ms or + 0.5 % of total time

Trip and Alarm
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[489 SPECIFICATIONS]

1. INTRODUCTIO

OVERVOLTAGE
Pick-up Level: 1.01 - 1.50 x rated Voltage in steps of 0.01
Curve Shapes: Inverse Time, definite time alarm
Time Delay: 0.2 -120.0 siin steps of 0.1
Pickup Accuracy: as per Voltage Inputs
Timing Accuracy: +100ms or + 0.5 % of total time
Elements: Trip and Alarm
VOLTS/HERTZ
Pick-up Level: 1.00 - 1.99 x nominal in steps of 0.01
Curve Shapes: Inverse Time, definite time alarm
Time Delay: 0.1-120.0 s in steps of 0.1
Pickup Accuracy: as per Voltage Inputs
Timing Accuracy: +100ms @ = 1.2 x Pickup

+300ms @ < 1.2 x Pickup
Elements: Trip and Alarm

VOLTAGE PHASE REVERSAL

Configuration: ABC or ACB phase rotation

Timing Accuracy: 200 -400 ms

Elements: Trip

UNDERFREQUENCY

Required Voltage: 0.50 - 0.99 x rated voltage in Phase A
Block From Online: 0-5sinstepsof 1

Pick- up Level: 20.00 - 60.00 in steps of 0.01

Curve Shapes: 1 level alarm, two level trip definite time
Time Delay: 0.1 - 5000.0 s in steps of 0.1

Pickup Accuracy: +0.02 Hz

Timing Accuracy: +100ms or + 0.5 % of total time
Elements: Trip and Alarm
OVERFREQUENCY

Required Voltage: 0.50 - 0.99 x rated voltage in Phase A
Block From Online: 0-5sinstepsof 1

Pick- up Level: 25.01 - 70.00 in steps of 0.01

Curve Shapes: 1 level alarm, two level trip definite time
Time Delay: 0.1-5000.0 s in steps of 0.1

Pickup Accuracy: +0.02 Hz

Timing Accuracy: +100ms or + 0.5 % of total time

Elements: Trip and Alarm

NEUTRAL OVERVOLTAGE (Fundamental)

Pick-up Level: 2.0 - 100.0 Vsecondary in steps of 0.01 \ :
Time Delay: 0.1-120.0 s in steps of 0.1

Pickup Accuracy: as per Neutral Voltage Input

Timing Accuracy: +100ms or + 0.5 % of total time

Elements: Trip and Alarm

NEUTRAL UNDERVOLTAGE (3rd HarmBhi Q
Blocking Signals: Low power and Low Voltage if. e

Pick-up Level: 0.5 - 20.0 Vsecondary in steps of 0.0 en delta
adaptive if wye VT copnectiol

Time Delay: 5-120 s in steps of 1

Pickup Accuracy: at <20.0 V secondary: tral Voltage Input
at >20.0 V secondafy: *5% o up

Timing Accuracy: +3.0s

Elements: Trip and Alarm

LOSS OF EXCITATION (I )

Pickup Level: in steps of 0.1 with adjustable

Time Delay: A . eps of 0.1
Pickup Accuracy:
Timing Accuracy:
Elements: Ip zones using impedance circles

DISTANCE (Impedance)
Pickup Levels: 0.1 - 500.0 Q secondary in steps of 0.1
&0 - 85° reach in steps of 1°
0.0 - 150.0 s in steps of 0.1
as per Voltage Input and Phase Current Input
150 ms +50 ms or +0.5 % of total time
Trip - two trip zones

E POWER
Bl From Online: 0-5000 s in steps of 1
p Level: 0.02 - 1.50 x rated Mvar Positive and negative
ime Delay: 0.2- 120.0 s in steps of 0.1
kup Accuracy: see power metering

1-6

- 300.0 Q secondary in steps of 0.1

Timing Accuracy: +100ms or + 0.5 % of total time
Elements: Trip and Alarm

REVERSE POWER
Block From Online: 0 -5000 s in steps of 1

Pick- up Level: 0.02 - 0.99 x rated MW

Time Delay: 0.2-120.0 s in steps of 0.1

Pickup Accuracy: see power metering

Timing Accuracy: +100ms or * 0.5 % of total time

Elements: Trip and Alarm ’

LOW FORWARD POWER

Block From Online: 0 - 15000 s in steps 0
Pick- up Level: 0.02 - 0.99 x rated MW

Time Delay: 0.2-120.0 s in steps
Pickup Accuracy: see power meterin
Timing Accuracy: +100ms or + 0.5 %of t
Elements: Trip and Alarm

PULSE OUTPUT

Parameters: + kwh, +kval arl

Interval: 1-50! eps

Pulse Width: 200-1000 m teps of 1 ms
RTDs 1-12

Pickup: 1 in steps of 1
Pickup Hyst is:

Time Delay:

Elements: ip and Alarm

ALL PROTECTION / THERMAL MODEL
15 Standard Overload Curves
Custom Curve
Voltage Dependent Custom Curve
(all curves time out against average phase current)
u iasing: Phase Unbalance
Hot/Cold Curve Ratio
Stator RTD
Online Cooling Rate
Offline Cooling Rate
Line Voltage
Overload Pickup: 1.01-1.25
Pickup Accuracy: as per Phase Current Inputs
Timing Accuracy: +100ms or * 2 % of total time
Elements: Trip and Alarm

OTHER FEATURES

Serial Start/Stop Initiation

Remote Reset (Configurable Digital Input)
Test Input (Configurable Digital Input)
Thermal Reset (Configurable Digital Input)
Dual Setpoints

Pre-Trip Data

Event Recorder

Waveform Memory

Fault Simulation

VT Failure

Trip Counter

Breaker Failure

Trip Coil Monitor

Generator Running Hours Alarm

ENVIRONMENT
Ambient Operating Temperature: -40 °C - +60 °C

Ambient Storage Temperature: 40 °C —+80 °C.

Humidity: Up to 90%, noncondensing.
Altitude: Up to 2000m

Pollution Degree: 2

NOTE: It is recommended that the 489 be powered up at least once per
year to prevent deterioration of electrolytic capacitors in the power
supply.

CASE

Fully drawout (Automatic CT shorts)
Seal provision

Dust tight door

Panel or 19" rack mount



1. INTRODUCTION |489 SPECIFICATIONS@
IP Class: IP20-X

PRODUCTION TESTS O
Thermal Cycling: Operational test at ambient, reducing to -40°C and then

increasing to 60°C
Dielectric Strength: 2.0 kV for 1 minute from relays, CTs, VTs, power supply
to Safety Ground
DO NOT CONNECT FILTER GROUND TO SAFETY GROUND DURING TEST

FUSE

Current Rating: 3.15A

Type: 5x20mm Slo-Blo Littelfuse, High Breaking Capacity
Model#: 215.315

NOTE: External fuse must be used if supply voltage exceeds 250V

to Safety Ground
DO NOT CONNECT FILTER GROUND TO SAFETY GROUND DURING TEST

Insulation Resistance: IEC255-5 500Vdc, from relays, CTs, VTs, power supply
to Safety Ground
DO NOT CONNECT FILTER GROUND TO SAFETY GROUND DURING TEST

Transients: ANSI C37.90.1 Oscillatory (2.5kV/1MHz)
ANSI C37.90.1 Fast Rise (5kV/10ns)
Ontario Hydro A-28M-82
|IEC255-4 Impulse/High Frequency Disturbance
Class Il Level
Impulse Test: IEC 255-5 0.5 Joule 5kV K

TYPE TESTS
Dielectric Strength: ~ Per IEC 255-5 and ANSI/IEEE C37.90
2.0 kV for 1 minute from relays, CTs, VTs, power supply 0

RFI: 50 MHz/15W Transmitter

EMI: C37.90.2 Electromagnetic Interference
@ 150 MHz and 450 MHz, 10V/m

Static: IEC 801-2 Static Discharge

Humidity: 90% non-condensing

Temperature: -40 °C to +60 °C ambient @
Environment: IEC 68-2-38 Temperature/Humidity Cycle
Vibration: Sinusoidal Vibration 8.0g for 72 hrs
PACKAGING
Shipping Box: 12"x11"x10" (WxHxD)
30.5cm x 27.9cm x 25.4cm
Shipping Weight: 17 Ibs Max / 7.7 kg

CERTIFICATION

1SO: Manufactured under an 1IS@9001 registere ystem.
uL: uL

CSA: CSA

CE: Conforms to IEC 94

&
O

Q>®
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2. INSTALLATION

MECHANICAL |

21.1 DESCRIPTIONI

The 489 is packaged in the standard GE Power Management SR series arrangement, which consists of a drawout unit and a.gompanion
fixed case. The case provides mechanical protection to the unit, and is used to make permanent connections to all external equipment.
The only electrical components mounted in the case are those required to connect the unit to the external wiring. Connections in the
case are fitted with mechanisms required to allow the safe removal of the relay unit from an energized panel, such as automatic CT
shorting. The unit is mechanically held in the case by pins on the locking handle, which cannot be fully lowered to the locked position
until the electrical connections are completely mated. Any 489 can be installed in any 489 case, except for custém manufactured units
that are clearly identified as such on both case and unit, and are equipped with an index pin keying mechanism to\prevent incorrect

pairings.

No special ventilation requirements need to be observed during the installation of the unit, but the unit sheuld be wiped clean with a

damp cloth.
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Figdre 2-1 489 DIMENSIONS

Figure 2-2 SEAL ON DRAWOUT UNIT

808750E4.DWG

PANEL CUTOUT

To prevent unauthorized removal of the drawout unit,
a wire lead seal can be installed in the slot provided
on the handle as shown in Figure 2-2. With this seal
in place, the drawout unit cannot be removed. A
passcode or setpoint access jumper can be used to
prevent entry of setpoints but still allow monitoring of
actual values. If access to the front panel controls
must be restricted, a separate seal can be installed
on the outside of the cover to prevent it from being

opened.

* WARNING ** Hazard may result if the product is not used for its intended purpose.

2-1




| MECHANICAL |

2. INSTALLATION

2.1.2 PRODUCT IDENTIFICATION I

Each 489 unit and case are equipped with a permanent label. This label is installed on the left side (when facing the front of the relay) of both

unit and case. The case label details which units can be installed.

The case label details the following information:
. MODEL NUMBER

. MANUFACTURE DATE
. SPECIAL NOTES

MULTILIN

SR489-CASE

MODEL NO.
MFG. DATE:
SPECIAL:

CUSTOMER USE

* MADE IN CANADA

Figure 2-3 CASE IDENTIFICATION LABEL

2-2

The unit label details the following information:

. MODEL NUMBER

. TYPE

. SERIAL NUMBER

. FILE NUMBER

. MANUFACTURE DATE

. PHASE CURRENT INPUTS

. SPECIAL NOTES

. OVERVOLTAGE CATEG@RY
. INSULATION VOLIAGE

. POLLUTION DEGREE

. CONTROL POWER

. OUTPUT CONTAET RATING

MULTILIN

__SRA489-RELAY _

MODEL NO.

GENERATOR MANAGEMENT RELAY

SERIAL NO.

FIRMWARE REV:

MFG. DATE:

PHASE CT:

TAG:

OVERVOLTAGE CATEGORY: 2

INSULATION VOLTAGE: 300V

POLLUTION DEGREE: 2

IP: X0

CONTROL POWER:

- 48-62H

OUTPUT RELAY CONTACTS:
Make/Carry = 10A
Make/Carry 0.2s = 30A
125VDC Break

0.5A @ L/R=40ms

250VAC Break
3A @PF=04

N € @&

* MADE IN CANADA

Figure 2-4 UNIT IDENTIFICATION LABEL



2. INSTALLATION | MECHANICAL |

2.1.3 INSTALLATION I

The 489 case, alone or adjacent to another SR-series unit, can be installed in the panel of a standard 19 inch rack. (See Figure 2-1}489
DIMENSIONS for panel cutout dimensions.) When mounting, provision must be made for the front door to swing open without interférence to,
or from, adjacent equipment. Normally the 489 unit is mounted in its case when shipped from the factory, and should be removed before
mounting the case in the supporting panel. Unit withdrawal is described in section 2.1.4 .

After the mounting hole in the panel has been prepared, slide the 489 case into the panel from the front. Applying firmspressure on the front to
ensure the front bezel fits snugly against the front of the panel, bend out the pair of retaining tabs (to a horizontal position)from each side of
the case, as shown in Figure 2-5. The case is now securely mounted, ready for panel wiring.

Figure 2-5 BEND UP MOUNTING TABS

2-3



| MECHANICAL |

2. INSTALLATION

2.1.4 UNIT WITHDRAWAL AND INSERTION I

2-4

Figure 2-6 PRESS LATCH TO DISENGAGE HANDLE

SR48Y

Generator Muanagement Relay

Figure 2-8 SLIDE UNIT OUT OF THE CASE

| SR489
:Ge nerator M

anagement Relay

Figure 2-7 ROTATE HANDLE TO STOP POSITION

To remove the unit from the case:

(1) Open the cover by pulling the upper or lower corner of the right
side of the cover, which will rotate about the hinges on the left.

(2) Release the locking latch, located below the locking handle, by
pressing upward on the latch with the tip of a screwdriver (see
Figure 2-6).

(3) Grasp the locking handle in the center and pull firmly, rotating
the handle up from the bottom of the unit until movement ceases
(see Figure 2-7).

(4) Once the handle is released from the locking mechanism, the
unit can freely slide out of the case when pulled by the handle. It
may sometimes be necessary to adjust the handle position slightly
to free the unit (Figure 2-8).

To insert the unit into the case:

(1) Raise the locking handle to the highest position.

(2) Hold the unit immediately in front of the case and align the
rolling guide pins (near the hinges of the locking handle) to the
guide slots on either side of the case.

(3) Slide the unit into the case until the guide pins on the unit have
engaged the guide slots on either side of the case.

CAUTION: If an attempt is made to install a unit into a
non-matching case, the mechanical key will prevent full
insertion of the unit. Do not apply strong force in the following
step or damage may result.

(4) Grasp the locking handle from the center and press down
firmly, rotating the handle from the raised position toward the
bottom of the unit.

(5) When the unit is fully inserted, the latch will be heard to click,
locking the handle in the final position.



2. INSTALLATION

MECHANICAL |

2.1.5 TERMINAL LOCATIONS I

N
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|ELECTRICAL | 2. INSTALLATIO

Table 2-1 489 TERMINAL LIST

TERMINAL WIRING CONNECTION TERMINAL WIRING CONNECTION

A0l ... RTD#1 HOT EOL .. R1TRIP NC

A02 RTD#1 COMPENSATION E02 R1TRIP NO

A03 RTD RETURN E03 R2 AUXILARY COMMON L 4

A04 RTD#2 COMPENSATION E04 R3 AUXILIARY NC

A05 RTD#2 HOT E05 R3 AUXILIARY NO

A06 RTD#3 HOT E06 R4 AUXILIARY COI N

A07 RTD#3 COMPENSATION E07 R5 ALARM NC

A8 RTD RETURN E08 R5 ALARM NO

A09 RTD#4 COMPENSATION E09 R6 SERVICE COM

Al10 RTD#4 HOT E10 NEUTRAL VT CO|

All RTD#5 HOT Ell COIL SUPERVISI

Al12 RTD#5 COMPENSATION E12 IRIGB +

Al13 RTD RETURN

Al4 RTD#6 COMPENSATION FO1 R1TRIP MO

A15 RTD#6 HOT Al

Al6 ANALOG OUT COMMON -

Al7 ANALOGOUT1 +

A18 ANALOGOUT2 +

Al19 ANALOGOUT3 +

A20 ANALOGOUT4 + .

A21 ANALOGSHELID  F08 4.

A22 ANALOG INPUT 24Vdc SUPPLY +

A23 ANALOG INPUT1+

A24 ANALOGINPUT2 +

A25 ANALOG INPUT3 +

A26 ANALOGINPUT4 +

A27 ANALOGINPUT COMMON-  (AC0T 0, ...... PHASE VT COM
PHASE A VTe

BO1 RTD SHIELD NEUTRAL PHASE a CTe

B02 AUXILIARY RS485 + NEUTRAL PHASE b CT.

BO3 AUXILIARY R185 — NEUTRAL PHASE ¢ CTe

BO4 AUXILIARY R$185 COMMON OUTPUT PHASE A CTe
OUTPUT PHASE B CT+

co1 ACCESS + OUTPUT PHASE C CT+

C02 <o ACCESS - 1A GRUND CTe

Co3 <. BREAKER STATUSH HGF GRUND CT-

co4 BREAKER STATUS- FILTER GROUND
SAFETY GRUND

DO1 RTD#7 HOT

D02 v RTD#7 COMPENSATION PHASE B VT+

D03 v RTD RETURN PHASE C VT

D04 RTD#8 COMPENSATION NEUTRAL PHASE a CT

D05 v RTDH8 HOT NEUTRAL PHASE b CT

D06 v RTD#OHOT NEUTRAL PHASE ¢ CT

D07 v RTD#9 COMPENSATION OUTPUT PHASEA CT

D08 v RTD RETURN OUTPUT PHASEB CT

D09 .. RTD#10 COMPENSATI OUTPUT PHASEC CT

D10 ... RTD#10 HOT 1A GRUND CT

D11 v RTD#11HOT HGF GRUND CT

D12 wonn. RTD#11 COMPI Tl CONTROL POWER -

D13 v RTDRETURN CONTROL POWER +

D14 .. RTD#12 COM A

D15 . RTD#12 HOT]

D16 ASSIGNABI .01

D17 ASSI

D18 ASSI .03

D19 .

D20 .

D21 .

D22

D23 4.

D24

D25 .0

D26

D27 MPUTER R&5 COMMON



2. INSTALLATION

ELECTRICAL

EXCITER
AND
OPTIONAL AUTOMATIC
TRANSDUCER REGULATOR WYE VOLTAGE OPEN_DELTA VOLTAGE
T0 4-20 mA INPUT FOR D TRANSFORMER TRANSEORMER
OVEREXCITATION h CONNECTION CONNECTION
iy oy
DO NOT INJECT OVER RATED CLRRENT PHASE a PRASE A BREAKER BREAKER
ON G10 & H10. { = { =
See Pg. 2-10] ] “T~
(See Pg ) PHASE b ﬂa) I st &
o >‘A (= =
, ,
T => => "
GENERATOR
1
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SHORTING TERMINALS
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HOT
CHECK VOLTAGE RATING
HoT s GE Power Mertigsmeit OF THE UNIT
COMPENSATION BEFORE APPLYING POWER
RTD_RETURN 4 8 9 (SEE Pgs.2—8)
COMPENSATIONT o™+
Hg GENERATOR MANAGEMEN
RTD #5
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HOT
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DRY_CONTACT For sereont Q] fer FRONT PANEL LOCAL | &)
CONNECTIONS ONLY,  AGCESS PROGRAMMING PORT | &
—fc3 &
¢4 RS232 INTERFACE
UNIT
BREAKER STATUS AUXILIARY ANALOG 1/0 SRRELAY  CONPUTER
(520) ANALOG QUTPUTS ANALOG INPUTS
o
+ | - |comjcon| 1+ |2+ | 3+ | 4+ | B TR 24 [ 34 | 4+ |cou
82 | B3 | B4 [a16|a17|A18] AT9] Az0| A21|A22] A23 |A24|A25 | Aze | 27

1208

TnF

1200 1nf
COMMON
WATTS
4-20mA | #2+]YARS
PLCA‘E/;LUOTG 43+|__STATOR RTDs
oo 444 BEARING RTDs

Figure 2-10 TYPICAL WIRING DIAGRAM
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|ELECTRICAL | 2. INSTALLATION

| 2.2.1 TYPICAL WIRING ]

A broad range of applications are available to the user and it is not possible to present typical connections for all possible schemes.|The
information in this section will cover the important aspects of interconnections, in the general areas of instrument transformeminputs,
other inputs, outputs, communications and grounding. See Figure 2-9 and Table 2-1 for terminal arrangement, and Figure 2-10 for
typical connections.

EXCITER
AND
AUTOMATIC
OPTIONAL VOLTAGE
TRANSDUCER REGULATOR
TO 4-20 mA INPUT FOR OC
OVEREXCITATION 4| \Amps|
mA FIELD
DO NOT INJECT OVER RATED CURRENT PHASE a PHASE A
ON 610 & H10. Al aa -
(See Pg. 2-10) [} EEN | !
PtIYA§E b c®) PHASE'B
aa |
A
'y ) T =
PHASE ¢ B(C) PHASE C
an :
! GENERATOR | LOAD
R =
|E10|F10 G9|H9|G10[H10|G3|H3|G4|H4|G5|H5 66|H6|G7|H7|G8|H8
UJ,
CJ o Ly e, CJ | CJ CJ
M —— T ——JAUTOMATIC CT — —
SHORTING TERMINALS
a3 (8| 3 | 8 |2(8]2]8]Z (8 SERERE
E<4 Bl = g = g E< g = g E< b = b4 E<
PHASE a|PHASENB|PHASE ¢ PHASE A|PHASE B|PHASE C
GROUND INPUTS NEUTRAL ENDGT's OUTPUT CT's
808821A3.DWG

Figurgy2-1195 YPICAL WIRING 2

2.2.2 CONTROL POWER I

CONTROL
POWER

A

CAUTION: Control power supplied to the 489 must match the
installed switching power supply. If the applied voltage does not
match, damage to the unit may occur.

HEAVY COPPER CONDUCTOR
OR BRAIDED WIRE

SWITCHGEAR
GROUND BUS

The order code from the terminal label on the side of the drawout unit
specifies the nominal control voltage as one of the following:

BT
\ S, WL \ LO:  20-60 Vidc
gzlszpy = | * 20-48 Vac
=2\ 2@ control HI:  90-300 Vdc
O O] POWER
INTERNALLY 70-265 Vac
L FUSED 3.15 AMP RELAY
B Ensure applied control voltage and rated voltage on drawout case
////,J\,/)" terminal label match. For example, the HI power supply will work with
///Z\f/ any DC voltage from 90 to 300 V, or AC voltage from 70 to 265 V.

99661BAH.DWG . . . .
The internal fuse may blow if the applied voltage exceeds this range.

Figlire 2-12 CONTROL POWER CONNECTION

Extensive filtering and transient protection are built into the 489 to ensure proper operation in harsh industrial environments. Transient
energy must be conducted back to the source through the filter ground terminal. A separate safety ground terminal is provided for hi-pot
testing.
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2. INSTALLATION ELECTRICAL

The 489 has six phase current transformer inputs (three output side and three neutral end), each with an isolating transformer.
internal ground connections on the CT inputs. Each phase CT circuit is shorted by automatic mechanisms on the 489 case i
withdrawn. The phase CTs should be chosen such that the FLA is no less than 50 % of the rated phase CT primary. Ideally, the phase
CT primary should be chosen such that the FLA is 100 % of the phase CT primary or slightly less. This will ensure maximum accuracy
for the current measurements. The maximum phase CT primary current is 50000 A.

The 489 will measure correctly up to 20 times the phase current nominal rating. Since the conversion range'is 1Aor5ACT
secondaries must be specified at the time of order such that the appropriate interposing CT may be installe e unit. chosen must be
capable of driving the 489 phase CT burden (see Specifications for ratings).

CAUTION: Verify that the 489 nominal phase current of 1 A or 5 A matches the secondary rat nections of the

connected CTs. Unmatched CTs may result in equipment damage or inadeguate ion. Polarity of the
phase CTs is critical for phase differential, negative sequence, power measure t, and residual ground 2
current detection (if used).

2-9



|ELECTRICAL |

2. INSTALLATION

2.2.4 GROUND CURRENT INPUTI

The 489 has a dual primary isolating transformer for ground CT
connection. There are no internal ground connections on the
ground current inputs. The ground CT circuits are shorted by
automatic mechanisms on the 489 case if the unit is withdrawn.

The 1A tap is used for 1A or 5A secondary CTs in either core
balance (see Figure 2-10) or residual ground configurations (see
Figure 2-13). If the 1A tap is used, the 489 will measure up to 20
A secondary current with a maximum ground CT ratio is 10000:1.
The ground CT chosen must be capable of driving the 489 ground
CT burden (see Specifications for ratings).

The HGF ground CT input has been designed for sensitive ground
current detection on high resistance grounded systems where the
GE Power Management HGF core balance CT (50:0.025) is to be
used. In applications such as mines, where earth leakage current
must be measured for personnel safety, primary ground current as
low as 0.25A may be detected with the GE Power Management
HGF CT. Only one ground CT input tap should be used on a given
unit.

NOTE: Only one ground input should be wired and the other
input should be unconnected.

CAUTION: DO NOT INJECT OVER THE RATED
CURRENT TO HGF TERMINAL (0.25 to
25 A PRIMARY)

PHASE A

PHASE B

PHASE C

U SO 9 YN B P B R FYY
14/5A [ igga [comin/sa [com] 1A Jcom|HeF[com
PHASE A PHASE B PHASE C

OUTPUT CTs

GROUND INPUTS

8087B6A3.DWG

Figure 2-13 RESIDUAL GROUND CT CONNECTION

The exact placement of a zero sequence CT, so that onlyground fault*elrrent will be detected, is shown in Figure 2-14. If the core balance
CT is placed over shielded cable, capacitive coupling of‘phasescurrent into the cable shield may be detected as ground current unless the
shield wire is also passed through the CT window. Twisted paif.cabling on the zero sequence CT is recommended.

CABLE LUGS TO GENERATOR
TERMINATION

—
O
O

HGF CORE BALANCE CT

CORE BALANCE CJy FOR GROUND SENSING

SECONDARY CONMECTION
TO SR489

GROUND CONDUCTOR DOES
NOT PASS THROUGH CT, AS
CT IS NOT MOUNTED OVER
GROUND WITHIN THE CABLE
JACKET.

TO GROUND BUS

808787A1.DWG

CABLE LUGS
TO GENERATOR
TERMINATION

STRESS CONE
SHIELD GROUND,
CONNECTION

IMPORTANT: FOR SHIELDED
CABLE, THE GROUND WIRE
MUST PASS THROUGH THE
CT WINDOW.

HGF CORE BALANCE CT

CORE BALANCE CT FOR GROUND SENSING

SECONDARY CONNECTION
TO SR489

TO GROUND BUS

808788A1.DWG

Figure 2-14 CORE BALANCE GROUND CT INSTALLATION
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2. INSTALLATION |ELECTRICAL |

2.2.5 VOLTAGE INRUTS I

The 489 has four voltage transformer inputs, three for generator terminal voltage and one for neutral voltage. There are no intefnal fuses or
ground connections on the voltage inputs. The maximum VT ratio is 240.00:1. The two possible VT connections for generator terminahvoéltage
measurement are open delta or wye (see Figure 2-10). The voltage channels are connected in wye internally, which means that the jumper
shown on the delta-source connection of Figure 2-10, between the phase B input and the 489 neutral terminal, must be installed for open
delta VTs.

Caution: Polarity of the generator terminal VTs is critical for correct power measurement,and voltage phase
reversal operation.

2

2.2.6 DIGITAL INPUTS I

There are 9 digital inputs that are designed for dry contact connections only. Two of thé"digital iAputs, Access and Breaker Status have
their own common terminal, the balance of the digital inputs share one common terminal (See Rigure 2-10).

In addition, the +24Vdc switch supply is brought out for control power of an inductiveter. capacitive proximity probe. The NPN transistor

output could be taken to one of the assignable digital inputs configured as @reeunteri@r tachometer. Refer to the Specifications section of
this manual for maximum current draw from the +24Vdc switch supply.

CAUTION: DO NOT INJECT VOLTAGES TO DIGITAL INPUTS. DRY"CONTACT CONNECTIONS ONLY.

2.2.7 ANALOG INPUTS I

ANALOG 1/0

ANALQG INPUTS

4+ |SHED @gf 1+ | 24 | 3+ | 4+ |cam

Terminals are provided on the 489 for thefipputiefgfour 0-1mA, O-
20mA, or 4-20mA current signals (field programmable). This current
signal can be used to monitor any, external quantity such as:
vibration, pressure, field current, etegThe four inputs share one
common return. Polarity of these inputs mustibe observed for proper
operation The analog input circuitry is iSolated as a group with the
Analog Output circuitry and theRTD¢Circuitry. Only one ground
reference should be used for the’ three circuits. Transorbs limit this ]
isolation to £36 volts with respéct to the 489 safety ground.

A20 | A21|A22 | A23| A24 | A25 | A26| A27

In addition, the #24Vdc ‘analog input supply is brought out for T T
control powergof logp powered transducers (see Figure 2-15). FOSIGNAL = SIGNAL — || SIGNAL — |+ SIGNAL —
Refer to the Spegifications section of this manual for maximum viBrATION! ViBrRATIONII FIELD | IPRESSURE
current draw from this,sdpply. MOTOR || MOTOR || CURRENT

BEARING || BEARING

LOOP POWERED TRANSDUCERS
808789A2.DWG

Figure 2-15 LOOP POWERED TRANSDUCER CONNECTION
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|ELECTRICAL | 2. INSTALLATIO

—_—

2.2.8 ANALOG OUT

The 489 provides 4 analog output channels, which when ordering, are selected to provide a full-scale range of either 0-1 mA (into.a
10 kQ impedance), or 4-20 mA (into a maximum 600 Q impedance). Each channel can be configured to provide full-scale outpu
for any range of any measured parameter.

As shown in the wiring diagram of Figure 2-10, these outputs share one common return. Polarity of these outputs must be @bserved for
proper operation. Shielded cable should be used, with only one end of the shield grounded, to minimize noise effect

The analog output circuitry is isolated as a group with the Analog Input circuitry and the RTD circuitry. Only d reference should be
used for the three circuits. Transorbs limit this isolation to £36 volts with respect to the 489 safety ground.

If a voltage output is required, a burden resistor must be connected at the input of the SCADA meas
impedance of the input, R .., = Vi scae ! luae FOr 0-1 mA, for example, if 5 V full scale is required to carkesp
5000 ohms. For 4-20 mA, this resistor would be R ,,, =5 V / 0.020 = 250 ohms.

@ dévice. Ignoring the input
nddo 1 mA, R, =5/0.001 =

LOAD

The 489 can monitor up to 12 RTD inputs for Stator, Bearing, Ambient, or Other te
programmable as: 100Q Platinum (DIN.43760), 100Q Nickel, 120Q Nickel, or 10
RTDs shares a common return.

pring. The type of each RTD is field
Ds must be three wire type. Every two

The 489 RTD circuitry compensates for lead resistance, provided that e hree leads is the same length. Lead resistance
should not exceed 25Q per lead. Shielded cable should be used to nt noi
should be kept close to grounded metal casings and avoid areas of hig

run adjacent to or in the same conduit as high current carrying wires.

netic or radio interference. RTD leads should not be

489 3 WIRE SHIELDED CABLE

RELAY Route cable in separate conduit from
current carrying conductors

CHASSIS

RTD TERMINALS
GROUND 7 AT GENERATOR
o | sHELD LB
z
g) HOT A1 'Q' RTD IN
(UA T GENERATOR

STATOR
E E COMPENSATION | A2 '0' OR
b o BEARING
RETURN A3 c

AL GROUND

internally TERMINALS Maximum total lead resistance
ted to safety 25 ohms (Platinum & Nickel RTDs)
ound terminal G12 3 ohms (Copper RTDs) 808761E4.CDR

Figure 2-16 RTD WIRING

IMPORTANT:
reference shoul
requires that the RT
outputs.

itry is isolated as a group with the Analog Input circuitry and the Analog Output circuitry. Only one ground
sed for the three circuits. Transorbs limit this isolation to +36 volts with respect to the 489 safety ground. If code
e grounded locally at the generator terminal box, that will also be the ground reference for the analog inputs and
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2. INSTALLATION |ELECTRICAL |

2.2.10 OUTPUT RELAYS |

There are six Form C output relays. (See specifications for ratings). Five of the six relays are always non-failsafe, R6 Service is always
failsafe. As failsafe, R6 relay will be energized normally and de-energize when called upon to operate. It will also de-energizeswhen
control power to the 489 is lost and therefore, be in its operated state. All other relays, being non-failsafe, will be de-energized normally
and energize when called upon to operate. Obviously, when control power is lost to the 489, these relays must be de-energized and
therefore, they will be in their non-operated state. Shorting bars in the drawout case ensure that when the 489 is drawn out, no trip or
alarm occurs. The R6 Service output will however indicate that the 489 has been drawn out. Each output relayas an LED indicator on
the 489 front panel that comes on while the associated relay is in the operated state.

R1 TRIP: The trip relay should be wired such that the generator is taken offline when conditions warrant. Foré,breaker application, the
NO R1 Trip contact should be wired in series with the Breaker trip coil.

Supervision of a breaker trip coil requires that the supervision circuit be paralleled with the R1 TRIP relajpoutput.eontacts, as shown in Figure
2-10. With this connection made, the supervision input circuits will place an impedance across the contacts,that will draw a current of 2 - 5
mA (for an external supply voltage from 30-250 Vdc) through the breaker trip coil. The supervision‘€ircuits respond to a loss of this trickle
current as a failure condition. Circuit breakers equipped with standard control circuits have a break€fauxiliary contact permitting the trip coil to
be energized only when the breaker is closed. When these contacts are open, as detected by theyBreaker Status digital input, trip coil
supervision circuit is automatically disabled. This logic provides that the trip circuit is monitored only,when the breaker is closed.

R2 AUXILIARY, R3 AUXILIARY, R4 AUXILIARY: The auxiliary relays may be grogrammed|for numerous functions such as, trip echo,
alarm echo, trip backup, alarm or trip differentiation, control circuitry, etc. They should be'wiréd as configuration warrants.

R5 ALARM: The alarm relay should connect to the appropriate annunciater 6mmonitering device.

R6 SERVICE: The service relay will operate if any of the 489 diagnosti€s deteet,an internal failure or on loss of control power. This
output may be monitored with an annunciator, PLC or DCS.

The service relay NC contact may also be wired in parallel with thegrip,relayyon a breaker application. This will provide failsafe operation
of the generator; that is, the generator will be tripped offline in thé eventithat the 489 is not protecting it. Simple annunciation of such a
failure will allow the operator or the operation computer to either, continue, or do a sequenced shutdown.

2.2.11 IRIG-B |

IRIG-B is a standard time-code format that allows stamping of events to be synchronized among connected devices within 1 millisecond.
The IRIG-B time codes are serial, width-modulated formats which are either DC level shifted or amplitude modulated (AM). Third party
equipment is available for generating thg,IRIG-B signal. This equipment may use a GPS satellite system to obtain the time reference
enabling devices at different geographic lo€ationsitefbe synchronized.

Terminals E12 and F12 on the 489unit are,provided for the connection of an IRIG-B signal.
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|ELECTRICAL | 2. INSTALLATION

| 2.2.12 RS485 COMMUNICATIONS PORTS I

Two totally independent two-wire RS485 ports are provided. Up to 32 489's can be daisy-chained together on a communication channel
without exceeding the driver capability. For larger systems, additional serial channels must be added. It is also possible to use commercially
available repeaters to increase the number of relays on a single channel to more than 32. Suitable cable should have a characteristic
impedance of 120 ohms (eg. Belden #9841) and total wire length should not exceed 4000 ft. Commercially available repeaters will allow for
transmission distances greater than 4000 ft.

Voltage differences between remote ends of the communication link are not uncommon. For this reason, surge protection devices are
internally installed across all RS485 terminals. Internally, an isolated power supply with an optocoupled data integface’is used to prevent noise
coupling. To ensure that all devices in a daisy-chain are at the same potential, it is imperative that the common‘terminals of each

RS485 port are tied together and grounded only once, at the master. Failure to do so may result4n intermittent or failed
communications. The source computer/PLC/SCADA system should have similar transient protection devices installed, either internally or
externally, to ensure maximum reliability. Ground the shield at one point only, as shown in Figure 2-17, tGavoid ground loops.

Correct polarity is also essential. 489's must be wired with all ‘+' terminals connected together, and ally=' terminals connected together. Each
relay must be daisy-chained to the next one. Avoid star or stub connected configurations. Theflast deviee at each end of the daisy chain
should be terminated with a 120 ohm 1/4 watt resistor in series with a 1nF capacitor acrgss the “#hand ‘—' terminals. Observing these
guidelines will result in a reliable communication system that is immune to system transients,

120 Ohm Inf
TERMINATING TERMINATING
Q RESISTOR CAPACITOR

: f_7$>i\b
COM + M +
7

D27 D25y D26 D2 D25 D26

COM PORT
RS232

PERSONAL COMPUTER

SE
opl

o513

3352
2

r' 469 UNIT #1 469 UNIT #2 469 UNIT #32
MULTILIN RS485 RE485
CONVERTER OR | @
EQUIVALENT
806815A4.DWG

120 Ohm Inf
TERMINATING TERMINATING
RESISTOR CAPACITOR

Figure 2-17 RS485 COMMUNICATIONS INTERFACE
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2. INSTALLATION ELECTRICAL

2.2.13 DIELECTRIC STRENGTH TE

It may be required to test for dielectric strength (“flash” or hipot”) with the 489 installed. The 489 is rated for 2000Vdc isolation between
relay contacts, CT inputs, VT inputs, trip coil supervision, and the safety ground terminal G12. Some precautions are require ent
489 damage during these tests.

Filter networks and transient protection clamps are used between control power, trip coil supervision, and the filter ground téfminal G11.
This filtering is intended to filter out high voltage transients, radio frequency interference (RFI), and electoma ic interference (EMI).

The filter capacitors and transient suppressors could be damaged by application continuous high voltage{ Di ect filter ground
terminal G11 during testing of control power and trip coil supervision. CT inputs, VT inputs, and output re ot require any special
precautions. Low voltage inputs (< 30V), RTDs, analog inputs, analog outputs, digital inputs, and RS485 co ication ports are not to

be tested for dielectric strength under any circumstance (see Figure 2-18).

[ 1
£10[F10]c9[Ho|c10]H10[63|H3|c4[H4]c5|HS c6|Ho|c7[H7 cs|Hs| 62 H1]H2[c1
0 s
%. Dﬁ Dﬁ Dﬁ D\ﬂ Dﬁ\ Dﬂ E\ﬂ Dﬂ 'W VOLTAGE ADUUST W on
S LIS o of e L @ @ v
SHORTING TERMINALS <
sl i O g sl el O 3
PHASE A|PHASE B|PHASE C PHASE A|PHASE B|PHASE C| PHASE LINE FAULT
GROUND INPUTS NEUTRAL END CT'S OUTPUT CT's OLTAGE INPUTS =) o FAULT  ReSET
e @ °
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iw} TD SHELD ‘ o & °
CONTROL POWER
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A3 RTD RETURN
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D22| ASSIGNABLE INPUT
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D24| SWITCH +24Vdc
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X

X

X

X

X

X

X

X

X
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% N[04 COMPENSATION | o R4 AUX\UARY% ] v/ %

X o075 HoT | R0 #12 <Ire] f REMOVE FILTER GROUND (G11) DURING TEST
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¢ Figure 2-18 TESTING THE 489 FOR DIELECTRIC STRENGTH
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3. 489 OPERATION OVERVIEW

3.1.1. 489 FACE

489 STATUS GENERATOR STATUS OUTPUT RELAYS

489 IN SERVICE BREAKER OPEN R1 TRIP
Il SETPOINT ACCESS BREAKER CLOSED Il R2 AUXILIARY

COMPUTER RS232 HOT STATOR PN R3 AUXILIARY

|
COMPUTER RS485 Il NEG. SEQUENCE R R4 AUXILIARY
|

AUXILIARY RS485 GROUND ™SI R5 ALARM

ALT. SETPOINTS Il LOSS OF FIELD R6 SERVICE

RESET

POSSIBLE |RESET Il VT FAILURE

B MESSAGE [N I BREAKER FAILURE

PROGRAM PORT

SETFOINT ©

Generator Management Relay =

808754E3.CDR

Figure 3-1 489 FACEPLATE
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OVERVIEW 3. 489 OPERATION

3.1.2. DISPLAY |

A 0 B: 0
C: 0 AMPS

Figure 3-2 489 DISPLAY

All messages are displayed on a 40 character vacuum fluorescent display to make them visible under poemlighting,conditions. Messages
are displayed in plain English and do not require the aid of an instruction manual for deciphering. While the keypad and display are not
actively being used, the display will default to user defined status messages. Any trip or alarm will aut@matically override the default
messages and appear on the display.

LAMP TEST: Press Help button for 2 seconds to initiate lamp test.

3.1.3. LED INDICATORS I

489 STATUS GENERATOR STATUS)HOUTRUT RELAYS
[ ] 489 IN SERVICE [ ] BREAKER OPEN L ] ROTRIP

[] SETPOINT ACCESS [] BREAKER GLOSED 2] r2 AUXILIARY
[] coMPUTER Rs232 [] HoT sTATOR [ ] R3 AUXILIARY

[ ] comPUTER Rs485 [ ] NEG. SEQUENCE [ ] R4 AUXILIARY

[ ] AUXILIARY Rs485 [ ] cROUND [ ] RSALARM

[_] ALT. SETPOINTS {mm), LOSs OF FIELD [ ] Re SERVICE

[ ] FossieLe [ J vTFAILURE

[ messacE [£ ] BREAKER FAILURE

Figurey3-3'489 LED INDICATORS

There are three groups of LED indicators. They are 489 Status, Generator Status, and Output Relays.

489 STATUS LED INDICATORS

. 489 IN SERVICE: Control powenis applied & all monitored 1/0 and internal systems are OK & the 489 has been programmed & the
489 is in protection mode, not Simulation’mode. When in simulation or testing mode, the LED indicator will flash.

. SETPOINT ACCESS: Access jumper is installed and passcode protection has been satisfied; setpoints may be altered and stored.
. COMPUTER RS232: [Flashes,when there is any activity on the comm. port. Remains on solid if incoming data is valid.

. COMPUTER#RS485 Flashes when there is any activity on the comm. port. Remains on solid if incoming data is valid and intended
for the slavé address pragrammed in the relay.

. AUXILIARY"RS485:4Flashes when there is any activity on the comm. port. Remains on solid if incoming data is valid and intended
for the slave address programmed in the relay.

«  ALT. SETPOINTS: Flashes when the alternate setpoint group is being edited, but the primary setpoint group is active. Remains on
solid if the alternate setpoint group is active. The alternate setpoint group feature is enabled as one of the assignable digital inputs.
The alternate setpoints group can be selected manually through the DUAL SETPOINTS digital input page.

° RESET POSSIBLE: A trip or latched alarm may be reset. Pressing the [RESET] key will clear said trip or alarm.

. MESSAGE: Flashes when a trip or alarm occurs. Pressing the next key will scroll through diagnostic messages. Remains solid

when setpoint and actual value messages are being viewed. Pressing the [NEXT] key will return the display to the default
messages.
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3. 489 OPERATION OVERVIEW

GENERATOR STATUS LED INDICATORS

. BREAKER OPEN: Uses the breaker status input signal to indicate that the breaker is open and the generator is offline.
. BREAKER CLOSED: Uses the breaker status input signal to indicate that the breaker is closed and the generator is online.

. HOT STATOR: Indicates that the generator stator is above normal temperature when one of the stator RTD alarm or tri;ﬁlements is

picked up or the thermal capacity alarm element is picked up.
. NEG. SEQUENCE: Indicates that the negative sequence current alarm or trip element is picked up.
. GROUND: Indicates that at least one of the ground overcurrent, neutral overvoltage (fundame , eutral undervoltage (3rd

harmonic) alarm/trip elements is picked up.

. LOSS OF FIELD: Indicates that at least one of the reactive power (kvar) or field-breaker discrepa alarm/trip elements is picked
up.

¢ VT FAILURE: Indicates that the VT fuse failure alarm is picked up.
. BREAKER FAILURE: Indicates that the breaker failure or trip coil monitor alarm ispi up.

OUTPUT RELAY LED INDICATORS
. R1 TRIP: R1 Trip relay has operated (energized).
. R2 AUXILIARY: R2 Auxiliary relay has operated (energized) \\

. R3 AUXILIARY: R3 Aucxiliary relay has operated (energized)

. R4 AUXILIARY: R4 Auxiliary relay has operated (energized)@

. R5 ALARM: R5 Alarm relay has operated (energiz

. R6 SERVICE: R6 Service relay has operated (OK , R6 is failsafe, normally energized).

3.1.4. RS232 PROGRAM PORT |

PROGRAM PORT

port is intended for connection to a portable PC. Setpoint files may be created at any
ocation and downloaded through this port using the 489PC program. Local interrogation of
Setpoints and Actual Values is also possible. New firmware may be downloaded to the 489 flash
memory through this port. Upgrading of the relay firmware does not require a hardware EPROM
change.

Figure 3-4 RS232 PROQGRAM PORT

L 4
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OVERVIEW 3. 489 OPERATION

| 3.1.5. KEYPAD |}

The 489 messages are organized into pages under, the main
headings, Setpoints and Actual Values. The [SETPOINTjuKey is
used to navigate through the headers of pages of programmable
parameters. The [ACTUAL] key is used to navigate through the
headers of pages of measured parameters.

[SETPOINT]
MESSAGE]
ACTUAL

Each page is broken down further into dégieal subgroups of
messages. The [MESSAGE] up andydown keys may be used to
navigate through the subgroups.

ESCAPE

VALUE

BEEE
ECR2E
BERE

ENTER

HELP The [ENTER] key is dual purpose. It¥is used to enter the
subgroups or store altered setfeint values.

Figure 3-5 489 KEYPAD The [ESCAPE] key is also dual purpose. It may be used to exit the
subgroups or to returp®an, altered setpoint to its original value
before it has been stored.

The [VALUE] up and down key is used to scroll through variables in the setpoint programming“mode. It will increment and decrement
numerical setpoint values. Alternatively, these values may be entered with the numeric keypad.
The [HELP] key may be pressed at any time for context sensitive help messages.

| 3.1.6. ENTERING ALPHANUMERIC TEXT I

In order to allow the 489 to be customized for specific applications, thére are several places where text messages may be programmed.
One example is the MESSAGE SCRATCHPAD. To enter alphanumerig,texttmessages, the following procedure should be followed:

Example: to enter the text, "Generator #1"

. press [.] to enter text edit mode,

. press the [VALUE A] or [VALUE W] key until 'G' appears, ‘press [.] to advance the cursor to the next position,
repeat step 2 for the remaining characters: e,n,e,r@,t,om, ,#,1

. press [ENTER] to store

| 3.1.7. ENTERING +- SIGNS]

The 489 does not have a ‘+' or ‘- k&Y. Negative numbers may be entered in one of two manners. First, immediately pressing the [VALUE
UP] or [VALUE DOWN] key will cause the setpoint to scroll through its range including any negative numbers. Alternately, once a setpoint
message is entered, after pressing,atdeast one numeric key, pressing the [VALUE UP] or [VALUE DOWN] key will cause the sign to
change if applicable.
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3. 489 OPERATION OVERVIEW

3.1.8. SETPOINT ENTRYI

In order to store any setpoints from the front panel keypad, terminals C1 and C2 (access terminals) must be shorted. (A key switchmay
be used for security). There is also a Setpoint Passcode feature that may be enabled to restrict access to setpoints from the keypa@d and
communication ports. The passcode must be entered to allow the changing of setpoint values. A passcode of 0 effectively turns off the
passcode feature and only the access jumper is required for changing setpoints. If no setpoint changes are made for 30 minutes, access
to setpoint values will be restricted until the passcode is entered again. To prevent setpoint access before the 30 minutes®expires, the
unit may be turned off and back on, the access jumper may be removed, or the SETPOINT ACCESS: Permitted setpoint may be
changed to Restricted. The passcode for the front panel keypad cannot be entered until terminals C1 and €2 (a€cess terminals) are
shorted. When setpoint access is allowed for the front panel keypad, the 'SETPOINT ACCESS' indicator onythe“front0f the 489 unit will
be lit.

The following procedure may be used to access and alter any setpoint message. This specific example will*fefer to entering a valid
passcode in order to allow access to setpoints if the passcode was '489'.

1.The 489 programming is broken down into pages by logical groups. Press [SETPOINTS] to cycle,through the setpoint pages until the
desired page appears on the screen. Press [MESSAGE t] to enter a page.

[TSETPOINTS
(51 489 SETUP

2.Each page is broken further into subgroups. Press [MESSAGE V] and [MESSAGE Ao cycle through subgroups until the desired
subgroup appears on the screen. Press [ENTER] to enter a subgroup.

[PASSCODE
CIENTER] for more

3.Each sub-group has one or more associated setpoint messages,RresSYUMESSAGE W] and [MESSAGE A] to cycle through setpoint
messages until the desired setpoint message appears on the scteen.

ENTER PASSCODE FOR
ACCESS:

4.The majority of setpoint messages may be may be alteted in‘@simple fashion by pressing [VALUE A] and [VALUE W] until the desired
value appears and pressing [ENTER]. Setpoints thatyare Strictly numeric may also be entered by pressing the numeric keys (including
decimals) and pressing [ENTER]. If a setpoint is'enteredythat is out of range, the original setpoint value will reappear. If a setpoint is
entered that is out of step, an adjusted value will befstored (e.g. 101 for a setpoint that steps 95,100,105 will store as 100). If a mistake
is made entering the new value, pressing [ESCAPE]*will cause the value to revert to its original value. Text editing is a special case
described in detail in 3.1.6 ENTERINGALPHANUMERIC TEXT. Each time a new setpoint is successfully stored, a message will flash
on the display stating ‘NEW SETPOINT HAS BEEN STORED'.

ENTER PASSCODE\FOR
ACGCESS: %%

Press [4], [8], [9],[ENTER]

FLASH:
NEW SETPOINT HAS
BEEN STORED
RETURNS:
SETPOINT ACCESS:
PERMITTED

5.Press [ESCAPE] to exit a subgroup.

[PASSCODE
CTENTER] for more

6. Pressing [ESCAPE] numerous times will always bring the cursor to the top of the page.

[MSETPOINTS
(51 489 SETUP
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4. SETPOINT PROGRAMMING OVERVIEW

| 4.1.1 TRIPS/ALARMS / CONTROL FEATURES DEFINED I
The 489 Generator Management Relay has three basic categories of functions; TRIPS, ALARMS, and CONTROL.

TRIPS

A 489 trip feature may be assigned to any combination of the four output relays: R1 Trip Relay, R2 Auxiliary, R3 Auxiliary, and R4 Auxiliary. If a Trip
becomes active, the appropriate LED (indicator) on the 489 faceplate will illuminate to show which of the output relays has operated. Each trip
feature may be programmed as latched or unlatched. Once a latched trip feature becomes active, the reset key must be pressed to reset that trip. If
the condition that caused the trip is still present (e.g. hot RTD) the trip relay(s) will not reset until the condition is no longer present. If on the other
hand, an unlatched trip feature becomes active, that trip will reset itself (and associated output relay(s)) after the candition that caused the trip
ceases and the Breaker Status input indicates that the breaker is open. If there is a lockout time, the trip relay(s) willinot resetqdintil the lockout time
has expired. Immediately prior to issuing a trip, the 489 takes a snapshot of generator parameters and stores them asypre-trip values which will
allow for troubleshooting after the trip occurs. The cause of last trip message is updated with the current trip and they489 display defaults to that
message. All trip features are automatically logged and date and time stamped as they occur. In addition, all tfips are/counted and logged as sta-
tistics such that any long term trends may be identified.

Note: Lockout time will occur due to overload trip. (See Section 4.10.2)

ALARMS

A 489 alarm feature may be assigned to operate any combination of four output relays: R5,Alarm; R4 Auxiliary, R3 Auxiliary, and R2
Auxiliary. When an Alarm becomes active, the appropriate LED (indicator) on the 489 faeeplate,will illuminate when an output relay(s)
has operated. Each alarm feature may be programmed as latched or unlatched. Oncefa latched alarm feature becomes active, the reset
key must be pressed to reset that alarm. If the condition that has caused the alamm isstill preésent (e.g. hot RTD) the Alarm relay(s) will
not reset until the condition is no longer present. If on the other hand, an unlatchedialarm*feature becomes active, that alarm will reset
itself (and associated output relay(s)) as soon as the condition that causegd the alarm ceases. As soon as an alarm occurs, the alarms
messages are updated to reflect the alarm and the 489 display defaults tothat‘message. Since it may not be desirable to log all alarms
as events, each alarm feature may be programmed to log as an event dr,net. 1fjan alarm is programmed to log as an event, when it be-
comes active, it is automatically logged as a date and time stamped event.

CONTROL
A 489 control feature may be assigned to operate any combination ofifive output relays: R5 Alarm, R4 Auxiliary, R3 Auxiliary, and R2
Aucxiliary, and R1 Trip. The combination of relays available for each function is determined by the suitability of each relay for that particu-
lar function. The appropriate LED (indicator) on the 489 faceplate wilhilliminate when an output relay(s) has been operated by a control
function. Since it may not be desirable to log all controlfunction’as events, each control feature may be programmed to log as an event
or not. If a control feature is programmed to log as anseventpeach control relay event is automatically logged with a date and time stamp.

4.1.2 RELAY ASSIGNMENT PRACTICES I

There are six output relays. Five of the relays aremalwaysgnon-failsafe, the other (Service) is failsafe and dedicated to annunciate internal
489 faults (these faults include Setpoint Corruption, failed hardware components, loss of control power, etc.). The five remaining relays
may be programmed for different types of featltes depending on what is required. One of the relays, R1 TRIP, is intended to be used as
a trip relay wired to the unit trip breaker. Ancther relay, R5 ALARM, is intended to be used as the main alarm relay. The three remaining
relays, R2 Auxiliary, R3 Auxiliary, and R4 Auxiliary, are intended for special requirements.

When assigning features to R2, R3, and‘R4 it is'@ good idea to decide early on what is required since features that may be assigned may conflict.
For example, if R2 is to be dedicated'as a relayfor sequential tripping, it cannot also be used to annunciate a specific alarm condition.

In order to ensure that conflicts in‘relay assignments do not occur, several precautions have been taken. All trips default to the R1 TRIP
output relay and all alarmsfdefaultsto the R5 ALARM relay. It is recommended that relay assignments be reviewed once all the setpoints
have been programmied.

4.1.3 DUAL SETPOINTS I

The 489 has dual settings for the current, voltage, power, RTD, and thermal model protection elements (S5 - S9). These settings are organ-
ized in two setpoint groups: the main default group (Group 1) and the alternate group (Group 2). Only one group of settings is active in the
protection scheme at a time. The active group can be selected using the ‘ACTIVATE SETPOINT GROUP’ setpoint or an assigned digital input
in S3 Digital Inputs. The LED indicator on the faceplate of the 489 will indicate when the alternate setpoints are active in the protection
scheme, Independently, the setpoints in either group can be viewed and/or edited using the EDIT SETPOINT GROUP setpoint. Headers for
each, setpoint message subgroup that has dual settings will be denoted by a superscript number indicating which setpoint group is being
viewed oredited. Also, when a setpoint that has dual settings is stored, the flash message that appears will indicate which setpoint group
Setting has been changed.

It js, suggested that if only one setting group is required, edit and activate only Group 1. (i.e. do not assign a digital input to Dual Set-
points, and do not alter the ‘ACTIVATE SETPOINT GROUP’ setpoint or EDIT SETPOINT GROUP setpoint in S3 Digital Inputs).
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4. SETPOINT PROGRAMMING

| 4.1.4 SETPOINT MESSAGEMAP |
Table 4-1 SETPOINT MESSAGE MAP
® ® ® ®
IES1 SETPOINTS IESZ SETPOINTS 11 S3 SETPOINTS 11 S4 SETPOINTS 11 S5 SETPOINTS
11 489 SETUP 11 SYSTEM SETUP 11 DIGITAL INPUTS 11 OUTPUT RELAYS 11 CURRENT ELEMENTS
| PASSCODE | CURRENT SENSING | BREAKER STATUS 1 RELAY RESET MODE | OVERCURRENT ALARM
| PREFERENCES | VOLTAGE SENSING 1 GENERAL INPUT A ] OFELINE 0/C
| SERIAL PORTS 1 GEN. PARAMETERS through | INADVERTENT ENERG.
1 REAL TIME CLOCK | SERIAL START/STOP 1 GENERAL INPUT G | PHASE OVERCURRENT
| DEFAULT MESSAGES 1 REMOTE RESET J'NEGATIVE SEQUENCE
| MESSAGE SCRATCHPAD | TEST INPUT 1 GROUND 0/C
| CLEAR DATA | THERMAL RESET | PHASE DIFFERENTIAL
| DUAL SETPOINTS 1 GROUND DIRECTIONAL
1 SEQUENTIAL TRIP |1 HIGH-SET PHASE 0/C
| FIELD-BKR DISCREP.
| TACHOMETER
| WAVEFORM CAPTURE
1 GND SWITCH STATUS
® ® N ®
4 IlISG SETPOINTS 11 S7 SETPOINTS 11 S8 SETPOINTS 11 S9 SETPOINTS 11 S10 SETPOINTS
11 VOLTAGE ELEMENTS 1l POWER ELEMENTS 11 RTD TEMPERATURE 1l THERMAL MODEL 1l MONITORING
| UNDERVOLTAGE | REACTIVE POWER |'RTD TYPES | MODEL SETUP | TRIP COUNTER
1 OVERVOLTAGE 1 REVERSE POWER I'RID #1 | THERMAL ELEMENTS 1 BREAKER FAILURE
| VOLTS/HERTZ | LOW FORWARD POWER through |1 TRIP COIL MONITOR
1 PHASE REVERSAL DRTD #12 1 VT FUSE FAILURE

| UNDERFREQUENCY
| OVERFREQUENCY

| NEUTRAL O/V (Fund)
| NEUTRAL U/V (3rd)

| LOSS OF EXCITATION
I DISTANCE ELEMENT

- 7
11 S11 SETPOINTS 11 S12 SETPOINTS
11 ANALOG 1/0 }},489 TESTING

1 ANALOG OUTPUT 1
1 ANALOG OUTPUT 2
1 ANALOG OUTPUT 3
1 ANALOG OUTPUT 4
| ANALOG INPUT 1
L, ANALOG INPUT 2
|"ANALOG INPUT 3
| ANALOG INPUT 4

4-2

|1 SIMULATION MODE

|1 PRE-FAULT SETUP

|1 FAULT SETUP

| TEST OUTPUT RELAYS

| TEST ANALOG OUTPUT
1 COMM PORT MONITOR
1 FACTORY SERVICE

I/OPEN RTD SENSOR
1 RTD SHORT/LOW TEMP

1 CURRENT DEMAND

1 MW DEMAND

1 Mvar DEMAND

1 MVA DEMAND

1 PULSE OUTPUT

1 RUNNING HOUR SETUP



4. SETPOINT PROGRAMMING |S1 489 SETUP|

4.2.1 PASSGODE |

] PASSCODE = | ENTER PASSCODE FOR | RANGE: from 1-8 digits, numeric
| [ENTER] for more © ACCESS: This message seen only if the passcode is not zero and setpoint access is restricted
® SETPOINT ACCESS: RANGE: Permitted, Restricted
¢ | Permitted This message seen only if the passcode is zero or setpoint access is permitted
® CHANGE PASSCODE: RANGE: No, Yes
| No This message seen only if the passcode is zero or setpoint access is permittéd

FUNCTION:

A passcode access security feature is provided with the 489. When the unit is shipped from the factory, the passcode is defaulted to O.
Passcode protection is ignored when the passcode is 0. In this case, the setpoint access jumper is the @nly/protection when program-
ming setpoints from the front panel keypad and setpoints may be altered using the RS232 and RS485, sefial ports without access pro-
tection. If however, the passcode is changed to a non-zero value, passcode protection is enable@ The ageess jumper must be installed
and the passcode must be entered, to program setpoints from the front panel keypad. The passcode must also be entered individually
from each serial communications port to gain setpoint programming access from that port.

. To enable passcode protection on a new relay, press [ENTER] then [MESSAGE DOWNJuntil the displayed message is:

CHANGE PASSCODE?
No

. Select "Yes" and follow directions to enter a new passcode from 1-8idigits.

ENTER NEW PASSCODE
FOR ACCESS:

ENTER NEW PASSCODE
AGAIN:

. Once a passcode other than 0 is programmed, thiS‘passcede must be entered to gain setpoint access each time setpoint access is
restricted.

. Assuming that a non zero passcode has been‘programmed and setpoint access is restricted, then selecting the passcode subgroup
will cause this message to appear:

ENTER PASSCODE FOR
ACCESS:

. Enter the correct passcode thatwas previously programmed. A flash message will advise if the code is incorrect and allow a retry.
If it is correct and the setpoigt-accessijumper is installed this message will appear:

SETPOINT ACCESS:
Permitted

. In this mode, setpoints‘€an now be entered. Exit the passcode message group using the [ESCAPE] key and program the appro-
priate setpointst” If nognew setpoints are stored for 30 minutes, programming access will no longer be allowed and the passcode
must be re-enteredRemoving the setpoint access jumper or selecting "Restricted" at the SETPOINT ACCESS message will also
disable setpoint‘@gcess immediately for the front panel keypad.

. If a new passcode is required, gain setpoint access by entering the current valid passcode as already described, then press
[MESSAGE‘DOWN] to display the CHANGE PASSCODE message and follow directions.

. I, anyinvalid passcode is entered, an encrypted passcode may be viewed by pressing the [HELP] key. Consult the factory service

department with this number if the currently programmed passcode is unknown. Using a deciphering program, the passcode can
be determined.
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|S1 489 SETUP| 4. SETPOINT PROGRAMMING

4.2.2 PREFERENCESI

a

WAVEFORM MEM BUFFER | RANGE: 1x64, 2x42, 3x32, 4x25, 5x21, 6x18, 7x16, 8x14pox12, 10x11, 11x10, 12x9, 13x9, 14x8,

8x14 cycles 15x8, 16x7
Sets the partitioning of the waveform capture buffeft

=

I PREFERENCES = | DEFAULT MESSAGE RANGE: 0.5 - 10.0
1 [ENTER] for more . CYCLE TIME: 2.0 s STEP: 05
® DEFAULT MESSAGE RANGE: 10-900
% | TIMEOUT: 300s STEP: 1
® PARAMETER AVERAGES | RANGE: 1-90
¢ | CALC. PERIOD: 15 min | STEP:
® TEMPERATURE DISPLAY: | RANGE: Celsius, Fahrenheit
% | Celsius
® WAVEFORM TRIGGER RANGE: 1 - 100
7 | POSITION: 25% STEP: 1

FUNCTION:
Some of the 489 characteristics can be modified to suit different situations. Normally "BREFERENCES" will not require any changes.

DEFAULT MESSAGE CYCLE TIME: If multiple default messages are chosenjithey489idisplay will automatically cycle through those
messages. The time these messages remain on the display can be changed to accommadate different user reading rates.

DEFAULT MESSAGE TIMEOUT: If no keys are pressed for a period of time then therelay will automatically scan a programmed set of
default messages. This time can be modified to ensure messages remain@n the'sereen long enough during programming or reading of
actual values.

PARAMETER AVERAGES CALCULATION PERIOD: The periodfofitime “@ver which the parameter averages are calculated may be
adjusted with this setpoint. The calculation is a sliding window.

TEMPERATURE DISPLAY: Measurements of temperatlire may be displayed in either Celsius or Fahrenheit. Each Actual Value mes-
sage where a temperature value is displayed will be denateddby either '°C' for Celsius, or '°F' for Fahrenheit. RTD Setpoints are always
displayed in Celsius.

WAVEFORM TRIGGER: The trigger setpoint allowsfthe user 10 adjust how many pre-trip and post-trip cycles are stored in the waveform
memory when a trip occurs. A value of 25%, for example} when the WAVEFORM MEMORY BUFFER is 7x16 cycles, would produce a
waveform of 4 pre-trip cycles and 12 post-trip cyeles.

WAVEFORM MEMORY BUFFER: Selects the'partitioning of the waveform memory. The first number indicates the number of events and

the second number, the number of cycles. The relay captures 12 samples per cycle. When more waveform captures occur than the
available storage, the oldest data will beydiscarded.
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4. SETPOINT PROGRAMMING |S1 489 SETUP|

4.2.3 SERIAL PORTS I

| SERIAL PORTS = | SLAVE ADDRESS: RANGE: 1-254
1 [ENTER] for more p 254 STEP:1
s COMPUTER RS485 RANGE: 300, 1200, 2400, 4800, 9600, 19200
% | BAUD RATE: 9600
® COMPUTER RS485 RANGE: None, Odd, Even
& | PARITY: None
s AUXILIARY RS485 RANGE: 300, 1200, 2400, 4800, 9600, 19200
% | BAUD RATE: 9600
® AUXILIARY R$S485 RANGE: None, Odd, Even
© | PARITY: None
R PORT USED FOR DNP: RANGE: None, Computer RS485, Auxiliary RS485, Front®Panel RS232
© | None
® DNP SLAVE ADDRESS: | RANGE: 0- 255
© | 255 STEP: 1
® DNP TURNAROUND RANGE: 0 - 100 ms
| TIME: 10 ms STEP: 10 ms

FUNCTION:

The 489 is equipped with 3 independent serial communications portssupporting a“subset of Modbus RTU protocol. The front panel
RS232 has a fixed baud rate of 9600 and a fixed data frame of 1 start/8 data/1stopino parity. The front port is intended for local use only
and will respond regardless of the slave address programmed. The front paneldRS232 program port may be connected to a personal
computer running the 489PC program. This program may be used for‘dewnloading and uploading setpoint files, viewing measured pa-
rameters, and upgrading the 489 software to the latest revision.

For RS485 communications, each 489 must have a uniqué®address fram 1-254. Address 0 is the broadcast address which all relays
listen to. Addresses do not have to be sequential but nofftwo units can“have the same address or conflicts resulting in errors will occur.
Generally each unit added to the link will use the next higher afldress starting at 1. Baud rates can be selected as 300,1200, 2400, 4800,
9600, or 19200. The data frame is fixed at 1 start, 8 data, andy1 stop bits, while parity is optional. The computer RS485 port is a general
purpose port for connection to a DCS, PLC, or PC. TheAuxiliary RS485 port may also be used as another general purpose port or it
may be used to talk to Auxiliary GE Power ManageméntyDevi€es in the future.
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|S1 489 SETUP| 4. SETPOINT PROGRAMMING

4.2.4 REALTIME CLOCK I

I REAL TIME CLOCK o [ DATE (MM.DD.YYYY): | RANGE: 01-12/01-31/1995-2004
I [ENTER] for more - 01/01/1995 STEP:1
s TIME (HH.MM.SS): RANGE: 00-23:00-59:00-59
| 12:00:00 STEP:1
s IRIG-B SIGNAL TYPE: RANGE: None, DC Shift, Amplitude Modulated
© | NONE NOTE: this message is seen only if the 489 hardware supports IRIG-B
(hardware revisions G or higher)

FUNCTION:

For events that are recorded by the event recorder to be correctly time/date stamped, the correct time and date must be entered. A bat-
tery backed internal clock runs continuously even when power is off. It has the same accuracy as an eleetronic watch approximately +/- 1
minute per month. It must be periodically corrected either manually through the front panel or ¥ia the cléck update command over the
RS485 serial link. If the approximate time an event occurred without synchronization to other_telaysiis sufficient, then entry of time/date
from the front panel keys is adequate.

If the RS485 serial communication link is used then all the relays can keep time in synéhrenization with each other. A new clock time is
pre-loaded into the memory map via the RS485 communications port by a remote computer topeach relay connected on the communica-
tions channel. The computer broadcasts (address 0) a "set clock” command td allrelays. Then all relays in the system begin timing at
the exact same instant. There can be up to 100ms of delay in receiving serial commands so the clock time in each relay is +/- 100ms,
+/- absolute clock accuracy in the PLC or PC. See the chapter on Commupicationsor information on programming the time preload and
synchronizing commands.

An IRIG-B signal receiver may be connected to 489 units with hardware g&vision G or higher. The relay will continuously decode the time
signal and set its internal time correpsondingly. The “signal type” setpaiit must'e set to match the signal provided by the receiver.

4.2.5 DEFAULT MESSAGES I

| DEFAULT MESSAGES = | GENERATOR STATUS: | RANGEAN/A
1 [ENTER] for more - OffLine
® A 0 B 0 ohranGEwA
s|e: 0 Amps
® Vab: 0 Vhci™ 0 [\RANGE: N/A
% |Vea: 0 Volts
® FREQUENCY: RANGE: N/A
£ 0.00 Hz
® POWER FACTOB: RANGE: N/A
¢ 000
® REAL POWER: RANGE: N/A
g omMw
® [=we4 | REACTIVE POWER: RANGE: N/A
4 0 Mvar
y DATE: 01/01/1995 RANGE: N/A
¢ | TIME: 12:00:00
N POWER MANAGEMENT | RANGE: N/A
© | 489 GENERATOR RELAY

FUNCTION:

After g, period of time, the display will change to the default display messages. Between 1-20 default messages can be selected. If more
than one message is chosen, default messages will automatically scan in sequence changing at a rate determined by the setpoint S1
489 SETUP /PREFERENCES /DEFAULT MESSAGE CYCLE TIME. Any Actual Value can be selected for default display. In addition, up
to 5 user programmable messages can be created and displayed (Message Scratchpad). For example, the relay could be set to alter-
natelyasean a generator identification message, the current in each phase and the hottest stator RTD. Default messages that are cur-
rently selected can be viewed in DEFAULT MESSAGES subgroup.
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4. SETPOINT PROGRAMMING |S1 489 SETUP|

ADDING DEFAULT MESSAGES
Default messages can be added to the end of the default message list, as follows:

Allow setpoint entry by entering the correct passcode at S1 489 SETUP /PASSCODE /ENTER PASSCODE FOR ACCESS (unless
the passcode has already been entered or unless the passcode is 0 defeating the passcode security feature).

Move to the message that is to be added to the default message list, using the [ENTER], [MESSAGE UP], and [MESSAGEDOWN]
keys. The selected message can be any ACTUAL VALUE or MESSAGE SCRATCHPAD message.

Press [ENTER]. The following message will be displayed for 5 seconds:

PRESS [ENTER] TO ADD
DEFAULT MESSAGE

Press [ENTER] again while this message is being displayed to add the current message to the end of the default message list.
If the procedure was followed correctly, the following flash message will be displayed:

DEFAULT MESSAGE
HAS BEEN ADDED

To verify that the message was added, view the last message under the subheading S1 489'SETUP/DEFAULT MESSAGES

REMOVING DEFAULT MESSAGES
Default messages can be removed from the default message list, as follows:

Allow setpoint entry by entering the correct passcode at S1 489 SETUP /PASSCODE /ENTER PASSCODE FOR ACCESS (unless
the passcode has already been entered or unless the passcode is 0 defeating.the, passcode security feature).

Move to the message that is to be removed from the default message lisk under the subheading S1 489 SETUP /DEFAULT
MESSAGES.

When the default message to be removed is displayed, press [ENTER]. The following message will be displayed:

PRESS [ENTER] TO
REMOVE MESSAGE

Press [ENTER] while this message is being displayed to remg@ve theleurrent message out of the default message list.
If the procedure was followed correctly, the following flashmmessage will be displayed:

DEFAULT MESSAGE
HAS BEEN REMOVED

4.2.6 MESSAGE SCRATCHPAD I

| MESSAGE SCRATCHPAD = | TEXT 1 RANGE: 40 Character Alphanumeric
1 [ENTER] for more -
o TEXT 2 RANGE: 40 Character Alphanumeric
:
o TEXT 3 RANGE: 40 Character Alphanumeric
{
o [Cosliy| TEXT4 RANGE: 40 Character Alphanumeric
.
A POWER MANAGEMENT | RANGE: 40 Character Alphanumeric
©| 489 GENERATOR RELAY

FUNCTION:

Up to 5 message screens can be programmed under the Message Scratchpad area. These messages may be notes that pertain to the
installation of the_generator. In addition, these notes may be selected for scanning during default message display. This might be useful
for reminding operators to perform certain tasks. The messages may be entered from the communications ports or through the keypad.
To entera 40 character message:

Select the user message to be changed

Press the [.] key to enter text mode. An underscore cursor will appear under the first character.
Use the [VALUE UP] / [VALUE DOWN] key to display the desired character. A space is selected like a character.
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. Press the [.] key to advance to the next character. To skip over a character press the [.] key. If an incorrect character is accidentally
stored, press the [.] key enough times to scroll the cursor around to the character.

. When the desired message is displayed press the [ENTER] key to store or the [ESCAPE] key to abort. The message'is now/ per-
manently stored. Press [ESCAPE] to cancel the altered message.

4.2.7 CLEAR DATA |

o

INFORMATION: No

a

CLEAR BREAKER RANGE: No, Yg§
INFORMATION: No

| CLEAR DATA = | CLEAR LAST TRIP RANGE: No, Yes
1 [ENTER] for more - DATA: No
® CLEAR MWh and Mvarh | RANGE: No, Yes
¢ | METERS: No
® CLEAR PEAK DEMAND | RANGE: No, Yes
¢ | DATA: No
® CLEAR RTD RANGE: No, Yes
¢ | MAXIMUMS: No
® CLEAR ANALOG I/P RANGE: No, Yes
¢ | MIN/MAX:No
® CLEAR TRIP RANGE: No, Yes
¢ | GOUNTERS: No
® CLEAR EVENT RANGE: No, Yes
% | RECORD: No
® CLEAR GENERATOR RANGE: No, Yes

=

FUNCTION:
These commands may be used to clear various histotical data.

CLEAR LAST TRIP DATA: The Last Trip Data may bexeleared, by executing this command.
CLEAR MWh and Mvarh METERS: Executing this‘cammand will clear the MWh and Mvarh metering to zero.
CLEAR PEAK DEMAND DATA: Executeythis command to clear peak demand values.

CLEAR RTD MAXIMUMS: All maximum RTDtemperature measurements are stored and updated each time a new maximum tempera-
ture is established. Execute this commandjto clear the maximum values.

CLEAR ANALOG /P MIN/MAX:gTFhe minimum and maximum Analog Input values are stored for each Analog Input. Those minimum
and maximum values may be cleared atany time.

CLEAR TRIP COUNTERS{ There, are counters for each possible type of trip. Those counters may be cleared by executing this com-
mand.

CLEAR EVENT RECORD:{he event recorder saves the last 40 events, automatically overwriting the oldest event. If desired, all events
can be cleared usingfthis cammand to prevent confusion with old information.

CLEAR GENERATOR)INFORMATION: A counter for the number of thermal resets can be viewed in Actual Values. Total generator run-
ning hours may also be viewed in Actual Values. On a new installation or if new equipment is installed, this information can be cleared

with this setpoint.

CLEAR\BREAKER INFORMATION: The total number of breaker operations can be viewed in Actual Values. On a new installation or if
maintenance work is done on the breaker, this accumulator can be cleared with this setpoint.

4-8



4. SETPOINT PROGRAMMING |S2 SYSTEM SETUP|

4.3.1 CURRENT SENSING I

| CURRENT SENSING = | PHASE CT PRIMARY: RANGE: 10-50000 A, Or ‘-------- " indicating Not Programmed
1 [ENTER] for more I R STEP: 1
s GROUND CT: RANGE: None, 1A Secondary, 50:0.025, 5A Secondary
¢ | 50:0.025
® GROUND CT RATIO: RANGE: 10-10000, STEP: 1
| 100:1 NOTE: this message seen only if the Ground CT Type is 1A
® GROUND CT RATIO: RANGE: 10-10000, STEP: 1
2 | 100:5 NOTE: this message seen only if the Ground CT Type is 5A

FUNCTION:

As a safeguard, when a unit is received from the factory, the phase CT primary and Generator Patameters setpoints will be defaulted to
fommeee " indicating Not Programmed. The 489 will indicate that it was never programmed. Ongéthese values are entered, the 489 will be
in service. The phase CT should be selected such that the maximum fault current does net exceed, 20 times the primary rating. When
relaying class CTs are purchased, this precaution will help prevent CT saturation under faultieonditions. The secondary value of 1 or 5
amps must be specified at the time of order, so that the proper hardware will be installéd. The phase CT primary setpoint applies to both
the neutral end CTs as well as the output CTs.

For high resistance grounded systems, sensitive ground current detection is possibleyif the 50:0.025 ground CT is used. To use the
50:0.025 ground CT input, select 50:0.025 for the ground CT setpoint. N@ a@dditional,ground CT messages will appear. On solid or low
resistance grounded systems, where fault currents may be quite large, the 489, 1A/5A’secondary ground CT input should be used. The
Ground CT primary should be selected such that potential fault current does not exeeed 20 times the primary rating. When relaying class
CTs are purchased, this precaution will ensure that the Ground CT doesfnot saturate under fault conditions.

NOTE: The 489 uses a nominal CT primary rating of 5 A for calculation,of piekup levels.

4.3.2 VOLTAGE SENSING I

| VOLTAGE SENSING = | VT CONNECTION TYPE: RANGE Qpen Delta, Wye, None
1 [ENTER] for more - None
® VOLTAGE TRANSFORMER/ | RANGE: 1.00:1 - 300.00:1
¢ | RATIO: 5.00:1 SJEP:0.01
® NEUTRAL VOLTAGE RANGE: No, Yes
& | TRANSFORMER: No
® NEUTRAL\V.T. RANGE: 1.00:1 - 240.00:1, STEP: 0.01
© | RATIO: 5.00%1 NOTE: this message seen only if the Neutral Transformer selection is ‘Yes’

FUNCTION:

The manner in which the vg@ltage’ transformers are connected and the turns ratio must be entered. The VT should be selected such that
the secondary phasesphase, voltage of the VTs is between 70.0 and 135.0 V when the primary is at generator rated voltage.

