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:fi:‘::::D'“- e M-3425A Operation
Normal Operation - No Targets

Display dark if there are no active targets

TARGETS

» Power supply fail contact = energized el g

= Note: On relays with 2 power supplies installed, both ALARMS §
must be powered up to energize this contact. seLe

TES el ®

+ Diagnostic Contact = coils energized, “OK” state b

B oTmon] J=co. me. M-3425A Operation

Tripped

Target, Time, Outputs, Function, Phase

*One or more “OUTPUT” LEDs illuminated




:fi:‘::::D'“- e M-3425A Operation

Trip Cleared and Target Present

Target, Time, Outputs, Function, Phase

s
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M-3425A
GENERATOR PROTECTION
Integrated Protsction Systems*

oeckwH OUTPUTS
nm..g:D-no. NG, oy out s ot
Made in US.A.

*All “OUTPUT” LEDs Extinguished

BECKWITH -
ELECTRIC M-3425A Operatlon
Relay failed internal self diagnostics
Relay “OK” LED Relay usystem Halt!” Self-Diagnostic
xtingui “Diagnostic” LED " Contact Operates
Extinguished Blinks Error Code X

/ (on relay rear)

VSTEM HALT! ERROR CODE X(]

M-3425A
GENERATOR PROTECTION @ E
- Integrated Protection Systems™

o
e B —

«If the “Relay OK LED” is extinguished, the relay is not in service.

*Contact the factory if a “System Halt” message is displayed or the “Relay OK” LED is
extinguished.

*Resetting the relay may temporarily remove the error but may result in a false trip
or no trip operation.

*Do not press any HMI buttons while the relay is in diagnostic mode.




:fi:‘::::D'“- e M-3425A Operation
Other front panel indicators

-1« Breaker Closed: Normally on when Input 1 is open

PS1 and PS2: On when the associated power supply is on.

OUTPUTS

+ Time Sync: On when IRIG-B signal is applied. No setting is required.

« Target: On when mostrecent event is not reset

M-3425A Operation

Target Reset Button:

« Button Released: Target module and HMI display the most recent event
information.

* Button Pr d and Rel d: LED test then targets are reset IF ALL
TRIPPED FUNCTIONS ARE RESET.

» Button Pressed and Held: Target module displays functions that are
currently picked up.

Note: Output LED’s always display real time status of output contacts.




e cormen] Jco.me. M-3425A Operation

Front Panel Controls:
HMI Operation

» Access by pressing any button after the Power On Self Test terminates.
» The selected menu item appears in capital letters.

* Press the RIGHT and LEFT arrows to move between menu items.

* Press ENTER to move into a submenu or item

* Press EXIT move out of a submenu.

* The uP and DOWN arrows are used to change values.

Ereormie Jmco- me. M-3425A Operation
HMI Operation
VOLTAGE RELAY CURRENT RELAY
VOLT curr freq v/hz — volt CURR freq v/hz —

- 27 Phase Undervoltage
+ 59 Phase Overvoltage

» 27TN Neutrl Undervolt

+ 59X Overvoltage

+ 59N Neutral Overvoltage
+ 59D Volt. Diff. 3rd Har.

486 Neg Seq Overcurrent
50 Inst Overcurrent

50/27 Inadvertent Energing
50BF Breaker Failure
50DT Def. Time Overcurr
50N Inst Overcurrent

51N Inv Time Overcurrent
49 Stator Overload

51V Inv Time Overcurrent
87 Differential Overcurr
87GD Gnd Diff Overcurr
67N Res Dir Overcurr




e cormen] Jco.me. M-3425A Operation
HMI Operation

FREQUENCY RELAY LOSS OF FIELD RELAY
volt curr FREQ v/hz — &« pwr LOF fuse dist —
+ 81 Frequency * 40 Loss of Field

+ 81R Rate of Change Freq
+ 81A Frequency Accum.

V. T. FUSE LOSS RELAY
VOLTS PER HERTZ RELAY ¢ pwr lof FUSE dist —
volt curr freq VIHZ — * 60 FL V.T. Fuse Loss

« 24 Definite Time Volts/Hertz
+ 24 Inverse Time Volts/Hertz

PHASE DISTANCE RELAY
«— pwr lof fuse DIST —

POWER RELAY + 21 Phase Distance
«— PWR lof fuse dist b + 78 Out of Step

+ 32 Directional Power

BECKWITH .
ELECTRIC M-3425A Operatlon
HMI Operation
FIELD GROUND RELAY TRIP CIRCUIT MONITOR
<— FIELD stator sync — «— brkr TRPCKT ipslog —*
+ B4B/F Field Ground « Trip Circuit Monitoring
STATOR GROUND RELAY IPS LOGIC e
«— field STATOR sync — «— brkr trpckt IPSLOG —
+ 648 Stator Ground CONFIGURE RELAY
«— CONFIG sys stat —
SYNC CHECK RELAY I
Voltage Relay
«— field stator SYNC — Current Relay

+ 258 Sync Check
« 25D Dead Volt

BREAKER MONITOR I
<— BRKR trpckt ipslog —
» Set Breaker Monitoring

+ Preset Accumulators
+ Clear Accumulators

Frequency Relay
Volts per Hertz Relay
Power Relay

Loss of Field Relay
W.T. Fuse Loss Relay
Phase Distance Relay
Field Gnd Relay
Stator Gnd Relay
Sync Check Relay
Breaker Mon Relay
Trip Ckt Mon Relay
IPSLogic Relay
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M-3425A Operation

SETUP SYSTEM
«— config SYS stat

I

Input Activated Profiles
Active Setpoint Profile
Copy Active Profile
Neminal Voltage
Nominal Current

V. T. Configuration
Delta-Y Transform
Phase Rotation

59/27 Magnitude Select
50DT Split-phase Diff.
Pulse Relay

Latched Outputs

Relay Seal-in Time
Active Input State

.T. Phase Ratio

HMI Operation

STATUS
<— config sys STAT

Voltage Status

Current Status
Frequency Status

V/Hz Status

Power Status
Impedance Status

Sync Check Status
Breaker Mon Acc Status
81A Accumulators Status
In/Out Status

Timer Status

Relay Temperature
Counters

Time of Last Power Up
Error Codes

- )

\/.T. Neutral Ratio Checksums
V.T. VX Ratio
C.T. Phase Ratio
C-T- Neutral Ratio [ VIEW TARGET HISTORY
«— TARGETS osc_rec comm —

+ View Target History
+ Clear Target History

BECKWITH
ELEchcD-co' s

OSCILLOGRAPH RECORDER
«— targets OSC_REC comm —

* View Record Status
+ Clear Records
+ Recorder Setup

COMMUNICATION
«— targets osc_rec COMM —
COM1 Setup
COM2 Setup
COM3 Setup
Communication Address

Response Time Delay
Communication Access Code

}H

M-3425A Operation

HMI Operation

SETUP UNIT
«— SETUP exit

-

Software Version
Serial Number

Alter Access Codes
User Control Number
User Logo Line 1

User Logo Line 2
Clear Output Counters
Clear Alarm Counter
Date & Time

Clear Error Codes
Ethernet Firmware Ver.
Diagnostic Mode

Ethernet Setup
Ethernet IP Address

EXIT LOCAL MODE
«— setup EXIT
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= IPSCom (New File) M= E3
Eie  Communication  Momitor  Relay  Tools  Windows — Help
i Q & SEEﬂn}ﬁarv Metering| (5 Phador Diagran | &5 S%pnints -

Windows
Unconnected Cascade
Connected
Y Primary Metering & Status

Open New Secondary Metering & Status

Save Open Accumulator Status

Save as Phasor Diagram

Compare Phase Distance

—
VO Map Print

Print Preview
1o map ExIT

Sync Scope Security—————— | Change Comm Access Code
Function Status User Information Change User Access Code
B7T Dual Slope Relay Communication ——

Output Test
Counter & Error Codes

Change Communication Address

v — Firmware Update Setup Comm Port
Connect/Communication Calibration Data——— Setup Ethernet

Retrieve
Restore
Communication ‘Connect
¥
|
: Setup Syst
Open Terminal Window | |’ Targets R,:':; 5:::',:‘,
Sequence of Events Setup Date & Time
Setup scillograph Display U0 Map
Retrieve Profile Display All Setpoints
Trigger Write File to Relay
P C S Oftwa re Clear Read Data from Relay
View
Setp Clear
. . - Reset LED
See Annex for Detailed Views — Rowiawe =
Switching Method View
Select Profile Clear

Copy Active Profile

Download from Relay
Upload to Relay

:fig':::D'“"- i M-3425A IPScom Operation
Working Offline

*Used to create, view, or modify relay setting files

New File x|

System Type

Unit Type: | M-3425A (D-0150) |

MNominal Frequency: (~ 50 Hz * G0 Hz
C.T. Secondary Rating: ™ 14 o BA

ok [ Cancel |

For a new Setting file:

*Select File\New

«Set Unit type, frequency, CT, and Phase Rotation
*For and Existing File:

*Select File\Open

*Pick the file to be opened
*To Save, use the Save or Save As commands
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Working Online
*Used to communicate directly with a relay via 232, 485, modem, or TCP/IP
Serial Port x|
— Device .
Devics Address: [T ] * PC Port - Serial port on the PC
Protocol: [BECO  +] « The following must be set to
Comm Access Code ————————— match the relay settings :
(I I Save « Baud Rate-9600 standard
» Access Code-Defaults disabled
Echo Cancel: [~ { for Fiber Optic Loop) « Address-232/485 network
—Comm address
Comm ot [come 5 « For Modem or TCP/IP
oud Rete [se00 B communications, press the
Data it [o E| appropriate buttons and set the
Pariy: [NONE 5| parameters
Stop Bit: I'I 'l
Connect | Cancel I

:fig':::D'“"- i M-3425A IPScom Operation

Periodic Maintenance:
General

All our relays incorporate self diagnostic hardware and
continuously run a number of self diagnostic routines.

We highly recommend the relay self test contact as well as
the power supply fail contact be connected as your
application dictates.

Our minimum recommended periodic maintenance focuses
on those components that cannot be checked by the
internal diagnostic routines:
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Periodic Maintenance:
Critical Checks

Each Maintenance Outage:
1) Relay Trip Test: Use the diagnostic feature to
force a trip. Verify the breaker opens.

2) Relay Diagnostics: Perform relay diagnostic
checks which check the operation of the status
inputs and outputs.

3) Breaker Position Sensing: Verify the breaker's
position contact is working correctly.

