DGP

Digital Generator Protection

Protection, control, monitoring and recording
functions for AC generators in a single compact package.

Features and Benefits

= High dependability and security
= Extensive self-diagnostic routines
= Redundant power supply

= Adaptive sampling frequency for better
protection during startup

= Extensive recording capabilities
(last 100 events, three fault reports)

= Oscillography (120 cycles)

= Compact to reduce space requirements

= Modular construction for easy
maintenance

Applications

= Any size AC generators driven by steam,
gas and hydraulic turbine

Protection and Control

= Stator differential

= 100% stator ground faults

= Current unbalance
Monitoring and Metering
= Negative sequence current

= Third harmonic voltages
User Interfaces

= 16 character LED display, 20 button
keypad

= Two RS232 ports
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DGP Digital Generator Protection

Protection and
Control

The DGP is a Digital Generator
Protection system for any size of
AC generator driven by steam,
gas or hydraulic turbine. A high
degree of security is provided via
extensive self-diagnostics and an
optional redundant power supply.
Protection features include:

Current Unbalance

The DGP protects the generator
from heating caused by current
unbalance, using a formula based
on the negative sequence compo-
nent of the stator current. A linear
reset allows the machine to cool
down, and an alarm function is
operated by the negative sequence
component.

Stator Differential

High-speed protection during inter-
nal phase-to-phase faults and
three-phase faults is provided. This
function can provide high-speed
phase-to-ground protection provid-
ed the neutral of the machine is
grounded or another machine
operating in parallel is grounded.

Anti-Motoring

The DGP includes a one or two-
step anti-motoring reverse power
function with individual time delay
adjustments. One step can be
used for sequential tripping of the
generator, in which the turbine is
tripped first. This step is enabled
when closing of turbine inlet
valves is indicated by digital input.
The trip sequence is then contin-
ued when its delay time elapses.
The second step is intended to
provide backup to the sequential
trip. If the sequential trip is not
enabled, the two devices can be
used as two-step reverse power
functions with independent timers.

Ground Overcurrent

This inverse overcurrent function
can be used to detect stator ground
faults in a high or low resistance
grounded generator system.

Time Overcurrent with Voltage
Restraint

Protection against prolonged
generator contribution to a fault on
the system is provided through a
time-overcurrent function with
voltage restraint, as part of the
system backup protection. This
function is controlled by a fault
detector and a Voltage Transformer
Fuse Failure (VTFF) condition.

Stator Ground

Two overlapping zones provide
stator ground fault detection in a
high impedance grounded gener-
ator system.

Zone 1 uses a fundamental
frequency neutral overvoltage to
cover about 95% of the stator
winding, based on the pickup
voltage setting.

Zone 2 is based on comparing the
third harmonic voltage at the
generator neutral with the total
third harmonic voltage generated.
This function is designed to cover
15% of the neutral end of the
stator windings, and is controlled
by fundamental and third
harmonic voltage thresholds.
Together the two zones cover
100% of the stator windings.

Alternatively, Zone 1 can be used
as a generator-bus ground
detector in a high-impedance
grounded or ungrounded system.

The DGP uses two overlapping zones to
detect stator ground faults.

Terminal end

Zone 1
(64G1)
95%

Zone 2
(64G2)
15%
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Neutral end

Loss of Excitation

When a synchronous generator
loses excitation, it acts as an
induction generator: running
above normal speed, operating at

Functional Block
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DEVICE PROTECTION

878 Generator differential

46 Current unbalance
40 Loss of excitation
32 Anti-motoring

51V TOC with voltage restraint

64G 100% stator ground

Stator ground overcurrent

27TN 3rd harmonic neutral undervoltage

24 Overexcitation

59 Overvoltage

271P Undervoltage

81 Over and underfrequency

50/27 Accidental energization
VTFF Voltage transformer fuse failure
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reduced power, and receiving its
excitation (vars) from the system.
The DGP’s loss of excitation func-
tion includes two mho character-
istics featuring individually
adjustable reach, offset, and time
delay. The DGP will block this
function if it detects a negative
sequence voltage, which would
indicate a VTFF, or an external
VTFF signal.