The Neutral V.T.[Ratio mustialso be entered here for measurement of the voltage across the neutral grounding device. Note, the neutral
VT input is notintended to,be used at continuos voltages greater than 240V. If the voltage across the neutral input is less than 240V
during fault conditions, anfauxiliary voltage transformer is not required. If however, this is not the case, use an auxiliary VT to bring the
fault voltage below 240¥. The neutral VT ratio entered must be the total effective ratio of the grounding transformer and any auxiliary step
up or step down VT.

EXAMPLE:

If the, distsibution transformer ratio is 13200:480,
and‘the auxiliary VT ratio is 600:120,
enter,(23200/480 * 600/120) :1

Neutral VT ratio is 137.50:1

4-9

4




(]
N
(0))
-<
(0]
k|
m
<
)]
m
—
C
[ O]

4. SETPOINT PROGRAMMING

[ 4.3.3 GENERATOR PARAMETERS |
1 GEN. PARAMETERS = | GENERATOR RATED RANGE: 0.050 - 2000.000 MVA, *--------" indicating Not Programmed
| [ENTER] for more - [T 1T/ P — STEP: 0.01

s GENERATOR RATED RANGE: 0.05 - 0.99, 1.00 indicating Not Programmed
¢ | POWER FACTOR: ----- STEP: 0.01
® GENERATOR VOLTAGE RANGE: 100-30000 V, *-------- " indicating Not Programmed
$ | PHASE-PHASE: --------- STEP: 1
® GENERATOR NOMINAL RANGE: 25Hz ,50 Hz, 60 Hz, '-------- " indicating Not Programmed
¢ | FREQUENCY: ------
® GENERATOR PHASE RANGE: ABC, ACB, ‘-------- " indicating Not Programmed
© | SEQUENCE: -------

FUNCTION:

As a safeguard, when a unit is received from the factory, the phase CT primary and Generator Parameteérs setpoints will be defaulted to
fommmee ' indicating Not Programmed. The 489 will indicate that it was never programmed. Onée these values are entered, the 489 will be
in service. All elements associated with power quantities will be programmed in per unit values calctlated from the rated MVA and rated
power factor. The generator full load amps (FLA) will be calculated as: generator rated M¥A./ (V3)x rated generator phase-phase voltage).
All voltage protection features that require a level setpoint are programmed in per unit of therated generator phase-phase voltage .The
nominal system frequency must be entered here. This setpoint allows the 489 tafdetermine the internal sampling rate for maximum accu-
racy. If the sequence of phase rotation for a given system is ACB rather than the, standard”ABC, the system phase sequence setpoint
may be used to accommodate this rotation. This setpoint allows the 489 to propekly calculate phase reversal and negative sequence
guantities.

4.3.4 SERIAL START/STOP INITIATION I

| SERIAL START/STOP = | SERIAL START/STOP RANGE: On [Off
1 [ENTER] for more - INITIATION: Off
® STARTUP INITIATION RANGE Any Combination of Relays 2-5
¢ | RELAYS (2-5): ----
® SHUTDOWN INITIATION | RANGE: Ay Combination of Relays 1-4
¢ | RELAYS (1-4): ----
® SERIAL START/STOP RANGE: On, Off
© | EVENTS: Off

If enabled, this feature will allow the userofaitiate"a generator startup or shutdown via the RS232/RS485 communication ports. Refer to
the Communications chapter for command formats. When a startup command is issued, the auxiliary relay(s) assigned for starting con-
trol will be activated for 1 second tolinitiatelstartup. When a stop command is issued, the assigned relay(s) will be activated for 1 second
to initiate a shutdown.

Page 3 of setpoints has been designated as the 'DIGITAL INPUTS’ page. The 489 has nine digital inputs for use with external contacts.
Two of the 489 digital inputs_have been'pre-assigned as inputs having a specific function. The Access Switch does not have any setpoint
messages associated with(it. The@reaker Status input, may be configured for either an 'a’ or 'b' auxiliary contact. The remaining seven
digital inputs are assignablejthat is'to say, each input may be assigned to any of a number of different functions. Some of those functions
are very specific, gthers‘may beprogrammed to adapt to user requirements.
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4. SETPOINT PROGRAMMING

| S3 DIGITAL INPUTS|

4.4.1 ACCESS SWITCH I

Terminals C1 and C2 must be shorted to allow changing of any setpoint values from the front panel keypad. This safeguard is\in addition
to the setpoint passcode feature, which functions independently (S1 489 SETUP /PASSCODE). The access switch has no effection set-
point programming from the RS232 and RS485 serial communications ports.

4.4.2 BREAKER STATUS I

| BREAKER STATUS
| [ENTER] for more

FUNCTION:

@

BREAKER STATUS :
Breaker Auxiliary b

RANGE: Breaker Auxiliary a, Breaker Auxiliary b

A
=

This input is necessary for all installations. The 489 determines when the generator is online or Offline ‘based on the Breaker Status
input. Once 'Breaker Auxiliary a' is chosen, terminals C3 and C4 will be monitored to detect the state of'the machine main breaker, open
signifying the breaker is open and shorted signifying the breaker is closed. Once 'Breaker Auxiliarypb' ds chosen, terminals C3 and C4
will be monitored to detect the state of the breaker, shorted signifying the breaker is open and'open, signifying the breaker is closed.

4.4.3 DIGITAL INPUT FUNCTION: GENERAL INPUT A - G I

| GENERAL INPUT A
| [ENTER] for more

EUNCTION:

a @
& 4

a
=4

a
=4

a
=4

a
=4

a
=4

A

a
=4

A
o

a
o

.
=4

a
=4

a
=4

A

115 ) O e ) ] ) (] ) o] ) o] ]

=

ASSIGN DIGITAL
INPUT: None

ASSERTED DIGITAL
INPUT STATE: Closed

INPUT NAME:
Input A

BLOCK INPUT
FROM ONLINE: 0 s

GENERAL INPUT A
CONTROL: Off

PULSED CONTROL RELAY
DWELL TIME: 0.0 s

ASSIGN CONTROL
RELAYS (1-5): --s5=

GENERAL INPUT A
CONTROL EVENTS:Off

GENERAL\INPUT A
ALARM:Off

ASSIGN ALARM
RELAYS (2-5): ---5

GENERAL INPUT A
ALARM DELAY: 5.0 s

GENERAL INPUT A
ALARM EVENTS: Off

GENERAL INPUT A
TRIP: Off

ASSIGN TRIP
RELAYS (1-4): 1---

GENERAL INPUT A
TRIP DELAY: 5.0 s

RANGE: None, Input 1, Input 2, [RpUES, Input 4gdAput 5, Input 6, Input 7
* If an input is assigned to the Tachemeteniunction, it may not be used here

RANGE: Closed, Open

RANGE: 12 Charactér Alphanumetic

RANGE: 0 - 3000 (Oiinelicates feature is active while generator is offline as well as online)
STEP: 1

BANGE: Off, On

RANGE® 0 -25.0

STER:0.1

RANGE: Any Combination of Relays 1-5

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.1 - 5000.0

STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

RANGE: 0.1 - 5000.0
STEP: 0.1

The seven General Input functions are flexible enough to meet most of the desired digital input requirements. The asserted state and the
name of the digital input is programmable.
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|S3 DIGITAL INPUTS | 4. SETPOINT PROGRAMMING

To disable the input functions when the generator is offline, and until some period of time after the generator is brought online, a block
time should be set. The input functions will be enabled once the block delay has expired. A value of zero for the block time indicates,that
the input functions are always enabled.

The input may be configured for control, alarm, or trip. If the control feature is enabled, when the input is asserted, the assignedutput
relay(s) will operate. If the pulsed control relay dwell time is set to zero, the output relay(s) will simply operate only while the input is as-
serted. If however a dwell time is assigned, the output relay(s) will operate as soon as the input is asserted, for a period of time specified
by the setpoint. If an alarm or trip is enabled and the input is asserted, after the specified delay, an alarm or trip will occur.

4.4.4 DIGITAL INPUT FUNCHIONSREMOTE RESET I

| REMOTE RESET = | ASSIGN DIGITAL RANGE: None, Input 1, Input 2, Input 3, Input 4, Input 5, Input 6, Input7?
I [ENTER] for more - INPUT: None * |f an input is assigned to the Tachometer function, it may net be used hefe
FUNCTION:

Once an input is assigned to the Remote Reset function, shorting that input will reset any:latched trips or alarms that may be active,
provided that any thermal lockout time has expired and the condition that caused the alasfmor trigyis no longer present.

445 DIGITAL INPUT FUNCTION:TEST INPUT I

] TEST INPUT = | ASSIGN DIGITAL RANGE: None, Input ¥¢lnput 2, Input 3, Input 4, Input 5, Input 6, Input 7
I [ENTER] for more - INPUT: None * |f an input is a8signed toithe Tachometer function, it may not be used here
FUNCTION:

Once the 489 is in service, it may be tested from timeyto time as part of a regular maintenance schedule. The unit will have accumulated
statistical information relating historically to generator anéhbreaker operation. This information includes: last trip data, peak demand data,
MWh and Mvarh metering, parameter averages, RTRamaximums, analog input minimums and maximums, number of trips, number of
trips by type, number of breaker operations, the numbet ofithermal resets, total generator running hours, and the event record. When the
unit is under test and one of the inputs is assigned ta@ the Test Input function, shorting that input will prevent all of this data from being
corrupted or updated.

4.4.6 DIGITAL INPUT FUNCTION: THERMAL RESET I

| THERMAL RESET = | ASSIGN DIGITAL RANGE: None, Input 1, Input 2, Input 3, Input 4, Input 5, Input 6, Input 7
I [ENTER] for more - INPUT:®one * |f an input is assigned to the Tachometer function, it may not be used here
FUNCTION:

During testing or ifpan emergeney, it may be desirable to reset the thermal memory used to zero. If an input is assigned to the Thermal
Reset function, shorting thatlinput will reset the thermal memory used to zero. All Thermal Resets will be recorded as events.

4-12



4. SETPOINT PROGRAMMING

| S3 DIGITAL INPUTS|

4.4.7 DIGITAL INPUT FUNCTION: DUAL SETPQINTS I

I DUAL SETPOINTS = | ASSIGN DIGITAL
1 [ENTER] for more & INPUT: None
© ACTIVATE SETPOINT
¢ | GROUP: Group 1
® EDIT SETPOINT
7 | GROUP: Group 1

FUNCTION:

RANGE: None, Input 1, Input 2, Input 3, Input 4, Input 5, Input 6, Input 7
* |f an input is assigned to the Tachometer function, it may not be used here

RANGE: Group 1, Group 2

RANGE: Group1, Group 2

This feature allows for dual settings for the current, voltage, power, RTD, and thermal model protection elemients (85.- S9). These settings are
organized in two setpoint groups the main group (Group 1) and the alternate group (Group 2). Only one ‘graup of settings are active in the

protection scheme at a time.

Ii S5 SETPOINTS Iise SETPOINTS Iis7 SETPOINTS |iss SETPOINTS |iss SETPOINTS
11 CURRENT ELEMENTS 11 VOLTAGE ELEMENTS 11 POWER ELEMENTS 11 RTDTEMPERATURE 11 THERMAL MODEL

2 OVERCURRENT ALARM 2 UNDERVOLTAGE 2 REACTIVE POWER 2 RTD TYPES 2 MODEL SETUP

2 OFFLINE 0/C 2 OVERVOLTAGE 2 REVERSE POWER 2 RTD, #1 2 THERMAL ELEMENTS

2 INADVERTENT ENERG. 2 VOLTS/HERTZ 2 LOW FORWARD POWER through

2 PHASE OVERCURRENT 2 PHASE REVERSAL 2 RTD #12

2 NEGATIVE SEQUENCE 2 UNDERFREQUENCY 2 OPEN RTD SENSOR

2 GROUND 0/C 2 OVERFREQUENCY 2 RTD SHORT/LOW TEMP

2 PHASE DIFFERENTIAL 2 NEUTRAL O/V (Fund)

2 GROUND DIFFERENTIAL 2 NEUTRAL U/V (3rd)

2 HIGH-SET PHASE 0/C 2 LOSS OF EXCITATION

2 DISTANCE ELEMENT

The active group can be selected using the ‘ACGTIVATE'SETPOINT GROUP’ setpoint or the assigned digital input (shorting that input will
activate the alternate set of protection setpoints, Group 2). In the event of a conflict between the ‘ACTIVATE SETPOINT GROUP’ setpoint
or the assigned digital input, Group 2 will béjactivated. The LED indicator on the faceplate of the 489 will indicate when the alternate set-
points are active in the protection schepie. Changing the active setpoint group will be logged as an event. Independently, the setpoints in
either group can be viewed and/or édited using the EDIT SETPOINT GROUP setpoint. Headers for each setpoint message subgroup that
has dual settings will be denoted by aysuperscript number indicating which setpoint group is being viewed or edited. Also, when a set-
point that has dual settings is storgdy the'flash message that appears will indicate which setpoint group setting has been changed.

GROUP 2 SETPOINT.
HAS BEEN STORED
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| S3 DIGITAL INPUTS|

4. SETPOINT PROGRAMMING

4.4.8 DIGITAL INPUT FUNCTION: SEQUENTIALTIRIP I

| SEQUENTIAL TRIP
| [ENTER] for more

0

FUNCTION:

i 8 0 0

a

a
o

a
=

ASSIGN DIGITAL
INPUT: None

SEQUENTIAL TRIP TYPE
Low Forward Power

ASSIGN TRIP
RELAYS (1-4): 1---

SEQUENTIAL TRIP
LEVEL: 0.05xRated MW

SEQUENTIAL TRIP
DELAY: 1.0 s

RANGE: None, Input 1, Input 2, Input 3, Input 4, Input 5, Input 6, Input 7
* |f an input is assigned to the Tachometer function, it may not be used here

RANGE: Low Forward Power, Reverse Power

RANGE: Any Combination of Relays 1-4

RANGE: 0.02-0.99
STEP: 0.01

RANGE: 0.2 - 120.0
STEP: 0.1

During routine shutdown and for some of the less critical trips, it may be desirable to usetthe sequential trip function to prevent over-
speed. If an input is assigned to the sequential trip function, shorting that input will enable,either,a low forward power or reverse power
function. Once the measured 30 total power falls below the low forward power level, @r exceeds the reverse power level for the period of
time specified, a trip will occur. This time delay will typically be shorter than that, usedffor the standard reverse power or low forward
power elements. The level is programmed in per unit of generator rated MW calculated,from'the rated MVA and rated power factor. If the
VT type is selected as "None", the sequential trip element will operate as a simple timer. ©nce the input has been shorted for the period of
time specified by the delay, a trip will occur.

NOTE: The minimum magnitude of power measurement is determineddy the phase CT minimum of 2 % rated CT primary. If the level for
reverse power is set below that level, a trip or alarm will only occur once the phase current exceeds the 2% cutoff.

Users are cautioned that a reverse power element may not provide reliablé indication when set to a very low setting, particularly under
conditions of large reactive loading on the generator. Undef 'such, conditions, low forward power is a more reliable element.

4.4.9°DIGITAL INPUT FUNCTION: FIELD-BREAKER DISCREPANCY I

| FIELD-BKR DISCREP.
| [ENTER] for more

FUNCTION:

4

a2 f

1L ) ] e

o

o

a
=

ASSIGN DIGITAL
INPUT: None

FIELD STATUS
CONTACT: “Auxiliarya

ASSIGNTRIP
RELAYS (1-4)z.1---

FIELD-BKR'DISCREP.
TRIP DELAY: 1.0 s

RANGE: None, Input 1, Input 2, Input 3, Input 4, Input 5, Input 6, Input 7
* Afan input is assigned to the Tachometer function, it may not be used here

RANGE: Auxiliary a, Auxiliary b

RANGE: Any Combination of Relays 1-4

RANGE: 0.1 - 500.0
STEP: 0.1

The field-breaker diserepaney function is intended for use with synchronous generators. If a digital input is assigned to the field-breaker
discrepancy functioh, anyjtime that the field status contact indicates that the field is not applied, but the breaker status input indicates
that the generator is ohline, atrip will occur once the time delay has expired. The time delay should be used for coordination to prevent
possible nuisanee trippingduring shutdown. The field status contact may be chosen as Auxiliary a, open signifying the field breaker or
contactor is open‘and shorted signifying the field breaker or contactor is closed. Conversely, the field status contact may be chosen as
Auxiliary b, shorted sighifying the field breaker or contactor is open and open signifying the field breaker or contactor is closed.
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4. SETPOINT PROGRAMMING

| S3 DIGITAL INPUTS|

4.4.10 DIGITAL INPUT FUNCTION: TACHOMETER I

| TACHOMETER
| [ENTER] for more

FUNCTION:

a a a a a a a a2 {

a

a

1[I ] ) (] ) (] ) ] ) ]
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o
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ASSIGN DIGITAL
INPUT: None

RATED SPEED:
3600 RPM

TACHOMETER
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

TACHOMETER ALARM
SPEED: 110 % Rated

TACHOMETER ALARM
DELAY: 1s

TACHOMETER ALARM
EVENTS: Off

TACHOMETER
TRIP: Off

ASSIGN TRIP
RELAYS (1-4): 1---

TACHOMETER TRIP
SPEED: 110 % Rated

TACHOMETER TRIP
DELAY: 1s

RANGE: None, Input 4, Input 5, Input 6, Input 7
* Only digital inputs 4-7 may be assigned to the Tachometer function

RANGE: 100- 3600
STEP:1

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 101 - 175
STEP: 1

RANGE: 1-250
STEP: 1

RANGE: On, Off

RANGE: Off, Latched, Unlatched,

RANGE: Any Combination of Relays{-4

RANGE: 101 -175

STEP: 1

RANGE: 1-250
STEP: 1

One of the assignable digital inputs (4-7) may be assignedto.the tachometer function to measure mechanical speed. The period of time
between each input closure is measured and convertedie, an“RPM value based on one closure per revolution. If an overspeed trip or
alarm is enabled, and the RPM measured exceeds thejthresheld setpoint for the period of time specified by the delay, a trip or alarm will
occur. The RPM value may be viewed in the ‘Speed’ sub-greup of Actual Values, Page 2, ‘METERING’

EXAMPLE:

An inductive proximity probe or hall effect‘gear t66th sensor may
be used to sense the key on the gengrator. The probe could be
powered from the +24V from theldigital“input power supply. The
NPN transistor output could be takemyto one of the assignable

digital inputs assigned to the tach®@meter function.

4.4.11 WAVEFORM CAPTURE I

| WAVEFORM CAPTURE
| [ENTER] for more

FUNCTION:

IS

4

ASSIGN DIGITAL
INPUT: None

RANGE: None, Input 1, Input 2, Input 3, Input 4, Input 5, Input 6, Input 7
* |f an input is assigned to the Tachometer function, it may not be used here

This feature may be used to trigger the waveform capture from an external contact. When one of the inputs is assigned to the Waveform
Captureifunction, shorting that input will trigger the waveform.
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| S3 DIGITAL INPUTS|

4. SETPOINT PROGRAMMIN

_—

4.4.12 DIGITAL INPUT FUNCTION: GROUND SWITCH S

1 GND SWITCH STATUS
| [ENTER] for more

FUNCTION:

19 e

ASSIGN DIGITAL
INPUT: None

GROUND SWITCH
CONTACT: Auxiliary a

(Refer to Appendix B for Application Notes.)
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This function is used to detect the status of a grounding switch for the generator for which the relay is nst\iie

RANGE: None, Input 1, Input 2, Input 3, Input 4, Input 5, Input 6, Input 7
* If an input is assigned to the Tachometer function, it may not be used here

&'

RANGE: Auxiliary a, Auxiliary b
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4. SETPOINT PROGRAMMING |S4 OUTPUT RELAYS|

Five of the six output relays are always non-failsafe, R6 Service is always failsafe. As failsafe, R6 relay will be energized normally and
de-energize when called upon to operate. It will also de-energize when control power to the 489 is lost and therefore, be in itsseperated
state. All other relays, being non-failsafe, will be de-energized normally and energize when called upon to operate. Obviously, when{eon-
trol power is lost to the 489, the output relays must be de-energized and therefore, they will be in their non-operated state. Shekting/bars
in the drawout case ensure that when the 489 is drawn out, no trip or alarm occurs. The R6 Service output will however indicate that the
489 has been drawn out.

45.1 [REAGRESET MODE |

1 RELAY RESET MODE = | R1 TRIP: RANGE: All Resets, Remote Reset Only
1 [ENTER] for more - All Resets
S R2 AUXILIARY: RANGE: All Resets, Remote Reset Only
& | All Resets
S R3 AUXILIARY: RANGE: All Resets, Remote Reset Only
& | All Resets
S R4 AUXILIARY: RANGE: All Resets, Remote Reset Only
& | All Resets
S R5 ALARM: RANGE: All Resets, Remote Reseti®nly
& | All Resets
S R6 SERVICE: RANGE: All Resets, Rerdote!Reset Only:
| All Resets

FUNCTION: RESETTING THE 489

Unlatched trips and alarms will reset automatically once the condition‘is,nolonger present. Latched trip and alarm features may be reset 4
at any time, providing that the condition that caused the trip or alarm s neonger present and any lockout time has expired. If any condi-

tion may be reset, the Reset Possible LED will be lit.

The relays may be programmed to All Resets which allow§yreset from the front keypad or the remote reset digital input or the communi-
cations port. Optionally, they may be programmed to reset byithe Remote Reset Only (by the remote reset digital input or the communi-
cations port).

EXAMPLE:

Selected trips such as Instantaneous Overcurrentfand
Ground Fault may be assigned to R2 sg, thatithey may only
be reset via. the Remote Reset digital inp@t,orthes;Commu-
nication Port. The Remote Reset terminals ‘weuld be con-
nected to a keyswitch so that only, authorized personnel
could reset such a critical trip.

. Assign only Short Circuit and Grodnd Fault to R2
. Program R2 to Remote Reset,Only
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| S5 CURRENT ELEMENTS] 4. SETPOINT PROGRAMMING

4.6.1 INVERSE TIME OVERCURRENT CURVE CHARACTERISTEICS I

The 489 inverse time overcurrent curves may be either ANSI, IEC, or GE Type IAC standard curve shapes. This allows fogsimplified
coordination with downstream devices. If however, none of these curve shapes is adequate, the FlexCurve™ may be used to customize
the inverse time curve characteristics. Definite time is also an option that may be appropriate if only simple protection is required.

Table 4-2 489 OVERCURRENT CURVE TYPES

ANSI 1EC GE Type IAC Other

ANSI Extremely Inv. IEC Curve A (BS142) IAC Extremely Inv. Flexcurvel
ANSI Very Inverse IEC Curve B (BS142) IAC Very Inverse Definite Time
ANSI Normally Inv. IEC Curve C (BS142) IAC Inverse

ANSI Moderately Inv. IEC Short Inverse IAC Short Inverse

A multiplier setpoint allows selection of a multiple of the base curve shape that is selected with“the curve shape setpoint. Unlike the
electromechanical time dial equivalent, trip times are directly proportional to the time multiplier, setting value. For example, all trip times
for a multiplier of 10 are 10 times the multiplier 1 or base curve values. Setting thedfmultiplierito zero results in an instantaneous re-
sponse to all current levels above pickup.

Note: regardless of the trip time that results from the curve multiplier setpoint, the 489 canno6t trip any quicker than one to two
cycles plus the operate time of the output relay.

Time overcurrent tripping time calculations are made with an internal fenergy“eapacity” memory variable. When this variable indicates
that the energy capacity has reached 100%, a time overcurrent trip is generated-If less than 100% is accumulated in this variable and
the current falls below the dropout threshold of 97-98% of the pickup (value,thé€ variable must be reduced. Two methods of this reset-
ting operation are available, “Instantaneous” and “Linear”. The Instantaneous selection is intended for applications with other relays,
such as most static units, which set the energy capacity directlyg@izerowhen the current falls below the reset threshold. The Linear
selection can be used where the 489 must coordinate with elec¢tromiechanical units. With this setting, the energy capacity variable is
decremented according to the following equation.

TreseT = E x M x Cr where, TreseT = reset time in sec.
E = energy.eapdcity reached (per unit)
M = cufve,multiplier
Cr = characteristicieonstant (5 for ANSI, IAC, Definite Time and

Flexeurvesi¥, 80 for IEC curves)

ANSI CURVES

The ANSI time overcurrent curve shapes genfofm, te'industry standard curves and fit into the ANSI C37.90 curve classifications for ex-
tremely, very, normally, and moderately igverseyThe 489 ANSI curves are derived from the formula:

- B D E o
T:anu + + 0

- Y (9

where T = Trip Time (sec)

M = Multiplier Setpoint

| = Input Current

L = Pickup Current Setpoint

A, B, C, D, E = Constants

Table 4-3 ANSKEINVERSETIME CURVE CONSTANTS
ANSI CURVE SHAPE CONSTANTS
A B C D E

EXTREMELY INVERSE 0.0399 0.2294 0.5000 3.0094 0.7222
VERYINVERSE 0.0615 0.7989 0.3400 -0.2840 4.0505
NORMALLY INVERSE 0.0274 2.2614 0.3000 -4.1899 9.1272
MODERATELY INVERSE 0.1735 0.6791 0.8000 -0.0800 0.1271
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IEC CURVES

For European applications, the relay offers the four standard curves defined in IEC 255-4 and British standard BS142. These are defined

as IEC Curve A, IEC Curve B, IEC Curve C, and Short Inverse. The formula for these curves is:

o, 0
~ O 0
T=Mxg—p R

ﬂ |pickupE -15

T = Trip Time (sec)

M = Multiplier Setpoint

| = Input Current

L = Pickup Current Setpoint
K, E = Constants

Table 4-4 |IEC (BS) INVERSE TIME CURVE CONSTANTS

IEC (BS) CURVE SHAPE CONSTANTS

IEC CURVE A (BS142) 0.140 0.020

IEC CURVE B (BS142) 13.500 1.000

IEC CURVE C (BS142) 80.000 2.000 \
SHORT INVERSE 0.050 0.040 \

Lox

al rived from the formula:

IAC CURVES

The curves for the General Electric type IAC relay fai

_ . B D é @
T=M x@ +(|m!kup—C)+($_c)z +@

L 4
T = Trip Time (se \
M = Multipli 1]
[ = Input Céur\
L = Picku ren point
ts

A, B, C, D, E=Cons

Table 4-5 GETYPE |AC |

TIME CURVE CONSTANTS

IAC CURVE S CONSTANTS
A B C D E
0.0040 0.6379 0.6200 1.7872 0.2461
IAC VERY INVERSE 0.0900 0.7955 0.1000 -1.2885 7.9586
IAC VERSE‘ 0.2078 0.8630 0.8000 -0.4180 0.1947
[ T INVERSE 0.0428 0.0609 0.6200 -0.0010 0.0221
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FlexCurve™

The custom FlexCurve™ has setpoints for entering times to trip at the following current levels: 1.03, 1.05, 1.1 to 6.0 in steps of Oi1 and 6.5 to
20.0in steps of 0.5. The relay then converts these points to a continuous curve by linear interpolation between data points. To enteria,cdstom
FlexCurve™, read off each individual point from a time overcurrent coordination drawing and enter it into a table as shown. Then transfer
each individual point to the 489 using either the 489 PC program or the front panel keys and display.

Table 4-6 FLEXCURVE™ TABLE

Pickup Trip Time Pickup Trip Time Pickup Trip Time
(I/Tpickup ) (ms) (I/Tpickup ) (ms) (I/Tpickup ) (ms)

1.03 29 4.9
1.05 3.0 5.0
1.1 3.1 5.1
1.2 3.2 5.2
1.3 3.3 5.3
1.4 3.4 54
15 3.5 5.5
1.6 3.6

1.7 3.7

1.8 3.8

1.9 3.9

2.0 4.0

2.1 4.1 5
2.2 4.2 7.0
2.3 4.3 7.5
2.4 4.4 8.0
2.5 4.5 8.5
2.6 4.6 9.0
2.7 . 9.5
2.8 y& 10.0

DEFINITE TIME CURVE

The definite time curve shape gauses a trip as soon as the pickup level is exceeded for a specified period of time. The base definite time
curve delay is 100 msdiLhe‘eurvemultiplier of 0.00 - 1000.00 makes this delay adjustable from instantaneous to 100.00 seconds in steps
of 1 ms.

T=M x100ms when I > Ipickup
where T = Trip Time (sec)

M = Multiplier Setpoint

| = Input Current

| = Pickup Current Setpoint

pickup
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| S5 CURRENT ELEMENTS|

4.6.2 OVERCURRENT ALARM I

| OVERCURRENT ALARM
| [ENTER] for more

FUNCTION:

LA
@ 4

a

a
=4

a

A0 1) o] ) e

=

OVERCURRENT
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

OVERCURRENT ALARM
LEVEL:1.01 x FLA

OVERCURRENT ALARM
DELAY: 0.1s

OVERCURRENT ALARM
EVENTS: Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.10-1.50
STEP: 0.01

RANGE: 0.1 - 250.0
STEP: 0.1

RANGE: On, Off

If enabled as Latched or Unlatched, the Overcurrent Alarm will function as follows: If the®average, generator current (RMS) measured at
the output CTs exceeds the level programmed for the period of time specified, an alarmy will,occur. If programmed as unlatched, the
alarm will reset itself when the overcurrent condition is no longer present. If programmed ags latched, once the overcurrent condition is
gone, the reset key must be pressed to reset the alarm. The generator FLA is calculated as*generator rated MVA / (V3 x rated generator

phase-phase voltage).

4.6.3 OFFLINE OVERCURRENT I

|1 OFFLINE 0/C
|1 [ENTER] for more

FUNCTION:

U

a0

il il 6 1R

=4

a
=

OFFLINE OVERCURRENT
TRIP: Off

ASSIGN TRIP
RELAYS (1-4): 1---

OFFLINE OVERCURRENT
PICKUP: 0.05xCT

OFFLINE OVERCURRENT
TRIP DELAY: 5 cycles

RANGE: Off, liatched, Unlatehed

RANGE: Any Combihation of Relays 1-4

RANGE»0.05 - 1.00
STEP: 0.0

RANGE: 3 - 99
STEP: 1

When a synchronous generator is offline, there should be no measurable current flow in any of the three phases unless the unit is supplying
its own station load. Also, since the generator is not yet online, differentiation between system faults and machine faults is easier. The offline
overcurrent feature is active onlywvhen the“generator is offline and uses the neutral end CT measurements (la, Ib, Ic). It may be set much
more sensitive than the differential element to detect high impedance phase faults. Since the breaker auxiliary contacts wired to the 489
Breaker Status input may noeperatesat exactly the same time as the main breaker contacts, the time delay should be coordinated with the
difference of the operation times{Inghe event of a low impedance fault, the differential element will still shutdown the generator quickly.

Note: if the unit adXiliary“transformer is on the generator side of the breaker, the pickup level must be set greater than the unit

auxiliary load.
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4.6.4 INADVERTENT ENERGIZATION I

4

INADVERTENT ENERGIZE | RANGE: Off, Latched, Unlatched
TRIP: Off

| INADVERTENT ENERG.
| [ENTER] for more

LA

A0 1) o] ) e

ASSIGN TRIP RANGE: Any Combination of Relays 1-4
RELAYS (1-4): 1---

o

a

ARMING SIGNAL: RANGE: U/V and Offline, U/V or Offline
U/V and Offline

a

INADVERTENT ENERGIZE | RANGE: 0.05 - 3.00
0/C PICKUP: 0.05xCT STEP: 0.01

o

a

INADVERTENT ENERGIZE | RANGE: 0.50 - 0.99
PICKUP:0.50xRated V STEP: 0.01

=

FUNCTION:

The logic diagram for the inadvertent energization protection feature is shown below. Théyfeature may be armed when all of the phase
voltages fall below the undervoltage pickup level ‘and the unit is offline. This would bg the case when the VTs are on the generator side
of the disconnect device. If however, the VTs are on the power system side of th@idisconnect device, the feature should be armed if all of
the phase voltages fall below the undervoltage pickup level ‘or* the unit is offline. When‘the feature is armed, if any one of the phase
currents measured at the output CTs exceeds the overcurrent level programmed, airipwill occur. (Note: 5s to arm, 250ms to disarm.)

Protection can be provided for poor synchronization by using the ‘U/V,or Offline” arming signal. During normal synchronization, there
should be relatively low current measured. If however, synchronization is attempted when conditions are not appropriate, a large current
that is measured within 250 ms after the generator is placed online wouldresuit in,a trip.

Iohase > O/C Level Operate
AND

Vphase < UV Level 55
. AND
Breaker Status =Off-Line
250 ms
Arming Signdl AND
= UV o1 Offline.

Figure 4-1 INADVERTENT ENERGIZATION
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4.6.5 VOLTAGE RESTRAINED PHASE OVERCURRENT I

| PHASE OVERCURRENT = | PHASE OVERCURRENT
I [ENTER] for more “ TRIP: Off
® ASSIGN TRIP

o

RELAYS (1-4): 1---

® ENABLE VOLTAGE
¢ | RESTRAINT: No
® VOLTAGE LOWER
LIMIT: 10%
® PHASE OVERCURRENT

o

PICKUP: 10.00xCT

a

CURVE SHAPE:
ANSI Extremely Inv.

o

a

AL ) o] L) (e ] e

FLEXCURVE TRIP TIME
AT 1.03xPU: 65535 ms

o

© FLEXCURVE TRIP TIME
& | AT 20.0xPU: 65535 ms

© OVERCURRENT CURVE
% | MULTIPLIER: 1.00

© OVERCURRENT CURVE
¥ | RESET: Instantaneous

FUNCTION:

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

RANGE: No, Yes

RANGE: 10 - 60%
NOTE: seen only if voltage restraint set to Yes

RANGE: 0.15 - 20.00
STEP: 0.01

RANGE: See Table 4-2 489 OVERCURRENT CURVENLYPES

RANGE: 0 - 65535
NOTE: seen only if curve shape is Flexcurve™

RANGE: 0 - 65535
NOTE: seen only if curve shape is Flexeurve™

RANGE: 0.00 - 1000.00
STEP: 0.01

RANGE: Instantaneous, Linear

If the primary system protective relaying fails to properly solate\phasesfaults, the voltage restrained overcurrent acts as system backup
protection. The magnitude of each phase current measudred atdhe output CTs is used to time out against an inverse time curve. The 489
inverse time curve for this element may be either ANSI, IECyfor GE Type IAC standard curve shapes. This allows for simplified coordina-
tion with downstream devices. If however, none of these‘eurve shapes is adequate, the FlexCurve™ may be used to customize the inverse
time curve characteristics.

When enabled, the voltage restraint feature lowers fthe jpickup value of each individual phase time overcurrent element in a fixed
relationship (see Table 4-7 and Figure 4-2) with the_ cafresponding input voltage to a minimum pickup of 0.15 x CT. The voltage lower
limit setpoint is intended to prevent very,rapid tripping prior to primary protection clearing a fault when voltage restraint is enabled and
severe close-in fault has occurred. If voltage,resttaint'is not required, select "No" for this setpoint. If the VT type is selected as "None" or a
VT fuse loss is detected, the voltage restraint is‘ignored and the element operates as simple phase overcurrent.

Note: a fuse failure is detected within/99ms, therefore, any voltage restrained overcurrent trip should have a time delay of 10 Oms or
more or nuisance tripping on fuse less coulddccur.

Example:

Determine the voltage restrained phase overcurrent pickup level under the following situation:

Phase Overcurrent Pickup =24 CT} Enable Voltage Restraint = YES

Phase-Phase Voltage /"Rated RhaSe-Phase Voltage = 0.4pu

Voltage Restraingt’Phase OJC Pickup = (Phase O/C pickup x Voltage restrained curve pickup multiplier) x CT
=(2x04)xCT
=0.8xCT

Table 4-7 489 PHASEIOVERCURRENT RESTRAINT VOLTAGES

CURRENT VOLTAGE
1A Vab
1B Vbc
IC Vca
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1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

\ 4

Curve Pickup Multiplier

0 01 02 03 04 05 06 07 0B 08 1
Phase-Phase Voltage/Rated Phase-Phase Voltage

Figure 4-2 VOLTAGE RESTRAINT CHARACTERISTIC

4.6.6 NEGALIVESSEQUENCE OVERCURRENT I

a
=4

a
=

NEG. SEQUENCE'0/C
MAX: TIME: 1000 s

NEG. SEQUENCE 0/C
RESET RATE: 227.0 s

RANGE: 10 - 1000
STEP: 1

RANGE: 0.0 - 999.9
STEP: 0.1

I NEGATIVE SEQUENCE < | NEGATIVE SEQUENCE RANGE: Off, Latched, Unlatched
1 [ENTER] for more - ALARM: Off
S ASSIGN ALARM RANGE: Any Combination of Rélaygie-5
% | RELAYS (2-5): ---5
® NEG. SEQUENCE ALARM | RANGE: 3- 100
8| PICKUP: 3 % FLA STEP: 1
® NEGATIVE SEQUENCE RANGE: 0.1 - 100.0
¢ | ALARM DELAY: 5.0 s STEP: 0.1
® NEGATIVE SEQUENCE RANGE: On, Off
¢ | ALARM EVENTS: Off
® NEGATIVE SEQUENCE RANGE: Off, Latchigd, Unlatched
% 0/C TRIP: Off
s ASSIGN TRIP RANGERANy Combination of Relays 1-4
% | RELAYS (1-4): 1---
® NEG. SEQUENCE 0/C RANGE: 3- 100
¢ | TRIP PICKUP: 8 % FLAL | STEF: 1
® NEG. SEQUENCE 0/C RANGE: 1 - 100
% | CONSTANT,K: 1 STEP: 1

FUNCTION:

Rotor heating in generatorsyfue 10 negative sequence current is a well known phenomenon. Generators have very specific capability
limits where unbal@nced eurrent’is concerned (see ANSI C50.13). A generator should have a rating for both continuous and also short
time operation when négativelsequence current components are present.

The formula: K=1,’t defines the short time negative sequence capability of the generator
where: K = constant from generator manufacturer depending on generator size and design
I, = negative sequence current as a percent of generator rated full load current as measured at the output CTs
t = time in seconds when [,> pickup (minimum 250ms, maximum defined by setpoint)
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The 489 has a definite time alarm and inverse time overcurrent
curve trip to protect the generator rotor from overheating due to
the presence of negative sequence currents. Pickup values are
negative sequence current as a percent of generator rated full
load current. The generator FLA is calculated as: generator
rated MVA / (V3x rated generator phase-phase voltage). Nega-
tive sequence overcurrent maximum time defines the maximum
time that any value of negative sequence current in excess of
the pickup value will be allowed to persist before a trip is is-
sued. The reset rate provides a thermal memory of previous un-
balance conditions. It is the linear reset time from the threshold of
trip.

NOTE: Unusually high negative sequence current levels
may be caused by incorrect phase CT wiring.

>

\\\0
O

<<>‘Z’

L 4

100

|85 CURRENT ELEMENTS
1000 K=1.‘0 4.0 15\40‘190
\ A\ \
NN NN\
AN
\ \
100 \ N\ AY N
] ‘\ N\ \\
g \ \
S \ \ \\ \ 4>
2 5 -
(] N N\
£
[
\
\
1 N
\
\
\
|
0.01 0.1 10
Negative Seq e Current / Rated Current

Figure 4-3 NEGAT QUENCE INVERSE TIME CURVES
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4.6.7 GROUND OVERCURRENT I

1 GROUND 0/C
| [ENTER] for more

R0 ) ] L) (e ) e ] ) ]

a

a

a a a

a

=
=
=

FUNCTION:

4

o

o

o

o

o

o

o

o

o

o

o

=

GROUND OVERCURRENT
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

GROUND 0/C ALARM
PICKUP: 0.20xCT

GROUND 0/C ALARM
DELAY: 0 cycles

GROUND OVERCURRENT
ALARM EVENTS: Off

GROUND OVERCURRENT
TRIP: Off

ASSIGN TRIP
RELAYS (1-4): 1---

GROUND 0/C TRIP
PICKUP: 0.20xCT

CURVE SHAPE:
ANSI Extremely Inv.

FLEXCURVE TRIP TIME
AT 1.03xPU: 65535 ms

FLEXCURVE TRIP TIME
AT 20.0xPU: 65535 ms

OVERCURRENT CURVE
MULTIPLIER:  1.00

OVERCURRENT CURVE
RESET: Instantaneous

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.05 - 20.00
STEP: 0.01

RANGE: 0 - 100
STEP: 1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

RANGE: 0.05 - 20.00
STEP: 0.01

RANGE: See Table 4-2 489 OVERCURRENT CURVE TYPES

RANGE: 0 - 65535
NOTE: seen only if cuive shape.is Flexcurve ™

RANGE: 0 - 65535
NOTEgseen‘onlyif curve shape is Flexcurve™

RANGE£0:00 - 1000.00
SIEP001

RANGE: Instantaneous, Linear

The 489 ground overcurrent feature consists of both@n alarm and a trip element. The magnitude of measured ground current is used to
time out against the definite time alarm or jnverse time curve trip. The 489 inverse time curve for this element may be either ANSI, IEC,
or GE Type IAC standard curve shapegd This, allows for simplified coordination with downstream devices. If however, none of these
curves shapes is adequate, the FlexCufve™ may’be used to customize the inverse time curve characteristics. If the Ground CT is selected

as "None", the ground overcurrent protectionjis disabled.

NOTE: The pickup level for the ground current elements is programmable as a multiple of the CT. The 50:0.025 CT is intended for very
sensitive detection of ground faults and)its nominal CTrating for the 489 is 50:0.025.

EXAMPLE:

If the ground CT ig750:0:025,

a pickup of 0.20wouldsbe 0:20 x 5 = 1 amp primary

If the ground CT is 50:0.025,
a pickup of 0.05 would be 0.05 x 5 = 0.25 amps primary
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| S5 CURRENT ELEMENTS|

4.6.8 PHASE DIFFERENTIAL I

1 PHASE DIFFERENTIAL = | PHASE DIFFERENTIAL
| [ENTER] for more P TRIP: Off
s ASSIGN TRIP
¢ | RELAYS (1-4): 1---

a

DIFFERENTIAL TRIP
MIN. PICKUP: 0.10xCT

o

DIFFERENTIAL TRIP
SLOPE 1: 10 %

o

a

DIFFERENTIAL TRIP
SLOPE 2: 20 %

o

a

DIFFERENTIAL TRIP
DELAY: 0 cycles

] L) e (] ) e

=

FUNCTION:

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

RANGE: 0.05 - 1.00
STEP: 0.01

RANGE: 1 - 100
STEP: 1

RANGE: 1 - 100
STEP: 1

RANGE: 0 - 100 cycles
STEP: 10

The 489 percentage differential element has a dual slope characteristic. This allows forery sensitive settings when fault current is low
and less sensitive settings when fault current is high, more that 2 x CT, and CT performange_may produce erroneous operate signals.
The minimum pickup value sets an absolute minimum pickup in terms of operate,current, The delay can be fine tuned to an application

such that it still responds very fast, but rides through normal operational disturbances:

The Differential element for phase A will operate when:

where:

Operate

IReslraint

a

Operate > k % |Restraint

Operate N IA - Ia
Jh| L]
Restraineli™ 7

= operate current
= restraint currént

k = characteristic slope of differential element in percent
(Slopefl ifd,<2,X CT, Slope 2 if I >=2 X CT)

A = Pphase current/measured at the output CT

= phase cufrent measured at the neutral end CT

Differential elements for phase B and phase‘@,operate in the same manner.

loverare. (multiplespof £T)

1

0.9

0.8 4

0.7/

0.6

0.5 1

0.4 1

0.3 1

0.2 1

0.1 1

4

Slope 2 = 20%

OPERATE
REGION

Slope 1 =10%
Minimum Pickup = 0.10 x CT

0 0.5 1 15 2 25 3 35 4 45

IResTraNT (multiples of CT)

Figure 4-4 DIFFERENTIAL ELEMENTS
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4.6.9 GROUND DIRECTIONAL I

| GROUND DIRECTIONAL
| [ENTER] for more

0 ) o] L) e ) ) ] ] (o] )

a

a

FUNCTION:

4

SUPERVISE WITH
DIGITAL INPUT: Yes

o

GROUND DIRECTIONAL
MTA: 0 °

o

GROUND DIRECTIONAL
ALARM: Off

o

ASSIGN ALARM
RELAYS (2-5): ---5

o

GROUND DIR. ALARM
PICKUP: 0.05 X CT

&

GROUND DIR. ALARM
DELAY: 3.0 sec.

&

GROUND DIR. ALARM
EVENTS: Off

o

GROUND DIRECTIONAL
TRIP: Off

o

ASSIGN TRIP
RELAYS (1-4): 1---

o

GROUND DIR. TRIP
PICKUP: 0.05 X CT

&

GROUND DIR. TRIP
DELAY: 3.0 sec.

RANGE: Yes, No

Note: This message is only seen if a digital input is assigned to Ground Switch Status

RANGE: 0°, 90°, 180°, 270°
Note: MTA(Maximum Torque angle)

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.05 - 20.00
STEP: 0.1

RANGE: 0.1-120.0
STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays{-4

RANGE: 0.05 - 20.00

STEP: 0.1

RANGE: 0.1-120.0
STEP: 0.1

The 489 can detect ground directional by using two measurement quantities, V, and |,. By comparing the angle between these quantites
it can be determined if a ground fault is within the genetator efpnot. This function should be coordinated with the 59GN element (95 %
stator ground protection) to ensure proper operationfithe“element. Particularly, this element should be faster. This element must use a
core balance CT to derive the |, signal. Polarity is cfitical imthis element. The protection element is blocked for neutral voltages, Vo, below
2.0 V secondary. Refer to the application section formore details.

NOTE: The pickup level for the ground gurrent.elements is programmable as a multiple of the CT. The 50:0.025 CT is intended for very
sensitive detection of ground faults and itsdaominal,€Trating for the 489 is 50:0.025.

EXAMPLE:

If the ground CT is 50:0.025,

a pickup of 0.20 would be 0.20/x 5 = llamp primary

mary

If the ground CT is 50:0.025,
a pickup of 0.05 would be 0.05 x 5 = 0.25 amps pri-

(Refer to Appendix B,for Applic¢ation Notes)
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AUXILIARY
CONTACT
GROUNDING SWITCH -\ S
C(B) c(B)
B(C) B(C)
0 o TO HGF
TO Vneutral OF EACH SR489
MULTLIN HGF ZEROCT ~ GROUND

4.6.10 HIGH-SET PHASE OVERCURRENT I

HIGH-SET PHASE 0/C RANGE: OfffLatc| tched MODBUS ADDRESS:0X1830

TRIP : Off

‘ e INPUTS
] 808812A2.CDR

| HIGH-SET PHASE 0/C
|1 [ENTER] for more

e 3

a 1

A

ASSIGN TRIP y Combination of Relays 1-4 MODBUS ADDRESS:0X1831

RELAYS (1-4): 1---

o

HIGH-SET PHASE 0/C :045-20.00 MODBUS ADDRESS:0X1832

PICKUP: 5.00 X CT

o

E:0.00-100.00 MODBUS ADDRESS.0X1833
P:0.01

a
=

FUNCTION:

If any individual phase current ex ickup level for the specified trip time a trip will occur if the feature is enabled. The element
operates in both online and offline 0 his element can be used as a backup feature to other protection elements. In situations
where generators are connecte pal this element would be set above the maximum current contribution from the generator on
which the protection is installed; With this setting, the element would provide proper selective tripping. The basic operating time of the
0/60 Hz.

I

element with no time delay i

S

RY
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4.7.1 UNDERVOLIAGE I

| UNDERVOLTAGE
| [ENTER] for more

FUNCTION:

a a a a a a a a

a

a

0 ) (o] L) (e ] ) ] ) (o] )

4

o

o

o

o

o

o

o

o

o

=

UNDERVOLTAGE
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

UNDERVOLTAGE ALARM
PICKUP: 0.85 x Rated

UNDERVOLTAGE ALARM
DELAY: 3.0 s

UNDERVOLTAGE ALARM
EVENTS: Off

UNDERVOLTAGE
TRIP: Off

ASSIGN TRIP
RELAYS (1-4): 1---

UNDERVOLTAGE TRIP
PICKUP: 0.80 x Rated

UNDERVOLTAGE TRIP
DELAY: 1.0 s

UNDERVOLTAGE CURVE
RESET RATE: 1.4s

UNDERVOLTAGE TRIP
ELEMENT: CURVE

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.50 - 0.99
STEP: 0.01

RANGE: 0.2-120.0
STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

RANGE: 0.50 - 0.99
STEP: 0.01

RANGE: 0.2-10.0
STEP: 0.1

RANGE: 0.0 - 999.9
STEP: 0.1

RANGE: Curve, Definiteliime

The undervoltage elements may be used for protection @f the|generator and/or its auxiliary equipment during prolonged undervoltage
conditions. They are active only when the generator is @nline. £he alarm element is definite time and the trip element can be either defi-
nite time or a curve. When the magnitude of the average phase-phase voltage is less than the pickup x the generator rated phase-phase
voltage, the element will begin to time out. If the time expites, ajtrip or alarm will occur. The curve reset rate is a linear reset time from the
threshold of trip. If the VT type is selected as "None" Vil fuseyloss is detected, or the magnitude of I, < 7.5% CT, the undervoltage protec-

tion is disabled. The pickup levels are insensitive to frequeney,over the range of 5 to 90 Hz.

The formula for the curve is:

D

where

T =trip time (sec)

D = delay setpoint
V = actual pefunit'phase-phase voltage
V ..,= undervoltage piekup setpoint

pickup
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4.7.2 OVERVOLIAGE I

1 OVERVOLTAGE = | OVERVOLTAGE
I [ENTER] for more “ ALARM: Off
s ASSIGN ALARM

o

RELAYS (2-5): ---5

a

OVERVOLTAGE ALARM
PICKUP: 1.15 x Rated

o

s OVERVOLTAGE ALARM
¢ | DELAY: 3.0 s
s OVERVOLTAGE ALARM
8 | EVENTS: Off
® OVERVOLTAGE
TRIP: Off
® ASSIGN TRIP
¢ | RELAYS (1-4): 1---
s OVERVOLTAGE TRIP
¢ | PICKUP: 1.20 x Rated
s OVERVOLTAGE TRIP
¢ | DELAY: 1.0's
s OVERVOLTAGE CURVE

o

RESET RATE: 1.4s

a

0 ) (o] L) (e ] ) ] ] (o] )

OVERVOLTAGE TRIP
ELEMENT: CURVE

=

FUNCTION:

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 1.01-1.50
STEP: 0.01

RANGE: 0.1-120.0
STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

RANGE: 1.01-1.50
STEP: 0.01

RANGE: 0.1-10.0
STEP: 0.1

RANGE: 0.0 - 999.9
STEP: 0.1

RANGE: Curve, DéfiniteTime

The overvoltage elements may be used for protection of the"generator and/or its auxiliary equipment during prolonged overvoltage con-
ditions. They are always active (when the generator is offline of online). The alarm element is definite time and the trip element can be
either definite time or an inverse time curve. When the average of the measured phase-phase voltages rises above the pickup level x the
generator rated phase-phase voltage, the element willlbeginie,time out. If the time expires, a trip or alarm will occur. The reset rate is a
linear reset time from the threshold of trip. The pickup levels‘are insensitive to frequency over the range of 5 to 90 Hz.

The formula for the curve is:

T= D 1Whenv >Vpickup
(-1
V pickup

where T = trip time (sec)
D = delay setpoint
V = actual per unit phase-phase voltage
V ..,= overvoltage pickup,setpoint

pickup

1000

|
\
\
\\\
100 X N
N\ NS
1\ Time
’%‘ ‘\ N\ ~— Delay
§ ‘ \ e Setting
k3 \ N T —— ¢
S 10 AR ~ ~—— 10
= =\ N
= AN
g \ N — 3
= \ —
N e
1 ~ — L
NS
o~
T— 0.3
\\
0.1 0.1

1 11 12

13 14 15 1.6 17 1.8 19 2

Multiples of Overvoltage Pickup

Figure 4-6 OVERVOLTAGE CURVES
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4. SETPOINT PROGRAMMING

4.7.3 VOLTS/HERTZ I

1 VOLTS/HERTZ < | VOLTS/HERTZ
I [ENTER] for more “ ALARM: Off
s ASSIGN ALARM

o

RELAYS (2-5): ---5

a

VOLTS/HERTZ ALARM

o

RESET RATE: 1.4s

a

VOLTS/HERTZ TRIP
ELEMENT: CURVE #1

=

¢ | PIGKUP: 1.00xNominal
® VOLTS/HERTZ ALARM
| DELAY: 3.0 s
® VOLTS/HERTZ ALARM
¢ | EVENTS: Off
® VOLTS/HERTZ
& | TRIP: Off
® ASSIGN TRIP
% | RELAYS (1-4): 1-
® VOLTS/HERTZ TRIP
¢ | PIGKUP: 1.00xNominal
® VOLTS/HERTZ TRIP
| DELAY: 1.0's
® VOLTS/HERTZ CURVE

FUNCTION:

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.50 - 1.99
STEP: 0.01

RANGE: 0.1 -150.0
STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

RANGE: 0.50 - 1.99
STEP: 0.01

RANGE: 0.1 - 150.0
STEP: 0.1

RANGE: 0.0 - 999.9
STEP: 0.1

RANGE: Curve #1, Gunve #2, Curve #3, Definite Time

The volts/hertz elements may be used for protection of thé generator@and unit transformer. They are active as soon as the magnitude and
frequency of Vab is measurable. The alarm element is definitedime and the trip element can be either definite time or a curve. Once the
Volts/Hertz measurement Vab exceeds the pickup level, forthe period of time specified, a trip or alarm will occur. The reset rate is a linear
reset time from the threshold of trip and should be sett@ymatehycooling characteristics of the protected equipment. The measurement of
Volts/Hertz will be accurate through a frequency rangegof 5 -90, Hz. Settings less than 1.00 would only apply for special generators such as

short circuit testing machines.

The formula for the curve #1 is:

T = D . Whent_>"Pickup
(9)/ (g x Pickup] ~ 4
where = trip timey(sec)

T
D = delay setpoint
\ = RMS measurement of Vab
F =freguiency of Vab
Viou = generator voltage setpoint
F, = generator frequency setpoint
Pickupy= volts/hertz pickup setpoint
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Figure 4-7 VOLTS/HERTZ CURVES #1
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Curve #2: CURVE #2
1000 1§
D \
T= y - ,when¥ > Pickup \
()1 (Yige x Pickup] - 1 1\
5 \\
S A  —
‘|‘ ‘\\ S Time
— Del;
Z N\ N\ Seting
3 ]
where T  =trip time (sec) 8 \ \ N
D = delay setpoint g 10 e 10
\Y = RMS measurement of Vab o ‘\‘\\ —~
F = frequency of Vab g .\
Viou = generator voltage setpoint - \ \\ s
F, = generator frequency setpoint 1 \
Pickup = volts/hertz pickup setpoint “\\ 1
0.3
0.1 0.1
1.00 1.20 440 1.60 1.80 2.00
Multiplesiof Volts/Hertz Pickup
Rigure™=8 VOLTS/HERTZ CURVES #2
CURVE #3
10000
Curve #3:
D . 1000 ¢
T= 5= Whent > Pickup \
Vv Viom i - 1L\
(F) /( Fs x PleUp} 1 . \ \ Time
4 Del
S 100 AN ol
& N\ S ——— ¢
= ‘\ \\ 10
= \\ _
where T = trip time (sec) e 10 BN ~—— 3
D = delay setpoint = ‘\\ TSNS T
\ = RMS measurement gf Vab. N 1
F = frequency of Vab L I
V,ou = generator voltage setpoint —— 0.3
F, = generator frequencyasetpoint — 01
Pickup = volts/hertz pickup setpoint
0.1
1.00 1.20 1.40 1.60 1.80 2.00
Multiples of Voltz/Hertz Pickup
Figure 4-9 VOLTS/HERTZ CURVES #3
Note:

Volts/Hertz is done per unit
Volts/Hertz = (PHase - phase voltage / Rated phase - phase voltage)
(Frequency / Rated frequency)
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4. SETPOINT PROGRAMMING

4T4PHASEREVERSALI

| PHASE REVERSAL
| [ENTER] for more

FUNCTION:

LA

] el

PHASE REVERSAL
TRIP: Off

ASSIGN TRIP
RELAYS (1-4): 1---

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4

The 489 can detect the phase rotation of the three phase voltages. A trip will occur within 200ms if the Phase‘Reversal feature is turned
on, the generator is offline, each of the phase-phase voltages is greater than 50% of the generator ratéd phase-phase voltage and the
phase rotation is not the same as the setpoint. Loss of VT fuses cannot be detected when the generator is offlifie and could lead to ma-
loperation of this element. If the VT type is selected as "None", the phase reversal protection is disableg.

4.7.5 UNDERFREQUENCYI

1 UNDERFREQUENCY
| [ENTER] for more

FUNCTION:

WA o] L) (e ) e ] ) ] ) (] ]

a
=4

a
=4

a
=4

a
=4

A

a
=4

a
=4

a
=4

A
o

a
i

2!
=

BLOCK UNDERFREQUENCY

FROM ONLINE: 1 s

RANGE: 0 -5
STEP: 1

VOLTAGE LEVEL
CUTOFF : 0.50 x Rated

RANGE: 0.50 - 0.99
STEP: 0.01

UNDERFREQUENCY
ALARM : Off

RANGE: Off, Latched, Unlatehed

ASSIGN ALARM
RELAYS (2-5): ---5

RANGE: Any Combination ofRéléys 2-5

UNDERFREQUENCY
ALARM LEVEL: 59.50 Hz

RANGE: 20.00 - 60.00.
STEP: 0.01

UNDERFREQUENCY
ALARM DELAY: 5.0 s

RANGE: 0.1 -5000.0
STER:0.1

UNDERFREQUENCY
ALARM EVENTS: Off

RANGEZ@n, Off

UNDERFREQUENCY
TRIP : Off

RANGE: Off, Latched, Unlatched

ASSIGN:TRIP
RELAYS (1-4): 1---

RANGE: Any Combination of Relays 1-4

UNDERFREQUENCY
TRIP,LEVEL1:59.50 Hz

RANGE: 20.00 - 60.00
STEP: 0.01

UNDERFREQUENCY
TRIP DELAY1: 60.0 s

RANGE: 0.1 -5000.0
STEP: 0.1

UNDERFREQUENCY
TRIP LEVEL2: 58.00 Hz

RANGE: 20.00 - 60.00
STEP: 0.01

UNDERFREQUENCY
TRIP DELAY2: 30.0 s

RANGE: 0.1 -5000.0
STEP: 0.1

It may be undesirable to enable the underfrequency elements until the generator is online. This feature can be blocked until the generator
is online and thegblock time expires. From that point forward, the underfrequency trip and alarm elements will be active. A value of zero
for thefblock time indicates that the underfrequency protection is active as soon as voltage exceeds the cutoff level (programmed as a
multipleof the generator rated phase-phase voltage). Frequency is then measured. Once the frequency of Vab is less than the underfre-
quency‘setpoints, for the period of time specified, a trip or alarm will occur. There are dual level and time setpoints for the trip element.
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4.7.6 OVERFREQUENCY I

| OVERFREQUENCY
| [ENTER] for more

FUNCTION:

0 ) (e ) e ] ) o] ) (e ] ) ]

a

a

0

&

&

&

o

o

o

&

&

o

=

o

=

BLOCK OVERFREQUENCY
FROM ONLINE: 1 s

VOLTAGE LEVEL
CUTOFF : 0.50 x Rated

OVERFREQUENCY
ALARM : Off

ASSIGN ALARM
RELAYS (2-5): ---5

OVER FREQUENCY
ALARM LEVEL: 60.50

OVERFREQUENCY
ALARM DELAY: 5.0 s

OVERFREQUENCY
ALARM EVENTS: Off

OVERFREQUENCY
TRIP : Off

ASSIGN TRIP
RELAYS (1-4): 1---

OVER FREQUENCY
TRIP LEVEL1: 60.50 Hz

OVERFREQUENCY
TRIP DELAY1: 60.0 s

OVER FREQUENCY
TRIP LEVEL2: 62.00 Hz

OVERFREQUENCY
TRIP DELAY2: 30.0 s

RANGE: 0-5
STEP: 1

RANGE: 0.50 - 0.99
STEP: 0.01

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 25 .01 - 70.00
STEP: 0.01

RANGE: 0.1 -5000.0
STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays, 1-4

RANGE: 25 .01 - 70:00
STEP: 0.01

RANGE: 0.1 -5000.0:
STEP: 0.1

RANGE: 25".01 - 70.00
STEP:0.01

RANGE: 0.1 -5000.0
STEP30.1

It may be undesirable to enable the overfrequéncy elements until the generator is online. This feature can be blocked until the generator
is online and the block time expires. Frofr that{point forward, the overfrequency trip and alarm elements will be active. A value of zero for
the block time indicates that the overfrequengy prétection is active as soon as voltage exceeds the cutoff level (programmed as a multi-
ple of the generator rated phase-phase,voltage)yFrequency is then measured. Once the frequency of Vab exceeds the overfrequency

setpoints, for the period of time spegified, @ytrip or alarm will occur. There are dual level and time setpoints for the trip element.
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4. SETPOINT PROGRAMMING

4.7.7 NEUTRAL OVERVOLTAGE (F UNDAMENTAL) I

| NEUTRAL O/V (FUND)
| [ENTER] for more

FUNCTION:

a2 1

0

SUPERVISE WITH
DIGITAL INPUT: No

RANGE: Yes, No

NOTE: This message is only seen if a digital input is assigned to Ground Switch Status

NEUTRAL OVERVOLTAGE RANGE: Off, Latched, Unlatched
¢ | ALARM : Off
s ASSIGN ALARM RANGE: Any Combination of Relays 2-5
¢ | RELAYS (2-5): ---5
s NEUTRAL O/V ALARM RANGE: 2.0 - 100.0
¢ | LEVEL: 3.0 Vsec STEP: 0.1
s NEUTRAL OVERVOLTAGE | RANGE: 0.1-120.0
¢ | ALARM DELAY: 1.0 s STEP: 0.1
s NEUTRAL OVERVOLTAGE | RANGE: On, Off

&

ALARM EVENTS: Off

o NEUTRAL OVERVOLTAGE | RANGE: Off, Latched, Unlatched
8 [ TRIP : Off
® ASSIGN TRIP RANGE: Any Combination of Relays 1-4

a a a

a

L[ ) ] ) ] ) ] ) ] ) ] e

&

&

=

&

&

RELAYS (1-4): 1---

NEUTRAL O/V TRIP
LEVEL: 5.0 Vsec

NEUTRAL OVERVOLTAGE
TRIP DELAY: 1.0 s

NEUTRAL 0/V CURVE
RESET RATE: 0.0

NEUTRAL O/V TRIP
ELEMENT: Definite Time

RANGE: 2.0 - 100.0
STEP: 0.1

RANGE: 0.1 -120.0
STEP: 0.1

RANGE: 0.0 - 999.9
STEP: 0.1

RANGEsCurve, Definite Time

The neutral overvoltage function responds to fundamentalfrequency voltage at the generator neutral. It provides ground fault protection
for approximately 95% of the stator windings. 100%pratection’is provided when this element is used in conjunction with the Neutral Un-
dervoltage (3rd harmonic) function. The alarm element'is definite time and the trip element can be either definite time or an inverse time
curve. When the neutral voltage rises above the®pickupgevel the element will begin to time out. If the time expires an alarm or trip will
occur. The reset rate is a linear reset time from the threshold of trip. The alarm and trip levels are programmable in terms of Neutral VT
secondary voltage.

(Refer to Appendix B for Application Notes.)
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%0

1000 14 ‘
The formula for the curve is: L}
\
D A\
T= (V—lj WHENY >V 100 \.
Vet - IR =S &— ...
2 \‘ AN ~ Delay
i 3 ‘\ D Setting
where T =trip time (se_c) 3 \ N g
D = delay setpoint o 10 W } 10
V = neutral voltage E L ——— j
V. = NEULtral overvoltage pickup setpoint = O ~—— 3
[} \ o —
£
1 N . ——y T 1
S 03
T —
0.1 0.1
1 11 12 1 15 16 17 18 19 2
ulti Overvoltage Pickup
ERVOLTAGE CURVES
Note: If the ground directional element is enabled, the Neutral Overvolt ould be coordinated with it. In cases of paralleled
generator grounds through the same point, with individual ground switch ch below, it is recommended to use a ground switch

status function to prevent maloperation of the element.

GENERATOR 1

TO ral OF EACH SR489

Cc(B)
A
B(C)

GENERATOR 2

808816A2.CDR
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4.7.8 NEUTRAL UNDERVOLTAGE (3 RD HARMONIC)I

| NEUTRAL UV (3rd)
| [ENTER] for more

0

LOW POWER BLOCKING
LEVEL: 0.05xRated MW

a2 1

&

RELAYS (1-4): 1---

a

NEUTRAL U/V TRIP
LEVEL: 1.0 Vsec

&

a

NEUTRAL UNDERVOLTAGE
TRIP DELAY: 30 s

=

LOW VOLTAGE BLOCKING
& | LEVEL: 0.75 x Rated

® NEUTRAL UNDERVOLTAGE
¢ | ALARM : Off

® ASSIGN ALARM
& | RELAYS (2-5): ---5

® NEUTRAL U/V ALARM
¢ | LEVEL: 0.5 Vsec

® NEUTRAL UNDERVOLTAGE
¢ | ALARM DELAY: 30 s

® NEUTRAL UNDERVOLTAGE
& | ALARM EVENTS: 0ff

® NEUTRAL UNDERVOLTAGE
S| TRIP : Off

® ASSIGN TRIP

FUNCTION:

The neutral undervoltage function responds to 3rd hatmonicivoltage measured at the generator neutral and output terminals. When used
in conjunction with the Neutral Overvoltage (fundamental frequency) function, it provides 100% ground fault protection of the stator

windings.

Wye Connected VTs

Since the amount of third harmonic voltage thats@ppears in the neutral is both load and machine dependent, the protection method of
choice is an adaptive method. If the phase™ V4L, connection is wye, the following formula is used to create an adaptive neutral under-

RANGE: 0.02-0.99
STEP: 0.01 *Note: this message seen only if VT connection is Delta

RANGE: 0.50 -1.00
STEP: 0.01 *Note: this message seen only if VT connection is Delta

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.5 - 20.0
STEP: 0.1 *Note: this message seen only if VT conng@etion is Belta

RANGE: 5 - 120
STEP: 1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays\i -4

RANGE: 0.5- 20.0

STEP: 0.1 *Note: thisysmessage seen only if VT connection is Delta

RANGE: 5 - 120
STEP: 1

voltage pickup level based on theg,amount of third harmonic that appears at the generator terminals.

#50_15

\Y

whigh simplifies to :

The 489 test§ the following permissives prior to testing the basic operating equation to ensure that V,; should be of a measurable

magnitude fopandnfaultéd generator:

Vp3'>0.25volts &

(Refento Appendix B for Application Notes.)
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where : V3 is the magnitude of third harmonic voltage at the generator neutral
Vps is the magnitude of third harmonic voltage at the generator terminals
Vps 'is the VT secondary magnitude of third harmonic voltage measured at the generator terminals
Vs 'is the VT secondary magnitude of third harmonic voltage at the generator neutral
Permissive _Threshold is 0.15 volts for the alarm element and 0.1875 volts for the trip element

Open Delta Connected VTs

If the phase VT connection is open delta, it is not possible to measure the third harmonic voltages at the,generator terminals and a
simple third harmonic neutral undervoltage element is used. The level is programmable in terms of Neutral'VA[ secondary voltage. In
order to prevent nuisance tripping at low load or low generator voltages, two blocking functions arefproyided. They apply to both the
alarm and trip functions. When used as a simple undervoltage element, settings should be based on measured 3rd harmonic neutral
voltage of the healthy machine.

NOTE: This method of using 3rd harmonic voltages to detect stator ground faults near the generatarneutral has proved feasible on gen-
erators with unit transformers. Its usefulness in other generator applications is unknown.

4.7.9 LOSS OF EXCITATION I

|1 LOSS OF EXCITATION = [ ENABLE VOLTAGE RANGE: Yes, No
1 [ENTER] for more . SUPERVISION: YES
® VOLTAGE RANGE: 0.70 - 1.00
¢ | LEVEL: 0.70x Rated STEP: 0.01 *NoteaThis message only seen if Voltage Supervision is set to Yes
S CIRCLE 1 RANGE: Off, Latched, kinlatched
& | TRIP: Off

A

RL5 AL ) ] ) ) ) ] W) ) e

ASSIGN CIRCLE 1 TRIP RANGE: Any.€ombination of Relays 1-4

¢ | RELAYS (1-4): 1---
s CIRCLE 1 RANGE! 2.5- 300.0
¢ | DIAMETER: 25.0 Q@ seciyf STE%:0.1
s CIRCLE 1 RANGE: 1.0 - 300.0
¢ | OFFSET: 2.5 Q sec. SIEP: 01
CIRCLE 1 TRIP RANGE: 0.1 - 10.0
¢ | DELAY: 5.0 s STEP: 0.1
s CIRCLE 2 RANGE: Off, Latched, Unlatched
¢ | TRIP: Off

A

ASSIGN CIRCLE 2 TRIP RANGE: Any Combination of Relays 1-4

¢ | RELAYS)(1-4): 1---

s CIRCLE 2 RANGE: 2.5- 300.0
¢ {\DIAMETER: 35.0 @ sec. | STEP: 01

o CIRCLE 2 RANGE: 1.0 - 300.0
¢ J(OFFSET: 2.5 Q sec. STEP: 0.1

N CIRCLE 2 TRIP RANGE: 0.1 - 10.0
¢ | DELAY: 5.0 s STEP: 0.1
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FUNCTION:

The 489 can detect loss of excitation by using an impedance element. When the impedance falls within the impedance e f e
delay time specified a trip will occur if it is enabled. The user can enable Circle #1 and/or Circle #2 to tune their protection feature to their
system. The larger circle diameter should be set to the synchronous reactance of the generator, x, and the circle offset shoul et to
the generator transient reactance x’,/ 2. Typically the smaller circle, if used will be set to minimum time with a diameter set to 0.7 x, and
an offset of x',/ 2. The feature is blocked if voltage supervision is enabled and the generator voltage is above the VOLTAGE LEVEL set-
point threshold. The trip feature is supervised by minimum current of 0.05 x CT. Note: Element will be blocked if there is a viuse failure
or if the generator is offline. Also, it uses output CT inputs.

vV
The formula:  Z jpe = AB = M joe U B 10e

Ia-18 \
where: Z0e = Secondary phase to phase loss of excitation impedance 0

Mioe U B10e = Secondary impedance phasor (magnitude and angle)

All relay quantities are in terms of secondary impedances. The formula to convert primary imp ce guantities to secondary imped-
ance quantities is provided below.
where: an' = primary ohms impedance

CT ratio = programmed CT ratio, if CT ratio is 1200 : 5 use a v& /5 =240
VT ratio = programmed VT ratio, if VT ratio is 100 : 1 use a value of

_ V4 pri X CT ratio
Lsec=——————
VTratio

eyw 71 Offset

Z\oe
\ Diameter

K22

B0B819A1.DWG
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4.7.10 DISTANCE ELEMENTS I

1 DISTANGE ELEMENT STEP UP TRANSFORMER | RANGE: None, Delta/Wye
1 [ENTER] for more . ¢ | SETUP: None

® FUSE FAILURE RANGE: On, Off
% | SUPERVISION: On

® ZONE #1 RANGE: Off, Latched, Unlatched
¢ | TRIP: Off

® ASSIGN ZONE #1 TRIP | RANGE: Any Combination of Relays 1-4
¢ | RELAYS (1-4): 1---

® ZONE #1 RANGE: 0.1 - 500.0
¢ | REACH: 10.0 STEP: 0.1

® ZONE #1 RANGE: 50 - 85
¢ | ANGLE: 75° STEP: 1

® ZONE #1 TRIP RANGE: 0.0 - 150.0
% | DELAY: 0.4 s STEP: 0.1

o ZONE #2 RANGE: Off, Latched, Unlatched
¢ | TRIP: Off

® ASSIGN ZONE #2 TRIP | RANGE: Any Combination,of Relays 44
¢ | RELAYS (1-4): 1---

® ZONE #2 RANGE: 0.1 - 500.0
% | REACH: 15.0 STEP: 0.1

® ZONE #2 RANGE: 50 - 85
¢ | ANGLE: 75° STEP: 1

® ZONE #2 TRIP RANGER0.0 - 150.0
% | DELAY: 2.0 s STEP: 0.1

FUNCTION:

The 489 distance protection function (device number2d) implements two zones of mho phase-to-phase distance protection (a total of six
elements) using the conventional phase comparator appteach, with the polarizing voltage derived from the pre-fault positive sequence
voltage of the protected loop. This protection is intended as backup for the primary line protection. The elements make use of the neu-
tral-end current signals and the generator termif@l voltage signals, per figure 4-11, thus providing some protection for internal and unit
transformer faults. In systems with a delta-wyg unit tfansformer (DY330°), the appropriate transformations of voltage and current signals
are implemented internally to allow proper, detection of transformer high-side phase-to-phase faults. The reach setting is the positive
sequence impedance to be covered, pergphase, expressed in secondary ohms. The same transformation shown for the Loss of excita-
tion element can be used to calculate the desiredysettings as functions of the primary-side impedances.

The elements have a basic operatingtime of"150 milliseconds. A VT fuse failure could cause a maloperation of a distance element un-
less the element is supervised by*the VTufuse failure element. In order to prevent nuisance tripping the elements require a minimum
phase current of .05 x CT.

PROTECTION ZONE 2

PROTECTION ZONE 1

TERMINAL VT

—-ﬂ

Figure 4-11 DISTANCE ELEMENT SETUP
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4.8.1 POWER MEASUREMENT CONVENTIONS I

Generation of power will be displayed on the 489 as positive Watts. By convention, an induction generator normally requires reagctive
power from the system for excitation. This is displayed on the 489 as negative vars. A synchronous generator on the other hand"has its
own source of excitation and can be operated with either lagging or leading power factor. This is displayed on the 489 as positive vars
and negative vars respectively (see Figure 4-12). All power quantities are measured from the phase-phase voltage and the currents
measured at the output CTs.