BECKWITH
Echrnch-‘m' s

Digital Relay Self-Diagnostics

What it covers: What it does not cover:
Microprocessor hand-shaking -+ Relay contacts

ADC * Internal CT PT circuits
Power supply * Improper wiring
Communication failures * Misapplied logic
Watchdogs * Incorrect settings

Firmware flash failures

» In all cases, relay failures covered by self-diagnostics
can alert operators through an alarm contact.

» The relay can then take itself out of service to avoid
misoperations.

11



M-3425A Typical Connection

Comprehensive Package. A subset of
these functions are also available in
a Base Package.

O These functions are available in the

Diagram
This function is available as a E
optional protective function.
°
This function provides control for I - L I n e
M-3425A the function to which it points. |I
Targets a
(Optional) s B H
= Iagram
(Optional)
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Waveform Capture ‘D

Rear Ethernet
Port (Optional) — ™1

OOOOOO

(Metering) VI (Note 1)

Rear Rs-485
Communication

Multiple Setting

(ote3)
@ M-3921

Self Diagnostics

Dual Power Supply
(Optional)

Breaker
Monitoring \__3Vo (Calculated)
. - D
Trip Circuit —to —o
Monitoring VuQ 6N polariation
(software Select)

s ls
= =
2 38|38
g EHEE!
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E

Vo (Calculated)

31, Source select
Software Slect)

(Meterne]

67N Operatng Current

ote’s)

Low-impedance Grounding with 50N/5IN and
[87GD or 67N] and Ground Fault Protection

o e

(otes285)
High-impedance Grounding with 59N and
[27TN or 59D] 100% Ground Fault Protection

. 1 | A
8 l e
(o3 C

Generator |~
M-3821
Fieid Ground
Coupler Module
N
al b

High Impedance Grounding

Three VT Wye-Wye
Connection
] Other
| Relays | M-3425A

3

R Low Impedance Grounding

3-Line
Diagram
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Generator

3-Line Diagram

@ Wire to split phase differential CTs for
use with S00T split phase function.

@ Required generator breaker status input
(52b). Contact is closed when generator
breaker is open. Use unit breaker
contact if no generator breaker present.

@ OQutput contact pairs designated by
user.

M-3425A

M-3425A Connections

Partial: A

@ Alarm output can be grouped 1o a single alarm
at the discretion of user.

@ Available control output to service other relays
for VT Fuse Loss can be designated.

@ Input contact number is designated by user.

& WARNING: ONLY dry contact inputs must
be connected because these contact inpuis
are internally wetted. Application of external
voltage on these inputs may result in
damage 1o the units.

EWNOTE: M-3425A current terminal polarity marks
{ . ) indicate "entering” current direction when
primary current is "from” the generator to the
system. If CT connections differ from those
shown, adjust input terminals.

A

B

c

Three VT Wye-ye
Connection

a b

BECKWITH
ELECTRIC

3-Line Diagram  Partial:

M-3425A Connections

B
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:fi:‘m::D'“- i M-3425A Pre-startup Tasks

1. Energize the relay

« Verify which power supply installed by checking the
marks on the back of the relay

. Apply the proper voltage and check the following:

Power supply contact drops out (if 2 power supplies are installed, both
must be energized to clear power fail contact)

= Diagnostic contact drops out after POST testing completes
= “Relay OK” LED on/flashing

Note: Do not press any buttons while the Power On Self Test is in
process.

:fi::'::.::D"“’- i M-3425A Pre-startup Tasks

1. Energize the relay
2. Set the clock

3. Install the relay setting using IPScom

From a File:
» Connect to the relay
» Relay Menu = Write File To Relay

» Use the browsing control to select the file

» Note: The file save must be for the same relay type and have the same phase rotation
for this feature to work

* Relay Menu = Setup = Sequence of Events = Setup. Enter the settings

* Relay Menu = Setup = Oscillograph = Setup. Enter the settings

14



B ceTmen J=co. me. M-3425A Pre-startup Tasks

1. Energize the relay
2. Set the clock

3. Install the relay setting using IPScom

From a Setting Sheet:
+ Connect to the relay
* Relay Menu = Setup = Setup System. Enter the settings.
* Relay Menu = Setup = Setpoints = Configure. Enter the settings.

* Relay Menu = Setup = Sequence of Events = Setup. Enter the
settings.

* Relay Menu = Setup = Oscillograph = Setup. Enter the settings

 Save the file by selecting File = Save As.

Ercormon] Jco.me. M-3425A Pre-startup Tasks

System Setup Settings:

These settings are used throughout the relay.

Setup System LI
System | 140 Setup I Output Sealin Time I
—Settings
MNominal Veoltage: 1200 50.0 LI _I LI 140.0 (V)
Mominal Current: | 3.95 00 4] _| _rleoo@
Phase Rotation: ~ ACE * ABC
B9/27 Magnitude Select: + RMS  DFT
E0DT Split Phase Dift. % Disable " Enable
Deltz-Y Transform: ¢ Disable ¢ Delta-AB " Delta-AC

V.T. Configuration: & Line to Line " Lineto Ground { Line-Ground to Line-Line

—V.T.and C.T. Ratio

V.T.Phase Ratio: | 1420 10 4|_| | 65500 (:1)
V' T. Neutral Ratio: 60.0 10 4| | | 6550.0 (:1)

V.T.WXRatio: | 2080 10 4] | | 65500 (:1)
C.T. Phase Ratio: 3600 14| | 65500 (1)

C.T. Meutral Ratio: | 5000 14| | 65500 (1)

Save Cancel

15



:fi:‘::::D'“- i M-3425A Pre-startup Tasks

Basic Settings (cont.):

VT Configuration Nominal Voltage Used
L-G Viom = GEN V| / (1.732*VTR) (21, 32, 40, 46,
L-L Viom = GEN V|, / (VTR) 50/27, 51V)
L-G to L-L Viom = GEN V| / (VTR)

Nominal Current

I =GEN VA/ (1.732* GEN V, *CTR (21, 32, 40, 46,
e / LCTR) 50/27, 51V, 87)

Delta-Y Transform (21, 51V):
Determines calculation used for 21 and 51V functions

:fi::‘:::D"“’- i M-3425A Pre-startup Tasks
Basic Settings (cont.):

Input Active State (all functions using blocking or external initiate):

» Sets the input logic to assert when connected contact is closed or open.

Note: For element blocking when GEN CB is open
» 52/b should be set to active closed
+ 52/ato active open.

VT Configuration

¢ Line-to-Ground: Used with Y connected VTs

» Line-to-Line: Used with Delta or Open Delta VTs

* Line-to-Ground to Line-to-Line: Used with Y connected VTs
= With this setting the relay internally calculates the equivalent phase to
phase voltage and uses that voltage for trip decisions while maintaining L-
G voltages for the oscillography.

= In High-Z Grounded Generators, this setting prevents the 59 and 27
elements from tripping on stator ground faults.




:fi:‘::z:D'“- i M-3425A Pre-startup Tasks

Basic Settings (cont.):

59/27 Magnitude Select:

» Adjusts the calculation used for the overvoltage, undervoltage, and the
inadvertent energization element.

» In generator applications, this should be set to RMS

RMS averages the most recent 8 cycles of data

» If the voltage is OV, there are no zero crossings and the relay holds the
most recent values for 30cyc.

» After this time the relay performs the measurement on the most recent 8
cycles of data.

» This results in accurate measurements over a wide frequency but
sacrifices speed.

DFT averages the most recent 16 samples (16.7mSec at 60Hz) and
calculates the voltage once per cycle.

» This results in faster operation but accuracy is limited to a narrower
frequency range.

fﬁ:m::D'“"- i M-3425A Pre-startup Tasks
Basic Settings (cont.):

Phase Rotation:

This setting adjusts nominal phase rotation.

¢ We do not recommend reversing the CT and PT connections to
change the rotation.

¢ Using the software switch will result in proper phase targeting.

50DT Split phase Differential:

Used for split phase hydro applications.

e Changes IA, IB, and IC metering labels
¢ Disables 87G

Relay Seal In Time:

e Normal: Sets the minimum amount of time a relay output contact
will be closed after tripping element deassertion.

e Pulse: Sets the relay output contact closure time duration regardless
of if the tripping element maintains assertion.

e latched: Relay output contact will remain closed until relay is reset

17



:fi:‘m::D'“- i M-3425A Pre-startup Tasks

Connect the relay voltages for today’s training:

M-34XX Test Connection for
L-L, or Open Delta

Test Set Connections: Single Phase Voltage
Phase A+ to terminal # 38 V+ to #45
Phase B+ (None) V1 to #44

Phase C+ to terminal # 43
Return A,B,C to terminal #39

On the relay only:
Jumper #38 to #41
Jumper #39 to #42
Jumper #40 TO #43

EreoTmon] o e.
Phase Voltage Connections

+ For Test Sets with internally * For Test Sets with externally
connected source neutrals. connected source neutrals.

* Neutral terminal on test set not » Neutral terminals on Test Set
connected to relay. not connected to relay.