The first zone mho function can be
set to detect severe cases of excita-
tion failure with a short time delay.
The second zone mho function can
be set to detect all the excitation
failure cases with a longer time
delay setting. This permits system
security during stable power
system swing conditions.

Overexcitation Protection

Provided through a Volts/Hertz
function with inverse and instanta-
neous time delay characteristics.
The overexcitation protection
includes trip and alarm functions
computed for each of the three-
phase voltages. The trip function
incorporates a user-configurable
linear reset characteristic to mimic
machine cooling.

Over and Undervoltage

The wundervoltage function
consists of a positive sequence
undervoltage with a wuser-
selectable inverse or definite time
characteristic. The overvoltage
function consists of a positive
sequence overvoltage with an
inverse characteristic. A linear
reset characteristic is incor-
porated for both functions. The
overvoltage function can be used
as a backup to the overexcitation.
The undervoltage function also
provides voltage phase reversal
protection.

Over and Underfrequency

Up to four steps of protection are
included, each with an adjustable
time delay. The steps are
controlled by an adjustable posi-
tive sequence voltage level.

Voltage Transformer Fuse Failure
(VTFF)

When a fuse failure is detected,
the DGP will block tripping by the
loss of excitation and TOC with
voltage restraint functions, as
they may continue operating with
a loss of AC.

Accidental Energization

The DGP system uses internal
logic to detect accidental ener-
gization of the generator.

Configurable 1/0s

Two general purpose contact
converter inputs allow easy
connection of external trip or
alarm contacts, permitting use of
the event log and configurable
outputs of the DGP. An optional
input can be configured to disable
all protections functions.

Eight configurable output relays,
four trip and four alarm, allow the
user to select any desired combi-
nation of the functions. Output
relays can be controlled remotely
or locally through a secured
authorization or hardwire jumper.

The control functions of the DGP can operate
output relays locally or remotely.

B
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Configurable Logic

The DGP allows strategic modifi-
cation of internal logic to favor
either security or dependability.
This can be accomplished either
by software settings or automati-
cally by a "Generator Offline"
contact input. This feature allows
disabling of selected functions
when the generator is offline and
modification of the Accidental
Energization logic.

Contact Expansion Unit

The DEC 1000 unit is an intelligent
contact expansion unit that
provides an additional 11 output
relays, five with contacts in ‘'C’

DGP Digital Generator Protection

configuration, and six with nor-
mally open contacts. Eleven LEDs
indicate operation of contacts, and
a reset button tests and resets the
unit. Available for “CA"” model only.

The DEC 1000 expands the number of
outputs controlled by the DGP.

Monitoring and
Metering

The DGP features advanced
metering and event recording
functions which include:

Self-Tests and Diagnostics

Self-test routines are performed
during power-up and continue to
run in the background during
service. Failures are categorized
as either a critical or non-critical
alarm. Appropriate protective
functions are automatically
disabled during a critical alarm,
helping to maintain the high secu-
rity of the DGP.

The DGP also has a RELAY TEST
menu which facilitates installation
by allowing testing of individual
protective functions and output
relays for the protection system.

Trip Circuit Monitor

This function consists of the Trip
Voltage Monitor (TVM) and the
Trip Current Monitor (TCM) for up
to four trip output contacts. The
TVM detects any discontinuity in
the external trip circuit and
produces a non-critical alarm.
The TCM confirms energizing of
the trip circuit when a trip is
issued by the DGP. To protect the
output contacts the TCM may be
used to seal-in the trip output as
long as trip current is flowing.