ONE LINE DIAGRAM POWER PLANE DIAGRAMS
I, < > I -
I; < » L
POSITIVE S
DIRECTION P gl +P
Qr
v n
S1=ET 1
(N
[] I -Q
SOURCE LOAD
+Q
{0 e
- P2
P - +P
Q2
~ A 4
S2=ETI 2
| PER IEEE DEFINITIQNSY .
PHASOR DIAGRAM N Q
(POSITIVE ROTATION) S3=EI 3
“— 1
Q3
S2 S1 P += e
- Watt + Watt
- Var - Var
PF=Lag PF=Lead
Ty I
-Q
Bus Voltage E +Q
24 S4=ET,
A
S3 I3 ly 54 a4 2,
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Figure 4-12 POWER MEASUREMENT CONVENTIONS
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4.8.2 REACTIVE POWER I

1 REACTIVE POWER =| BLOCK Mvar ELEMENT | RANGE: 0 - 5000
| [ENTER] for more © FROM ONLINE: 1 s STEP: 1
® REACTIVE POWER RANGE: Off, Latched, Unlatched
¢ | ALARM : Off
s ASSIGN ALARM RANGE: Any Combination of Relays 2-5
¢ | RELAYS (2-5): ---5
® POSITIVE Mvar ALARM | RANGE: 0.02-1.50
¢ | LEVEL:0.85xRated STEP: 0.01
® NEGATIVE Mvar ALARM | RANGE: 0.02-1.50
¢ | LEVEL:0.85xRated STEP: 0.01
® POSITIVE Mvar ALARM | RANGE: 0.2-1200's
¢ | DELAY: 10.0 s STEP: 0.1 Note: Lagging VARS, overexcited
® NEGATIVE Mvar ALARM | RANGE: 0.2-120.0s
¢ | DELAY: 1.0 s STEP: 0.1 Note: Leading VARS, undereXeited
® REACTIVE POWER ALARM | RANGE: On, Off
8 | EVENTS: Off
® REACTIVE POWER RANGE: Off, Latched, Unlatched
| TRIP : Off
® ASSIGN TRIP RANGE: Any Combinatioft'of Refays,1-4
¢ | RELAYS (1-4): 1---
® POSITIVE Mvar TRIP RANGE: 0.02-2.00, Off
¢ | LEVEL:0.80xRated STEP: 0.01
® NEGATIVE Mvar TRIP RANGE 02-2.00, Off
¢ | LEVEL:0.80xRated STEP: 0.01
® NEGATIVE Mvar TRIP RANGE? 0.2 - 120.0
© | DELAY: 20.0 s STEP: 0y Note: Lagging VARS, overexcited
® POSITIVE Mvar TRIP RANGE;0.2 - 120.0
@ | DELAY: 20.0 s STEP: 0.1 Note: Leading VARS, overexcited

FUNCTION:

In a motor/generator application, it may le desirable not to trip or alarm on reactive power until the machine is online and the field has
been applied. Therefore, this feature cafibe blocked until the machine is online and adequate time has expired during which the field had
been applied. From that point forwatd, the“feactive power trip and alarm elements will be active. A value of zero for the block time indi-
cates that the reactive power protectioniis active as soon as both current and voltage are measured regardless of whether the generator
is online or offline. Once the 30ftotal reactive power exceeds the positive or negative level, for the specified delay, a trip or alarm will
occur indicating a positive or negative Mvar condition. The level is programmed in per unit of generator rated Mvar calculated from the
rated MVA and rated powefgfactor.“Fhe reactive power elements can be used to detect loss of excitation. If the VT type is selected as
"None" or VT fuse loss is détected,{the reactive power protection is disabled. Rated Mvars for the system can be calculated as follows:

Example:
Rated MVA = 100, MVA

Rated Power Factor=,0.85
Rated Mvars = (Rated'MVA) x sin (cos™ (Rated Power Factor)) = 100 x sin (cos™ 0.85) = 52.67 Mvars
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4. SETPOINT PROGRAMMING

4.8.3 REVERSE POWERI

| EVERSE POWER
| [ENTER] for more

FUNCTION:
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BLOCK REVERSE POWER
FROM ONLINE: 1 s

REVERSE POWER
ALARM : Off

ASSIGN ALARM
RELAYS (2-5): ---5

REVERSE POWER ALARM
LEVEL: 0.05xRated MW

REVERSE POWER ALARM
DELAY: 10.0 s

REVERSE POWER ALARM
EVENTS: Off

REVERSE POWER
TRIP : Off

ASSIGN TRIP
RELAYS (1-4): 1---

REVERSE POWER TRIP
LEVEL: 0.05xRated MW

REVERSE POWER TRIP
DELAY: 20.0 s

RANGE: 0 - 5000
STEP: 1

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.02-0.99
STEP: 0.01

RANGE: 0.2-120.0
STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1-4;

RANGE: 0.02-0.99

STEP: 0.01

RANGE: 0.2-120.0
STEP: 0.1

If enabled, once the magnitude of 30 total power exceeds the Pickup Level in the reverse direction (negative MW) for a period of time
specified by the Delay, a trip or alarm will occur. The levelfisfprogrammed in per unit of generator rated MW calculated from the rated
MVA and rated power factor. If the generator is accelerated from the power system rather than the prime mover, the reverse power ele-
ment may be blocked from start for a specified period oftimefA value of zero for the block time indicates that the reverse power protec-
tion is active as soon as both current and voltage are‘measured regardless of whether the generator is online or offline. If the VT type is
selected as "None" or VT fuse loss is detected, the reverseipowerprotection is disabled.

NOTE: The minimum magnitude of power measurement is determined by the phase CT minimum of 2 % rated CT primary. If the level for
reverse power is set below that level, a trip or @larm will only occur once the phase current exceeds the 2% cutoff.

Users are cautioned that a reverse power, element may not provide reliable indication when set to a very low setting, particularly under
conditions of large reactive loading on theé generator. Under such conditions, low forward power is a more reliable element.

4-44



4. SETPOINT PROGRAMMING
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4.8.4 LOW FORWARD POQWER I

| LOWRWARD POWER
| [ENTER] for more

FUNCTION:
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BLOCK LOW FWD POWER
FROM ONLINE: 0 s

LOW FORWARD POWER
ALARM : Off

ASSIGN ALARM
RELAYS (2-5): ---5

LOW FWD POWER ALARM
LEVEL: 0.05xRated MW

LOW FWD POWER ALARM
DELAY: 10.0 s

LOW FWD POWER ALARM
EVENTS: Off

LOW FORWARD POWER
TRIP : Off

ASSIGN TRIP
RELAYS (1-4): 1---

LOW FWD POWER TRIP
LEVEL: 0.05xRated MW

LOW FWD POWER TRIP
DELAY: 20.0 s

RANGE: 0 - 15000
STEP: 1

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.02-0.99
STEP: 0.01

RANGE: 0.2 - 120.0
STEP: 0.1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 1t4

RANGE: 0.02-0.99

STEP: 0.01

RANGE: 0.2 - 120.0
STEP: 0.1

If enabled, once the magnitude of 30 total power in the forvakd direction (+MW) falls below the Pickup Level for a period of time speci-
fied by the Delay, an alarm will occur. The level is progfammed in per unit of generator rated MW calculated from the rated MVA and
rated power factor. The low forward power element is aetive only when the generator is online and will be blocked until the generator is
brought online, for a period of time defined by the setpoint Bloek Low Fwd Power From Online. The pickup level should be set lower than
expected generator loading during normal operations. If'the VT type is selected as "None" or VT fuse loss is detected, the low forward
power protection is disabled.
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4. SETPOINT PROGRAMMING

4.9.1 RTDTYPES]

| RTD TYPES
| [ENTER] for more

FUNCTION:
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STATOR RTD TYPE:
100 Ohm Platinum

BEARING RTD TYPE:
100 Ohm Platinum

AMBIENT RTD TYPE:
100 Ohm Platinum

OTHER RTD TYPE:
100 Ohm Platinum

RANGE: 100 Ohm Platinum, 120 Ohm Nickel, 100 Ohm Nickel, 10 Ohm Copper

RANGE: 100 Ohm Platinum, 120 Ohm Nickel, 100 Ohm Nickel, 10 Ohm Copper

RANGE: 100 Ohm Platinum, 120 Ohm Nickel, 100 Ohm Nickel, 10 Ohm Cogper

RANGE: 100 Ohm Platinum, 120 Ohm Nickel, 100 Ohm Nickel, 10 Ohm Capper

Each of the twelve RTDs of the 489 may be configured as None or any one of four application types, Stater, Bearing, Ambient, or Other.
Each of those types may in turn be any one of four different RTD types: 100 ohm Platinum, 120"6hm MNickel, 100 ohm Nickel, 10 ohm
Copper. The table below lists RTD resistance VS Temperature for the different RTD types.

Table 4-8 RTD TEMPERATURE vs. RESISTANCE

4-46

TEMP TEMP 100 OHM Pt
°Celsius °Fahrenheit | (DIN 43760) | 120/@HM Ni)| 100 OHM Ni | 10 OHM Cu
-50 -58 80.31 86.17 71.81 7.10
-40 -40 84.27 92.76 77.30 7.49
-30 -22 88.22 99.4% 82.84 7.88
-20 -4 92.16 206.15 88.45 8.26
-10 14 96.09 113.00 94.17 8.65
0 32 100100 120.00 100.00 9.04
10 50 103.90 127.17 105.97 9.42
20 68 107479 134.52 112.10 9.81
30 86 111°6% 142.06 118.38 10.19
40 104 115:54 149.79 124.82 10.58
50 122 129.39 157.74 131.45 10.97
60 140 123.24 165.90 138.25 11.35
70 158 127.07 174.25 145.20 11.74
80 16 130.89 182.84 152.37 12.12
90 194 134.70 191.64 159.70 12.51
100 212 138.50 200.64 167.20 12.90
110 230 142.29 209.85 174.87 13.28
120 248 146.06 219.29 182.75 13.67
130 266 149.82 228.96 190.80 14.06
140 284 153.58 238.85 199.04 14.44
150 302 157.32 248.95 207.45 14.83
160 320 161.04 259.30 216.08 15.22
170 338 164.76 269.91 224.92 15.61
180 356 168.47 280.77 233.97 16.00
190 374 172.46 291.96 243.30 16.39
200 392 175.84 303.46 252.88 16.78
210 410 179.51 315.31 262.76 17.17
220 428 183.17 327.54 272.94 17.56
230 446 186.82 340.14 283.45 17.95
240 464 190.45 353.14 294.28 18.34
250 482 194.08 366.53 305.44 18.73




4. SETPOINT PROGRAMMING

| S8 RTD TEMPERATURE|

4.9.2 RTDs1-6

1 RTD #1
| [ENTER] for more

FUNCTION:

RTDs 1 through 6 default to Stator RTD type. There are individdal alarmpand trip configurations for each RTD. This allows one of the 4
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RTD #1 APPLICATION:
Stator

RTD #1 NAME:

RTD #1 ALARM:
Off

ASSIGN ALARM
RELAYS (2-5): ---5

RTD #1 ALARM
TEMPERATURE: 130° C

RTD #1 ALARM
EVENTS: Off

RTD #1 TRIP:
Off

RTD #1 TRIP VOTING:
RTD #1

ASSIGN TRIP
RELAYS (1-4): 1---

RTD #1 TRIP
TEMPERATURE: 155° C

RANGE: Stator, Bearing, Ambient, Other, None

RANGE: 8 Character Alphanumeric

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 1- 250

STEP: 1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: RTD #1, RTD #2, RTD #3, RTD #4 KTD\#8; RTD #6, RTD #7, RTD #8, RTD #9,

RTD #10, RTD #11, RTDM#12

RANGE: Any Combination of Relays{-4

RANGE: 1- 250
STEP: 1

RTDs to be turned off if it malfunctions. The alarm level isfheimally; set/slightly above the normal running temperature. The trip level is
normally set at the insulation rating. Trip voting has beenfadded for extra reliability in the event of RTD malfunction. If enabled, a second
RTD must also exceed the trip temperature of the RTD beinghecked before a trip will be issued. If the RTD is chosen to vote with itself,
the voting feature is disabled. Each RTD name may bejehanged if desired.

4.9.3 RTDs7-10]

| RTD #7
| [ENTER] for more
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RTD #TAPPLICATION:
Bearing

RTD #7 NAME:

RTD #7 ALARM:
off

ASSIGN ALARM
RELAYS (2-5): ---5

RTD #7 ALARM
TEMPERATURE: 80° C

RTD #7 ALARM
EVENTS: Off

RTD #7 TRIP:
off

RTD #7 TRIP VOTING:
RTD #7

ASSIGN TRIP
RELAYS (1-4): 1---

RTD #7 TRIP
TEMPERATURE: 90° C

RANGE: Stator, Bearing, Ambient, Other, None

RANGE: 8 Character Alphanumeric

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 1- 250
STEP: 1
RANGE: On, Off

RANGE: Off, Latched, Unlatched
RANGE: RTD #1, RTD #2, RTD #3, RTD #4, RTD #5, RTD #6, RTD #7, RTD #8, RTD #9,
RTD #10, RTD #11, RTD #12

RANGE: Any Combination of Relays 1-4

RANGE: 1- 250
STEP: 1
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FUNCTION:

RTDs 7 through 10 default to Bearing RTD type. There are individual alarm and trip configurations for each RTD. This allowg one of the
RTDs to be turned off if it malfunctions. The alarm level and the trip level are normally set slightly above the normal running tempera-
ture, but below the bearing temperature rating. Trip voting has been added for extra reliability in the event of RTD malfunction. [f'énabled,
a second RTD must also exceed the trip temperature of the RTD being checked before a trip will be issued. If the RTD is chosen to vote
with itself, the voting feature is disabled. Each RTD name may be changed if desired.

o

RELAYS (1-4): 1---

a

RTD #11 TRIP RANGE 2,250
TEMPERATURE: 90° C STERy

=

49.4 RTD 11}
| RTD #11 = | RTD #11 APPLICATION: | RANGE: Stator, Bearing, Ambient, Other, None
1 [ENTER] for more . Other
o RTD #11 NAME: RANGE: 8 Character Alphanumeric
-
® RTD #11 ALARM: RANGE: Off, Latched, Unlatched
| off
® ASSIGN ALARM RANGE: Any Combination of Relays 2-5
¢ | RELAYS (2-5): ---5
® RTD #11 ALARM RANGE: 1- 250
¢ | TEMPERATURE: 80°C | STEP:1
® RTD #11 ALARM RANGE: On, Off
¢ | EVENTS: Off
® RTD #11 TRIP: RANGE: Off, Latched, Unlatchi
| off
R RTD #11 TRIP VOTING: | RANGE: RTD#1, RTD,#2, RTD #3, RTD #4, RTD #5, RTD #6, RTD #7, RTD #8, RTD #9,
¢ | RTD #11 RTD #10, RTD¥11, RTD #12
® ASSIGN TRIP RANGE: Any Combination of Relays 1-4

FUNCTION:

RTD 11 defaults to Other RTD type. The Other selection allows the RTD to be used to monitor any temperature that might be required,
either for a process or additional bearingsor other. There are individual alarm and trip configurations for this RTD. Trip voting has been
added for extra reliability in the event of RTDimalfunction. If enabled, a second RTD must also exceed the trip temperature of the RTD
being checked before a trip will be issuéd, If the"RTD is chosen to vote with itself, the voting feature is disabled. The RTD name may be
changed if desired.
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| S8 RTD TEMPERATURE|

4.9.5 RID 12}

1 RTD #12
| [ENTER] for more

FUNCTION:

RTDs 12 defaults to Ambient RTD type. The Ambient selection allows the” RTD to be used to monitor ambient temperature. There are
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RTD #12 APPLICATION:

Ambient

RTD #12 NAME:

RTD #12 ALARM:
Off

ASSIGN ALARM
RELAYS (2-5): ---5

RTD #12 ALARM
TEMPERATURE: 60° C

RTD #12 ALARM
EVENTS: Off

RTD #12 TRIP:
Off

RTD #12 TRIP VOTING:

RTD #12

ASSIGN TRIP
RELAYS (1-4): 1---

RTD #12 TRIP
TEMPERATURE: 80° C

RANGE: Stator, Bearing, Ambient, Other, None

RANGE: 8 Character Alphanumeric

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 1- 250

STEP: 1

RANGE: On, Off

RANGE: Off, Latched, Unlatched

RANGE: RTD #1, RTD #2, RTD #3, RTD #4 KTD\#8; RTD #6, RTD #7, RTD #8, RTD #9,

RTD #10, RTD #11, RTDM#12

RANGE: Any Combination of Relays{-4

RANGE: 1- 250
STEP: 1

4

individual alarm and trip configurations for this RTD. Trip gfoting, has_been added for extra reliability in the event of RTD malfunction. If
enabled, a second RTD must also exceed the trip température’of the RTD being checked before a trip will be issued. If the RTD is cho-
sen to vote with itself, the voting feature is disabled. The "RiED’name may be changed if desired.
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4.9.6 OPEN RTD SENSORI

1 OPEN RTD SENSOR
| [ENTER] for more

FUNCTION:

OPEN RTD SENSOR
ALARM: Off

LA

ASSIGN ALARM
RELAYS (2-5): ---5

i )

OPEN RTD SENSOR
ALARM EVENTS: Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: On, Off

The 489 has an Open RTD Sensor Alarm. This alarm will look at all RTDs that have either an alarm or ftrip programmed and determine if
an RTD connection has been broken. Any RTDs that do not have a trip or alarm associated with them will be ignored for this feature.
When a broken sensor is detected, the assigned output relay will operate and a message will appear@n the display identifying the RTD
that is broken. It is recommended that if this feature is used, the alarm be programmed as latche@yso that intermittent RTDs are detected

and corrective action may be taken.

4.9.7 RTD SHORT/LOW TEMP I

1 RTD SHORT/LOW TEMP
| [ENTER] for more

4

RTD SHORT/LOW TEMP
ALARM: Off

FUNCTION:

a1

ASSIGN ALARM
RELAYS (2-5): ---5

=

i )

RTD SHORT/LOW TEMP
ALARM EVENTS: Off

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 26

RANGE: On, Off

The 489 has an RTD Short/Low Temperature alarm. Thig alarmwill ook at all RTDs that have either an alarm or trip programmed and
determine if an RTD has either a short or a very low témperafure (less than -50°C). Any RTDs that do not have a trip or alarm associ-
ated with them will be ignored for this feature. Whenta,shortflow temperature is detected, the assigned output relay will operate and a
message will appear on the display identifying the RTD that caused the alarm. It is recommended that if this feature is used, the alarm
be programmed as latched so that intermittent RTDsfare,detegted and corrective action may be taken.
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4.10.1 THERMAL MODEL I

The thermal model of the 489 is primarily intended for induction generators, especially those that start on the system bus imythe same
manner as induction motors. However, some of the thermal model features may be used to model the heating that occurs in synchronous
generators during overload conditions.

INDUCTION GENERATORS

One of the principle enemies of generator life is heat. Generator thermal limits are dictated by the designf both.the stator and the rotor.
Induction generators that start on the system bus have three modes of operation: locked rotor or stall (when thegrétor is not turning),
acceleration (when the rotor is coming up to speed), and generating (when the rotor turns at super-synchsenousyspeed). Heating occurs
in the generator during each of these conditions in very distinct ways. Typically, during the generator starting;llecked rotor and accelera-
tion conditions, the generator will be rotor limited. That is to say that the rotor will approach its thermal limit before the stator. Under
locked rotor conditions, voltage is induced in the rotor at line frequency, 50 or 60 Hz. This voltage causes@‘current to flow in the rotor,
also at line frequency, and the heat generated (I°R) is a function of the effective rotor resistange, At 50%r 60 Hz, the reactance of the
rotor cage causes the current to flow at the outer edges of the rotor bars. The effective resistance ofythefrotor is therefore at a maximum
during a locked rotor condition as is rotor heating. When the generator is running at above rated speed, the voltage induced in the rotor is
at a low frequency (approx. 1 Hz) and therefore, the effective resistance of the rotor is redticed quite’ dramatically. During overloads, the
generator thermal limit is typically dictated by stator parameters. Some special generaters, might be all stator or all rotor limited. During
acceleration, the dynamic nature of the generator slip dictates that rotor impedance isfalsg dynamic, and a third thermal limit character-
istic is necessary.

Figure 4-13 illustrates typical thermal limit curves for induction motors. The startingieharagteristic is shown for a high inertia load @ 80%
voltage. If the machine started quicker, the distinct characteristics of thé‘thefmal, limit curves would not be required and the running
overload curve would be joined with locked rotor safe stall times to produee,a Sihgle overload curve.

400

Hoo\ | |
300 HIGH
INERTIA ‘ ‘
200 MOTOR __\ RUNNING OVERLOAD
100 \__ AB,AND C ARE THE 7
80 ACCELERATION THERMAL LIMIT
60 CURVES AT 100%, 90%, AND |
80%VOLTAGE, REPECTIVELY
‘8 40 c
b4 T~
3 A\ @
w20 \ \
7] \ A
=
': G
10 F
S E
4
|_ E,F, AND G ARE THE
SAFE STALL THERMAL LIMIT
> | TIMES AT 100%, 90%, AND
80%VOLTAGE, REPECTIVELY
N R N

0 100 200 300 400 500 600 % CURRENT
806827A1.CDR

Figure 4-13 TYPICAL TIME-CURRENT AND THERMAL LIMIT CURVES (ANSI/IEEE C37.96)

Theygenerator manufacturer should provide a safe stall time or thermal limit curves for any generator that is started as an induction
motor, These thermal limits are intended to be used as guidelines and their definition is not always precise. When operation of the gen-
erater exceeds the thermal limit, the generator insulation does not immediately melt, rather, the rate of insulation degradation reaches a
point where continued operation will significantly reduce generator life.
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4. SETPOINT PROGRAMMING

4.10.2 MODEL SETUP I

| MODEL SETUP = | ENABLE THERMAL
1 [ENTER] for more . MODEL: No
© OVERLOAD PICKUP
¢ | LEVEL:1.01 x FLA
© UNBALANCE BIAS
¢ | KFACTOR: 0
® COOL TIME CONSTANT
% | ONLINE: 15 min.
® COOL TIME CONSTANT
¢ | OFFLINE: 30 min.
® HOT/COLD SAFE
¢ | STALL RATIO: 1.00
® ENABLE RTD
% | BIASING: No
® RTD BIAS
| MINIMUM: 40° C
© RTD BIAS CENTER
| POINT: 130° C
® RTD BIAS
¢ | MAXIMUM: 155° C
® SELECT CURVE STYLE:
4 ¢ | Standard
© STANDARD OVERLOAD
¢ | CURVE NUMBER: 4
® TIME TO TRIP AT
¢ 1.01x FLA: 17414.5 s
|
® TIME TO TRIP AT
| 20.0x FLA: 5.6 s
© MINIMUM ALLOWABLE
¢ | VOLTAGE:80%
® STALL CURRENT)@ MIN
| MOLTAGE24.80 x FLA
® SAFE'STALL TIME @
S4"MIN VOLTAGE: 20.0 s
® ACCEL. INTERSECT @
$)| MIN VOLT: 3.80xFLA
S, [esoe=] _{(STALL CURRENT @ 100%
| VOLTAGE: 6.00 x FLA
® [eswe | | SAFE STALL TIME @
% | 100% VOLTAGE: 10.0s
¢ ACCEL. INTERSECT @
© | 100% VOLT: 5.00xFLA
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RANGE: No, Yes
RANGE: 1.01- 1.25
STEP: 0.01

RANGE: 0-12  STEP:1
NOTE: a value of zero effectively defeats this feature

RANGE: 0 - 500
STEP:1

RANGE: 0 -500
STEP:1

RANGE: 0.01-1.00
STEP:0.01

RANGE: No, Yes
RANGE: 0- 250 STEP:1
Note: this message seen only ifRTB,Biasing'is enabled

RANGE:O - 250 STEP:1
Note: this message seeft onWAIfRTD Biasing is enabled

RANGE: 0 - 250 STEP:
Note: this message seen only,if RTD*Biasing is enabled

RANGE: Standard, Custem, Voltage Dependent
RANGEs1-15" (STEP:
NOTE: This messagé seen only if Standard Curve Style is selected

RANGE? 0.5-99999.9  STEP:0.1
NOTEhis message not seen if Standard Curve Style is selected

RANGE: 0.5-99999.9  STEP:0.1
NOTE: This message not seen if Standard Curve Style is selected

RANGE: 70-95 STEP:1
NOTE: This message seen only if Voltage Dependent Curve Style is selected

RANGE: 2.00-15.00 STEP:0.01
NOTE: This message seen only if Voltage Dependent Curve Style is selected

RANGE: 0.5-999.9 STEP:0.1
NOTE: This message seen only if Voltage Dependent Curve Style is selected

RANGE: 2.00-Stall Current @ min Voltage STEP:0.01
NOTE: This message seen only if Voltage Dependent Curve Style is selected

RANGE: 2.00-15.00 STEP:0.01
NOTE: This message seen only if Voltage Dependent Curve Style is selected

RANGE: 0.5-999.9 STEP:0.1
NOTE: This message seen only if Voltage Dependent Curve Style is selected

RANGE: 2.00- Stall Current @ 100%Voltage STEP:0.01
NOTE: This message seen only if Voltage Dependent Curve Style is selected
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FUNCTION:

The current measured at the output CTs is used for the thermal model. The thermal model consists of five key elements: the overload
curve and overload pickup level, the unbalance biasing of the generator current while the machine is running, the cooling time\constants,
and the biasing of the thermal model based on hot/cold generator information and measured stator temperature. Each of these €lements
are described in detail in the sections that follow.

NOTE: The generator FLA is calculated as: generator rated MVA / (V3 x rated generator phase-phase voltage).

The 489 integrates both stator and rotor heating into one model. Machine heating is reflected in a register called Thérmal Capacity Used.
If the machine has been stopped for a long period of time, it will be at ambient temperature and thermal capacity used should be zero. If
the machine is in overload, once the thermal capacity used reaches 100%, a trip will occur.

The overload curve accounts for machine heating during stall, acceleration, and running in both the statgr and the rotor. The Overload
Pickup setpoint defines where the running overload curve begins as the generator enters an oveflead ceadition. This is useful to ac-
commodate a service factor. The curve is effectively cut off at current values below this pickup.

Generator thermal limits consist of three distinct parts based on the three conditions of operation, locked'rotor or stall, acceleration, and
running overload. Each of these curves may be provided for both a hot and cold machine. A hot maehine is defined as one that has been
running for a period of time at full load such that the stator and rotor temperatures have settledyat their rated temperature. A cold ma-
chine is defined as a machine that has been stopped for a period of time such that the stator, andirotor temperatures have settled at
ambient temperature. For most machines, the distinct characteristics of the thermal limits are férmed into one smooth homogeneous
curve. Sometimes only a safe stall time is provided. This is acceptable if the machihe has{been designed conservatively and can easily
perform its required duty without infringing on the thermal limit. In this case, the proteetien can be conservative. If the machine has been
designed very close to its thermal limits when operated as required, then theydistincticharacteristics of the thermal limits become impor-
tant.

The 489 overload curve can take one of three formats, Standard, Custom; Curve, op\Voltage Dependent. Regardless of which curve style
is selected, the 489 will retain thermal memory in the form of a register calledgPhermal Capacity Used. This register is updated every
50ms using the following equation:

50ms
time _to _trip

TCyseq =TC *100%

usedt-50ms

where: time_to_trip = time taken from the overload curve @3l€q as a function of FLA.

The overload protection curve should always be set slightlyllewer than the thermal limits provided by the manufacturer. This will ensure
that the machine is tripped before the thermal limitfs reached. If the starting times are well within the safe stall times, it is recommended
that the 489 Standard Overload Curve be used. The/standard overload curves are a series of 15 curves with a common curve shape
based on typical generator thermal limit curvegf(see Figure 4-14 and Table 4-9).

When the generator trips offline due to ovérloadithefgenerator will be locked out (i.e. trip relay will stay latched) until generator thermal
capacity reaches below 15%.
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Table 4-9 489 STANDARD OVERLOAD CURVES

PICKUP STANDARD CURVE MULTIPLIERS

LEVEL x1 X2 x3 x4 x5 X6 X7 x 8 X9 x 10 x 11 x 12 x 13 X 14 x 1p

1.01 4353.6( 8707.2 13061 1741 217¢8 26122 30475 34829 39183 43536 47890 [52243 |56597 | 60951 | 65304

1.05 853.71| 1707.4 2561.1 3414 4264.6 512p.3 5976.0 6829.7 7683.4 §537.1 P390.8 [10245 | 11098 | 11952| 12806
2083.4 250p.1 2916.8 3333.5 3750.1 4166.8 §#583.5 ([5000.2) | 5416.9 | 5833.6| 6250.2
088.6  P187.50),[2386:8 |2585.2 | 2784.1| 2982.9

P68.0 394.8y [1521.6 |1648.5 | 1775.3| 1902.1

1.10 416.68( 833.3q 1250. 1666

[y

1.20 198.86| 397.74 596.58 795.4 994.B0 1198.2 1392.0 15p0.9 1789.7

[y

1.30 126.80| 253.61 380.4fL 507.4 634.p2 76082 8871.63 10[4.4 1141.2

1.40 91.14 182.271 273.4]1 364.9 455.68 546(82 631.96 72p.09 820.23 11.37, 130025 / [L093.6 (1184.8 | 1275.9 | 1367.0

1.50 69.99 139.94 209.9fY 2799 349.p5 419(94 489.93 55p.92 649.91 £9.90 69.89 [839.88 ([909.87 | 979.86 | 1049.9

1.75 42.41 84.83| 127.24 169.6 254149  29.90 33p.32 3§1.73 PA4.15%, 466.56 pH08.98 ([551.39 | 593.81 | 636.22

W o o o nv » N o B

2.00 29.16 58.32 87.47| 116.6f D1.58), 320.74 B49.90 ([379.05 | 408.21 | 437.37

N NS o ©

7
145.19 17405 20411 233.26 2§2.42
5

2.25 21.53 43.06 64.59 86.17 107.4 129018 15072 172.25 193.78 16.31 3436.84 p58.37 |279.90 |301.43 | 322.96

2.50 16.66 33.32 49.98| 66.64 83.3p 99.4 11662 133.28 14F.94 166.60  183.26 199.92 |216.58 |233.24 | 249.90

2.75 13.33 26.65 39.98| 53.31 66.6/ 79.9 93.p9  104.62,k1P.95133.27 146.60 159.93 [173.25 |186.58 | 199.91

3.00 10.93 21.86 32.80 43.73 54.6p 65.9 76.p2 87146 94.39 109.32 1p0.25 131.19 [142.12 |153.05 | 163.98

~N b N O O O
o)
Iy
1=
N

3.25 9.15 18.29 27.44) 36.54 45.78 54.4 73J16 8231 91.46 1¢0.60 109.75 118.89 |128.04 |137.18
3.50 7.77 15.55 23.32 31.09 38.8f 46.4 54 41 62]19 69.96 77.73 8b.51 3.28 101.05 [108.83 |116.60
3.75 6.69 13.39 20.08 26.79 33.4f 40.1 46.86 53}56 60.25 66.95 7B.64 0.34 B7.03 93.73 1

4.00 5.83 11.66 17.49 23.37 29.1p 34.98 40.81 46164 52.47 58.30 64.13 19.96 75.79 81.62 8

4.25 5.12 10.25 15.37 20.5( 25.6p 30.45 35(87 41100 46.12 51.25 56.37 1.50 66.62 71.75 7

4.50 4.54 9.08 13.63 18.17% 22.71 27.25 31.80 3634 40188 4%.42 4p.97 94.51 59.05 63.59 68.14
4.75 4.06 8.11 12.17 16.27 20.28 24.3F 28.39 3244 3650 40.55 44.61 48.66 b2.72 56.77 60.83
5.00 3.64 7.29 10.93 14.57 18.2p 21.496 25.50 2915 32079 36.43 4p.08 43.72 #17.36 51.01 54.65
5.50 2.99 5.98 8.97 11.94 14.9% 17.94 20.93 23.p1 2690 29.89 3p.88 35.87 B8.86 41.85 44.84
6.00 2.50 5.00 7.49 9.99 12.4 14.9p 17.49 19.p9 22|48 24.98 27.48 29.98 2.48 34.97 37.47
6.50 2.12 4.24 6.36 8.48 10.60) 12.7p 14.84 16.p6 19|08 21.20 28.32 25.44 P7.55 29.67 31.79
7.00 1.82 3.64 5.46 7.29 9.11] 10.98 12.15 14.57 16{39 18.21 20.04 21.86 23.68 P5.50 27.32
7.50 1.58 3.16 4.75 6.33 %91 9.44 11.08 12.66 14124 15(82 17.41 1B.99 40.57 P2.15 23.74
8.00 1.39 2.78 4.16 5.55 6.94) 8.3 9.71 11.10 1249 13|88 194.27 1p.65 18.04 19.43 20.82
10.00 1.39 2.78 4.16 5.55 6.94 8.3 9.71 11.10 12149 13,88 1%.27 16.65 18.04 19.43 20.82

15.00 1.39 2.78 416 5.55 6.94 8.33 9.71 11.10 1249 13(88 1%.27 16.65 18.04 19.43 20.82

20.00 1.39 2.78 4.16 5.55 6.94 8.33 9.71 11.10 1249 13(88 1%.27 15.65 18.04 19.43 20.82

NOTE: Above 8.0% Pickupy the triptime for 8.0 is used.
This prevents thé everlgad curve,from acting as an instantaneous element

Curve_Multiplier x 2.2116623
0.025303373 x (Pickup —1)? +0.050547581 x(Pickup —1)

Standard Overload Curves Equation:

Time_To_Trip=
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CUSTOM OVERLOAD CURVE

If the induction generator starting current begins to infringe on the thermal damage curves, it may become necessary to usé a c
curve to tailor the protection of the generator so that successful starting may be possible without compromising generatorprotection.
Furthermore, the characteristics of the starting thermal damage curve (locked rotor and acceleration) and the running therm age
curves may not fit together very smoothly. In this instance, it may become necessary to use a custom curve to tailor the protection to the
thermal limits such that the generator may be started successfully and be utilized to its full potential without compromising protection.
The distinct parts of the thermal limit curves now become more critical. For these conditions, it is recommended that the*489 custom
curve thermal model be used. The custom overload curve of the 489 allows users to program their own curves ntering trip times for
30 pre-determined current levels.

It can be seen in Figure 4-15 that if the running overload thermal limit curve were smoothed into one curve t cked rotor thermal
limit curve, the induction generator could not be started at 80% voltage. A custom curve is required.

489
GE Power Management TYPICAL CUSTOM C
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1000
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e | |
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TIME TO TRIP IN SECONDS

0.1

- o o
- o

1000

MULTIPLE OF FULL LOAD CURRENT SETPOINT

808825A2.CDR

Figure 4-15 CUSTOM CURVE EXAMPLE

Note: During the interval of discontinuity, the longer of the two trip times is used to reduce the
chance of nuisance tripping during generator starts.
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VOLTAGE DEPENDENT OVERLOAD CURVE

It is quite possible and acceptable that the acceleration time exceeds the safe stall time. (Bearing in mind that a locked rotor/eonditien is
quite different than an acceleration condition). In this instance, each distinct portion of the thermal limit curve must be knowntand protec-
tion must be coordinated against that curve. The relay that is protecting the machine must be able to distinguish between a lo otor
condition, an accelerating condition and a running condition. The 489 Voltage Dependent Overload Curve feature is tailored to protect
these types of machines. Voltage is monitored constantly during starting and the acceleration thermal limit curve is adjusted accordingly.
If the VT Connection setpoint is set to none or if a VT fuse failure is detected, the acceleration thermal limit curve for the mifiium allow-
able voltage will be used.

The Voltage Dependent Overload Curve is comprised of the three characteristic shapes of thermal li ur as determined by the
stall or locked rotor condition, acceleration, and running overload. The curve is constructed by entering a 0 rve shape for the

e f intersection with the
ocked Rotor Current and
safe stall time must also be entered for that voltage. A second point of intersection must be entered,fo o voltage. Once again, the
locked rotor current and the safe stall time must be entered, this time for 100% voltage. The prote urve that is created from the
safe stall time and intersection point will be dynamic based on the measured voltage between m allowable voltage and the
100% voltage. This method of protection inherently accounts for the change in speed as an relay would. The change in im-
pedance is reflected by machine terminal voltage and line current. For any given speed at any g voltage, there is only one value of
line current.

EXAMPLE: To illustrate the Voltage Dependent Overload Curve feature, the ther

@ GE Power Manageme,

al limits, re 4-16 will be used.
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Figure 4-16 THERMAL LIMITS FOR HIGH INERTIAL LOAD
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Construct a custom curve for the running overload thermal limit. If the curve does not extend to the acceleration thermal S,
it such that the curve intersects the acceleration thermal limit curves. (see Fig 4-17)

o

Enter the per unit current value for the acceleration overload curve intersect with the custom curve for 80% voltage. Also enter the per
unit current and safe stall protection time for 80% voltage. (see 4-18)

Enter the per unit current value for the acceleration overload curve intersect with the custom curve for 100%, voltage. Also enter the
per unit current and safe stall protection time for 100% voltage. (see 4-18)

489 489
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GE Power Management (CUSTOM CURVE) —  GEPowerManggeme (ACCELERATION CURVES)
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Figure 4-1 Al ENDENT OVERLOAD Figure 4-18 VOLTAGE DEPENDENT OVERLOAD
(CUSTOM CURVE) (ACCELERATION CURVES)
L 4
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The 489 will take the information provided and create protection curves for any voltage between the minimum and 100%. For
above the voltage in question, the 489 will extrapolate the safe stall protection curve to 110% voltage. This current level is cal
taking the locked rotor current @ 100% voltage and multiplying by 1.10. For trip times above the 110% current level, thefrip ti
110% will be used. (see Figure 4-19)

489
@ GE Power Management VOLTAGE DEPENDENT OVERLOAD ¢
PROTECTION CURVES
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¢ MULTIPLES OF FULL LOAD AMPS

808831A2.CDR

Figure 4-19 VOLTAGE DEPENDENT OVERLOAD PROTECTION CURVES

NOTE: The safe stall curve is in reality a series of safe stall points for different voltages. For a given
voltage, there can only be one value of stall current and therefore, only one safe stall time.
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Figure 4-20 and Figure 4-21 illustrate the resultant overload protection curves for 80% and 100% voltage respectively. For volt @
between, the 489 will shift the acceleration curve linearly and constantly based on measured voltage during a generator start.
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4.10.3 THERMAL MODEL: UNBALANCE BIAS I

Unbalanced phase currents will cause additional rotor heating that will not be accounted for by electromechanical relays andimay nat be
accounted for in some electronic protective relays. When the generator is running, the rotor will rotate in the direction of the positive se-
guence current at near synchronous speed. Negative sequence current, which has a phase rotation that is opposite to the positive se-
quence current, and hence, opposite to the rotor rotation, will generate a rotor voltage that will produce a substantial rotor current. This
induced current will have a frequency that is approximately 2 times the line frequency, 100 Hz for a 50 Hz system or 120 Hzfor a 60 Hz
system. Skin effect in the rotor bars at this frequency will cause a significant increase in rotor resistance and therefore, a significant in-
crease in rotor heating. This extra heating is not accounted for in the thermal limit curves supplied by the generaten manufacturer as
these curves assume positive sequence currents only that come from a perfectly balanced supply and generator desigh.

The 489 measures the ratio of negative to positive sequence current. The thermal model may be biased tofteflectihe additional heating
that is caused by negative sequence current when the machine is running. This biasing is done by creating an‘eguivalent heating current
rather than simply using average current (Iper_unit). This equivalent current is calculated using the equation shown below .

where: leq = equivalent heating current in per unit(based on FLA)
leq = W l, = neg.a.tive sequence current.in pef ur.'nit (based on FLA)
I, = positive sequence current in pefunit (based on FLA)

k = constant

NOTE: k is a constant that relates negative sequence rotor resistance to positive Sequence-rotor resistance, not to be confused
with k that indicates generator negative sequence capability for an inverse time curve.

Figure 4-22 shows recommended induction machine derating as a fufiction ‘ofyvoltage unbalance as recommended by the American
organization NEMA (National Electrical Manufacturers Association). Assdming a typical inrush of 6 x FLA and a negative sequence im-
pedance of 0.167, voltage unbalances of 1,2,3,4,5 % equals current unbalances’of 6,12,18,24,30% respectively. Based on this assump-
tion, Figure 4-23 illustrates the amount of machine derating for differentWalues of k entered for the setpoint Unbalance Bias k Factor.
Note that the curve created when k=8 is almost identical to the NEMA derating curve.

1.00 1.00 —
\\\
@ 0.95 x 0.95 — —
o N~ o R ~
3 0.90 ™ 5 090 \§\ -
Qo N Qo AN
L \ L \\\ \
O 0.85 \\ » 0.85 \\ \\ =4
z z O
Z 080 h ¢ % o080 NN
[hd ' é ’ ‘\‘\
w \ ] ks
Q 075 Qa 075 N
\mo
0.70 0.70
0 1 2 3 2 5 0 1 2 3 4 5
PERCENT VOLTAGE UNBALANCE PERCENT VOLTAGE UNBALANCE
Figure 4-22 DERATING FAGTOR DUETO UNBALANCED Figure 4-23 DERATING FACTOR DUE TO UNBALANCED
VOLTAGE (NEMA) VOLTAGE (GE POWER MANAGEMENT)

If a k value of Qfis entered,the unbalance biasing is defeated and the overload curve will time out against the measured per unit gen-
erator currentdk may/be caleulated conservatively as:

k=175 typieal estimate
Ifn
_230 _conservative estimate
Ifa

where I r is the per unit locked rotor current.
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4.10.4 THERMAL MODEL: MACHINE COOLING I

The 489 thermal capacity used value is reduced in an exponential manner when the machine current is below the overload pickup; set-
point. This reduction simulates machine cooling. The cooling time constants should be entered for both the running or stoppedscases.
(The generator is assumed to be running if current is measured or the generator is online.) When the rotor is not turning, the machine
will normally cool significantly slower than when the rotor is turning.

Machine cooling is calculated using the following formulas:

where:
_t TCused = thermal capacitylused
TCused = (TCused_start ~ TCused_end)® )+ TCysed_end TCused_start = TC used value c'aused by overload condition
TCused_end = TC used valué dictatedby the hot/cold curve
ratio when the machifie is running, ‘0’ when
_u leg _ hot 0 it is stoppéd.
TCused end — Eb . 100% . . .
- verload_ pickup cold t = timeinminutés
T = Cool Time Constant
leq = equivalentheating current
overload_pickup = QVerloadqpickup setpoint as a multiple of
B FLA
hot/cold # het/cold curve ratio
100 100
§ 75 § 75
2 Cool Time Constant= 15 min 2 Cool Time Constant= 15 min
2 TCused_start= 85% ) TCused_start= 85%
g 50 Hot/Cold Ratio= 80% % 50 Hot/Cold Ratio= 80%
8 leg/Overload Pickup= 80% O leg/Overload Pickup= 100%
T ©
E E
] (]
= 25 £ 25 N
0 0
0 30 60 90 120 180 180 0 30 60 9 120 150 180
Time in Minutes Time in Minutes
Figure 4-24 THERMAL MODEL GOOLING'80% LOAD Figure 4-25 THERMAL MODEL COOLING 100% LOAD
100 100
§ 75 -~ Cool Time Cogsta?t= 30 min § 7 Cool Time Constant= 30 min
2 TS uSER, stalig#5"0 2 TCused_start= 100%
2 prot/Cold Rggio= 80% _ £ Hot/Cold Ratio= 80%
S 5o d Maghine Stopped after running at Rated Load g g Machine Stopped after Overload Trip
8 TCused end= 0% 8 \ TCused_end= 0%
© ©
£ = \
2 25 2 25
= \ [ \
0 0
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time in Minutes Time in Minutes
Figure 4-26 THERMAL MODEL COOLING OFFLINE Figure 4-27 THERMAL MODEL COOLING TRIPPED
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4.10.5 HOT/COLD CURVE RATIO I

When thermal limit information is available for both a hot and cold machine, the 489 thermal model will adapt for the conditions if the
Hot/Cold Curve Ratio is programmed. The value entered for this setpoint dictates the level of thermal capacity used that the“relay will
settle at for levels of current that are below the Overload Pickup Level. When the generator is running at a level that is below the Over-
load Pickup Level, the thermal capacity used will rise or fall to a value based on the average phase current and the entered Hot/Cold
Curve Ratio. Thermal capacity used will either rise at a fixed rate of 5% per minute or fall as dictated by the running cool timéiconstant.

Where:  TCused_end = Thermal Capacity Used if Iper_uhit remains steady state

TCeo_end = leg X (L—Hot/ Cold) x100%| leq = equivalent generator heating current
~ Hot/Cold= Hot/Cold Curve Ratio Setpoinf

The hot/cold curve ratio may be determined from the thermal limit curves, if provided, or the hot an@cold safe stall times. Simply divide
the hot safe stall time by the cold safe stall time. If hot and cold times are not provided, there can be ng,differentiation and the hot/cold
curve ratio should be entered as 1.00.

4.10.6 RTD BIAS |

The 489 thermal replica created by the features described in the sections above @perates as a complete and independent model. The
thermal overload curves however, are based solely on measured current, assuming athormal 40 °C ambient and normal machine cool-
ing. If there is an unusually high ambient temperature, or if machine coolin@uis,blocked, generator temperature will increase. If the stator
has embedded RTDs, the 489 RTD bias feature should be used to correct thejthermal model.

The RTD bias feature is a two part curve, constructed using 3 points. A thejmaximum stator RTD temperature is below the RTD Bias
Minimum setpoint (typically 40°C), no biasing occurs. If the maximum §tator RTD temperature is above the RTD Bias Maximum setpoint
(typically at the stator insulation rating or slightly higher), then the thermal*memory is fully biased and thermal capacity is forced to 100%
used. At values in between, the present thermal capacity used created byythe overload curve and other elements of the thermal model, is
compared to the RTD Bias thermal capacity used from the RED Bias cufve. If the RTD Bias thermal capacity used value is higher, then
that value is used from that point onward. The RTD bias @enterpoint'should be set at the rated running temperature of the machine. The
489 will automatically determine the thermal capacity used valde for the center point using the Hot/Cold Safe stall ratio setpoint.

TCyseq @RTD_Bias_Center = (1-Hot / Cold) x100%|

At < RTD_Bias_Center temperature,

_ Temp, .. — TemPyk x TC

RTD_BIaS_TCUSEd B Tempcenter _Tempmm

et @RTD_Bias_ Center
At > RTD_Bias_Center temperattre,

- Tempac\ual = Tempcemer
uoed Tempg — Temp

RTD_Bias_TC x(100 -TC . @RTD_Bias_Center)+ TC ., @RTD_Bias_ Center

Where RTD_Bias_TCj,, = TC used due to hottest stator RTD
Temp crua = Current temperature of hottest stator RTD
Tempy,, = RTD Bias minimum setpoint
Temp s = RTD Bias center setpoint
Temp,,. = RTD Bias maximum setpoint

TC,..o@RTD_Bias_Center= TC used defined by HOT/COLD SAFE STALL RATIO setpoint
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RTD Bias Maximum

N

100 In simple terms, the RTD bias feaftre isqreal
‘ ‘ ‘ ‘ ‘ ‘ feedback of measured stator temperature. This
Hot/Cold = 0.85 feedback acts as correction of the“thermal
80 +— Rated T T ture=130 C model for unforeseen situations. Since RTDs
are ) empe.rc ure= are relatively slow to respond, RTD biasing is
3 Insulation Rating=155 C good for correction and slow genefator heating.
S The rest of the thermalgfodel is required during
2> 60 high phase curtent conditions when machine
& heating is relativelyyfast.
&
©)
g 40 It should be Rotdd thét the RTD bias feature
5 alone cannag,createfa trip. If the RTD bias fea-
= ture forces the'thermal capacity used to 100%,
20 the machipe current must be above the over-
/<£ RTD Bias Center Point loadfpickup “before an overload trip occurs.
RTD Bias Minimum _~ Presumablyy the machine would trip on stator
0 ‘ ! ‘ % RTDtemperature at that time.
-50 0 50 100 150 200 250
Maximum Stator RTD Temperature
Figure 4-28 RTD BIAS CURVE
4.10.7 THERMAL ELEMENTS I
| THERMAL ELEMENTS = | THERMAL MODEL RANGE: DFf, Latched, Unlatched
1 [ENTER] for more - ALARM: Off
S ASSIGN ALARM RANGE ARy Combination of Relays 2-5
¢ | RELAYS (2-5): ---5
® THERMAL ALARM RANGE: 10-100%
¢ | LEVEL: 75% USED SYFF: 1
® THERMAL MODEL RANGE: On, Off
¢ | ALARM EVENTS: Ofi
s THERMAL MODEL RANGE: Off, Latched, Unlatched
¢ | TRIP: off
s ASSIGN TRIP RANGE: Any Combination of Relays 1-4

FUNCTION:

=

RELAYS, (1-4): 1---

Once the thermal model is'Setup,an alarm and/or trip element can be enabled. If the generator has been offline for a long period of time,
it will be at ambiefit temperature and thermal capacity used should be zero. If the generator is in overload, once the thermal capacity
used reaches 100%, aytrip Will occur. The thermal model trip will remain active until a lockout time has expired. The lockout time will be
based on the‘eduction ofghermal capacity from 100% used to 15% used. This reduction will occur at a rate defined by the stopped
cooling time constant. The thermal capacity used alarm may be used as a warning indication of an impending overload trip.
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4.11.1 TRIP COUNTERI

| TRIP COUNTER = | TRIP COUNTER RANGE: Off, Latched, Unlatched
I [ENTER] for more - ALARM: Off
s ASSIGN ALARM RANGE: Any Combination of Relays 2-5
¢ | RELAYS (2-5): ---5
s TRIP COUNTER ALARM RANGE: 1 - 50000
¢ | LEVEL: 25 Trips STEP:1
o TRIP COUNTER ALARM | RANGE: On, Off
© | EVENTS: Off

FUNCTION:

If enabled the Trip Counter alarm will function as follows: when the Trip Counter Limit is reached, an alagm will occur. The trip counter
must be cleared or the alarm level raised and the reset key must be pressed (if the alarm was latched) to‘reset the alarm.

EXAMPLE:

It might be useful to set a Trip Counter alarm at 100 such
that if 100 trips occur, the resulting alarm would prompt the
operator or supervisor to investigate the type of trips that
have occurred. A breakdown of trips by type may be found
on A4 MAINTENANCE, under TRIP COUNTERS. If a trend
is detected, it would warrant further investigation.

4

4.11.2 BREAKER FAILURE I

| BREAKER FAILURE = | BREAKER FAILURE RANGE" Off, Latched, Unlatched
I [ENTER] for more - ALARM: Off
s ASSIGN ALARM RANGEyAny Combination of Relays 2-5
¢ | RELAYS (2-5): ---5
® BREAKER FAILURE RANGE: 0.05 - 20.00
¢ | LEVEL:1.00 x|CT STEP: 0.01
® BREAKER, FAILURE RANGE: 10 - 1000
¢ | DELAY;100 ms STEP: 10
® BREAKER FAILURE RANGE: On, Off

=

ALARM EVENTS: Off

FUNCTION:
If the breaker failurefalarm feature may be enabled as latched or unlatched. If the R1 Trip output relay is operated and the generator

current measureddat anydef the'three output CTs is above the level programmed for the period of time specified by the delay, a breaker
failure alarm willdeccurgThe time delay should be slightly longer than the breaker clearing time.
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-

4.11.3 TRIP COIL MO

1 TRIP COIL MONITOR = | TRIP GOIL MONITOR RANGE: Off, Latched, Unlatched
1 [ENTER] for more @ ALARM: Off
® ASSIGN ALARM RANGE: Any Combination of Relays 2-5
¢ | RELAYS (2-5): ---5 .
® SUPERVISION OF TRIP | RANGE: 52 Closed, 52 Open/Closed
7| COIL: 52 Closed
® TRIP COIL MONITOR RANGE: On, Off
| ALARM EVENTS: Off

FUNCTION:

If the trip coil monitor alarm feature is enabled as latched or unlatched, the trip coil supervision circuitrywill monitor the trip coil circuit for
continuity any time that the breaker status input indicates that the breaker is closed. If that continui ken, a trip coil monitor alarm

will occur in approximately 300ms.
If 52 Open/Closed is selected, the trip coil supervision circuitry will monitor the trip coil it for continuity at all times regardless of
ri i

breaker state. This requires an alternate path around the 52a contacts in series witl il when the breaker is open. See the
following figure for modifications to the wiring and proper resistor selection. If that conti is, broken, a Starter Failure alarm will indi-

cate Trip Coil Supervision. @

N
S
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Q
o
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4. SETPOINT PROGRAMMING

|S10 MONITORING|

TRIP COIL

E11

9

TRIP COIL

E11

SUPERVISION  [F11 SUPERVISION  [F11

R1 TRIP E2 R1 TRIP E2
CONTACT F1 * CONTACT )
52a ——
TRIP C@IL
OPEN/GLOSED
TRIP SUPERVISION
COIL "52 Open/Closed"
WITH MULTIPLE
BREAKER AUX
TRIP COIL CLOSED SUPERVISION CONTACTS
"52 Closed"
TRIP COIL E11

SUPERVISION  [Fqq

R1 TRIP E2
CONTACT o

52a E

VALUE OF RESISTOR 'R’

SUPPLY OHMS WATTS

48 VDC 10K 2
@ 125 VDC 25K 5

250 vDC 50 K 5

TRIP COIL OPEN/CLOSED SUPERVISION
"52 Open/Closed"

Figure 4-29 TRIP COIL SUPERVISION
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4.11.4 VT FUSE FAIELURE I

1 VT FUSE FAILURE = | VT FUSE FAILURE RANGE: Off, Latched, Unlatched
| [ENTER] for more - ALARM: Off
s ASSIGN ALARM RANGE: Any Combination of Relays 2-5
& | RELAYS (2-5): ---5
s VT FUSE FAILURE RANGE: On, Off
© | ALARM EVENTS: Off

FUNCTION:

A fuse failure is detected when there are significant levels of negative sequence voltage without cofrespondingly significant levels of
negative sequence current measured at the output CTs. Also, if the generator is online and there is not & sighificant amount of positive
sequence voltage, it could indicate that all the VT fuses have been pulled or the VTs have been rackeghoutiIif'the alarm is enabled and a
VT fuse failure has been detected elements that could nuisance operate will be blocked and an alarm willleccur. Those elements that will
be blocked include voltage restraint for the phase overcurrent, undervoltage, phase reversal, and all‘pewer elements.

Block
I/l < 20% A iat
VoV, > 25% gom} Elements
l, >0.075xCT AND &
0 Operate

V, > 0.05 x Full Scale Alarm

Breaker Status = Online E Relay

99ms

AND

V, < 0.05 x Full Scale

Figure 4-30VT FUSE FAILURE

4.11.5 CURRENT, MW, Mvar, MVA DEMAND I

| CURRENT DEMAND = | CURRENT DEMAND RANGE: 5 -90
I [ENTER] for more @ PERIOD: 15 min STEP: 1
S CURRENT DEMAND RANGE: Off, Latched, Unlatched
& | ALARM: Off
S ASSIGN'ALARM RANGE: Any Combination of Relays 2-5
3| RELAYS (2-5): ---5
s GURRENT DEMAND RANGE: 0.10 - 20.00
$'| LIMIT: 1.25 x FLA STEP: 0.01
g CURRENT DEMAND RANGE: On, Off

=

ALARM EVENTS: Off

| MW DEMAND MW DEMAND RANGE: 5 -90
I [ENTER] for more v PERIOD: 15 min STEP: 1
s MW DEMAND RANGE: Off, Latched, Unlatched
¢ | ALARM: Off
s ASSIGN ALARM RANGE: Any Combination of Relays 2-5
¢ | RELAYS (2-5): ---5
s MW DEMAND RANGE: 0.10 - 2.00
2| LIMIT: 1.25 x Rated STEP: 0.01
s MW DEMAND RANGE: On, Off

=

0 ) (o] ) e e ] ) o]

ALARM EVENTS: Off
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[S10 MONITORING|

| Mvar DEMAND
| [ENTER] for more

| MVA DEMAND
| [ENTER] for more

FUNCTION:

a1

a

B0 ) (o] ) e L) (e ] ) ]

a

a

a a

a

a

4

o

o

o

=

o

o

o

=

Mvar DEMAND
PERIOD: 15 min

Mvar DEMAND
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

Mvar DEMAND
LIMIT: 1.25 x Rated

Mvar DEMAND
ALARM EVENTS: Off

MVA DEMAND
PERIOD: 15 min

MVA DEMAND
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

MVA DEMAND
LIMIT: 1.25 x Rated

MVA DEMAND
ALARM EVENTS: Off

RANGE: 5 -90
STEP: 1

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.10 - 2.00
STEP: 0.01

RANGE: On, Off

RANGE: 5 -90
STEP: 1

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: 0.10 - 2.00

STEP: 0.01

RANGE: On, Off

The 489 can measure the demand of the generator for several parameters (€urrent, MW, Mvar, MVA). The demand values of generators
may be of interest for energy management programs where pracesses may be altered or scheduled to reduce overall demand on a
feeder. The generator FLA is calculated as: generator rated’MVA / (V3 x#ated generator phase-phase voltage). Power quantities are pro-
grammed as per unit calculated from the rated MVA andgated power factor.

Demand is calculated in the following manner. Every“minutejyan average magnitude is calculated for current, +MW, +Mvar, and MVA
based on samples taken every 5 seconds. These values are stored in a FIFO (First In, First Out buffer).The size of the buffer is dictated
by the period that is selected for the setpoint. The average,value of the buffer contents is calculated and stored as the new demand value

4

every minute. Demand for real and reactive power is,only posSitive quantities (+MW and +Mvar).

2

1
DEMAND = N Z |Average,,| where: N= programmed Demand Period in minutes, n= time in minutes
n=

ROLLING DEMAND (15 min. window)

160

140 - || |
120 | o II' . ||.I|..I|.I|

100 1
80
60 A
40 H
20 1

0

MAGNITUDE

t=0 1+10 t+20 1+30 t+40 +t+50 f+60 +t+70 1+80 +t+90 t+100
TIME

Figure 4-31 ROLLING DEMAND (15 min. window)
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4. SETPOINT PROGRAMMING

4.11.6 PULSE OUJPUT I

| PULSE OUTPUT
| [ENTER] for more

FUNCTION:

LA
@ 4

a
o

a

a
o

a
o

a

AL ) o] L) (e ] e

o

POS. kWh PULSE OUT
RELAYS (2-5): -=--

POS. kWh PULSE OUT
INTERVAL: 10 kWh

POS. kvarh PULSE OUT
RELAYS (2-5): ----

POS. kvarh PULSE OUT
INTERVAL: 10 kvarh

NEG. kvarh PULSE OUT
RELAYS (2-5): =---

NEG. kvarh PULSE OUT
INTERVAL: 10 kvarh

PULSE WIDTH
200 ms

RANGE: Any Combination of Relays 2 - 5

RANGE: 1 - 50000
STEP: 1

RANGE: Any Combination of Relays 2 - 5

RANGE: 1 - 50000
STEP: 1

RANGE: Any Combination of Relays 2 - 5

RANGE: 1 - 50000
STEP: 1

RANGE: 200 - 1000
STEP: 1

The 489 can perform pulsed output of positive kWh and both positive and pégative kvarh:*Each output parameter can be assigned to any
one of the alarm or auxilliary relays. Pulsed output is disabled for a parameter ifthejrelay setpoint is selected as OFF for that pulsed
output. The minimum time between pulses is fixed to 400 milliseconds. Noté: Thisifeature should be programmed such that no more than
one pulse per 600 milliseconds is required or the pulsing will lag behindghe aterval activation. Do not assign pulsed outputs to the same
relays as alarms and trip functions.

normally open (NO) contact

normally closed (NC) contact

—

statug status status
v ! !
OPEN “= > CLOSED > OPEN
~%,.CLOSED > OP¢EN >  CLOSED
4— PULSE —
WIDTH

4.11.7 GENERATOR RUNNING HOUR SETUP I

| RUNNING HOUR SETUP
| [ENTER] for more

i

I 4

i NI

=

a
=

INITIAL GEN. RUNNING
HOURS: 0 h

GEN. RUNNING HOURS
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

GEN. RUNNING HOURS
LIMIT: 1000 h

RANGE: 0-999999
STEP: 1

RANGE: Off, Latched, Unlatched

RANGE: Any combination of relays 2-5

RANGE: 1-1000000
STEP: 1

Thei489 can measure the generator running hours. This value may be of interest for periodic maintenance of the generator.

\'helinitial generator running hour allows the user to program existing accumulated running hours on a particular generator the relay is
protecting. This feature allows the user to switch 489 relays without losing previous generator running hour values.
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4.12.1 ANALOG OUTPUTS 1-4 I

] ANALOG OUTPUT 1
| [ENTER] for more

] ANALOG OUTPUT 2
| [ENTER] for more

] ANALOG OUTPUT 3
| [ENTER] for more

] ANALOG OUTPUT 4
| [ENTER] for more

FUNCTION:

0 ) L) e ] (o] ) e ) ]

a
=

a0
i 4

a
=

T

a
=4

a
=

a1
@ 4

a
=

ANALOG OUTPUT 1:
Real Power (MW)

REAL POWER (MW)
MIN: 0.00 x Rated

REAL POWER (MW)
MAX: 1.25 x Rated

ANALOG OUTPUT 2:
Apparent Power (MVA)

APPARENT POWER (MVA)
MIN: 0.00 x Rated

APPARENT POWER
MAX: 1.25 x Rated

ANALOG OUTPUT 3:
Avg. Output Current

AVG. OUTPUT CURRENT
MIN: 0.00 x FLA

AVG. OUTPUT CURRENT
MAX: 1.25 x FLA

ANALOG OUTPUT 4:
Average Voltage

AVERAGE VOLTAGE
MIN: 0.00 x Rated

AVERAGE VOLTAGE
MIN: 1.25 x Rated

RANGE: See Analog Output Table, Table 4-10

RANGE: 0,00 - 2.00
STEP: 0.01

RANGE: 0,00 - 2.00
STEP: 0.01

RANGE: See Analog Output Table, Table 4-10

RANGE: 0,00 - 2.00
STEP: 0.01

RANGE: 0,00 - 2.00
STEP: 0.01

RANGE: See Analog Output Table, Table@-10;
RANGE: 0,00 - 20.00
STEP: 0.01

RANGE: 0,00 - 20.0Q
STEP: 0.01

RANGE: See Analog‘Qutput Table, Table 4-10

RANGE:, 0,00 -/1.50
STEP: 0,01

RANGE: 0,00 - 1.50
STER:0,01

The 489 has four analog output channels (4-20mA or. 0-ZmA as ordered). Each channel may be individually configured to represent a
number of different measured parameters as shown in the table below. The minimum value programmed represents the 4mA output. The
maximum value programmed representSthe 20mA output. All four of the outputs are updated once every 50ms. Each parameter may

only be used once.

EXAMPLE:

The analog output parameter may be chosen as Real Power
(MW) for a 4-20mA output. If rated power is 100 MW If the
minimum is set for 0.00 x Rated,andsthe maximum is set for
1.00 x Rated, when the real powér measurement is 0 MW,
the analog output chamnel'will output 4 mA. When the real
power measuremént is 50, MW, the analog output channel
will output 12 mA” Whén thereal power measurement is 100

MW, the analogyeutput chafnel will output 20 mA.

4-71



|S11 ANALOG 1/0 | 4. SETPOINT PROGRAMMIN

Table 4-10 ANALOG OUTPUT PARAMETER SELECTION TABLE

ANALOG OUTPUT PARAMETER SELECTION TABLE

PARAMETER NAME RANGE / UNITS STEP

IA Output Current .........ccceecvveeneennen. 0-20.00 x FLA 0.01

IB Output Current ..........cccoecvveeneennen. 0-20.00 x FLA 0.01

IC Output Current ......... 0-20.00 x FLA 0.01

Avg. Output Current 0-20.00 x FLA 0.01

Neg. Seq. Current ......... 0-2000 % FLA 1

Averaged Gen. Load............ccoene. . 0-20.00 x FLA 0.01 .
Hottest Stator RTD ..........ccocveeennen. -50 to +250°C or -58 to +482°F 1 0 200
Hottest Bearing RTD -50 to +250°C or -58 to +482°F 1 0 200
Ambient RTD .. -50 to +250°C or -58 to +482°F 1 0 70
RTD #1-12 ... -50 to +250°C or -58 to +482°F 1 0 200
AB Voltage.......ccccoovevviiieniiiene e 0.00-1.50 x Rated 0.00 1.25
BC Voltage ......ccoocvveieiiiiiciieiee 0.00-1.50 x Rated 0.00 1.25
CA Voltage ..... 0.00-1.50 x Rated 0.00 1.25
Average Voltage . 0.00-1.50 x Rated 0.00 1.25
Volts/Hertz ...... 0.00 - 2.00 x rated 0.00 1.50
Frequency .......ccoceereiieiieiceen, 0.00 - 90.00 Hz . 59.00 61.00
Neutral VoIt. (3rd) .....coovvvivieeiiiies 0-25000.0 Volts . 0.0 45.0
Power Factor ................ 0.01 to 1.00 lead/lag . 0.80lag  0.80 lead
Reactive Power(Mvar) -2.00 to +2.00 x Rated .01 0.00 +1.25
Real Power (MW) ............ -2.00 to +2.00 x Rated 0.01 0.00 +1.25
Apparent Power (MVA) 0.00 to 2.00 x Rated 0.01 0.00 1.25
Analog Inputs 1-4 ......ccceoviviienenne. -50000 to +5000 it! 1 0 +50000
Tachometer ..........ccceees 0to 7200 RP 1 3500 3700
Therm. Capacity Used .... 0-100 % 1 0 100
Current Demand ............. 0-20.00 xELA 0.01 0.00 1.25
Mvar Demand ............cccooevviiennennne. 0.00 - 2.00 te 0.01 0.00 1.25
MW Demand..........cccccovevivnniiennennne. 0.01 0.00 1.25
MVA Demand.........cccccovevivrriniennnnnne. 0.01 0.00 1.25
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4.12.2 ANALOG INPUTS 1-4 I

] ANALOG INPUT 1
| [ENTER] for more

a a a a a a a a a a a a a a a
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ANALOG INPUT1:
Disabled

ANALOG INPUT1 NAME:
Analog I/P 1

ANALOG INPUT1 UNITS:
Units

ANALOG INPUT1
MINIMUM: 0

ANALOG INPUT1
MAXIMUM: 100

BLOCK ANALOG INPUT1
FROM ONLINE: 0 s

ANALOG INPUT1
ALARM: Off

ASSIGN ALARM
RELAYS (2-5): ---5

ANALOG INPUT1 ALARM
LEVEL: 10 Units

ANALOG INPUT1 ALARM
PICKUP: Over

ANALOG INPUT1 ALARM
DELAY: 0.1 s

ANALOG INPUT1 ALARM
EVENTS: OFF

ANALOG INPUT1
TRIP: Off

ASSIGN TRIP
RELAYS (1-4): 1---

ANALOG INPUTA'TRIP
LEVEL: 20 Units

ANALOGINPUT1 TRIP
PICKUP: Over

ANALOG INPUT1 TRIP
DELAY:0:16

RANGE: Disabled, 4-20mA, 0-20mA, 0-1mA

RANGE: 12 Character Alphanumeric

RANGE: 6 Character Alphanumeric

RANGE: -50000 to +50000
STEP: 1

RANGE: -50000 to +50000
STEP: 1

RANGE: 0-5000
STEP: 1

RANGE: Off, Latched, Unlatched

RANGE: Any Combination of Relays 2-5

RANGE: -50000 to +50000

STEP: 1

RANGE: Over, Under

RANGE: 0.1 -300.0

STEP: 0.1

RANGESOn,Off

RANGE: Off, Latched, Unlatched

RANGE; Any Combination of Relays 1-4

RANGE: -50000 to +50000

STEP: 1

RANGE: Over, Under

RANGE: 0.1 -300.0
STEP: 0.1
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FUNCTION:

There are 4 analog inputs, 4-20mA, 0-20mA, or 0-1mA as selected. These inputs may be used to monitor transducers suchias vibration
monitors, tachometers, pressure transducers, etc. These inputs may be used for alarm and/or tripping purposes. The inputs a led
every 50 ms. The level of the analog input is also available over the communications port. With the 489PC program, the level of the
transducer may be trended and graphed.
L 4

a minimum and maxi-
ime delay. If the block
mmed other than
tered expires. Once
PICKUP setpoint may

Before the input may be used, it must be configured. A name may be assigned for the input, units may be assigned,
mum value must be assigned. Also, the trip and alarm features may be blocked until the generator is online for a spegifie
time is O, there is no block and the trip and alarm features will be active when the generator is offline or online. Ifi@tim:

0, the feature will be disabled when the generator is offline and also from the time the machine is placed online until i
the input is setup, both the trip and alarm features may be configured. In addition to programming a level and ti y,
be used to dictate whether the feature picks up when the measured value is over or under the level.

EXAMPLE:

If a vibration transducer is to be used, program the name as 'Vibration Monitor'. The units
as 'mm/s'. The minimum as 0, the maximum as 25. Program the Block From Online as Os.
Set the alarm for a reasonable level slightly higher than the normal vibration level. Pro-
gram a delay, 3 s, and pickup 'Over'.




4. SETPOINT PROGRAMMING |489 TESTING]

4.13.1 SIMULATION MODE I

] SIMULATION MODE = | SIMULATION MODE: RANGE: Off, Simulate Pre-Fault, Simulate Fault, Pre-Fault to Fault
| [ENTER] for more . off
s PRE-FAULT TO FAULT RANGE: 0 - 300
@ | TIME DELAY: 15 STEP:1
FUNCTION:

The 489 may be placed in several simulation modes. This simulation may be useful for several purposes_Eirstfimay be used to under-
stand the operation of the 489 for learning or training purposes. Second, simulation may be used dufing/startup to verify that control
circuitry operates as it should in the event of a trip or alarm. In addition, simulation may be used to verify that setpoints had been set
properly in the event of fault conditions.

Simulation mode may be entered only if the generator is offline, no current is measured, and theke ate no trips or alarms active. The
values entered as Pre-Fault Values will be substituted for the measured values in the 489 whenmythe simulation mode is 'Simulate Pre-
Fault'. The values entered as Fault Values will be substituted for the measured values in thie 489 when the simulation mode is 'Simulate
Fault'. If the simulation mode: Pre-Fault to Fault is selected, the Pre-Fault values will be substituted for the period of time specified by the
delay, followed by the Fault values. If a trip occurs, simulation mode will revert to Off. Seélecting,'Off' for the simulation mode will place the
489 back in service. If the 489 measures current or control power is cycled, simulation‘'made will automatically revert to Off.

If the 489 is to be used for training, it might be desirable to allow all parameter averages, statistical information, and event recording to
update when operating in simulation mode. If however, the 489 has beefiinstalled ‘and will remain installed on a specific generator, it
might be desirable assign a digital input to Test Input and to short that input.to‘prevent-all of this data from being corrupted or updated. In
any event, when in simulation mode, the 489 in Service LED (indicator) will'flash, indicating that the 489 is not in protection mode.
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4.13.2 PRE-FAULT SETUP I

| PRE-FAULT SETUP
| [ENTER] for more

FUNCTION:

The values entered under Pre-Fault,Values,will be substituted for the measured values in the 489 when the simulation mode is 'Simulate

Pre-Fault'.
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PRE-FAULT Iphase
OUTPUT: 0.00 x CT

PRE-FAULT VOLTAGES
PHASE-N: 1.00x Rated

PRE-FAULT CURRENT
LAGS VOLTAGE: 0°

PRE-FAULT Iphase
NEUTRAL: 0.00 x CT

PRE-FAULT CURRENT
GROUND: 0.00 x CT

PRE-FAULT VOLTAGE
NEUTRAL: 0 Vsec

PRE-FAULT STATOR
RTD TEMP: 40 °C

PRE-FAULT BEARING
RTD TEMP: 40 °C

PRE-FAULT OTHER
RTD TEMP: 40 °C

PRE-FAULT AMBIENT
RTD TEMP: 40 °C

PRE-FAULT SYSTEM
FREQUENCY: 60.00 Hz

PRE-FAULT ANALOG
INPUT 1: 0 %

PRE-FAULT ANALOG
INPUT 2: 0 %

PRE-FAULT ANALOG
INPUT 3: 0 %

PRE-FAULT ANALOG
INPUT 4: 0 %

RANGE: 0.00 - 20.00
STEP: 0.01

RANGE: 0.00 - 1.50
STEP: 0.01 *entered as a phase to neutral quantity

RANGE: 0 - 359
STEP: 1

RANGE: 0.00 - 20.00
STEP: 0.01 *180 degrees phase shift with respect to Iphase QUIPUT

RANGE: 0.00 -20.00
STEP: 0.01 *CT is either XXX:1 or 5:0.0025

RANGE: 0.0 - 100.0
STEP: 0.1 *Fundamental value only in secondary volts

RANGE: -50 to +250
STEP: 1

RANGE: -50 to +250
STEP: 1

RANGE: -50 to +250
STEP: 1

RANGE: -50 to +250
STEP: 1

RANGE: 5.0 -90.0
STEP: 0.1

RANGE: 0 - 100,
STEP: 1

RANGE! 0 - 100
STEP:1

RANGE;, 0 - 100
STEP: 1

RANGE: 0 - 100
STEP: 1
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|489 TESTING]|

4.13.3 FAULT SETUP I

| FAULT SETUP
| [ENTER] for more

4

FAULT Iphase
OUTPUT: 0.00 x CT

LA

FAULT VOLTAGES
PHASE-N: 1.00x Rated

o

a

FAULT CURRENT
LAGS VOLTAGE: 0°

o

a

FAULT Iphase
NEUTRAL: 0.00 x CT

o

a

FAULT CURRENT
GROUND: 0.00 x CT

o

a

FAULT VOLTAGE
NEUTRAL: 0 Vsec

o

a

FAULT STATOR
RTD TEMP: 40 °C

o

a

FAULT BEARING
RTD TEMP: 40 °C

a

FAULT OTHER
RTD TEMP: 40 °C

o

a

FAULT AMBIENT
RTD TEMP: 40 °C

o

a

FAULT SYSTEM
FREQUENCY: 60.00 Hz

o

a

FAULT ANALOG
INPUT 1: 0 %

o

a

FAULT ANALOG
INPUT 2: 0 %

o

a

FAULT ANALOG
INPUT 3: 0 %

o

a

AL ) (o] L) (e ] ) ] ) (o] ) e ] ) ]

FAULT ANALOG
INPUT 4: 0 %

=

FUNCTION:

RANGE: 0.00 - 20.00
STEP: 0.01

RANGE: 0.00 - 1.50
STEP: 0.01 *entered as a phase to neutral quantity

RANGE: 0 - 359
STEP: 1

RANGE: 0.00 - 20.00
STEP: 0.01 *180 degrees phase shift with respect to Iphase QUIPUT

RANGE: 0.00 -20.00
STEP: 0.01 *CT is either XXX:1 or 5:0.0025

RANGE: 0.0- 100.0
STEP: 0.1 *Fundamental value only in secondary volts

RANGE: -50 to +250
STEP: 1

RANGE: -50 to +250
STEP: 1

RANGE: -50 to +250
STEP: 1

RANGE: -50 to +250
STEP: 1

RANGE: 5.0 -90.0
STEP: 0.1

RANGE: 0 - 100,
STEP: 1

RANGE! 0 - 100
STEP:1

RANGE;, 0 - 100
STEP: 1

RANGE: 0 - 100
STEP: 1

The values entered under Fault Values Wwill be substituted for the measured values in the 489 when the simulation mode is 'Simulate

Fault'.
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|489 TESTING| 4. SETPOINT PROGRAMMING
4.13.4 TEST OUTPUT RELAYS I

| TEST OUTPUT RELAYS = | FORCE OPERATION OF RANGE: Disabled, R1 Trip, R2 Auxiliary, R3 Auxiliary, R4 Auxiliary, R5 Alarm , R6 Service,

I [ENTER] for more - RELAYS: Disabled All Relays, No Relays

FUNCTION:

The test output relays setpoint may be used during startup or testing to verify that the output relays are functioning correctly. The output
relays can be forced to operate only if the generator is offline, no current is measured, and there are no trips orialafms’active. If any relay
is forced to operate, the relay will toggle from its normal state when there are no trips or alarms to its operated state. The appropriate
relay indicator will illuminate at that time. Selecting 'Disabled" will place the output relays back in servicef,the'489 measures current or
control power is cycled, the force operation of relays setpoint will automatically become disabled and the output relays will revert back to

their normal states.

If any relay is forced, the 489 in Service indicator will flash, indicating that the 489 is not in protection mode,

4.13.5 TEST ANALOG OUTPUT I

| TEST ANALOG OUTPUT
| [ENTER] for more

FUNCTION:

U

FORCE ANALOG OUTPUTS
FUNCTION: Disabled

a0
@

ANALOG OUTPUT 1
FORCED VALUE: 0 %

A

a
=4

A

L1 ) o] ) o]

=

ANALOG OUTPUT 2
FORCED VALUE: 0 %

ANALOG OUTPUT 3
FORCED VALUE: 0 %

ANALOG OUTPUT 4
FORCED VALUE: 0 %

RANGE: Enabled, Disabled

RANGE: 0 - 100

STEP: 1

RANGE: 0 - 100
STEP: 1

RANGE: 0 - 100.
STEP: 1

RANGE:0,- 100
STEP: 1

The test analog output setpoints may be used during startup or testing to verify that the analog outputs are functioning correctly.

The analog outputs can be forced only if the géneratomis offline, no current is measured, and there are no trips or alarms active. When
the force analog outputs function is enabled, the output will reflect the forced value as a percentage of the range 4-20mA or 0-1mA. Se-
lecting 'Disabled’ will place all four of the analogyeutput channels back in service, reflecting the parameters programmed to each. If the
489 measures current or control power (s’ cyeled, the force analog output function is automatically disabled and all analog outputs will
revert back to their normal state.

Any time the analog outputs are foreed, the#89 in Service indicator will flash, indicating that the 489 is not in protection mode.
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4. SETPOINT PROGRAMMING

|489 TESTING]|

4.13.6 COMM PORT MONITORI

] COMM PORT MONITOR
| [ENTER] for more

1

FUNCTION:

i 8 6 6 G G

a

a
&

a
&

a
=

MONITOR COMM. PORT:
Computer RS485

RANGE: Computer RS485, Auxiliary RS485, Front Panel RS232

CLEAR COMM.
BUFFERS: No

LAST Rx BUFFER:
Received OK

Rx1: 02,03,00,67,00,
03,B4,27

Rx2:

Tx1: 02,03,06,00,64,
00,0A,00,0F

Tx2:

RANGE: No, Yes

RANGE: Buffer Cleared, Received OK, Wrong Slave Addr., lllegal Functionglliégal Count, lllegal

Reg. Addr., CRC Error, lllegal Data,

RANGE: Received data in HEX

RANGE: Received data in HEX

RANGE: Transmitted data in HEX

RANGE: Transmitted data in HEX

During the course of troubleshooting communications problems, it can be very useful to'see the data that is first being transmitted to the
489 from some master device, and then see the data that the 489 transmits baelgte that master device. The messages shown here
should make it possible to view that data. Any of the three communicationsgportsymay be monitored. After the Comm. Buffers have been
cleared, any data received from the communications port being monitored Will, be stored in the Rx1 and Rx2. If the 489 transmits a mes-
sage, it will appear in the Tx1 and Tx2 buffers. In addition to these huffers, theére is a message that will indicate the status of the last

received message.