18



:fig::.z:D'“- i M-3425A Pre-startup Tasks
Connect the relay currents for today’s training:

M-34XX Test Connection

Test Set currents 1~ M-3425A Test Set currents 2 M-3425A
IA IA + IA Ia +
1B IB + 1B Ib +
IC IC+ IC Ic +
IN Jumper IN Jumper
Neutral Terminals OutputTerminals

Balance currents for all voltage-type, power
and overcurrent tests, or disable 87 elements

BECKWITH
ELEchcD‘co' -

Phase Current Connections

For Test Sets with externally connected
a| &) ¢ System CTs source neutral terminals

T Sa— ~ System Terminals Neutral Terminals
B 1 il A

Forward Power
—_

Neutral CTs

Rolays ; M3425A
A =] 4

A

For Forward Power Flow, Neutral and System Currents
should have the Same Angles on Similar Phase




B cevman] J=co.inc.
Phase Current Connections

For Test Sets with internally connected
source neutral terminals

ApeLe System CTs
System Terminals Neutral Terminals
A A

v s
-l

@

WA
PN WS

TN \
ol L]

Forward Power

——— @) ) ) 69

)
> 48 3G <d
1 i

Yy e e d

D

For Forward Power Flow, Neutral and System Currents
should have the Same Angles on Similar Phase

s =co.me
Neutral Voltage Connection

\ v

A
| Va B J Vec
oe | o e
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Apply nominal quantities and check the metering
Delta-Connected PTs with Line-Line Relay Setting

Secondary Metering

—Currents (&)
Gy oo |
Phase s
Phase ¢ [T
Meutral m

Preses

Phase b
hasec

3.935

1t [T
aeait

ViHz (%)
ROCOF (Hze) TR
—Misc
6 | 7 | 8 Power Factor
4 [T Brush V. (m\)
Field Insul_ (Ohm) [ETSN
g 7 | s  Status
14 5 [ 16 |Bresker Closed | Targets
n z Osc Triggered | IRIGE Sync

BECKWITH

ELECTRIC

Incorrect Wiring: VA and VB Rolled

E———

-~ Currents (&)
Gy oo WENGEREY ooo |
Phase B 0.000 Phase b
Phase C Phasec [HE 97
Neutral il oo | neutrsl [IECHIN
i Ex szt [T | Fos seo. ETIN 7
Neg. Sea ebff [EE | Neo Sea cax [IEETN
Zera Sea Ceaiff ZewoSeq. T || Pos oo = ETCEEN
o s G v B || Foe Seo x ECENE
rLow Freq. Injection 3rd Harmonic Power (p.u) - Frequency
wa oy VN (V) Real [ETCA Frequency (Hz) [IEREN=0]
e | o) M || Resctive ViHz (%)
Rest ) | VOV soperert [N || FocoF cies) I
[~ Inputs —Misc
[ [ 2 [ 3 [ 4 [ 5 [ & [ 7 [ & Fower Factor |IFTTAVIE
[ [ w0 [ n [ 2 [ 13 [ 14 [ R erush v, (mv) [
—Outputs Field Insul. (Ohm)
1 2 3 4 5 3 7 —Status
9 10 1 12 13 i 5 [ 16 |Breaker Closed | Targets
17 18 19 20 21 2 23 | OscTriggered | IRIGE Sync

What shows the relay is wired wrong?

21
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How Do We Test?

“Thinking logically as to how a relay

responds in a faulted condition helps ‘ ' gStop thinking,
to visualize a proper test sequence” let things happen,

and be the ball.”
--Drew Welton p =Ty Webb

~

=

Ereormoa] Jmco. me.
How Do We Test?

Utilize proper test sequences to avoid associated logic settings:

1. Apply proper pre-fault conditions
* Nominal V, I
« 52/a=closed, 52/b=0pen, contacts in non-faulted state
» Apply long enough for reset from lockouts if needed

2. Faulted values applied

3. Post-fault State

+ V, I faulted value removed (I=0), (V=0 or Nominal, location of
the VT)

» Breaker contact status changes (52/a=open, 52/b=closed)

22
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Rules of the Ramp!!

Always start with nominal values!

1) Times between each ramp state is > time delay for the element
2) Step size is < than the tolerance of the element

Rules of the Timing!!

1) Always start with nominal values, lock
2) Change to below or above set point
3) Unlock fault values, check timing

BECKWITH
ELEcrmcD-co' e

Overall Test Plan

Pre-Startup Tasks and Relay Setup
Negative Sequence (46)

Loss of Synchronism (78)

Stator Ground Overvoltage (59N)

Third Harmonic Neutral
Undervoltage (27TH)

6. Oscillography and SOE Demo

o oObd-~

=W
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Impedance of the longest transmission line

Z,,, =0.01095+j0.11546 pu on 100 MVA base

Power System
. Our Generator
Zmusst = 0,000511+j0.010033 pu on 100 MVA base
Zaxso =0.001046+j0.017206 pu

145KV ynit Transformer

Z,,, =0.07370+j0.37449 pu 19KV
(A4 Ba)
< X;=0.1111 pu on 425 MVA base
— =
20,000V L |— L < Aux. Transformer
W AL cT E_ 18000/5A P é
L { =
l"\) 492 MVA, 20 kV
492 MVA Base
X,=1.1888pu
X', =0,20577 pu
;’ o ‘:»7‘;?:7 pu et & 18000/5A
2=0. pu L—
L] |
-~
14400 e 1.25 Ohms
240/120V C

BECKWITH
ELECTBICDCO' e

Calculations for Our Generator

Zoase = (GEN KV2 / GEN MVA) / (1.73*KViase)
Ziase = (20 KV2 / 492 MVA) / (1.73%20 KViase)
Zase = 0.813 Q

Tbase = (MVA * 1000) / (1.73 * KVpase)
Tbase = (492 MVA * 1000) / (1.73 * 20gase)
Thase = 14,219A oy

VTR = 20,000V / 120V = 166.7
CTR = 18,000A / 5A = 3,600
CTR/VTR = 21.5996

Tpase sec = I pri / CTR
Tbase sec = 14,219 pri / 3,600
Thase sec = 3.945 A soc

V|_|_ sec — 120V
Vigsec = ViL sec/ 1.73
VL sec = 69.28V sec

ZBase sec = Zpase pri * (CTR/ VTR)
Zgase sec = 0.813 Q i * (3,600 / 166.7)
Zgase sec = 17.55 Q sec  (1pu)

R n r uni 2 MVA B
Xd = 1.1888 pu
X'd = 0.20577 pu

X;,= 0.20577 x 17.56 = 3.613 Q.

A76=0.11607 x 17.56 = 2.04 Q

Xpax 561 = 0.04035 x 17.56 = 0.7086 Q, f = 90°
ZBase sec = Zaase pri i (CTRJ’ VTR)

Zoacesec = 0.813W ;¥ (3,600/ 166.7)
ZBESQSOC . 1?'55WS€C (1pu)
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Negative Sequence Overcurrent
(46)

Esormon] o Ne.
46: Negative Sequence Current

» Typically caused by open circuits in system

= Downed conductors
= Stuck poles switches and breakers

» Unbalanced phase currents create negative sequence
current in generator stator and induces a double
frequency current in the rotor

» Induced current (120 Hz) into rotor causes surface
heating of the rotor

25
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Rotor End Winding Construction
RETAINING
RING

LOCKING WEDGE
RING

FIELD
WINDING

Currents Flow in the Rotor Surface

BECKWITH
ELEcrmcD-co' e

Negative Sequence Current:
Constant Withstand Generator Limits

» Salient Pole
» With connected amortisseur 10%
» With non-connected amortisseur 5%
» Cylindrical
* Indirectly 10%
* Directly cooled - to 960 MVA 8%
v'961 to 1200 MVA 6%
v'1200 to 1500 MVA 5%

26
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DCD. INC.

Negative Sequence Current:

Constant Withstand Generator Limits

> Nameplate

 Negative Sequence Current (I,) Constant
Withstand Rating

« “K"” Factor

* Where: 122 T=K

BECKWITH
ELECTRIC

D—co. INC.

ALY \ To 65,500 cycles — |

NARANEE |

Generator

B \ N\ Ratings

Definite Maximum

T W \‘\ — Time Setting Range ————
AY AY

“\\ N\
AR LRENS
ypical
\ \ \\\ K Values
\\ | Salient Pole
—_-r — = J;\_& \—\-\3\—— _————— ] Generators
kK X N 0
AY A . .
Cylindrical
| N Generators
| 30
\ ;95"‘
: \\ \\ A ﬂ'% ‘\ N - —
! \\\\z A AN
Defnite | | 7| N \ I
| Time :
i |

= 40 60 B0 100 150 200 300 400500600 BOD 1000 1000 2000 2000 4000
Negative Sequence Current (% of Nominal Value)
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46: Negative Sequence
Electromechanical Relays

» Sensitivity restricted and cannot detect I, levels
less than 60% of generator rating

» Fault backup provided

» Generally insensitive to load unbalances or
open conductors

BECKWITH
ELECTRICDCO' e

46: Negative Sequence Digital Relay

> Protects generator down to its continuous negative
sequence current (I,) rating vs. electromechanical relays
that don't detect levels less than 60%

» Fault backup provided
» Can detect load unbalances

» Can detect open conductor conditions

» Should provide thermal time reset as I, causes heating

28



46: Setting

Type of generator Permissible I; (percent)
Salient pole 10
With connected amortisseur windings 10 492 MVA
)
With i ind; 5 . .
- Cylindrical
Cylindrical rotor
Indirectly cooled
Directly cooled—Up to 350 MVA
—351 MVA to 1250 MVA A=350)/300
—I1251 MVA to 1600 MVA 5
Type of generator Permissible Ir
Salient pole generator 40
Synchronous condenser 30
Cylindrical rotor generators
Indirectly cooled 30
Directly cooled (0 MVA to 800 MVA) 10
Directly cooled (801 MVA=1600 MVA) See Figure 4-39.
57
Fie  Communicstion  Monitor | Relay | Tools  Windows Hc{p LI.
1 save (B Secondary Metering | (| Setup ’ |
34 | ] 100 (%) Disable
Display /0 Map. £ TimeDelay- [ 10 14 ¥ | 8160 (Cyeles)
Wite Fieto Relny L © | [ Ouipats Blocking Inputs
Read Data from Relay: ¢ Carkz D3 U4 D5 T8 107 108 CREYTC2TC30a
rerwrmnrzrarCWrBr e rsrersrefls
rvrwrwrararazrnras (e - -
46 - Inverse Time
T >
egative Sequence Pcip [ 8 14w ] 100¢%) Disable
i - Time Dial: [ 10 14 ] ik
Relay _Tools Pl
e B Mumcimum Time 60000 600 4| | »| 65500 (Cycten)
Secondary Metering & Status Reset Time: 0 1a] | 2] 600 (Second)
Dutputs [Blocking Inputs
FiCaTCalDs Cs e T2 e CRlCy C2TC30C4
rFrscwrmecRrCrBCWlr B8 sarelsy T L8
rqrarwvsrCarararCs rermraerarc

> Definite Time used for Alarming; using short timer for testing

> Inverse Time used for Protection; using short reset time for testing
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Testing the 46 Element, Def. Time

Pick up = 5% of Nominal
Current, 3.95 X .05 =.198
Neg. Sequence Component

Pos. Seq.

Analog Outputs

m. M £ 9,696 cy

~Outputs
roT - Alarm Con

-120.00 ° | 60.000 Hz
39504 120.00° | 60.000 Hz

ct

BECKWITH
ELECTRIC

Test Sequence for 46-Inverse Time

Careful!!

1 To 65,500 cyches —
1 |

- Time Setting Range

Tins (Saconds)

JER ‘S |

Definite iﬁaxlmum .