Metering
The DGP provides the following
metering values:

® Currents (I, 1, 1)

m Voltages (V,, Vp, V,, or V,,, V.. Vo)
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DGP Digital Generator Protection

® Angles of land V
® Negative sequence current (%l,)

® Third harmonic voltages
(phase/neutral)

m Watts (three-phase)
m Vars (three-phase)
® Frequency
m Contact inputs (status)
The currents, voltages, watts, and
vars can be metered as either
primary or secondary values to
an accuracy of 3%.

Event Recording

The last 100 events are time tagged
in milliseconds and stored in the
DGP's memory. Event data is avail-
able via the RS232 ports and the
optional printer port for analysis.

The DGP stores the last 100 events.

The DGP can store 120 cycles of oscillography.

File Graphs Reports

Setup eXit

Fault Reports

The DGP stores the last three
fault reports in its memory. A
fault report is generated by any
protective function trip or by an
externally triggered input.

Oscillography

The DGP can capture and store
120 cycles of oscillography data
which can be divided into one,
two, or three partitions. Up to 20
prefault cycles can be captured.
In addition to 12 analog wave-
forms (currents and voltages) the
DGP captures internal logic flags
and contact /O status. The DGP
settings at time of capture are
also stored as part of the data,
along with the fault report.

User Interfaces

The 489 allows users ease of
access through:

Keypad and Display

A 20 button keypad and a 16
character LED display allow the
user easy access to settings and
data. Two distinct security pass-
words limit tampering.

F1=Help

- TEST_LOF.OSC:

Quit

LEFT RIGHT

A keypad and display are provided for local
user interface.

oneon
ooeoR

cooan
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LED Indicators

Over eighteen LEDs on the front
panel provide easy and immedi-
ate indication of the phase and
fault type. A two-color LED (red
and green) is also provided to
indicate the relay status.

Communications

Two RS232 serial ports are provid-
ed on the DGP, one on the front
and one on the rear. The port on
the front allows easy local user
interface via a laptop computer.
The rear port can be used to inter-
face with a remote computer via
modem. There are three levels of
security password provided for
remote communications. For
added security, hardwire jumpers
can disable setting changes and
control actions from a computer.

For remote link communications,
DGP offers a choice of **GE-
MODEM or *ModBus® protocol,
each supplied with a copy of GE-
LINK remote communication
software. In addition to the GE-
LINK, a copy of the DGP-DATA

e L KT T software is also supplied with th
IBS -010.05  -001.41 +008.64 relay for oscillography data
gimER el SEC VOLTS analysis of DGP data.

VB +0020.7 +0035.2 +0014.5 * ModBus® available with “CA” model
VCI+0016:43+0014:1 LIS only. Requires an optional RS485 to
20.0 AMPS RS232 converter.
1AS AARA A'A'l'l"l'l'l“l““"l'. AaapNN A'A’l'l'l,‘\,"l‘lw. AnARAA ** New Windows® version of GE-LINK
-20.0 AMPS mm for ModBus® protocol.
ol A n A MAUUNAR dinnna hn AANARAARA s abhnnn

A AR LI ATAL ) .
Time Synchronization

[:5 L R
Ics Wvl‘l\l ""l ana s hAAAN A THELN

v AL A A
100.0 VOLTS
VA MANAARAARNANAARRNJLAARK AAAAR ANVARNAAAAAA AN A

TAATAATATATAA AUAVAAIVAAA' UAAA'A N AAVAVAA AR LAA AA'L'AA

1000 vOLTS m
VB MANAAAARNMAAAR LN AAAAN AVAAN AAAANANAAA
mm”””””‘v””““”
Ve A ANAAA AN AAD R ANAAR AIVAAY A Anain nn A

TAATAATATAAA RUVAAIWAAA LAA'A R LAVAA TR AR TL'A'A',

An IRIG-B input is provided for time
synchronization via satellite signal.

Drawout Construction

The drawout construction of the
DGP case allows for all internal
components to be withdrawn
from the front of the relay.