4

4.13.7 FACTORY SERVICE I

| FACTORY SERVICE
| [ENTER] for more

FUNCTION:

o (oo ]

ENTER FACTORY
PASSCODE: 0

RANGERN/A

This section is for use by factory personnel fortesting and calibration purposes.
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OVERVIEW

5. ACTUAL VALUES

5.1.1 ACTUAL VALUES MESSAGES I

Measured values, maintenance and fault analysis information are accessed in the Actual Value mode. Actual values may be accessed via
one of the following methods:

1) Front panel, using the keys and display.
2) Front program port, and a portable computer running the 489PC program supplied with the relay.
3) Rear terminal RS485 port, and a PLC/SCADA system running user-written software.

Any of these methods can be used to view the same information. A computer, however, makes viewing muchimore convenient, since many
variables may be viewed at the same time.

Actual value messages are organized into logical groups, or pages, for easy reference, as shown below: All actual value messages are

illustrated and described in blocks throughout this chapter. All values shown in these message illustratiens asstime that no inputs (besides
control power) are connected to the 489.

Table 5-1 ACTUAL VALUE MESSAGE MAP

| DIGITAL INPUTS
| REAL TIME CLOCK

1 ANALOG)INPUTS
1'SPEED

J] A1 ACTUAL VALUES I A2 ACTUAL VALUES |-H A3'ACTUAL VALUES

I STATUS 1] METERING DATA LEARNED DATA

| GENERATOR STATUS | CURRENT METERING | PARAMETER AVERAGES
I LAST TRIP DATA I VOLTAGE METERING | RTD MAXIMUMS

| ALARM STATUS | POWER METERING | ANALOG IN MIN/MAX

I TRIP PICKUPS I TEMPERATURE

| ALARM PICKUPS | DEMAND METERING

.
I-H A4 ACTUAL VALUES LH AS'ACTUAL VALUES I-H A6 ACTUAL VALUES
MAINTENANCE EVENT RECORD PRODUCT INFO.
| TRIP COUNTERS I [ENTER] EVENT 01 1 489 MODEL INFO.
| GENERAL COUNTERS I [ENTER] EVENT 02 I CALIBRATION INFO.
| TIMERS I [ENTER] EVENT 03

I
| [ENTER] EVENT 40

In addition to thefActuali/alte"messages, there are also Diagnostic messages and Flash messages that appear only when certain
conditions occur. Theypare described later in this chapter.
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Al STATUS 5. ACTUAL VALUES

| 5.2.1 GENERATOR STATUS |
| GENERATOR STATUS = | GENERATOR STATUS: RANGE: Online, Offline, Tripped
| [ENTER] for more @ Offline
s GENERATOR THERMAL | RANGE: 0-100
@l ¢ | CAPACITY USED: 0 % NOTE: this message is seen only if the thermal model is enabled
s ESTIMATED TRIP TIME | RANGE: 0 - 10000s, Never
[wesssee ] © | ON OVERLOAD: Never NOTE: this message is seen only if the thermal model is enabled

DESCRIPTION:

These messages describe the status of the generator at any given point in time. If the generator has béen tripped, is still offline, and the
489 has not yet been reset, the generator status will be ‘Tripped’. The thermal capacity used reflects, anfintegrated value of both the
stator and rotor thermal capacity used. The values for estimated trip time on overload will appeafwhenever the 489 thermal model picks
up on the overload curve.

| 5.2.2 LAST TRIP DATA I

A

REACTIVE POWER Mvar | RANGE: 0 to +2000.000
PreTrip' 0.000 NOTE: This message is not seen if VT Connection is ‘None’

=4

A

APPARENT POWER MVA | RANGE: 0 to 2000.000
PreTrip: 0.000 NOTE: This message is not seen if VT Connection is ‘None’

=4

A

HOTTEST STATOR RTD RANGE: -50 to +250
RTD#1: 0°C PreTrip NOTE: this message seen only if at least 1 RTD is programmed as ‘STATOR’

=4

A

HOTTEST BEARING RTD | RANGE: -50 to +250
RTD#7: 0°C PreTrip NOTE: this message seen only if at least 1 RTD is programmed as ‘BEARING’

I LAST TRIP DATA = | CAUSE OF LAST TRIP: RANGE: No Trip To Date, General Input A - G, Sequentialilrip, Field=BKrDiscrep., Tachometer, Thermal Model, Offline Overcurrent, Phase Overcurrent, Neg.Seq.
. Overcurrent, Ground Overcurrent, Phase Differential \RTDs 4=1&, Undervoltage, Overvoltage, Voltz/Hertz, Phase Reversal, Underfrequency, Overfrequency, Neutral
I [ENTER] for more @ No T"p To Date 0/V, Neutral U/V (3rd), Reactive PowemgReverse Power, kow Forward Power, Inadvertent Energ., Analog Inputs 1-4
A TIME OF LAST TRIP: RANGE: Hour/Min/Sec
@I ¢ | 00:00:00.0 NOTE: this message is:8eeh onlyiifithere has been a trip
A DATE OF LAST TRIP: RANGE: Mor/Day/Year
@l ¢ | Jan 01 1999 NOTE: this message 18.8een only if there has been a trip
® TACHOMETER RANGE: 0-3600
@l 8 | Pretrip: 3600 RPM NOTEthis message is seen only if the function is assigned an input
A A: 0B: 0 |AANGE: 0999999
@I ¢l c: 0 A PreTrip NOJE: this message represents current measured from the output CTs, seen only if there has been a trip
A a: oh: 0 RANGE: 09999999
@I ¢l e 0 DA PreTrip NOTEthis message seen only if the differential element is enabled and represents differential current
® NEG. SEQ. CURRENT RANGE: 0 -2000
@l 8 | PreTrip: 0 % FLA NQ@TE: this message is seen only if there has been a trip
A GROUND)CURRENT RANGE: 0.00- 200000.00
@l 2 | PreTrip: ,0.00,A NOTE: this message not seen if the ground CT is programmed as ‘None’
A Vah:, “0\Wbc: 0 RANGE: 0-50000
@I ¢ | vea OV PreTrip NOTE: This message is not seen if VT Connection is programmed as ‘None’
® FREQUENCY RANGE: 0.00 - 90.00
@I Fi Pretrip' 0.00 Hz NOTE: This message is not seen if VT Connection is programmed as ‘None’
™ [wae | /) NEUTRAL VOLT (FUND) | RANGE: 0.0- 250000
13 PreTrip: 0.0V NOTE: This message seen only if there is a neutral voltage transformer
A NEUTRAL VOLT (3rd) RANGE: 0.0 - 25000.0
@' 8| PreTrip: 0.0V NOTE: This message seen only if there is a neutral voltage transformer
A REAL POWER (MW) RANGE: 0 to £2000.000
@l % | PreTrip: 0.000 NOTE: This message is not seen if VT Connection is ‘None’

=4
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5. ACTUAL VALUES

Al STATUS

DESCRIPTION:

* [ooe ]
=T
* [ooe ]
=T
* [ooe ]
=T
* [ooe ]
[vesve | &
® [ooe ]
[vesvee | &
® [oore ]
[vessie | @
® [oore ]
[vesie | @

HOTTEST OTHER RTD
RTD#11: 0°C PreTrip

AMBIENT RTD
RTD#12: 0°C PreTrip

ANALOG INPUT 1
Pretrip: 0 Units

ANALOG INPUT 2
Pretrip: 0 Units

ANALOG INPUT 3
Pretrip: 0 Units

ANALOG INPUT 4
Pretrip: 0 Units

Vab/lab Pretrip
0.0Qsec 0°

RANGE: -50 to +250
NOTE: this message seen only if at least 1 RTD is programmed as ‘OTHER'’

RANGE: -50 to +250
NOTE: this message seen only if at least 1 RTD is programmed as ‘AMBIENT’

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use

RANGE: 0 - 65535 Q sec RANGE: 0 - 359°
NOTE: This message seen only if Loss of Excitation elementiis,Enapled

Immediately prior to issuing a trip, the 489 takes a snapshot of generator parameters and stares them as pre-trip values which will allow
for troubleshooting after the trip occurs. The cause of last trip message is updated With the current trip and the screen defaults to that
message. All trip features are automatically logged as date and time stamped,events,as they occur. This information can be cleared using
the setpoint in S1 489 SETUP under CLEAR DATA. If the cause of last trip iSfNO Trip o Date’, the subsequent pretrip messages will not
appear. Last Trip Data will not update if a digital input programmed as Testdnputiis shorted.

5.2.3 ALARM STATUS I

I ALARM STATUS
| [ENTER] for more

15 ) 1) NI (0 9 9 G )

a
o

a
o

a
o

a
o

a a A a
£
o o o o

o

a
o

a
@

NO ALARMS

RANGE: N/A
Nofe: Thisymessage séen when no alarms are active

Input A ALARM
STATUS: Active

RANGE: Active, Latched *The first line of this alarm message will reflect the Input Name as programmed
Notei Alarm status is ‘Active * if the condition that caused the alarm is still present

Input B ALARM
STATUS: Active

RANGE: Active, Latched *The first line of this alarm message will reflect the Input Name as programmed
Nete: Alarm status is ‘Active * if the condition that caused the alarm is still present

Input C ALARM
STATUS: Active

RANGE: Active, Latched *The first line of this alarm message will reflect the Input Name as programmed
Note: Alarm status is ‘Active * if the condition that caused the alarm is still present

Input D ALARM
STATUS: Active

RANGE: Active, Latched *The first line of this alarm message will reflect the Input Name as programmed
Note: Alarm status is ‘Active * if the condition that caused the alarm is still present

Input.E ALARM
STATUS:Active

RANGE: Active, Latched *The first line of this alarm message will reflect the Input Name as programmed
Note: Alarm status is ‘Active * if the condition that caused the alarm is still present

Input F ALARM
STATUS: Active

RANGE: Active, Latched *The first line of this alarm message will reflect the Input Name as programmed
Note: Alarm status is ‘Active * if the condition that caused the alarm is still present

Input G ALARM
STATUS: Active

RANGE: Active, Latched *The first line of this alarm message will reflect the Input Name as programmed
Note: Alarm status is ‘Active * if the condition that caused the alarm is still present

TACHOMETER
ALARM: 3000 RPM

RANGE: 0-3600
Note: The current measurement of the Tachometer Digital input will be shown here

OVERCURRENT
ALARM: 10.00 x FLA

RANGE: 0-20.00
Note: Overcurrent level will be shown here

NEG. SEQ. CURRENT
ALARM: 15 % FLA

RANGE: 0 - 100
Note: reflects the present negative sequence current level

GROUND OVERCURRENT
ALARM: 5.00A

RANGE: 0.00- 200000.00
NOTE: reflects the present ground current level, this message seen if the GE Power Management HGF CT is
used

GROUND DIRECTIONAL
ALARM: 5.00 A

RANGE: 0.00- 200000.00
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Al STATUS 5. ACTUAL VALUES

s UNDERVOLTAGE ALARM EANG\E: |0 - Z?Ohoo“ 50-99 ) ) N
ote: Value of the lowest phase to phase voltage will be shown here
¢ | Vah= 3245V 78% Rated
B [eowe | | OVERVOLTAGE ALARM RANGE: 0 - 20000, 101 - 150
wiswe | € | Vah=4992V 120% Rated Note: Value of the highest phase to phase voltage will be shown here
s VOLTS/HERTZ ALARM RANGE: 0.00 - 2.00
¢ | PER UNIT V/Hz: 1.15 NOTE: present value of V/Hz is shown here, message is not seen if VT Connection is ‘None'
S UNDERFREQUENCY EANGVE: |O'OO{90|'OO f e shonn
ote: Value of voltage frequency will be shown here
8 | ALARM: 59.4 Hz
S OVERFREQUENCY EANGVE: |O'OO} 90|-00 f e s
ote: Value of voltage frequency will be shown here
¢ | ALARM: 60.6 Hz
s NEUTRAL O/V (FUND) RANGE: 0.0 - 25000.0
¢ | ALARM: 0.0V NOTE: the present value of fundamental neutral voltage will be séen(here
s NEUTRAL U/V (3rd) RANGE: 0.0 - 25000.0
¢ | ALARM: 0.0V NOTE: the present value of 3rd harmonic neutral voltage Wilhbe seén here
e REACTIVE POWER Mvar | RANGE: -2000.000 to +2000.000
¢ | ALARM: +20.000 Note: Current Mvar value will be shown here
e REVERSE POWER RANGE: -2000.000 to +2000.000
vessaee | S | ALARM: -20.000 MW Note: Current MW value will be shiewn here
s LOW FORWARD POWER | RANGE: -2000.000 to +2000.000
¢ | ALARM: -20.000 MW Note: Current MW value piillpe. shownhere
A Stator RTD #1 RANGE: -50 to +250%Ihe firstlline of this alarm message will be the RTD Name as programmed for 1-12
wessee | © | ALARM: 135° € Note: reflects the present RID tempgrature
A OPEN SENSOR ALARM: RANGE: the number@fithe RTD with the open sensor as programmed for RTDs 1-12
S|RTD#123456... Note: reflects thespumberief the RTD that caused the open alarm
® [oowe | | SHORTLOW TEMP ALARM | RANGE: 1-12
vessiee | 8| RTD# 7891011 Note:reflects the number of the RTD that caused the short/low temp. alarm
® THERMAL MODEL ZANG\E:|1 - 1?0h | I
otei'Value of thermal capacity used is shown here.
¢ | ALARM: 100% TC USED
® TRIP COUNTER RANGE: 1- 10000
¢ | ALARM: 25 Trips Nete: The total number of generator trips will be displayed here
B = BREAKER FAILURE RANGE: Active, Latched
¢ | ALARM: Active Note: Alarm status is ‘Active ‘ if the condition that caused the alarm is still present
B [eow | | TRIP COIL MONITOR RANGE: Active, Latched
¢ | ALARM:(Rctive Note: Alarm status is ‘Active * if the condition that caused the alarm is still present
B [eowe | | VTIFUSE FAILURE RANGE: Active, Latched
¢ | ALARM®Active Note: Alarm status is ‘Active ‘ if the condition that caused the alarm is still present
s CURRENT DEMAND RANGE: 1 - 999999
¢ [“ALARM: 1053 A Note: The current value of Running Current Demand will be shown here
S @ MW DEMAND RANGE: -2000.000 to +2000.000
¢ [AALARM: 50.500 MW Note: The current value of Running MW Demand will be shown here
5 Mvar DEMAND RANGE: -2000.000 to +2000.000
¢ | ALARM: - 20.000 Note: The current value of Running Mvar Demand will be shown here
N MVA DEMAND RANGE: 0 to 2000.000
vessaee | | ALARM: 20.000 Note: The current value of Running MVA Demand will be shown here
B Analog I/P 1 ;A’\:GE%:O?OO 1|0 ;rt5h0000 ’lThe f'ﬂarmt mgls‘s;ge v:]\ll reﬂ;cl the Analog Input name and units as programmed,
n ote: The level of the analog input will be shown here
¢ | ALARM: 201 Units
B Analog I/P 2 ;A’\:GE%:O?OO 1|0 ;rt5h0000 ’lThe f'ﬂarmt mgls‘s;ge v:]\ll reﬂ;cl the Analog Input name and units as programmed,
wiswa: | © | ALARM: 201 Units ote: The level of the analog input will be shown here
B Analog I/P 3 ;A’\:GE%:O?OO 1|0 ;rt5h0000 ’lThe f'ﬂarmt mgls‘s;ge v:]\ll reﬂ;cl the Analog Input name and units as programmed,
wiswa: | © | ALARM: 201 Units ote: The level of the analog input will be shown here
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5. ACTUAL VALUES

Al STATUS

DESCRIPTION:

M
[vesoie | &
M
[vessace |
M
[vessace |
S oo |
[vessace |
S oo |
[vessace | ¢

Analog I/P 4
ALARM: 201 Units

ALARM, 489 NOT
INSERTED PROPERLY

489 NOT IN SERVICE
Simulation Mode

IRIG-B FAILURE
ALARM: Active

GEN. RUNNING HOURS
ALARM: 1000 h

Any active or latched alarms may be viewed here.

RANGE: -50000 to +50000 *The alarm message will reflect the Analog Input name and units as programmed,
Note: The level of the analog input will be shown here

Note: If the 489 chassis is only partially engaged with the 489 case, this Service alarm will appear after 1{8econd
Secure the chassis handle to ensure that all contacts mate properly.

Range: Not Programmed, Simulation Mode, Output Relays Forced, Analog Output Forced, Test Switch Shorted.
Range: Active
Note: this message is only seen if IRIG-B is enabled and the associated sigfal inputsis lost

Range: 1-1000000 h
Note: this message is only seen if Running Hour Alarm is enabled

5.2.4 TRIP PICKUPS I

I TRIP PICKUPS
| [ENTER] for more

a f
o 4

a
o

a
o

a
o

o

a
o

a
o

a
o

a
o

a
o

a

Input A
PICKUP: Not Enabled

Input B
PICKUP: Not Enabled

Input C
PICKUP: Not Enabled

Input D
PICKUP: Not Enabled

Input E
PICKUP: Not Enabled

Input F
PICKUP: Not Enabled

Input G
PICKUP: Not Enabled

SEQUENTIAL TRIP
PICKUP:)Not Enabled

FIELD-BKR DISCREP.
PICKUP: Not Enabled

TACHOMETER
PICKUP:"Not Enabled

OFFLINE OVERCURRENT
PICKUP: Not Enabled

gl 8 B G 10 0 9 ) ) G

a

!

MESSAGE

7

o

[

i 1

[

i

g

INADVERTENT ENERG.
PICKUP: Not Enabled

PHASE OVERCURRENT
PICKUP: Not Enabled

NEG.SEQ. OVERCURRENT
PICKUP: Not Enabled

GROUND OVERCURRENT
PICKUP: Not Enabled

PHASE DIFFERENTIAL
PICKUP: Not Enabled

GROUND DIRECTIONAL
PICKUP: Not Enabled

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
NOTE: this message is seen onlyiifthe function isassigned an input (will reflect input name as programmed)

RANGE: Not Enabled, Inaetive, TimingilOut, Agtive Trip, Latched Trip
NOTE: this message is seen,onWifithe function is assigned an input (will reflect input name as programmed)

RANGE: Not Enabled, Inaetive, Timifig Out, Active Trip, Latched Trip
NOTE: this message§’seen@nly if,the function is assigned an input (will reflect input name as programmed)

RANGE: Not Enabled, naetive, Timing Out, Active Trip, Latched Trip
NOTE: this méssageiis seenonly if the function is assigned an input (will reflect input name as programmed)

RANGE: Not Enabled Anactive, Timing Out, Active Trip, Latched Trip
NOTE: this message'is seen only if the function is assigned an input (will reflect input name as programmed)

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
NOTEthis,message is seen only if the function is assigned an input (will reflect input name as programmed)

RANGEPNot Enabled, Inactive, Timing Out, Active Trip, Latched Trip
NOTE: this message is seen only if the function is assigned an input (will reflect input name as programmed)

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
NOTE: this message is seen only if the function is assigned an input

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
NOTE: this message is seen only if the function is assigned an input

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

NOTE: this message is seen only if the function is assigned an input

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
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Al STATUS 5. ACTUAL VALUES

HIGH-SET PHASE 0/C RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

a
@

a

UNDERVOLTAGE RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

@

a

OVERVOLTAGE RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

@

a

VOLTS/HERTZ RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

@

a

PHASE REVERSAL RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

@

a

UNDERFREQUENCY RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched [Trip
PICKUP: Not Enabled

@

a

OVERFREQUENCY RANGE: Not Enabled, Inactive, Timing Out, Active Trip, satched THp
PICKUP: Not Enabled

@

a

NEUTRAL 0/V (FUND) RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latehed Trip
PICKUP: Not Enabled

@

a

NEUTRAL U/V (3rd) RANGE: Not Enabled, Inactive, Timing O, ActiveTrip, Latched Trip
PICKUP: Not Enabled

@

a

LOSS OF EXCITATION 1 RANGE: Not Enabled, Inactive, Timing OutpActive Trip, Latched Trip
PICKUP: Not Enabled

@

a

LOSS OF EXCITATION 2 RANGE: Not EnabledlInaétive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

@

a

DISTANCE ZONE 1 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

@

a

01 ) ] TNl ) ) (] ) ) ) ] ) ] ) ] ) ] ) ] ] )

DISTANCE ZONE 2 RANGE: NofiEnabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

B REACTIVE POWER RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
R REVERSE POWER RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
R LOW FORWARD POWER RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
R RTD #1 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
B RTD #2 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP:Not Enabled
B RTD #3 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 |“RICKUP: Not Enabled
R RTD #4 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
wessge | 8 |PICKUP: Not Enabled
b RTD #5 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
R RTD #6 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
R RTD #7 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
R RTD #8 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
8 | PICKUP: Not Enabled
[\

RTD #9 RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip
PICKUP: Not Enabled

@




5. ACTUAL VALUES

Al STATUS

=
=ak:
=

=ak:

=
=ak:
S o]
=ak:
NS

=
=ak:
=

=ak:
=

=ak:
NS

=
=ak

DESCRIPTION:

The trip pickup messages may be very useful during testing. They will indicate i
picked up), timing out (picked up and timing), active trip (still picked up,
up, but had timed out and caused a trip that is latched). These values

device for monitoring.

RTD #10
PICKUP: Not Enabled

RTD #11
PICKUP: Not Enabled

RTD #12
PICKUP: Not Enabled

THERMAL MODEL
PICKUP: Not Enabled

Analog I/P 1
PICKUP: Not Enabled

Analog I/P 2
PICKUP: Not Enabled

Analog I/P 3
PICKUP: Not Enabled

Analog I/P 4
PICKUP: Not Enabled

L 4

Q
o
&

L 4

N
S

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched Trip

NOTE: this message is seen only if input is enabled (will reflect input nam

RANGE: Not Enabled, Inactive, Timing Out, Active Trip, Latched
NOTE: this message is seen only if input is enabled (will refl

NOTE: this message is seen only if input is enab

rogrammed)

as programmed)

ill reflect input name as programmed)

eature has been enabled, if it is inactive (not
d causing a trip), or latched tip (no longer picked
be particularly useful as data transmitted to a master
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Al STATUS 5. ACTUAL VALUES

| 5.2.5 ALARM PICKUPS |
| ALARM PICKUPS = Input A RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
l [ENTER] for more @ PICKUP: Not Enabled NOTE: this message is seen only if the function is assigned an input (will reflect name as programmed)
® Input B RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
¢ | PICKUP: Not Enabled NOTE: this message is seen only if the function is assigned an input (will reflect name as programmed)
® Input C RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
¢ | PICKUP: Not Enabled NOTE: this message is seen only if the function is assigned an input (will reflect naf@ias programmed)
® Input D RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarrmy
¢ | PICKUP: Not Enabled NOTE: this message is seen only if the function is assigned an inputg(will reflégt,name as programmed)
® Input E RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latche@Alarm
¢ | PICKUP: Not Enabled NOTE: this message is seen only if the function is assigneddm, input (willfeflect name as programmed)
® Input F RANGE: Not Enabled, Inactive, Timing Out, Active Alarmpkatched Afarm
¢ | PICKUP: Not Enabled NOTE: this message is seen only if the function is agsigned'@m,inpuit (will reflect name as programmed)
® Input G RANGE: Not Enabled, Inactive, Timing Out, Actie Alarm, Latéhed Alarm
¢ | PICKUP: Not Enabled NOTE: this message is seen only if the function is agsigned an input (will reflect name as programmed)
B TACHOMETER RANGE: Not Enabled, Inactive, Timing Qut, Active Alarm, Latched Alarm
¢ | PICKUP: Not Enabled NOTE: this message is seen onlyifithe function is assigned an input
B OVERCURRENT RANGE: Not Enabled, Inactive, Timing, Out;/Active Alarm, Latched Alarm

@

PICKUP: Not Enabled

a

NEG.SEQ. OVERCURRENT | RANGE: Not Enabled,‘nactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

GROUND OVERCURRENT RANGE: Not Enabledilhactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

GROUND DIRECTIONAL RANGEsNot'Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

a

UNDERVOLTAGE RANGE! Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

OVERVOLTAGE RANGE; Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

VOLTS/HERTZ RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

UNDERFREQUENCY RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enahled

@

a

OVERFREQUENCY RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: NobEnabled

@

a

NEUTRAL 0/V (FUND) RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

«

a

NEUTRAL U/V (3rd) RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

=

a

REACTIVE POWER RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

REVERSE POWER RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

LOW FORWARD POWER RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

RTD #1 RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled

@

a

W[ W) ] Al ) ] ) ] ) ] ) ] L) ] L) (] L) ] ) L )

@

RTD #2 RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
PICKUP: Not Enabled




5. ACTUAL VALUES

Al STATUS

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S oo |
=k

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ak:

S o]
=ok;

S

=3
=] ¢

5, o)
=Tk

S [ |
=ak

S o]
=ak:

S o]
=ak:

S o]
=ak:

RTD #3
PICKUP: Not Enabled

RTD #4
PICKUP: Not Enabled

RTD #5
PICKUP: Not Enabled

RTD #6
PICKUP: Not Enabled

RTD #7
PICKUP: Not Enabled

RTD #8
PICKUP: Not Enabled

RTD #9
PICKUP: Not Enabled

RTD #10
PICKUP: Not Enabled

RTD #11
PICKUP: Not Enabled

RTD #12
PICKUP: Not Enabled

OPEN SENSOR
PICKUP: Not Enabled

SHORT/LOW TEMP
PICKUP: Not Enabled

THERMAL MODEL
PICKUP: Not Enabled

TRIP COUNTER
PICKUP: Not Enabled

BREAKER FAILURE
PICKUP: Not Enabled

TRIP COIL MONITOR
PICKUP: Not Enabled

VT FUSE FAILURE
PICKUP: Not Enabled

CURRENT DEMAND
PICKUP: Not Enabled

MW DEMAND
PICKUP: Not Enabled

Mvar DEMAND
PICKUP: Not Enabled

MVA DEMAND
PICKUP: Not Enabled

Analog I/P 1
PICKUP: Not Enabled

Analog I/P 2
PICKUP: Not Enabled

Analog I/P 3
PICKUP: Not Enabled

Analog I/P 4
PICKUP: Not Enabled

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

RANGE:

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled;

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Not Enabled,

Inactive,

Inactive,

Inactive

Inactive,

Inactive,

Inactive

Inactive,

Inactive,

Inactive

Inactive,

Inaotive;

Inactive

Inactive,

Inactive,

Inactive

Inactive,

Inactive,

Inactive

Inactive,

Inactive,

Inactive

Timing Out, Active Alarm,

Timing Out, Active Alarm,

, Timing Out, Active Alarm,

Timing Out, Active Alarm,

Timing Out, Active Alarm,

, Timing Out, Active Alarm,

Timing Out, Active Alarp,

Timing Out, Active Alarm,

, Timing Out, Active' Alarm,

Timing OuthActive Alarm,

Timing Out, Active Alarm,

, Timing Out, Active Alarm,

Timing Out, Active Alarm,

Timing Out, Active Alarm,

, Timing Out, Active Alarm,

Timing Out, Active Alarm,

Timing Out, Active Alarm,

, Timing Out, Active Alarm,

Timing Out, Active Alarm,

Timing Out, Active Alarm,

, Timing Out, Active Alarm,

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarmi

Latched Alafm

Latched'Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

Latched Alarm

RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
NOTE: this message is seen only if input is enabled (will reflect input name as programmed)

RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
NOTE: this message is seen only if input is enabled (will reflect input name as programmed)

RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
NOTE: this message is seen only if input is enabled (will reflect input name as programmed)

RANGE: Not Enabled, Inactive, Timing Out, Active Alarm, Latched Alarm
NOTE: this message is seen only if input is enabled (will reflect input name as programmed)




Al STATUS

5. ACTUAL VALUES

DESCRIPTION:

The alarm pickup messages may be very useful during testing. They will indicate if a alarm feature has been enabled, if it is inactivey(not
picked up), timing out (picked up and timing), active alarm (still picked up, timed out, and causing an alarm), or latched alarm (no longer
picked up, but had timed out and caused a alarm that is latched). These values may also be particularly useful as data transmitted/to a
master device for monitoring.

5.2.6 DIGITAL INPUTS I

| DIGITAL INPUTS
| [ENTER] for more

DESCRIPTION:

i 0 A A A A B A6 A G

a
@

a
@

a

a
@

a a a
@ @ @

a
=

ACCESS SWITCH
STATE: Open

BREAKER STATUS
SWITCH STATE: Open

ASSIGNABLE DIGITAL
INPUT1 STATE: Open

ASSIGNABLE DIGITAL
INPUT2 STATE: Open

ASSIGNABLE DIGITAL
INPUT3 STATE: Open

ASSIGNABLE DIGITAL
INPUT4 STATE: Open

ASSIGNABLE DIGITAL
INPUTS STATE: Open

ASSIGNABLE DIGITAL
INPUT6 STATE: Open

ASSIGNABLE DIGITAL
INPUT7 STATE: Open

TRIP COIL
SUPERVISION: No Coil

RANGE: Open, Shorted

RANGE: Open, Shorted

RANGE: Open, Shorted

RANGE: Open, Shorted

RANGE: Open, Shorted

RANGE: Open, Shorted

RANGE: Open, Shorted

RANGE: Open, Shorted

RANGE: Open, Shoried

RANGE: Na Coil, Cail

The messages shown here may be used to monitor digitallinput'status. This may be useful during relay testing or during installation.

5.2.7 REAL TIME CLOCK I

I REAL TIME CLOCK
| [ENTER] for more

DESCRIPTION:

4

DATE: 01/01/1994
TIME: 12:00:00

RANGE: 01-12/10-31/1995-2094
RANGE: 00-23:00-59:00 -59

The time and date from the 489 feal time clock may be viewed here.
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5. ACTUAL VALUES |A2 METERING DATA |

5.3.1 CURRENT METERINGI

| CURRENT METERING >(A: 0B: 0 RANGE: 0 - 999999
| [ENTER] for more @ C: 0 Amps

s aa 0b: 0 RANGE: 0 - 999999
[wesse | 8 c: 0 Neut. Amps

s aa 0b: 0 RANGE: 0 - 999999
[wessee | 8 [ ¢z 0  Diff. Amps

s AVERAGE PHASE RANGE: 0 - 999999
[vesse | ¢ | CURRENT: 0 Amps

® GENERATOR LOAD: RANGE: 0 - 2000
[wessaee | 8| 0% FLA

® NEGATIVE SEQUENCE | RANGE: 0-2000
[vesssce | ¢ | CURRENT: 0 % FLA

s PHASE A CURRENT: RANGE: 0 - 999999 A, 0 - 359°
[wessaee | 8 0A 0°lag

s PHASE B CURRENT: RANGE: 0 - 999999 A, 0 - 359°
[wessaee | 8 0A 0°lag

s PHASE C CURRENT: RANGE: 0 - 999999 A, 0 - 359°
[wessaee | 8 0A 0°lag

s NEUT. END A CURRENT: | RANGE: 0- 999999 A, 090859 °
[wessaee | 8 0A 0°lag

s NEUT. END B CURRENT: | RANGE: 0 - 999999 A, 08859 °
[wessaee | 8 0A 0°lag

s NEUT. END C CURRENT: | RANGEN0, 999999 A, 015359 °
[wessaee | 8 0A 0°lag

s DIFF. A CURRENT: RANGEAD - 999999 A, 0 - 359°
[wessaee | 8 0A 0°lag

s DIFF. B CURRENT: RANGEND- 999999 A, 0 - 359°
[wessaee | 8 0A 0°lag

s DIFF. C CURRENT: RANGE: 0 - 999999 A, 0 - 359°
[wessaee | 8 0A 0°lag

s GROUND.CURRENT: RANGE: 0.0 - 200000.0
@ g 0.004 0%tay NOTE: this message seen if the 1A ground CT input is used

s GROUND CURRENT: RANGE: 0.00- 100.00
@ by 0.00'A 0° Lag NOTE: this message seen if the 50:0.025 ground CT is used

DESCRIPTION:

All measured currentyvaluesdare displayed here. ‘A,B,C Line Amps’ represent the output side CT measurements. ‘a,b,c Neut. Amps’
represent the neufral end, CT“measurements. ‘a,b,c Diff. Amps’ represent the differential operating current that is calculated as the
vectorial difference betweenythe output side CT measurements and the neutral end CT measurements on a per phase basis. 489
negative sequénce gurrentds defined as the ratio of negative sequence current to generator rated full load amps, 2/ FLA x 100%. The
generator full loadf@mps 4§ calculated as: generator rated MVA / (V3 x generator phase-phase voltage). Polar coordinates for measured
currents are also shown using Va (wye connection) or Vab (open delta connection) as a zero angle reference vector. In the absence of a
voltage signal (Va or Vab), IA output current is used as the zero angle reference vector.
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|A2 METERING DATA |

5. ACTUAL VALUES

5.3.2 VOLTAGE METERING I

| VOLTAGE METERING =|Vab: OVbc: 0 RANGE: 0 - 50000
| [ENTER] for more @ Veca: 0 Volts NOTE: This message is not seen if VT Connection is programmed as ‘None’
s AVERAGE LINE RANGE: 0 - 50000
@l ¢ | VOLTAGE: 0 Volts NOTE: This message is not seen if VT Connection is programmed as ‘None’
s Van: OVbn: 0 RANGE: 0 - 50000
@l ¢ | Ven: 0 Volts NOTE: This message seen only if VT Connection is programmed as ‘Wye'
S AVERAGE PHASE RANGE: 0 - 50000
@l ¢ | VOLTAGE: 0 Volts NOTE: This message seen only if VT Connection is programmed asgWye'
A LINE A-B VOLTAGE: RANGE: 0 - 50000 A, 0 - 359 °
@ ¢ 0A 0° Lag NOTE: This message is not seen if VT Connection is progradmed as ‘None’
A LINE B-C VOLTAGE: RANGE: 0 - 50000 A, 0 - 359 °
@ ¢ 0A 0° Lag NOTE: This message is not seen if VT Connection is_programmed'as ‘None’
A LINE C-A VOLTAGE: RANGE: 0 - 50000 A, 0 - 359 °
@ ¢ 0A 0° Lag NOTE: This message is not seen if VT Connectioni§iprogrammed as ‘None’
s PHASE A-N VOLTAGE: RANGE: 0 - 50000 A, 0 - 359°
@ ¢ 0A 0° Lag NOTE: This message seen only@if Vil,Connegtion ig programmed as ‘Wye'
s PHASE B-N VOLTAGE: RANGE: 0 - 50000 A, 0 - 359 °
@ ¢ 0A 0° Lag NOTE: This message seen ofilyif,VT Connection is programmed as ‘Wye'
s PHASE C-N VOLTAGE: RANGE: 0 - 50000 A, 0859 °
@ ¢ 0A 0° Lag NOTE: This messagegeen@nly if VT*Connection is programmed as ‘Wye'
s PER UNIT MEASUREMENT | RANGE: 0.00 - 2.00
@l $ | OF V/Hz: 0.00 NOTE: This méssage is nafiseen if VT Connection is programmed as ‘None’
s FREQUENCY: RANGE0.00- 90.00
¢ NOTE: This messagé'fs not seen if VT Connection is programmed as ‘None’
(e | 8| 0.00 Hz
s NEUTRAL VOLTAGE RANGE' 0.0 - 25000.0
@l ¢ | FUND: 0.0V NOTEJEhis message seen only if there is a neutral voltage transformer
s NEUTRAL VOLTAGE RANGE; 0.0 - 25000.0
@l ¢ | 3rd HARM: 0.0V NOJE: This message seen only if there is a neutral voltage transformer
s TERMINAL VOLTAGE BANGE: 0.0 - 25000.0
@ | 3rd HARM: 0.0V NOTE: This message seen only if VT Connection is programmed as ‘Wye'
e IMPEDANCE Vab / 1ah RANGE: 0.0 - 6553.5 Q sec RANGE: 0 - 359°
@ 1 0.0 0 sec 0° NOTE: This message not seen if VT Connection is programmed as ‘None’

DESCRIPTION:

Measured voltage parameters will be displayed here. The V/Hz measurement is a per unit value based on Vab voltage/measured
frequency divided by VT nomifal/nominal system frequency. Polar coordinates for measured phase and/or line voltages are also shown
using Va (wye connection) ord/alh\(open delta connection) as a zero angle reference vector. In the absence of a voltage signal (Va or
Vab), IA output currentiis used asfthe zero angle reference vector.

If VT Connectian, Type is programmed as ‘None’ and Neutral Voltage Transformer is ‘No’ in S2 SYSTEM, the following flash message
will appear when amattempt is made to enter this group of messages.

THIS FEATURE NOT
PROGRAMMED
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5. ACTUAL VALUES |A2 METERING DATA |

5.3.3 POWER METERINGI

| POWER METERING = | POWER FACTOR: RANGE: 0.01-0.99 Lead or Lag, 0.00, 1.00
| [ENTER] for more @ 0.00
e REAL POWER: RANGE: 0 to £2000.000
ki3 0.000 MW
e REACTIVE POWER: RANGE: 0 to £2000.000
g 0.000 Mvar
APPARENT POWER: RANGE: 0 to 2000.000
ki3 0.000 MVA

a

POSITIVE WATTHOURS: | RANGE: 0.000 - 4000000.000
0.000 MWh

@

a

POSITIVE VARHOURS: RANGE: 0.000 - 4000000.000
0.000 Mvarh

@

a

A0 0 9 ) I O

=

NEGATIVE VARHOURS: RANGE: 0.000 - 4000000.000
0.000 Mvarh

DESCRIPTION:

The values for power metering appear here. 3 phase total power quantitiesgare displayedthere. Watthours and varhours are also shown
here. Watthours and varhours will not update if a digital input programmed asyl estiaput is shorted.

NOTE: An induction generator, by convention generates Watts andyeonsumes vars (+Watts and -vars). A synchronous
generator can also generate vars (+vars).

If VT Connection Type is programmed as ‘None’ in S2 SYSTEM SETURy, the following flash message will appear when an attempt is
made to enter this group of messages.

THIS FEATURE NOT
PROGRAMMED
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| A2 METERING DATA | 5. ACTUAL VALUES

| 5.3.4 TEMPERATURE |
| TEMPERATURE = | HOTTEST STATOR RTD RANGE: -50 to +250, No RTD
l [ENTER] for more @ RTD#1:40 0 C NOTE: this message seen only if at least 1 RTD is programmed as ‘STATOR’

& RTD #1 RANGE: -50 to +250, No RTD * Message not seen if RTD programmed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this message will reflect the RTD name as programmed

& RTD #2 RANGE: -50 to +250, No RTD * Message not seen if RTD programmed as “Noné
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this message will reflect the RTD name as programmed

& RTD #3 RANGE: -50 to +250, No RTD * Message not seen if RTD programmed asone!
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this message will reflect the RTD name as programmed

& RTD #4 RANGE: -50 to +250, No RTD * Message not seen if RTD programimed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this message will reflect the RTD name as prégrammed

A RTD #5 RANGE: -50 to +250, No RTD * Message not seen if RTBprogramnjed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this message will reflect the RTD name as programned

& RTD #6 RANGE: -50 to +250, No RTD * Message not seéhif RTD programmed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this message will reflect the RTD namigas programmed

& RTD #7 RANGE: -50 to +250, No RTD * Message(not séen if RFD programmed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this message willeflect the RTD nafe as programmed

& RTD #8 RANGE: -50 to +250, No RTD * Message notiseen if RTD programmed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this messageWiliieflectithe RTD name as programmed

® RTD #9 RANGE: -50 to +250, Ne)RTD * Message not seen if RTD programmed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline of this messagewill reflect the RTD name as programmed

& RTD #10 RANGE: -50 to +250, N@IRTD * Message not seen if RTD programmed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * The firstline ofdhisimessageywill reflect the RTD name as programmed

& RTD #11 RANGEgE560 to™+260, No/RTD * Message not seen if RTD programmed as “None”
@ ¢ | TEMPERATURE: 40° ¢ | * Jhefirstline of thigimessage will reflect the RTD name as programmed

& RTD #12 RANGE#50 to +250, No RTD * Message not seen if RTD programmed as “None”
@ © | TEMPERATURE: 40°C | &/he firshiine of this message will reflect the RTD name as programmed

DESCRIPTION:

The current level of the 12 RTDs will be displayed, hére. If the RTD is not connected, the value will be ‘No RTD'. If no RTDs are
programmed in S7 RTD TEMPERATURE, the following flash message will appear when an attempt is made to enter this group of
messages.

THIS FEATURE NOT
PROGRAMMED
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5. ACTUAL VALUES

|A2 METERING DATA |

5.3.5 DEMAND METERING I

| DEMAND METERING
| [ENTER] for more

DESCRIPTION:

a ¢
@ 3

a
@

a

a
@

a
@

a
@

a

0 W) e W) ] ) ] e

=

CURRENT
DEMAND: 0 Amps

MW DEMAND:
0.000 MW

Mvar DEMAND:
0.000 Mvar

MVA DEMAND:
0.000 MVA

PEAK CURRENT
DEMAND: 0 Amps

PEAK MW DEMAND:
0.000 MW

PEAK Mvar DEMAND:
0.000 Mvar

PEAK MVA DEMAND:
0.000 MVA

RANGE: 0 - 999999

RANGE: 0 - 2000.000

NOTE: This message is not seen if VT Connection Type is programmed as 'None'.

RANGE: 0 - 2000.000

NOTE: This message is not seen if VT Connection Type is programmed as 'None',

RANGE: 0 - 2000.000

NOTE: This message is not seen if VT Connection Type is programmeghas 'None'.

RANGE: 0 - 999999

RANGE: 0 - 2000.000

NOTE: This message is not seen if VT Connection Type is pragsamimed as 'None'.

RANGE: 0 - 2000.000

NOTE: This message is not seen if VT Connection Type,is programmed as 'None'.

RANGE: 0 - 2000.000

NOTE: This message is not seenfif Vil,Cornneg¢tion Type is programmed as 'None'.

The values for current and power demand are shown here. Peak demandinformation can be cleared using the setpoint in S1 489 SETUP
under CLEAR DATA. Demand is shown only for positive real and positive feactiveypower (+Watts, +vars). Peak demand will not update if a
digital input programmed as Test Input is shorted.

5.3.6 ANALOG INPUTS I

I ANALOG INPUTS
| [ENTER] for more

DESCRIPTION:

The values for analog inputs are shew here. The name of the input and the units will reflect those programmed for each input.

[em ] =
o (oo ]
® [oow ]
[hesoe |
® [oow ]
[hesoe |
® [oow ]
[hesve |

Analog I/P 1
0 Units

Analog I/P 2
0 Units

Analog I/P 3
0 Units

Analog I/P 4
0 Unijts

RANGE: -50000 to +50000 * Message seen only if analog input is programmed

*The alarmmessage will reflect the Analog Input name and units as programmed,

RANGE™-50000 to +50000 * Message seen only if analog input is programmed

*The'alarm message will reflect the Analog Input name and units as programmed,

RANGE: -50000 to +50000 * Message seen only if analog input is programmed

*The alarm message will reflect the Analog Input name and units as programmed,

RANGE: -50000 to +50000 * Message seen only if analog input is programmed

*The alarm message will reflect the Analog Input name and units as programmed,

If no Analog Inputs are pragrammed in S11 ANALOG I/O, the following flash message will appear when an attempt is made to enter this

group of messages,

THIS FEATURE NOT
PROGRAMMED
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| A2 METERING DATA | 5. ACTUAL VALUE

| SPEED = | TACHOMETER: 0 RPM RANGE: 0-7200
I [ENTER] for more “ NOTE: This message seen only if a Digital Input is configured as Tachometer
DESCRIPTION: L 4
e bargraph on the

If the Tachometer function is assigned to one of the digital inputs, the tachometer readout may be viewe
second line of this message represents speed from 0 RPM to rated speed.

If no digital input is configured as tachometer in S3 DIGITAL INPUTS, the following flash message will when an attempt is made

to enter this group of messages.

THIS FEATURE NOT
PROGRAMMED




5. ACTUAL VALUES

| A3 LEARNED DATA |

5.4.1 PARAMETER AVERAGES I

| PARAMETER AVERAGES
| [ENTER] for more

DESCRIPTION:

i 6

a

@

=

AVERAGE GENERATOR
LOAD: 100% FLA

RANGE: 0 - 2000

AVERAGE NEG. SEQ.
CURRENT: 0% FLA

RANGE: 0 - 2000

AVERAGE PHASE-PHASE
VOLTAGE: ov

RANGE: 0 - 50000

NOTE: this message is not seen if the VT connection is programmedias ‘None”

The 489 calculates the average magnitude of several parameters over a period of time. This timejis specified by the setpoint in the
preferences section of S1 489 SETUP (default 15 minutes). The calculation is a sliding window,andig,ignored when the generator is
offline. (ie. the value that was calculated just prior to going offline will be held until the generator isibrought back online and a new

calculation is made. Parameter averages will not update if a digital input programmed as Tesglnput IS shorted.

5.4.2 RTD MAXIMUMS I

I RTD MAXIMUMS
| [ENTER] for more

DESCRIPTION:

[em ] =
o (oo ]
® [oow ]
[hesoe |
® [oow ]
[hesoe |
® [oow ]
[hesoe |
® [oow ]
[hesoe |
® [oow ]
[hesoe |
® [oow ]
[hesoe |
® [oow ]
[hesoe |
® [oow ]
[hesoie | &
® (oo

g

MESSAGE

RTD #1

MAX. TEMP.: 40°C

RTD #2

MAX. TEMP.: 40° C

RTD #3

MAX. TEMP.: 40° C

RTD #4

MAX. TEMP.: 40° C

RTD #5

MAX. TEMP.: 40° C

RTD #6

MAX. TEMP.: 40°C

RTD #7,

MAX. TEMP.: 40%C

RTD #8

MAXOTEMB:: 40° C

RID #9

MAX. TEMP.: 40°C

RTD#10

MAX. TEMP.: 40°C

RTD #11

MAX. TEMP.: 40° C

RTD#12

MAX. TEMP.: 40° C

RANGE: -50 to +250 * Messagethetseenif RTD programmed as “None”
* The first line of this messagewillreflect'the RTD name as programmed

RANGE: -50 to +250 *Message not seen if RTD programmed as “None”
* The first line of this message willreflect the RTD name as programmed

RANGE: -50 to 4250 % Message not seen if RTD programmed as “None”
* The first line[@f thigimessage will reflect the RTD name as programmed

RANGE: -50to +2507* Message not seen if RTD programmed as “None”
#The firstdine of this message will reflect the RTD name as programmed

RANGE® =50 to +250 * Message not seen if RTD programmed as “None”
* Thefirst line of this message will reflect the RTD name as programmed

RANGE: -50 to +250 * Message not seen if RTD programmed as “None”
* The first line of this message will reflect the RTD name as programmed

RANGE: -50 to +250 * Message not seen if RTD programmed as “None”
* The first line of this message will reflect the RTD name as programmed

RANGE: -50 to +250 * Message not seen if RTD programmed as “None”
* The first line of this message will reflect the RTD name as programmed

RANGE: -50 to +250 * Message not seen if RTD programmed as “None”
* The first line of this message will reflect the RTD name as programmed

RANGE: -50 to +250 * Message not seen if RTD programmed as “None”
* The first line of this message will reflect the RTD name as programmed

RANGE: -50 to +250 * Message not seen if RTD programmed as “None”
* The first line of this message will reflect the RTD name as programmed

RANGE: -50 to +250 * Message not seen if RTD programmed as “None”
* The first line of this message will reflect the RTD name as programmed

The 489 will learp,the maximum temperature for each RTD. This information can be cleared using the setpoint in S1 489 SETUP under
CLEAR,DATA. RTD maximums will not update if a digital input programmed as Test Input is shorted.

Ifino RIDs are programmed in S7 RTD TEMPERATURE, the following flash message will appear when an attempt is made to enter this

group of messages.

THIS FEATURE NOT
PROGRAMMED
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| A3 LEARNED DATA | 5. ACTUAL VALUES

5.4.3 ANALOG IN MIN/MAX I

] ANALOG IN MIN/MAX = | Analog I/P 1 RANGE: -50000 to +50000 * Message not seen if analog input programmed as “None”
| [ENTER] for more @ MIN:0 Units *The message will reflect the Analog Input name and units as programmed,
& Analog I/P 1 RANGE: -50000 to +50000 * Message not seen if analog input programmed as “None”
@ ¢ | MAX:0 Units *The message will reflect the Analog Input name and units as programmed,
® Analog I/P 2 RANGE: -50000 to +50000 * Message not seen if analog input programmed asNong!
@ ¢ | MIN:0 Units *The message will reflect the Analog Input name and units as programimed,
& Analog I/P 2 RANGE: -50000 to +50000 * Message not seen if analog input progfammed-agy:None”
@ ¢ | MAX:0 Units *The message will reflect the Analog Input name and units as programmed)
® Analog I/P 3 RANGE: -50000 to +50000 * Message not seen if analog infyprogrammied as “None”
@ ¢ | MIN:0 Units *The message will reflect the Analog Input name and units as progfammed,
& Analog I/P 3 RANGE: -50000 to +50000 * Message not seen if analog inputyprogrammed as “None”
@ ¢ | MAX:0 Units *The message will reflect the Analog Input name afid unitsias programmed,
® Analog I/P 4 RANGE: -50000 to +50000 * Message not seen if analeg input programmed as “None”
@ ¢ | MIN:0 Units *The message will reflect the Analog Inputéhame @nd units as programmed,
® Analog I/P 4 RANGE: -50000 to +50000 * Méessage not seen ifanalog input programmed as “None”
@ © [ MAX:0 Units *The message will reflect the Analoginpuname and units as programmed,

DESCRIPTION:

The 489 will learn the Minimum and Maximum values of the analog inputs sinegtheywere last cleared. This information can be cleared
using the setpoint in S1 489 SETUP under CLEAR DATA. When the data is cleared;ithe present value of each analog input will be loaded as
a starting point for both minimum and maximum. The name of the input afd thetunits will reflect those programmed for each input. Analog
Input minimums and maximums will not update if a digital input programmed as Test Input is shorted.

If no Analog Inputs are programmed in S11 ANALOG /O, ghe¥following flash message will appear when an attempt is made to enter this
group of messages.

THIS FEATURE NOT
PROGRAMMED
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5. ACTUAL VALUES

| A4 MAINTENANCE |

5.5.1 TRIP COUNEERS I

| TRIP COUNTERS
| [ENTER] for more

>
@
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g
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=3
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S o]
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TOTAL NUMBER OF
TRIPS: 0

DIGITAL INPUT
TRIPS: 0

SEQUENTIAL
TRIPS: 0

FIELD-BKR DISCREP.
TRIPS: 0

TACHOMETER
TRIPS: 0

OFFLINE OVERCURRENT
TRIPS: 0

PHASE OVERCURRENT
TRIPS: 0

NEG.SEQ. OVERCURRENT
TRIPS: 0

GROUND OVERCURRENT
TRIPS: 0

PHASE DIFFERENTIAL
TRIPS: 0

GROUND DIRECTIONAL
TRIPS: 0

HIGH-SET PHASE 0/C
TRIPS: 0

UNDERVOLTAGE
TRIPS: 0

OVERVOLTAGE
TRIPS: 0

VOLTS/HERTZ
TRIPS: 0

PHASE REVERSAL
TRIPS:0

UNDERFREQUENCY
TRIPS: 0

OVERFREQUENCY
TRIPS: 0

NEUTRAL O/V (Fund)
TRIPS: 0

NEUTRAL U/V (3rd)
TRIPS: 0

LOSS OF EXCITATION 1
TRIPS: 0

LOSS OF EXCITATION 2
TRIPS: 0

DISTANCE ZONE 1
TRIPS: 0

DISTANCE ZONE 2
TRIPS: 0

RANGE: 0 - 50000

RANGE: 0 -50000

*Caused by General Input Trip Features

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

*Caused by Assignable Digital Input Programmed as Tachoffeter

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGES0. -50000

RANGE: 0 -50000

RBANGEO -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000

RANGE: 0 -50000
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| A4 MAINTENANCE | 5. ACTUAL VALUE

® REACTIVE POWER RANGE: 0 -50000
¢ | TRIPS: 0
® REVERSE POWER RANGE: 0 -50000

| TRIPS: 0

R LOW FORWARD POWER | RANGE: 0-50000
S| TRIPS: 0

s STATOR RTD RANGE: 0 -50000
¢ | TRIPS: 0

s BEARING RTD RANGE: 0 -50000
¢ | TRIPS: 0

s OTHER RTD RANGE: 0 -50000

S| TRIPS: 0 @
Y AMBIENT RTD RANGE: 0 -50000 0

| TRIPS: 0

® THERMAL MODEL RANGE: 0 -50000
¢ | TRIPS: 0

B INADVERTENT ENERG. | RANGE: 0-50000
| TRIPS: 0

s Analog I/P 1 RANGE: 0 -50000

¢ | TRIPS: 0 *The message will refle e and units as programmed
s Analog I/P 2 RANGE: 0 -50000

¢ | TRIPS: 0 *The message will refl Anal put name and units as programmed,
s Analog I/P 3 RANGE: 0 -50000

¢ | TRIPS: 0 *The message wilhrefle Analog Input name and units as programmed,

s Analog I/P 4
¢ | TRIPS: 0

s COUNTERS CLEARED:
| Jan 1, 1995

ge t the Analog Input name and units as programmed,

DESCRIPTION: A breakdown of number of trips byftyp displayed here. When the Total reaches 50000, all counters reset. This

information can be cleared using the setpoint in S1 under CLEAR DATA. Trip counters will not update if a digital input
programmed as Test Input is shorted. In the e of le trips, the only the first trip will increment the trip counters.
L 4

Q
o
&
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5. ACTUAL VALUES

| A4 MAINTENANCE |

5.5.2 GENERAL COQUNTERS I

| GENERAL COUNTERS
| [ENTER] for more

DESCRIPTION:

i) i

NUMBER OF BREAKER
OPERATIONS: 0

=

NUMBER OF THERMAL
RESETS: 0

RANGE: 0 -50000

RANGE: 0 -50000
NOTE: this message is seen only one of the assignable digital inputs is assigied to thermal reset

One of the 489 general counters will count the number of breaker operations over time. This may be usefulfinfarmation for breaker
maintenance. The number of breaker operations is incremented whenever the breaker status changes from,closed to open and all phase
currents are zero. Another counter counts the number of thermal resets if one of the assignable digital tputs is assigned to thermal
reset. This may be useful information when troubleshooting. When either of these counters reaches, 50000, that counter will reset to 0.
Each counter can also be cleared using the setpoint in S1 489 SETUP under CLEAR DATA. Number of bréaker operations will not update if

a digital input programmed as Test Input is shorted.

5.5.3 TIMERS |

1 TIMERS
| [ENTER] for more

DESCRIPTION:

4

GENERATOR HOURS
ONLINE: Oh

RANGE: 0 - 1000000

The 489 accumulates the total online time for the generater. This may be useful for scheduling routine maintenance. When this timer
reaches 1 000 000, it will reset to 0. This timer can befeleared using the setpoints in S1 489 SETUP under CLEAR DATA. Generator hours

online will not update if a digital input programmed as Testlnputiis shorted.
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| A5 EVENT RECORDER|

5. ACTUAL VALUES

5.6.1 EVENT RECORDERI

| [ENTER] for E65535
No Event
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TIME OF E65535:
00:00:00.0

DATE OF E65535:
Jan. 01, 1992

ACTIVE SETPOINT
GROUP E65535: 1

TACHOMETER
E65535: 3600 RPM

A: 0B: 1}
C: 0 A E65535

a: 0 b: 0
c: 0 DA E65535

NEG. SEQ. CURRENT
E65535: 0 % FLA

GROUND CURRENT
E65535: 0.00A

Vah:
Vca:

0Vbc: 0
0V E65535

FREQUENCY
E65535: 0.00 Hz

NEUTRAL VOLT (FUND)
E65535: 0.0V

NEUTRAL VOLT (3rd)
E65535: 0.0V

Vab/lab E65535:
0.0 Q sec 0°

REAL POWER (MW)
E65535: 0.000

REACTIVE POWER Mvar,
E65535% 0.000

APPARENT POWER MVA
E65535: 0.000

HOTTEST STATOR
RTD#1: “0° E65535

HOTTEST BEARING
RTD#7: 0°C E65535

HOTTEST OTHER
RTD#11: 0°C E65535

AMBIENT

RTD#12: 0°C E65535

ANALOG INPUT 1
E65535: 0 Units

ANALOG INPUT 2
E65535: 0 Units

ANALOG INPUT 3
E65535: 0 Units

ANALOG INPUT 4
E65535: 0 Units

RANGE: Hour/Min/Sec
NOTE: this message is seen only if there has been a event

RANGE: Mon/Day/Year
NOTE: this message is seen only if there has been a event

RANGE: 1-2

RANGE: 0-3600
NOTE: this message is seen only if the function is assigned an inpui

RANGE: 0-999999

NOTE: this message represents current measured from the @litput CTs, s€en only if there has been a event

RANGE: 0 - 999999

NOTE: this message seen only if the differential elemiént,is enabléd and represents differential current

RANGE: 0 -2000
NOTE: this message is seen only if there haggbeen a‘event

RANGE: 0.00- 20000.00
NOTE: this message not seen if the'greund Gliis programmed as ‘None’

RANGE: 0-50000
NOTE: This message is not'seenifivil. Connection is programmed as ‘None’

RANGE: 0.00 - 90.00
NOTE: This messagefis’not seen ifp/T Connection is programmed as ‘None’

RANGE: 0 - 25000.0
NOTE: This méssageiseen only if there is a neutral voltage transformer

RANGE:0)- 25000.0
NOTE: Thisimessage seen only if there is a neutral voltage transformer

RANGE: 0.0 - 6553.5 Q sec RANGE: 0 - 359°
NOTE:"This, message seen only if Loss of Excitation element is Enabled.

RANGE®0 to +2000.000
NOTE: This message is not seen if VT Connection is ‘None’

RANGE: 0 to +2000.000
NOTE: This message is not seen if VT Connection is ‘None’

RANGE: 0 to 2000.000
NOTE: This message is not seen if VT Connection is ‘None’

RANGE: -50 to +250
NOTE: this message seen only if at least 1 RTD is programmed as ‘STATOR’

RANGE: -50 to +250
NOTE: this message seen only if at least 1 RTD is programmed as ‘BEARING’

RANGE: -50 to +250
NOTE: this message seen only if at least 1 RTD is programmed as ‘OTHER'’

RANGE: -50 to +250
NOTE: this message seen only if at least 1 RTD is programmed as ‘AMBIENT’

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use

RANGE: -50000 to +50000
NOTE: This message seen only if the Analog Input is in use



5. ACTUAL VALUES |A5 EVENT RECORDER

DESCRIPTION:
The 489 Event Recorder stores generator and system information each time an event occurs. The description of the event is{store
a time and date stamp is also added to the record. This allows reconstruction of the sequence of events for troubleshooting. Events
include: all trips, any alarm optionally (except Service Alarm, and 489 Not Inserted Alarm, which always records as event: s of
control power, application of control power, thermal resets, simulation, serial communication starts/stops and general input control
functions optionally.

L 4
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| A5 EVENT RECORDER|

5. ACTUAL VALUES

The highest event number is the most recent event, and lowest event number is the oldest event. Each new event bumps the other
event records down until the 40th event is reached. The 40th event record is lost when the next event occurs. This information can e
cleared using the setpoint in S1 489 SETUP under CLEAR DATA. An event number of 65535 signifies that no event has occurred since
the last clearing of the event record. The event record will not update if a digital input programmed as Test Input is shorted.

Table 5-2 CAUSE OF EVENT TABLE

TRIPS ALARMS (optional events) OTHER

*Input A Trip *Input A Alarm SefvicefAlarm
*Input B Trip *Input B Alarm Control"'Power Lost
*Input C Trip *Input C Alarm ControliRower Applied
*Input D Trip *Input D Alarm Thermal Reset Close
*Input E Trip *Input E Alarm Thermal’Reset Open
*Input F Trip *Input F Alarm Serial Comm. Start
*Input G Trip *Input G Alarm Serial Comm. Stop

Sequential Trip
FId-Bkr Discr. Trip
Tachometer Trip
Offline O/C Trip
Phase O/C Trip
Neg. Seq. O/C Trip
Ground O/C Trip
Differential Trip
Undervoltage Trip
Overvoltage Trip
Phase Reversal Trip
Volts/Hertz Trip
Underfrequency Trip
Overfrequency Trip
Neutral O/V Trip
Neut. U/V (3rd)Trip
Reactive Factor Trip
Reverse Power Trip
Low Fwd Power Trip
*Stator RTD 1 Trip
*Stator RTD 2 Trip
*Stator RTD 3 Trip
*Stator RTD 4 Trip
*Stator RTD 5 Trip
*Stator RTD 6 Trip
*Bearing RTD 7 Trip
*Bearing RTD 8 Trip
*Bearing RTD 9 Trip
*Bearing RTD10 Trip
*RTD11 Trip
*Ambient RTD12 Trip
Thermal Model Trip
*Analog I/P 1 frip
*AnalogiP 2 Trip
*Analag /P8, Trip
*Analog I[P 4 Ttip
Lass of Excitation 1
Loss‘of Excitation 2
Gnd. Diregtional Trip
Hiset Phase O/C Trip
Distance Zone 1 Trip
Distariee Zone 2 Trip

Tachometer Alarm
Overcurrent Alarm
NegSeq Current Alarm
Ground O/C Alarm
Undervoltage Alarm
Overvoltage Alarm
Volts/Hertz Alarm
Underfrequency Alarm
Overfrequency Alarm
Neutral O/V Alarm
Neut. U/V 3rd Alarm
Reactive PowelPAlarm
Reverse PowenAlarm
Low Fwd RPower Alarm
*Stator RTD 1T'Alarm
*Stator RTID 2 Alarm
*Stator RTD"8 Alarm
*Stator RTD 4 Alarm
*Stator RTD 5 Alarm
*StatopRTD 6 Alarm
*Bearing RTD 7 Alarm
*Bearing RTD 8 Alarm
*Bearing RTD 9 Alarm
*Bearing RTD10 Alarm
*RTD11 Alarm
*Ambient RTD12 Alarm
Open RTD Alarm
Short/Low RTD Alarm
Trip Counter Alarm
Breaker Failure
Trip Coil Monitor
VT Fuse Fail Alarm
Current Demand Alarm
MW Demand Alarm
Mvar Demand Alarm
MVA Demand Alarm
Thermal Model Alarm
*Analog I/P 1 Alarm
*Analog I/P 2 Alarm
*Analog I/P 3 Alarm
*Analog I/P 4 Alarm
Gnd. Directional Alarm

489 Not Inserted
Simulation Started
Simulation Stopped

*Input A Control

*Input B Control

*Input C Control

*Input D Control

*Input E Control

*Input F Control

*Input G Control

Setpoint 1 Active

Setpoint 2 Active

Dig I/P Waveform Trig
Serial Waveform Trig
IRIG-B Failure

* will reflect the name that is programmed
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5. ACTUAL VALUES |A6 PRODUCT INFO|

5.7.1 489 MODELUNFOJ

| 489 MODEL INFO = | ORDER CODE: RANGE: N/A
1 [ENTER] for more o 489-P5-HI-A20
® 489 SERIAL NO: RANGE: N/A
[vessz | ¢ | A3260001
® 489 REVISION: RANGE: N/A
[vessat | & | 32E100A4.000
® 489 BOOT REVISION: | RANGE: N/A
[vesswae | © | 32E100A0.000

DESCRIPTION:

All of the 489 Model information may be viewed here when the unit is powered up. In the evgnt'afya product software upgrade or service
question, the information shown here should be jotted down prior to any inquiry.

5.7.2 CALIBRATION INFO I

| CALIBRATION INFO = | ORIGINAL GALIBRATION | RANGE: Mon/Day/Year
| [ENTER] for more @ DATE: Jan 01 1996
R LAST CALIBRATION RANGE: Mon/Day/Yedk
[weswz | © | DATE: Jan 01 1996

DESCRIPTION:

The date of the original calibration and last calibration may, be#tewed here.
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| DIAGNOSTICS] 5. ACTUAL VALUES

5.8.1 DIAGNOSTIC MESSAGES FOR OPERATORS I

In the event of a trip or alarm, some of the actual value messages are very helpful in diagnosing the cause of the condition. The 4893 will
automatically default to the most important message. The hierarchy is trip and pretrip messages, then alarm messages. [nforder to
simplify things for the operator, the Message LED (indicator) will flash prompting the operator to press the [NEXT] key. When the [NEXT]
key is pressed, the 489 will automatically display the next relevant message and continue to cycle through the messages with each
keypress. When all of these conditions have cleared, the 489 will revert back to the normal default messages.

Any time the 489 is not displaying the default messages because other actual value or setpoint messages are heingiewed and there
are no trips or alarms, the Message LED (indicator) will be on solid. From any point in the message structire, pressifig the [NEXT] key
will cause the 489 to revert back to the normal default messages. When normal default messages are_beingydisplayed, pressing the
[NEXT] will cause the 489 to display the next default message immediately.

EXAMPLE:

If a thermal model trip occurred, an RTD alarm may also occur as a result of the overload. The 489 would automatically default to the
Cause of Last Trip Message at the top of the LAST TRIP DATA queue of A1 ACTUAL VAKUES. The Message LED (indicator) would
flash. Pressing the [NEXT] key would cycle through the time and date stamp informationgas wellas all of the pre-trip data. When the
bottom of this queue is reached, an additional press of the [NEXT] key would normally return‘t@ythe top of the queue . However, because
there is an alarm active, the display will skip to the alarm message at the top of the ALARM, STATUS queue of A1 ACTUAL VALUES.
Finally, another press of the [NEXT] key will cause the 489 to return to the original Causg of Last Trip message, and the cycle could be
repeated.

When the [RESET] has been pressed and the hot RTD condition is no longémpresent, the display will revert back to the normal default
messages.

LAST TRIP DATA

CAUSE OF LAST TRIP: NEXT
Thermal Model ¢ ‘

TIME OF LAST TRIP:
12:00:00.0

DATE OF LAST TRIP:
Jan 01 1992
*Pre-Trip data for any |
measured parameter |

that is enabled. |

ANALOG INPUT 4
Pretrip: 0 Units

ACTIVE ALARMS

v
Stator RTD #1 >
ALARM: 135° C
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5. ACTUAL VALUES | DIAGNOSTICS]

5.8.2 FLASH MESSAGES I

Flash messages are warning, error, or general information messages that are temporarily displayed in response to certain key,presses.
These messages are intended to assist with navigation of the 489 messages by explaining what has happened or by promptingthefuser
to perform certain actions.

Table 5-3 FLASH MESSAGES

NEW SETPOINT HAS ROUNDED SETPOINT OUT OF RANGE! ENTER: ACCESS DENIED, ACCESS DENIED,

BEEN STORED HAS BEEN STORED AR HRRRG by # SHORT ACCESS SWITCH ENTER PASSCODE

INVALID PASSCODE NEW PASSCODE PASSCODE SECURITY PLEASE ENTER A SETPOINT ACCESS IS

ENTERED ! HAS BEEN ACCEPTED NOT ENABLED, ENTER 0 NON-ZERO PASSCODE NOW PERMITTED

SETPOINT ACCESS IS DATE ENTRY WAS DATE ENTRY TIME ENTRY WAS TIME ENTRY

NOW RESTRICTED NOT COMPLETE OUT OF RANGE NOT COMPLETE OUT OF RANGE

NO TRIPS OR ALARMS RESET PERFORMED ALL POSSIBLE RESETS CONDITIONISIPRESENT ARE YOU SURE? PRESS

TO RESET SUCCESSFULLY HAVE BEEN PERFORMED RESET NOT POSSIBLE [ENTER] TO VERIFY

PRESS [ENTER] TO ADD DEFAULT MESSAGE DEFAULT MESSAGE PRESS,[ENTER],TO DEFAULT MESSAGE

DEFAULT MESSAGE HAS BEEN ADDED LIST IS FULL REMOVE MESSAGE HAS BEEN REMOVED

DEFAULT MESSAGES INVALID SERVICE KEY PRESSED IS DATA CLEARED [.] KEY IS USED TO

6 of 20 ARE ASSIGNED CODE ENTERED INVALID HERE SUCCESSFULLY ADVANCE THE CURSOR
TOP OF PAGE END OF PAGE TOP OF LIST END OF LIST NO ALARMS ACTIVE

THIS FEATURE NOT THIS PARAMETER IS THAT INPUT ALREADY TACHOMETER MUST USE THAT DIGITAL INPUT

PROGRAMMED ALREADY ASSIGNED USED FOR TACHOMETER INPUT 4, 5, 6 OR 7 IS ALREADY IN USE

NEW SETPOINT HAS BEEN STORED: This message appear eachi'time a‘Setpoint has been altered and stored as shown on the

display.

ROUNDED SETPOINT HAS BEEN STORED: Since the89 has a numeric keypad, a setpoint value may entered that is in between
valid setpoint values. The 489 will detect this condition ang,stere a value that has been rounded to the nearest valid setpoint value. To
find the valid range and step for a given setpoint, simply,pressithe [HELP] key while the setpoint is being displayed.

OUT OF RANGE! ENTER: #### - #### by #: If a gétpoint value that is outside of the acceptable range of values is entered, the 489
will display this message, substituting the proper values for that setpoint. An appropriate value may then be entered.

ACCESS DENIED, SHORT ACCESS SWITCH: In order to store any setpoint values, the Access Switch must be shorted. If this
message appears and it is necessary to‘change,a setpoint, short the Access terminals C1 & C2.

ACCESS DENIED, ENTER PASSCODE: The 489 has a PASSCODE SECURITY feature. If that feature has been enabled, not only do

the Access Switch terminals have t@be sharted, but the Passcode must also be entered. If the correct passcode has been lost or
forgotten, contact the factory with the Encrypted access code. All passcode features may be found in S1 489 SETUP under

PASSCODE.

INVALID PASSCODE ENTERED: “Ifiaft invalid passcode is entered for passcode security feature, this message will flash on the display.

NEW PASSCODE HAS BEEN ACCEPTED: When changing the Passcode for the Passcode Security feature, this message will appear
as an acknowledgé’that the new passcode has been accepted.

PASSCODE SECURITY NOT ENABLED, ENTER 0: The Passcode Security feature is disabled whenever the passcode is zero (factory
default). Any attempts to@enter a passcode when the feature is disabled will result in this flash message. It is meant to prompt the user to
enter 0 as the passcodé. When this has been done, the feature may be enabled by entering a non-zero passcode.

PLEASE ENTER A NON-ZERO PASSCODE: If the passcode is zero, the passcode security feature is disabled. If the Change
Passcode Setpoint is entered as yes, this flash message will appear prompting the user to enter a non-zero passcode which in turn will
enable‘the feature.

SETROINTACCESS IS NOW PERMITTED: Any time that the Passcode Security feature is enabled and a valid passcode is entered,
thisflash message will appear to notify that the Setpoint s may now be altered and stored.
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| DIAGNOSTICS] 5. ACTUAL VALUES

SETPOINT ACCESS IS NOW RESTRICTED: IF the passcode security feature is enabled and a valid passcode has been entered,
when the setpoint under S1 489 SETUP, PASSCODE, SETPOINT ACCESS: is altered to ‘Restricted’, this message will appear. Alse,
any time that Setpoint access is permitted and the access jumper is removed, this message will also appear.

DATE ENTRY WAS NOT COMPLETE: Since the Date setpoint is special, consisting of MM/DD/YYYY, if the enter key is pressed
before all of the information has been entered, this message will appear and the new value will not be store. Another attempt will have to
be made with the complete information.

DATE ENTRY WAS OUT OF RANGE: If and invalid entry is made for the date (eg. 15 entered for month), this m€8sage will appear.

TIME ENTRY WAS NOT COMPLETE: Since the Time setpoint is special, consisting of HH/MM/SS.S, if thelenter keydis pressed before
all of the information has been entered, this message will appear and the new value will not be store. Another attempt will have to be
made with the complete information.

TIME ENTRY WAS OUT OF RANGE: If and invalid entry is made for the time (eg. 35 entered for hour), thisymessage will appear.

NO TRIPS OR ALARMS TO RESET: If the [RESET] key is pressed when there are no trips or alarms present, this message will
appear.

RESET PERFORMED SUCCESSFULLY: If all trip and alarm features that are active can,be Cleared (i.e. the conditions that caused
these trips and/or alarms are no longer present), then this message will appear when @ RESET is performed, indicating that all trips and
alarms have been cleared.

ALL POSSIBLE RESETS HAVE BEEN PERFORMED: If only some of the trip andjalarim, features that are active can be cleared (ie. the
conditions that caused some of these trips and/or alarms are still present){thefithis message will appear when a RESET is performed,
indicating that only trips and alarms that could be reset have been reset;

CONDITION IS PRESENT RESET NOT POSSIBLE: If no trip and alarm featutesithat are active can be cleared (ie. the condition that
caused these trips and/or alarms is still present), then this message willlappear when the [RESET] key is pressed.

ARE YOU SURE? PRESS [ENTER] TO VERIFY: If the [RESET]key/is pressed and resetting of any trip or alarm feature is possible,
this message will appear to ask for verification of the operationilf [RESET] is pressed again while the message is still on the display, the
reset will be performed.

PRESS [ENTER] TO ADD DEFAULT M ESSAGE: Anyywheregyin the 489 Actual Value Message Structure, if the[.] key is pressed,
immediately followed by the [ENTER] key. This message Wwill appear to prompt the user to press [ENTER] to add a new default
message. To add a new default message, [ENTER]#nust,be pressed while this message is being displayed.

DEFAULT MESSAGE HAS BEEN ADDED: Anygtime a néw default message is added to the Default message list, this message will
appear as verification.

DEFAULT MESSAGE LIST IS FULL: If an‘attempt’is made to add a new default message to the default message list when 20
messages are already assigned, this message Will appear. In order to add a message, one of the existing messages must be removed.

PRESS [ENTER] TO REMOVE MESSAGE: Under S1 489 SETUP, DEFAULT MESSAGES, if the[.] key is pressed, immediately
followed by the [ENTER] key, this message will appear to prompt the user to press [ENTER] to remove a default message. To remove
the default message, [ENTER] must be pressed while this message is being displayed.

DEFAULT MESSAGE HAS BEENPREMOVED: Any time a default message is removed from the Default message list, this message will
appear as verificatiof

DEFAULT MESSAGES 6 of 20 ARE ASSIGNED: This message will appear each time the DEFAULT MESSAGES subgroup of S1 489
SETUP is entéred. It's intehded to notify the user of the number of default messages that are assigned.

INVALID SERVICE CODE ENTERED: Under S12 489 TESTING, FACTORY SERVICE, if an invalid code is entered, this message will
appear.

KEY PRESSED HERE IS INVALID: Under certain situations, certain keys have no function (eg. any number key while viewing Actual
Values)ylf a key is pressed where it should have no function, this message will appear.

BATA\CLEARED SUCCESSFULLY: Under S1 489 SETUP, CLEAR DATA, if data is cleared or reset, this message will appear to
confifm that action.

5-28



5. ACTUAL VALUES |DIAGNOSTICS

[1KEY IS USED TO ADVANCE THE CURSOR: Any time a setpoint that requires text editing is viewed, this message will appea
immediately to prompt the user to use the [.] key for cursor control. If the setpoint is not altered for 1 minute, the message will f]
again.

TOP OF PAGE: This message will indicate when the top of a page has been reached.

BOTTOM OF PAGE: This message will indicate when the bottom of a page has been reached.

L 4
TOP OF LIST: This message will indicate when the top of subgroup has been reached.
BOTTOM OF LIST: This message will indicate when the bottom of a subgroup has been reached.
NO ALARMS ACTIVE: If an attempt is made to enter the Alarm Status message subgroup, but there agé n ive alarms, this message
will appear.
THIS FEATURE NOT PROGRAMMED: If an attempt is made to enter an actual value message sub , when the setpoints are not
configured for that feature, this message will appear.

THIS PARAMETER IS ALREADY ASSIGNED: A given analog output parameters can o e assigned to one output. If an attempt is
made to assign a parameter to a second output, this message will appear.