Imcerse Teme

ey
Time Deal:

T
iﬁnrl\‘:m

] w0y

{

1f2rarsars
r r r r
Ll N e i

= |
-

2
r
r

|~ Use this formula like so:

I fault/ 1 nom (6/3.95 = 1.52)

1.52 squared = 2.3

TD 10/ 2.31 = 4.35 sec Pick up time

SO:
@ 6 amps trip time = 4.35 sec
@ 8 amps trip time = 2.44 sec
Analog Outputs

Direct ﬂ
1200V 30.00 " 60.000 Hz
0.000 V 0.00* 60.000 Hz
1200V 90.00° &0.000 Hz
2.000V 0.00° 180.00 Hz

Definite
.0z f—t—t—t- a:::num imoi=a 6.000 A 0.00*  60.000 Hz
o 6.000 A 120.00 * | 60.000 Hz
TR » P T T 6.000A | -120.00° 60.000 Hz

Negative Sequence Current (% of Nomanal Value)

Roll Phband c
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Loss-of-Synchronism (78)
aka: Out-of-Step

Esormon] o Ne.
Generator Out-of-Step Protection (78)

» Types of Instability
+ Steady State: Steady Voltage and Impedance (Load Flow)
+ Transient: Fault, where voltage and impedance change rapidly
» Dynamic: Oscillations from AVR damping (usually low f)
» Occurs with unbalance of load and generation
« Short circuits that are severe and close
» Loss of lines leaving power plant (raises impedance of loadflow path)
» Large losses or gains of load after system break up
» Generator accelerates or decelerates, changing the voltage angle
between itself and the system
» Designed to cover the situation where electrical center of power
system disturbance passes through the GSU or the generator itself
» More common with modern EHV systems where system impedance
has decreased compared to generator and GSU impedance




EreeTmioa]_Jco.me.
Generator Out-of-Step Protection (78)

* When a generator goes out-of-step (synchronism) with
the power system, high levels of transient shaft torque
are developed.

« If the pole slip frequency approaches natural shaft
resonant frequency, torque produced can break the shaft

» High stator core end iron flux can overheat and short the
generator stator core

» GSU subjected to high transient currents and
mechanical stresses

BECKWITH
ELEcrmcD-co' e

il Power Transfer Equation
Stability A ” q
E,[Ed| P, == —lsin(0, - 0,)
. Pmax
Maximum X .
Power b ——————— 'AII Llngs
Transfer in Service Es - Qystem VOYﬁﬂ
) d, - stem?/o Va%egShgﬁe Anﬂ
Line 1 g) enerator Voltage Phase Angle
Tripped - Electrical Power
P~/ = - Line 2 Power Flow
Tripped -
L2 Power
@%% L3 System
0 90° 180° E, 20, L
% -6 E,£6

For maximum power transfer:
» Voltage of GEN and SYSTEM should be nominal — Faults lower voltage
* Impedance of lines should be low — lines out raise impedance
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Out of Step:
Generator and System Issue

Generator GSU System
Reactance

OrE=

X4 Xt Where:
V Xe = X7+ Xsg

Power Transfer Equation
EqllE|
P, = |gTsm(eg -0,)

BECKWITH
ELEcrnch‘co' -

Single Blinder Scheme
X
A 7’ B
Systgr_n__ L\\,-\
L : Y » One pair of blinders
Trans— |1 ‘\, \\\ (Vel'tlca| ||neS)
i \ N
: ) > Supervisory offset mho
/ 1
| B 1
e [/ | QMe—"1 > Blinders limit reach to
('ena I X Element ! K
X5 swings near the generator
L A ./ B
S Element |/ Element .
*~<|_Pickup | Pickup | .-~
fowe | P .
Blinder_—""
Elements
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Graphical Method: 78

B
—— -
N
~
RN
\\ AN
\‘ \
\‘ \
\ \
X \
6/‘\ \\ R
/ \ M
/ Swing Locus'|
i’
/
/ Mho /
! Element /
/
/
-] /
\ A /B ’
AN Element| |’ Element il
2X'p + X1 + Xs N o ] Pickup Pickup > b
¥~ Blinder 7
Elements
BECKWITH
ELECTRIC!
X
A B
' ~J
_ 7| System >N )
s Xs \ Stable Swing
Unstable// = \ N
) \
Swing 7 \
‘ﬁ/\ Rt \
X \
/ - ,/ : \
li T
R
| \/ \
| J |
| / |
/
\ Gen | K Mho I
\ El /
X'q lement
\ /
\ /
\ —> - /
\ A /B /
AN Element| |/ Element 7
2X'p + Xt + Xs ~ < Pickup Pickup 7
- S
\ Blinder /
Elements
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Out-of-Step (Loss of Synchronism) Event

File View Settings Window Help [=]5]]
\l}“‘\é“« 4B M B Q6| PRSI £ PP B Du\
VA 418 1198
-419 0.0
VB() 150

1 PQ Diagram
15.0 00 98
W SF s Resl snd Reactive Power: 0,137 - {1142

C fovar)

377 00
VW) 52
52
1A (A
15.15
1B {A)
1656 0.00 &
TR o8
088 0.00
NG -0 4 5
011 0.00
31650 3000 4000
368G ms ==
199.00 Cycles

BECKWITH

Generator Protection
Loss of Field Event

B File View Setings Windew Help ==
S G M| @ Qe £ D PF| s B P
VA 68 af

&r8 289 —a\f

VBN es0 awf

202 892 515 Mﬂl

VY EEE] ew.e

676 635 .af

IUCE e

24 21

AE 306

375 070

BE 262

PQ Diagram =
Real and Reactive Power: 0.542 + j0.028

-1.09
@ (van)

0 N I
NG 000
041 -0t
1370 05 3000 4000
137.53ms.
825 Cycles

4

P e
£ 05
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BECKWITH Generator Protection

ELECTRIC

Loss of Field Event (1 of 6)

N Bt B8 D82 B 215

[T

LESH{sEHET TR

i

. z F ST x e = I Trgpwd T WML Mk IAST M B8
B Gl sl =] i S :
Blue arrow shows where we are in the record

On R-X and P-Q diagrams, yellow square on axis shows where “0, 0” is.
On R-X and P-Q diagrams, blue circles show where the R-X and P-Q

characteristics are respectively Ny

We have normal power output; lots of watts and a little VAr. All is good.

:‘f‘:ﬁ:‘;'.::D-co- INC. Generator Protection
Loss of Field Event (2 of 6)
gg [MBA2SAE €. )_PGE Meeting 05C Record 2.1 =&
I ““‘“?‘“ w(;g ;:I!‘phv wso £ P OPF | R R0
: TR
R

452000858 Impoc 1993730 impco: 1848705

=)

8
]
m

EiStaa

R(Shma)
™

g 5

T ]

We have lost field, and the impedaﬁ-(;;/bo;/vél:.d-iagrams show we are still

outputting watts but are sinking VAr
This is before the machine goes into asynchronous operation with a resulting slip

frequency 72
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ELECTRIC

Loss of Field Event (3 of 6)

SAEC PGE Meeting,
& Window Mep

W AQ S oM PO R

T o

WA
AR

T e

= 2724 menm 4TI impos cEn-ji2
2000

&

Mark 1: 163438401 [Markc2: 1634145

A rgnm)
= D14 Stant Time: 163414904 Tpped Time: 163418410

3 W

We have lost field, and the impedance/power plan plots show we are still
outputting watts but are sinking lots of VAr

This is JUST before the machine goes into asynchronous operation with a slip 72

:E‘SE:‘;*.::D-co- INC. Generator Protection
Loss of Field Event (4 of 6) /
IMB4ZSAE: € ) PGE Mesting 1 05C Record 2.cfg] s e =

Flual 3na Ruaciive Bower 0,002 - |1 105

[Etomn
of

g:

Seettn s |

23894 Cycies

= R ionms)

£ P18 [Start Time: 163414904 [Tripped Time 163418410 [Mark1: 163418587 |Mark 2. 163414904

We have lost field, and the impedance/power plan plots show we are NOT putting
out ANY watts and sucking a lot of VAr. The machine is slipping a pole.
At the instant shown, all the current into the machine is reactive (VAr sink). )
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ELECTRIC

Loss of Field Event (5 of 6)

= P pl X e Do - ) Pt Mesing LEAIMFB Event 552 05C Recod ey
£ e Ve Setlimgs Bandom  stap
MG S ke R e

R

T T

[ o

| |g
I&

TR e e wninia

aacty T ] " P et Teme 16M34504  [Topped Time JEMAASI0 Mack D EMT0E7 Mk MMM

= The machine is slipping a pole. We are into the first slip cycle.

75

:fiz:':::D""’- i Generator Protection
Loss of Field Event (6 of 6)

B b POE_O%C ocord 2efgl

=
B fir Ve et Window ey
OF ke omow G e

;ns-- 3

TS T8 o 3
3 ==
£
=
g

[ _ T = T il en T WSRIABN  Tapped T PIAAAE R SO e 3 SN

= The machine is slipping a pole. We are into the first slip cycle.
76

38



EreoTmon] o e.
Generator Out-of-Step Protection (78)

Dependability Concerns

» Positive sequence quantities used to maintain security
and accuracy over a wide frequency range.

» Required to operate correctly (and not misoperate)
with wide frequency variations possible during power
swing conditions

» Must work properly from 50 to 70 Hz (60 Hz systems).