704755A1.CDR
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DGP Digital Generator Protection

Features
Front View
MAN MACHINE INTERFACE MODULE (MMI)
= 16 character alpha-numeric LED display for fault report,
metering values, alarm messages, setting parameters etc.
= Keypad includes 20 buttons for user-friendly
local interface with the DGP
= Dual color LED indicates relay status
= RS232 port facilitates connection of lap-top PC
MODULES
POWER SUPPLY'MODULES I— System Procesor (SSP),
are located behind the | I == Analog Interface (ANI),
cover plate. Module PS2 ® o — (A AE K N ) Data Acquisition (DAP), &
is optional. » T cnesons (1 Digital Signal Processor
G (DSP) modules are plug-in
type for ease of maintenance
DIGITAL INPUT & TARGET and trouble-shooting.
MODULE (DIT) LED targets _
indicate ALL the functions >
that operated during a L™
trip event.
e o & | e
MAGNETIC MODULES | &, = e
(MGM) Two identical :
modules contain CT’s, VT's, L | ——
output relays, etc. and are l a >
interchangeable. ST =
OPTIONAL TEST BLOCKS e parmas
facilitate injection of ety e
analog input signals and
monitoring of DGP outputs '
for test purpose without P | | C— C— N
disturbing field wiring. bl < -
Rear View
RS232 PLUG (PL-1) OPTIONAL SERIAL PORT (PL-2) OPTIONAL PLUG (PL-3)
provides connection to modem Can be used to connect a Available for IRIG-B signal input
for remote communications printer for automatic/manual to synchronize the DGP internal
or an interface to station printout of data or a Contact clock to a common reference
integration system. Expansion Unit DEC1000. clock e.g. GPS receiver.
|
\J
PL-3
0 ° )
DIGITAL INPUTS:
OUTPUT RELAY CONTACTS = - feamurb e
s 8 configurable relavs | ]
OO OO | - soredetined cona
JER— BT Ean
' [y | g i i e Sy ) e | ) ) | e
DC control power input . . e e, o
o IEEEEEE EEEEEEE
reae— | | | | | | EoAj—] | | | |
CT INPUTS e VT INPUTS:
= 6 phase CT inputs ceeopoeoceoceoes| ﬁbunr )eoeeceoe0® = 3 phase VT inputs,
= 1 residual CT input o T ) B B B I I wye or delta
= 1 residual/neutral CT input I = 1 neutral VT input

704752A8.CDR
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Typical Wiring
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DGP Technical Specifications

PROTECTION

In=1A In=5A

General differential (87G):

Differential current pickup: 004-02A 02-10A

% slope factor: 1-10 1-10
Current unbalance (46A, 46T):

Neg. seq. current pickup: 001-060A 05-299A

Machine constant (46T): 1-45 1-45

Alarm time delay (46A): 1-9sec 1-9sec
Loss of field (40):

Zone 1and Zone 2 center: 125-300Q 25-60Q

Zone 1and Zone 2 radius: 125-300Q  25-60Q

Zone 1and Zone 2 timer: 001-999sec 0.01-9.99sec
Anti-motoring (32-1 & optional 32-2):

Reverse power: 0.1-200W  05-999W

Time delay: 1-120 sec
Stator ground (64G1 & optional 64G2):

Neutral OV pickup: 4-40V

Time delay (for 64G1): 0.1-99sec

Time delay (for 64G2): 0.1-99sec
3rd harmonic neutral undervoltage (27TN):

U/ setpoint: 0.1-99V

Time delay: 05-99.9 sec
Overexcitation, (24T, 241, 24A):

V/Hz pickup: 1-199PU

Time factor (24T-inverse): 0.1-99.99

Time delay (instantaneous): 0-99sec

Time delay (24A-alarm): 0-99sec

Rate of reset: 0-999sec
Undervoltage, optional (27):

U/ set point: 40-120V

Time factor: 0.1-99.99 sec

Curve select: Inverse/definite time
Overvoltage (59):

O/V set point: 100-225V

Time factor: 0.1-99.99 sec
Over and underfrequency, up to four steps (81):

O/F set point (each step): 45-079.9 Hz

U/F set point (each step): 40—65 Hz

Time delay (each step): 0.05-99.99 sec

Time delay (U/F step 1): 0.1-9999 sec
System Backup (51V):

Overcurrent pickup: 0.1-32A 05-16A

Time factor: 0.1-9999sec 0.1-99.99sec

*Specifications subject to change without notice.