THAT INPUT ALREADY USED FOR TACHOMETER: If a digital input is assig
other digital input function. If an attempt is made to assign a digital input to a
message will appear.

ometer function, it cannot be used for any
it is already assigned to tachometer, this

TACHOMETER MUST USE INPUT 4, 5, 6, or 7: Only digital inputs 4,5,6,0 sed for the tachometer function. If an attempt is
made to assign inputs 1,2,3, or 4 to the tachometer function, this messa i

THAT DIGITAL INPUT IS ALREADY IN USE: If an attempt is made to
to another function, this message will appear.

ign a digital input to tachometer when it is already assigned

To edit use VALUE UP or VALUE DOWN key: If anu Vi ed on a setpoint parameter that is not numeric, this message
will prompt the user to use the value keys.
GROUP 1 SETPOINT HAS BEEN STORED: This m g ear each time a setpoint has been altered and stored to setpoint Group

1 as shown on the display.
GROUP 2 SETPOINT HAS BEEN STORED: This megsagerappear each time a setpoint has been altered and stored to setpoint Group

2 as shown on the display.
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6. COMMUNICATIONS | ELECTRICAL INTERFACE

6.1.1 ELECTRICAL INTE

The hardware or electrical interface is one of the following: one of two 2-wire RS485 ports from the rear terminal connector or the R$232
from the front panel connector. In a 2-wire RS485 link, data flow is bi-directional. Data flow is half-duplex for both the RS4 the
RS232 ports. That is, data is never transmitted and received at the same time. RS485 lines should be connected in a daisy chain con-
figuration (avoid star connections) with a terminating network installed at each end of the link, i.e. at the master end and at the slave
farthest from the master. The terminating network should consist of a 120 Ohm resistor in series with a 1 nF ceramic ca@citor when

used with Belden 9841 RS485 wire. The value of the terminating resistors should be equal to the characteristi edance of the line.
This is approximately 120 Ohms for standard #22 AWG twisted pair wire. Shielded wire should always be used to ize noise. Polar-
ity is important in RS485 communications. Each '+' terminal of every 489 must be connected together e to operate. See

chapter 2 INSTALLATION for details on correct serial port wiring.

o
N
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PROTOCOL 6. COMMUNICATIONS

6.2.1 MODBUS RTU PROTOCOL I

The 489 implements a subset of the AEG Modicon Modbus RTU serial communication standard. Many popular programmable control-
lers support this protocol directly with a suitable interface card allowing direct connection of relays. Although the Modbus pratocol is
hardware independent, the 489 interfaces include two 2-wire RS485 ports and one RS232 port. Modbus is a single master, multiple slave
protocol suitable for a multi-drop configuration as provided by RS485 hardware. In this configuration up to 32 slaves can be
daisy-chained together on a single communication channel.

The 489 is always a slave. It cannot be programmed as a master. Computers or PLCs are commonly progfamaiedias masters. The
Modbus protocol exists in two versions: Remote Terminal Unit (RTU, binary) and ASCII. Only the RTU version'is supported by the 489.
Monitoring, programming and control functions are possible using read and write register commands.

6.2.2 DATA FRAME FORMAT AND DATA RATE I

One data frame of an asynchronous transmission to or from a 489 is default to 1 start bit, 8 dataybits,"and 1 stop bit. This produces a 10-
bit data frame. This is important for transmission through modems at high bit rates (11 bit data frames are not supported by Hayes mo-
dems at bit rates of greater than 300 bps). The parity bit is optional as odd or even. If it is pregrammed as odd or even, the data frame
consists of 1 start bit, 8 data bits, 1 parity bit, and 1 stop bit.

Modbus protocol can be implemented at any standard communication speed. They489{RS485 ports support operation at 1200, 2400,
4800, 9600, and 19200 baud. The front panel RS232 baud rate is fixed at 9600 baud.

6.2.3 DATA PACKET FORMAT I

A complete request/response sequence consists of the following bytes (trahsmitted as separate data frames):

Master Request Transmission:

SLAVE ADDRESS - 1 byte

FUNCTION CODE - 1 byte

DATA - variable number of bytes depending on FUNCTION CODE
CRC - 2 bytes

Slave Response Transmission:

SLAVE ADDRESS - 1 byte

FUNCTION CODE - 1 byte

DATA - variable number of bytes depending on FUNCTION CODE
CRC - 2 bytes

SLAVE ADDRESS - This is the first byte‘of every transmission. This byte represents the user-assigned address of the slave device that
is to receive the message sent by theymaster, Each slave device must be assigned a unique address and only the addressed slave will
respond to a transmission that stastswithlitSyaddress. In a master request transmission the SLAVE ADDRESS represents the address of
the slave to which the request is'being Sent. In a slave response transmission the SLAVE ADDRESS represents the address of the slave
that is sending the response. ThelRS-282 port ignores the slave address, so it will respond regardless of the value in the message. Note:
A master transmission withfa SRPAVE ADDRESS of 0 indicates a broadcast command. Broadcast commands can be used for specific
functions.

FUNCTION CODE - This‘isythe second byte of every transmission. Modbus defines function codes of 1 to 127. The 489 implements
some of thesedfunctigns. In_a master request transmission the FUNCTION CODE tells the slave what action to perform. In a slave re-
sponse transmissioft if the(FUNCTION CODE sent from the slave is the same as the FUNCTION CODE sent from the master indicating
the slave performedythe function as requested. If the high order bit of the FUNCTION CODE sent from the slave is a 1 (i.e. if the
FUNCTION CODE is >7127) then the slave did not perform the function as requested and is sending an error or exception response.

DATA - This will be a variable number of bytes depending on the FUNCTION CODE. This may be Actual Values, Setpoints, or addresses
sent byathe master to the slave or by the slave to the master. Data is sent MSByte first followed by the LSByte.

CRC,-This)is a two byte error checking code. CRC is sent LSByte first followed by the MSByte.
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6. COMMUNICATIONS PROTOCOL

6.2.4 ERROR CHECKING I

The RTU version of Modbus includes a two byte CRC-16 (16-bit cyclic redundancy check) with every transmission. The CRC-16 algo-
rithm essentially treats the entire data stream (data bits only; start, stop and parity ignored) as one continuous binary numbers This
number is first shifted left 16 bits and then divided by a characteristic polynomial (11000000000000101B). The 16-bit remainder of the
division is appended to the end of the transmission, LSByte first. The resulting message including CRC, when divided by the same
polynomial at the receiver will give a zero remainder if no transmission errors have occurred.

If a 489 Modbus slave device receives a transmission in which an error is indicated by the CRC-16 calculation, thefslave device will not
respond to the transmission. A CRC-16 error indicates than one or more bytes of the transmission wereteceived incorrectly and thus
the entire transmission should be ignored in order to avoid the 489 performing any incorrect operation.

The CRC-16 calculation is an industry standard method used for error detection. An algorithm is included fiere 6 assist programmers in
situations where no standard CRC-16 calculation routines are available.

CRC-16 Algorithm

Once the following algorithm is complete, the working register "A" will contain the CRC value to bettransmitted. Note that this algorithm
requires the characteristic polynomial to be reverse bit ordered. The MSbit of the characteristic polynomial is dropped since it does not
affect the value of the remainder. The following symbols are used in the algorithm:

--> data transfer

A 16 bit working register

AL low order byte of A

AH high order byte of A

CRC 16 bit CRC-16 value

ij loop counters

(+) logical exclusive or operator

Di i-th data byte (i = 0 to N-1)

G 16 bit characteristic polynomial = 1010000000000001 with,MSbit dropped and bit order reversed
shr(x) shift right (the LSbit of the low order byte of x shifts int@ya carry flag, a '0' is shifted into the

MShit of the high order byte of x, all othekghits shiftright one location

algorithm:

1. FFFF hex --> A

2. 0-->i

3. 0-->j

4. Di (+) AL --> AL

5. j¥l-->]

6. shr(A)

7. is there a carry? No«go t0'8.
Yes: G(h) As=TA

8. isj=8? No: go to'5
Yes:'go,to 9.

9. i+l -->1i

10. isi=N? No: “go'to 3.
Yesigo to 11.

11. A-->CRC

6.2.5 TIMING |

Data packet synehronization is maintained by timing constraints. The receiving device must measure the time between the reception of
characters. If threetand one half character times elapse without a new character or completion of the packet, then the communication
link must be reset (i.e.all slaves start listening for a new transmission from the master). Thus at 9600 baud a delay of greater than 3.5 *
1/9600 * 10 = 3.65 ms will cause the communication link to be reset.
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| SUPPORTED MODBUS FUNCTIONS]| 6. COMMUNICATIONS

6.3.1 SUPPORTED MODBUS FUNCTIONS I

The following functions are supported by the 489:

03 - Read Setpoints and Actual Values
04 - Read Setpoints and Actual Values
05 - Execute Operation

06 - Store Single Setpoint

07 - Read Device Status

08 - Loopback Test

16 - Store Multiple Setpoints

6.3.2 FUNCTION CODES 03 AND 04 - READ SETPOINTS AND ACTUAL VALUES I

Modbus implementation: Read Input and Holding Registers
489 Implementation: Read Setpoints and Actual Values

For the 489 implementation of Modbus, these commands can be used to read any Sgtpointy('holding registers") or Actual Value ("input
registers”). Holding and input registers are 16 bit (two byte) values transmittedghigh arder byte first. Thus all 489 Setpoints and Actual
Values are sent as two bytes. The maximum number of registers that can be read,\injene transmission is 125. Function codes 03 and 04
are configured to read setpoints or actual values interchangeably because some PLCs"do,not support both function codes.

The slave response to these function codes is the slave address, functien code, a count of the number of data bytes to follow, the data
itself and the CRC. Each data item is sent as a two-byte number with the:high order byte sent first. The CRC is sent as a two-byte num-
ber with the low order byte sent first.

Message Format and Example:

Request slave 11 to respond with 2 registers starting at address,0235.
For this example the register data in these addresses is:

Address Data
0235 0064
0236 000A
Master Transmission Bytes Example (hex)
SLAVE ADDRESS 1 0B message for slave 11
FUNCTION CODE 1 03 read registers
DATA STARTING ADDRESS 2 02 data starting at 0235
35
NUMBER OF SETPOINIS 2 00 2 registers (4 bytes total)
02
CRC 2 D5 CRC calculated by the master
17

Slave Responge

SLAVE ABDRESS 1 0B  message from slave 11
FUNCTFION'CODE 1 03  read registers
BYJE COUNT 1 04 2 registers = 4 bytes
DATA 1 2 00 value in address 0235
64
DATA 2 2 00 value in address 0236
0A
CRC 2 EB CRC calculated by the slave
91
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6. COMMUNICATIONS | SUPPORTED MODBUS FUNCTIONS

6.3.3 FUNCTION CODE 05 - EXECUTE OPER

Modbus Implementation: Force Single Coil
489 Implementation: Execute Operation

This function code allows the master to request a 489 to perform specific command operations. The command numbers listed in the
Commands area of the memory map correspond to operation code for function code 05.

The operation commands can also be initiated by writing to the Commands area of the memory map using fun¢tio 16. Refer to
FUNCTION 16 - STORE MULTIPLE SETPOINTS for complete details.

Supported Operations

Reset 489 (operation code 1) @
Generator Start (operation code 2)

Generator Stop (operation code 3)

Waveform Trigger (operation code 4) Q

Message Format and Example:

Reset 489 (operation code 1).
Master Transmission Bytes Example (
SLAVE ADDRESS 1 message for slave 11
FUNCTION CODE 1 execute operation
OPERATION CODE 2 x reset command (operation code 1)
K 00

CODE VALUE 2 perform function

CRC 2 DD CRC calculated by the master
50

Slave Response

SLAVE ADDRESS 1 0B message from slave 11

FUNCTION CODE 05 execute operation

OPERATION CODE 00 reset command (operation code 1)
01

CODE VALUE FF perform function

00
CRC & O 2 DD CRC calculated by the slave
\ 50
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| SUPPORTED MODBUS FUNCTIONS| 6. COMMUNICATION

6.3.4 FUNCTION CODE 06 - STORE SINGLE SET

Modbus Implementation: Preset Single Register
489 Implementation: Store Single Setpoint

This command allows the master to store a single setpoint into the memory of a 489. The slave response to this function code is to echo
the entire master transmission.

Message Format and Example:

Request slave 11 to store the value 01F4 in Setpoint address 1180

L 4
After the transmission in this example is complete, Setpoints address 1180 will contain the value 01F4®

Master Transmission Bytes Example (hex)

SLAVE ADDRESS 1 0B message f ve 11

FUNCTION CODE 1 06 store le setpoint

DATA STARTING ADDRESS 2 11 S, int ess 1180
80

DATA 2 01 or address 1180
F4

CRC 2 calculated by the master

Slave Response

SLAVE ADDRESS 1 message from slave 11

FUNCTION CODE 1 store single Setpoint

DATA STARTING ADDRESS 2 Setpoint address 1180

DATA 2 01

data stored in address 1180
F4

CRC 2 8D CRC calculated by the slave
A3



6. COMMUNICATIONS | SUPPORTED MODBUS FUNCTIONS

-

6.3.5 FUNCTION CODE 07 - READ DEVICE S

Modbus Implementation: Read Exception Status
489 Implementation: Read Device Status

This is a function used to quickly read the status of a selected device. A short message length allows for rapid reading of status. The
status byte returned has individual bits set to 1 or 0 depending on the status of the slave device. 4

489 General Status Byte: %
LSBit BO: R1 Trip relay operated = 1 \
B1: R2 Auxiliary relay operated = 1
B2: R3 Auxiliary relay operated = 1
B3: R4 Auxiliary relay operated = 1
B4: R5 Alarm relay operated = 1
B5: R6 Service relay operated = 1
B6: Stopped = 1
MSBit B7: Running =1 Q

Note: if status is neither stopped or running, generator is starting.

Message Format and Example:
Request status from slave 11.
N&x)
QY

Master Transmission Bytes
SLAVE ADDRESS 1 message for slave 11
read device status

a7 CRC calculated by the master

FUNCTION CODE 1
CRC 2
42
Slave Response
SLAVE ADDRESS 0B message for slave 11
FUNCTION CODE \ 07 read device status
1

DEVICE STATUS 59 status = 01011001 in binary
CRC Cc2 CRC calculated by the slave
08
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| SUPPORTED MODBUS FUNCTIONS]

6. COMMUNICATION

6.3.6 FUNCTION CODE 08 - LOOPBACK

Modbus Implementation: Loopback Test
489 Implementation: Loopback Test

This function is used to test the integrity of the communication link. The 489 will echo the request.

Message Format and Example:

Loopback test from slave 11.

Master Transmission Bytes Example (hex)
message for's 9
loopb st

SLAVE ADDRESS 1 0B
FUNCTION CODE 1 08
DIAG CODE 2 00

00
DATA 2 00

00
CRC 2 EO

Al
Slave Response
SLAVE ADDRESS 1 0B message from slave 11
FUNCTION CODE 1 loopback test
DIAG CODE 2 N must be 00 00

e i QJ’K
N

EO
Al

Iz 1
ac
must be O

calculated by the master

must be 00 00

CRC calculated by the slave



6. COMMUNICATIONS | SUPPORTED MODBUS FUNCTIONS

6.3.7 FUNCTION CODE 16 - STORE MULTIPLE SETP

Modbus Implementation: Preset Multiple Registers
489 Implementation: Store Multiple Setpoints

This function code allows multiple Setpoints to be stored into the 489 memory. Modbus "registers" are 16 bit (two byte) values transmit-
ted high order byte first. Thus all 489 setpoints are sent as two bytes. The maximum number of Setpoints that can be stored in one
transmission is dependent on the slave device. Modbus allows up to a maximum of 60 holding registers to be stered. The 489 response
to this function code is to echo the slave address, function code, starting address, the number of Setpoints stoned e CRC.

Message Format and Example:

Request slave 11 to store the value 01F4 to Setpoint address 1180 and the value 0001 to setpoint add TAfter the transmission

in this example is complete, 489 slave 11 will have the following Setpoints information stored:
Address Data

1180 01F4
1181 0001
Master Transmission Bytes Example (hex)

SLAVE ADDRESS 1 age for slave 11
FUNCTION CODE 1 re Setpoints
DATA STARTING ADDRESS 2 11 Setpoint address 1180
NUMBER OF SETPOINTS 2 2 Setpoints (4 bytes total)
BYTE COUNT 1 N 4 bytes of data
DATA 1 2 data for address 1180
F4
DATA 2 2 @ 00 data for address 1181
01
CRC 9B CRC calculated by the master
89
Slave Response
SLAVE ADDRESS 0B message from slave 11
FUNCTION CODE 10 store Setpoints
DATA STARTING ADDRESS 11 Setpoint address 1180
80
NUMBER OF SETPOINTS 4 0 2 00 2 setpoints
02
CRC \ 2 45 CRC calculated by the slave
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Some PLCs may not support execution of commands using function code 5 but do support storing multiple setpoints using f
16. To perform this operation using function code 16 (10H), a certain sequence of commands must be written at the same
489. The sequence consists of: Command Function register, Command operation register and Command Data (if required). The Com-
mand Function register must be written with the value of 5 indicating an execute operation is requested. The Command Operation regis-
ter must then be written with a valid command operation number from the list of commands shown in the memory map. TH&’ Command
Data registers must be written with valid data if the command operation requires data. The selected command will execute immediately
upon receipt of a valid transmission.

Message Format and Example: \

Perform a reset on 489 (operation code 1).

Master Transmission Bytes Example (hex)

SLAVE ADDRESS 1 0B mess for slave 11

FUNCTION CODE 1 10 S et S

DATA STARTING ADDRESS 2 00 tpoi dress 0080
80

NUMBER OF SETPOINTS 2 00 etpoints (4 bytes total)

BYTE COUNT 1 ytes of data

COMMAND FUNCTION 2 00 data for address 0080

COMMAND OPERATION 2 data for address 0081

CRC 2 @ CRC calculated by the master
Slave Response

SLAVE ADDRESS 1 0B message from slave 11
FUNCTION CODE 10 store Setpoints

DATA STARTING ADDRESS 00 Setpoint address 0080

NUMBER OF SETPOINTS 00 2 setpoints

02
CRC @ 40 CRC calculated by the slave
8A



6. COMMUNICATIONS |ERROR RESPONSES

When a 489 detects an error other than a CRC error, a response will be sent to the master. The MShit of the FUNCTION COD :
be set to 1 (i.e. the function code sent from the slave will be equal to the function code sent from the master plus 128). The owing
byte will be an exception code indicating the type of error that occurred.
Transmissions received from the master with CRC errors will be ignored by the 489. L 4

The slave response to an error (other than CRC error) will be:

SLAVE ADDRESS -1 byte

FUNCTION CODE - 1 byte (with MShit set to 1)

EXCEPTION CODE -1 byte @

CRC - 2 bytes

The 489 implements the following exception response codes. 0
01 - ILLEGAL FUNCTION

The function code transmitted is not one of the functions supported by the 489. Q
02 - ILLEGAL DATA ADDRESS

The address referenced in the data field transmitted by the master is not an allo

03 - ILLEGAL DATA VALUE
The value referenced in the data field transmitted by the master is not withi the selected data address.

L 4

N
S

Q
o
&

L 4
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| MEMORY MAP | 6. COMMUNICATIONS

6.5.1 MEMORY MAP INFORMATION I

The data stored in the 489 is grouped as Setpoints and Actual Values. Setpoints can be read and written by a master computer. Actual
Values are read only. All Setpoints and Actual Values are stored as two byte values. That is, each register address is the address of a
two-byte value. Addresses are listed in hexadecimal. Data values (Setpoint ranges, increments, and factory values) are in decimal.

Note: Many Modbus communications drivers add 40001d to the actual address of the register addresses. Forgexample: if ad-
dress Oh was to be read, 40001d would be the address required by the Modbus communications driver; if addressf320h (800d)
was to be read, 40801d would be the address required by the Modbus communications driver.

6.5.2 USER DEEINABLE/MEMORY MAP AREA I

The 489 contains a User Definable area in the memory map. This area allows remapping of the addresses of all Actual Values and Set-
points registers. The User Definable area has two sections:

1. A Register Index area (memory map addresses 0180h-01FCh) that contains 125 Actual Valies or Setpoints register addresses.
2. A Register area (memory map addresses 0100h-017Ch) that contains the data at theg'addresses in the Register Index.

Register data that is separated in the rest of the memory map may be remappedito adjacent register addresses in the User Definable
Registers area. This is accomplished by writing to register addresses in the User Definable Register Index area. This allows for im-
proved throughput of data and can eliminate the need for multiple read conifand sequences.

For example, if the values of Average Phase Current (register addresses‘@412h“and 0413h) and Hottest Stator RTD Temperature (regis-
ter address 04A0h) are required to be read from an 489, their addressesfmay‘be remapped as follows:

1. Write 0412h to address 0180h (User Definable Register Index 0000), using,function code 06 or 16.

2. Write 0413h to address 0181h (User Definable Register Index Q001) using function code 06 or 16.
(Average Phase Current is a double register number)

3. Write 04A0h to address 0182h (User Definable Registef'Index)0001)susing function code 06 or 16.

A read (function code 03 or 04) of registers 0100h (User Definable Register 0000) and 0101h (User Definable Register 0001) will return
the Average Phase Current and register 0102h (User Definable‘Register 0002) will return the Hottest Stator RTD Temperature.

6.5.3 EVENT RECORDER I

The 489 event recorder data starts at address*3000h. Address 3003h is the ID number of the event of interest (a high number repre-
senting the latest event and a low number repiesenting the oldest event). Event numbers start at zero each time the event record is
cleared, and count upwards. To rettieve ‘€vent 1, write ‘1’ to the Event Record Selector (3003h) and read the data from 3004h to 30E7h.
To retrieve event 2, write ‘2’ to the Event Rec@rd Selector (3003h) and read the data from 3004h to 30E7h. All 40 events may be retrieved
in this manner. The time and datggstampieffeach event may be used to ensure that all events have been retrieved in order without new
events corrupting the sequence @f events (event 0 should be less recent than event 1, event 1 should be less recent than event 2, etc.).

If more than 40 events havé been recorded since the last time the event record was cleared, the earliest events will not be accessible.
For example, if 100 events have been recorded (i.e., the total events since last clear in register 3002h is 100), events 60 through 99 may
be retrieved. Writing any,othervalue to the event record selector (register 3003h) will result in an “invalid data value” error.

Each communi€ation§ port_can individually select the ID number of the event of interest by writing address 3003h. This way the front
port, rear port and.auxiliary port can read different events from the event recorder simultaneously.
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| MEMORY MAP|

6.5.4 WAVEFORM CAPTURE I

The 489 stores up to 64 cycles of A/D samples in a waveform capture buffer each time a trip occurs. The waveform capture buffer is time
and date stamped and may therefore be correlated to a trip in the event record. To access the waveform capture memory, Select the
channel of interest by writing the number to the Waveform Capture Channel Selector (30F5h). Then read the waveform capture data from
address 3100h-31BFh, and read the date, time and line frequency from addresses 30FOh-30F4h.

Each communications port can individually select a Waveform Channel Selector of interest by writing address 3@E5h. This way the front
port, rear port and auxiliary port can read different Waveform Channels simultaneously.

The channel selector must be one of the following values:

Value Selected A/D samples Scale Factor

0 Phase A line current 500 counts equals 1xCT primary

1 Phase B line current 500 counts equals 1xCT primary’

2 Phase C line current 500 counts equals 1xCT primary

3 Neutral-end phase A current 500 counts equals 1xCT primary.

4 Neutral-end phase B current 500 counts equals 1xCT primary

5 Neutral-end phase C current 500 counts equals 1xCTprimary

6 Ground current 500 counts equalsé@XCil. primary or 1A for 50:0.025
7 Phase A to neutral voltage 2500 counts equals 120 'secondary volts
8 Phase B to neutral voltage 2500 counts equals 120/secondary volts
9 Phase C to neutral voltage 2500 counts eguals,120 secondary volts

6.5.5 DUAL SETPOINTS |

Each communications port can individually select an Edit SetpointgGroup“ef,interest by writing address 1342h. This way the front port,
rear port and auxiliary port can read and alter different setpoints simultaneously.

6.5.6 PASSCODE OPERATION |

Each communications port can individually set the RPasscode, Access by writing address 88h with the correct Passcode. This way the
front port, rear port and auxiliary port have individdal aceess to the setpoints. Reading address 203h, COMMUNICATIONS SETPOINT
ACCESS register, will provide the user with the current state of access for the given port. A value of 1 read from this register indicates
that the user has full access rights to changingfsetpointsfrom the given port.
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489 MEMORY MAP

Addr Name Range Step Units Emt Default
Product ID (Input Registers) -- Addresses 0000 to 007F

PRODUCT ID

0000 | GE POWER MANAGEMENT PRODUCT DEVICE N/A N/A N/A F1 32

CODE

0001 | PRODUCT HARDWARE REVISION 1to 26 1 N/A F15 N/A

0002 | PRODUCT SOFTWARE REVISION N/A N/A YA E16 N/A

0003 | PRODUCT MODIFICATION NUMBER 0 to 999 1 N/A F1 N/A

0010 | BOOT PROGRAM REVISION N/A N/A N/A F16 N/A

0011 | BOOT PROGRAM MODIFICATION NUMBER 0 to 999 1 N/A F1 N/A

MODEL ID

0040 | ORDER CODE 0to 16 1 N/A F22 N/A

0050 | 489 REVISION 12 1 N/A F22 N/A

0060 | 489 BOOT REVISION 12 i N/A F22 N/A
Commands (Holding Registers) -- Addresses 0080 to 00FF

COMMANDS

0080 | COMMAND FUNCTION CODE (always 5) 5 N/A N/A F1 N/A

0081 | COMMAND OPERATION CODE 04065535 1 N/A F1 N/A

0088 | COMMUNICATIONS PORT PASSCODE 0 t0'99999999 1 N/A F12 0

00F0 | TIME (BROADCAST) N/A N/A N/A F24 N/A

00F2 | DATE (BROADCAST) N/A N/A N/A F18 N/A
User Map -- Addresses 0100 to 01FF

USER_MAP / USER MAP VALUES

0100 | USER MAP VALUE #1 of 125... 5 N/A N/A F1 N/A

017C | USER MAP VALUE #125 of 125 5 N/A N/A F1 N/A

USER_MAP / USER MAP ADDRESSES

0180 | USER MAP ADDRESS #1 of 125... 0 to 3FFF 1 hex F1 0

01FC | USER MAP ADDRESS #125 of 125 0 to 3FFF 1 hex F1 0
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Addr  Name Range Step Units Emt Default

Actual Values (Input Registers) -- Addresses 0200 to OFFF
STATUS / GENERATOR STATUS
0200 | GENERATOR STATUS 0to4 1 - F133 1
0201 | GENERATOR THERMAL CAPACITY USED 0 to 100 1 % F1 0
0202 | ESTIMATED TRIP TIME ON OVERLOAD 0 to 65535 1 s F12 -1
0203 | COMMUNICATIONS SETPOINT ACCESS Otol N/A N/A F126 N/A
STATUS / SYSTEM STATUS
0210 | GENERAL STATUS 0 to 65535 1 N/A F440 0
0211 | OUTPUT RELAY STATUS 0to 63 1 N/A F141 0
0212 | ACTIVE SETPOINT GROUP Otol 1 N/A F118 0
STATUS / LAST TRIP DATA
0220 | CAUSE OF LAST TRIP 0to 139 1 - F134 0
0221 | TIME OF LAST TRIP N/A N/A N/A F19 N/A
0223 | DATE OF LAST TRIP N/A N/A N/A F18 N/A
0225 | TACHOMETER PreTrip 0 to 7200 1 RPM F1 0
0226 | PHASE A PRE-TRIP CURRENT 0 to 999999 1 Amps F12 0
0228 | PHASE B PRE-TRIP CURRENT 0 to 999999 1 Amps F12 0
022A | PHASE C PRE-TRIP CURRENT 0 to 999999 1 Amps F12 0
022C | PHASE A PRE-TRIP DIFFERENTIAL CURRENT 0 to 999999 1 Amps F12 0
022E | PHASE B PRE-TRIP DIFFERENTIAL CURRENT 0 to 999999 1 Amps F12 0
0230 | PHASE C PRE-TRIP DIFFERENTIAL CURRENT 0 10.999999 1 Amps F12 0
0232 | NEG. SEQ. CURRENT PreTrip 010.2000 1 % FLA F1 0
0233_| GROUND CURRENT PreTrip 0)t0»20000000 1 A F14 0
0235 | PRE-TRIP A-B VOLTAGE 00,50000 1 Volts F1 0
0236 | PRE-TRIP B-C VOLTAGE 0 to 50000 1 Volts F1 0
0237 | PRE-TRIP C-A VOLTAGE uto 50000 1 Volts F1 0
0238 | FREQUENCY Pretrip 0 t0/212000 1 Hz F3 0
023B | REAL POWER (MW) PreTrip 2000000 to 1 MW F13 0

2000000
023D | REACTIVE POWER Mvar PreTrip -2000000 to 1 Mvar F13 0
2000000

023F | APPARENT POWER MVA PreTrip 0 to 2000000 1 MVA F13 0
0241 | LAST TRIP DATA STATOR RTD 1to12 1 - F1 1
0242 | HOTTEST STATOR RTD TEMPERATURE -50 to 250 1 °C F4 0
0243 | LAST TRIP DATA BEARING RTD 1t012 1 - F1 1
0244 | HOTTEST BEARING RTD TEMPERATURE -50 to 250 1 °C F4 0
0245 | LAST TRIP DATA OTHER RTD 1to012 1 - F1 1
0246 | HOTTEST OTHER RTD TEMPERATURE -50 to 250 1 °C F4 0
0247 | LAST TRIP DATA AMBIENTLRTE 1to0 12 1 - F1 1
0248 | HOTTEST AMBIENT RTD.JEMPERATURE -50 to 250 1 °C F4 0
0249 | ANALOG IN 1 PreTrip -50000 to 50000 1 Units F12 0
024B | ANALOG IN 2 PreTrip -50000 to 50000 1 Units F12 0
024D | ANALOG IN 3 PreTrip -50000 to 50000 1 Units F12 0
024F | ANALOG IN 4 PreTrip -50000 to 50000 1 Units F12 0
025C | HOTTEST STALOR RERAEMPERATURE -50 to 250 1 °F F4 0
025D | HOTTEST BEARING,RTD TEMPERATURE -50 to 250 1 °F F4 0
025E_| HOTTESI OTHER RTD TEMPERATURE -50 to 250 1 °F F4 0
025F | HOTBESTAMBIENT RTD TEMPERATURE -50 to 250 1 °F F4 0
0260 | NEUTRAL VOBRFUND PreTrip 0 to 250000 1 Volts F10 0
0262 | NEUTRAL VOLT 3rd PreTrip 0 to 250000 1 Volts F10 0
0264 | PREETRIP Vab/lab 0 to 65535 1 ohms s F2 0
0265 | PRE-TRIRAab/lab ANGLE 0 to 359 1 ° F1 0
STATUS / TRIP PICKUPS
0280 [ INPUT A PICKUP 0to4 1 - F123 0
0281 | INPUT B PICKUP Oto4 1 - F123 0
0282 [ INPUT C PICKUP 0to4 1 - F123 0
02830] INPUT D PICKUP Oto4 1 - F123 0
0284 | INPUT E PICKUP 0to4 1 - F123 0
0285 | INPUT F PICKUP 0to4 1 - F123 0
0286 | INPUT G PICKUP 0to4 1 - F123 0

“Value of 65535 indicates ‘Never’
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Addr  Name Range Step Units Emt Default
Actual Values (Input Registers) -- Addresses 0200 to OFFF

0287 | SEQUENTIAL TRIP PICKUP 0to4 1 - F123 0
0288 | FIELD-BKR DISCREP. PICKUP Oto4 1 - F123 0
0289 | TACHOMETER PICKUP 0to4 1 - F123 0
028A | OFFLINE OVERCURRENT PICKUP Oto4 1 - F123 0
028B | INADVERTENT ENERG. PICKUP 0to4 1 - F123 0
028C | PHASE OVERCURRENT PICKUP Oto4 1 - F123 0
028D | NEG.SEQ. OVERCURRENT PICKUP 0to4 1 - F123 0
028E | GROUND OVERCURRENT PICKUP Oto4 1 2 F123 0
028F | PHASE DIFFERENTIAL PICKUP Oto4 1 - Fi28 0
0290 | UNDERVOLTAGE PICKUP Oto4 1 2 E123 0
0291 | OVERVOLTAGE PICKUP 0to4 1 - F123 0
0292 | VOLTS/HERTZ PICKUP Oto4 1 - F123 0
0293 | PHASE REVERSAL PICKUP Oto4 1 - F123 0
0294 | UNDERFREQUENCY PICKUP Oto4 1 - F123 0
0295 | OVERFREQUENCY PICKUP 0to4 1 - F123 0
0296 | NEUTRAL O/V (FUND) PICKUP Oto4 1 - F123 0
0297 | NEUTRAL U/V (3rd) PICKUP 0to4 1 - F123 0
0298 | REACTIVE POWER PICKUP Oto4 1 - F123 0
0299 | REVERSE POWER PICKUP 0to4 1 - F123 0
029A | LOW FORWARD POWER PICKUP 0to4 1 - F123 0
029B | THERMAL MODEL PICKUP 0to4 1 - F123 0
029C | RTD #1 PICKUP 0to4 1 - F123 0
029D | RTD #2 PICKUP 0to4 1 - F123 0
029E | RTD #3 PICKUP 0104 1 - F123 0
029F | RTD #4 PICKUP 0to 4 1 - F123 0
02A0 | RTD #5 PICKUP Oto.4 1 - F123 0
02A1 | RTD #6 PICKUP 0to4 1 - F123 0
02A2 | RTD #7 PICKUP Outo 4 1 - F123 0
02A3 | RTD #8 PICKUP 0to4 1 - F123 0
02A4 | RTD #9 PICKUP Oto4 1 - F123 0
02A5 | RTD #10 PICKUP 0to4 1 - F123 0
02A6 | RTD #11 PICKUP Oto4 1 - F123 0
02A7 | RTD #12 PICKUP 0to4 1 - F123 0
02A8 | Analog I/P 1 PICKUP Oto4 1 - F123 0
02A9 | Analog I/P 2 PICKUP 0to4 1 - F123 0
02AA | Analog I/P 3 PICKUP Oto4 1 - F123 0
02AB_| Analog I/P 4 PICKUP 0to4 1 - F123 0
02AC | LOSS OF EXCITATION 1 PICKUP Oto4 1 - F123 0
02AD | LOSS OF EXCITATION 2 RICKUPR 0to4 1 - F123 0
02AE | GROUND DIRECTIONAL PICKUP Oto4 1 - F123 0
02AF | HIGH-SET PHASE O/C PICKUP 0to4 1 - F123 0
02B0 | DISTANCE ZONE 1 RICKUR Oto4 1 - F123 0
02B1 | DISTANCE ZONE 2 PICKUP 0to4 1 - F123 0
STATUS / ALARM PICKUPS

0300 | INPUT A PICKUP 0to4 1 - F123 0
0301 | INPUT B PICKUP. Oto4 1 - F123 0
0302 | INPUT C PICKUP. 0to4 1 - F123 0
0303 | INPUT DyPICKUP Oto4 1 - F123 0
0304 | INPUF E PIGKUP 0to4 1 - F123 0
0305 | INRUT FRICKUR Oto4 1 - F123 0
0306 | INPUT.G PICKUP 0to4 1 - F123 0
0307 | TACHOMETER PICKUP Oto4 1 - F123 0
0308 | OVERCURRENT PICKUP 0to4 1 - F123 0
0309 | NEG SEQ OVERCURRENT PICKUP Oto4 1 - F123 0
030A | GROUND OVERCURRENT PICKUP 0to4 1 - F123 0
030B_| UNDERVOLTAGE PICKUP Oto4 1 - F123 0
030C | OVERVOLTAGE PICKUP 0to4 1 - F123 0
030D\ | VOLTS/HERTZ PICKUP Oto4 1 - F123 0
030E") UNDERFREQUENCY PICKUP 0to4 1 - F123 0
030F | OVERFREQUENCY PICKUP Oto4 1 - F123 0
0310 | NEUTRAL O/V (FUND) PICKUP 0to4 1 - F123 0
0311 | NEUTRAL U/V (3rd) PICKUP Oto4 1 - F123 0
0312 | REACTIVE POWER PICKUP 0to4 1 - F123 0
0313 | REVERSE POWER PICKUP 0to4 1 - F123 0
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Addr  Name Range Step Units Emt Default
Actual Values (Input Registers) -- Addresses 0200 to OFFF
0314 | LOW FORWARD POWER PICKUP 0to4 1 - F123 0
0315 | RTD #1 PICKUP Oto4 1 - F123 0
0316 | RTD #2 PICKUP 0to4 1 - F123 0
0317 | RTD #3 PICKUP Oto4 1 - F123 0
0318 | RTD #4 PICKUP 0to4 1 - F123 0
0319 | RTD #5 PICKUP Oto4 1 - F123 0
031A | RTD #6 PICKUP 0to4 1 - F123 0
031B | RTD #7 PICKUP Oto4 1 2 F123 0
031C | RTD #8 PICKUP 0to4 1 - Fi28 0
031D | RTD #9 PICKUP Oto4 1 2 F123 0
031E | RTD #10 PICKUP 0to4 1 - F123 0
031F | RTD #11 PICKUP Oto4 1 - F123 0
0320 | RTD #12 PICKUP 0to4 1 - F123 0
0321 | OPEN SENSOR PICKUP Oto4 1 - F123 0
0322 | SHORT/LOW TEMP PICKUP 0to4 1 - F123 0
0323 | THERMAL MODEL PICKUP Oto4 1 - F123 0
0324 | TRIP COUNTER PICKUP 0to4 1 - F123 0
0325 | BREAKER FAILURE PICKUP 0to4 1 - F123 0
0326 | TRIP COIL MONITOR PICKUP 0to4 1 - F123 0
0327 | VT FUSE FAILURE PICKUP 0to4 1 - F123 0
0328 | CURRENT DEMAND PICKUP 0to4 1 - F123 0
0329 | MW DEMAND PICKUP Oto4 1 - F123 0
032A | Mvar DEMAND PICKUP 0to4 1 - F123 0
032B_| MVA DEMAND PICKUP 0104 1 - F123 0
032C | ANALOG INPUT 1 PICKUP 0to4 1 - F123 0
032D | ANALOG INPUT 2 PICKUP Oto.4 1 - F123 0
032E | ANALOG INPUT 3 PICKUP 0to4 1 - F123 0
032F | ANALOG INPUT 4 PICKUP Outo 4 1 - F123 0
0330 | NOT PROGRAMMED PICKUP 0to4 1 - F123 0
0331 | SIMULATION MODE PICKUP Oto4 1 - F123 0
0332 | OUTPUT RELAYS FORCED PICKUP 0to4 1 - F123 0
0333 | ANALOG OUTPUT FORCED PICKUP Oto4 1 - F123 0
0334 | TEST SWITCH SHORTED PICKUP 0to4 1 - F123 0
0335 | GROUND DIRECTIONAL PICKUP Oto4 1 - F123 0
0336 | IRIG-B ALARM PICKUP 0to4 1 - F123 0
0337 | GENERATOR RUNNING HOUR PICKUP, Oto4 1 - F123 0
STATUS / DIGITAL INPUTS
0380 | ACCESS SWITCH STATE Otol 1 - F207 0
0381 | BREAKER STATUS SWITEH,STATE Oto1 1 - F207 0
0382 | ASSIGNABLE DIGITAL INPYTISTATE Otol 1 - F207 0
0383 | ASSIGNABLE DIGITAL INPUT2 STATE 0tol 1 - F207 0
0384 | ASSIGNABLE DIGITARNPUTS STATE Otol 1 - F207 0
0385 | ASSIGNABLE DIGITAL INPUT4'STATE 0tol 1 - F207 0
0386 | ASSIGNABLE DIGITAL INPUTS STATE Otol 1 - F207 0
0387 | ASSIGNABLE DIGITAL INPUT6 STATE 0tol 1 - F207 0
0388 | ASSIGNABLE DIGITAmINPUT7 STATE Otol 1 - F207 0
0389 | TRIP COIL SUPERVISION Otol 1 - F132 0
STATUS / REAL TIME GLOCK
03FC | DATE (READ:ONLY) N/A N/A N/A F18 N/A
03FE_| TIME (READ-ONLY) N/A N/A N/A F19 N/A
METERING'DATA / CURRENT METERING
0400 | PHASEMA OUTPUT CURRENT 0 to 999999 1 Amps F12 0
0402 | PHASE B'OUTPUT CURRENT 0 to 999999 1 Amps F12 0
0404 | PHASE C OUTPUT CURRENT 0 to 999999 1 Amps F12 0
0406 | PHASE A NEUTRAL-SIDE CURRENT 0 to 999999 1 Amps F12 0
0408 | PHASE B NEUTRAL-SIDE CURRENT 0 to 999999 1 Amps F12 0
040A, | PHASE C NEUTRAL-SIDE CURRENT 0 to 999999 1 Amps F12 0
040G | PHASE A DIFFERENTIAL CURRENT 0 to 999999 1 Amps F12 0
040E | PHASE B DIFFERENTIAL CURRENT 0 to 999999 1 Amps F12 0
0410 | PHASE C DIFFERENTIAL CURRENT 0 to 999999 1 Amps F12 0
0412 | AVERAGE PHASE CURRENT 0 to 999999 1 Amps F12 0
0414 | GENERATOR LOAD 0 to 2000 1 % FLA F1 0
0415 | NEGATIVE SEQUENCE CURRENT 0 to 2000 1 % FLA F1 0
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Addr  Name Range Step Units Emt Default
Actual Values (Input Registers) -- Addresses 0200 to OFFF
0416 | GROUND CURRENT 0 to 10000 1 Amps F14 0
0420 | PHASE A CURRENT ANGLE 0to 359 1 ° F1 0
0421 | PHASE B CURRENT ANGLE 0to 359 1 ° F1 0
0422 | PHASE A CURRENT ANGLE 0to 359 1 ° F1 0
0423 | PHASE A NEUTRAL-SIDE ANGLE 0to 359 1 ° F1 0
0424 | PHASE B NEUTRAL-SIDE ANGLE 0to 359 1 ° F1 0
0425 | PHASE C NEUTRAL-SIDE ANGLE 0to 359 1 ° F1 0
0426 | PHASE A DIFFERENTIAL ANGLE 0to 359 1 p F1 0
0427 | PHASE B DIFFERENTIAL ANGLE 0to 359 1 ° [ 0
0428 | PHASE C DIFFERENTIAL ANGLE 0to 359 1 p F1 0
0429 | GROUND CURRENT ANGLE 0to 359 1 ° F1 0
METERING DATA / VOLTAGE METERING
0440 | PHASE A-B VOLTAGE 0 to 50000 1 Volts F1 0
0441 | PHASE B-C VOLTAGE 0 to 50000 1 Volts F1 0
0442 | PHASE C-A VOLTAGE 0 to 50000 1 \Volts F1 0
0443 | AVERAGE LINE VOLTAGE 0 to 50000 1 Volts F1 0
0444 | PHASE A-N VOLTAGE 0 to 50000 1 Volts F1 0
0445 | PHASE B-N VOLTAGE 0 to 50000 1 Volts F1 0
0446 | PHASE C-N VOLTAGE 0 to 50000 1 Volts F1 0
0447 | AVERAGE PHASE VOLTAGE 0 to 50000 1 Volts F1 0
0448 | PER UNIT MEASUREMENT OF V/Hz ° 0to 200 1 - F3 0
0449 | FREQUENCY 500.to 9000 1 Hz F3 0
044A | NEUTRAL VOLTAGE FUND 010)250000 1 Volts F10 0
044C | NEUTRAL VOLTAGE 3rd HARM 0.t0 250000 1 Volts F10 0
044E | NEUTRAL VOLTAGE Vp3 3rd HARM 0'16)250000 1 Volts F10 0
0450 | Vab/lab 0 to 65535 1 ohms s F2 0
0451 | Vab/lab ANGLE 0 to 359 1 ° F1 0
0460 | LINE A-B VOLTAGE ANGLE 0o 359 1 ° F1 0
0461 | LINE B-C VOLTAGE ANGLE 0 to 359 1 ° F1 0
0462 | LINE C-A VOLTAGE ANGLE 0to 359 1 ° F1 0
0463 | PHASE A-N VOLTAGE ANGLE 0to 359 1 ° F1 0
0464 | PHASE B-N VOLTAGE ANGLE 0to 359 1 ° F1 0
0465 | PHASE C-N VOLTAGE ANGLE 0to 359 1 ° F1 0
0466 | NEUTRAL VOLTAGE ANGLE 0to 359 1 - F1 0
METERING DATA / POWER METERING
0480 | POWER FACTOR -100 to 100 1 - F6 0
0481 | REAL POWER -2000000 to 1 MW F13 0
2000000
0483 | REACTIVE POWER -2000000 to 1 Mvar F13 0
2000000
0485 | APPARENT POWER -2000000 to 1 MVA F13 0
2000000
0487 | POSITIVE WATTHOURS 0 to 4000000000 1 MWh F13 0
0489 | POSITIVE VARHOURS 0 to 4000000000 1 Mvarh F13 0
048B | NEGATIVE VARHOURS 0 to 4000000000 1 Mvarh F13 0
METERING DATA / TEMPERATURE
04A0 | HOTTEST STATOR RTD 1t012 1 - F1 0
04A1 | HOTTESTMSTATORMRTD TEMPERATURE -52 to 250 1 °C F4 -52
04A2 | RTD#1 TEMPERATURE -52 to 251 1 °C F4 -52
04A3 | RID #2 TEMPERATURE -52 to 251 1 °C F4 -52
04A4 | RTD#8 TEMPERATURE -52 to 251 1 °C F4 -52
04A5 | RTD #4TEMPERATURE -52 to 251 1 °C F4 -52
04A6 | RTD #5 TEMPERATURE -52 to 251 1 °C F4 -52
04A7 | RTD #6 TEMPERATURE -52 to 251 1 °C F4 -52
04A8 | RTD.#7 TEMPERATURE -52 to 251 1 °C F4 -52
04A9 | RTD'#8 TEMPERATURE -52 to 251 1 °C F4 -52
04AA | RTD #9 TEMPERATURE -52 to 251 1 °C F4 -52
04AB| RTD #10 TEMPERATURE -52 to 251 1 °C F4 -52
04AC | RTD #11 TEMPERATURE -52 to 251 1 °C F4 -52
04AD | RTD #12 TEMPERATURE -52 to 251 1 °C F4 -52
04C0_| HOTTEST STATOR RTD TEMPERATURE -52 to 250 1 °F F4 -52
04C1 | RTD #1 TEMPERATURE -52 to 251 1 °F F4 -52

? A value of OXFFFF indicates “no measurable value”.
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Addr  Name Range Step Units Emt Default

Actual Values (Input Registers) -- Addresses 0200 to OFFF
04C2 | RTD #2 TEMPERATURE -52 to 251 1 °F F4 -52
04C3 | RTD #3 TEMPERATURE -52 to 251 1 °F F4 -52
04C4 | RTD #4 TEMPERATURE -52 to 251 1 °F F4 52
04C5 | RTD #5 TEMPERATURE -52 to 251 1 °F F4 -52
04C6 | RTD #6 TEMPERATURE -52 to 251 1 °F F4 -52
04C7_| RTD #7 TEMPERATURE -52 to 251 1 °F F4 -52
04C8 | RTD #8 TEMPERATURE -52 to 251 1 °F F4 -52
04C9 | RTD #9 TEMPERATURE -52 to 251 1 °E F4 -52
04CA | RTD #10 TEMPERATURE -52 to 251 1 °F B4 -52
04CB | RTD #11 TEMPERATURE -52 to 251 1 °F F4 -52
04CC | RTD #12 TEMPERATURE -52 to 251 1 °F F4 -52
METERING DATA / DEMAND METERING
04E0 | CURRENT DEMAND 0 to 1000000 1 Amps F12 0
04E2 | MW DEMAND 0 to 2000000 1 MW F13 0
04E4 | Mvar DEMAND 0 to 2000000 1 Mvar F13 0
04E6_| MVA DEMAND 0 to 2000000 1 MVA F13 0
04E8 | PEAK CURRENT DEMAND 0 to 1000000 1 Amps F12 0
04EA | PEAK MW DEMAND 0 to 2000000 1 MW F13 0
04EC | PEAK Mvar DEMAND 0 to 2000000 1 Mvar F13 0
04EE_| PEAK MVA DEMAND 0 to 2000000 1 MVA F13 0
METERING DATA / ANALOG INPUTS
0500 | ANALOG INPUT 1 -50000t0 50000 1 Units F12 0
0502 | ANALOG INPUT 2 -50000)0 50000 1 Units F12 0
0504 | ANALOG INPUT 3 -50000 t0'50000 1 Units F12 0
0506 | ANALOG INPUT 4 -50000)t0 50000 1 Units F12 0
METERING DATA / SPEED

[ 0520 | TACHOMETER | O'te 7200 [ 1 RPM F1 | 0 |

LEARNED DATA / PARAMETER AVERAGES
0600 | AVERAGE GENERATOR LOAD 0 to 2000 1 % FLA F1 0
0601 | AVERAGE NEG. SEQ. CURRENT 0 to 2000 1 % FLA F1 0
0602 | AVERAGE PHASE-PHASE VOLTAGE 0 to 50000 1 v F1 0
0603 | RESERVED - - - - -
0604 | RESERVED - - - - -
LEARNED DATA / RTD MAXIMUMS
0620 | RTD #1 MAX. TEMP. -52 to 251 1 °C F4 -52
0621 | RTD #2 MAX. TEMP. -52 to 251 1 °C F4 -52
0622 | RTD #3 MAX. TEMP. -52 to 251 1 °C F4 -52
0623 | RTD #4 MAX. TEMP. -52 to 251 1 °C F4 -52
0624 | RTD #5 MAX. TEMP. -52 to 251 1 °C F4 -52
0625 | RTD #6 MAX. TEMP. -52 to 251 1 °C F4 -52
0626 | RTD #7 MAX. TEMP. -52 to 251 1 °C F4 -52
0627 | RTD #8 MAX. TEMP. -52 to 251 1 °C F4 -52
0628 | RTD #9 MAX. TEMP. -52 to 251 1 °C F4 -52
0629 | RTD #10 MAX. TEMR. -52 to 251 1 °C F4 -52
062A | RTD #11 MAXSTEMP. -52 to 251 1 °C F4 -52
062B | RTD #12 MAX. TEMP, -52 to 251 1 °C F4 -52
0640 | RTD #1 MAX. TEMP! -52 to 251 1 °F F4 -52
0641 | RTD#2 MAXNIEMP. -52 to 251 1 °F F4 -52
0642 | RID #3 MAX. TEMP. -52 to 251 1 °F F4 -52
0643 | RTD.#4 MAXATEMP. -52 to 251 1 °F F4 -52
0644 | RTD #5,MAX. TEMP. -52 to 251 1 °F F4 -52
0645 | RTD #6 MAX. TEMP. -52 to 251 1 °F F4 -52
0646 | RTD #7 MAX. TEMP. -52 to 251 1 °F F4 -52
0647 | RTD #8 MAX. TEMP. -52 to 251 1 °F F4 -52
0648 | RTD#9 MAX. TEMP. -52 to 251 1 °F F4 -52
0649, | RTD #10 MAX. TEMP. -52 to 251 1 °F F4 -52
064A 0 RTD #11 MAX. TEMP. -52 to 251 1 °F F4 -52
064B | RTD #12 MAX. TEMP. -52 to 251 1 °F F4 -52
LEARNED DATA / ANALOG IN MIN/MAX
0700 | ANALOG INPUT 1 MINIMUM -50000 to 50000 1 Units F12 0
0702 | ANALOG INPUT 1 MAXIMUM -50000 to 50000 1 Units F12 0
0704 | ANALOG INPUT 2 MINIMUM -50000 to 50000 1 Units F12 0
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Addr  Name Range Step Units Emt Default
Actual Values (Input Registers) -- Addresses 0200 to OFFF

0706 | ANALOG INPUT 2 MAXIMUM -50000 to 50000 1 Units F12 0
0708 | ANALOG INPUT 3 MINIMUM -50000 to 50000 1 Units F12 0
070A | ANALOG INPUT 3 MAXIMUM -50000 to 50000 1 Units F12 0
070C | ANALOG INPUT 4 MINIMUM -50000 to 50000 1 Units F12 0
070E_| ANALOG INPUT 4 MAXIMUM -50000 to 50000 1 Units F12 0
MAINTENANCE / TRIP COUNTERS
077F | TRIP COUNTERS LAST CLEARED (DATE) N/A N/A N/A F18 N/A
0781 | TOTAL NUMBER OF TRIPS 0 to 50000 1 4 F1 0
0782 | DIGITAL INPUT TRIPS 0 to 50000 1 - F1 0
0783 | SEQUENTIAL TRIPS 0 to 50000 1 g F1 0
0784 | FIELD-BKR DISCREP. TRIPS 0 to 50000 1 - F1 0
0785 | TACHOMETER TRIPS 0 to 50000 1 - F1 0
0786 | OFFLINE OVERCURRENT TRIPS 0 to 50000 1 - F1 0
0787 | PHASE OVERCURRENT TRIPS 0 to 50000 1 - F1 0
0788 | NEG.SEQ. OVERCURRENT TRIPS 0 to 50000 1 y F1 0
0789 | GROUND OVERCURRENT TRIPS 0 to 50000 1 - F1 0
078A | PHASE DIFFERENTIAL TRIPS 0 to 50000 1 - F1 0
078B | UNDERVOLTAGE TRIPS 0 to 50000 1 - F1 0
078C | OVERVOLTAGE TRIPS 0 to 50000 1 - F1 0
078D | VOLTS/HERTZ TRIPS 0 to 50000 1 - F1 0
078E_| PHASE REVERSAL TRIPS 0 to 50000 1 - F1 0
078F | UNDERFREQUENCY TRIPS 0,40.50000! 1 - F1 0
0790 | OVERFREQUENCY TRIPS 01050000 1 - F1 0
0791 | NEUTRAL O/V (FUND) TRIPS 0.0 50000 1 - F1 0
0792 | NEUTRAL U/V (3rd) TRIPS 0't0,50000 1 - F1 0
0793 | REACTIVE POWER TRIPS 0 to 50000 1 - F1 0
0794 | REVERSE POWER TRIPS D,to 50000 1 - F1 0
0795 | LOW FORWARD POWER TRIPS 0 t9"50000 1 - F1 0
0796 | STATOR RTD TRIPS 0o 50000 1 - F1 0
0797 | BEARING RTD TRIPS 0 to 50000 1 - F1 0
0798 | OTHER RTD TRIPS 0 to 50000 1 - F1 0
0799 | AMBIENT RTD TRIPS 0 to 50000 1 - F1 0
079A | THERMAL MODEL TRIPS 0 to 50000 1 - F1 0
079B | INADVERTENT ENERG. TRIPS 0 to 50000 1 - F1 0
079C | ANALOG INPUT 1 TRIPS 0 to 50000 1 - F1 0
079D | ANALOG INPUT 2 TRIPS 0 to 50000 1 - F1 0
079E | ANALOG INPUT 3 TRIPS 0 to 50000 1 - F1 0
079F | ANALOG INPUT 4 TRIPS 0 to 50000 1 - F1 0
MAINTENANCE / GENERAL COUNTERS
07A0 | NUMBER OF BREAKER OPERATRIONS 0 to 50000 1 - F1 0
07A1 | NUMBER OF THERMAL RESETS 0 to 50000 1 - F1 0
MAINTENANCE / TRIP COUNTERS
07A2 | LOSS OF EXCITATION'1 TRIPS 0 to 50000 1 - F1 0
07A3 | LOSS OF EXCITATION 2 TRIPS 0 to 50000 1 - F1 0
07A4 | GROUND DIRECTIONALATRIPS 0 to 50000 1 - F1 0
07A5 | HIGH-SET PHASE O/C TRIPS 0 to 50000 1 - F1 0
07A6 | DISTANCE ZONE 1 TRIPS 0 to 50000 1 - F1 0
07A7 | DISTANCEMZONER2'TRIPS 0 to 50000 1 - F1 0
MAINTENANCE / ZIMERS

[ 07E0 | GENERATORMHOURS ONLINE [ oto1o00000 | 1 | nh | F12 | 0
PRODUCT INF@. / 489 MODEL INFO.
0800 | ORDER GODE 0 to 65535 1 N/A F136 N/A
0801 | 489 SERIAL NUMBER 3000000 to 1 - F12 3000000

9999999

PRODUCT INFO. / CALIBRATION INFO.
0810, | ORIGINAL CALIBRATION DATE N/A N/A N/A F18 N/A
0812 LAST CALIBRATION DATE N/A N/A N/A F18 N/A
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Addr  Name Range Step Units Emt Default
Setpoints (Holding Registers) -- Addresses 1000 to 2FFF
489 SETUP / PREFERENCES
1000 | DEFAULT MESSAGE CYCLE TIME 5 to 100 5 s F2 20
1001 | DEFAULT MESSAGE TIMEOUT 10 to 900 1 s F1 300
1003 | PARAMETER AVERAGES CALC. PERIOD 1 to 90 1 min F1 15
1004 | TEMPERATURE DISPLAY Otol 1 - F100 0
1005 | WAVEFORM TRIGGER POSITION 1 to 100 1 % F1 25
1006 | PASSCODE (WRITE ONLY) 0 to 99999999 1 N/A F12 0
1008 | ENCRYPTED PASSCODE (READ ONLY) N/A N/A N/A F12 N/A
100A | WAVEFORM MEMORY BUFFER 1to 16 1 - F1 8
489 SETUP / SERIAL PORTS
1010 | SLAVE ADDRESS 1 to 254 1 - F1 254
1011 | COMPUTER RS485 BAUD RATE 0to5 1 - F101 4
1012 | COMPUTER RS485 PARITY Oto2 1 y F102 0
1013 | AUXILIARY RS485 BAUD RATE 0to5 1 - F101 4
1014 | AUXILIARY RS485 PARITY Oto2 1 - F102 0
1015 | PORT USED FOR DNP 0to3 1 - F216 0
1016 | DNP SLAVE ADDRESS 0 to 255 1 - F1 255
1017 | DNP TURNAROUND TIME 0 to 100 10 ms F1 10
489 SETUP / REAL TIME CLOCK
1030 | DATE N/A N/A N/A F18 N/A
1032 | TIME N/A N/A N/A F19 N/A
1034 | IRIG-B TYPE 0 102 1 - F220 0
489 SETUP / MESSAGE SCRATCHPAD
1060 Scratchpad 0 t0'40 1 - F22
1080 | Scratchpad 0 to 40 1 - F22
10A0 | Scratchpad 0%o 40 1 - F22
10C0O | Scratchpad 0 to 40 1 - F22
10EQ | Scratchpad 0 to 40 1 - F22
489 SETUP / CLEAR DATA
1130 | CLEAR LAST TRIP DATA Otol 1 - F103 0
1131 | CLEAR MWh and Mvarh METERS Otol 1 - F103 0
1132 | CLEAR PEAK DEMAND DATA Otol 1 - F103 0
1133 | CLEAR RTD MAXIMUMS Otol 1 - F103 0
1134 | CLEAR ANALOG I/P MIN/MAX Otol 1 - F103 0
1135 | CLEAR TRIP COUNTERS Otol 1 - F103 0
1136 | CLEAR EVENT RECORD Otol 1 - F103 0
1137 | CLEAR GENERATOR INFORMATION Otol 1 - F103 0
1138 | CLEAR BREAKER INFORMATIQN Otol 1 - F103 0
SYSTEM SETUP / CURRENT,SENSING
1180 | PHASE CT PRIMARY' 10 to 50001 1 Amps F1 50001
1181 | GROUND CT O0to3 1 - F104 0
1182 | GROUND CT RATIO 10 to 10000 1 :1/:5 F1 100
SYSTEM SETUP / VOLTAGE.SENSING
11A0 | VT CONNECTIONT YPE Oto2 1 - F106 0
11A1 | VOLTAGE TRANSFORMER RATIO 100 to 30000 1 1 F3 500
11A2 | NEUTRALV.TIRATIO 100 to 24000 1 1 F3 500
11A3 | NEUTRAL VOLTAGE TRANSFORMER Otol 1 - F103 0
SYSTEM SETUPAGENPARAMETERS
11C0 | GENERATORIRATED MVA 50 to 2000001 1 MVA F13 2000001
11C2 | GENERAT@R RATED POWER FACTOR 5 to 100 1 - F3 100
11C3 | GENERATOR VOLTAGE PHASE-PHASE 100 to 30001 1 v F1 30001
11C4 | GENERATOR NOMINAL FREQUENCY 0to3 1 Hz F107 0
11C5 | GENERATOR PHASE SEQUENCE Oto2 1 - F124 0
SY.STEM SETUP / SERIAL START/STOP
11E0. | SERIAL START/STOP INITIATION Otol 1 - F105 0
1E10] STARTUP INITIATION RELAYS (2-5) 1to4 1 - F50 0
12E2] SHUTDOWN INITIATION RELAYS (1-4) Oto3 1 - F50 0
12E3 | SERIAL START/STOP EVENTS Otol 1 - F105 0
DIGITAL INPUTS / BREAKER STATUS
{1200 | BREAKER STATUS Otol 1 - F209 1 |

DIGITAL INPUTS / GENERAL INPUT A
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1210 | ASSIGN DIGITAL INPUT Oto7 1 - F210 0
1211 | ASSERTED DIGITAL INPUT STATE Otol 1 - F131 0
1212 | INPUT NAME Oto12 1 - F22

1218 | BLOCK INPUT FROM ONLINE 0 to 5000 1 S F1 0
1219 | GENERAL INPUT A CONTROL Oto 1l 1 - F105 0
121A | PULSED CONTROL RELAY DWELL TIME 0 to 250 1 S F2 0
121B | ASSIGN CONTROL RELAYS (1-5) Oto 4 1 - F50 0
121C | GENERAL INPUT A CONTROL EVENTS Otol 1 - F105 0
121D | GENERAL INPUT A ALARM Oto2 1 - F115 0
121E [ ASSIGN ALARM RELAYS (2-5) 1to4 1 - FE50 16
121F | GENERAL INPUT A ALARM DELAY 1 to 50000 1 S F2 50
1220 | GENERAL INPUT A ALARM EVENTS Otol 1 - F105 0
1221 | GENERAL INPUT A TRIP Oto2 1 d F115 0
1222 [ ASSIGN TRIP RELAYS (1-4) Oto3 1 - F50 1
1223 | GENERAL INPUT A TRIP DELAY 1 to 50000 1 S F2 50
DIGITAL INPUTS / GENERAL INPUT B

1230 | ASSIGN DIGITAL INPUT Oto7 1 - F210 0
1231 | ASSERTED DIGITAL INPUT STATE Oto1l 1 - F131 0
1232 | INPUT NAME Oto12 1 - F22

1238 | BLOCK INPUT FROM ONLINE 0 to 5000 1 S F1 0
1239 | GENERAL INPUT B CONTROL Oto1l 1 - F105 0
123A | PULSED CONTROL RELAY DWELL TIME 0to 250 1 S F2 0
123B [ ASSIGN CONTROL RELAYS (1-5) 0to4 1 - F50 0
123C | GENERAL INPUT B CONTROL EVENTS Oto1l 1 - F105 0
123D | GENERAL INPUT B ALARM 0to2 1 - F115 0
123E | ASSIGN ALARM RELAYS (2-5) Tie 4 1 - F50 16
123F | GENERAL INPUT B ALARM DELAY 1(to 50000 1 S F2 50
1240 | GENERAL INPUT B ALARM EVENTS Olte 1 1 - F105 0
1241 | GENERAL INPUT B TRIP 0to2 1 - F115 0
1242 | ASSIGN TRIP RELAYS (1-4) Qto3 1 - F50 1
1243 | GENERAL INPUT B TRIP DELAY 1 to 50000 1 S F2 50
DIGITAL INPUTS / GENERAL INPUT C

1250 | ASSIGN DIGITAL INPUT Oto7 1 - F210 0
1251 | ASSERTED DIGITAL INPUT STATE Otol 1 - F131 0
1252 | INPUT NAME Oto12 1 - F22

1258 | BLOCK INPUT FROM ONLINE 0 to 5000 1 S F1 0
1259 | GENERAL INPUT C CONTROL Oto 1l 1 - F105 0
125A | PULSED CONTROL RELAY DWELL FIME 0 to 250 1 S F2 0
125B | ASSIGN CONTROL RELAYS (1-5) Oto 4 1 - F50 0
125C | GENERAL INPUT C CONTROL EVENTS Otol 1 - F105 0
125D | GENERAL INPUT C ALARM Oto2 1 - F115 0
125E | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
125F | GENERAL INPUT C ALARM'DELAY 1 to 50000 1 S F2 50
1260 | GENERAL INPUT C ALARM\EVENTS Otol 1 - F105 0
1261 | GENERAL INPUT C TRIR 0to2 1 - F115 0
1262 [ ASSIGN TRIP RELAYS (1-4) Oto3 1 - F50 1
1263 | GENERAL INPUT C TRIPIDELAY 1 to 50000 1 S F2 50
DIGITAL INPUTS / GENERALINPUT D

1270 | ASSIGN DIGIFALINPUT Oto7 1 - F210 0
1271 | ASSERIED DIGITALINPUT STATE Oto1l 1 - F131 0
1272 | INPUT NAME Oto12 1 - F22

1278 | BLOCK INPULFROM ONLINE 0 to 5000 1 S F1 0
1279 | GENERAL INPUT D CONTROL Otol 1 - F105 0
127A | PURSED CONTROL RELAY DWELL TIME 0 to 250 1 S F2 0
127B | ASSIGN,CONTROL RELAYS (1-5) Oto4 1 - F50 0
127C | GENERAL'INPUT D CONTROL EVENTS Otol 1 - F105 0
127D | GENERAL INPUT D ALARM Oto2 1 - F115 0
127E | ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
124F | GENERAL INPUT D ALARM DELAY 1 to 50000 1 S F2 50
1280, [ GENERAL INPUT D ALARM EVENTS Oto1l 1 - F105 0
1281 [ GENERAL INPUT D TRIP Oto2 1 - F115 0
1282 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
1283 | GENERAL INPUT D TRIP DELAY 1 to 50000 1 S F2 50
DIGITAL INPUTS / GENERAL INPUT E

1290 [ ASSIGN DIGITAL INPUT Oto7 1 - F210 0
1291 | ASSERTED DIGITAL INPUT STATE Otol 1 - F131 0
1292 | INPUT NAME Oto12 1 - F22
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1298 [ BLOCK INPUT FROM ONLINE 0 to 5000 1 s F1 0
1299 | GENERAL INPUT E CONTROL Otol 1 - F105 0
129A | PULSED CONTROL RELAY DWELL TIME 0 to 250 1 s F2 0
129B | ASSIGN CONTROL RELAYS (1-5) Oto4 1 - F50 0
129C | GENERAL INPUT E CONTROL EVENTS Oto1l 1 - F105 0
129D | GENERAL INPUT E ALARM Oto2 1 - F115 0
129E | ASSIGN ALARM RELAYS (2-5) 1t04 1 - F50 16
129F | GENERAL INPUT E ALARM DELAY 1 to 50000 1 s F2 50
12A0 | GENERAL INPUT E ALARM EVENTS Otol 1 - E105 0
12A1 | GENERAL INPUT E TRIP 0to2 1 - F115 0
12A2 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
12A3 | GENERAL INPUT E TRIP DELAY 1 to 50000 1 s F2 50
DIGITAL INPUTS / GENERAL INPUT F
12B0 [ ASSIGN DIGITAL INPUT Oto7 1 - F210 0
12B1 | ASSERTED DIGITAL INPUT STATE Otol 1 - F131 0
12B2 | INPUT NAME 0to 12 1 F22
12B8 | BLOCK INPUT FROM ONLINE 0 to 5000 1 5 F1 0
12B9 | GENERAL INPUT F CONTROL Otol 1 - F105 0
12BA | PULSED CONTROL RELAY DWELL TIME 0 to 250 1 s F2 0
12BB | ASSIGN CONTROL RELAYS (1-5) 0to4 1 - F50 0
12BC | GENERAL INPUT F CONTROL EVENTS Otol 1 - F105 0
12BD | GENERAL INPUT F ALARM 0to2 1 - F115 0
12BE | ASSIGN ALARM RELAYS (2-5) 1t04 1 - F50 16
12BF | GENERAL INPUT F ALARM DELAY 1 to 50000 1 s F2 50
12C0 | GENERAL INPUT F ALARM EVENTS Diio. 1 1 - F105 0
12C1 | GENERAL INPUT F TRIP Olte 2 1 - F115 0
12C2 | ASSIGN TRIP RELAYS (1-4) 0103 1 - F50 1
12C3 | GENERAL INPUT F TRIP DELAY 1 0850000 1 s F2 50
DIGITAL INPUTS / GENERAL INPUT G
12D0 [ ASSIGN DIGITAL INPUT Q.to 7 1 - F210 0
12D1 | ASSERTED DIGITAL INPUT STATE Otol 1 - F131 0
12D2 [ INPUT NAME 0to 12 1 - F22
12D8 | BLOCK INPUT FROM ONLINE 0 to 5000 1 s F1 0
12D9 | GENERAL INPUT G CONTROL Otol 1 - F105 0
12DA | PULSED CONTROL RELAY DWELL TIME 0 to 250 1 s F2 0
12DB | ASSIGN CONTROL RELAYS (1-5) 0to4 1 - F50 0
12DC | GENERAL INPUT G CONTROL EVENTS Oto1l 1 - F105 0
12DD | GENERAL INPUT G ALARM 0to2 1 - F115 0
12DE | ASSIGN ALARM RELAYS (2-5) 1t04 1 - F50 16
12DF | GENERAL INPUT G ALARM DELAY' 1 to 50000 1 s F2 50
12E0 | GENERAL INPUT G ALARM EVENTS Otol 1 - F105 0
12E1 | GENERAL INPUT G TRIP 0to2 1 - F115 0
12E2 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
12E3 | GENERAL INPUT G IRIPDELAY 1 to 50000 1 s F2 50
DIGITAL INPUTS / REMOTE RESET

[ 1300 | ASSIGN DIGITAL INRYT | Oto7 [ 1 T - 1 F210 ] 0
DIGITAL INPUTS / TEST INPUT

[ 1310 | ASSIGN DIGITAL INRUT | Oto7 [ 1+ [ - ] Fo10 | 0 |
DIGITAL INPUTS / THERMAL RESET

[ 1320 | ASSIGN.DIGITAKINPUT [ Oto7 [ 1 [ - T F210 | 0 |
DIGITAL INPUTS FRUAL SEFPOINTS
1340 [ ASSIGN DIGIFAL INPUT Oto7 1 - F210 0
1341 | AGTIVESETPOINT GROUP Oto1l 1 - F118 0
1342 | EDILSETPQINT GROUP Otol 1 - F118 0
DIGITAL INPUTS. SEQUENTIAL TRIP
1360 | ASSIGN DIGITAL INPUT Oto7 1 - F210 0
1361 | SEQUENTIAL TRIP TYPE Otol 1 - F206 0
1362 | ASSIGN TRIP RELAYS (1-4) Oto3 1 - F50 1
1363 | SEQUENTIAL TRIP LEVEL 210 99 1 xRated F14 5

MW

13650 SEQUENTIAL TRIP DELAY 2 to 1200 1 s F2 10
DIGITAL INPUTS / FIELD-BKR DISCREP.
1380 [ ASSIGN DIGITAL INPUT Oto7 1 - F210 0
1381 | FIELD STATUS CONTACT Otol 1 - F109 0
1382 | ASSIGN TRIP RELAYS (1-4) Oto3 1 - F50 1
1383 | FIELD-BKR DISCREP. TRIP DELAY 1 to 5000 1 s F2 10
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DIGITAL INPUTS / TACHOMETER

13A0 | ASSIGN DIGITAL INPUT 0to7 1 - F210 0
13A1 | RATED SPEED 100 to 3600 1 RPM F1 3600
13A2 TACHOMETER ALARM 0to2 1 - F115 0
13A3 | ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
13A4 | TACHOMETER ALARM SPEED 101 to 175 1 % F1 110
Rated
13A5 TACHOMETER ALARM DELAY 1 to 250 1 S F1 1
13A6 | TACHOMETER ALARM EVENTS Otol 1 - E105 0
13A7 TACHOMETER TRIP 0to2 1 - E415 0
13A8 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
13A9 TACHOMETER TRIP SPEED 101to 175 1 % F1 110
Rated

13AA | TACHOMETER TRIP DELAY 1 to 250 1 S F1 1
DIGITAL INPUTS / WAVEFORM CAPTURE

[ 13co | ASSIGN DIGITAL INPUT Oto7 1 = F210 0
DIGITAL INPUTS / GND. SWITCH STATUS
13D0 | ASSIGN DIGITAL INPUT 0to7 1 - F210 0
13D1 | GROUND SWITCH CONTACT Otol 1 - F109 0
QOUTPUT RELAYS / RELAY RESET MODE
1400 R1 TRIP Otol 1 - F117 0
1401 | R2 AUXILIARY Otol 1 - F117 0
1402 R3 AUXILIARY 0todl 1 - F117 0
1403 | R4 AUXILIARY Otol 1 - F117 0
1404 R5 ALARM Oto. 1 1 - F117 0
1405 | R6 SERVICE Ot 1 1 - F117 0
CURRENT ELEMENTS / OVERCURRENT ALARM
1500 OVERCURRENT ALARM 0lto 2 1 - F115 0
1501 | ASSIGN ALARM RELAYS (2-5) 1t04 1 - F50 16
1502 OVERCURRENT ALARM LEVEL 10,to 150 1 X FLA F3 101
1503 | OVERCURRENT ALARM DELAY 1 to 2500 1 s F2 1
1504 OVERCURRENT ALARM EVENTS Otol 1 - F105 0
CURRENT ELEMENTS / OFFLINE O/C
1520 | OFFLINE OVERCURRENT TRIP 0to2 1 - F115 0
1521 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
1522 | OFFLINE OVERCURRENT PICKUP 5t0 100 1 x CT F3 5
1523 OFFLINE OVERCURRENT TRIP DELAY; 3to 99 1 Cycles F1 5
CURRENT ELEMENTS / INADVERTENT ENERG.
1540 | INADVERTENT ENERGIZE TRIP 0to2 1 - F115 0
1541 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
1542 | ARMING SIGNAL Otol 1 - F202 0
1543 INADVERTENT ENERGIZE @/C PIEKUP 5 to 300 1 X CT F3 5
1544 | INADVERTENT ENERGIZE PICKUP 50 to 99 1 xRated F3 50