BECKWITH
ELEcrnch‘co' -

. 1 X
78: Setting \
KVA x 1000 - — — 5 L=
Amps = — _~[System N
V3 x Volts L Xs H N
14202.8A,,; = 492,000kVA * 1000 XX | geu | \
1.73 * 20,000V / Xr ! \ \
Pt ! 5/ \ \
3.945A,,. = 14,202.8 / 18,000:5 (3600 CTR) i i i !
. . . - . [ /| swingLocus !
Vit g relm = VT primary voltage/VT ratio = 20 000/166.67 = 120V l\ Geon ; h I’
_B_relm | / .
Vin B relay = 11547/166.67 = 69.28 V [120V, /1.73 = 69V,,] Vo X Ly Eement 1
Vin_p_relay A / /
Zh ey = ————— = (9.28/395 = 17.56 Q AN [/ 8] /
- B_relay N Element | | Element| e
’ B 2Kd + Xr + Xs [N Pickup |  Pickup -
Xyg=020577 % 17.56 = 3.613 Q, X75=0.11607 x 17.56 = 2.04 Q I 2 P A
¥~ Biinder — 7|
X 561 = 0.04035 5 17.56 = 0.7086 Q, f = 90° Elements

The blinder distance (d) = ({ X:r + X6+ Npax 5611/ 2) = tan (90 = (6/2))

Foro=1200 d=1640Q
The dinmeter of the mbo unit is (2 x X+ 1.5 x Xpg) = 10.29 Q,
Tmpedance angle of the mho unit is 90°,

MHO offset = -2X'd =-7.2Q
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ELECTRIC

.
— = 78: Setting
.
Circle Diameter: [ 102 01 4] | 1 100.0(Ohm) Dissble | | PEWScmMMSweEMOSRA)
Offset 72 -000 4| | _+|10000Km) File  Communication  Monhor
i sove | [B) Secondary Metering Setup System
Blinder Impedance 16 01 4] | | 50.0(Ohm) o
Impedance Angle: 90 04 » | 80 (Degree) Sequence of Events Set Date & Time
PoleSlipCounter: | 1 1.4] | i o ::fmm
Pole Slip Reset Time: 800 14] | | 8160 (Cycles) o
Time Delay: B 14 | 8160 (Cycles) Resd Data from Relay
Tripon MHO Bxit: (" Disable * Enable
Outputs [~ Blocking Inputs
F1 23 s[5 67 s CrREC1 C2[C3 4 78
Ces Do OnEOrEBEXE®BH® |(Cs 06 07 O £9
Ci7 0. Mie M2 D21 D2 2 Co M Mz M 0is Outof Step

@ Zoomin | €L Zoorn Out

Zoom in

Elinder Impedancea (Ohm):
| 16

Trip on MHO Exit

BECKWITH

ELECTRIC

1. View Out of Step Monitor

8 Zoomin | £ Zoom Out File

O

= ) ® W E]

3. Apply Pre-fault Values

Analog Outputs
Direct
VA 70.00V 30.00° 60.000 Hz

VB 0.000 V 000° 60000Hz | ___________ VT3

vc 70.00v 90.00°  60.000 Hz

V Fault 2.000V 0.00° 180.00 Hz
neutral a 8.000A -10.00 * | 60.000 Hz
neutral b 8000A | -130.00° | 60.000 Hz
neutral ¢ 8.000A | 110.00° | 60.000 Hz

Testing the 78 Element

-

2. View Function Status

Ied Sove | (B Secondary Primary Metering & Status

Secondary Metesing & Status
ccumulator Status

Phasor Disgram

Phase Distance
Loss of Field
Out of Step.
Sym< Scope

&7 Oual Slope

Pl
HICS

neutral a

80 A
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Testing the 78 Element

Rotate 3 ph currents up in 10 degree increments simultaneously

Analog Outputs & Zoomin | € Zoom O

70.00 V 30.00° ' 60.000 Hz
0.000 V 0.00°  60.000 Hz
70,00V 90.00° 60.000 Hy —m> O
2,000V 0.00° | 180.00 Hz

2.000 A -10.00 * | 60.000 Hz

B000A | -130.00° | 60.000 Hz —
8.000 A 110,00 ° | 60.000 Hz

= = TR
Analog Outputs
FuncionSatus
Function Pickup/Tripped — © Pickup @ Tripped
CY ¥k e ® @ 5027 @@ H
ee2in @@ 4% ®@e5iN ®eEs
ee2i3 ®e 40 ®e5V ®@ 67N DT

@@ 5941 @@ETNIT

@@ AT gl NCH]
@@ 2407 12 @@ 40 VCi2 @O > (0o

78 Picks up when it hits the load blinder

Testing the 78 Element

Continue to rotate 3 ph currents up in 10 degree increments

Analog Outputs

M

70.00V 30.00° | 60.000 Hz

oo e If we stop here before the
000V 90007 60000 Hz boundary of the mho and go
2.000V 0.00° 180.00 Hz

B00DA | 150007 | 60000 H back, the target clears, no
8.000 A 30.00° | 60.000 Hz tl"lp

8.000A 270,00 ° | 60,000 Hz .

Analog Outputs
Direct ﬂ

70.00 V 30.00° 60.000 Hz

If we cross the boundary,
0.000 V 0.00° 60.000 Hz . . . .
7000V 90.00° 60.000 Hz the relay will trlp within 2 to
2,000V 0.00° 180.00 Hz 3 CyC|eS

8.000A  180.00° 60.000 Hz
8.000 A 60.00 © | 60.000 Hz

8000A  300.00° | 60.000 Hz

Binary Inputs / Trigger

wip1 EN=1F 2304 ¢y il:i:li —IIrE
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Stator Ground Fault (59N)

95% Stator Coverage

¢ d

BECKWITH
ELEcrnch-co' e

Generator Behavior During Short Circuits

IGen ISystem

- r Power
G \ System
ISystem

Current \chrrent Decay

Time

Generator
Breaker Trips
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Generator Short-Circuit Current Decay

Subtransient
Period

) \ / Transient
” X PeF'Od Steady-State
[~ ﬂ; Perlod

R

P =

Short-Circuit Current

\

Envelope

Extrapolation of
Extrapolation of  Steady Value
Transient Envelope 1/X"s = % Impedance

1/% Impedance = X4
FLA / % Impedance = SSA

BECKWITH
ELECTRIC

D—co. INC.
Effect of DC Offsets

Current

Current

Phase C
DC Component
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Grounding Techniques

» Why Ground?
» Improved safety by allowing detection of faulted
equipment

= Stop transient overvoltages
* Notorious in ungrounded systems

= Ability to detect a ground fault before a multiphase to
ground fault evolves

» |If impedance is introduced, limit ground fault current
and associated damage faults

» Provide ground source for other system protection
(other zones supplied from generator)

ErecTmea Jrco- e
Types of Generator Ground Fault Damage

» Following pictures show stator damage after
an internal ground fault

» This generator was high impedance
grounded, with the fault current less than 10A

» Some iron burning occurred, but the damage
was repairable

» With low impedance grounded machines, the
damage is severe
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Stator Ground Fault Damage

BECKWITH
ELEchcD-co' RS

Stator Ground Fault Damage
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Stator Ground Fault Damage

BECKWITH
ELEcrnch‘co' -

Stator Ground Fault Damage
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System

; | ,_—|||
GSU

RNGR

|
\Neutral

—l— Grounding
- Transformer

=8Transformer GSU
G
-

Types of Generator Grounding

»High Impedance

= System ground source obtained from

= Uses principle of reflected impedance

" Eq: Ryer = Rr/ [Vpri/Vsec]2
* Ryer = Neutral Grounding Resistor

Resistance
* Ry = Reflected Resistance

= Ground fault current typically <=10A

BECKWITH
ELEcrmcD-co' e

System

LAJ" — GSUII

Types of Generator Grounding

» Compensated
= Most expensive using tuned reactor

Transformer  w - System ground source obtained from GSU

G

AN
1

\ Neutral

—d— Grounding

Transformer

» Uses reflected impedance from grounding
transformer, same as high impedance
grounded system does

= Generator damage mitigated from ground
fault

» Reactor tuned against generator capacitance
to ground to limit ground fault current to very
low value (can be less than 1A)
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Stator Ground Fault-High Z Grounded Machines

» 95% stator ground fault provided by 59N
Tuned to the fundamental frequency

* Must work properly from 10 to 80 Hz to provide protection during
startup

» Additional coverage near neutral (last 5%) provided by:
+ 27TN: 3 harmonic undervoltage

« 59D: Ratio of 3rd harmonic at terminal and neutral ends of
winding

» Full 100% stator coverage by 64S
+ Use of sub-harmonic injection
+ May be used when generator is off-line
* Immune to changes in loading (MW, MVAR)

Ereormioa] oo me.
Stator Ground Fault (59N)

UNIT
TRANSFORMER » High impedance ground limits ground
= i fault current to about 10A
vV vy — + Limits damage on internal ground fault
g D—+ » Conventional neutral overvoltage relay
E provides 90-95% stator coverage
UNIT AUXILIARY
% TRANSFORMER » Last 5-10% near neutral not covered
» Undetected grounds in this region
bypass grounding transformer, solidly
grounding the machine!
1@
=TT GROUND ONE TERMINAL OR

CENTER TAP IF AVAILABLE
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59N Element
— 1.0
g pu
>
O
Z Hos
© Opu
90-95% NE)
Coverage E
S o
= 0% 50% 100%

N Fault Position T

* Neutral grounding transformer (NGT)

ratio selected that provides 120 to 240V
3 for ground fault at machine terminals
- Max L-G volts =13.8kV / 1.73 = 7995V
- Max NGT volts sec. = 7995V / 120V = 66.39 VTR

Ereormioa] oo me.
59N System Ground Fault Issue

90-95% Coverage Capacitive Coupling on
n System Ground Fault

]

= GSU provides capacitive coupling for system ground faults into
generator zone

= Use two levels of 59N with short and long time delays for
selectivity

= Cannot detect ground faults at/near the neutral (very important)
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Multiple 59N Element Application

> 59N-1, set in this 90t
example to 5%1 é RIP 59G-1 59N-1
may sense 3 / — 8V, 80 cyc.
H o 45 Tr;?P
capacitance £ 59N-2
coupled out-of- " /v, 0y
zone ground fault ZANNSTIT NN
» Long time dela 0 > 10 1> 20t
gt y Volts

» 59N-2, set in this example to 15%, is set above
capacitance coupled out-of-zone ground fault

— Short time delay

BECKWITH
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Use of Symmetrical Component Quantities
to Control 59N Tripping Speed

= A ground fault in the generator zone produces primarily
Zero sequence voltage
+ Negligible V,, I, or I,

= A fault in the VT secondary or system (GSU coupled)
generates negative sequence quantities in addition to
zero sequence voltage

» The I, method may be employed to control the 59N for
system ground faults

» The V,/V, method may be employed to control the 59N
for system and VT secondary ground faults
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Use of I, to Control Fast 59N Element

I,>0.05pu

NOTES:

[A] 59N-1 is set sensitive and
fast, using I, supervision to
check for external ground faults
and control (block) the element
for external ground faults

[B] 59N-2 is set less sensitive
and slower, therefore it will not
operate for external ground
faults.

Block
59N-1 A

= Setting
=Time

Block
59N-2

= Setting
=Time

Trip
59N-1

Trip
59N-2

1, is used to control 59N for ground faults on the high voltage side of the GSU

BECKWITH
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DCO.INC.
Use of V, /V, to Control Fast 59N Element

v, >0.05 pu —
AND

Py, < 0.07 pu —— OR

60FL Asserts

NOTES:

[A] 59N-1 is set sensitive and fast,
using V, and V; supervision to
check for external ground faults
and control (block) the element for
external ground faults

[B] 59N-2 is set less sensitive and
slower, therefore it will not operate
for external ground faults.