METERING

RATINGS
Nominal frequency: 50 or 60 Hz
Frequency tracking: 30-80 Hz
Nominal voltage (phase-phase): 100-210 VAC
Rated current: l,=10r5A
Maximum permissible current:

Continuous 2x1,

Three sec 50x1,

One sec 100x1,
Maximum permissible AC voltage:

Continuous 280 VAC

One min (once per hour) 490 VAC
ACCURACY
RMS measurements: +3%
Phase angle measurements: +1°
Frequency measurements: +0.01 Hz
Timers: + 3% of setting
Data time tag resolution: +1ms

DC control voltage:

38.5-60VDC
110/125 VDC 88150 VDC
220/250 VDC 176 - 300 VDC

INPUTS
BURDENS
Current circuits: 0.022Q,5°forl =5A

0.12Q,30°for | =1A

@60 Hz 0.0507 < 4.738
Voltage circuits: 0.30 VA, 60 Hz
0.40 VA, 50 Hz
DC battery:
Power supply: 19 W with 1 supply
25 W with 2 supplies
For contact converters: 2.5 mA at rated voltage

INTERFACE DATA
System interface: DB25, RS232 port — rear panel
DB9, RS232 port — front panel
IRIG-B port — rear panel (optional)
Printer port — rear panel (optional)

DGP Digital Generator Protection

CONTACT DATA

Trip outputs

(4 programmable relays, 2 contacts each)

Trip contacts: Continuous rating =3 A
Make and carry 30 A per ANSI C37.90
Interrupting = 60 VA inductive,
maximum 250 V or 0.5 A

Alarm outputs
(4 programmable &5 predefined relays, 1 contact each)
Alarm Conti rating=3A

Make and carry 5 A for 30 sec
Interrupting = 60 VA inductive,
maximum 250 V or 0.5 A

Trip current monitor sensitivity:

150 mA

38-300VDC

38-300VDC, 1-3mA

Trip voltage monitor:
Digital inputs:

ENVIRONMENT.

Ambient temperature range:

Storage: -30°Cto+70°C
Operation: -20° Cto +55° C
Humidity: 95% without condensation

TYPE TESTS

Insulation test voltage: 2kV 50/60 Hz, one min
2.8k VDC, one min

Impulse voltage withstand: 5kV peak, 1.2/50 psec, 0.5 J

Interference test withstand: SWC, per ANSI C37.90.1 &
1EC 255-5

Vibration test withstand: |EC255-21-1

Net weight: 51 Ibs (23 kg)

Dimensions:
Height: 14" (352 mm) 8 rack units
Width: 19" (484 mm) standard 19" rack
Depth: 14" (356 mm)

APPROVALS
UL - UL listed for USA and Canada

__INCHES___
(mm)
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Dimensions
FRONT VIEW SIDE VIEW PANEL CUTOUT
8 REQ'D.
T \ 0.28" Da T
o | | of Wl 13.94"
| | PLUG ! #T (354)
| | 4.00"
\ | (102)
lo | | J o
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[ \ | *3.375" | ‘ 75)
| | (867
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1 = = 1 LATCH M
19.00" 0.31JL 13.03" 1.0" 17.25" C1.50"
(483) (331) (25) 438) ~ 1538 (38)
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(mm) * minimum to remove cable when req'd. reann P
DEC1000 Mounting
CUTOUT & DRILLING PATTERN
FRONT VIEW SIDE VIEW 0.28" Dia 18.32"
8.1" (7) 4 PI. (465)
19.00" (208) 4 gu ] 17.35"
(483) (30.4) (447)
] <) ﬁ ? #
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[~ | 1~1(87) (90) (76)
| [N Y +
L 0.26" 704759A2.dwg
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DGP Digital Generator Protection

DGP Guideform
Specifications

For an electronic version of the DGP
guideform specifications, please
visit: www.GEindustrial.com/ 1
Multilin/specs, fax your requeSt wnany GEmduatrial comds Multifin www.GEindustrial.com/Multilin
to 905-201-2098 or email to
literature.multilin@indsys.ge.com.