V

CURRENT ELEMENTS / PHASE OVEREURRENT
1600 | PHASE OVERCURRENT TRIP 0to2 1 - F115 0
1601 ASSIGN TRIP RELAYS (1#4) 0to3 1 - F50 1
1602 | ENABLE VOLTAGE RESTRAINT Otol 1 - F103 0
1603 PHASE OVERCURRENT PICKUP 15 to 2000 1 X CT F3 1000
1604 | CURVE,SHAPE 0to 13 1 - F128 0
1605 FLEXCURVE TRIPZIME AT 1.03xPU 0 to 65535 1 ms F1 65535
1606 | FLEXCURVEWRIP TIME AT 1.05xPU 0 to 65535 1 ms F1 65535
1607 FLEXCURVE TRIP TIME AT 1.10xPU 0 to 65535 1 ms F1 65535
1608 | FEEXGURVEATRIP TIME AT 1.20xPU 0 to 65535 1 ms F1 65535
1609 FLEXCURVYE TRIP TIME AT 1.30xPU 0 to 65535 1 ms F1 65535
160A | FLEXCURVE TRIP TIME AT 1.40xPU 0 to 65535 1 ms F1 65535
160B FLEXCURVE TRIP TIME AT 1.50xPU 0 to 65535 1 ms F1 65535
160C | FLEXCURVE TRIP TIME AT 1.60xPU 0 to 65535 1 ms F1 65535
160D FLEXCURVE TRIP TIME AT 1.70xPU 0 to 65535 1 ms F1 65535
160E | FLEXCURVE TRIP TIME AT 1.80xPU 0 to 65535 1 ms F1 65535
160F FLEXCURVE TRIP TIME AT 1.90xPU 0 to 65535 1 ms F1 65535
1610 | FLEXCURVE TRIP TIME AT 2.00xPU 0 to 65535 1 ms F1 65535
1611 FLEXCURVE TRIP TIME AT 2.10xPU 0 to 65535 1 ms F1 65535
1612 | FLEXCURVE TRIP TIME AT 2.20xPU 0 to 65535 1 ms F1 65535
1613 FLEXCURVE TRIP TIME AT 2.30xPU 0 to 65535 1 ms F1 65535
1614 | FLEXCURVE TRIP TIME AT 2.40xPU 0 to 65535 1 ms F1 65535
1615 FLEXCURVE TRIP TIME AT 2.50xPU 0 to 65535 1 ms F1 65535
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1616 FLEXCURVE TRIP TIME AT 2.60xPU 0 to 65535 1 ms F1 65535
1617 FLEXCURVE TRIP TIME AT 2.70xPU 0 to 65535 1 ms F1 65535
1618 FLEXCURVE TRIP TIME AT 2.80xPU 0 to 65535 1 ms F1 65535
1619 FLEXCURVE TRIP TIME AT 2.90xPU 0 to 65535 1 ms F1 65535
161A FLEXCURVE TRIP TIME AT 3.00xPU 0 to 65535 1 ms F1 65535
161B FLEXCURVE TRIP TIME AT 3.10xPU 0 to 65535 1 ms F1 65535
161C FLEXCURVE TRIP TIME AT 3.20xPU 0 to 65535 1 ms F1 65535
161D | FLEXCURVE TRIP TIME AT 3.30xPU 0 to 65535 1 ms F1 65535
161E FLEXCURVE TRIP TIME AT 3.40xPU 0 to 65535 1 ms F1 65535
161F FLEXCURVE TRIP TIME AT 3.50xPU 0 to 65535 1 ms F1 65535
1620 FLEXCURVE TRIP TIME AT 3.60xPU 0 to 65535 1 ms FL 65535
1621 FLEXCURVE TRIP TIME AT 3.70xPU 0 to 65535 1 ms F1l 65535
1622 FLEXCURVE TRIP TIME AT 3.80xPU 0 to 65535 1 ms F1 65535
1623 FLEXCURVE TRIP TIME AT 3.90xPU 0 to 65535 1 ms F1 65535
1624 FLEXCURVE TRIP TIME AT 4.00xPU 0 to 65535 1 ms F1 65535
1625 FLEXCURVE TRIP TIME AT 4.10xPU 0 to 65535 1 ms F1 65535
1626 FLEXCURVE TRIP TIME AT 4.20xPU 0 to 65535 1 ms F1 65535
1627 FLEXCURVE TRIP TIME AT 4.30xPU 0 to 65535 1 ms F1 65535
1628 FLEXCURVE TRIP TIME AT 4.40xPU 0 to 65535 1 ms F1 65535
1629 FLEXCURVE TRIP TIME AT 4.50xPU 0 to 65535 i ms F1 65535
162A FLEXCURVE TRIP TIME AT 4.60xPU 0 to 65535 1 ms F1 65535
162B FLEXCURVE TRIP TIME AT 4.70xPU 0 to 65535 1 ms F1 65535
162C FLEXCURVE TRIP TIME AT 4.80xPU 0 to 65535 1 ms F1 65535
162D | FLEXCURVE TRIP TIME AT 4.90xPU 0 to 65535 1 ms F1 65535
162E FLEXCURVE TRIP TIME AT 5.00xPU Q065535 1 ms F1 65535
162F FLEXCURVE TRIP TIME AT 5.10xPU 0 t0165535 1 ms F1 65535
1630 FLEXCURVE TRIP TIME AT 5.20xPU 0o 65535 1 ms F1 65535
1631 FLEXCURVE TRIP TIME AT 5.30xPU 0 te165535 1 ms F1 65535
1632 FLEXCURVE TRIP TIME AT 5.40xPU 0 to 65535 1 ms F1 65535
1633 FLEXCURVE TRIP TIME AT 5.50xPU 0lto 65535 1 ms F1 65535
1634 FLEXCURVE TRIP TIME AT 5.60xPU Q to 65535 1 ms F1 65535
1635 FLEXCURVE TRIP TIME AT 5.70xPU 0'to 65535 1 ms F1 65535
1636 FLEXCURVE TRIP TIME AT 5.80xPU 0 to 65535 1 ms F1 65535
1637 FLEXCURVE TRIP TIME AT 5.90xPU 0 to 65535 1 ms F1 65535
1638 FLEXCURVE TRIP TIME AT 6.00xPU 0 to 65535 1 ms F1 65535
1639 FLEXCURVE TRIP TIME AT 6.50xPU 0 to 65535 1 ms F1 65535
163A FLEXCURVE TRIP TIME AT 7.00xPU 0 to 65535 1 ms F1 65535
163B FLEXCURVE TRIP TIME AT 7.50xPU, 0 to 65535 1 ms F1 65535
163C FLEXCURVE TRIP TIME AT 8.00xPU 0 to 65535 1 ms F1 65535
163D | FLEXCURVE TRIP TIME AT 8.50xPU 0 to 65535 1 ms F1 65535
163E FLEXCURVE TRIP TIME AT 9.00xPU 0 to 65535 1 ms F1 65535
163F FLEXCURVE TRIP TIME AT 2:.50xRPU. 0 to 65535 1 ms F1 65535
1640 FLEXCURVE TRIP TIME AT"10.0xPU 0 to 65535 1 ms F1 65535
1641 FLEXCURVE TRIP TIME AT)10.5xPU 0 to 65535 1 ms F1 65535
1642 FLEXCURVE TRIP TIMEAT T1hOxPU 0 to 65535 1 ms F1 65535
1643 FLEXCURVE TRIP TIME AT\14:5xPU 0 to 65535 1 ms F1 65535
1644 FLEXCURVE TRIPLTIME AT 12.0xPU 0 to 65535 1 ms F1 65535
1645 FLEXCURVE TRIPTRIME AT 12.5xPU 0 to 65535 1 ms F1 65535
1646 FLEXCURVE FRIPYTIME AT 13.0xPU 0 to 65535 1 ms F1 65535
1647 FLEXCURVE(TRIP TIME AT 13.5xPU 0 to 65535 1 ms F1 65535
1648 FLEXCURVE TRIP TIME AT 14.0xPU 0 to 65535 1 ms F1 65535
1649 FLEXCURVENRIP TIME AT 14.5xPU 0 to 65535 1 ms F1 65535
164A FLEXCURVE TRIP TIME AT 15.0xPU 0 to 65535 1 ms F1 65535
164B FEEXCURVEAFRIP TIME AT 15.5xPU 0 to 65535 1 ms F1 65535
164C FLEXCURVE TRIP TIME AT 16.0xPU 0 to 65535 1 ms F1 65535
164D | FLEXCURVE TRIP TIME AT 16.5xPU 0 to 65535 1 ms F1 65535
164E FLEXCURVE TRIP TIME AT 17.0xPU 0 to 65535 1 ms F1 65535
164F FLEXCURVE TRIP TIME AT 17.5xPU 0 to 65535 1 ms F1 65535
1650 FLEXCURVE TRIP TIME AT 18.0xPU 0 to 65535 1 ms F1 65535
1652 FLEXCURVE TRIP TIME AT 18.5xPU 0 to 65535 1 ms F1 65535
1652 FLEXCURVE TRIP TIME AT 19.0xPU 0 to 65535 1 ms F1 65535
1653 FLEXCURVE TRIP TIME AT 19.5xPU 0 to 65535 1 ms F1 65535
1654 FLEXCURVE TRIP TIME AT 20.0xPU 0 to 65535 1 ms F1 65535
1655 OVERCURRENT CURVE MULTIPLIER 0 to 100000 1 - Fl14 100
1657 OVERCURRENT CURVE RESET Otol 1 - F201 0
1658 VOLTAGE LOWER LIMIT 10 to 60 1 % F1 10
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CURRENT ELEMENTS / NEGATIVE SEQUENCE

1700 | NEGATIVE SEQUENCE ALARM Oto2 1 - F115 0
1701 [ ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
1702 | NEG. SEQUENCE ALARM PICKUP 3 to 100 1 % FLA F1 3
1703 | NEGATIVE SEQUENCE ALARM DELAY 1 to 1000 1 S F2 50
1704 | NEGATIVE SEQUENCE ALARM EVENTS Oto1l 1 - F105 0
1705 | NEGATIVE SEQUENCE O/C TRIP Oto2 1 - F115 0
1706 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
1707 | NEG. SEQUENCE O/C TRIP PICKUP 3to 100 1 % FLA F1 8
1708 | NEG. SEQUENCE O/C CONSTANT K 1to 100 1 F1 1
1709 [ NEG. SEQUENCE O/C MAX. TIME 10 to 1000 1 S F1l 1000
170A | NEG. SEQUENCE O/C RESET RATE 0 to 9999 1 S F2 2270
CURRENT ELEMENTS / GROUND O/C

1720 | GROUND OVERCURRENT ALARM Oto2 1 - F115 0
1721 | ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
1722 | GROUND O/C ALARM PICKUP 5 to 2000 1 XET F3 20
1723 | GROUND O/C ALARM DELAY 0to 100 1 Cycles F1 0
1724 | GROUND OVERCURRENT ALARM EVENTS Otol 1 - F105 0
1725 | GROUND OVERCURRENT TRIP Oto2 1 - F115 0
1726 [ ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
1727 | GROUND O/C TRIP PICKUP 5 to 2000 1 X CT F3 20
1728 | CURVE SHAPE 0to 13 1 - F128 0
1729 | FLEXCURVE TRIP TIME AT 1.03xPU 0 to 65535 1 ms F1 65535
172A | FLEXCURVE TRIP TIME AT 1.05xPU 0 to 65535 1 ms F1 65535
172B | FLEXCURVE TRIP TIME AT 1.10xPU Qton65535 1 ms F1 65535
172C | FLEXCURVE TRIP TIME AT 1.20xPU 0 t065535 1 ms F1 65535
172D | FLEXCURVE TRIP TIME AT 1.30xPU 0fto 65585 1 ms F1 65535
172E | FLEXCURVE TRIP TIME AT 1.40xPU 0 10165535 1 ms F1 65535
172F | FLEXCURVE TRIP TIME AT 1.50xPU 0 to 65535 1 ms F1 65535
1730 | FLEXCURVE TRIP TIME AT 1.60xPU Olte 65535 1 ms F1 65535
1731 | FLEXCURVE TRIP TIME AT 1.70xPU 0 to 65535 1 ms F1 65535
1732 | FLEXCURVE TRIP TIME AT 1.80xPU 0 to 65535 1 ms F1 65535
1733 | FLEXCURVE TRIP TIME AT 1.90xPU 0 to 65535 1 ms F1 65535
1734 | FLEXCURVE TRIP TIME AT 2.00xPU 0 to 65535 1 ms F1 65535
1735 | FLEXCURVE TRIP TIME AT 2.10xPU 0 to 65535 1 ms F1 65535
1736 | FLEXCURVE TRIP TIME AT 2.20xPU 0 to 65535 1 ms F1 65535
1737 | FLEXCURVE TRIP TIME AT 2.30xPU 0 to 65535 1 ms F1 65535
1738 | FLEXCURVE TRIP TIME AT 2.40xPU, 0 to 65535 1 ms F1 65535
1739 | FLEXCURVE TRIP TIME AT 2.50xPU 0 to 65535 1 ms F1 65535
173A | FLEXCURVE TRIP TIME AT 2.60xPU 0 to 65535 1 ms F1 65535
173B | FLEXCURVE TRIP TIME AT 2.70xPU 0 to 65535 1 ms F1 65535
173C | FLEXCURVE TRIP TIME AT 2:80xRU 0 to 65535 1 ms F1 65535
173D | FLEXCURVE TRIP TIME AT"2.90xPU 0 to 65535 1 ms F1 65535
173E | FLEXCURVE TRIP TIME AT)3.00xPU 0 to 65535 1 ms F1 65535
173F | FLEXCURVE TRIP TIMEAT 3:20xPU 0 to 65535 1 ms F1 65535
1740 | FLEXCURVE TRIP T4WME ATh3:220xPU 0 to 65535 1 ms F1 65535
1741 | FLEXCURVE TRIPTIME AT 3.30xPU 0 to 65535 1 ms F1 65535
1742 | FLEXCURVE TRIPTIME AT 3.40xPU 0 to 65535 1 ms F1 65535
1743 | FLEXCURVE ZRIRSTIME AT 3.50xPU 0 to 65535 1 ms F1 65535
1744 | FLEXCURVETRIP TIME AT 3.60xPU 0 to 65535 1 ms F1 65535
1745 | FLEXCURVE TRIPTIME AT 3.70xPU 0 to 65535 1 ms F1 65535
1746 | FLEXCURVEURIP TIME AT 3.80xPU 0 to 65535 1 ms F1 65535
1747 | FUEXCURVE TRIP TIME AT 3.90xPU 0 to 65535 1 ms F1 65535
1748 | FEEXCURVEATRIP TIME AT 4.00xPU 0 to 65535 1 ms F1 65535
1749 | FLEXCUWRVE TRIP TIME AT 4.10xPU 0 to 65535 1 ms F1 65535
174A | FLEXCURVE TRIP TIME AT 4.20xPU 0 to 65535 1 ms F1 65535
174B | FLEXCURVE TRIP TIME AT 4.30xPU 0 to 65535 1 ms F1 65535
174C | FLEXCURVE TRIP TIME AT 4.40xPU 0 to 65535 1 ms F1 65535
174D | FLEXCURVE TRIP TIME AT 4.50xPU 0 to 65535 1 ms F1 65535
174E | FLEXCURVE TRIP TIME AT 4.60xPU 0 to 65535 1 ms F1 65535
174E [ FLEXCURVE TRIP TIME AT 4.70xPU 0 to 65535 1 ms F1 65535
1750 | FLEXCURVE TRIP TIME AT 4.80xPU 0 to 65535 1 ms F1 65535
1752 | FLEXCURVE TRIP TIME AT 4.90xPU 0 to 65535 1 ms F1 65535
1752 | FLEXCURVE TRIP TIME AT 5.00xPU 0 to 65535 1 ms F1 65535
1753 | FLEXCURVE TRIP TIME AT 5.10xPU 0 to 65535 1 ms F1 65535
1754 | FLEXCURVE TRIP TIME AT 5.20xPU 0 to 65535 1 ms F1 65535
1755 | FLEXCURVE TRIP TIME AT 5.30xPU 0 to 65535 1 ms F1 65535
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1756 FLEXCURVE TRIP TIME AT 5.40xPU 0 to 65535 1 ms F1 65535
1757 | FLEXCURVE TRIP TIME AT 5.50xPU 0 to 65535 1 ms F1 65535
1758 FLEXCURVE TRIP TIME AT 5.60xPU 0 to 65535 1 ms F1 65535
1759 | FLEXCURVE TRIP TIME AT 5.70xPU 0 to 65535 1 ms F1 65535
175A FLEXCURVE TRIP TIME AT 5.80xPU 0 to 65535 1 ms F1 65535
175B | FLEXCURVE TRIP TIME AT 5.90xPU 0 to 65535 1 ms F1 65535
175C FLEXCURVE TRIP TIME AT 6.00xPU 0 to 65535 1 ms F1 65535
175D | FLEXCURVE TRIP TIME AT 6.50xPU 0 to 65535 1 ms F1 65535
175E FLEXCURVE TRIP TIME AT 7.00xPU 0 to 65535 1 ms F1 65535
175F | FLEXCURVE TRIP TIME AT 7.50xPU 0 to 65535 1 ms F1 65535
1760 FLEXCURVE TRIP TIME AT 8.00xPU 0 to 65535 1 ms FL 65535
1761 | FLEXCURVE TRIP TIME AT 8.50xPU 0 to 65535 1 ms F1 65535
1762 FLEXCURVE TRIP TIME AT 9.00xPU 0 to 65535 1 ms F1 65535
1763 | FLEXCURVE TRIP TIME AT 9.50xPU 0 to 65535 1 ms F1 65535
1764 FLEXCURVE TRIP TIME AT 10.0xPU 0 to 65535 1 ms F1 65535
1765 | FLEXCURVE TRIP TIME AT 10.5xPU 0 to 65535 1 ms F1 65535
1766 FLEXCURVE TRIP TIME AT 11.0xPU 0 to 65535 1 ms F1 65535
1767 | FLEXCURVE TRIP TIME AT 11.5xPU 0 to 65535 1 ms F1 65535
1768 FLEXCURVE TRIP TIME AT 12.0xPU 0 to 65535 1 ms F1 65535
1769 | FLEXCURVE TRIP TIME AT 12.5xPU 0 to 65535 d ms F1 65535
176A FLEXCURVE TRIP TIME AT 13.0xPU 0 to 65535 1 ms F1 65535
176B | FLEXCURVE TRIP TIME AT 13.5xPU 0 to 65535 1 ms F1 65535
176C FLEXCURVE TRIP TIME AT 14.0xPU 0 to 65535 1 ms F1 65535
176D | FLEXCURVE TRIP TIME AT 14.5xPU 0 to 65535 1 ms F1 65535
176E FLEXCURVE TRIP TIME AT 15.0xPU Q65535 1 ms F1 65535
176F | FLEXCURVE TRIP TIME AT 15.5xPU 0 0165535 1 ms F1 65535
1770 FLEXCURVE TRIP TIME AT 16.0xPU 0o 65535 1 ms F1 65535
1771 | FLEXCURVE TRIP TIME AT 16.5xPU 0 to165535 1 ms F1 65535
1772 FLEXCURVE TRIP TIME AT 17.0xPU 0 to 65535 1 ms F1 65535
1773 | FLEXCURVE TRIP TIME AT 17.5xPU Olto 65535 1 ms F1 65535
1774 FLEXCURVE TRIP TIME AT 18.0xPU Q to 65535 1 ms F1 65535
1775 | FLEXCURVE TRIP TIME AT 18.5xPU 0to 65535 1 ms F1 65535
1776 FLEXCURVE TRIP TIME AT 19.0xPU 0 to 65535 1 ms F1 65535
1777 | FLEXCURVE TRIP TIME AT 19.5xPU 0 to 65535 1 ms F1 65535
1778 FLEXCURVE TRIP TIME AT 20.0xPU 0 to 65535 1 ms F1 65535
1779 | OVERCURRENT CURVE MULTIPLIER 0 to 100000 1 - F14 100
177B OVERCURRENT CURVE RESET Otol 1 - F201 0
CURRENT ELEMENTS / PHASE DIFFERENTIAL
17E0 | PHASE DIFFERENTIAL TRIP Oto2 1 - F115 0
17E1 | ASSIGN TRIP RELAYS (1-4) Oto 3 1 - F50 1
17E2 | DIFFERENTIAL TRIP MIN,PICKUP 5t0 100 1 X CT F3 10
17E3 DIFFERENTIAL TRIP SLOPEM 1 to 100 1 % F1 10
17E4 | DIFFERENTIAL TRIP SLOPE 2 1t0 100 1 % F1 20
17E5 DIFFERENTIAL TRIB,DELCAY. 0to 100 1 Cycles F1 0
CURRENT ELEMENTS / GROUND DIRECTIONAL
1800 | SUPERVISE WITH DIGITARINPUT Otol 1 - F103 1
1801 GROUND DIRECTIONALMTA 0to3 1 - F217 0
1802 | GROUND DIRECTIONAL ALARM 0to2 1 - F115 0
1803 ASSIGN ALARM"RELAYS (2-5) 1to4 1 - F50 16
1804 | GROUND DIR. ALARM PICKUP 5 to 2000 1 x CT F3 5
1805 GROUNDIRIRTALARM DELAY 1to 1200 1 S F2 30
1806 | GRQUND DIR,ALARM EVENTS Otol 1 - F105 0
1807 GROUND'DIRECTIONAL TRIP 0to 2 1 - F115 0
1808 | ASSIGN TRIP'RELAYS (1-4) 0to3 1 - F50 1
1809 GROUND DIR. TRIP PICKUP 5 to 2000 1 X CT F3 5
180A | GROUNDIDIR. TRIP DELAY 1to 1200 1 s F2 30
CURRENT ELEMENTS / HIGH-SET PHASE O/C
1830 HIGH-SET PHASE O/C TRIP 0to2 1 - F115 0
1831 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
1832 HIGH-SET PHASE O/C PICKUP 15 to 2000 1 X CT F3 500
1883\ HIGH-SET PHASE O/C DELAY 0 to 10000 1 s F3 100
VOLTAGE ELEMENTS / UNDERVOLTAGE
2000 UNDERVOLTAGE ALARM 0to2 1 - F115 0
2001 [ ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2002 UNDERVOLTAGE ALARM PICKUP 50 to 99 1 X F3 85
Rated
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2003 UNDERVOLTAGE ALARM DELAY 210 1200 1 S F2 30
2004 | UNDERVOLTAGE ALARM EVENTS Otol 1 - F105 0
2005 UNDERVOLTAGE TRIP 0to2 1 - F115 0
2006 [ ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2007 UNDERVOLTAGE TRIP PICKUP 50 to 99 1 X F3 80
Rated
2008 UNDERVOLTAGE TRIP DELAY 2 to 100 1 S F2 10
2009 | UNDERVOLTAGE CURVE RESET RATE 0 to 9999 1 S F2 14
200A UNDERVOLTAGE CURVE ELEMENT Otol 1 - FE208 0
VOLTAGE ELEMENTS / OVERVOLTAGE
2020 [ OVERVOLTAGE ALARM 0to2 1 - F115 0
2021 ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2022 | OVERVOLTAGE ALARM PICKUP 101 to 150 1 X F3 115
Rated
2023 | OVERVOLTAGE ALARM DELAY 1to 1200 1 S F2 30
2024 OVERVOLTAGE ALARM EVENTS Otol 1 = F105 0
2025 | OVERVOLTAGE TRIP 0to2 1 - F115 0
2026 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2027 | OVERVOLTAGE TRIP PICKUP 101 to 150 1 X F3 120
Rated
2028 | OVERVOLTAGE TRIP DELAY 1to 100 1 S F2 10
2029 OVERVOLTAGE CURVE RESET RATE 0 to 9999 1 S F2 14
202A | OVERVOLTAGE CURVE ELEMENT 0 to'l 1 - F208 0
VOLTAGE ELEMENTS / VOLTS/HERTZ
2040 VOLTS/HERTZ ALARM Q.10 2 1 - F115 0
2041 | ASSIGN ALARM RELAYS (2-5) Nto 4 1 - F50 16
2042 VOLTS/HERTZ ALARM PICKUP 50 to'199 1 X F3 100
Nomi-
nal
2043 | VOLTS/HERTZ ALARM DELAY 1.to 1500 1 S F2 30
2044 VOLTS/HERTZ ALARM EVENTS 0to 1 1 - F105 0
2045 | VOLTS/HERTZ TRIP 0to2 1 - F115 0
2046 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2047 | VOLTS/HERTZ TRIP PICKUP 50 to 199 1 X F3 100
Nomi-
nal
2048 VOLTS/HERTZ TRIP DELAY 1 to 1500 1 S F2 10
2049 | VOLTS/HERTZ CURVE RESET RATE 0 to 9999 1 S F2 14
204A | VOLTS/HERTZ TRIP ELEMENT 0to3 1 - F211 0
VOLTAGE ELEMENTS / PHASE REVERSAIs
2060 [ PHASE REVERSAL TRIP 0to2 1 - F115 0
2061 ASSIGN TRIP RELAYS (14) 0to3 1 - F50 1
VOLTAGE ELEMENTS / UNDERFREQUENCY
2080 | BLOCK UNDERFREQUENCY FROM ONLINE 0to5 1 S F1 1
2081 VOLTAGE LEVEL CUTOQFF 50 to 99 1 X F3 50
Rated
2082 UNDERFREQUENGY ALARM 0to 2 1 - F115 0
2083 [ ASSIGN ALARM RELAYS|(2-5) 1to4 1 - F50 16
2084 UNDERFREQUENCY3ALARM LEVEL 2000 to 6000 1 Hz F3 5950
2085 | UNDERFREQUENCX ALARM DELAY 1 to 50000 1 S F2 50
2086 UNDEREREQUENCY ALARM EVENTS Otol 1 - F105 0
2087 | UNDERFREQUENCY TRIP 0to2 1 - F115 0
2088 ASSIGN ZRIP'RELAYS (1-4) 0to3 1 - F50 1
2089 | UNDERFREQUENCY TRIP LEVEL1 2000 to 6000 1 Hz F3 5950
208A UNDERFREQUENCY TRIP DELAY1 1 to 50000 1 S F2 600
208B | UNDEREREQUENCY TRIP LEVEL2 2000 to 6000 1 Hz F3 5800
208C UNDERFREQUENCY TRIP DELAY2 1 to 50000 1 S F2 300
VOLTAGE ELEMENTS / OVERFREQUENCY
20A0 | BL@EK OVERFREQUENCY FROM ONLINE 0to5 1 S F1 1
20Al1 | VOLTAGE LEVEL CUTOFF 50 to 99 1 X F3 50
Rated
20A2 OVERFREQUENCY ALARM Oto 2 1 - F115 0
20A3 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
20A4 OVERFREQUENCY ALARM LEVEL 2501 to 7000 1 Hz F3 6050
20A5 | OVERFREQUENCY ALARM DELAY 1 to 50000 1 S F2 50
20A6 OVERFREQUENCY ALARM EVENTS Oto1l 1 - F105 0
20A7 | OVERFREQUENCY TRIP 0to2 1 - F115 0

6-28




6. COMMUNICATIONS | MEMORY MAP]

20A8 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
20A9 [ OVERFREQUENCY TRIP LEVEL1 2501 to 7000 1 Hz F3 6050
20AA | OVERFREQUENCY TRIP DELAY1 1 to 50000 1 S F2 600
20AB | OVERFREQUENCY TRIP LEVEL2 2501 to 7000 1 Hz F3 6200
20AC | OVERFREQUENCY TRIP DELAY2 1 to 50000 1 5 F2 300
VOLTAGE ELEMENTS / NEUTRAL O/V (FUND)
20C0 [ NEUTRAL OVERVOLTAGE ALARM 0to2 1 - F115 0
20C1 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
20C2 | NEUTRAL O/V ALARM LEVEL 20 to 1000 1 V F2 30
20C3 | NEUTRAL OVERVOLTAGE ALARM DELAY 1to 1200 1 S F2 10
20C4 | NEUTRAL OVERVOLTAGE ALARM EVENTS Otol 1 - F105 0
20C5 | NEUTRAL OVERVOLTAGE TRIP 0to2 1 - F115 0
20C6 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
20C7 | NEUTRAL O/V TRIP LEVEL 20 to 1000 1 V, F2 50
20C8 | NEUTRAL OVERVOLTAGE TRIP DELAY 1to0 1200 1 S F2 10
20C9 | SUPERVISE WITH DIGITAL INPUT Otol 1 - F103 0
20CA | NEUTRAL O/V CURVE RESET RATE 0 to 9999 1 s F2 0
20CB | NEUTRAL O/V TRIP ELEMENT Otol 1 - F208 1
VOLTAGE ELEMENTS / NEUTRAL U/V (3rd)
20E0 | LOW POWER BLOCKING LEVEL 21099 1 xRated F14 5
MW
20E2 | LOW VOLTAGE BLOCKING LEVEL 50 to 100 1 X F3 75
Rated
20E3 [ NEUTRAL UNDERVOLTAGE ALARM 0to2 1 - F115 0
20E4 | ASSIGN ALARM RELAYS (2-5) dnto 4 1 - F50 16
20E5 [ NEUTRAL U/V ALARM LEVEL 510,200 1 V F2 5
20E6 | NEUTRAL UNDERVOLTAGE ALARM DELAY 510 120 1 S F1 30
20E7 | NEUTRAL UNDERVOLTAGE ALARM EVENTS Qyio 1 1 - F105 0
20E8 | NEUTRAL UNDERVOLTAGE TRIP 0102 1 - F115 0
20E9 [ ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
20EA | NEUTRAL U/V TRIP LEVEL 510 200 1 V F2 10
20EB | NEUTRAL UNDERVOLTAGE TRIP DELAY 510120 1 S F1 30
VOLTAGE ELEMENTS / LOSS OF EXCITATION
2100 ENABLE VOLTAGE SUPERVISION Otol 1 - F103 0
2101 | VOLTAGE LEVEL 70to0 100 1 X rated F3 70
2102 | CIRCLE 1 TRIP 0to2 1 - F115 0
2103 [ ASSIGN CIRCLE 1 TRIP RELAYS (1-4) 0to3 1 - F50 1
2104 | CIRCLE 1 DIAMETER 25 to 3000 1 ohms s F2 250
2105 | CIRCLE 1 OFFSET 10 to 3000 1 ohms s F2 25
2106 | CIRCLE 1 TRIP DELAY 1to 100 1 S F2 50
2107 | CIRCLE 2 TRIP 0to2 1 - F115 0
2108 | ASSIGN CIRCLE 2 TRIP RELAYS(1-4) 0to3 1 - F50 1
2109 [ CIRCLE 2 DIAMETER 25 to 3000 1 ohms s F2 350
210A | CIRCLE 2 OFFSET 10 to 3000 1 ohms s F2 25
210B | CIRCLE 2 TRIP DELAY 1to 100 1 S F2 50
VOLTAGE ELEMENTS / DISTANCE.EELEMENT
2130 | STEP UP TRANSEFORMER SETUP Otol 1 - F219 0
2131 FUSE FAILURE SURERVISION Otol 1 - F105 0
2132 | ZONE 1 TRIP 0to2 1 - F115 0
2133 | ASSIGN ZONE KTRIP RELAYS (1-4) 0to3 1 - F50 1
2134 | ZONE 1I'REACH 1 to 5000 1 ohms s F2 100
2135 | ZONE 1 ANGLE 50to 85 1 ° F1 75
2136 | ZONE 1ARIP DELAY 0 to 1500 1 5 F2 4
2137 | ZONEZ2 TRIR 0to2 1 - F115 0
2138 | ASSIGN ZONE 2 TRIP RELAYS (1-4) 0to3 1 - F50 1
2139 [ ZONE 2'REACH 1 to 5000 1 ohms s F2 100
213A | ZONE 2 ANGLE 50 to 85 1 ° F1 75
213B [ ZONE 2 TRIP DELAY 0 to 1500 1 S F2 20
PQWER ELEMENTS / REACTIVE POWER
2200 BLOCK Mvar ELEMENT FROM ONLINE 0 to 5000 1 S F1 1
2201 REACTIVE POWER ALARM 0to2 1 - F115 0
2202 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2208 | POSITIVE Mvar ALARM LEVEL ° 210201 1 X rated F14 85
2205 NEGATIVE Mvar ALARM LEVEL ® 210 201 1 X rated F14 85

IMaximum value turns feature ‘Off’
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2207 NEGATIVE Mvar ALARM DELAY 210 1200 1 S F2 10
2208 REACTIVE POWER ALARM EVENTS Otol 1 - F105 0
2209 REACTIVE POWER TRIP 0to2 1 - F115 0
220A | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
220B POSITIVE Mvar TRIP LEVEL *® 2 to 201 1 Mvar Fl14 80
220D [ NEGATIVE Mvar TRIP LEVEL ® 2to 201 1 Mvar Fl14 80
220F NEGATIVE Mvar TRIP DELAY 210 1200 1 S F2 10
2210 POSITIVE Mvar TRIP DELAY 2 to 1200 1 S F2 200
2211 POSITIVE Mvar ALARM DELAY 210 1200 1 S F2 100
POWER ELEMENTS / REVERSE POWER
2240 BLOCK REVERSE POWER FROM ONLINE 0 to 5000 1 S EL 1
2241 REVERSE POWER ALARM Oto 2 1 - F115 0
2242 ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2243 REVERSE POWER ALARM LEVEL 2 to 99 1 xRated Fl14 5
MW
2245 REVERSE POWER ALARM DELAY 2 t0 1200 1 S F2 100
2246 REVERSE POWER ALARM EVENTS Otol 1 F105 0
2247 REVERSE POWER TRIP 0to2 1 - F115 0
2248 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2249 REVERSE POWER TRIP LEVEL 210 99 1 xRated F14 5
MW
224B REVERSE POWER TRIP DELAY 2 to 1200 1 S F2 200
POWER ELEMENTS / LOW FORWARD POWER
2280 BLOCK LOW FWD POWER FROM ONLINE 0 to 15000 1 S F1 0
2281 LOW FORWARD POWER ALARM 0to2 1 - F115 0
2282 ASSIGN ALARM RELAYS (2-5) Tt0.4 1 - F50 16
2283 LOW FWD POWER ALARM LEVEL 2 to 99 1 xRated F14 5
MW
2285 LOW FWD POWER ALARM DELAY 2 to 1200 1 S F2 100
2286 LOW FWD POWER ALARM EVENTS 0.to1l 1 - F105 0
2287 LOW FORWARD POWER TRIP 0to2 1 - F115 0
2288 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2289 LOW FWD POWER TRIP LEVEL 210 99 1 xRated F14 5
MW
228B LOW FWD POWER TRIP DELAY 210 1200 1 S F2 200
RTD TEMPERATURE / RTD TYPES
2400 STATOR RTD TYPE 0to3 1 - F120 0
2401 BEARING RTD TYPE Oto 3 1 - F120 0
2402 AMBIENT RTD TYPE 0to3 1 - F120 0
2403 OTHER RTD TYPE 0to3 1 - F120 0
RTD TEMPERATURE / RTD #1
2420 RTD #1 APPLICATION Oto4 1 - F121 1
2421 RTD #1 ALARM 0to2 1 - F115 0
2422 ASSIGN ALARM RELAYS(2:5) 1to4 1 - F50 16
2423 RTD #1 ALARM TEMPERATURE 1 to 250 1 °C F1 130
2424 RTD #1 ALARM EVENFS Otol 1 - F105 0
2425 RTD #1 TRIP 0to2 1 - F115 0
2426 RTD #1 TRIP VOTING 1to 12 1 - F122 1
2427 ASSIGN TRIPARELAYS (1-4) 0to3 1 - F50 1
2428 RTD #1 TRIP. TEMPERATURE 1to 250 1 °C F1 155
2429 RTD #1 NAME 0to8 1 - F22
RTD TEMPERATUREARTD #2
2460 RID #2 APPLICATION Oto4 1 - F121 1
2461 RTD,#2 ALARM 0to2 1 - F115 0
2462 ASSIGN,AKARM RELAYS (2-5) 1to4 1 - F50 16
2463 RTD #2 ALARM TEMPERATURE 1 to 250 1 °C F1 130
2464 RTD #2 ALARM EVENTS Otol 1 - F105 0
2465 RTD,#2 TRIP 0to2 1 - F115 0
2466 RTD #2 TRIP VOTING 1to 12 1 - F122 2
2467 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2468 RTD #2 TRIP TEMPERATURE 1to 250 1 °C F1 155
2469 RTD #2 NAME 0to8 1 - F22
RTD' TEMPERATURE / RTD #3
24A0 | RTD #3 APPLICATION 0to4 1 - F121 1
24A1 RTD #3 ALARM 0to2 1 - F115 0
24A2 | ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
24A3 RTD #3 ALARM TEMPERATURE 1 to 250 1 °C F1 130
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24A4 | RTD #3 ALARM EVENTS Otol 1 - F105 0
24A5 [ RTD #3 TRIP Oto2 1 - F115 0
24A6 [ RTD #3 TRIP VOTING 1to12 1 - F122 3
24A7 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
24A8 | RTD #3 TRIP TEMPERATURE 1to 250 1 °C F1 155
24A9 [ RTD #3 NAME 0to8 1 - F22

RTD TEMPERATURE / RTD #4

24E0 [ RTD #4 APPLICATION Oto4 1 - F121 1
24E1 [ RTD #4 ALARM Oto2 1 - F115 0
24E2 | ASSIGN ALARM RELAYS (2-5) lto4 1 y E50 16
24E3 [ RTD #4 ALARM TEMPERATURE 1 to 250 1 °C F1l 130
24E4 | RTD #4 ALARM EVENTS Oto1l 1 - F105 0
24E5 [ RTD #4 TRIP Oto2 1 F F115 0
24E6 [ RTD #4 TRIP VOTING 1to12 1 - F122 4
24E7 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
24E8 | RTD #4 TRIP TEMPERATURE 1to 250 1 °C F1 155
24E9 [ RTD #4 NAME 0to8 1 - F22

RTD TEMPERATURE / RTD #5

2520 | RTD #5 APPLICATION Oto 4 1 - F121 1
2521 [ RTD #5 ALARM Oto2 1 - F115 0
2522 | ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
2523 [ RTD #5 ALARM TEMPERATURE 1 to 250 1 °C F1 130
2524 | RTD #5 ALARM EVENTS Otol 1 - F105 0
2525 [ RTD #5 TRIP Oto2 1 - F115 0
2526 [ RTD #5 TRIP VOTING Tute,12 1 - F122 5
2527 | ASSIGN TRIP RELAYS (1-4) O%e.3 1 - F50 1
2528 | RTD #5 TRIP TEMPERATURE 1 to 250 1 °C F1 155
2529 [ RTD #5 NAME 0lte 8 1 - F22

RTD TEMPERATURE / RTD #6

2560 [ RTD #6 APPLICATION 0.to 4 1 - F121 1
2561 [ RTD #6 ALARM Oto2 1 - F115 0
2562 | ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
2563 [ RTD #6 ALARM TEMPERATURE 1 to 250 1 °C F1 130
2564 | RTD #6 ALARM EVENTS Oto1l 1 - F105 0
2565 [ RTD #6 TRIP Oto2 1 - F115 0
2566 [ RTD #6 TRIP VOTING 1to12 1 - F122 6
2567 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2568 | RTD #6 TRIP TEMPERATURE 1to 250 1 °C F1 155
2569 [ RTD #6 NAME 0to8 1 - F22

RTD TEMPERATURE / RTD #7

25A0 [ RTD #7 APPLICATION Oto4 1 - F121 2
25A1 [ RTD #7 ALARM Oto2 1 - F115 0
25A2 | ASSIGN ALARM RELAYS (2-5) l1to4 1 - F50 16
25A3 [ RTD #7 ALARM TEMRERATURE 1 to 250 1 °C F1 80
25A4 | RTD #7 ALARM EVENTS Oto1l 1 - F105 0
25A5 [ RTD #7 TRIP Oto2 1 - F115 0
25A6 [ RTD #7 TRIP VOTING 1to12 1 - F122 7
25A7 | ASSIGN TRIP RELAXS (1:4) 0to3 1 - F50 1
25A8 | RTD #7 TRIP FEMPERATURE 1to 250 1 °C F1 90
25A9 [ RTD #7,NAME 0to8 1 - F22

RTD TEMPERATURE /"RILD#8

25E0 [ RTD#8 APPLICATION Oto4 1 - F121 2
25E1 [ RID #8 ALARM Oto2 1 - F115 0
25E2 | ASSIGN ALARM RELAYS (2-5) l1to4 1 - F50 16
25E3 [ RTD #8ALARM TEMPERATURE 1 to 250 1 °C F1 80
25E4 | RTD #8 ALARM EVENTS Oto1l 1 - F105 0
25E5 [ RTD #8 TRIP Oto2 1 - F115 0
25E6 [ RTD.#8 TRIP VOTING 1to12 1 - F122 8
25E7 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
25E8, [ RTD #8 TRIP TEMPERATURE 1to 250 1 °C F1 90
25EQ9 )| RTD #8 NAME 0to8 1 - F22

RTD TEMPERATURE / RTD #9

2620 [ RTD #9 APPLICATION Oto 4 1 - F121 2
2621 [ RTD #9 ALARM Oto2 1 - F115 0
2622 | ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
2623 [ RTD #9 ALARM TEMPERATURE 1 to 250 1 °C F1 80
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2624 | RTD #9 ALARM EVENTS Otol 1 - F105 0
2625 [ RTD #9 TRIP Oto2 1 - F115 0
2626 [ RTD #9 TRIP VOTING 1to12 1 - F122 9
2627 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2628 | RTD #9 TRIP TEMPERATURE 1to 250 1 °C F1 90
2629 [ RTD #9 NAME 0to8 1 - F22

RTD TEMPERATURE / RTD #10

2660 [ RTD #10 APPLICATION Oto 4 1 - F121 2
2661 [ RTD #10 ALARM Oto2 1 - F115 0
2662 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - E50 16
2663 | RTD #10 ALARM TEMPERATURE 1 to 250 1 °C F1l 80
2664 [ RTD #10 ALARM EVENTS Oto1l 1 - F105 0
2665 [ RTD #10 TRIP Oto2 1 F F115 0
2666 [ RTD #10 TRIP VOTING 1to12 1 - F122 10
2667 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2668 [ RTD #10 TRIP TEMPERATURE 1to 250 1 °C F1 90
2669 [ RTD #10 NAME 0to8 1 - F22

RTD TEMPERATURE / RTD #11

26A0 [ RTD #11 APPLICATION Oto4 1 - F121 4
26A1 [ RTD #11 ALARM Oto2 1 - F115 0
26A2 [ ASSIGN ALARM RELAYS (2-5) l1to4 1 - F50 16
26A3 | RTD #11 ALARM TEMPERATURE 1 to 250 1 °C F1 80
26A4 | RTD #11 ALARM EVENTS Otod 1 - F105 0
26A5 [ RTD #11 TRIP Oto2 1 - F115 0
26A6 | RTD #11 TRIP VOTING Tute,12 1 - F122 11
26A7 | ASSIGN TRIP RELAYS (1-4) Ote.3 1 - F50 1
26A8 | RTD #11 TRIP TEMPERATURE 1 to 250 1 °C F1 90
26A9 [ RTD #11 NAME 0lte 8 1 - F22

RTD TEMPERATURE / RTD #12

26E0 [ RTD #12 APPLICATION 0.to 4 1 - F121 3
26E1 [ RTD #12 ALARM Oto2 1 - F115 0
26E2 [ ASSIGN ALARM RELAYS (2-5) l1to4 1 - F50 16
26E3 [ RTD #12 ALARM TEMPERATURE 1 to 250 1 °C F1 60
26E4 [ RTD #12 ALARM EVENTS Oto1l 1 - F105 0
26E5 [ RTD #12 TRIP Oto2 1 - F115 0
26E6 [ RTD #12 TRIP VOTING 1to12 1 - F122 12
26E7 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
26E8 [ RTD #12 TRIP TEMPERATURE 1to 250 1 °C F1 80
26E9 [ RTD #12 NAME 0to8 1 - F22

RTD TEMPERATURE / OPEN RTD SENSOR

2720 [ OPEN RTD SENSOR ALARM Oto2 1 - F115 0
2721 | ASSIGN ALARM RELAYS (25) 1to4 1 - F50 16
2722 | OPEN RTD SENSOR ALARM EVENTS Oto 1l 1 - F105 0
RTD TEMPERATURE / RTD SHORT/LOW TEMP

2740 | RTD SHORT/LOW TEMBR,ALARM Oto2 1 - F115 0
2741 | ASSIGN ALARM REIFAYS (2:5) lto4 1 - F50 16
2742 | RTD SHORT/LOW/TEMPALARM EVENTS Otol 1 - F105 0
THERMAL MODEL / MODEESETUP

2800 [ ENABLE THERMAR MODEL Oto 1l 1 - F103 0
2801 [ OVERLOAD PICKUR LEVEL 101 to 125 1 X FLA F3 101
2802 [ UNBALANEE BIASK FACTOR Oto12 1 - F1 0
2803 [ COQ@L TIME CONSTANT ONLINE 0 to 500 1 min F1 15
2804 [ COOL UME CONSTANT OFFLINE 0 to 500 1 min F1 30
2805 | HOR/COLD SAFE STALL RATIO 1to 100 1 - F3 100
2806 | ENABLE RTD BIASING Oto 1l 1 - F103 0
2807 [ RTD BIAS MINIMUM 0 to 250 1 °C F1 40
2808 [ RTD BIAS CENTER POINT 0 to 250 1 °C F1 130
2809 [ RTD,BIAS MAXIMUM 0 to 250 1 °C F1 155
280A | SELECT CURVE STYLE 0to2 1 - F142 0
280B, [ STANDARD OVERLOAD CURVE NUMBER 1to 15 1 - F1 4
280€ ) TIME TO TRIP AT 1.01 x FLA 5 to 999999 1 S F10 5
280E [ TIME TO TRIP AT 1.05 x FLA 5 to 999999 1 S F10 5
2810 [ TIME TO TRIP AT 1.10 x FLA 5 to 999999 1 S F10 5
2812 | TIME TO TRIP AT 1.20 x FLA 5 to 999999 1 S F10 5
2814 | TIME TO TRIP AT 1.30 X FLA 5 to 999999 1 S F10 5
2816 [ TIME TO TRIP AT 1.40 x FLA 5 to 999999 1 S F10 5
2818 | TIME TO TRIP AT 1.50 x FLA 5 to 999999 1 S F10 5
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281A | TIME TO TRIP AT 1.75 x FLA 5 t0 999999 1 S F10 5
281C | TIME TO TRIP AT 2.00 x FLA 5 to 999999 1 S F10 5
281E TIME TO TRIP AT 2.25 x FLA 5 to 999999 1 S F10 5
2820 TIME TO TRIP AT 2.50 X FLA 5 to 999999 1 S F10 5
2822 TIME TO TRIP AT 2.75 x FLA 5 to 999999 1 S F10 5
2824 TIME TO TRIP AT 3.00 X FLA 5 to 999999 1 S F10 5
2826 TIME TO TRIP AT 3.25 x FLA 5 t0 999999 1 S F10 5
2828 TIME TO TRIP AT 3.50 X FLA 5 to 999999 1 S F10 5
282A | TIME TO TRIP AT 3.75 x FLA 5 to 999999 1 S F10 5
282C | TIME TO TRIP AT 4.00 x FLA 5 to 999999 1 S F10 5
282E TIME TO TRIP AT 4.25 x FLA 5 to 999999 1 S F10 5
2830 TIME TO TRIP AT 4.50 X FLA 5 to 999999 1 S F10 5
2832 TIME TO TRIP AT 4.75 x FLA 5 t0 999999 1 S F10 5
2834 TIME TO TRIP AT 5.00 X FLA 5 to 999999 1 S F10 5
2836 TIME TO TRIP AT 5.50 x FLA 5 t0 999999 1 S F10 5
2838 TIME TO TRIP AT 6.00 X FLA 5 to 999999 1 S F10 5
283A | TIME TO TRIP AT 6.50 x FLA 5 to 999999 1 s F10 5
283C | TIME TO TRIP AT 7.00 x FLA 5 to 999999 1 S F10 5
283E TIME TO TRIP AT 7.50 x FLA 5 to 999999 1 S F10 5
2840 TIME TO TRIP AT 8.00 X FLA 5 to 999999 i S F10 5
2842 TIME TO TRIP AT 10.0 x FLA 5 t0 999999 1 S F10 5
2844 TIME TO TRIP AT 15.0 X FLA 5 to 999999 1 S F10 5
2846 TIME TO TRIP AT 20.0 x FLA 5 to 999999 1 S F10 5
2848 MINIMUM ALLOWABLE VOLTAGE 70 to 95 1 % F1 80
2849 STALL CURRENT @ MIN VOLTAGE 200ite,1500 1 X FLA F3 480
284A | SAFE STALL TIME @ MIN VOLTAGE 51009999 1 S F2 200
284B ACCEL. INTERSECT @ MIN VOLT 200 to 1500 1 X FLA F3 380
284C | STALL CURRENT @ 100% VOLTAGE 20010, 1500 1 X FLA F3 600
284D SAFE STALL TIME @ 100% VOLTAGE 5 to 9999 1 S F2 100
284E | ACCEL. INTERSECT @ 100% VOLT 200.to 1500 1 X FLA F3 500
THERMAL MODEL / THERMAL ELEMENTS
2900 THERMAL MODEL ALARM 0to 2 1 - F115 0
2901 ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2902 THERMAL ALARM LEVEL 10 to 100 1 % F1 75

Used
2903 THERMAL MODEL ALARM EVENTS Otol 1 - F105 0
2904 THERMAL MODEL TRIP 0to2 1 - F115 0
2905 ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
MONITORING / TRIP COUNTER
2A00 | TRIP COUNTER ALARM 0to2 1 - F115 0
2A01 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2A02 | TRIP COUNTER ALARM LEVEL 1 to 50000 1 Trips F1 25
2A03 TRIP COUNTER ALARM ENENTS Otol 1 - F105 0
MONITORING / BREAKER FAILURE
2A20 | BREAKER FAILURE ALARM 0to2 1 - F115 0
2A21 | ASSIGN ALARM RELAYS(2:5) 1to4 1 - F50 16
2A22 | BREAKER FAILURE LEVEL 5 to 2000 1 xCT F3 100
2A23 BREAKER FAILURE\DELAY 10 to 1000 10 ms F1 100
2A24 | BREAKER FAWURE AEARM EVENTS Otol 1 - F105 0
MONITORING / TRIP COW MONITOR
2A30 TRIP COIbLMONITOR ALARM Oto 2 1 - F115 0
2A31 [ ASSIGN ALARM RELAYS (2-5) lto4 1 - F50 16
2A32 TRIP COIL MONITOR ALARM EVENTS Otol 1 - F105 0
MONITORING / VT FUSE FAILURE
2A50 | VT FUSE FAILURE ALARM 0to2 1 - F115 0
2A51 | ASSIGN'ALARM RELAYS (2-5) 1to4 1 - F50 16
2A52 | VT FUSE FAILURE ALARM EVENTS Otol 1 - F105 0
MONITORING / CURRENT DEMAND
2A60 CURRENT DEMAND PERIOD 5to 90 1 min F1 15
2A62 | CURRENT DEMAND ALARM Oto2 1 A F115 0
2A62 ) ASSIGN ALARM RELAYS (2-5) 1to4 1 A F50 16
2A63 | CURRENT DEMAND LIMIT 10 to 2000 1 X FLA Fl14 125
2A65 CURRENT DEMAND ALARM EVENTS Otol 1 A F105 0
MONITORING / MW DEMAND
2A70 [ MW DEMAND PERIOD 510 90 1 min F1 15
2A71 MW DEMAND ALARM 0to2 1 - F115 0
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2A72 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2A73 | MW DEMAND LIMIT 10 to 200 1 X F14 125
Rated
2A75 | MW DEMAND ALARM EVENTS Otol 1 - F105 0
MONITORING / Mar DEMAND
2A80 | Mar DEMAND PERIOD 5t0 90 1 min F1 15
2A81 | Mar DEMAND ALARM 0to2 1 - F115 0
2A82 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2A83 | Mar DEMAND LIMIT 10 to 200 1 X F14 125
Rated
2A85 | Mar DEMAND ALARM EVENTS Otol 1 - F105 0
MONITORING / MVA DEMAND
2A90 [ MVA DEMAND PERIOD 510 90 1 min F1 15
2A91 [ MVA DEMAND ALARM 0to2 1 - F115 0
2A92 | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2A93 | MVA DEMAND LIMIT 10 to 200 1 X F14 125
Rated
2A95 [ MVA DEMAND ALARM EVENTS Otol 1 - F105 0
MONITORING / PULSE OUTPUT
2AB0 | POS. kWh PULSE OUT RELAYS (2-5) 1to4 1 - F50 0
2AB1l [ POS. kWk PULSE OUT INTERVAL 1 to 50000 1 - F1 10
2AB2 | POS. kvarh PULSE OUT RELAYS (2-5) 1to4 1 - F50 0
2AB3 | POS. kvarh PULSE OUT INTERVAL 1 to 50000 1 - F1 10
2AB4 | NEG. kvarh PULSE OUT RELAYS (2-5) 1to4 1 - F50 0
2AB5 [ NEG. kvarh PULSE OUT INTERVAL 14t0,50000 1 - F1 10
2AB6 | PULSE WIDTH 2001e. 1000 1 - F1 200
MONITORING / RUNNING HOUR SETUP
2ACO [ INITIAL GEN. RUNNING HOUR 0101999999 1 h F12 0
2AC2 | GEN. RUNNING HOUR ALARM 0102 1 - F115 0
2AC3 [ ASSIGN ALARM RELAYS (2-5) 1t04 1 - F50 16
2AC4 | GEN. RUNNING HOUR LIMIT 1,to 1000000 1 h F12 1000
2AC6 | RESERVED
ANALOG I/O / ANALOG OUTPUT 1
[ 2B00 | ANALOG OUTPUT 1 0to 42 1 - F127 0
ANALOG I/O / ANALOG OUTPUT 2
[ 2B01 | ANALOG OUTPUT 2 0to 42 1 - F127 0
ANALOG I/O / ANALOG OUTPUT 3
[ 2B02 | ANALOG OUTPUT 3 0to 42 1 - F127 0
ANALOG I/O / ANALOG OUTPUT 4
[ 2B03 | ANALOG OUTPUT 4 0to 42 1 - F127 0
ANALOG I/O / ANALOG OUTPUTS
2B04 | IA OUTPUT CURRENT MIN 0 to 2000 1 x FLA F3 0
2B05 [ IA OUTPUT CURRENT MAX 0 to 2000 1 x FLA F3 125
2B06 | IB OUTPUT CURRENT MIN 0 to 2000 1 x FLA F3 0
2B07 [ IB OUTPUT CURRENT MAX 0 to 2000 1 x FLA F3 125
2B08 | IC OUTPUT CURRENi MIN 0 to 2000 1 x FLA F3 0
2B09 [ IC OUTPUT CURRENT MAX 0 to 2000 1 x FLA F3 125
2B0A [ AVG OUTPUT CURRENT/MIN 0 to 2000 1 x FLA F3 0
2B0B [ AVG OUTPUTACURRENT MAX 0 to 2000 1 x FLA F3 125
2BOC | NEG. SEQ. CURRENT MIN 0 to 2000 1 % FLA F1 0
2B0OD [ NEG. SEQ:,CURRENT MAX 0 to 2000 1 % FLA F1 100
2BOE | AVERAGED GEN. LOAD MIN 0 to 2000 1 X FLA F3 0
2BOF [ AVERAGED GEN. LOAD MAX 0 to 2000 1 x FLA F3 125
2B10 | HORIEST SFATOR RTD MIN -50 to 250 1 °C F4 0
2B11 [ HOTTEST STATOR RTD MAX -50 to 250 1 °C F4 200
2B12 | HOTTESTBEARING RTD MIN -50 to 250 1 °C F4 0
2B13 [ HOTTEST BEARING RTD MAX -50 to 250 1 °C F4 200
2B14 | AMBIENT RTD MIN -50 to 250 1 °C F4 0
2B15 [ AMBIENT RTD MAX -50 to 250 1 °C F4 70
2B16, | RTD #1 MIN -50 to 250 1 °C F4 0
2B:/ 0| RTD #1 MAX -50 to 250 1 °C F4 200
2B18 | RTD #2 MIN -50 to 250 1 °C F4 0
2B19 | RTD #2 MAX -50 to 250 1 °C F4 200
2B1A | RTD #3 MIN -50 to 250 1 °C F4 0
2B1B | RTD #3 MAX -50 to 250 1 °C F4 200
2B1C | RTD #4 MIN -50 to 250 1 °C F4 0
2B1D | RTD #4 MAX -50 to 250 1 °C F4 200
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2B1E | RTD #5 MIN -50 to 250 1 °C F4 0
2B1F | RTD #5 MAX -50 to 250 1 °C F4 200
2B20 RTD #6 MIN -50 to 250 1 °C F4 0
2B21 RTD #6 MAX -50 to 250 1 °C F4 200
2B22 RTD #7 MIN -50 to 250 1 °C F4 0
2B23 RTD #7 MAX -50 to 250 1 °C F4 200
2B24 RTD #8 MIN -50 to 250 1 °C F4 0
2B25 RTD #8 MAX -50 to 250 1 °C F4 200
2B26 RTD #9 MIN -50 to 250 1 °C F4 0
2B27 RTD #9 MAX -50 to 250 1 °C F4 200
2B28 RTD #10 MIN -50 to 250 1 °C F4 0
2B29 RTD #10 MAX -50 to 250 1 °C F4 200
2B2A | RTD #11 MIN -50 to 250 1 °C F4 0
2B2B | RTD #11 MAX -50 to 250 1 SC. F4 200
2B2C | RTD #12 MIN -50 to 250 1 °C F4 0
2B2D | RTD #12 MAX -50 to 250 1 °C F4 200
2B2E | AB VOLTAGE MIN 0to 150 1 X F3 0
Rated

2B2F | AB VOLTAGE MAX 0to 150 1 X F3 125
Rated

2B30 BC VOLTAGE MIN 0to 150 T X F3 0
Rated

2B31 BC VOLTAGE MAX 0 to 150 1 X F3 125
Rated

2B32 CA VOLTAGE MIN 0,to 150 1 X F3 0
Rated

2B33 CA VOLTAGE MAX 0, to 250 1 X F3 125
Rated

2B34 | AVERAGE VOLTAGE MIN 0 to150 1 X F3 0
Rated

2B35 | AVERAGE VOLTAGE MAX Ote 150 1 X F3 125
Rated

2B36 VOLTS/HERTZ MIN 0 to 200 1 X F3 0
Rated

2B37 VOLTS/HERTZ MAX 0 to 200 1 X F3 150
Rated

2B38 FREQUENCY MIN 0 to 9000 1 Hz F3 5900

2B39 FREQUENCY MAX 0 to 9000 1 Hz F3 6100

2B3C | POWER FACTOR MIN -99 to 100 1 - F6 80

2B3D | POWER FACTOR MAX -99 t0 100 1 - F6 -80

2B3E | REACTIVE POWER MIN -200 to 200 1 X F6 0
Rated

2B3F REACTIVE POWER MAX -200 to 200 1 X F6 125
Rated

2B40 REAL POWER (MW))MIN -200 to 200 1 X F6 0
Rated

2B41 REAL POWER (MW)gdMAX -200 to 200 1 X F6 125
Rated

2B42 | APPARENT POWER MIN 0 to 200 1 X F3 0
Rated

2B43 | APPARENT POWER MAX 0 to 200 1 X F3 125
Rated

2B44 | ANALOG INPUT TMIN -50000 to 50000 1 Units F12 0

2B46 | ANALOGINPUT1 MAX -50000 to 50000 1 Units Fl12 50000

2B48 | ANALQG INPUT 2 MIN -50000 to 50000 1 Units F12 0

2B4A | ANALOG INPUT 2 MAX -50000 to 50000 1 Units Fl12 50000

2B4C | ANALOGIINPUT 3 MIN -50000 to 50000 1 Units F12 0

2B4E | ANALOG INPUT 3 MAX -50000 to 50000 1 Units Fl12 50000

2B50 | ANALOG INPUT 4 MIN -50000 to 50000 1 Units F12 0

2B52 | ANALOG INPUT 4 MAX -50000 to 50000 1 Units Fl12 50000

2B%4 TACHOMETER MIN 0 to 7200 1 RPM F1 3500

2B550.] TACHOMETER MAX 0 to 7200 1 RPM F1 3700

2B56 THERM. CAPACITY USED MIN 0to 100 1 % F1 0

2B57 | THERM. CAPACITY USED MAX 0to 100 1 % F1 100

2B58 NEUTRAL VOLT THIRD MIN 0 to 250000 1 \Volts F10 0

2B5A | NEUTRAL VOLT THIRD MAX 0 to 250000 1 Volts F10 450

2B5C | CURRENT DEMAND MIN 0 to 2000 1 X FLA F3 0
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2B5D [ CURRENT DEMAND MAX 0 to 2000 1 x FLA F3 125
2B5E | Mar DEMAND MIN 0 to 200 1 X F3 0
Rated
2B5F | Mar DEMAND MAX 0 to 200 1 X F3 125
Rated
2B60 [ MW DEMAND MIN 0 to 200 1 X F3 0
Rated
2B61 [ MW DEMAND MAX 0 to 200 1 X F3 125
Rated
2B62 | MVA DEMAND MIN 0 to 200 1 X 3 0
Rated
2B63 | MVA DEMAND MAX 0 to 200 1 X F3 125
Rated
ANALOG I/O / ANALOG INPUT 1
2C00 [ ANALOG INPUT1 0to3 1 - F129 0
2C05 | ANALOG INPUT1 UNITS 0to 6 1 - F22
2C08 [ ANALOG INPUT1 MINIMUM -50000 to 50000 1 Units F12 0
2C0A | ANALOG INPUT1 MAXIMUM -50000 to 50000 1 Units F12 100
2C0C [ BLOCK ANALOG INPUT1 FROM ONLINE 0 to 5000 1 S F1 0
2C0D [ ANALOG INPUT1 ALARM Oto2 1 - F115 0
2COE [ ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2COF [ ANALOG INPUT1 ALARM LEVEL -50000 to 50000 1 Units F12 10
2C11 [ ANALOG INPUT1 ALARM PICKUP 0 tod 1 - F130 0
2C12 | ANALOG INPUT1 ALARM DELAY 1 to 3000 1 S F2 1
2C13 | ANALOG INPUT1 ALARM EVENTS Qtol 1 - F105 0
2C14 | ANALOG INPUT1 TRIP 0,to2 1 - F115 0
2C15 [ ASSIGN TRIP RELAYS (1-4) 0 tol8 1 - F50 1
2C16 | ANALOG INPUT1 TRIP LEVEL -50000.to 50000 1 Units F12 20
2C18 [ ANALOG INPUT1 TRIP PICKUP 0 tond 1 - F130 0
2C19 | ANALOG INPUT1 TRIP DELAY i to 3000 1 S F2 1
2C1A [ ANALOG INPUT1 NAME O%o 12 1 - F22
ANALOG I/O / ANALOG INPUT 2
2C40 [ ANALOG INPUT2 0to3 1 - F129 0
2C45 | ANALOG INPUT2 UNITS 0to 6 1 - F22
2C48 | ANALOG INPUT2 MINIMUM -50000 to 50000 1 Units F12 0
2C4A | ANALOG INPUT2 MAXIMUM -50000 to 50000 1 Units F12 100
2C4C | BLOCK ANALOG INPUT2 FROM ONLINE 0 to 5000 1 S F1 0
2C4D | ANALOG INPUT2 ALARM 0to2 1 - F115 0
2C4E | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2C4F | ANALOG INPUT2 ALARM LEVEL. -50000 to 50000 1 Units F12 10
2C51 [ ANALOG INPUT2 ALARM PICKUP Otol 1 - F130 0
2C52 | ANALOG INPUT2 ALARMDELAY. 1 to 3000 1 S F2 1
2C53 | ANALOG INPUT2 ALARM EVENTIS Otol 1 - F105 0
2C54 | ANALOG INPUT2 TRIP 0to2 1 - F115 0
2C55 | ASSIGN TRIP RELAYS(1-4) 0to3 1 - F50 1
2C56 | ANALOG INPUT2 TRIP EEVEL -50000 to 50000 1 Units F12 20
2C58 | ANALOG INPUT2 TRIP PICKUP Otol 1 - F130 0
2C59 [ ANALOG INPUT2 TRIP DELAY 1 to 3000 1 S F2 1
2C5A | ANALOG INPUT2,NAME: 0to12 1 - F22
ANALOG I/O / ANALOG INPUT 3
2C80 [ ANALOG\INPUT3 0to3 1 - F129 0
2C85 | ANAKOG INRUT3'UNITS 0to 6 1 - F22
2C88 | ANALOGINPUT3 MINIMUM -50000 to 50000 1 Units F12 0
2C8A | ANALQG INPWT3 MAXIMUM -50000 to 50000 1 Units F12 100
2C8C | BLOCK ANALOG INPUT3 FROM ONLINE 0 to 5000 1 S F1 0
2C8D | ANALOG)NPUT3 ALARM 0to2 1 - F115 0
2C8E [ ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2C8F [ ANALOG INPUT3 ALARM LEVEL -50000 to 50000 1 Units F12 10
2C91 [ ANALOG INPUT3 ALARM PICKUP Otol 1 - F130 0
2C92 | ANALOG INPUT3 ALARM DELAY 1 to 3000 1 S F2 1
2C93\ [ ANALOG INPUT3 ALARM EVENTS Otol 1 - F105 0
2€94° ) ANALOG INPUT3 TRIP Oto2 1 - F115 0
2C95 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2C96 | ANALOG INPUT3 TRIP LEVEL -50000 to 50000 1 Units F12 20
2C98 | ANALOG INPUT3 TRIP PICKUP Otol 1 - F130 0
2C99 | ANALOG INPUT3 TRIP DELAY 1 to 3000 1 S F2 1
2C9A [ ANALOG INPUT3 NAME 0to12 1 - F22
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ANALOG 1/0 / ANALOG INPUT 4

2CCO0 | ANALOG INPUT4 0to3 1 - F129 0
2CC5 | ANALOG INPUT4 UNITS 0to6 1 - F22
2CC8 | ANALOG INPUT4 MINIMUM -50000 to 50000 1 Units F12 0
2CCA | ANALOG INPUT4 MAXIMUM -50000 to 50000 1 Units F12 100
2CCC | BLOCK ANALOG INPUT4 FROM ONLINE 0 to 5000 1 s F1 0
2CCD | ANALOG INPUT4 ALARM 0to2 1 - F115 0
2CCE | ASSIGN ALARM RELAYS (2-5) 1to4 1 - F50 16
2CCF | ANALOG INPUT4 ALARM LEVEL -50000 to 50000 1 Units F12 10
2CD1 | ANALOG INPUT4 ALARM PICKUP Oto1l 1 - F130 0
2CD2 | ANALOG INPUT4 ALARM DELAY 1 to 3000 1 s F2 1
2CD3 | ANALOG INPUT4 ALARM EVENTS Oto1l 1 - F105 0
2CD4 | ANALOG INPUT4 TRIP 0to2 1 P F115 0
2CD5 | ASSIGN TRIP RELAYS (1-4) 0to3 1 - F50 1
2CD6 | ANALOG INPUT4 TRIP LEVEL -50000 to 50000 1 Units F12 20
2CD8 | ANALOG INPUT4 TRIP PICKUP Oto1l 1 ) F130 0
2CD9 | ANALOG INPUT4 TRIP DELAY 1 to 3000 1 5 F2 1
2CDA | ANALOG INPUT4 NAME Oto 12 1 - F22
489 TESTING / SIMULATION MODE
2D00 | SIMULATION MODE Oto3 i - F138 0
2D01 | PRE-FAULT TO FAULT TIME DELAY 0 to 300 1 s F1 15
489 TESTING / PRE-FAULT SETUP
2D20 | PRE-FAULT Iphase OUTPUT 0 to 2000 1 X CT F3 0
2D21 | PRE-FAULT VOLTAGES PHASE-N 0 to 150 1 X F3 100

Rated
2D22 | PRE-FAULT CURRENT LAGS VOLTAGE 010,359 1 ° F1 0
2D23 | PRE-FAULT Iphase NEUTRAL 0'to 2000 1 x CT F3 0
2D24 | PRE-FAULT CURRENT GROUND 0 t16)2000 1 X CT F3 0
2D25 | PRE-FAULT VOLTAGE NEUTRAL 0 to 1000 1 Volts F2 0
2D26 | PRE-FAULT STATOR RTD TEMP 550.to 250 1 °C F4 40
2D27 | PRE-FAULT BEARING RTD TEMP -50 to 250 1 °C F4 40
2D28 | PRE-FAULT OTHER RTD TEMP -50 to 250 1 °C F4 40
2D29 | PRE-FAULT AMBIENT RTD TEMP -50 to 250 1 °C F4 40
2D2A | PRE-FAULT SYSTEM FREQUENCY 50 to 900 1 Hz F2 600
2D2B | PRE-FAULT ANALOG INPUT 1 0 to 100 1 % F1 0
2D2C | PRE-FAULT ANALOG INPUT 2 0 to 100 1 % F1 0
2D2D | PRE-FAULT ANALOG INPUT 3 0 to 100 1 % F1 0
2D2E | PRE-FAULT ANALOG INPUT 4 0 to 100 1 % F1 0
2D4C | PRE-FAULT STATOR RTD TEMP -50 to 250 1 °F F4 40
2D4D | PRE-FAULT BEARING RTD TEMP -50 to 250 1 °F F4 40
2D4E | PRE-FAULT OTHER RTD TEMP -50 to 250 1 °F F4 40
2D4F | PRE-FAULT AMBIENT RTD TEMP -50 to 250 1 °F F4 40
489 TESTING / FAULT SETUP
2D80 | FAULT Iphase OUTPUT 0 to 2000 1 X CT F3 0
2D81 | FAULT VOLTAGES PHASE-N 0 to 150 1 X F3 100
Rated

2D82 | FAULT CURRENT EAGS VOLTAGE 0 to 359 1 ° F1 0
2D83 | FAULT Iphase NEUTRAL 0 to 2000 1 x CT F3 0
2D84 | FAULT CURRENTIGROUND 0 to 2000 1 X CT F3 0
2D85 | FAULT VOLTAGENEUTRAL 0 to 1000 1 Volts F2 0
2D86 | FAULT STATOR RTD TEMP -50 to 250 1 °C F4 40
2D87 | FAULT BEARING RTD TEMP -50 to 250 1 °C F4 40
2D88 | FAULT QFHER RTD TEMP -50 to 250 1 °C F4 40
2D89 | FAULTAAMBIENT RTD TEMP -50 to 250 1 °C F4 40
2D8A | FAULT)SYSTEM FREQUENCY 50 to 900 1 Hz F2 600
2D8B | FAULT ANALOG INPUT 1 0 to 100 1 % F1 0
2D8C | FAULT ANALOG INPUT 2 0 to 100 1 % F1 0
2D8D | FAULT ANALOG INPUT 3 0 to 100 1 % F1 0
2D8E | FAULT ANALOG INPUT 4 0 to 100 1 % F1 0
2DBC | FAULT STATOR RTD TEMP -50 to 250 1 °F F4 40
2DBD)| FAULT BEARING RTD TEMP -50 to 250 1 °F F4 40
2DBE | FAULT OTHER RTD TEMP -50 to 250 1 °F F4 40
2DBF | FAULT AMBIENT RTD TEMP -50 to 250 1 °F F4 40
489 TESTING / TEST OUTPUT RELAYS

| 2DEO | FORCE OPERATION OF RELAYS | 0to8 [ 1+ [ - ] F139 | 0 |

489 TESTING / TEST ANALOG OUTPUT
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2DFO0 | FORCE ANALOG OUTPUTS FUNCTION Otol 1 - F126
2DF1 | ANALOG OUTPUT 1 FORCED VALUE 0to 100 1 % F1
2DF2 | ANALOG OUTPUT 2 FORCED VALUE 0to 100 1 % F1
2DF3 | ANALOG OUTPUT 3 FORCED VALUE 0to 100 1 % F1
2DF4 | ANALOG OUTPUT 4 FORCED VALUE 0to 100 1 % F1
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Addr  Name Range Step Units Emt Default
Event Recorder (Input Registers) -- Addresses 3000 to 30EF
EVENT RECORDER / GENERAL
3000 | EVENT RECORDER LAST RESET DATE (2 N/A N/A N/A F18 N/A
WORDS)
3002 | TOTAL NUMBER OF EVENTS SINCE LAST 0 to 65535 1 N/A F1 N/A
CLEAR
3003 | EVENT RECORD SELECTOR 0 to 65535 1 - Ed 0
EVENT RECORDER / SELECTED EVENT
3004 | CAUSE OF EVENT 010139 1 - Fa34 0
3005 | TIME OF EVENT (2 WORDS) N/A N/A NI £19 N/A
3007 | DATE OF EVENT (2 WORDS) N/A N/A N/A F18 N/A
3009 | TACHOMETER 0 to 7200 1 RPM F1 0
300A | PHASE A CURRENT 0 to 999999 1 Amps F12 0
300C | PHASE B CURRENT 0 to 999999 1 Amps F12 0
300E | PHASE C CURRENT 0 to 999999 1 Afps F12 0
3010 | PHASE A DIFFERENTIAL CURRENT 0 t0 999999 1 Amps F12 0
3012 | PHASE B DIFFERENTIAL CURRENT 0 to 999999 1 Amps F12 0
3014 | PHASE C DIFFERENTIAL CURRENT 0 t0 999999 1 Amps F12 0
3016 | NEG. SEQ. CURRENT 0 to 2000 1 % FLA F1 0
3017 | GROUND CURRENT 0 to 20000000 1 A F14 0
3019 | A-B VOLTAGE 0 to 50000 1 Volts F1 0
301A | B-C VOLTAGE 0,t0 50000, 1 Volts F1 0
301B | C-A VOLTAGE 010.50000 1 Volts F1 0
301C | FREQUENCY 0,0 12000 1 Hz F3 0
301D | ACTIVE GROUP O.to 1 1 - F1 0
301F | REAL POWER (MW) 2000000 to 1 MW F13 0
2000000
3021 | REACTIVE POWER Mar 2000000 to 1 Mar F13 0
2000000
3023 | APPARENT POWER MVA 0'to 2000000 1 MVA F13 0
3025 | HOTTEST STATOR RTD # 1to 12 1 - F1 1
3026 | HOTTEST STATOR RTD TEMPERATURE -50 to 250 1 °C F4 0
3027 | HOTTEST BEARING RTD # 1to12 1 - F1 1
3028 | HOTTEST BEARING RTD TEMPERATURE -50 to 250 1 °C F4 0
3029 | HOTTEST OTHER RTD # 1to12 1 - F1 1
302A | HOTTEST OTHER RTD TEMPERATURE -50 to 250 1 °C F4 0
302B | HOTTEST AMBIENT RTD # 1to12 1 - F1 1
302C | HOTTEST AMBIENT RTD TEMRERATURE -50 to 250 1 °C F4 0
302D | ANALOG IN 1 -50000 to 50000 1 Units F12 0
302F | ANALOG IN 2 -50000 to 50000 1 Units F12 0
3031 | ANALOG IN 3 -50000 to 50000 1 Units F12 0
3033 | ANALOG IN 4 -50000 to 50000 1 Units F12 0
30E0 | HOTTEST STATOR RTDUREMPERATURE -50 to 250 1 °F F4 0
30E1 | HOTTEST BEARING'RTD TEMPERATURE -50 to 250 1 °F F4 0
30E2 | HOTTEST OTHERIRTD TEMPERATURE -50 to 250 1 °F F4 0
30E3 | HOTTEST AMBIENTARID'TEMPERATURE -50 to 250 1 °F F4 0
30E5 | NEUTRAL VQLT (FUND) 0 to 250000 1 Volts F10 0
30E7 | NEUTRAL VOLT(3rd) 0 to 250000 1 Volts F10 0
30E9 | Vab/lab 0 to 65535 1 ohms s F1 0
30EA | Vabflab ANGLE 01to 359 1 ° F1 0
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Addr Name Range Step Units Emt Def.
Waveform Memory (Input Registers) -- Addresses 30F0 to 31FF

WAVEFORM MEMORY SETUP

30F0 | WAVEFORM MEMORY TRIGGER DATE N/A N/A N/A F18

30F2 | WAVEFORM MEMORY TRIGGER TIME N/A N/A N/A F19 N/A

30F4 | FREQUENCY DURING TRACE ACQUISITION 0 to 12000 1 Hz F3 0

30F5 | WAVEFORM MEMORY CHANNEL SELECTOR 0to9 1 N/A F214 0
(HOLDING REGISTER)

30F6 | WAVEFORM TRIGGER SELECTOR 1 to 65535 0

30F7 | WAVEFORM TRIGGER CAUSE (READ-ONLY) 0to 139 0

30F8 | NUMBER OF SAMPLES PER WAVEFORM 1to 768 168
CAPTURE

30F9 | NUMBER OF WAVEFORM CAPTURES TAKEN 0 to 65535 0

WAVEFORM MEMORY SAMPLES

3100 | FIRST WAVEFORM MEMORY SAMPLE -32767 to 32767 0

3400 | LAST WAVEFORM MEMORY SAMPLE -32767 to 32767 0
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IMEMORY MAP|

489 MEMORY MAP DATA FORMATS

FORMAT
CODE TYPE DEFINITION
F1 16 bits Unsigned Value
Example: 1234 stored as 1234
F2 16 bits Unsigned Value, 1 Decimal Place
Example: 123.4 stored as 1234
F3 16 bits Unsigned Value, 2 Decimal Places
Example: 12.34 stored as 1234
F4 16 bits 2's Complement Signed Value
Example, -1234 storead as -1234 (ie, 64032)
F5 16 bits 2's Complement Signed Value, 1 Decimal Place
Example, -1.234 storead as -1234 (ie, 64032)
F6 16 bits 2's Complement Signed Value, 2 Decimal Rlages
Example, -12.34 storead as -1234 (ie, 64032)
F10 32 bits 2's Complement Signed Long Valug, yDecimal Place
1st 16 bits High order word of long value
2nd 16 bits Low order word of long value
Example: -12345.6 stored as -123456 (ie, st wordFFFE hex, 2nd word 1DCO hex)
F12 32 bits 2's Complement Signed LongValue
1st 16 bits High order word of long valyge
2nd 16 bits Low order word of long value
Example: -123456 stored as 1staword FFEE hex, 2nd word 1DCO hex
F13 32 bits 2's Compliment Signed LongWalue, 3 Decimal Places
1st 16 bits High order word“@fjlong Malue
2nd 16 bits Low order word of long value
Example: -123.456 stored as -123456 (ie, 1st word FFFE hex, 2nd word 1DCO hex)
F14 32 bits 2's ComplementSigned Long Value, 2 Decimal Places
1st 16 bits High order wotd,of long value
2nd 16 bits Low order word of long value
Example: -1234.56 Stored as -123456 (ie, 1st word FFFE hex, 2nd word 1DCO hex)
F15 16 bits Hardware Révision
1 revision A
2 revision/B
3 revision C ...
26 revision Z
F16 16 bits Software Revision
1111 1277 XXXXPXXXX Major revision nhumber -- 0 to 9 in steps of 1
XXXX XXXX 1311 1119 Minor revision number (two BCD digits) 00 to 99 in steps of 1
Example: Revision 2.30 stored as 0230 hex
F18 32 hits Date (MM/DD/YYYY)
1stibyte Month (1 to 12)
2nd byte Day (1 to 31)
3rd and 4thibyte Year (1996 to 2094)
Examples Feb 20, 1996 stored as 34867148 (ie, first word 0214, 2nd word 07CC))
F19 32)bits Time (HH:MM:SS :hh)
1st byte Hours (0 to 23)
2nd byte Minutes (0 to 59)
3rd byte Seconds (0 to 59)
4th byte Hundredths of seconds (0 to 99)
Example: 2:05pm stored as 235208704 (ie, 1st word OEO5, 2nd word 0000)
F22 16 bits Character String (Note: Range indicates number of chars)

1st byte (MSB) of each
word

First of a pair of characters

2nd byte (LSB) of each
word

Second of a pair of characters

Example:

String “AB” stored as 4142 hex
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FORMAT
CODE TYPE DEFINITION
F24 32 bits Time Format for Broadcast
1st byte Hours (0 to 23)
2nd byte Minutes (0 to 59)
3rd and 4th bytes Milliseconds (0 to 59999). Note: Clock resolution limited to 1/100 sec
Example: 1:15:48:572 stored as 17808828 (ie, 1st word 010F, 2nd word BDBC) o
F50 16 bits Relay List (Bitmap)
Bit O Relay 1
Bit 1 Relay 2
Bit 2 Relay 3
Bit 3 Relay 4
Bit 4 Relay 5
Bit 5 Relay 6
F100 Unsigned 16 bit inte- Temperature display units
ger
0 Celsius
1 Fahrenheit
F101 Unsigned 16 bit inte- RS485 baud rate
ger
0 300
1 1200
2 2400
3 4800
4 9600
5 19200
F102 Unsigned 16 bit inte- RS485 parity
ger
0
1
2
F103 Unsigned 16 bit inte-
ger
0
1
F104 Unsigned 16 bit inte-
ger
0
1
2 5
3 econdary
F105 Unsigned 16 bit Off / On selection
ger
0 ff
1 On
F106 Unsigned VT connection type
None
Open Delta
Wye
F107 igned) 6 bit inte- Nominal frequency selection
o |
1 60 Hz
2 50 Hz
'.3 25 Hz
F109 Unsigned 16 bit inte- Breaker status switch type
ger
0 Auxiliary a
1 Auxiliary b
15 Unsigned 16 bit inte- Alarm / trip type selection
ger
0 Off
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FORMAT
CODE TYPE DEFINITION
1 Latched
2 Unlatched
F117 Unsigned 16 bit inte- Reset mode
ger
0 All Resets
1 Remote Reset Only *
F118 Unsigned 16 bit inte- Setpoint Group
ger
0 Group 1
1 Group 2
F120 Unsigned 16 bit inte- RTD type
ger
0 100 Ohm Platinum
1 120 Ohm Nickel
2 100 Ohm Nickel
3 10 Ohm Copper
F121 Unsigned 16 bit inte- RTD application
ger
0 None
1 Stator
2 Bearing
3 Ambient
4 Other
F122 Unsigned 16 bit inte- RTD voting selection
ger
1 RTD #1
2 RTD #2
3 RTD #3
4 RTD #4
5 RTD #5
6 RTD #6
7 RTD #7
8 RTD #8
9
10
11
12
F123 Unsigned 16 bit inte-
ger
0
1
2 Timing Out
3 Active Trip
4 Latched Trip
F124 Unsignei itinte- Phase rotation selection
9
1 ABC
ACB
F126 d 16 bit inte- Disabled / Enabled selection
ge
0 Disabled
Enabled
F12 Unsigned 16 bit inte- Analog output parameter selection
ger
0 None
1 IA Output Current
2 IB Output Current
3 IC Output Current
4 Avg. Output Current
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6-44

FORMAT
CODE TYPE DEFINITION
5 Neg. Seq. Current
6 Averaged Gen. Load
7 Hottest Stator RTD
8 Hottest Bearing RTD
9 Ambient RTD
10 RTD #1 *—
11 RTD #2
12 RTD #3
13 RTD #4
14 RTD #5
15 RTD #6
16 RTD #7
17 RTD #8
18 RTD #9
19 RTD #10
20 RTD #11
21 RTD #12
22 AB Voltage
23 BC Voltage
24 CA Voltage
25 Average Voltage
26 Volts / Hertz
27 Frequency
28 Neutral Voltage(3rd)
29 Power Factor
30 Reactive Power(Mar)
31 Real Power (MW)
32 [
33
34
35
36
37
38
39
40
41
42
F128 Unsigned 16 bit Overcurrent curve style selection
ger
NSI Extremely Inv.
ANSI Very Inverse
ANSI Normally Inv.
ANSI Moderately Inv.
IEC Curve A (BS142)
IEC Curve B (BS142)
IEC Curve C (BS142)
IEC Short Inverse
IAC Extremely Inv.
9 IAC Very Inverse
10 IAC Inverse
I‘11 IAC Short Inverse
12 Flexcurve (TM)
13 Definite Time
F Unsigned 16 bit inte- Analog input selection
ger
0 Disabled
1 4-20 mA
2 0-20 mA
3 0-1 mA
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FORMAT
CODE TYPE DEFINITION

F130 Unsigned 16 bit inte- Pickup type
ger
0 Over
1 Under

F131 Unsigned 16 bit inte- Input switch status
ger ¢
0 Closed
1 Open

F132 Unsigned 16 bit inte- Trip coil supervision status
ger
0 No Coil
1 Coil

F133 Unsigned 16 bit inte- Generator status
ger
0 Offline
1 Offline
2 Online
3 Overload
4 Tripped

F134 Unsigned 16 bit inte- Cause of event / Cause of trip
ger
0 No Event
1 General Sw. A Trip
2 General Sw. B Trip
3 General Sw. C Trip
4 General Sw. D Trip
5 General Sw. E Trip
6 General Sw. i
7
8
9

Differential Trip
Acceleration Trip
RTD 1 Trip

RTD 2 Trip

RTD 3 Trip

RTD 4 Trip

RTD 5 Trip

RTD 6 Trip

RTD 7 Trip

RTD 8 Trip

RTD 9 Trip

RTD 10 Trip

RTD 11 Trip

RTD 12 Trip
Undervoltage Trip
35 Overvoltage Trip

36 Phase Reversal Trip
37 Overfrequency Trip
38 Power Factor Trip
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FORMAT
CODE

TYPE

DEFINITION

Reactive Power Trip

Underfrequency Trip

Analog I/P 1 Trip

Analog I/P 2 Trip

Analog I/P 3 Trip

Analog I/P 4 Trip

Single Phasing Trip

Reverse Power Trip

Field-Bkr Discrep.