[C] V. derived from 3Y phase VTs
[D] Vo derived from 3Y phase VTs

Block
59N-1 A |

= Setting
*Time

; Block

59N-2 [®

= Setting
=Time

Trip
59N-1

Trip
59N-2

V, and V, is used to control 59N for ground faults on the high voltage side of the GSU

and low voltage side of voltage transformers
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Intermittent Arcing Ground Faults

» Can be very destructive, especially at neutral

> At neutral, even though AC current is very low, arcing fault
develops a high voltage DC transient

» If enough arcs occur in a short time, destructive insulation
damage can occur

» Conventional time delayed ground fault protection cannot
protect for these events

Burned away copper of Side of a bar deeply darhaged
a fractured connection ring by vibration sparking

Premature Failure of Modern Generators, Clyde V. Maughan

BECKWITH
ELECTBICDCO' e

Intermittent Arcing Ground Fault

el T T T T T

G s TITY YT T NIy T N T T T N Y NYTIT T NY Ty
it t | | [ | I ! | LN |

R A A N N N N R R R RN AR AR RN

VA 73 T st hna bAoA At ind T P e Talhabhan AR AR R a N AR RNk

Vea - fiibATAAR AR AR AR AR AR AR

......................................................................

(Wi I.'.S 43|
) Il

In
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Intermittent Arcing Fault Timer Logic

STALL
Trip
Arcin Timer .
9 — Trip
Detected ”
eset
Time

Stallable Trip Timer: Times Out to Trip
Integrating Reset Time: Delays Reset for Interval

BECKWITH
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Intermittent Arcing Ground Fault

Stalling Trip

Timer
(cycles)
N~
Arcing Fault Detected = — - - - -] - - =
s . H__H___ T K K W0
Master Reset Timer = — — 1 Iy 7 7y 7y 0
(cycles) .J___5_____5_1___5____5____5 _____

Arcing and Trip
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Intermittent Arcing Ground Fault

(cycles)

Pl e e e =
8
Stalling Trip 6
Timer <
(cycles) 4
2
loe T ¥

Arcing Fault Detected — ] - ] ______________________

(cycles)

Master Reset Timer — I 7y } _____________

Arcing and Reset (No Trip)

107
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Intermlttent Arcing Ground Fault Turned Multiphase

B IPSPlot - [M Llaix
=] =loix
ﬁ“x B “HQDH\QQJFBH[-fPWMN/VM!MHMM'“
e _/‘,,,"‘f' WA
458 458
VBM N )P’ J\\‘l‘v‘ﬁ’ﬂ’
VCV 00
o o AN AN A A
ValV) 00 =
o W
WiV 00 1% ITTY S o =
£ M0 W u W AWM
WAl om0 o)
iy ol WWM?GMWWMNWAWMMWWMWWWWJ\M
rliﬂl 000 0 18 / /
s VANV AWM A
iCAlI 000 2199
A /ﬁw“/ 5 '“’tﬂwwwmwwmwvwwwwM
W& om0 3 Ph-Ph Faull #
o0 om 3Ph Fault # i
lala) 000
278 E
|
= . WMNVMNV\MAMWWW\MANVWWWWWMMWWMWMWW
AL 00 R ARAARAA [T
po : Aoy
[] hnlh S000 4500 S000 /
R 2 —Genfeeding faultinto-tow side-of GSU, no—low side-breaker
f Example-of Ph-Gnd fault—evolving into 3-Ph-Fault
3| Insulation breakdown due to high voltV
o
& 21P backup element tripped
Ready [Dote: 06/1B/2004  Start Teme: 06:37:42.908  (Tripped Tame: 06:37:47.651 Mark 1: 06:37:42.908  Mark 2 083742508 | [ | 108
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59N Element

59N — Generator Neutral Overvoltage: Three elements

» 1st set sensitive to cover down to 5% of stator

* Long delay to coordinate with close-in system ground faults
capacitively coupled across GSU, or,

* Use V,/V, or |, Control

> 27 set higher than the capacitively coupled voltage so
coordination from system ground faults is not necessary
» Allows higher speed tripping
* Only need to coordinate with PT fuses

> 3rd may be:
+ Set to initiate waveform capture and not trip
» Used for intermittent arcing fault protection

BECKWITH
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959N: Setting
RAL\) ¢ * Vu/1.73=V
4 . 20kV/1.73 = 11,560V
* Vg /NGT Ratio = 100% Ground
Fault Voltage
P LL ¢ uLv « 11,560V / (14,440V/240V) = 192
- A cT 18000054 YY)

+ 5V Setting = 5/192 = 2.6%,
* 100% - 2.6% = 97.5% Coverage

492 MVA, 20 kV

cT 18000/5A
L
14400 - 1.25 Ohms
240/120v 2
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Setting up and viewing Oscillography

File Communication Monitor | Relay | Tools Windows Help

| Save B Secandary Metering | (]
Manual trigger

Prafile »
Wite File ta Relay
Read Data from Relay
[ Setins lear records
Partitions: I 4 Partitions: 168 Cycles LI
Post Trigger Delay: 20 540 | |95
—Trigger Inputs .
f1 C2 K3 C4 s e M7 s ASSlgnOUtPUtS
Ca O O [F12 D13 014
~Trigger Qutputs
C1 C2 C3 T4 Cs Ce [C7 Fa‘/
J9 Cw On D12 013 D14 D15 016
07 E1’ Omn D2 D21 Oz Oz
e | 111

BECKWITH
ELECTRICDCO' b

Testing the 59G,N Element, Setting # 1,3

w5 P Pick-up test:
s B secondayl  PrimsyMetsong &St pes - + Start with pre-fault
Seconcry etmiog oot I « Rampin .1V steps
Anlos Cutnits * Look for target
. Timing test:
0000V 12000 60.000 Hz » Start with pre-fault
1200V 90.00° &0.000 Hz ° Jump tO 6V
3.000A 0.00° | 60.000 Hz L.
3000A 12000 | 60.000 Hz * Check timing output 1
e e e « Check timing output 8
(osc)

Pick up #1 Timing #1 Timing #3

Analog Outputs
Direct Direct

30.00° 1200V 3000°
-12000° 0000V -120.00° 60.000 Hz
1200V 90.00° 60.000 Hz
3.000 A 0.00° | 60.000 Hz
3.000A  -120.00° | 60.000 Hz
3000A  120.00° | 60.000 Hz
6000V 60.000 Hz

Analog Outputs

Direct
1200V 30.00° 60.000Hz
0.000V  -120.00° 60.000 Hz
1200V 90.00° 60000 Hz
3000A|  0.00° 60.000Hz
3000A | -120.00° 60.000 Hz
3000A|  120.00° 60.000 Hz
6000V 0.00° 60.000Hz

[ eip LIPS 15.73 ¢y

Inputs / Trigger
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Testing the 59G,N Element, Setting # 2

Pre-fault settings

—Valtages (V)
119.8
119.7
1137

o] —

1200V

1200V 90.00°
3.000 A 0.00°
3.000A -120.00°
3.000 A 120.00°
15.00V 0.00°
~Qutputs
1 20

0000V -120.00°

Pick-up test:
Start with pre-fault
Ramp in .1V steps

Analog Outputs » Look for target output 2
1200V Di’::JtOD" 60.000 H: Timing teSt:
. ! 5 rd .
0000V -120.00° £0.000 Hz + Start with pre-fault
1200V 90.00° 60.000 Hz . Jump to 16V
3000A| 0007 | 60.000H: .
roos m: mon* Check timing output 2
3.000 A 120.00 ° | 60.000 Hz
1450V 0.00° 60.000 Hz
Timing #2
Analog Outputs
Direct ﬂ
1200V 30.00° 60.000 Hz
0.000V  -120.00° 60.000 Hz
1200V 90.00 ° 60.000 Hz
3.000 A 0.00*  60.000 Hz
3.000A  -120.00° 60.000 Hz
3.000A 120.00 © 60.000 Hz
16.00V 0.00° 60.000 Hz

EHeus a3y

BECKWITH
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Stator Ground Fault (27TN)

5% Stator Coverage, Near Neutral
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Why Do We Care About Faults Near Neutral?

A
Neutral L

Grounding
Transformer
== === 33 E

GSU
Transformer

System

Neutral
Grounding
Resistor

Shorted Path

= A fault at or near the neutral shunts the high resistance that saves
the stator from large currents with an internal ground fault

= A generator operating with an undetected ground fault near the
neutral is an accident waiting to happen

= We can use 3 Harmonic or Injection Techniques for complete
(100%) coverage

BECKWITH
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Third-Harmonic Rotor Flux

» Develops in stator due to imperfections in winding and system connections

* Unpredictable amount requiring field observation at various operating conditions

» Also dependent on pitch of the windings, which a method to define the way stator
windings placed in the stator slots
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Generator
Pitch '

Pitch Factor is ealculated by dividing the coll throw (=) 1 (coil span),
by the number of slots per pole.

Using the examples in 1 through 3 above:
1 to 9 throw (-) 1 8
Pitch Factor = —0 —— = —
48 Slots + 4 Poles 12

Pitch Factor = 2/3

Stator Winding Diagram lllustrating “Pitch” In Winding Construction

BECKWITH
ELECTRIC

D—co. INC.

Using Third Harmonic in Generators

ang 3¢
3¢

> &

» Generator winding and terminal
capacitances (C) provide path
for the third-harmonic stator
current via grounding resistor

» This can be applied in protection
schemes for enhanced ground

fault protection coverage

~,
-s td |
~o -,
DAL TR g <
(@]

59



BECKWITH
ELEchcD-co' s

Generator Capacitance and 3 Harmonics

| 4

CS/ 2 CS / 2 CT

» 3" harmonics are produced by some
generators
= Amount typically small
* Lumped capacitance on each stator end is C¢/2.