Guidefnmﬁpm:iﬁnatinns Faster ord

Ao [k

Ordering

Note that the DGP relay with special configuration of printer port is required for the DEC1000 to function properly.

DGP | Digital Generator Protection *DGP Selection Guide FUNCTION GROUP

1 1 Arated FUNCTIONS AND FEATURES A B c
5 5 A rated Stator differential 87G X X X
0 One power suply, 46 VDC T : : :
1 One power supply, 110/125 VDC 0C - voltage restraint 51V X X X
2 One power supply, 220/250 VDC Dveroncnanond any X 4 X
3 Two power supplies, 48 VDC Overvoltage59 X X X
4 Two power supplies, 110/125 VDC ég;l‘d:n'lf:: g?:{g;ﬁ"“" et ; § §
A With test blocks, gray case VT fuse failure X X X
. Oscillography capture X X X
B Without test blocks, gray case IRIG-B input X X X

A GE-MODEM communication protocol Anti-motoring 32 2 setpoints 1 setpoint 2 setpoints
® P Stator ground 64G2 (3rd Harm. UV) X — X
B ModBus_ communication protocol Neutral OC 51GN - X X
(not available with Function Group A/B) Undervoltage 27 = X X
; Stator GND 27TN — X X

A FunCt!on Group A See D[,;P ) Underfrequency 81-U 4 setpoints 2 setpoints 4 setpoints

B *
Function Group B ¢ Selection Guide Overfrequency 81-0 poil 2 i 2 i
; ] Printer output X — X
C Funu‘:t.mn Group C ) onthe right DEC1000 compatible ~ — 5
A Reuvision level Communication ports 2-RS232 2-RS232 2-RS232

Optional RS485 to RS232 converter available for use with ModBus® version ) o
Example: DGP54BBCA — DGP rated 5 A, 50/60 Hz, 110/125 VDC redundant power supplies, no built-in test
blocks, ModBus® protocol, function group C, revision A.

The following special DGP™ systems are also available. Refer to factory for other special requirements.
DGP***AAA-0101 — Similar to "AAA" except single voltage-rated digital inputs, special logic for function
51V and separate terminals for power supply inputs.

DEC 1000A ¥ % 00C

DEC | 1DEC Selection Guide
. . . CODE | Rl | R2 | R3 | R4 | R5 | Re | R7 | R8 | R9 | Ri0 Ri1
Select the three digit code from the DEC Selection 001 32-2 | 59 | 8101 | 81-2 | 81U1 | 81U2 | 40 | 462 | 461 | 32 —
Guidet on the right or fill in desired function 002 321 | 6462 | 46-1 | 32-2 [ 64G1 | 40-1 |8/G-A |87G-B | 87GC | 46- 5
assignment for the DEC1000 output relays R1-R11 ggﬁ szgj ‘1‘35 3;62 %'1%';' 814UD1 sz’] ‘I‘SB 3§9 58'1%'1“ 845

using Table 1 and submit with the order. Codes 001 005 46T | 51V 59 | 64G1 | 8760 | DI Di4_| 32-1 — — —
to 005 are already assigned and are available as U
described. Any protection function available in the
companion DGP relay can be selected for the DEC

output relay assignment
F  Vps=24-48VDC
Vps =110-250 VDC

Olndicates any phase - A, B, or C  OlIndicates any zone - 1 or 2 [OCode assigned by GE
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