Offline O/C Trip

Phase O/C Trip

Neg. Seq. O/C Trip

General Sw. A Alarm

General Sw. B Alarm

General Sw. C Alarm

General Sw. D Alarm

General Sw. E Alarm

General Sw. F Alarm

General Sw. G Alarm

Tachometer Alarm

Thermal Model Alarm

Overload Alarm

Underfrequency Alarm

Ground Fault Alarm

RTD 1 Alarm

RTD 2 Alarm

Open RTD Alarm

ort/Low RTD Alarm

ndervoltage Alarm

Overvoltage Alarm

Overfrequency Alarm

Power Factor Alarm

Reactive Power Alarm

Low Fwd Power Alarm

Trip Counter Alarm

Breaker Fail Alarm

Current Demand Alarm

kW Demand Alarm

kvar Demand Alarm

kVA Demand Alarm

Broken Rotor Bar

Analog I/P 1 Alarm

Analog I/P 2 Alarm

Analog I/P 3 Alarm

Analog I/P 4 Alarm

Reverse Power Alarm

Incomplete Seq.Alarm

Negative Seq. Alarm
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FORMAT
CODE TYPE DEFINITION
99 Ground O/C Alarm
100
101 Service Alarm
102 Control Power Lost
103 Cont. Power Applied
104 Thermal Reset Close 4—
105 Emergency Rst. Open
106 Start While Blocked
107 Relay Not Inserted
108 Trip Coil Super.
109 Breaker Failure
110 VT Fuse Failure
111 Simulation Started
112 Simulation Stopped
113 Ground O/C Trip
114 Volts/Hertz Trip
115 Volts/Hertz Alarm
116 Low Fwd Power Trip
117 Inadvertent Energ.
118 Serial Start Command
119 Serial Stop Command
120 Input A Control
121 Input B Control
122 Input C Control
123 Input D Control
124 Input E Control
125 Input F Control
126 Input G Contrg
127
128
129
130
131
132
133
134
135
136
Distance Zone 2 Trip
138 ig I/P Wavefrm Trig
139 erial Waveform Trig
140 IRIG-B Failure
F136 16 bits Order Code
0 = Code P5 (5A CT secondaries), 1 = Code P1 (1A CT secondaries)
0 = Code HI (High voltage power supply), 1 = Code LO (Low voltage power supply)
0 = Code A20 (4-20 mA analog outputs), 1 = Code Al (0-1 mA analog outputs)
F138 Simulation mode
Off
1 Simulate Pre-Fault
2 Simulate Fault
‘7; Pre-Fault to Fault
F13 Unsigned 16 bit inte- Force operation of relays
ger
0 Disabled
1 R1 Trip
2 R2 Auxiliary
3 R3 Auxiliary
4 R4 Auxiliary
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FORMAT
CODE TYPE DEFINITION
5 R5 Alarm
6 R6 Service
7 All Relays
8 No Relays
F140 16 bits General Status
Bit O Relay in Service *—
Bit 1 Active Trip Condition
Bit 2 Active Alarm Condition
Bit 3 Reserved
Bit 4 Reserved
Bit 5 Reserved
Bit 6 Reserved
Bit 7 Simulation Mode Enabled
Bit 8 Breaker Open LED
Bit 9 Breaker Closed LED
Bit 10 Hot Stator LED
Bit 11 Neg. Sequence LED
Bit 12 Ground LED
Bit 13 Loss of Field LED
Bit 14 VT Failure LED
Bit 15 Breaker Failure LED
F141 16 bits Output Relay Status
Bit O R1 Trip
Bit 1 R2 Auxiliary
Bit 2 R3 Auxiliary
Bit 3 R4 Auxiliary
Bit 4 R5 Alarm
Bit 5 R6 Service
Bit 6 Reserved
Bit 7
Bit 8
Bit 9
Bit 10
Bit 11
Bit 12
Bit 13
Bit 14
Bit 15
F142
Standard
Custom
Voltage Dependent
F200 Comm. monitor buffer status
Buffer Cleared
Received OK
Wrong Slave Addr.
lllegal Function
lllegal Count
lllegal Reg. Addr.
CRC Error
lllegal Data
F201 Unsigned 16 bit inte- Curve reset type
ger
0 Instantaneous
1 Linear
02 Unsigned 16 bit inte- Inadvertent energization arming type
ger
0 U/V and Offline
1 U/V or Offline
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CODE TYPE DEFINITION
F206 Unsigned 16 bit inte- Sequential trip type
ger
0 Low Forward Power
1 Reverse Power
F207 Unsigned 16 bit inte- Switch status
ger ¢
0 Open
1 Shorted
F208 Unsigned 16 bit inte- Undervoltage trip element type
ger
0 Curve
1 DefiniteTime
F209 Unsigned 16 bit inte- Breaker operation type
ger
0 Breaker Auxiliary a
1 Breaker Auxiliary b
F210 Unsigned 16 bit inte- Assignable input selection
ger
0 None
1 Input 1
2 Input 2
3 Input 3
4 Input 4
5 Input 5
6 Input 6
7 Input 7
F211 Unsigned 16 bit inte- Volts/Hertz element ty
ger
0 Curve #1
1 Curve #2
2 Curve #3
3 Definite
F212 Unsigned 16 bit inte- RTD nu
ger
0 All
1
2
3
4
5
6
7
8 RTD #8
9 RTD #9
10 RTD #10
11 RTD #11
RTD #12
13 RTD #13
RTD #14
RTD #15
16 RTD #16
F213 Unsigned 16 bit inte- Communications monitor port selection
er
I‘E) Computer RS485
1 Auxiliary RS485
2 Front Panel RS232
Unsigned 16 bit inte- Waveform Memory Channel Selector
ger
0 Phase A line current 512 counts equals 1xCT
1 Phase B line current 512 counts equals 1xCT
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FORMAT
CODE TYPE DEFINITION

2 Phase C line current 512 counts equals 1XCT
3 Neutral-end phase A line current 512 counts equals 1xCT
4 Neutral-end phase B line current 512 counts equals 1xCT
5 Neutral-end phase C line current 512 counts equals 1xCT
6 Ground current 512 counts equals 1xCT
7 Phase A to neutral voltage 3500 counts equals 120 secondary volts
8 Phase B to neutral voltage 3500 counts equals 120 secondary vol
9 Phase C to neutral voltage 3500 counts equals 120 second ol

F215 Unsigned 16 bit inte- Current Source
ger
0 NEUTRAL END CTS
1 OUTPUT END CTS

F216 Unsigned 16 bit inte- DNP Port Selection
ger
0 None
1 Computer RS485
2 Auxiliary RS485
3 Front Panel RS232

F217 Unsigned 16 bit inte- Ground Directional MTA
ger
0 0°
1 90°
2 180°
3 270°

F218 Unsigned 16 bit inte- Breaker State
ger
0 52 Closed
1 52 Open/Closed

F219 Unsigned 16 bit inte- Step Up Tral
ger
0 NONE
1 DELTA/

F220 Unsigned 16 bit inte- IRIG-B
ger
1 DCift
2 plitude Modulated
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DNP 3.0
DEVICE PROFILE DOCUMENT

Vendor Name: General Electric Power Management Limited
Device Name: 489 Generator Management Relay
Highest DNP Level Supported: Device Function:
For Requests: Level 2 [ Master X Slave
For Responses: Level 2
Notable objects, functions, and/or qualifiers supported in addition to the Highest DNP Levels Supported fthe completellist is de-
scribed in the attached table):

Binary Input (Object 1, Variations 1 and 2)

Binary Output (Object 10, Variation 2)

Binary Counter (Object 20, Variations 5 and 6)

Frozen Counter (Object 21, Variations 9 and 10)

Analog Input (Object 30, Variations 1, 2, 3 and 4)

Analog Input Change (Object 32, Variations 1, 2, 3 and 4)
Warm Restart (Function code 14)

Maximum Data Link Frame Size (octets): Maximum Application Fragment'Size (octets):
Transmitted: 292 Transmitted: 2048
Received: 292 Received: 2048
Maximum Data Link Re-tries: Maximum ApplicationikayerRe-tries:
X None X None
[ Fixed [] Configtiraple
[] Configurable

Requires Data Link Layer Confirmation:
Xl Never
[ Always
[] sometimes
[] Configurable

Requires Application Layer Confirmation:

Never

[ Always
X when reporting Event Data
[Jwhen sending multi-fragment responses
[] sometimes
[] Configurable

Timeouts while waiting for:

Data Link Confirm X None. [ Fixed) []variable [] Configurable
Complete Appl. Fragment  [X] None g[ %ixed” [ Variable [] Configurable
Application Confirm X None® [EhFixed [ Variable [] Configurable

Complete Appl. Response  [X\Norie, [] Fiked [ Variable [] Configurable

Others: (None)
Executes Control Operations:

WRITE Binary Outputs D Never []Always []Sometimes [ Configurable
SELECT/OPERATE X 'Never []Always [] Sometimes [] Configurable
DIRECT OPERATE [(INever X Always [] Sometimes [ Configurable
DIRECT OPERATE -NO ACK[4l Never [X] Always [ ] Sometimes [] Configurable
Count > 1 X Never [JAlways []Sometimes [ Configurable
Pulse On O Never X Always []Sometimes [ Configurable
Pulse Off X Never [JAlways []Sometimes [ Configurable
Latch On X Never [ Always []Sometimes [ Configurable
Latch Off X Never [JAlways []Sometimes [ Configurable

(For an explanation of the above, refer to the discussion accompanying the point list for the Binary Output/Control Relay Output Block
objects)

Quetie X Never []Always []Sometimes [] Configurable
€leabQueue X Never [ ]Always [ ] Sometimes [] Configurable
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Reports Binary Input Change Events when no specific
variations requested:

[ 1 Never

X Only time-tagged

] only non-time-tagged

[ configurable to send both, one or

the other

Reports time-tagged Binary Input Change Events when no specifi
variation requested:

[ 1 Never

X Binary Input Change With Time

[ Binary Input Change With Relative Time

[ configurable

Sends Unsolicited Responses:
X Never
[ Configurable
[] Only certain objects
[] Sometimes

] ENABLE/DISABLE UNSOLICITED
Function codes supported

\ 4

Sends Static Data in Unsolicited Responses:

X1 Never
[] When Device Restarts \

Default Counter Object/Variation:
[C]  No Counters Reported
[0 configurable
X Default Object: 20
Default Variation: 6
[ Point-by-point list attached

[] When Status Flags Change
Counters Roll Over at:

] No Counters Reporte,

[ configurable

[ 16 Bits

[] 32 Bits

[] other value

Sends Multi-Fragment Responses: [ | Yes X] No

L 4

Q
o
&

L 4

N
S
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The table below gives a list of all objects recognized and returned by the relay. Additional information is provided on the following pages
including a list of the default variations returned for each object and lists of defined point numbers for each object.

IMPLEMENTATION TABLE
OBJECT REQUEST RESPONSE
Obj  Var  Description Func Qual Func Quial
Codes Codes Codes Codes
(Hex) (Hex)

1 0 Binary Input - All Variations 1 06
1 1 Binary Input 1 00, 01, 06 129 00, 01
1 2 Binary Input With Status 1 00, 01, 06 129 00, 01
2 0 Binary Input Change - All Variations 1 06, 07, 08
2 1 Binary Input Change Without Time 1 06, 07,08 129 17,28
2 2 Binary Input Change With Time 1 06, 07, 08 129 17,28
10 0 Binary Output - All Variations 1 06
10 2 Binary Output Status 1 00701, 06 129 00, 01
12 1 Control Relay Output Block 56 17, 28 129 17, 28
20 0 Binary Counter - All Variations 1,7,8,9,10 06 129 00, 01
20 5 32-Bit Binary Counter without Flag 1,7,8,9,10 06 129 00, 01
20 6 16-Bit Binary Counter without Flag 1,%,8,9,10 06 129 00, 01
21 0 Frozen Counter - All Variations 1 06 129 00, 01
21 9 32-Bit Frozen Counter without Flag 1 06 129 00, 01
21 10 16-Bit Frozen Counter without Flag 1 06 129 00, 01
30 0 Analog Input - All Variations 1 06
30 1 32-Bit Analog Input With Flag 1 00, 01, 06 129 00, 01
30 2 16-Bit Analog Input With Flag 1 00, 01, 06 129 00, 01
30 3 32-Bit Analog Input Without Flag 1 00, 01, 06 129 00, 01
30 4 16-Bit Analog Input Without Flag 1 00, 01, 06 129 00, 01
32 0 Analog Input Change - All Variations 1 06, 07, 08
32 1 32-Bit Analog Input Change Without Time 1 06, 07, 08 129 17,28
32 2 16-Bit Analog Input Change Without Time 1 06, 07, 08 129 17,28
32 3 32-Bit Analog Input Change With Time 1 06, 07, 08 129 17,28
32 4 16-Bit Analog Input Change With Time! 1 06, 07, 08 129 17, 28
50 1 Time and Date 1,2 07 (Note 1) 129 07
60 1 Class 0 Data (Note 2) 1 06 129
60 2 Class 1 Data (Note 3) 1 06, 07, 08 129
60 3 Class 2 Data (Note 3) 1 06, 07, 08 129
60 4 Class 3 Data (Note 3) 1 06, 07, 08 129
80 1 Internal Indications 2 00 (Note 4) 129

No object (cold restart comMmand) 13

No object (warm restart command) 14

No object (delay méasurement command) (Note 5) 23
Notes:
1. For this object, the quantity'specified in the request must be exactly 1 as there is only one instance of this object defined in the

relay.

2. All static data known to the rélay is returned in response to a request for Class 0. This includes all objects of type 1 (Binary Input),
type 10 (Binary Output), type 20 (Binary Counter), type 21 (Frozen Counter) and type 30 (Analog Input).

3. The point tables for Binary Input and Analog Input objects contain a field that defines to which event class the corresponding static
data pointdhas been assigned.

4.  For this objectfthe qualifier code must specify an index of 7 only.

5. Delay Measurement (function code 23) is supported since the relay allows for writing the time via object 50 and it also periodically
sets the “Time Synchronization Required” Internal Indication (IIN). The IIN is set at power-up and will be set again 24 hours after it
was last cleared. The IIN is cleared when time is written as object 50 data or if IRIG-B is enabled and reiay time is updated as a re-
sult of a successful decoding of this signal.
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The following table specifies the default variation for all objects returned by the relay. These are the variations that will be returned @
object in a response when no specific variation is specified in a request.

DEFAULT VARIATIONS O
Object Description || Default Variation
1 Binary Input - Single Bit 1 P
2 Binary Input Change With Time 2
10 Binary Output Status 2
20 16-Bit Binary Counter without Flag 6
21 16-Bit Frozen Counter without Flag
30 32-Bit Analog Input Without Flag 3
32 32-Bit Analog Input Change Without Time
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POINT LIST FOR: BINARY INPUT (OBJECT 01)

BINARY INPUT CHANGE (OBJECT 02)
Index Description Event Class

Assigned To

0 Relay In Service Class 1
1 Trip Condition Active Class 1
2 Alarm Condition Active Class 1
3 Simulation Mode Enabled Class 1
4 Breaker Is Open Class 1
5 Breaker Is Closed Class 1
6 Hot Stator Fault Active Class 1
7 Negative Sequence Fault Active Class 1
8 Ground Fault Active Class 1
9 Loss Of Field Fault Active Class 1
10 VT Failure Detected Class 1
11 Breaker Failure Detected Class 1
12 Relay 1 Trip Operated Class 1
13 Relay 2 Auxiliary Operated Class 1
14 Relay 3 Auxiliary Operated Class 1
15 Relay 4 Auxiliary Operated Class 1
16 Relay 5 Alarm Operated Class 1
17 Relay 6 Service Operated Class 1
18 Setpoint Access Input Closed Class 1
19 Breaker Status Input Closed Class 1
20 Assignable Input 1 Closed Class 1
21 Assignable Input 2 Closed Class 1
22 Assignable Input 3 Closed Class 1
23 Assignable Input 4 Closed Class 1
24 Assignable Input 5 Closed Class 1
25 Assignable Input 6 Closed Class 1
26 Assignable Input 7 Closed Class 1
27 Trip Coil Supervision - Coil Detected Class 1
28 ... Reserved ...
29 ... Reserved ...
30 ... Reserved ...
31 ... Reserved ...
32 ... Reserved ...
33 ... Reserved ...
34 ... Reserved ...
35 ... Reserved ...
36 ... Reserved ...
37 ... Reserved ...
38 .. Reserved ...
39 ... Reserved ...
40 Assignable Inputd TriprAetive or Latched Class 1
41 Assignable Input 2¢Trip Active or Latched Class 1
42 Assignable Inputf3 Trip' Active or Latched Class 1
43 Assignablelhput 4 rip Active or Latched Class 1
44 Assignable Inpufys Trip Active or Latched Class 1
45 Assignable Input 6 Trip Active or Latched Class 1
46 Assignhable |aput 7 Trip Active or Latched Class 1
a7 Sequential{Trip Active or Latched Class 1
48 Field-Breaker Discrepancy Trip Active or Latched Class 1
49 Tachometer Trip Active or Latched Class 1
50 Offlie Overcurrent Trip Active or Latched Class 1
51 Inadvertent Energization Trip Active or Latched Class 1
52 Phase Overcurrent Trip Active or Latched Class 1
53 Negative Sequence Overcurrent Trip Active or Latched Class 1
54 Ground Overcurrent Trip Active or Latched Class 1
55 Phase Differential Trip Active or Latched Class 1
56 Undervoltage Trip Active or Latched Class 1
57 Overvoltage Trip Active or Latched Class 1
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POINT LIST FOR: BINARY INPUT (OBJECT 01)
BINARY INPUT CHANGE (OBJECT 02)

Index Description Event'Class
Assigned To

58 Volts/Hertz Trip Active or Latched Class 1
59 Phase Reversal Trip Active or Latched Class 1
60 Underfrequency Trip Active or Latched Class 1
61 Overfrequency Trip Active or Latched Class 1
62 Neutral Overvoltage (Fundamental) Trip Active or Latched Class 1
63 Neutral Undervoltage (3" Harmonic) Trip Active or Latched Class 1
64 Reactive Power Trip Active or Latched Class 1
65 Reverse Power Trip Active or Latched Class 1
66 Low Forward Power Trip Active or Latched Class 1
67 Thermal Model Trip Active or Latched Class 1
68 RTD #1 Trip Active or Latched Class 1
69 RTD #2 Trip Active or Latched Class 1
70 RTD #3 Trip Active or Latched Class 1
71 RTD #4 Trip Active or Latched Class 1
72 RTD #5 Trip Active or Latched Class 1
73 RTD #6 Trip Active or Latched Class 1
74 RTD #7 Trip Active or Latched Class 1
75 RTD #8 Trip Active or Latched Class 1
76 RTD #9 Trip Active or Latched Class 1
77 RTD #10 Trip Active or Latched Class 1
78 RTD #11 Trip Active or Latched Class 1
79 RTD #12 Trip Active or Latched Class 1
80 Analog Input 1 Trip Active or Latched Class 1
81 Analog Input 2 Trip Active or Latched Class 1
82 Analog Input 3 Trip Active or Latched Class 1
83 Analog Input 4 Trip Active or Latched Class 1
84 Loss of Excitation Circle 1 Trip Active or Latghed Class 1
85 Loss of Excitation Circle 2 Trip Active or Latched Class 1
86 Ground Directional Trip Active or Latched Class 1
87 High Set Phase Overcurrent Trip Active or Latehed Class 1
88 Distance Zone 1 Trip Active or Latched Class 1
89 Distance Zone 2 Trip Active or Latched Class 1
90 ... Reserved ...

91 ... Reserved ...

92 ... Reserved ...

93 ... Reserved ...

94 ... Reserved ...

95 ... Reserved ...

96 ... Reserved ...

97 ... Reserved ...

98 ... Reserved ...

99 ... Reserved ...

100 Assignable Input 1¢Alarm Active or Latched Class 1
101 Assignable Inputf2 Alarm Active or Latched Class 1
102 Assignablelhput3"Alarm Active or Latched Class 1
103 Assignable Inputyd Alarm Active or Latched Class 1
104 Assignable Input 5 Alarm Active or Latched Class 1
105 Assighable laput 6 Alarm Active or Latched Class 1
106 Assignablefinput 7 Alarm Active or Latched Class 1
107 Tachometer Alarm Active or Latched Class 1
108 Overcurrent Alarm Active or Latched Class 1
109 Negative Sequence Alarm Active or Latched Class 1
110 Ground Overcurrent Alarm Active or Latched Class 1
112 Undervoltage Alarm Active or Latched Class 1
112 Overvoltage Alarm Active or Latched Class 1
118 Volts/Hertz Alarm Active or Latched Class 1
114 Underfrequency Alarm Active or Latched Class 1
115 Overfrequency Alarm Active or Latched Class 1
116 Neutral Overvoltage (fundamental) Alarm Active or Latched Class 1
117 Neutral Undervoltage (3 harmonic) Alarm Active or Latched Class 1
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POINT LIST FOR: BINARY INPUT (OBJECT 01)

BINARY INPUT CHANGE (OBJECT 02)
Index Description Event'Class

Assigned To

118 Reactive Power Alarm Active or Latched Class 1
119 Reverse Power Alarm Active or Latched Class 1
120 Low Forward Power Alarm Active or Latched Class 1
121 RTD #1 Alarm Active or Latched Class 1
122 RTD #2 Alarm Active or Latched Class 1
123 RTD #3 Alarm Active or Latched Class 1
124 RTD #4 Alarm Active or Latched Class 1
125 RTD #5 Alarm Active or Latched Class 1
126 RTD #6 Alarm Active or Latched Class 1
127 RTD #7 Alarm Active or Latched Class 1
128 RTD #8 Alarm Active or Latched Class 1
129 RTD #9 Alarm Active or Latched Class 1
130 RTD #10 Alarm Active or Latched Class 1
131 RTD #11 Alarm Active or Latched Class 1
132 RTD #12 Alarm Active or Latched Class 1
133 Open Sensor Alarm Active or Latched Class 1
134 Short/Low Temperature Alarm Active or Latched Class 1
135 Thermal Model Alarm Active or Latched Class 1
136 Trip Counter Alarm Active or Latched Class 1
137 Breaker Failure Alarm Active or Latched Class 1
138 Trip Coil Monitor Alarm Active or Latched Class 1
139 VT Fuse Failure Alarm Active or Latched Class 1
140 Current Demand Alarm Active or Latched Class 1
141 MW Demand Alarm Active or Latched Class 1
142 Mar Demand Alarm Active or Latched Class 1
143 MVA Alarm Active or Latched Class 1
144 Analog Input 1 Alarm Active or Latched Class 1
145 Analog Input 2 Alarm Active or Latched Class 1
146 Analog Input 3 Alarm Active or Latched Class 1
147 Analog Input 4 Alarm Active or Latched Class 1
148 Not Programmed Alarm Active or Latched Class 1
149 Simulation Mode Alarm Active or Latched Class 1
150 Output Relays Forced Alarm Active or, Latched Class 1
151 Analog Output Forced Alarm Actiye or Latched Class 1
152 Test Switch Shorted Alarm Active'or Latched Class 1
153 Ground Directional Alarm Activeyer Latched Class 1
154 IRIG-B Failure Alarm Active'or Latched Class 1
155 Generator Running HourdAlarm,Active or Latched Class 1
Notes:

1. Any detected change in the state of any point assigned to Class 1 will cause the generation of an event object.
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POINT LIST FOR:  BINARY OUTPUT (OBJECT 10)
CONTROL RELAY OUTPUT BLOCK (OBJECT 1

Index Description

0 Reset 'S
1 Generator Start

2 Generator Stop

3 Clear Trip Counters

4 Clear Last Trip Data

5 Clear MWh and Mvarh

6 Clear Peak Demand Data

7 Clear Generator Information

8

Clear Breaker Information :
The following restrictions should be noted when using object 12 to control the points listed in b le.

1. The Count field is checked first. If it is zero, the command will be accepted but no acti
command will be executed exactly once regardless of its value.
2. The Control Code field of object 12 is then inspected:
. The Queue and Clear sub-fields are ignored.
. If the Control Code field is zero (i.e., NUL operation) the commal
. For all points, the only valid control is “Close - Pulse On” (41 hex).
ated with the point.
. Any value in the Control Code field not specified above is in be rejected.
3.  The OnTime and Off Time fields are ignored. A "Pulse On” control e immediately when received. Thus, the timing is
irrelevant.
4. The Status field in the response will reflect the success or failure @f the control attempt thus:
A Status of “Request Accepted” (0) will be returned i and was accepted.
) will be returned if the Control Code field was incorrectly

cc but no action is taken.
d to initiate the function (e.g., Reset) associ-

control attempt is performed.

When using object 10 to read the status of an
points are “Pulse On” and are deemed the mall

Q
o
&
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POINT LIST FOR: BINARY COUNTER (OBJECT 20)
FROZEN COUNTER (OBJECT 21)

Index Rollover Point Description Notes

0 50,000 Number of Breaker Operations

1 50,000 Number of Thermal Resets

2 50,000 Number of Trips (total)

3 50,000 Number of Digital Input Trips

4 50,000 Number of Sequential Trips

5 50,000 Number of Field-Breaker Discrepancy Trips

6 50,000 Number of Tachometer Trips

7 50,000 Number of Offline Overcurrent Trips

8 50,000 Number of Phase Overcurrent Trips

9 50,000 Number of Negative Sequence Overcurrent Trips

10 50,000 Number of Ground Overcurrent Trips

11 50,000 Number of Phase Differential Trips

12 50,000 Number of Undervoltage Trips

13 50,000 Number of Overvoltage Trips

14 50,000 Number of Volts/Hertz Trips

15 50,000 Number of Phase Reversal Trips

16 50,000 Number of Underfrequency Trips

17 50,000 Number of Overfrequency Trips

18 50,000 Number of Neutral Overvoltage (Fundamefital)iikips

19 50,000 Number of Neutral Undervoltage (3“ Harmoni@)ylrips

20 50,000 Number of Reactive Power Trips

21 50,000 Number of Reverse Power Trips

22 50,000 Number of Underpower Trips

23 50,000 Number of Stator RTD Trips

24 50,000 Number of Bearing RTD Trips

25 50,000 Number of Other RTD Trips

26 50,000 Number of Ambient RTD{Irips

27 50,000 Number of Thermal ModehTripS

28 50,000 Number of InadverteAtyEnergization Trips

29 50,000 Number of Analog Input T3kips

30 50,000 Number of Analog Input2 Trips

31 50,000 Number of Analog Input 3 Trips

32 50,000 Number of Analog, Input 4/Trips

33 50,000 Number of Logs of Excitation Circle 1 Trips

34 50,000 Numberéof Loss, of Excitation Circle 2 Trips

35 50,000 Number of Ground“Directional Trips

36 50,000 Numbegof High'Set Phase Overcurrent Trips

37 50,000 Number ofiRistance Zone 1 Trips

38 50,000 Numbenof Distance Zone 2 Trips

Note: The counters cannot be cleared with the Freeze/Clear function codes (9/10). Instead, the control relay output block points can be
used to clear groups of counters., There is only one copy of each counter, so clearing a counter via Modbus or the front panel display
causes the corresponding PDNR caunter point to be cleared and vice-versa.
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In the following table, the entry in the “Format” column indicates that the format of the associated data point can be determined by look-
ing up the entry in the 489 Memory Map Data Formats table. For example, an “F1” format is described in that table as a (16-bit) unsigned
value without any decimal places. Therefore, the value read should be interpreted in this manner. Many of the values reported by the, 489
have a size of 32-bits and have had their upper and lower 16-bit components assigned to separate points. Where indicated, refer to the
appropriate note following the table for more detail.

POINT LIST FOR: ANALOG INPUT (OBJECT 30)
ANALOG INPUT CHANGE (OBJECT 32)

Index Format Description Event Class Notes
Assighed To

0 F133 Generator Status Class, 1 Note 3

1 F1 Generator Thermal Capacity Used Class 1

2 F1 Estimated Trip Time On Overload (seconds, 65535 means never) Class' 1

3 F134 Cause Of Last Trip Class 1 Note 3

4 F19 Time Of Last Trip (Upper 16 Bits) Class 1 Notes 3,4
5 F19 Time Of Last Trip (Lower 16 Bits) Class 1 Notes 3,4
6 F18 Date Of Last Trip (Upper 16 Bits) Class 1 Notes 3,4
7 F18 Date Of Last Trip (Lower 16 Bits) Class 1 Notes 3,4
8 F1 Tachometer Pre-Trip Class 1 Note 3

9 F1 Scale factor for pre-trip current readings (pre-trip points marked with “Note 6”)  Class 1 Note 3

Will always be a power of 10 (1, 10, 100, etc)
Changes only when the configuration setpoints are changed.,

10 F1 Phase A Pre-Trip Current Class 1 Notes 3, 6
11 F1 Phase B Pre-Trip Current Class 1 Notes 3, 6
12 F1 Phase C Pre-Trip Current Class 1 Notes 3, 6
13 F1 Phase A Pre-Trip Differential Current Class 1 Notes 3, 6
14 F1 Phase B Pre-Trip Differential Current Class 1 Notes 3, 6
15 F1 Phase C Pre-Trip Differential Current Class 1 Notes 3, 6
16 F1 Pre-Trip Negative Sequence Current Class 1 Note 3

17 F1 Ground Current Scale Factor Class 1 Note 3

Will always be a power of 10 (1, 40, 100, etc)
Changes only when the configuration Setpoints are changed.

18 F6 Pre-Trip Ground Current (scaled accarding to previous setpoint) Class 1 Note 3

19 F1 Phase A-B Pre-Trip Voltage Class 1 Note 3

20 F1 Phase B-C Pre-Trip Voltage Class 1 Note 3

21 F1 Phase C-A Pre-Trip Voltage Class 1 Note 3

22 F3 Pre-Trip Frequency Class 1 Note 3

23 F1 Pre-Trip Real Power (MW) Class 1 Notes 3,8
24 F1 Pre-Trip Real Power (kW) Class 1 Notes 3,8
25 F1 Pre-Trip Reactive Power (Mar Class 1 Notes 3,8
26 F1 Pre-Trip Reactive Poweri(kvar) Class 1 Notes 3,8
27 F1 Pre-Trip Apparent'Rower (MVA) Class 1 Notes 3,8
28 F1 Pre-Trip Apparent Power (kVA) Class 1 Notes 3,8
29 F1 Last TripStator RTD Class 1 Note 3

30 F4 Last Trip Hottest'Stator RTD Temperature (°C) Class 1 Note 3

31 F1 Last Trip Beasing RTD Class 1 Note 3

32 F4 Last Trip Hottest Bearing RTD Temperature (°C) Class 1 Note 3

33 F1 Lastdrip Qther RTD Class 1 Note 3

34 F4 Llast Trip"Hottest Other RTD Temperature (°C) Class 1 Note 3

35 F1 Lastdiip Ambient RTD Class 1 Note 3

36 F4 Last Trip Hottest Ambient RTD Temperature (°C) Class 1 Note 3

37 F12 Pfe-Trip Analog Input 1 Class 1 Notes 3,9
38 F12 Pre-Trip Analog Input 2 Class 1 Notes 3,9
39 F12 Pre-Trip Analog Input 3 Class 1 Notes 3,9
40 F12 Pre-Trip Analog Input 4 Class 1 Notes 3,9
41 F1 Pre-Trip Fundamental Frequency Neutral Voltage (volts) Class 1 Notes 3,10
42 F10 Pre-Trip Fundamental Frequency Neutral Voltage (tenths of a volt) Class 1 Notes 3,10
43 F1 Pre-Trip Third Harmonic Neutral Voltage (volts) Class 1 Notes 3,10
44 F10 Pre-Trip Third Harmonic Neutral Voltage (tenths of a volt) Class 1 Notes 3,10
45 F2 Pre-Trip Vabl/lab (loss of excitation impedance) Class 1 Note 3

46 F1 Pre-Trip Vab/lab Angle (loss of excitation impedance angle) Class 1 Note 3

47 F1 Scale factor for current readings (points marked with “Note 7”) Class 1 Note 3

Will always be a power of 10 (1, 10, 100, etc.)
Changes only when the configuration setpoints are changed.

6-60




6. COMMUNICATIONS |DNP 3.0 DEVICE PROFILE DOCUMENT|

POINT LIST FOR: ANALOG INPUT (OBJECT 30)
ANALOG INPUT CHANGE (OBJECT 32)
Index Format Description Event Class Notes,
Assigned To
48 F1 Phase A Output Current Class 2 Note 7
49 F1 Phase B Output Current Class 2 Note 7
50 F1 Phase C Output Current Class 2 Note 7
51 F1 Phase A Neutral-Side Current Class 2 Note 7
52 F1 Phase B Neutral-Side Current Class 2 Note 7
53 F1 Phase C Neutral-Side Current Class2 Note 7
54 F1 Phase A Differential Current Class,2 Note 7
55 F1 Phase B Differential Current Class 2 Note 7
56 F1 Phase C Differential Current Class 2 Note 7
57 F1 Average Phase Current €lass 2 Note 7
58 F1 Generator Load (percent) Class 2
59 F1 Negative Sequence Current Class 2
60 F1 Ground Current Scale Factor Class 1 Note 3
Will always be a power of 10 (1, 10, 100, etc)
Changes only when the configuration setpoints are changed.
61 F3 Ground Current (scaled according to the previous point) Class 2
62 F1 Phase A-B Voltage Class 2
63 F1 Phase B-C Voltage Class 2
64 F1 Phase C-A Voltage Class 2
65 F1 Average Line Voltage Class 2
66 F1 Phase A-N Voltage Class 2
67 F1 Phase B-N Voltage Class 2
68 F1 Phase C-N Voltage Class 2
69 F1 Average Phase Voltage Class 2
70 F3 Per Unit Measurement Of V/Hz Class 2
71 F3 Frequency Class 2 Note 2
72 F1 Fundamental Frequency Neutral Moltage (volts) Class 2 Note 10
73 F10 Fundamental Frequency NeutralVeltage (tenths of a volt) Class 2 Note 10
74 F1 Third Harmonic Neutral Voltage,(volts) Class 2 Note 10
75 F10 Third Harmonic Neutral Voltage (teénths of a volt) Class 2 Note 10
76 F1 Third Harmonic Terminal Voltage,(volts) Class 2 Note 10
77 F10 Third Harmonic Terminal Voltage (teémths of a volt) Class 2 Note 10
78 F2 Vab/lab (loss of excitatiop.impedance) Class 2
79 F1 Vab/lab Angle (loss offexcitation impedance angle) Class 2
80 F6 Power Factor Class 2
81 F1 Real Power (MW) Class 2 Note 8
82 F1 Real Power (kW) Class 2 Note 8
83 F1 Reactive Power (Mar) Class 2 Note 8
84 F1 Reactive Poweky(kvar) Class 2 Note 8
85 F1 ApparentfPower (MVA) Class 2 Note 8
86 F1 Apparent.Powef (kVA) Class 2 Note 8
87 F1 Hottest StaterRTD Class 2 Note 3
88 F4 Hofttest/Stator RTD Temperature (°C) Class 2
89 F4 RTD.#1 Temperature (°C) Class 2
20 F4 RED #2Temperature (°C) Class 2
91 F4 RTD#3 Temperature (°C) Class 2
92 F4 RTR #4 Temperature (°C) Class 2
93 F4 RTD #5 Temperature (°C) Class 2
94 F4 RTD #6 Temperature (°C) Class 2
95 F4 RTD #7 Temperature (°C) Class 2
96 F4 RTD #8 Temperature (°C) Class 2
97 F4 RTD #9 Temperature (°C) Class 2
98 F4 RTD #10 Temperature (°C) Class 2
99 F4 RTD #11 Temperature (°C) Class 2
100 Fa RTD #12 Temperature (°C) Class 2
102 F1 Current Demand Class 2 Note 7
102 F1 MW Demand Class 2 Note 8
103 F1 kW Demand Class 2 Note 8
104 F1 Mvar Demand Class 2 Note 8
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POINT LIST FOR: ANALOG INPUT (OBJECT 30)

ANALOG INPUT CHANGE (OBJECT 32)

Index Format Description Event Class Notes,
Assigned To

105 F1 kvar Demand Class 2 Note 8

106 F1 MVA Demand Class 2 Note 8

107 F1 kVA Demand Class 2 Note 8

108 F1 Peak Current Demand Class 2 Note 7

109 F1 Peak MW Demand Class 2 Note 8

110 F1 Peak kW Demand Class2 Note 8

111 F1 Peak Mvar Demand Class,2 Note 8

112 F1 Peak kvar Demand Class 2 Note 8

113 F1 Peak MVA Demand Class 2 Note 8

114 F1 Peak kVA Demand Class 2 Note 8

115 F12 Analog Input 1 Class 2 Note 9

116 F12 Analog Input 2 Class 2 Note 9

117 F12 Analog Input 3 Class 2 Note 9

118 F12 Analog Input 4 Class 2 Note 9

119 F1 Tachometer RPM Class 2

120 F1 Average Generator Load Class 2

121 F1 Average Negative Sequence Current Class 2

122 F1 Average Phase-Phase Voltage Class 2

123 - User Map Value 1 Note 5

124 - User Map Value 2 Note 5
- Note 5

246 - User Map Value 124 Note 5

247 - User Map Value 125 Note 5

248 F118 Active Setpoint Group Class 1 Note 3

249 F13 Positive kWh Class 2

250 F13 Positive kvarh Class 2

251 F13 Negative kvarh Class 2

252 F12 Generator Hours Online Class 2

Notes:

1. Unless otherwise specified, an event object willlbe,generated for a point if the current value of the point changes by an amount

w

~

10.
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greater than or equal to two percent of its previous value.

An event object is created for the Frequeneyapoint,if the frequency changes by 0.04 Hz or more from its previous value.

An event object is created for these points if thedurrent value of a point is in any way changed from its previous value.

To support existing SCADA hardware thatis not/capable of 32-bit data reads, the upper and lower 16-bit portions of these 32-bit
values have been assigned to separate‘peints. To read this data, it is necessary to read both the upper and lower 16-bit portions,
concatenate these two values to farm a 32-hit value and interpret the result in the format associated with the point as specified in
the 489 Memory Map Data Formats table.

The data returned by a read of theldlser Map Value points is determined by the values programmed into the corresponding User
Map Address registers (whi¢h are only accessible via Modbus). Refer to the section titled “User Definable Memory Map Area” in
this chapter for more information. €hanges in User Map Value points never generate event objects. Note that it is possible to refer
to a 32-bit quantity in aquser mapregister, which may require the use of a 32-bit variation to read the associated analog input point.
The scale for pre-trip €urrentsiis determined by the value in point 9, which should not normally change

The scale for curtents'is'determined by the value in point 47, which should not normally change

Each power guantitydis available at two different points, with two different scale factors (kW and MW, for example). The user should
select the dinit which is elosest to providing the resolution and range desired. If 32-bit analog input capability is present, the higher-
resolutiofi (kWkvar, kWA) points should generally be used, since they provide the greatest resolution.

Analog inputvaluesdmay be -50,000 to +50,000 if so configured. Therefore, 32-bit analog input capability is required to read the full
possible range. fithe SCADA equipment can only read 16-bit registers, the analog inputs should be configured to operate within
the range -32,768 to +32,767.

Each neutral voltage quantity is available at two different points, with two different scale factors (volts and tenths of a volt). The user
should select the unit which is closest to providing the resolution and range desired. If 32-bit analog input capability is present, the
higher-resolution (tenths of a volt) points should generally be used, since they provide the greatest resolution.




7. TESTING TEST SETUP

hardware while also testing firmware/hardware interaction in the process. Since the 489 is packaged in a drawout case, a demo c
carry case in which an 489 may be mounted) may be useful for creating a portable test set with a wiring harness for all of the 1/0. Testing of
the relay during commissioning using a primary injection test set will ensure that CTs and wiring are correct and complete.

TEST CONTENTS

(For following tests refer to Fig. 7-1)

L 4
OUTPUT CURRENT ACCURACY TEST \
PHASE VOLTAGE INPUT ACCURACY TEST
GROUND, NEUTRAL AND DIFFERENTIAL CURRENT ACCURACY TEST
NEUTRAL VOLTAGE (FUNDAMENTAL) ACCURACY TEST

NEGATIVE SEQUENCE CURRENT ACCURACY TEST

RTD ACCURACY TEST

DIGITAL INPUT AND TRIP COIL SUPERVISION TEST

ANALOG INPUT AND OUTPUTS TEST

OUTPUT RELAY TEST

. OVERLOAD CURVE TEST
. POWER MEASUREMENT TEST
. REACTIVE POWER TEST
. VOLTAGE PHASE REVERSAL TEST
(For the following tests refer to Fig. 7-2) &

1. GE POWER MANAGEMENT (HGF) GROUND CURRENT ACCURA
2. NEUTRAL VOLTAGE (3RD HARMONIC) ACCURACY TEST
3. PHASE DIFFERENTIAL TRIP TEST

(For the following test refer to Fig. 7-3) @
1. VOLTAGE RESTRAINED OVERCURRENT

©oNoOAWNE
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-

7.1.2. SECONDARY INJECTION TEST S

Wire the 489 unit as shown below and perform the proceeding tests.

s 3 PHASE VARIABLE AC TEST SET

A START

I V%W W

B

e 1 (b
E1DlF1ﬂ GQIHQ G1DIH1D GSIHB GAIHA GSIHS GGIHS G7IH7 GBIH8 GZIH1IH2IGI1
YMIMMMY MMM 0

2 AUTOMATIC CT
HAHAHEEEEEE sHoRTNG S =I S| =|8|5|c|e|e|§
@ HMEEHEEHEEE HEHEHEEEEE
.2
crouno wpurs  |PRaSE afpriase ofprase o Priase AlPHast BlPrasEcl prase
NEUTRAL END CT's OUTPUT CT's [VOLTAGE INPUTS]
81|  RTDSHIELD
at|  Hor |
500 Ohms RTD #1
2| cowpensarion | |
A3|  RTDRETURN
A4|  COMPENSATION -
500 Ohms RTD #2
as|  wHoT
SWITCH
as| HOT +24VAC
500 Ohms RTD #3
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7.2.1. OUTPUT CURRENT ACCURACYTLEST I

The 489 specification for output and neutral end current input is +0.5% of 2xCT when the injected current is < 2xCT. Perform the'steps below
to verify accuracy.

1.  Alter the following setpoint:
SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\PHASE CT PRIMARY: 1000A

2. Measured values should be +10A. Inject the values shown in the table below and verify accuracy of the measgred values. View the

measured values in:
ACTUAL VALUES A2:\\METERING DATA\CURRENT METERING

Table 7-1 OUTPUT CURRENT TEST

INJECTED INJECTED EXPECTED MEASURED MEASURED MEASURED
CURRENT CURRENT CURRENT CURRENT CURRENT CURRENT
1AUNIT 5AUNIT READING PHASE A PHASE B PHASE C

(A (A (A (A) (A) (A)

0.1 0.5 100

0.2 1.0 200

0.5 2.5 500

1 5 1000

15 7.5 1500

2 10 2000

7.2.2. PHASE VOLTAGE INPUT ACCURACY TEST I

The 489 specification for phase voltage input accuracy is +0.5% of full scale(200V). Perform the steps below to verify accuracy.

1.  Alter the following setpoints:
SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VT'CONNECTION TYPE: Wye
SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VOLTAGE TRANSFORMER RATIO: 10.00:1

2. Measured values should be +1.0V. Apply the véltagelvalues shown in the table and verify accuracy of the measured values. View the

measured values in:

ACTUAL VALUES A2:\METERING DATA\VOLTAGE METERING

Table 7-2 PHASE VOLTAGE INPUT TEST

APPLIED EXPECTED MEASURED MEASURED MEASURED
LINE-NEUTRAL VOLTAGE VOLTAGE VOLTAGE VOLTAGE
VOLTAGE REABING AN B-N C-N
W) V) () W) W)

30 300
50 500
100 1000
150 1500
200 2000
270 2700
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7.2.3. GROUND (1A), NEUTRAL AND DIFFERENTIAL CURRENT ACCURACY TEST I

The 489 specification for neutral, differential and 1A ground current input accuracy is +0.5% of 2xCT. Perform the steps below to verify

accuracy.

1.  Alter the following setpoints:
SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\GROUND CT: 1A Secondary
SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\GROUND CT RATIO: 1000:1
SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\PHASE CT PRIMARY: 1000 A
SETPOINT S5:CURRENT ELEMENTS\PHASE DIFFERENTIAL\PHASE DIFFERENTIAL TRIP: unlatched
SETPOINT S5:CURRENT ELEMENTS\PHASE DIFFERENTIAL\DIFFERENTIAL TRIP MIN. PICKUP: 0.1xCT
(Note: Last two setpoints are needed to view the neutral and the differential current. The trip element will gperate, when diff. current exceeds

100 A.)

2. Measured values should be +10A. Inject (I, only) the values shown in the table below into one phase,only and verify accuracy of the
measured values. View the measured values in:
ACTUAL VALUES A2:\METERING DATA\CURRENT METERING

OR

Press NEXT button to view the current values when diff. trip element is active.

Table 7-3 NEUTRAL AND GROUND CURRENT TEST (1A)

INJECTED EXPECTED MEASURED MEASURED MEASURED MEASURED
CURRENT CURRENT GROUND NEUTRAL NEUTRAL NEUTRAL
1A UNIT READING CURRENT CURRENT, CURRENT CURRENT
(A) (A) (A) PHASE A PHASE B PHASE C
(A) (A) (A)
0.1 100
0.2 200
0.5 500
1 1000
Table 7-4 DIFFERENTIAL CURRENT TEST
INJECTED EXPECTED EXPECTED MEASURED MEASURED MEASURED
CURRENT CURRENT CURRENIT DIFF. CURRENT DIFF. CURRENT DIFF. CURRENT
READING READING PHASE A PHASE B PHASE C
DIFF. PHASE A DIFF. PHASE B,C
(A) (A) *) (A) (A) (A)
0.1 200 100
0.2 400 200
0.5 1000 500
1 2000 1000
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7. TESTING

| HARDWARE FUNCTIONAL TESTING

7.2.4, NEUTRAL VOLTAGE (FUNDAMENTAL) ACCURACY

The 489 specification for neutral voltage (fundamental) accuracy is +0.5% of full scale (100V). Perform the steps below to verify accurac

1.  Alter the following setpoints:
SETPOINT S2: SYSTEM SETUP\VOLTAGE SENSING\NEUTRAL VOLTAGE TRANSFORMER: Yes
SETPOINT S2: SYSTEM SETUP\VOLTAGE SENSING\NEUTRAL V.T. RATIO: 10.00:1 4
SETPOINT S2: SYSTEM SETUP\GEN. PARAMETERS\GENERATOR NOMINAL FREQUENCY: 60 Hz
%alues. View the

measured values in:

2. Measured values should be +5.0V. Apply the voltage values shown in the table and verify accuracy of r\

ACTUAL VALUES A2: METERING DATA\WOLTAGE METERING

Table 7-5 NEUTRAL VOLTAGE (FUNDAMENTAL) INPUT TEST

o
N

APPLIED EXPECTED MEASURED
NEUTRAL NEUTRAL NEUTRAL
VOLTAGE (V) VOLTAGE VOLTAGE
@ 60Hz ) )
10 100
30 300
50 500
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.

The 489 measures negative sequence current as a percent of Full Load Amperes (FLA). A sample calculation of negative sequence current
is given below:

| 7.2.5. NEGATIVE SEQUENCE CURRENT ACCURACY

Generator Parameters

Rated MVA (P,): 1.04
Voltage Phase to Phase (V,,): 600

Pa _ 104 x 106

FLA =

= 1000A \
Va3 x Vop V3 x 600 @
Output Currents 0

I =78000
a

Ib =10000 123 lag

| =10000 247 lag
c
Negative Sequence Current
1 2
ns = “(lg +aly +alg) where a = 10120= - 05 iOSGGK
3
1 2
ns ;[780D‘(} (T F20) (1006  118) O( I° 12(Q 1

1
| :5(780IZI‘G- 100D 127 1000° 23} \
ns

1
I :3(780—6018+i 7986- 60181 7996
I

ns
wl = — 4 100= 14% \
ns FLA \

I =-1412
ns &

[0 Negative Sequence Curr

%

LA.
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The 489 specification for negative sequence current accuracy is per output current inputs. Perform the steps below to verify accuracy.

1.  Alter the following setpoints:
SETPOINT S2:SYSTEM SETUP\GENERATOR PARAMETER\GENERATOR RATED MVA: 1.04
SETPOINT S2:SYSTEM SETUP\GENERATOR PARAMETER\VOLTAGE PHASE-PHASE: 600
(Note: This is equivalent to setting FLA = 1000 A -- For testing purposes ONLY!)

SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\PHASE CT PRIMARY: 1000A

2. Inject the values shown in the table below and verify accuracy of the measured values. View the measured valués in:
ACTUAL VALUES A2:\METERING DATA\CURRENT METERING

Table 7-6 NEGATIVE SEQUENCE CURRENT

INJECTED INJECTED EXPECTED MEASURED
CURRENT CURRENT NEAGTIVE SEQUENCE CURRENT NEGATIVE SEQUENCE CURRENT
1A UNIT 5A UNIT LEVEL EEVEL
(A) (A) (% FLA) (% FLA)
la=0.78 0O° la= 3.9 00°
Ib=1 0113° lag Ib=5 0113° lag 14
Ic=1 [0247° lag Ic=5 [1247° lag
la=1.56 00° la=7.8 0JO°
Ib=2 0113° lag Ib=10 0J113° lag 28
Ic=2 [0247° lag Ic=10 0J247° lag
la=0.39 00° la=1.95 00°
1b=0.5 0J113° lag Ib=2.5 0113° lag 7
1c=0.5 [1247° lag Ic=2.5 [1247° lag

7.2.6. RTD ACCURACY TEST I

The 489 specification for RTD input accuracy is +2° for Platiium/Nickelan@d +5° for Copper. Perform the steps below to verify accuracy.

1. alter the following setpoints:
SETPOINT S8:RTD TEMPERATURE\RTD TYPE\STATOR,RTDULYPE: 100 ohm Platinum

(select desired type)
SETPOINT S8:RTD TEMPERATURE\RTD #1\RTD #1 APRLICATION: Stator
(repeat for RTDs 2-12)

2. Measured values should be +2° C gk +4° E for Platinum/Nickel and +5° C or £9° F for Copper. Alter the resistances applied to the RTD

inputs as per the table below to simulate,RTDs,and verify accuracy of the measured values. View the measured values in:
ACTUAL VALUES A2:\\METERING DATA\TEMPERATURE
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7. TESTING

Table 7-7 RTD 100 OHM PLATINUM TEST

APPLIED EXPECTED EXPECTED MEASURED RTD TEMPERATURE
RESISTANCE RTD RTD
100 OHM TEMPERATURE | TEMPERATURE v SELECT ONE
PLATINUM READING READING _(°C)
(ohm) (°C) (°F) (C°F)
4 | 5 |16 | 7 10 11 ] 12
84.27 -40 -40
100.00 0 32
119.39 50 122
138.50 100 212
157.32 150 302
175.84 200 392
194.08 250 482
Table 7-8 RTD 120 OHM NICKEL TEST
APPLIED EXPECTED EXPECTED MEASUREDRTD,TEMPERATURE
RESISTANCE RTD RTD
120 OHM TEMPERATURE | TEMPERATURE v SERECT ONE
NICKEL READING READING L (°C)
(ohm) (°C) (°F) C°F)
2 s U | 7 1011 12
92.76 -40 -40
120.00 0 32
157.74 50 122
200.64 100 212
248.95 150 302
303.46 200 392
366.53 250 482
Table 7-9 RTD 100 OHM NICKEL TEST
APPLIED EXPECTED EXPECTED MEASURED RTD TEMPERATURE
RESISTANCE RTD RTD
100 OHM TEMPERATURE | TEMPERATURE v SELECT ONE
NICKEL READING READING _(°C)
(ohm) (°C) (°F) (°F)
4 | 5 |16 | 7 1011 12
77.30 -40 40
100.00 0 32
131.45 50 122
167.20 100 212
207.45 150 302
252.88 200 392
305.44 250 482
Table 7-10 RTD 10 OHM C@PPER TEST
APPLIED EXPECTED EXPECTED MEASURED RTD TEMPERATURE
RESISTANCE RTD RTD
10 OHM TEMPERATURE | TEMPERATURE v SELECT ONE
COPPER READING READING __(°C)
(ohm) (9] (°F) C°F)
4 | 5 |16 | 7 1011 12
7.49 -40 -40
9.04 0 32
10.97 50 122
12090 100 212
14.83 150 302
16.78 200 392
18.73 250 482
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The digital inputs and trip coil supervision can be verified easily with a simple switch or pushbutton. Verify the SWITCH +
voltmeter. Perform the steps below to verify functionality of the digital inputs.

1. Open switches of all of the digital inputs and the trip coil supervision circuit.
2. View the status of the digital inputs and trip coil supervision in:

ACTUAL VALUES A1\STATUS\DIGITAL INPUTS

3. Close switches of all of the digital inputs and the trip coil supervision circuit.

ACTUAL VALUES AL\STATUS\DIGITAL INPUTS

Table 7-11 DIGITAL INPUTS

L 4
4.  View the status of the digital inputs and trip coil supervision in: @
PAS

INPUT EXPECTED v PASS EXPECTED
STATUS STATUS
(SWITCH OPEN)
ACCESS Open
BREAKER STATUS Open
ASSIGNABLE INPUT 1 Open
ASSIGNABLE INPUT 2 Open
ASSIGNABLE INPUT 3 Open
ASSIGNABLE INPUT 4 Open
ASSIGNABLE INPUT 5 Open
ASSIGNABLE INPUT 6 Open
ASSIGNABLE INPUT 7 Open
TRIP COIL SUPERVISION No Coil
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7.2.8. ANALOG INPUTS AND OUTRUTS I

The 489 specification for analog input and analog output accuracy is +1% of full scale. Perform the steps below to verify accuracy. Verify|the
Analog Input +24Vdc with a voltmeter.

4-20mA

1. alter the following setpoints:

SETPOINT S11:ANALOG I/O\ANALOG INPUT1\ANALOG INPUT1: 4-20 mA
SETPOINT S11:ANALOG I/O\ANALOG INPUT1\ANALOG INPUT1 MINIMUM:O
SETPOINT S11:ANALOG I/O\ANALOG INPUTI\ANALOG INPUT1 MAXIMUM:1000
(repeat for analog inputs 2-4)

2. Analog output values should be +0.2mA on the ammeter. Measured analog input values should b&z+10tunits. Force the analog outputs
using the following setpoints:

SETPOINT S12:TESTING\TEST ANALOG OUTPUT\FORCE ANALOG OUTPUTS FUNCTION: Enabled

SETPOINT S12:TESTING\TEST ANALOG OUTPUT\ANALOG OUTPUT 1 FORCED VALUE: 0%

(enter desired percent, repeat for analog outputs 2-4)

3. Verify the ammeter readings as well as the measured analog input readings. For thefpurpeses of testing, the analog input is fed in from
the analog output (see Figure 7-1). View the measured values in:
ACTUAL VALUES A2\METERING DATA\ANALOG INPUTS

Table 7-12 ANALOG I/O TEST 4-20mA

ANALOG EXPECTED MEASURED AMMETER EXPECTED MEASURED ANALOG INPUT READING
OUTPUT AMMETER READING ANALOG INPUIL (units)
FORCE READING (mA) READING
VALUE (mA) (units)
(%) 1 2 3 4 1 2 3 4
0 4 0
25 8 250
50 12 500
75 16 750
100 20 1000
0-1ImA

1. alter the following setpoints:

SETPOINT S11:ANALOG I/O\ANALOG INPUTL\ANALOG INPUT1: 0-1 mA
SETPOINT S11:ANALOG I/O\ANALOG INRUTTVANALOG INPUT1 MINIMUM:O
SETPOINT S11:ANALOG I/O\ANALOG INPUTRANALOG INPUT1 MAXIMUM:1000
(repeat for analog inputs 2-4)

2. Analog output values should bex0.02mA on the ammeter. Measured analog input values should be +10 units. Force the analog outputs
using the following setpoints:

SETPOINT S12:TESTING\TEST ANALQG OUTPUT\FORCE ANALOG OUTPUTS FUNCTION: Enabled

SETPOINT S12:TESTING\FESTIANALOG OUTPUT\ANALOG OUTPUT 1 FORCED VALUE: 0 %

(enter desired percent, repeats¢for analog output 2-4)

3. Verify the ammeter readings as well as the measured analog input readings. View the measured values in:
ACTUAL VALUES A2AMETERING DATA\ANALOG INPUTS

Table 7-13 ANALOGWOEST 0-1mA

ANALOG EXPECTED MEASURED AMMETER EXPECTED MEASURED ANALOG INPUT READING
OUTPUT AMMETER READING ANALOG INPUT (units)
FORCE READING (mA) READING
VALUE (mA) (units)
(%) 1 2 3 4 1 2 3 4
0 0 0
25 0.25 250
50 0.50 500
75 0.75 750
100 1.00 1000
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7.2.9. OUTPUT R

To verify the functionality of the output relays, perform the following steps:
1.  Using the setpoint:

SETPOINT S12:TESTING\TEST OUTPUT RELAYS\FORCE OPERATION OF RELAYS: R1 TRIP
select and store values as per the table below, verifying operation L 4

Table 7-14 OUTPUT RELAYS

FORCE EXPECTED MEASUREMENT
OPERATION v for SHORT
SETPOINT
R1 R2 R3 R4 R5 R6
no nc no nc no nc no nc no nc no no nc
R1 Trip v v v v vV |v
R2 Auxiliary Vi v v v V| v
R3 Auxiliary v Vi v v V| v
R4 Auxiliary v v Vi v Vi v
R5 Alarm v v v v v
R6 Service v v v v v
All Relays v v v v v
No Relays v v v v Vi iv

NOTE: R6 Service relay is failsafe or energized normally, operating R6 cal

L 4

N
S

Q
o
&

L 4
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7.3.1. OVERLOAD CURVETLEST I

The 489 specification for overload curve timing accuracy is +100ms or +2% of time to trip. Pickup accuracy is as per the curent inputs
(¥0.5% of 2xCT when the injected current is < 2xCT and +1% of 20xCT when the injected current is = 2xCT). Perform the steps‘below to

verify accuracy.

1.  Alter the following setpoints:
SETPOINT S2 SYSTEM SETUP\GEN. PARAMETERS\GENERATOR RATED: 1.04
SETPOINT S2 SYSTEM SETUP\GEN. PARAMETERS\GENERATOR VOLTAGE PHASE-PHASE: 600
(Note: This is equivalent to setting FLA = 1000 A -- For testing purposes ONLY!)
SETPOINT S2 SYSTEM SETUP\CURRENT SENSING\PHASE CT PRIMARY: 1000
SETPOINT S9 THERMAL MODEL\MODEL SETUP\SELECT CURVE STYLE: Standard
SETPOINT S9 THERMAL MODEL\MODEL SETUP\OVERLOAD PICKUP LEVEL: 1.10xFLA
SETPOINT S9 THERMAL MODEL\MODEL SETUP\UNBALANCE BIAS K FACTOR: 0
SETPOINT S9 THERMAL MODEL\MODEL SETUP\HOT/COLD SAFE STALL RATIO: 1.00
SETPOINT S9 THERMAL MODEL\MODEL SETUP\ENABLE RTD BIASING: No
SETPOINT S9 THERMAL MODEL\MODEL SETUP\STANDARD OVERLOAD CURVE NUMBER:%4
SETPOINT S9 THERMAL MODEL\MODEL SETUP\ENABLE THERMAL MODEL: Yes
SETPOINT S9 THERMAL MODEL\THERMAL ELEMENTS\THERMAL MODEL TRIP: Latched ofinlatched

2. Any trip must be reset prior to each test. Short the emergency restart terminals mamentarily immediately prior to each overload curve
test to ensure that the thermal capacity used is zero. Failure to do so will resultin shester trip times. Inject the current of the proper
amplitude to obtain the values as shown and verify the trip times. Motor load may,be¥iewed in:

ACTUAL VALUES A2:\METERING DATA\CURRENT METERING

Thermal capacity used and estimated time to trip may be viewed in:

ACTUAL VALUES AL\STATUS\GENERATOR STATUS

Table 7-15 OVERLOAD TEST (STANDARD CURVE #4)

AVERAGE PHASE PICKUP EXPECTED TOLERANCE RANGE MEASURED TIME TO
CURRENT LEVEL TIME TO TRIP (s) TRIP
DISPLAYED (s) (s)
Q)
1050 1.05 never n/a
1200 1.20 795.44 779.53-811.35
1750 1.75 169.66 166.27-173.05
3000 3.00 43.73 42.86-44.60
6000 6.00 9.99 9.79-10.19
10000 10.00 5.55 5.44-5.66
Generator_ Rated GMVA
NOTE: FLA =

\EXGenerator_ Phase “te,. Phase Voltage
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| ADDITIONAL FUNCTIONAL TESTING |

7.3.2. POWER MEASUREMENT{IEST I

The 489 specification for reactive and apparent power is + 1% of V3x2xCTxXVTx(VT full scale) @ lavg <2xCT. Perform the steps below to

verify accuracy.

1.  Alter the following setpoints:
SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\PHASE CT PRIMARY: 1000

SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VT CONNECTION TYPE: Wye
SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VOLTAGE TRANSFORMER RATIO: 10.00:1

2. Inject current and apply voltage as per the table below. Verify accuracy of the measured values. View the measured values in:

ACTUAL VALUES A2:\METERING DATA\POWER METERING

Table 7-16 POWER MEASUREMENT TEST

INJECTED CURRENT INJECTED CURRENT EXPECTED TOLERANCE MEASURED, EXPECTED MEASURED
1A UNIT, 5A UNIT, LEVEL OF RANGE POWER POWER POWER
APPLIED VOLTAGE APPLIED VOLTAGE POWER OF POWER QUANTITY FACTOR FACTOR
(la is reference vector) (la is reference vector) QUANTITY QUANTITY
la=1A 00° la=5A 00°
Ib=1A [0120° lag Ib=5A [0120° lag
Ic=1A 0J240° lag Ic=5A 0240° lag + 3424 KW 3329-3519 kw 0.95 lag
Va=120V 0342° lag Va=120V [0342° lag
Vb=120V J102° lag Vb=120V 0102° lag
Vc=120V [0222° lag Vc=120V [222° lag
la=1A 00° la=5A 00°
Ib=1A 00120° lag Ib=5A [0120° lag
lc=1A 0240° lag Ic=5A [J240° lag + 3424 kvar 3829-3519 kvar 0.31 lag

Va=120V 0288° lag
Vb=120V 048° lag
Vc=120V 0168° lag

Va=120V 0288° lag
Vb=120V 048° lag
Vc=120V 168° lag
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7.3.3. REACTIVE POWERTIEST I

The 489 specification for reactive power is + 1% of V3x2xCTxVTx(VT full scale) @ lavg <2xCT. Perform the steps below to vefify accuracy
and trip element.

1.  Alter the following system setpoints:

SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\PHASE CT PRIMARY: 5000

SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VT CONNECTION TYPE: Wye

SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VOLTAGE TRANSFORMER RATIO: 100:1
SETPOINT S2:SYSTEM SETUP\GEN. PARAMETERS\GENERATOR RATED MVA: 100

SETPOINT S2:SYSTEM SETUP\GEN. PARAMETERS\GENERATOR RATED POWER FACTOR: 0.85
SETPOINT S2:SYSTEM SETUP\GEN. PARAMETERS\GENERATOR VOLTAGE PHASE-PHASE: 12000,

RATED REACTIVE POWER = 100 sin(cos *(0.85)) = #52.7 Mvar

2. Alter the following reactive power setpoints:
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\REACTIVE POWER ALARM: Unlatehed
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\ASSIGN ALARM RELAYS(2-5): ---5
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\POSTIVE Mvar ALARM LEVEL%0.6 x Rated
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\NEGATIVE Mvar ALARMLEVEL: 0:6 x Rated
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\REACTIVE POWER ALARM DEEAY: 5 s
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\REACTIVE POWER'ALARM,EVENT: On
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\REACTIVE POWERIRIR; Unlatched
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\ASSIGN TRIPIRELAYS(1-4): 1---
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\POSTIVE MvariiRIPEEVEL: 0.75 x Rated
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\WNEGATIVE Mvar TRIP LEVEL: 0.75 x Rated
SETPOINT S7:POWER ELEMENTS\REACTIVE POWER\REACTIVE'POWER TRIP DELAY: 10 s

3. Inject current and apply voltage as per the table below. Verify thealarm/trip,elements and the accuracy of the measured values. View the
measured values in:

ACTUAL VALUES A2:\METERING DATA\POWER METERING

View the Event Records in:

ACTUAL VALUES A5:\EVENT RECORD

Table 7-17 REACTIVE POWER TEST

CURRENT (A) Expected Mvar Measuréd Expected Observed Alarm Expected Observed Trip
VOLTAGE (V) Mvar Tolerance Myar Alarm (R5) [ Alarm (R5) Delay Trip Trip Delay
(Secondary Injection) (sec) (R1) (R1) (sec)
Vab =120 0 0°
Vbc =120 O 120°lag +13
Vca = 120 0 240°lag +18 to b 4 N/A X N/A
lan = 5A 0 10°lag +23

Ibn = 5A [0 130°lag
Icn = 5A 0 250°lag

Vab =120 0 0°

Vbc =120 O 120°lag —-40

Vca =120 0 240°lag -35 to v X N/A
lan = 5A [0 340°lag —30

Ibn = 5A [J 100°lag
Icn = 5A 0 220°lag

Vab =12000°

Vbe = 120 O 120°lag 57

Vea = 120 0 240°l4g 52 to v v
lan = 5A [0 330°lag —47

Ibn = 5A [0 90°lag
Icn = 5A 0 210°lag

Vab =12000°

Vbe = 120 0 120°lag +47

Vca = 120 0 240°lag +52 to v v
lan = 5A\0 30°lag +57

Ibn = 5A T,150°lag
Icn = 5AWN,270°lag

v Activated
X Not Activated
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7.3.4. VOLTAGE PHASE REVERSAL TEST I

The 489 can detect voltage phase rotation and protect against phase reversal. To test the phase reversal element, perform the following
steps:

1.  Alter the following setpoints:

SETPOINT S3:DIGITAL INPUTS\BREAKER STATUS\BREAKER STATUS: Breaker Auxiliary a
SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VT CONNECTION TYPE: Wye
SETPOINT S6:VOLTAGE ELEMENTS\PHASE REVERSAL\PHASE REVERSAL TRIP: Unlatched
SETPOINT S6:VOLTAGE ELEMENTS\PHASE REVERSAL\ASSIGN TRIP RELAYS: Trip
SETPOINT S2:SYSTEM SETUP\GEN. PARAMETERS\GENERATOR PHASE SEQUENCE: ABC

2. Apply voltages as per the table below. Verify the 489 operation on voltage phase reversal.

Table 7-18 VOLTAGE PHASE REVERSAL TEST

APPLIED VOLTAGE EXPECTED RESULT OBSERVED RESULT
X NO TRIP ¥NO TRIP
v/ PHASE REVERSAL TRIP v/ PHASE REVERSAL TRIP

Va=120V 00°
Vb=120V 0120° lag X
Vc=120V [0240° lag

Va=120V 00°
Vb=120V 0240° lag 4
Vc=120V 0120° lag
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| ADDITIONAL FUNCTIONAL TESTING | 7. TESTIN

_—

| 7.3.5. INJECTION TEST SETUP 2

Setup the 489 device as follows for the following tests.

K4 3 PHASE VARIABLE AC TEST SET
Va
5 L 4
Ve V\Ve & I, I Ig I
AC AC

‘ 50:0.025

E10|F10 G9 | Ho |e10|H10] G3| H3 | G4 | H4 | G5 | H5 G6 | He | G7 H7 G2 | H1|H2| G
LJ Mnane
.
M . . - A% . ﬂ "q "q
5 - - - AUTOMATIC . -
€
El<|Zlslz]|8|2|18|2|8|z2 SHORTING = =3 I I N
2 [T]58[2]8[<]|8[<]|8|<]|8 BAR At HEEEEE
>Z
CROUND INPUTS PHASE a|PHASE b|PHASE ¢ PHASE AlPHASE B]PHASE C] PHASE
NEUTRAL END CT's OUTPUT CT's VOLTAGE INPUTS
\ 808817A1.CDR
Figure 7-2 SECOND ION SETUP 2

L 4

N
S

S
O
&

L 4



7. TESTING

| ADDITIONAL FUNCTIONAL TESTING |

7.3.6. GE POWER MANAGEMENT HGF GROUND ACCURACYIEST I

The 489 specification for GE Power Management HGF (50:0.025) ground current input accuracy is £0.5% of 2xCT rated primary (25A).
Perform the steps below to verify accuracy.

1. Alter the following setpoint:

SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\GROUND CT: 50:0.025 CT

2. Measured values should be +0.25A. Inject the values shown in the table below either as primary values intofa GE"Power Management

50:0.025 Core Balance CT or as secondary values that simulate the core balance CT. Verify accuracy ofthe measured values in:

ACTUAL VALUES A2:\METERING DATA\CURRENT METERING

Table 7-19 GE POWER MANAGEMENT 50:0.025 GROUND CURRENT TEST

PRIMARY INJECTED SECONDARY EXPECTED MEASURED
CURRENT INJECTED CURRENT CURRENT GROUND
50:0.025 CT (mA) READING CURRENT
() (G G
0.25 0.125 0.25
1 0.5 1.00
5 25 5.00
10 5 10.00

7.3.7. NEUTRAL VOLETAGE (3RD HARMONIC) ACCURACY TEST I

The 489 specification for neutral voltage (3rd harmonic) accuracy is +0.5% of full’'sgale (100V). Perform the steps below to verify accuracy.

1.  Alter the following setpoints:

SETPOINT S2: SYSTEM SETUP\VOLTAGE SENSING\NEUTRAL VORTAGE TRANSFORMER: Yes
SETPOINT S2: SYSTEM SETUP\VOLTAGE SENSING\NEUTRAL WViT. RATIO: 10.00:1
SETPOINT S2: SYSTEM SETUP\GEN. PARAMETERS\GENERATOR NOMINAL FREQUENCY: 60 Hz

2. Measured values should be +5.0V. Apply the voltageyalues,shown in the table and verify accuracy of the measured values. View the

measured values in:

ACTUAL VALUES A2: METERING DATA\VOLFAGEMETERING

Table 7-20 NEUTRAL VOLTAGE (3RD HARMONIE) INPUT TEST
APPLIED EXPECTED MEASURED
NEUTRAL NEUTRAL NEUTRAL

VOLTAGE (V) VOLTAGE VOLTAGE
@ 180Hz vy )
10 100
30 300
50 500
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_—

7.3.8. PHASE DIFFERENTIAL TRIP

The 489 phase differential compares the current level at terminal end with the current level at neutral end. The differential eleme
when: (Also see section 4.6.8)

Laitr > K™ 'Restraint .

where,

NEUTRAL END TERMINAL END

jm

BOESZOAT WG

i ="A+'a

&

|
| _LA
Restra int 2

|, = Differential current
lrewrane = RESraint current
k = characteristic slope of differential element in percent el if I, < 2xCT, Slope2 if |, = 2xCT)

1, = phase current measured at the output CT
|, = phase current measured at the neutral end CT

The following is a sample calculation of a trip scenar@
Settings & Values:

4
DIFFERENTIAL TRIP SLOPE1: 10% (user

DIFFERENTIAL TRIP SLOPE2: 20%(u§
,=15xCT@ 0° l,= 1& 190° lag
Calculations: ‘ )

sb= 026&CT

Ll -k

-1
5x

Since I, < 2 x CT, the differential trip slope (k) = 0.1 or 10%

'Trip =k x IR‘O.1X1485: 0148% CT

O the differential TRIP will operate.