» C; is added at terminal end due to surge caps and
isophase bus

» Effect is 3" harmonic null point is shifted toward
terminal end and not balanced

BECKWITH
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3 Harmonic in Generators

*VaRD
» 3rd harmonic may be FULL LOAD
present in terminal and NEUTRAL N LoAD
ERMINAL
neutral ends NO LOAD |
FULL LOAD {a) NORMAL v
OPERATION *V2RD
> Useful for ground fault gm0 L ox
detection near neutral NO LOAD
« If 3 harmonic goes T P AT TERMINAL
away, conclude a ground NEUTRAL
fault near neutral NEUTRAL TERMINAL
NO LOAD
. . . FULL LOAD
» 3" harmonic varies with vore! Al

loading
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3rd Harmonic Voltages and Ratio Voltage

Primary Metering _ |0l x
—Currents (4) —Voltages (V) — Power
Phase & [IIICHI Phase & [N Real ()
Phosct ENONN || Pssco NI || Fescive e ICHNNN
Prase C [IINCHEN Phase C IO || Aorerent (=) NI
Pos. Seq. [N Pos. Seo. [N Power Factor |
Neg. Seq. [INEIIN Neg. Seq. [INEIIN
Zero Seq. “ Zero Seq. “ —F
Prasc > [ENEIN Nevtral NI | | Frequency () I
Phase b [IICIIN dﬁ vz ) [
Phasec [EII | |2rd Harm. v RroCOF (Ha/s) [C
Neutral “ 3rd Harm. VX
—Inputs —Status
5 2 o o - e sl
[T [ w0 [ nn [ 12 [ 13 [ 14 [ | | B
(Osc Triggered
—Outputs |
1 2 3 4 5 3 7 | s Targets
E] 10 11 12 13 14 15 16 P
17 18 19 20 21 2 3 | IRIGE Syne

BECKWITH
ELECTBICDCO' e

27TN — 3 Harmonic Neutral Undervoltage

» Provides 0-15% stator winding coverage (typ.)

> Tuned to 3 harmonic frequency

» Provides two levels of setpoints

» Supervisions for increased security under various loading
conditions: Any or All May be Applied Simultaneously

= Phase Overvoltage
= Underpower Block
» Forward & Reverse

Supervision

= Under VAr Block; Lead & Lag
= Power Factor Block; Lead & Lag
» Definable Power Band Block

Undervoltage/No Voltage Block
Varies with load

May vary with power flow direction
May vary with level

May vary with lead and lag

May be gaps in output

Loading/operating variables may be Sync Condenser, VAr Sink,
Pumped Storage, CT Starting, Power Output Reduction
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3rd Harmonic in Generators:
Typical 39 Harmonic Values

UNIT LOAD 180 HZ RMS VOLTAGE VOLTAGE RATIO

MW MVAR NEUTRAL TERMINAL TERMINAL/NEUTRAL
0 0 2.8 2.7 1.08
7 0 2.5 3.7 1.48
35 5 2.7 3.8 141
105 5 42 50 1.19
175 25 5.5 6.2 1.13
340 25 8.0 8.0 1.00

Magnitudes of Third Harmonic Voltages
for a Typical Generator

= 37 harmonic values tend to increase with power and VAr loading
= Fault near neutral causes 3'4 harmonic voltage at neutral to go to zero volts

BECKWITH
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Example 3" Harmonic Plot: Effects of MW and MVAR Loading

7

Trip Zoe (5 second delay)
+

0.00 2000 4000 B0 B000 100,00 120,00 140,00 160.00 180.00
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27TN Settings and Supervision

27TN: Third Harmonic Undervoltage, Neutral

x|

# | m |
Pickup: | 1.25 010 4] _| 1400w Disable |
Pos. Seq. Voltage Block: %0 5;' _I ;I 180 (V) " Disable * Enable
Forward Power Block: 0.20 oot «f | »|100(PU) ( Disable & Enable
Reverse Power Block: .05 -100 4 | -0.01(PU) @ Disable " Enable
LeadvarBlock: | -0.10 -1.00 4 _|»l-001(PUu) € Disable & Enable
LagvarBlock: | 0.05 001 4f_| | 100(PU) ¢ Disable * Enable
Lead Power Factor Block: | 0.05 001 4| v | 1.00 (Lead) @ Disable  Enable
Lag Power Factor Block: 0.05 001 4] +] 1.00(Lag)  Disable  Enable
Hi Band Forward Power Block: 0.05 0.01 LI LI 100(PU) (¥ Disable {" Enable
Lo Band Forward Power Block: 0.05 001 4] _+| 1.00(PU)
Time Delay: 300 14 _+| 8160 (Cycles)
QOutputs Elocking Inputs
M1 C2 "3 "4 05 6 7 8 MFLI1 T2 M3 T4
s T 01 12 013 014 15 718 Ns Me M7 M8 Ms
D Cis 01 02 D21 02 023 [T O 12 013 014
Save Cancel

BECKWITH
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100% Stator Ground Fault (59N/27TN)

0-15% Coverage

59N
e 27TN ———

59
Power Supervisions Satisfied
Power Supervisions Satisfied

Third-Harmonic Undervoltage Ground-Fault Protection Scheme
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+10

Neutral Voltage 3™ H (180 Hz)
o

-10

100% Stator Ground Fault (59N/27TN)

3™ Harmonic Viuna profile in
. . .
Voltage profile i

winding
winding

9N pick_u:\
27TN pickup

Overlap of Third Harmonic (27TN) with 59N Relay

0.5

(zH 09) |E3UBWEpPUNY 35e)|OA |RJINDN
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3rd Harmonic Voltage Decrease During an Over
Speed Condition in a 45MW Hydro Generator

» Typical value of 3rd harmonic (V3rd) is around 1.7V, 27TN

set to pick up at 1.1V.

> A line breaker tripped isolating plant, and they experienced

a 27TN operation.

» Oscillograph shows the V3rd decreased from 1.7V to 1.0V

as the frequency went from 60 Hz to 66Hz, (only 110%
over speed).

» This is well below the 180-200% over speed condition that

is often cited as possible with hydros upon full load
rejection.

» What happens to 59N?

64



BECKWITH
ELEchcD-co' s

3rd Harmonic in Runaway Hydro Generator

"~ IPSplot PLUS - [M3430: C:\Files\Technical\Oscillography\Calis County Swift #2411-14-07.05C]
File Yiew Sellings ‘Window Help N E]

ZE W« n @ Q[ Pows st £ PP EE R
VAN 23 25
Phase V
o 30 oo
YNV 08 194

V3rd

1.7 10 o
&8 -0.08 050

Phase I

.01 oor 000 b
FiHz) 587 7082

6012 55.93 000

16 EEl ms] 0 500 1000 1500
57476 ms o Tt I
g || |
Ready |Date: 11/14/200;[Start Time: 16:25:21.56¢ Tripped Time: 16:25:23.0/Mark 1: 16:25:21.58% Mark 2: -

BECKWITH

ELECTRIC

27TN: Setting

Table A.1—Measured primary third harmonic neutral voltages

Measured primary third harmonic voliages
{Secondary Secondary
MW | e | Nahwe | vahwe | zohwe | TR | UE Vol
0 0 66,0 69.7 64.2 66.6 -15.9 0.32
80 [ 30 80.7 843 88.0 843 -514 0.87
20% @ og 2 95 | a5 972 013 568 035 | e
246 MVA 126 19 1045 119.2 1173 X -$1.1 1.35
147 | 15 128.3 130.2 228 =940 1.57
174 20 135.7 143.0 141.2 1399 -108.2 1.80
201 19 165.0 161.3 1558 160.7 -1179 1.97
50% @ m 15 1815 180.3 ~146.4 2.44 25
246 MVA 384 0 26,3 2300 —101.3 3.18 :
408 25 2402 3.37
w | - 2512 546
282 [ 20 2585 3.67
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27TN: Setting

27TN Blocking

Full Power Run

100% .

Enabled on Forward Power

MW 50%

Blocked on Low Forward Power

0%
Enabled on V;
100% —
1 00 /0 Blocked on Low V;
Field Flashed \ Field Tripped
Power Ramp Up Power Ramp Down

Ercormon]Jmeo. me.
27TN: Setting

fo| o |
Pickup: | 1.25 010 4| _| 40000 M
Pos. Seq. Voltage Block: | 84 54| | »l1800m  Disable & Enable
Forward Fower Block: 0.50 001 4| _| »|1po(Pu) € Disable * Enable
Reverse Power Block -1.00 -100 4| | -001(PU)  Disable ¢ Enable
leadvarBlock: [ 100 -100 4] | -001(PU) @ Disable " Enable
LegvarBlock: [ 100 001 ¢ | 100(PU) @ Disable ¢ Enable
Lead Power Factor Block 1.00 001 4| | 1.00(Lead) * Disable " Enable
Lag Power Factor Block 1.00 001 4| | 100(Leg) © Disable ¢ Enable
Hi Band Forward Power Block: [ 060 001 4] | 100(Py)  Disable C Enable
Lo Band Forward Power Block: IT 0.01 ;I ;I 1.00 (PU)
Time Delay: [ 90 14| » | 8160 (Cycles)
Qutputs [~ Blocking Inputs
M L2 D3 O s Ce 7 OB MiEL a2 3 Le
Fs rernmr2rB3rswrisCos s Cs 'z Cs8 T3
Dz D8 Cite Cial G iDr2a 023 Che CECR OB O

Save Cancel
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3950 A
3950 A
3950 A

Pre-fault Condition

Analog Outputs
Direct
1200V 30.00° ' 60.000 Hz
0.000V 0.00° 60.000 Hz
1200V 90.00 ° | 60.000 Hz
2,000V 0.00°  180.00 Hz

Testing the 27TN Element

SwondiyMatwing =10l x|

Cuurrents () Woltages (V) Irpmdance (D)

prose s D Prese [EEE s [NEEEN o [IEEEEN
Prasel N P IEETHN e [INIEE e ST
froseC N Frosec EEEEEN ca [IEIEEEE ecr IEEEE
[ oo | 160G IEEEE | vess IEEEEE ecx [INEEEEE
PosSec EEEE Aot BEEEE | Pos e DN car [IEEEEN
SRR oo BT o EEEERY oo | cax IESTEEE
ZeoSeo N Cost EEEEEN | Zeoseo BN | o 5o ¢ IEEEEEE

Pes. Sea % [ EEEENNN

eGUenCy

Froquency (He) [T
ez () [IEEEN

rocor ers) I

Mac
Powes Factor IEEEIEIN
et (v [
Field naud, (O ST

Targets
Duc Tnggered | IRIGE Syne:

133
Analog Outputs
Direct
1200V 30,00 °  60.000 Hz
0.000 vV 0.00 °  &0.000 Hz
1200V 90,00 © | 60.000 Hz
2,000V 0.00° 180.00 Hz
3950 A 0.00°° 60,000 Hz
3950 A -120.00 * 50.000 Hz
3950 A 120.00 = 80.000 Hz
Pre-fault Condition Ramp V Fault down in .25V steps
Outputs —
1 Find the Pick-up
9
17
Verify with Metering Screen
(relay)
134
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Testing the 27TN Element

Analog Outputs Analog Outputs

Direct Direct
1200V 30.00° 60.000 Hz VA 1200V 30.00° 60.000 Hz
0.000V 0.00° 60.000 Hz 3 0000V 0.00° 60.000 Hz
1200V 90.00° 60.000 Hz 9 1200V 90.00° 60.000 Hz
2,000V 0.00° 180.00 Hz V Fault [T L 0.00° 180.00 Hz
3.950 A 0.00 ® £0.000 Hz neutral a 3.950 4 0.00 ° | 60.000 Hz
3.950A || -120.00 ® 50.000 Hz LUUEE  3950A 0 120,00 ° | 60.000 Hz
39504 | 120.00 ® 60.000 Hz LENES 39504 120,00 ¢ | 60.000 Hz

VA
VB
vC
V Fault
neutral a

neutral b

neutral ¢

Pre-fault Condition Fault Condition
e oo
Check Timing
135
Testing the 27TN Element, Positive Seq. Voltage
Pre-fault Condition Fault Condition
Analog Outputs Analog Outputs
Direct
N 1200V 30.00° 60.000 Hz
"% o000V 0.00° 60.000 Hz
8 1200V 90.00° 60.000 Hz
V Fault JEENVVORY 0.00° 180.00 Hz
neutral a 3850 A 0.00® | 60.000 Hz
neutral b 3950 A -120.00°  60.000 Hz
neutral ¢ 3950 A 120.00 * | 60.000 Hz
Lower 3 ph Voltage in1V
steps
Analog Outputs
Direct
8 2400V 30007 60.000 Hz ~Dutputs
ve Y 0.00% 60.000 Hz | 1 | 2 |
'8 8400V 90.00° 60.000Hz ! ! !
V Fault R 111 0.00° 180.00 Hz
neutral a [EEXETNY 000° 60.000Hz  Monitor positive
L o504 120007 800H:  Seq. Voltage Contact drops out .

neutral ¢ 3.950 4 120.00 ® | 60.000 Hz
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Testing the 27TN Element, Forward Power Block

Pre-fault Condition Fault Condition
Analog Outputs
Direct
1200V 30.00 © | 60.000 Hz
0.000V 0.00 *  60.000 Hz
1200V 90,00 © | 60.000 Hz
1.000V 0.00° 180.00 Hz
3950 A 0.00 ® | 60.000 Hz
3950 A -120.00° | 60.000 Hz
3950 A 120,00 © | 60.000 Hz

Analog Outputs
Direct
1200V 30.00°  60.000 Hz
0.000V 0.00° 60.000 Hz
1200V 90,00 &0.000 Hz
2.000V 0.00° 180.00 Hz
3.950 A 0.00 ® | 60.000 Hz
3.950 A -120.00 ° | 60.000 Hz
3.950 A 120.00 ® | 60.000 Hz

Rotate 3 ph current angles = L
1degree steps - freue

Analog Outputs
Direct
7Y 1200V 30.00°  60.000 Hz
8 0000V 0.00° 60.000 Hz
\{dl 1200V 90.00° 60.000 Hz i ;
V Fault Y117 0.00° 180.00 Hz .
0 sea s sor:  Monitor real Contact drops out
LNl 3950A 0 -17300° 6D.ODDHz  pOwer

VA
VB
vC
V Fault
neutral a

neutral b

neutral ¢

Power (p.u.)

neutral ¢ 3950 A 62.00 ° | 60.000 Hz 137
s Do

Setting up and viewing Oscillography

e Camm o [ Ry | Tack_Windows

il Seve |1 econdcy Meteing | § e : Retrieve Record
Sequence of Events »

sep

Pt [ e

Save as *.osc or *.cfg

Load and View in BecoPlot Software
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Viewing Oscillography

2 RSt PLUS « [MBR58: T Usard) et Destummests SINL e5¢]
B Fie View Seings Window belp
S WA RGP ER

GLEED
I:I:Il [}
BRi
iz
341 43

ped Torne: DT0F0.000 ek 1: DEDTTRTE

a3 OEDT:TRE

BECKWITH
ELECTRIC

Other Important Diagnostic Tools

Setup Sequence of Events Recorder il
—Functions
Pickup I Trip | Dropout |
=iy Function Pickup il
M1 C2 T3 [C4
o 10 1 [ g [ Funlons
s ’7721#1 I 32#3 V¥ 5027 [~ 81R#
E—— iaiiai W 40#1 [~ 51H [~ giR#2
..1.-.7
o x| ¥ 4052 [ 51v v g7s
R [ avcr W sawl e
I 21m I 32#3 [~ 5027 [ 81IR#1 I 40vCE2 ¥ 5982 I~ 27GD
'[21#2 l':'ﬂm '[5”4 '[31“2 ¥ 46DT I 593 I IPSL#1
2143 4052 sV v 87%1 46T I 550 I~ IPsL#2
Fg:gg; l':ﬁ‘fm ::ggz; ::?;N‘T Fgé% I 4931 (TR I ™ IPSL#3
ves2 1982 [~ s8N #2 v 8184 I~ IPSL#4
l': ur ll: o ,’:gg[‘)ﬂ F“:}g ,’: L I s0#1 [ sN#3 [ siaml [ IPSL#S
5042 59X #1 81AR2 IPSL#6
[ 255 I~ 4941 [~ 53N #1 [ 81#3 " IPsL#3 :: 50BF ,': BaX#2 ,': BiAE ,': BN
I a7: ™ 4ss [~ 5an#2 |15 [~ IPSL#4 sOTE ¥ GOFL % 1A% T
(27 I 50 [ T W I IPSL#5 Tz [ or I giass
I 27: I” s0#2 [~ 58x#1 ™ s1a82 [ IPSL#6 I son - ;TF_, I siaf6
[ 2riN#1 [ 508F [~ 53x#2 [~ s1A#3 [~ BM o
" 2rn#2 [ 50DT# [ 6OFL [~ s1aza Oiie
28 ™ s0oT#2 [~ 81a85
7273 ™ 50N [~ 81ass
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SOE Viewer

View Sequence of Events Record il
[£ Open (& Print |4, Print Preview | Set Print Range Close
:Io | E:?gfszﬂTag 01-80.000 l #iem [Vaue [ Umt ] [ nPuts Pickup
50/27: Pickup./Timeout/ VA 46.3 v IE g" IE U IE 2 ,': ? :: ',', :: d
2 01/01/2001, 01:01:30.000 VB 46.3 v rar . O 14 - :
50/27: Drop vC 46.3 v ;
3 01/01/2001, 01:01:30.000 VN 0.0 v r~Inputs Drop
4 01/01/2001, 01:01:30.000 VX 0.0 v FRLC1 M2 ar4rs
50/27: Pickup,/Timeout/ WP3 465 v Fe M7 e Ms Tl
5 01/01/2001, 01:01:80.000 VNS 01 v | F2rEr s
50/27: Drop VZS 01 v -
6 01/01/2001.01:01:80.000 1A 0.00 A o Ry
7 01/01/2001, 01:01:80.000 B 0.00 A Fi1lC2C3 s 6
50/27: Pickup/Timeout/ Ic 0.00 A C7 08 Ce [0
g 01/01/2001, 01:01:80.000 IN 0.00 A Ciriemis el 1 8
50/27: Drop la 450 A Owelf2C2 020
3 01/01/2001, 01:01:30.000 :b j-j: i —ErareEu
s s N M1 2003 CarC 3
C7 O T8 Tl 1 12
INS 0.00 A CEC 4150 60 1 3
123 000 A [F1e D20 021 0222
Ia Diff 443 A =

D
Oscillography Recorder

Setup Oscillograph Recorder

x|

—Sethings

54 |

5=l ol | 16 Partitions: 48 Cycles -

%ﬂ@mmw| 5 | 95(%)

—Trigger Inputs
Fr1 K2 M3 Ca s Te 7 [C8
Ca O D1 Fi2 013 04
— Tngger Outputs
V1 W2 W3 WM& Wi WE W7 W8
Cs O D1 Fi1z2 M3 D14 Cis 016
Cw7 M K19 D2 N2 D2 23

Save Cancel
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Retrieve Record
Retrieve Oscillograph Record x|
Record Triggered Date/Time | Status ‘ -
1 05-Mar-2018 17:16:28.807 Full Record
O: 05-Mar-2018 17:15:27.394 Full Record
O3 05-Mar-2018 17:15:26.228 Full Record
O+ 05-Mar-2018 17:14:01.823 Full Record —
Os 05-Mar-2018 17:05:57.715 Full Record
Os 05-Mar-2018 17:05:44.307 Full Record
7 05Ma-2018 17:05:43.740 Full Record Retrieve Oscillograph Record x|
Os 05-Mar-2018 17:05:18.450 Full Record
I:‘ qF 5= 2012 17-05-16 894 Eull Becord Record | Tnagersd Date/Time [ St B
!l Fermat 1 05-Mar-2018 17:16:28.807 Full Record
* BECO (“.osc) " Comtrade (“cfg;” dat) a- NE Mor IN10 171597 204 Codl Drnnd
[] Download _I
Retrieve Cancel a
m] Downloading oscillograph block: 37 of 176
a
O -
a
Cancel -
File Format
’V & BECO (*.0sc) " Comtrade (*cfg:* dat) ‘
Retrieve I Cancel |
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Oscillography-IPSplot Plus

22 1PSplot PLUS - [M34254: C\Users\dwelton\ Documents\new.osc] - [m] x
File View Settings Window Help -8 x
EIERERIEEEIEET T A

VABY) 00 223

00 -0.0

VECH) 00

=01 =01

VCAQ) 00

00 -0.0

VX(V) 00

00 -0.0

b TR
-00 -0.0

A@ 000 000

-0.04 -0.04 .50

B(A) 000 700

-0.08 -0.08 0.50

CW 000 om0

-0.04 -0.04 -0.50

N@ 000 000

-0.04 -0.04 .50

la (A) 0.00 0.00

-0.04 -0.04 0.50

Ib (A 0.00 0.00

-0.04 -0.04 £0.50

@ 000 000

-0.04 -0.04 £0.50

0 0 fms) 0 200 400 E0O

0.00ms T

-0.00 Cycles |

Ready |Date: 03/05/2018 [Start Time: 17:16:28.242  [Tripped Time: 17:16:28.807 |Mark 1: 17:16:28.242  [Mark2: 17:16:
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