ITrlp’
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7. TESTING | ADDITIONAL FUNCTIONAL TESTING |

The 489 specification for differential phase timing accuracy is £0.5% of total time. Pickup accuracy is per the output current inputs (+0:5% of
2xCT when the injected current is < 2xCT and +1% of 20xCT when the injected current is 22xCT). Perform the steps below to verify aceuracy.
for phase A.

1.  Alter the following setpoints:
SETPOINT S2:SYSTEM SETUP\CURRENT SENSING\PHASE CT PRIMARY: 1000A
SETPOINT S5:CURRENT ELEMENT\PHASE DIFFERENTIAL\PHASE DIFFERENTIAL TRIP: Unlatched
SETPOINT S5:CURRENT ELEMENT\PHASE DIFFERENTIAL\DIFFERENTIAL TRIP MIN. PICKUP: 0.10xCT
SETPOINT S5:CURRENT ELEMENT\PHASE DIFFERENTIAL\DIFFERENTIAL TRIP SLOPE1: 10%
SETPOINT S5:CURRENT ELEMENT\PHASE DIFFERENTIAL\DIFFERENTIAL TRIP SLOPE2: 20%

2. Measured values should be +5.0A (Note: There could be further error due to uncertainty in the phase measurement. It is recommended
that the phase be measured from 489 instead of the current source for the purposes of this test). Apply'the values shown in the table
below and verify the accuracy and the operation of phase differential element. View the measured values'in :

ACTUAL VALUES A2:METERING DATA\CURRENT METERING
OR
Press NEXT button when the trip element is activated.

NOTE: As in Fig. 7-2; |, (Test Set) =1, and I, (Test Set) = I,

Table 7-21 PHASE DIFFERENTIAL TEST

APPLIED CURRENT EXPECTED RESULT EXPECTED ©BSERVED/RESULT MEASURED
AS SHOWN ON X NO TRIP DIFFERENTIAL X NoTRIP DIFFERENTIAL
489 v PHASE DIFFERENTIAL CURRENT v PHASEDIFFERENTIAL CURRENT
(A TRIP (A TRIP (A
,=1000010°
1,=10000180° lag X 0
1,=1000000°
,=94001190° lag v 179

3. Repeat for phases B & C. (need rewiring of Fig. 7-2)
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| ADDITIONAL FUNCTIONAL TESTING | 7. TESTIN

Setup the 489 as shown below for the final test (Open Delta Connection).

Ve 3 PHASE VARIABLE AC TEST SET < ’
Va
E I, I, I. I,

Ve VA A B
4
E10|F10 Go | Ho |G10|H10] G3 | H3 | G4 | H4 | G5 | H5 7| H7 | G8 | Hs G2|H1|H2|G1
] Wigs
m L/\J L/\/J = = = %] L/\/J L/\/J m m m
5 < < < AU < < <
£
E|l<|Z2|5|2]e(3]|e|3]|¢|3 SR I3 I I I -l B N IR I
;“818,‘505050 BA =4 SN I BT I T e e e S
>
CROUND INPUTS PHASE a| PHASE b|PHASE PHASE A|PHASE B|PHASE C| PHASE
NEUTRAL END CT's OUTPUT CT's VOLTAGE INPUTS

808822A2.CDR
Figure 7-3 \RY INJECTION TEST SETUP 3
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7.3.9. VOLTAGE RESTRAINED OVERCURRENT {LEST I

Perform the steps below to verify the trip element.

1.  Alter the following setpoints.
SETPOINT S2:SYSTEM SETUP\GEN. PARAMETERS\GENERATOR SETTING: 100 MVA
SETPOINT S2:SYSTEM SETUP\GEN. PARAMETERS\GENERATOR VOLTAGE PHASE-PHASE: 12000
SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VT CONNECTION TYPE: Open Delta
SETPOINT S2:SYSTEM SETUP\VOLTAGE SENSING\VOLTAGE TRANSFORMER RATIO: 100:1
SETPOINT S5:CURRENT ELEMENTS\OVERCURRENT ALARM\OVERCURRENT ALARM:Unlatched
SETPOINT S5:CURRENT ELEMENTS\OVERCURRENT ALARM\O/C ALARM LEVEL:1.10 x FLA
SETPOINT S5:CURRENT ELEMENTS\OVERCURRENT ALARM\OVERCURRENT ALARM DELAY2's
SETPOINT S5:CURRENT ELEMENTS\OVERCURRENT ALARM\O/C ALARM EVENTS: On
SETPOINT S5:CURRENT ELEMENTS\PHASE OVERCURRENT\PHASE OVERCURRENT TRIRylLatched
SETPOINT S5:CURRENT ELEMENTS\PHASE OVERCURRENT\ENABLE VOLTAGE RESTRAINT:%¥es
SETPOINT S5:CURRENT ELEMENTS\PHASE OVERCURRENT\PHASE O/C PICKUP: 1.5 x €,
SETPOINT S5:CURRENT ELEMENTS\PHASE OVERCURRENT\CURVE SHAPE: ANSI Extremly“iav.
SETPOINT S5:CURRENT ELEMENTS\PHASE OVERCURRENT\O/C CURVE MULTIPLIER: 2:00
SETPOINT S5:CURRENT ELEMENTS\PHASE OVERCURRENT\O/C CURVE RESET: Instantaneous

ANSI CURVE (EXTREMELY INVERSE)

. B D E g
TimeToTrip=MEﬁ+( ] )+' ; BT ; 3 El
e —-C) [ _ 1
g \<K>lp (<K >xIp 0)2 (<K >xIp CF =|
where, M = Multiplier Setpoint

| = Input Current

I, = Pickup Current Setpoint

A, B, C, D, E = Curve Constants

A =0.0399

B =0.2294

C =0.5000

D =3.0094

E =0.7222

K = Voltage Restrained Multiplier <optional>

VOLTAGE RESTRAINED MULTIPLIER

Phase- Phase Voltage
K= **Range: 0.1-0.9
Rated Phase- Phase Voltage

3. Inject current and apply voltage as per the table below. Verify the alarm/trip elements and view the Event Records in:
ACTUAL VALUES A5:\EVENERECORD
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7. TESTIN

Table 7-22 VOLTAGE RESTRAINED OVERCURRENT TEST

CURRENT (A) Expected Observed Alarm
VOLTAGE (V) Alarm (R5) Alarm (R5) Delay
(5A UNIT) (sec)

Expected
Trip
(RD)

Observed
Trip
(R1)

Expected
Trip
Delay

Tri

(s

lan =5A 0 0°

Ibn =5A 0 120°lag
lcn =5A 0 240°lag X N/A
Vab=120 0 0°lag
Vbe=120 (] 120°lag
Vca=120 O 240°lag

X

N/A

N/A

lan =6A 00 0°
Ibn =6A O 120°lag
lcn =6A [0 240°lag v
Vab=120 0 0°
Vbe=120 (] 120°lag
Vca=120 O 240°lag

N/A

lan=10A [0 0°
Ibn=10A 0 120°lag
Icn=10A [0 240°lag v
Vab=120 0 0°
Vbe=120 0 120°lag
Vca=120 0 240°lag

lan=10A 0 0°
Ibn=10A O 120°lag
Icn=10A [0 240°lag v
Vab=100 0 0°
Vbc=100 [J 120°lag
Vca=100 O 240°lag

lan =10A 0 0°
Ibn=10A [ 120°lag
Icn=10A [ 240°lag v

11.8 sec

6.6 sec

1.7 sec

Vab=60 0 0°

Vbc=60 [J 120°lag

Vca=60 O 240°lag

v Activated

X Not Activated \



8. 489PC PROGRAM [INSTALLATION / UPGRADE

This document provides all the necessary information to install and/or upgrade a previous installation of the 489PC Program, @
the relay firmware and write/edit setpoint files.

The 489 PC Program is not compatible with Mods and could cause errors if setpoints are edited. [t,can
however be used to upgrade older versions of relay firmware. When doing this however all previou
programmed setpoints will be erased and should be saved to a file for reprogramming with the new
Firmware.

L 4

The following sections are included in this document:
. System requirements

. 489PC program version for previous installation check \%

. 489PC program installation/upgrade procedure

. 489PC program system configuration

. Relay firmware upgrade procedure

. Creating/Editing/Upgrading/Downloading Setpoint Files

. Printing Setpoints and Actual Values
. Using Trending and Waveform Capture
. Troubleshooting

@. INSTALLATION / UPGRADE I
The following minimum requirements must be met for the 489PC Program to prop rate on a computer.

Processor: minimum 486, Pentium recommended
Memory: minimum 4 Mb, 16 Mb recommended
minimum 540 K of conventional memory
Hard Drive: 20 Mb free space required before installati ogram.
o/s: Windows 3.1, Windows 3.11 for Workgr: Win s NT,

or Windows 95
Windows 3.1 Users must ensure that SHARE.EXE is install

How to check if a currently installed version of 489PC pri ed rading:

program

4.  Compare version number located here with one on installation disks.
5.  If number here is lower, program needs upgrading.

L 4
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| INSTALLATION / UPGRADE |

8. 489PC PROGRA

Installation/Upgrading the 489PC program:

| START WINDOWS™ |

INSERT PRODUCT CD INTO
CD-ROM DRIVE

(HPrograms
Favorites
&iDocuments
% Settings
‘XJEind
&Help
HRun.

& Log Off GORDONG...
[2)Shut Dawn..

[ ERStart

Run

i

Open

Type the name of a program, folder, document, o Internet
resaurce, and YWindows will open ftfor you

[FAsETUP32 =l

QK. I Cancel | Browse... |

Choose Destination Location (]

Setup willinstall 483PC inthe following directory.

To nstallta tis diractary, cick Next

by clicking C

Destination D
{c \GEPM)\489PC

Select Components

wantto instal

Comp

Dastination Diractary
‘ CAGEPM\B3PC

Space Required:
Space Available:

9BI5K
78144K

<Back Next>

Select Pragram Folder

o contine.

Program Folders.

[GePoveranagarment

Existing Folders:

& GE Power Management

JEiIe Edit Yiew Go Favorites Help

L 4

‘g Iy Computer i
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10.

14.

Start Windows.

Under Windows 95, the CD should launch automatically when inserted. If not;
are running Windows 3.x, continue with step 3. Otherwise, skip to step 6.

L 4

From Program Manager (Win 3.x) or Start Menu (Win 95), &@n.
Type in the CD-ROM drive letter (usually D or E) %\vame as shown, e.g.

you

D:\index.htm.

our default web browser.
ower Management website.
E Power Management website

Select OK to begin installation. The file will be opene
The Products CD contains a “snapshot” of G
Alternately, this installation can be perform

at www.ge.com/indsys/pm.

Click the Products ntry. The 489 Generator Management

item and select f
Relay page is displayed.
Select Software from the m li w the instructions to begin the 489PC
Setup program.

After a few seconds of initializi etup program, a Welcome screen will appear.
Click on the “Next >" bu
(C:\GEPM\489PC), click o
install the program.

If the program already exi d is to be upgraded, choose the path of the current
installation if not the e as the default path. Select “Next >" to continue to the next

Choose the name of the program group where 489PC is to be installed. By default this
is set to “GE Power Management”. Select “Next >". When installation is complete a
group will be created in the Program Manager or Explorer if not already present
containing the 489PC icon.

GE Power Management group located in Program Manager/Explorer
PC program icons.

containing all



8. 489PC PROGRAM | CONFIGURATION

| 8.2 CONFIGUR

Connect the computer running the 489PC program to the relay via one of the RS485 ports (see manual section 2.2.12) or di
RS232 front port.

= Multilin - | 1. Double click on the 489 icon inside the GE Power Management group. S
e S —T @
&l 1 2. Once the 489PC program starts to operate it will pt to communicate with the
relay. If communications are established the re| own on the display will display the
same information as displayed by the act .
3. LED status and display message shown match actual relays if communications

established.

o
K >
Trip Cornmunicating
|
= ERROR: RELAY NOT RESPONDING | x

@ el responang iodyouthe o ek commiaton 4. If the 489PC program ca stablish communications with the relay this message
settings or edit setpoint files by turning OFF communication ? will appear.
Ves 5. Select Yes to edi C unication settings for the 489PC program.
[ cowvuwowmonicower | .
- compure sermes————————————— 6 match that programmed into relay.
stave Address: B 7 ication Port# to the computer port connected to the relay.
Porss [com:  [3] X X
sauarate: oo 5l 8 ate and Parity to match that programmed into relay.
Party: 9 pe to type used.
contorTe: [RUTL 5275 CoNveRron 2]
starup wode: [Commuicae it ooy ]3]
— 1 e N to enable communications with new settings.
Status: | Program has problems talking to a Multilin |
Devce Wit ooy on g o5l
e ore L 2
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| UPGRADING RELAY FIRMWARE | 8. 489PC PROGRA

| 8.3 UPGRADING RELAY FIR

1. To upgrade relay firmware connect a computer to the 489 via the front RS232 port . Then run the 489PC program an lish
communications with the relay. Next follow the steps listed below.

File _Setpoint _Actual ’

2. Select Upgrade Firmware from the Communication menu.

!7 0

3. Select Yes to proceed or No to abort.
@ 1 WARNING 1l Relay firmware will be ERASED and 4. Remember all previously programmed S be erased.
reprogrammed. Are you sure you want to do this?

P Diectori: 5. Locate the firmware file to lo lay.
oo 6. Select OK to proceed or el tg,abort
1 B = : = P = '
(= multilin

3]
=
List Files of Type: Drives:
[All Files F] [=cmsdoss 1=

7. Selec&oceed, No to load a different file or Cancel to abort the process.

Are you sure you want to upload the file:

JASR48MNEXT\SOFT{MFGOBJAFLASH\32E010A8.000
to the connected relay?
| Yes I ‘ No I ‘ Cancel I Q

Cpgiadelielaviflinears e program will automatically put the relay into upload mode and then begin loading the
file selected.

PLEASE WAIT: Programming relay ...

9. When loading is complete the relay will not be in service and will require programming.
10. To communicate with the relay via the RS485 ports, Slave Address, Baud Rate and Parity
may have to be manually programmed.

=]
(Communiceting ||



8. 489PC PROGRAM | CREATING A NEW SETPOINT FILE

| 8.4 CREATING A NEW SETPOI

1. To create a new Setpoint file, run the 489PC Program. It is not necessary to have a 489 connected to the computer. The
status bar will indicate that the program is in “Editing File” mode and “Not Communicating”

L 4
2. Select File, New from the menu, then select the current firmwate,version the relay is
programmed and select OK from the File/Properties pop-up his action will
put the program in editing mode (Not Communicating) default

t
TR ——————————— setpoint values into computer scratchpad memory (note thi i oes store the

Comment

information as a file on a disk).

3. Select Setpoints from the menu and ch the appropriate section of setpoints to
(] program, e.g. System Setup and e new setpoints. When you are finished
TEETED ] programming a page, select 2 information to the computer’s
[“"v [or W scratchpad memory (note thi store the information as a file on a disk)

a Serial
Sensin StarStop

Ground cTType CETa— . . .
: ‘ 4. Repeat step 3. until all setpoints are programmed.
B e

File Name:

~.489 citest

& c\

Cancel

IH

Network...

Save File as Type: Drives

489 Setpoint Files 2] [=c7850av [2]
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|EDITING A SETPOINT FILE | 8. 489PC PROGRA

| 8.5 EDITING A SETPOI

1. To edit an existing Setpoint file, run the 489 PC program and establish communications with the connected relay via the el
RS232 port. The 489PC status bar should indicate “Communicating”

L 4
2. Select Communication , Computer from the menu, and se@nd OK to turn off

[ COMPUTER SETTIN
Slave Addrass:

|

computer communications with the relay and place the PC pro in “Editing File”

pare [ CA—

e o G

st ode
=

Commanicote:

[ = L e |I 3. Select Setpoints from the menu angd

program, e.g. 489 Setup and enter(an
programming a page, select

scratchpad memory (note this

] L]

S

appropriate section of setpoints to
setpoints. When you are finished
e information to the computer’s
s store the information as a file on a disk).

......

Phace o primary 0

‘GROUND CURRENT-

{mmw“ e tpoints are programmed.

B e
File Noms: irectari 5. Selec ave ore this file to disk. Enter the location and file name of the
=489 c:\test A . . i f
1 B : setp ith a file extension of *.489
Save File as Type: Driyes:
488 Setpoint Files 2] & c 7850av 2]

s now saved to disk, see section 8.6 for downloading this setpoint file to the




8. 489PC PROGRAM | DOWNLOADING A SETPOINT FILE TO THE 489

| 8.6 DOWNLOADING A SETPOINT FILETOT

1. To download a preprogrammed setpoint file (See Section 8.4, 8.5) to the 489 Relay, run the 489 PC program and establis|
communications with the connected relay via the front panel RS232 port.

L 4

2. Select File, Open from the menu on the 489PC program.

e 3. Locate the setpoint file to be loaded into the relay, and select @K.

gen1.489 s Bbc\ +

4.  When the file is completely loaded from disk, the PC p reak
ot Fron o Tome e communications with the connected relay and change(the, bar to say “Editing
483 Setpaint Files B [Scoesta 12 File”, “Not Communicating”.
_— unlug439 5. Select File, Send Info To Relay , to download t@ﬁle to the connected relay.

New Ctrl+N

Ctrl+0

otries 6. When the file is completely downloaded, the stat ar will revert back to
“Communicating”

Print...
Print Preview
Page Setup

. The relay now contains all S| s as programmed in the setpoint file.

Sdausewmyimmmﬁm \
NOTE: Th &

message will appear when attempting to download a
setpoint fi evision number that does not match the revision of the relay

469PC Windows Application

You can not download a file with firmware version 230 to arelay

® with firmware version 241. Please select Actuals/iProduct Info to fir €. ion 8.7 for Changing the revision number for the SEtPOint file.
change the file options then try downloading the file again.
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| UPGRADING SETPOINT FILE TO NEW REVISION | 8. 489PC PROGRA

| 8.7 UPGRADING SETPOINT FILETO NEW R

It may be necessary to upgrade the revision code for a previously saved Setpoint file when the firmware of the 489 is upgrade

1. To upgrade the revision of a previously saved Setpoint file, run the 489 PC program and establish communications with the 489
through the front RS232 port. @

489 RELAY CONNECTED TO THE COMPUTER)

2. Select Actual , Product Information from the menu an 0 e Main Revision
| SRassPEHLAZO Hardware A

o | o |t number of the relay’s firmware, e.g. 32E130A8.000, where 13Q)i ain Revision

| 32F130A8000 ModificationNo. | O identifier.
| omicomo0 | BSowers | 0

Dates.
Sept 10, 1997

3. Select File, Open from the menu and

File Name: Directories:

he'lecation and file name of the saved

[ — Setpoint File to be downloaded to the @ d relay. When the file is open, the 489PC
gen 469 2 29 E program will be in “File Editing Not Communicating”.

5 5
List Files of Type: Drives
483 SetpointFiles _[3] (B 7050av 5 \

m the menu and note the version code of the setpoint file. If
of the Setpoint File (e.g. 1.2X) is different than the Main

current setpoint file revision: 1.2X

@ change Setpoint file revision to 1.3X
5. Select File, Save to save the Setp m&b .
6. See Section 8.6 for downloadi %ci t file to the connected 489.

Q>®

L 4
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8. 489PC PROGRAM

8.8 P

1. To print the Relay Setpoints , run the 489PC program, it is not necessary to establish communications with a connected

Page Setup
i~ Print

" Actual Values

© Setpoints (All)

OK

Cancel

it

& Setpoints (Enabled Features) (PTG S
W~
Groups 1 2
—Margins
Top B cm Let |2 cm
Bottom 2 cm Right 2 cm
Print
Printar: Diafault Printar (Lexmark Optra PS2 an
W\Draft\sr_psuppaor)
Printrange Cencel
Al Setup
) =2l leilelr]
 Pages
From: |1 To &I
Printguality  [800 dpi B Copies: |1

I™ Collate copies

Page Setup E
—Print

& Actual Yalues
 Setpoints (All)
" Setpoints (Enabled Features)
Iz
Groups 1 2

. Margins

Top 2 B em Left
2 H cm

Bottom

Printer.
\\Draft\sr_psuppar])

Printrange
<&l

Coltz ol eile)]
£ Pages

Eram: |1

600 clpi

Print quality:

Default Printer (Lexmark Optra PS8®

Copies: |1

I Collate copies

. de

4@t OK to close this window.

Select File, Open to open a previously saved Setpoint File\

L 4
or
Establish communications with a 489 connected to the u print the current
Setpoint.
Select File, Page Setup and highlight the Setpoints ( ints (Enabled)
bubble and appropriate Group . Select OK. 0

Select File, Print and OK to send the S

ile to the connected printer.
and establish communications with a connected 489.

(9/‘/

ge Setup and highlight the Actual Values bubble.

Setup , ensure that your specific printer is setup to Print True Types as

Select File, Print and OK to send the Setpoint file to the connected printer.
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8. 489PC PROGRAM

8.9 TRENBING/|

Trending from the 489 can be accomplished via the 489PC program. Many different parameters can be trended and graphed atsampling
periods ranging from 1 second up to 1 hour.

The parameters which can be Trended by the 489PC program are:

Currents/Voltages
Phase Currents A,B&C

Ground Current

Voltages Vab, Vbc, Vca Van, Vbn, Vcn
Neutral Volt (3)

Power

Power Factor

Positive Watthours

Temperature

Hottest Stator RTD

Others

Analog Inputs 1,23 & 4

Generator Load
System Frequency
Neutral Volt (fund)

Neutral Currents A,B&C
Differential Currents A,B & C
Volt/Hz

Terminal Volt (3%)

Neg Seq Current

Reactive Power (Mvar)
Negative Varhours

Real Power (MW) Apparent Power (MVA)

Positive Varhours
Thermal Capacity Used RTD’s 1 through 12

Tachometer

1. To use the Trending function, run the 489PC program and establish communigations with@ connected 489 relay.

Actual Values / Trending =]

Sample Rate [1sec -] [ File RUN | Reset |

2. Select Actual , Trending, from,the'main menu to open the Trending window.

ok |

CURSOR1 | CURSOR2 | DELTA
CURSOR at 05

LEGEND

| Demo Trending
Ll
il
e

_lvan
|
Iven

_imw

Print
Setup

Zoom+ [ zoom- |

GRAPH ATTRIBUTE

3. gRressithe Setup button to enter the Graph Attribute page.

e Eme
Graph Title Defaults. Cancel ) . '
‘ R 4. (Program the Graphs which are to be displayed by selecting the pull down menu
EIZZI e Color sye  win  Seolng Use beside each Graph Description . Change the Color, Style, Width, Group # , and
[ oomo Tening 3 e S fsois_E[1 ] [ooreut 4] Spline selection as desired.
[ 7] [Groen

] [Rea

] [Magena

5. Select the same Group # for all parameters to be scaled together.

6. Select Save to store these Graph Attributes , and OK to close this window.

7. Use the pulldown menu to select the Sample Rate , click the checkboxes of the
Graphs to be displayed, and select RUN to begin the trending sampling.

8. Print will copy the window to the system printer. More information for navigating
through Trending can be found under Help.

2y
Actual Values / Trending =]
Sample Rate [1sec ] File RUN Resetfl]
CURSOR1_|[5 sec
W“tﬁsec b
sec
11 min
| Dema Trending
i
J 1)
e
LIvan
I
Liven
Zimw
L N Zoom s [ Zoum-

Cancel
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9. The File button can be used to write the graph data to a file in a standard spreadsheet format. Ensure
that the Write Data to File box is checked, and that the Sample Rate is at a minimum of 5 seconds .
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Mode Select Level
Click on These buttons to view
Cursor Linel, Cursor Line2, or Delta (difference)

values for the graph

Actual Values { Trending

Sample Rate\|1 sec j Filg STOP

Displays the value of the Graph
at the active Cursor Line

Waveform O

The trended data

L 4

from 489

/
cursor1 | cursorz | DEUfA
CURSOR 2 at 515 /

LEGEND /

¥
¥ Demo Trending 0.97 Units

_lla
b

e
_I%an
=

| %en

_ | Generator Load

oom+ || Zoom - I\

/

Check Box
Toggle the Check Box to
view the desired graphs.

Q>®

t, Setup (to edit Graph Attributes)
oom In, Zoom Out

N\

Cursor Lines

Move Lines: Move mouse pointer
over the cursor line. Hold the left
mouse button and drag the
Cursor Line to the new location

8-11




| WAVEFORM CAPTURE | 8. 489PC PROGRAM

| 8.10 WAVEFORM CAPTURE/|

The 489PC program can be used to capture waveforms from the 489 at the instant of a trip. Maximum of 64 cycles can be capturedd@nd

the trigger point can be adjusted to anywhere within the set cycles. Maximum of 16 waveforms can be buffered (stored) with the
buffer/cycle trade off.

The waveforms captured are:
Phase Currents A, B & C
Neutral Currents A, B & C
Ground Current

Phase Voltages A-N, B-N & C-N

1. To use the Waveform Capture function, run the 489PC program and establish communicationsywith a.connected 489 Relay.

Actuals / Waveform Capture =]

Togger | Towoutors [ TiagerCovss] RPN OETE 2. Select Actual , Waveform Capturey, fromisthe main menu to open the
SelectTrigger: |3 [&]  Date/Time: |Nov 15, 1657 0645491 pm_ Waveform Capture Window.
GURsoR1 | cuRsorz | DELTA
What will appear is the wayeform ofiPhase A current of the last trip of the
ji 489. The date and time ofithj§ triplis displayed on the top of the window.
- The RED vertical linelindicates the trigger point of the relay.
i \/
£
g
L
oen | e
Save | Setup e 1z L )
SRS = 34" Press thesSetup button to enter the Graph Attribute page.
save | ok |
Defaults Cancel
o ] = 4.3Program the Graphs to be displayed by selecting the pull down menu
~Graph beside each Graph Description . Change the Color, Style, Width, Group
Scalint Use . . .
Gr;ph Description Color. Style Width Gmupg Spiine #’ and Spllne selection as desired.
[T 2 [Bue J[soie 7] [ ]
o 2 [areen J[soie 7] [ ]
e 5] [Rea i | e e || E Select the same Group # for all parameters to be scaled together.
[ [Neutralta ] [Magenta ] [solia E
F}::::“ j} }i“:“j' j} E:: 5. Select Save to store these Graph Attributes , and OK to close this window.
[ [o ] [tigntRea ] [sotia
[ [va ] [Light Magenta 7] [Solia
Actuals / Waveform Capture =]

e ——— E—— — 6. Click the checkboxes of the Graphs to be displayed,
SelectTrigger: |3 [4] Dmn@

S | o I 7. The Save button can be used to store the current image on the screen, and
Open can be used to recall a saved image. Print will copy the window to
:7:h ?A““”" the system printer. More information for navigating through Waveform
-

X s Capture can be found under Help.
| Neutral Ib
£
Ei
v

oo | e

Save | E Zooms [ _zoom [ | 4
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| WAVEFORM CAPTURE

O

8. 489PC PROGRAM

Mode Select Waveform
Click on These buttons to view The waveform da
from 489

Cursor Linel, Cursor Line2, or Delta (difference)
values for the graph

Date/Time
Displays the Date and Time
of Trigger cause

Trigger Cause
Displays the cause
of Trigger

Trigger
Click to manually Trigger and
Capture waveforms

Actuels / Waveform Capture

Trigger | Total Buffers

Select Trigger: II@ Date/Time:
cursor1 | cursorz | DELta | :
CURSOR 1 at -62.76 ms '
LEGEND
¥ la 6123 Amp |
X b 0 Amp \
Level X -6113 Amp
Displays the val N
Y va ue/ LA
. | Meutral Ia et
of Graph at Solid “'u'. Y !
Cursor Line | MNeutral Ib = - |
r “' :
Y | i
L] va |
a
Open Print ‘ l
Save j

w Zo0m + | Zoom-§|<| | g
\Buttons

Cursor Lines

Check Box Move Lines: Move mouse pointer

Toggle the Check Box too
view the desired grw@

%

Print, Help

Save (to save graph to a file)
Open (to open a graph file)
Zoom In, Zoom Out

over the cursor line. Hold the left
mouse button and drag the
Cursor Line to new location

8-13




PHASORS 8. 489PC PROGRAM

| 8.11 PHASERS/|

The 489PC program can be used to view the phasor diagram of three phase currents and voltages.

The phasors are for:

Phase Voltages A, B & C
Phase Currents A, B & C
Impedance Z,

Loss

1. To use the Phasor Metering function, run the 489PC program and establish communications with a connected489 Relay.

. = =l 2. Select Actual , Metering Data from the maimymenu,, then click on the Phasors

tab on the Metering Data Window. The phasor diagram and the values of voltage
v | G- | phasors, and current phasors are displayeds

ven 6778 Volts at 240 ©

Note: Longer arrows are the voltage phasers, shorter arrows are the current
phasors.
o Va and la are the refereni€es)(i.e. Zero degree phase).

o dsa0Amps stz e Lagging angle is clockwises

3. More information for Phasots “¢an be found under Help.

Longer phasors represent: Voltages

Voltage Level Impedance Current Phasor  Voltage Phasor
Displays the value and the angle Displaysdhéyalue and Short Arrow Long Arrow
of Voltage Phasors angle @f Z=Vab/Iab.

Actual / Metering Data

Currents

Voltages
Yan

Yen

Currents
|\ Amps at 10 °

4990 Amps at 250 °

Lagging angle is clockwise
(Power Systems Convention)
l’lger phasorg represent: Voltages

Current Level
Displays the value and the angle
of Current Phasors
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8. 489PC PROGRAM |EVENT RECORDING

| 8.12 EVENT RECO

The 489PC program can be used to view the 489 Event Recorder. The Event Recorder stores generator and system information eac
time an event occurs (i.e. generator trip). The Event Recorder stores upto 40 events, but 489 keeps a running tally of total numb
events occurred since last clear.

L 4

1. To use Event Recording function, run the 489PC program and establish communications with a connecte 9 Relay.

Actual Values / Event Recorder 2
Last Reset Date Jan 4, 1995
Events Since Last Clear 2925

0 open the Event
ays the list of events with

Select Actual , Event Recording from the mai
Recording Window. The Event Recording Windc

o

T I T I L the most current event displayed on top.
K 2924  Nov19,1997  06:56:5487pm | Simulation Started print
K 2923 Nov19,1997  06521263pm | Phase O/C Trip
K 2922 Nov19,1997 06521263 pm | HiSetPhase O/C Trip View Data
2921 Nov19,1997  08521160pm | Simulation Started
® 2920 Nov 19, 1997 06:45:43.11 pm  Phase O/C Trip Clear Events
K 2919 Nov19,1997  064543.11pm | HiSetPhase O/C Trip
® 2918 Nov19,1997 0645:428pm | Simulation Started &I
2917 Nov19,1997  06443686pm  RTD7Trip
2916 Nov19,1997 06443659 pm | Simulation Started
K 2915  Nov19,1997  04:364657pm  RTD7Trp
K 2914 Nov19,1997  04:364630pm | Simulation Started o

All | None

Actual Values / Event Recorder

Coont Rocand Stoctr 3. Pressthe View D uttomyto view the details of selected events.
Parameter | Actual Value Save ) )
peneoas e The Event Rec elector at the top of the View Data Window allows the user
vent Time m Print B
Event Cause Phase O/C Trn to scroll thr, i nt events.
Tachometer 0 RPM
Phase A Current 24990 Amps
prce s curent e 4. Se e e the details of the selected events to a file.
Phase A Diff. Current 24990 Amps &I
Phase B Diff. Current 24990 Amps . .
Phase C D, Curtent 24890 Aps 5. rint to send the events to the system printer, and OK to close the
Negative Sequence Current 0% FLA in
Ground Current 0.00 Amps
‘F’hasEAVD\tagE 11746 Vaolts _';‘
6. More information for Event Recordi ca found under Help.

\
@)
¥

L 4
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|EVENT RECORDING| 8. 489PC PROGRA

Display Event Listing View Data

Displays the date of last event and List of Events with the most recent Click to display the details of
total number of events since last Event displayed on top selected Events .
clear

Actual Yalues / Event Recorder

Last Reset Date Jan 4, 1995
Events Since Last Clear 2925

select [ Event | Date | Time | | Cause of Event
K | 2924 | Mov 19,1997 06:56:54.87 pm ¥ | Simulation Started
K 2923 | Mov 19, 1997 06521263 pm | Phase O/C Trip
K 2922 | Mov 19,1997 06521263 pm | HiSet Phase O/C/Trip View Data |
® 2921 Mov 19, 1997 06:52:11 .60 prn
K 2920 Maov 19, 1997 06:45:43.11 pm Clear Events
K 2219 | Mov 19, 1997 06:45:43.11 prn
® 2918 | Mov 19, 1997 06:45:42 8 pm
K 2217 | Mov 19, 1997 06:44:36.86 prn
B 2916 | Mov 19,1997 06:44:36.59 pm
K 2915 | Mov 19, 1997 04:36:46 .57 p
B 2914 | Mov 19, 1997 O4:36:46 30 ation Started
.
All None

Event Select Buttons . Clear Events
Push the All button to \ Push the Clear Events button

to clear the Event Listing from

Select all Events
Push the None button t memory
Clear all SelecK

L 4
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8. 489PC PROGRAM | TROUBLESHOOTING

8.13 TROUBLESH

This section provides some procedures for troubleshooting the 489PC when troubles are encountered within the Wi S

™

Environment, e.g. General Protection Fault (GPF), system lockup, popup window missing etc....

If the 489 program causes Windows™ system errors: @

1.

Check system resources by selecting Help, A bout Program Manager from the Program Manager

Verify that the available system resources are 60% or higher. If it is lower, close any other pri nning concurrently
in Windows™.

ra possibly other Windows™
program and therefore it is

489PC program shipped with

es\gepm\489PCl\threed.vbx

There exists a file in the Windows directory structure which is used by the 489PC pr:
programs, threed.vbx . Some older versions of this file are not compatible with the
required to update this file with the latest version which is supplied on the Setup
every new 489 Relay. After installation of the 489PC, this file will be located in

Steps to Update the threed.vbx file.

1. Locate the currently used threed.vbx file and make aback . threed.bak.

x files on the computer’s hard drive. The file

A Find or Search should be conducted to locate any three
j or the \windows\system directory.

which will need replacing is the one located in t do

\489pc\threed.vbx . Ensure that the new
iginal one was.

2. Replace the original threed.vbx with \Progar! es\
threed.vbx is copied to the same directory

3. If Windows™ prevents the replacing of thi rt windows and perform the replacing of threed.vbx

before any programs are opened.

8-17







APPENDIX A | COMMISSIONING SUMMARY

S1 SETPOINTS S2 SETPOINTS
489 SETUP SYSTEM SETUP
PASSCODE CURRENT SENSING
Passcode | Phase CT Primary
Ground CT V'S
PREFERENCES Ground CT Ratio

Default Msg. Cycle Time
Default Msg. Time-out
Parameter Averages
Calculation Period
Temperature Display VOLTA G
Waveform Trigger VT Connection Type
Voltage Transformer Rati
Neutral Voltage
Transformer

Neutral VT R

SERIAL PORTS

Slave Address

Comp. RS485 Baud Rate
Comp. RS485 Parity
Aux. RS485 Baud Rate
Aux. RS485 Parity

ARAMETERS

MESSAGE SCRATCHPAD

Text 1
SERIAL START/STOP

Text 2 Serial Start/Stop Initiation

Startup Initiation Relays
Text 3 Shutdown Initiation Relays

Serial Start/Stop Events
Text 4
Text5

O
N

O
Q>®

L 4
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[COMMISSIONING SUMMARY]

APPENDIX

S3 SETPOINTS
DIGITAL INPUTS

BREAKER STATUS

GENERAL INPUT A

Assign Digital Input

Asserted Digital Input State
Input Name

Block Input from On-line
General Input A Control

Pulsed Control Relay Dwell Time
Assign Control Relays

General Input A Control Events
General Input A Alarm

Assign Alarm Relays

General Input A Alarm Delay
General Input A Alarm Event
General Input A Trip

Assign Trip Relays

General Input A Trip Delay

GENERAL INPUT D

Assiagn Diaital Input
Asserted Digital Input State

L 4
Input Name
Block Input from On-line
General Input D Control
Pulsed Control Relay Dwell @
t

Assign Control Relays
General Input D Control
General Input D Alar

Assign Alarm Relays
General Input D e
General Input arm nt

GENERAL INPUT B

Assign Digital Input

Asserted Digital Input State
Input Name

Block Input from On-line
General Input B Control

Pulsed Control Relay Dwell Time
Assign Control Relays

General Input B Control Events
General Input B Alarm

Assign Alarm Relays

General Input B Alarm Delay
General Input B Alarm Event
General Input B Trip

Assign Trip Relays

General Input B Trip Delay

GENERAL INPUT C

Assign Digital Input

Asserted Digital Input State
Input Name

Block Input from On-line
General Input C Control
Pulsed Control Relay Dwell Ti
Assign Control Relays
General Input C C
General Input C
Assign Alarm

Gnarl Input C Tri
Assign Trip Relays
General Input C Trip Delay

GENERAL INPUT E

aital Input
Digital Input State

Block Input from On-line

neral Input E Control

ulsed Control Relay Dwell Time
Assign Control Relays

General Input E Control Events
General Input E Alarm

Assign Alarm Relays

General Input E Alarm Delay
General Input E Alarm Event
Gnarl Input E Trip

Assign Trip Relays

General Input E Trip Delay

GENERAL INPUT F

L 4
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Assiagn Diaital Input

Asserted Digital Input State
Input Name

Block Input from On-line
General Input F Control
Pulsed Control Relay Dwell Time
Assign Control Relays
General Input F Control Event
General Input F Alarm

Assign Alarm Relays

General Input F Alarm Delay
General Input F Alarm Event
Gnarl Input F Trip

Assign Trip Relays

General Input F Trip Delay




APPENDIX A

| COMMISSIONING SUMMARY

GENERAL INPUT G

Assign Digital Input

Asserted Digital Input State
Input Name

Block Input from On-line
General Input G Control

Pulsed Control Relay Dwell Time
Assign Control Relays

General Input G Control Events
General Input G Alarm

Assign Alarm Relays

General Input G Alarm Delay
General Input G Alarm Event
Gnarl Input G Trip

Assian Trip Relays

General Input G Trip Delay

SEQUENTIAL TRIP

Assign Digital Input
Sequential Trip Type
Assign Trip Relays
Sequential Trip Level
Sequential Trip Delay

FIELD BREAKER DIS PANCY

Assign Digital Input
Field Status Contact

Assign Trip Relays
Trip Delay

TA TER

REMOTE RESET

Assign Digital Input

TEST INPUT

Assign Digital Input

THERMAL RESET

Assign Digital Input

DUAL SETPOINTS

Assign Digital Input
Active Setpoint Group
Edit Setpoint Group

Assign Digital Input

Rated Speed
Alarm

Assign Alarm R
Alarm Spee

Q
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| COMMISSIONING SUMMARY | APPENDIX

S4 SETPOINTS
OUTPUT RELAYS

RESET MODE
R1 Trip R4 Auxiliary
R2 Auxiliary R5 Alarm
R3 Auxiliary R6 Service &
S5 SETPOINTS \%
CURRENT ELEMENTS SETPOINT GROUP 1 %

OVERCURRENT ALARM INA RT ENERGIZATION
Overcurrent Alarm Inad. Energ, i

Assign Alarm Relays

Alarm Level
Alarm Delay . . Pickup
Alarm Events ickup Volt.

PHASE OVERCURRENT

OFF-LINE OVERCURRENT
Off-line Overcurrent Trip
Assign Trip Relays
Off-line Overcurrent Pickup
Trip Delay

Trip Relays

able Voltage Restraint
ase O/C Pickup
Curve Shape

O/C Curve Multiplier
O/C Curve Reset

RENT (con't)
Flexcurve Trip Time Flexcurve Trip Time
at 1.03xPU at 7.50xPU
at 1.05xPU at 8.00xPU
at 1.10xPU at 8.50xPU
at 1.20xPU at 9.00xPU
at 1.30xPU at 9.50xPU
at 1.40xPU at 10.00xPU
at 6.00xPU G . at 10.50xPU
at 6.50xPU \ . at 11.00xPU
at 1.70xPU at 4.40xPU at 11.50xPU
at 1.80xPU at 4.50xPU at 12.00xPU
at 1.90xPU at 4.60xPU at 12.50xPU
at 2.00xPU at 4.70xPU at 13.00xPU
at 2.10xPU at 4.80xPU at 13.50xPU
at 2.20xPU at 4.90xPU at 14.00xPU
at 2.30xPU at 5.00xPU at 14.50xPU
at 2.40xPU at 5.10xPU at 15.00xPU
at 2.50xPU at 5.20xPU at 15.50xPU
at 2.60xPU at 5.30xPU at 16.00xPU
at 2.70xPU at 5.40xPU at 16.50xPU
at 2.80xPU at 5.50xPU at 17.50xPU
at 2.90xPU at 5.60xPU at 18.00xPU
at 3.00xPU at 5.70xPU at 18.50xPU
at 3.10xPU at 5.80xPU at 19.00xPU
4 at 5.90xPU at 19.50xPU

at 6.00xPU at 20.00xPU

at 6.50xPU

at 7.00xPU
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| COMMISSIONING SUMMARY

NEGATIVE SEQUENCE PHASE DIFFERENTIAL

Neg. Sequence Alarm Phase Diff. Trip
Assign Alarm Relays Assign Trip Relays
Alarm Pickup Diff.Trip Minimum Pickup
Alarm Delav Differential Trip Slope 1
Alarm Events Differential Trin Slope 2
Neg. Sequence O/C Trip Differential Trip Delay
Assign Trip Relays
QO/C Trip Pickup
Q/C Constant K GROUND OVERCU,
Q/C Max. Time Ground Q/C Alarm
QJ/C Reset Rate Assian Alarm Relavs

Alarm Pickup

Alarm Delay

Alarm Events

Ground O/C Trip

Assign Trip Relays

Trip Pickup

Curve Shape

O/C Curve Multi

OIC Curve R

GROUND OVERCURRENT 't

Flexcurve Trip Time Flexcurve Trip Time Flexcurve Trip Time
at 1.03xPU at 3.60xPU at 7.50xPU
at 1.05xPU at 3.70xPU at 8.00xPU
at 1.10xPU at 3.80xPU at 8.50xPU
at 1.20xPU at 3.90xPU \ at 9.00xPU
at 1.30xPU at 4.00xPU at 9.50xPU
at 1.40xPU at 4.10xPU at 10.00xPU
at 6.00xPU at 4.20xPU at 10.50xPU
at 6.50xPU at 4.30xP at 11.00xPU
at 1.70xPU at 11.50xPU
at 1.80xPU at 12.00xPU
at 1.90xPU at 12.50xPU
at 2.00xPU at 13.00xPU
at 2.10xPU at 13.50xPU
at 2.20xPU at 14.00xPU
at 2.30xPU at 14.50xPU
at 2.40xPU 4 at 15.00xPU
at 2.50xPU at 5.20xPU at 15.50xPU
at 2.60xPU 9 at 5.30xPU at 16.00xPU
at 2.70xPU at 5.40xPU at 16.50xPU
at 2.80xPU at 5.50xPU at 17.50xPU
at 2.90xPU at 5.60xPU at 18.00xPU
at 3.00xPU at 5.70xPU at 18.50xPU
at 3.10xPU at 5.80xPU at 19.00xPU
at 3.20xPU at 5.90xPU at 19.50xPU
at 3.30xPU at 6.00xPU at 20.00xPU
at 3.40xPU at 6.50xPU
at 3.50xPU at 7.00xPU
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[COMMISSIONING SUMMARY]

APPENDIX

S5 SETPOINTS
CURRENT ELEMENTS

SETPOINT GROUP 2

OVERCURRENT ALARM

Overcurrent Alarm
Assign Alarm Relays
Alarm Level

Alarm Delay

Alarm Events

OFF-LINE OVERCURRENT

Off-line Overcurrent Trip
Assign Trip Relays

Off-line Overcurrent Pickup
Trip Delay

INADVERTENT ENERGIZATION

Inad. Energ. Trip

Assign Trip Relays ¢
Arming Signal

Inad. Energ. O/C Pickup

Inad. Energ. Pickup Vo

PHASE C ENT

Phase O/C Trip
Assign Trip Relay:
Enable Voltage Rest
Phase O/C Picl

PHASE OVERCURRENT (

A-6

Flexcurve Trip Time Flexcurve Trip Time Flexcurve Trip Time
at 1.03xPU at 3.60xPU at 7.50xPU
at 1.05xPU at 3.70xPU at 8.00xPU
at 1.10xPU at 3.80xPU at 8.50xPU
at 1.20xPU at 3.90xPU \ at 9.00xPU
at 1.30xPU at 4.00xPU at 9.50xPU
at 1.40xPU at 4.10xPU at 10.00xPU
at 6.00xPU at 4.20xPU at 10.50xPU
at 6.50xPU at 4.30xPU at 11.00xPU
at 1.70xPU at 11.50xPU
at 1.80xPU at 12.00xPU
at 1.90xPU at 12.50xPU
at 2.00xPU at 13.00xPU
at 2.10xPU at 13.50xPU
at 2.20xPU at 14.00xPU
at 2.30xPU at 14.50xPU
at 2.40xPU at 15.00xPU
at 2.50xPU at 15.50xPU
at 2.60xPU 9 : at 16.00xPU
at 2.70xPU \ at 5.40xPU at 16.50xPU
at 2.80xPU at 5.50xPU at 17.50xPU
at 2.90xPU at 5.60xPU at 18.00xPU
at 3.00xPU at 5.70xPU at 18.50xPU
at 3.10xPU at 5.80xPU at 19.00xPU
at 3.20xPU at 5.90xPU at 19.50xPU
at 3.30xPU at 6.00xPU at 20.00xPU
at 3.40xPU at 6.50xPU

at 3.50xPU at 7.00xPU
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| COMMISSIONING SUMMARY

NEGATIVE SEQUENCE PHASE DIFFERENTIAL

Neg. Sequence Alarm Phase Diff. Trip
Assign Alarm Relays Assign Trip Relays
Alarm Pickup Diff.Trip Minimum Pickup
Alarm Delav Differential Trip Slope 1
Alarm Events Differential Trin Slope 2
Neg. Sequence O/C Trip Differential Trip Delay
Assign Trip Relays
QO/C Trip Pickup
Q/C Constant K GROUND OVERCU,
Q/C Max. Time Ground Q/C Alarm
QJ/C Reset Rate Assian Alarm Relavs

Alarm Pickup

Alarm Delay

Alarm Events

Ground O/C Trip

Assign Trip Relays

Trip Pickup

Curve Shape

O/C Curve Multi

OIC Curve R

GROUND OVERCURRENT 't

Flexcurve Trip Time Flexcurve Trip Time Flexcurve Trip Time
at 1.03xPU at 3.60xPU at 7.50xPU
at 1.05xPU at 3.70xPU at 8.00xPU
at 1.10xPU at 3.80xPU at 8.50xPU
at 1.20xPU at 3.90xPU \ at 9.00xPU
at 1.30xPU at 4.00xPU at 9.50xPU
at 1.40xPU at 4.10xPU at 10.00xPU
at 6.00xPU at 4.20xPU at 10.50xPU
at 6.50xPU at 4.30xP at 11.00xPU
at 1.70xPU at 11.50xPU
at 1.80xPU at 12.00xPU
at 1.90xPU at 12.50xPU
at 2.00xPU at 13.00xPU
at 2.10xPU at 13.50xPU
at 2.20xPU at 14.00xPU
at 2.30xPU at 14.50xPU
at 2.40xPU 4 at 15.00xPU
at 2.50xPU at 5.20xPU at 15.50xPU
at 2.60xPU 9 at 5.30xPU at 16.00xPU
at 2.70xPU at 5.40xPU at 16.50xPU
at 2.80xPU at 5.50xPU at 17.50xPU
at 2.90xPU at 5.60xPU at 18.00xPU
at 3.00xPU at 5.70xPU at 18.50xPU
at 3.10xPU at 5.80xPU at 19.00xPU
at 3.20xPU at 5.90xPU at 19.50xPU
at 3.30xPU at 6.00xPU at 20.00xPU
at 3.40xPU at 6.50xPU
at 3.50xPU at 7.00xPU
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APPENDIX A

S6 SETPOINTS
VOLTAGE ELEMENTS

SETPOINT GROUP 1

UNDERVOLTAGE

OVERVOLTAGE

Undervoltage Alarm

Qvervoltage Alarm

Assign Alarm Relays

Assign Alarm Relays

Alarm Pickup

Alarm Pickup

Alarm Delay

Alarm Delay

Alarm Events

Alarm Events

Undervoltage Trip

Overvoltage Trip

Assign Trip Relays

Assign Trip Relays

Trip Pickup

O/V Trip Pickup

Trip Delay

Trip Delay

Curve Reset Rate

Curve Reset Rate

Trip Element

Trip Element

VOLTS / HERTZ

PHASE REVERSAL

Volts / Hertz Alarm

Phase ReversalTrip

Assign Alarm Relays

Assign Trip Relays

Alarm Pickup

Alarm Delay

Alarm Events

Volts / Hertz Trip

Assign Trip Relays

Trip Pickup

Trip Delay

Curve Reset Rate

Trip Element

UNDER FREQUENCY

OVER FREQUENCY

Block U/F From On-line

Block O/F From On-line

Underfrequency Voltage Cutoff

Overfrequency Voltage Cutoff

Underfrequency Alarm

Overfrequency Alarm

Assign Alarm Relays

Assign Alarm Relays

Alarm Level

Alarm Level

Alarm Delay

Alarm Delay

Alarm Events

Alarm Events

Underfrequency Trip

Overfrequency Trip

Assign Trip Relays

Assign Trip Relays

Trip Level 1

Trip Level 1

Trip Delay 1

Trip Delay 1

Trip Level 2

Trip Level 2

Trip Delay 2

Trip Delay 2

NEUTRAL OVER VOLTA

GE (FUND)

NEUTRAL UNDER VOLTAGE (3rd)

Neutral Overvoltage Alarm

Low Power Blocking Level

Assign Alarm{Relays

Low Voltage Blocking Level

Alarm Level

Neutral Undervoltage Alarm

Alarm Delay

Assign Alarm Relays

Alarm Events

Alarm Level

Neutral Overvoltage Trip

Alarm Delay

Assign Trip Relays

Alarm Events

Trip Level

Neutral Undervoltage Trip

TidipDelay

Assign Trip Relays

A-8
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S6 SETPOINTS
VOLTAGE ELEMENTS

SETPOINT GROUP 2

UNDERVOLTAGE

OVERVOLTAGE

Undervoltage Alarm

Qvervoltage Alarm

Assign Alarm Relays

Assign Alarm Relays

Alarm Pickup

Alarm Pickup

Alarm Delay

Alarm Delay

Alarm Events

Alarm Events

Undervoltage Trip

Overvoltage Trip

Assign Trip Relays

Assign Trip Relays

Trip Pickup

O/V Trip Pickup

Trip Delay

Trip Delay

Curve Reset Rate

Curve Reset Rate

Trip Element

Trip Element

VOLTS / HERT.

Z

PHASE REVERSAL

Volts / Hertz Alarm

Phase ReversalTrip

Assign Alarm Relays

Assign Trip Relays

Alarm Pickup

Alarm Delay

Alarm Events

Volts / Hertz Trip

Assign Trip Relays

Trip Pickup

Trip Delay

Curve Reset Rate

Trip Element

UNDER FREQUENCY

OVER FREQUENCY

Block U/F From On-line

Block O/F From On-line

Underfrequency Voltage Cutoff

Overfrequency Voltage Cutoff

Underfrequency Alarm

Overfrequency Alarm

Assign Alarm Relays

Assign Alarm Relays

Alarm Level

Alarm Level

Alarm Delay

Alarm Delay

Alarm Events

Alarm Events

Underfrequency Trip

Overfrequency Trip

Assign Trip Relays

Assign Trip Relays

Trip Level 1

Trip Level 1

Trip Delay 1

Trip Delay 1

Trip Level 2

Trip Level 2

Trip Delay 2

Trip Delay 2

NEUTRAL OVER VOLTA

GE (FUND)

NEUTRAL UNDER VOLTAGE (3rd)

Neutral Overvoltage Alarm

Low Power Blocking Level

Assign Alarm{Relays

Low Voltage Blocking Level

Alarm Level

Neutral Undervoltage Alarm

Alarm Delay

Assign Alarm Relays

Alarm Events

Alarm Level

Neutral Overvoltage Trip

Alarm Delay

Assign Trip Relays

Alarm Events

Trip Level

Neutral Undervoltage Trip

TidipDelay

Assign Trip Relays

Trip Level

Trip Delay

A-9



[COMMISSIONING SUMMARY]

APPENDIX

S7 SETPOINTS
POWER ELEMENTS

SETPOINT GROUP 1

REACTIVE POWER

REVERSE POWER

Block Mvar Element From On-line
Reactive Power Alarm
Assign Alarm Relays
Positive Mvar Alarm Level
Negative Mvar Alarm Level
Alarm Delay

Alarm Events

Reactive Power Trip
Assign Trip Relays

Positive Mvar Trip Level
Negative Mvar Trip Level
Trip Delay

Block Reverse Power From On-line
Reverse Power Alarm

Assign Alarm Relays

Alarm Level

Alarm Delay

Alarm Events

Reverse Power Trip

Assign Trip Relays

Trip Level

Trip Delay

LOW FORWARD POWER

Block From On-line

Low Forward Power Alarm
Assign Alarm Relays
Alarm Level

Alarm Delay

Alarm Events

Low Forward Power Trip
Assign Trip Relays

Trip Level

Trip Delay

S7 SETPOINTS
POWER ELEMENTS

REACTIVE POWER

Block Mvar Element From On-line
Reactive Power Alarm
Assign Alarm Relays

Alarm Delay
Alarm Events
Reactive Power Trip

Assign Trip Relays
Positive Mvar Trip Level
Negative Mvar Tri

Cx

Positive Mvar Alarm Level 4 O
Negative Mvar Alarm Level \

&

4

TPOINT GROUP 2

REVERSE POWER

Block Reverse Power From On-line
Reverse Power Alarm

Assign Alarm Relays

Alarm Level

Alarm Delay

Alarm Events

Reverse Power Trip

Assign Trip Relays

Trip Level

Trip Delay

Alarm Delay
Alarm Events
Low F8tward Power Trip
Assign Trip Relays
rip Level
ip Delay
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S8 SETPOINTS
RTD TEMPERATURE SETPOINT GROUP 1
RTD TYPES
Stator RTD Type Ambient RTD Type
Bearing RTD Type Other RTD Type
RTD Application Name Alarm Assign Alarm Temperature Alarm Events
Alarm Relays
1
2
3
4
5
6
7
8
9
10
11
12
RTD Trip Trip Voting Assign Trip Tripifempetature
Relays
1
2
3
4
5
6
7
8
9
10
11
12
OPEN RTD SENSOR RTD SHORT/LOW TEMPERATURE
Open RTD Sensor Alarm RTD Short/Low Temp. Alarm
Assign Alarm Relays Assign Alarm Relays
Open RTD Sensor Alarm Events RTD Short/Low Temp. Alarm Events
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S8 SETPOINTS
RTD TEMPERATURE

SETPOINT GROUP 2

RTD TYPES

Stator RTD Type

Bearing RTD Type

Ambient RTD Type

Other RTD Type

Py)
-
o

Application

Name

Alarm

Assign
Alarm Relays

Alarm Temperature

Alarm Events

O[O~ [W[N |-

=
o

[N
[N

=
N

Py)
_|
o

Trip

Trip Voting

Assign Trip
Relays

Tripifempetature

O[O~ ][W[N |-

=
o

[N
[N

[y
N

OPEN RTD SENSOR

Open RTD Sensor Alarm

Assign Alarm Relays

Open RTD Sensor Alarm Events

A-12

RTD SHORT/LOW TEMPERATURE

RTD Short/Low Temp. Alarm

Assign Alarm Relays

RTD Short/Low Temp. Alarm Events
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S9 SETPOINTS
THERMAL MODEL

SETPOINT GROUP 1

THERMAL MODEL SETUP

Enable Thermal Model

Overload Pickup Level
Unbalance Bias K Factor

Cool Time Constant On-line

Cool Time Constant Off-line
Hot/Cold Safe Stall Ratio

Enable RTD Biasing

Select Curve Style

Standard Overload Curve Number
Minimum Allowable Voltage

Stall Current @ Min. Voltage
Safe Stall Time @ Min. Voltage
Accel. Intersect @ Min. Voltage
Stall Current @ 100% Voltage
Accel. Intersect @ 100% Voltage

THERMAL MODEL SETUP

Flexcurve Trip Time
at 1.03xPU
at 1.05xPU
at 1.10xPU
at 1.20xPU
at 1.30xPU
at 1.40xPU
at 6.00xPU
at 6.50xPU
at 1.70xPU
at 1.80xPU
at 1.90xPU
at 2.00xPU
at 2.10xPU
at 2.20xPU
at 2.30xPU
at 2.40xPU
at 2.50xPU
at 2.60xPU
at 2.70xPU
at 2.80xPU
at 2.90xPU
at 3.00xPU
at 3.10xPU
at 3.20xPU
at 3.30xPU
at 3.40xPU
at 3.50xPU

Flexcurve Trip Time
at 3.80xPU
at 3.90xPU

at 3.60xPU
at 3.70xPU

at 4.00xPU \
at 4.10xPU
at 4.20xP
at 4. P

t 5.20xPU
at 5.30xPU
at 5.40xPU
at 5.50xPU
at 5.60xPU
at 5.70xPU
at 5.80xPU
at 5.90xPU
at 6.00xPU
at 6.50xPU
at 7.00xPU

THERMAL ELEMENTS

Thermal Model Alarm

Assign Alarm Relays

Alarm Level 'S
Alarm Events

Thermal Model Tri

Assign Tri E)

Flexcurve Trip Time
at 7.50xPU
at 8.00xPU
at 8.50xPU
at 9.00xPU
at 9.50xPU
at 10.00xPU
at 10.50xPU
at 11.00xPU
at 11.50xPU
at 12.00xPU
at 12.50xPU
at 13.00xPU
at 13.50xPU
at 14.00xPU
at 14.50xPU
at 15.00xPU
at 15.50xPU
at 16.00xPU
at 16.50xPU
at 17.50xPU
at 18.00xPU
at 18.50xPU
at 19.00xPU
at 19.50xPU
at 20.00xPU
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S9 SETPOINTS
THERMAL MODEL

SETPOINT GROUP 2

THERMAL MODEL SETUP

Enable Thermal Model

Overload Pickup Level
Unbalance Bias K Factor

Cool Time Constant On-line

Cool Time Constant Off-line
Hot/Cold Safe Stall Ratio

Enable RTD Biasing

Select Curve Style

Standard Overload Curve Number
Minimum Allowable Voltage

Stall Current @ Min. Voltage
Safe Stall Time @ Min. Voltage
Accel. Intersect @ Min. Voltage
Stall Current @ 100% Voltage
Accel. Intersect @ 100% Voltage

THERMAL MODEL SETUP

Flexcurve Trip Time
at 1.03xPU
at 1.05xPU
at 1.10xPU
at 1.20xPU
at 1.30xPU
at 1.40xPU
at 6.00xPU
at 6.50xPU
at 1.70xPU
at 1.80xPU
at 1.90xPU
at 2.00xPU
at 2.10xPU
at 2.20xPU
at 2.30xPU
at 2.40xPU
at 2.50xPU
at 2.60xPU
at 2.70xPU
at 2.80xPU
at 2.90xPU
at 3.00xPU
at 3.10xPU
at 3.20xPU
at 3.30xPU
at 3.40xPU
at 3.50xPU

Flexcurve Trip Time
at 3.60xPU
at 3.70xPU

at 3.80xPU

at 3.90xPU

at 4.00xPU

at 4.10xPU
at 4.20xP
at 4. P

t 5.20xPU
at 5.30xPU
at 5.40xPU
at 5.50xPU
at 5.60xPU
at 5.70xPU
at 5.80xPU
at 5.90xPU
at 6.00xPU
at 6.50xPU
at 7.00xPU

THERMAL ELEMENTS

Thermal Model Alarm

Assign Alarm Relays

Alarm Level 'S
Alarm Events

Thermal Model Tri

Assign Tri E)

Flexcurve Trip Time
at 7.50xPU
at 8.00xPU
at 8.50xPU
at 9.00xPU
at 9.50xPU
at 10.00xPU
at 10.50xPU
at 11.00xPU
at 11.50xPU
at 12.00xPU
at 12.50xPU
at 13.00xPU
at 13.50xPU
at 14.00xPU
at 14.50xPU
at 15.00xPU
at 15.50xPU
at 16.00xPU
at 16.50xPU
at 17.50xPU
at 18.00xPU
at 18.50xPU
at 19.00xPU
at 19.50xPU
at 20.00xPU
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S10 SETPOINTS
MONITORING
TRIP COUNTER BREAKER FAILURE TRIP COIL MONITO
Trip Counter Alarm Breaker Failure Alarm Trip Coil Monitor Alarm
Assign Alarm Relays Assign Alarm Relays Assign Alarm Relays
Trip Count. Alarm Level Breaker Failure Level Alarm Events /'S
Alarm Events Breaker Failure Delay
Alarm Events @
VT FUSE FAILURE DEMANDS
VT Fuse Failure Alarm SETPOINT  DEMAND DEMAND  ASSIGN ALA DEMAND ALARM
Assign Alarm Relays PERIOD ALARM RELAYS IT EVENTS
Alarm Events CURRENT
““ N
kvar
kVA Q
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ANALOG I/O

S12 SETPOINTS

ANALOG OUTPUTS

Setpoint

Analo g Output 1

Analo g Output 2

Analo g Output 3

Analo g Output 4

Setup

4

Minimum

Maximum

ANALOG INPUTS

Setpoint

Analog Input 1

Analo g Input 2

Analog Inp

Setup

Name

Analo g Input 4

Units

Minimum

Maximum

Block From On-line

Alarm

Assign Alarm Relays

Alarm Level

Alarm Pickup

Alarm Delay

Alarm Events

Trip

Assign Trip Relays

Trip Level

Trip Pickup

Trip Delay
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STATOR GROUND FAULT PROTECTION USING THE 489 I

CAUTION: This application note describes general protection concepts and provides guidelines on the use of the 489 to protect a
generator stator against ground faults. Detailed connections for specific features must be obtained from the relay manual.“Users are
also urged to review the material contained in the 489 manual on each specific protection feature discussed here.

The 489 Generator Management Relay® offers a number of elements to protect a generator against stator ground faults Inputs are
provided for a neutral-point voltage signal and for a zero sequence current signal; the zero sequence current input can be either into a
nominal 1-ampere secondary circuit or into an input reserved for a special GE Power Management type HGE#@tound CT for very
sensitive ground current detection, Using the HGF CT allows the measurement of ground current values asylow‘as 0.25 ampere primary.
With impedance-grounded generators, a single ground fault on the stator does not require that the unit be remevedfrom service quickly.
The grounding impedance limits the fault current to a few amperes. A second ground fault can, howevef, résult inPsignificant damage to
the unit. Thus the importance of detecting all ground faults, even those in the bottom 5% of the stat@r, if possible. The fault detection
methods depend on the grounding arrangement, the availability of core balance CT, and the size ofythe unit4'With modern full-featured
digital generator protection relays such as the 489, users do not incur additional costs for extra protectien elements as they are all part
of the same device. This application note provides general descriptions of each of the elementsjin the 489, suitable for stator ground
protection, and discusses some special applications.

Neutral Overvoltage Element

The simplest, and one of the oldest method to detect stator Generator
ground faults, on high-impedance-grounded generators, is to
sense the voltage across the stator grounding resistor/1, 2/.
This is illustrated, in a simplified form in Figure 1. The voltage
signal is connected to the V. input of the 489, terminals
E10 and F10. The V,_,. Signal is the input signal for the
Neutral Overvoltage protection element in the 489. This
element has both an alarm and a trip function, with separately
adjustable operate levels and time delays. The trip function
offers a choice of timing curves, in addition to a definite time
delay. The Neutral Overvoltage function responds gto.
fundamental frequency voltage at the generator neutral. It
provides ground fault protection for approximately 95%of the Distribution
stator winding. The limiting factor is the level of voltage signal Transformer
available for a fault in the bottom 5% of the stator winding.
The element has a range of adjustment, for thegmoperate
levels, of 2 to 100 volts.

R is selected for a
maximum fault current
of 10 amperes, typically.

Overvoltage
Relay

The operating time of this element should be goordinated with —

. — STATGND1.DWG
protective elements downstream, such as feeder ground fault
elements, since the Neutral Overvoltage elementawill respond
to external ground faults if the generatofis dir€etly connected . . .
to a power grid, without the use of & deltatwye transformer. Figure 1: Stator Ground Fault Protection Using An Overvoltage Relay.
In addition, the time delay shoulddsércoordinated with the Ground Directional element (discussed later), if it is enabled, by using a longer
delay on the Neutral Overvoltage elemént than on the directional element.

It is recommended that anfisolation transformer be used between the relay and the grounding impedance to reduce common mode
voltage problems, pasticularly/on installations requiring long leads between the relay and the grounding impedance.
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When several small generators are operated in
parallel, with a single step-up transformer, all
generators may be grounded through the same
impedance (the impedance will normally consist of a
distribution transformer and a properly sized resistor).
Possibly, only one generator is grounded while the
others have a floating neutral point when connected
to the power grid, Figure 2. This operating mode is
often adopted to prevent circulation of third-harmonic
currents through the generators, if the installation is
such that all the star points would end up connected
together, ahead of the common grounding
impedance. (If each generator has its own
grounding impedance, the magnitude of the
circulating third harmonic current will be quite small.)
With a common ground point, the same V., signal
is brought to all the relays but only the one which is
grounded should have the Neutral Overvoltage
element in service.

For these cases, the Neutral Overvoltage element
has been provided with a supervising signal obtained
from an auxiliary contact off the grounding switch.
When the grounding switch is opened, the element is
disabled. The grounding switch auxiliary contact is
also used in the Ground Directional element, as is
the breaker auxiliary contact, as discussed later.

If all the generators are left grounded through the
same impedance, the Neutral overvoltage element in
each relay will respond to a ground fault in any of the
generators. For this reason, the ground directional

Common

Grounding
Impedance

Isolating
Trans.

Grounding G1

Switch Breg

| |
T
' Aux.

Contact Aux.

Contact

Vneutral

PARGEN1 RQ

Grounding
Switch

Breaker

}7
}7
| —

| Aux.
Contact

489
Relay

Other Generators,
as the case may be.

rallel Generators With Common Grounding Impedance

element should be used in each relay, in addition to the >@ Dve ge element.

Ground Overcurrent Element

The Ground Overcurrent element can be used a
appropriate current signal from the generator neutr
CT, either in the neutral end or the output end o
to the relay, offers very sensitive current detegtion,
be above the maximum unbalance currept th

frequency component allows an increase \

\
@)
¥

L 4

placement or as a backup for the Neutral Overvoltage element, with the
r grounded generators. This element can also be used with a core balance
tor, as shown in Figure 3. The use of the special CT, with its dedicated input
il does not offer protection for the full stator. The setting of this element must
ormally flows in the neutral circuit. Having the element respond only to the fundamental
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GENERATOR
CORE CORE Phase CTs BREAK
BALANCE = VTV BALANCE ~ I
CT ‘ / \ CT t a
I‘ ‘Y - ANV ! Y T
T\ AananlEil ‘
B VTV |
Option 2 Option 5 Option 3 Breaker
(similar to A
Option 1 option 4) wx
489
’7 - T Opti
% Ground current Input | Ground |
From one of the 5 Overcurrent
opfions. | | Element | —

The core balance CT can be a conventional CT or a 50:0.025 ground

al
to 0.25 ampere. Using a core balance CT, on the output side of ral
e
: e C

Though in theory one could use this element with a zero
(neutral end or output end), by connecting it in the sta
useful. The main drawback, for impedance-grounde

ungrounded generators, provided that there is a source of zero s

Figure 3: Ground O/C Element With Diffe|

-

[ —

es

GNDCUR1R2.CDR

or Current Signal.

llowing the measurement of primary-side current levels down
rmer will provide protection against stator ground faults in
rrent from the grid.

t signal obtained from a summation of the three phase currents
the phase CTs, options 4 and 5 in Figure 3, this approach is not very

erators is that the zero sequence current produced by the CT ratio and phase

ced by a real ground fault inside the generator.

longer than the longest delay on line protectio

L 4

@ using a Ground Directional element implemented using the V. and the ground
ain

across the grounding impedance of the generator. The ground, or zero sequence, current
igure 4. (Generally, it is not possible to sum the outputs of the conventional phase CTs to
nce current, for an impedance-grounded generator, due to CT inaccuracies.)

Ground Directional Element

The 489 can detect internal stat
current inputs. The voltage signal i
is obtained from a core balance as
derive the generator high-side zero sel

Q>®
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GENERATOR
CORE  gREAK
Y BALANCE
/ \ CT
Aux. \ / ‘ ‘ .
Contact NV t%%ggggg,

Fff:: Grounding |
I Switch H Aux.

To Relay 1 489 Breaker

F Ground j‘
Grounding Vneutral | Directional |7 I un
ﬂr&'ﬁ»;z%gmc; Input m Element (ﬂjﬂp
P@Sﬁsﬁor) (or OC)
Isolating m
= Transformer m Neorrar|
eutra
m O/\/’
Element

Grounding — 'J G.S.
Switch | | Status
Aux. Cont. L

GDECONR2.CDR

Figure 4: Conceptual Arrangement o und Directional Element

5 to elay, the V. signal will be in phase with the ground current
signal. The element has been provided with a setting he user to change the plane of operation to cater to reactive grounding

impedances or to polarity inversions.

sistor-grounded generator is the 180-degree plane, as shown in Figure 5, for an
internal ground fault. That is, for an internal stator-to-ground fault, the V, signal will be 180 degrees away from the | signal, if the polarity
convention of Figure 5 are observed. If the groundi pedance is inductive, the plane of operation will be the 270-degree plane,
again, with the polarity convention of Figure 5
of operation by 180 degrees.

0
CORE 30
BALANCE Plane of operalion
o CT for resistive
- grounding
i R impedance
\
180" <l S
VO
Grounding +
Resistor = IF10] 489 [Hi0—
Relay lo
ET0 @ — 270°
Isolating -

= Transformer

GDECON2R2.CDR

Figure 5: Polarities and Plane of Operation of Ground Directional Element

e operating principle of this element is quite simple: for internal ground faults the two signals will be 180 degrees out of phase and for
nal ground faults, the two signals will be in phase. This simple principle allows the element to be set with a high sensitivity, not
ormally possible with an overcurrent element.
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The current pickup level of the element can be adjusted down to 0.05 x CT primary, allowing an operate level of 0.25 ampere pri
the 50:0.025 ground CT is used for the core balance. The minimum level of V at which the element will operate is determi
hardware limitations and is internally set at 2.0 volts.

neutral

Because this element is directional, it does not need to be coordinated with downstream protections and a short operating ti be
used. Definite time delays are suitable for this element.

Applications with generators operated in parallel and grounded through a common impedance require special considerations® If only one
generator is grounded and the other ones left floating, the directional element for the floating generators does n ceive a correct V,

neutral

signal and therefore cannot operate correctly. In those applications, the element makes use of auxiliary con ff the grounding
switch and the unit breaker to turn the element into a simple overcurrent element, with the pickup level 0 ectional element.
(Note that the Ground Directional element and the Ground Overcurrent elements are totally separate_el .) In this mode, the
element can retain a high sensitivity and fast operate time since it will only respond to internal stator gr [ts¥Table 1 illustrates the

status of different elements under various operating conditions.
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Table 1
Status of Detection Elements As functions of Breaker and Ground Switch Positions O

Element
Generator Unit Grounding Ground Neutral Ground
Condition Breaker Switch Directional Overvoltage Overcurreﬂt
Shutdown Open Open Out-of-service | Out-of-servi service

Open Circuit Open Closed In-service In-servic n-service
and grounded (but will not
operate due to
lack of o)
Loaded and Closed Closed In-service -service In-service
Grounded
Loaded and Closed Open In-service

Not Grounded

Third-harmonic Voltage Element

The conventional neutral overvoltage element or the ground ovg t element are not capable of reliably detecting stator ground

faults in the bottom 5% of the stator, due to lack of sensitivity. o0 provide reliable coverage for the bottom part of the stator,
protective elements, utilizing the third harmonic volta Is neutral and at the generator output terminals, have been
developed /4/.

In the 489 relay, the third-harmonic voltage element, tr dervoltage (3rd Harmonic)  derives the third harmonic component of

the neutral-point voltage signal from the V., signal as o ignal, called V,,. The third harmonic component of the internally summed
phase-voltage signals is derived as the second sighal, ed"V,,. For this element to perform as originally intended, it is necessary to
use wye-connected VTs.

Since the amount of third harmonic voltage that appears in the neutral is both load and machine dependent, the protection method of
choice is an adaptive method. The follo u'& used to create an adaptive third-harmonic scheme:

#HS 0.15 whi& jesto: Vp3217Vy3
P3

Ves iy

0 "g
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The 489 tests the following conditions prior to testing the basic operating equation to ensure that V,, is of a measurable magnitud
where:

Neutral VT Ratio

2 >0.25volts & '3 = Permissive Thresholdx17 x
Ve Ves - Phase VT Ratio

V,, is the magnitude of third harmonic voltage at the generator neutral 4
V,, is the magnitude of third harmonic voltage at the generator terminals
V,,and V,;' are the corresponding voltage transformer secondary values
Permissive_Threshold is 0.15 volts for the alarm element and 0.1875 volts for the trip element.
In addition, the logic for this element verifies that the generator positive sequence terminal voltage is 0%’ of nominal, to ensure

that the generator is actually excited.

NOTE: This method of using 3rd harmonic voltages to detect stator ground faults near the genera eutral has proved feasible on
larger generators with unit transformers. Its usefulness in other generator applications is unkno

If the phase VT connection is "open delta", it is not possible to measure the third harm \Ye) at the generator terminals and a
simple third harmonic neutral undervoltage element is used. In this case, the element is_su ised by both a terminal voltage level and
by a power level. When used as a simple undervoltage element, settings should be b sured 3rd harmonic neutral voltage of

the healthy machine. It is recommended that the element only be used for alarmypur open delta VT connections.

References:
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4. R. J. Marttila, "Design Principles of a New Gene ound Relay for 100% Coverage of the Stator Winding", IEEE

Oct 1986.
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Figure C 1 Moderately Inverse Curve (ANSI)
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Figure C 2 Normally Inverse Curve (ANSI)
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@ 489 ANSI O
GE Power Management VERY INVERSE O
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GROUND FAULT CTS FOR 50:0.025 A CT I

CTs that are specially designed to match the ground fault input of GE Power Management motor protection relays should be used to
ensure correct performance. These CTs have a 50:0.025A (2000:1 ratio) and can sense low leakage currents over the relay settinggange
with minimum error. Three sizes are available with 3%2", 5%", or 8" diameter windows.
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APPENDIX D

GROUND FAULT CTS FOR 5A SECONDARY CT I

For low resistance or solidly grounded systems, a 5 A secondary CT should be used. Two sizes are available with 5% or 13"x16™win-

dows. Various Primary amp CTs can be chosen (50 to 250).
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| CURRENT TRANSFORMERS

—

PHAS
~—
Current transformers in most common ratios from 50:5 to 1000:5 are available for use as phase current inputs with motor protection re-

lays. These come with mounting hardware and are also available with 1 A secondaries. Voltage class - 600V BIL 10 KV.
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GE POWER MANAGEMENT RELAY W@NTY

General Electric Power Management Inc. (GE
warrants each relay it manufactures to be free f
workmanship under normal use and service for a
date of shipment from factory.

0 anagement)
ef in material and
of 24 months from

In the event of a failure covered by warr ower Management will
undertake to repair or replace the relay providing“the warrantor determined
that it is defective and it is returned wit t portation charges prepaid to
an authorized service centre or the fac epairs or replacement under
warranty will be made without ¢

Warranty shall not apply to,a lay which has been subject to misuse,
negligence, accident, incoNs lation or use not in accordance with
instructions nor any unit been altered outside a GE Power
Management authorized f tlet.

GE Power Management isthot liable for special, indirect or consequential
damages or for los it or for expenses sustained as a result of a relay
lication or adjustment.

arranty (including limitations and disclaimers) refer to

GE Power Management Standard Conditions of Sale.
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