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Conformity
This product is in conformity with the directive of the Council of the Europ unities on the approxi-

mation of the laws of the Member States relating to electromagnetic ¢ ility (EMC Council Directive

89/336/EEC).
Conformity is proved by tests that had been performed acco 0 10 of the Council Directive in
accordance with the generic standards EN 50081-2 and EN 5 - Siemens AG.

n ial environment.

The device is designed and manufactured for applicationg

The device is designed in accordance with the internatio ndards of IEC 255 and the German standards
DIN 57 435 part 303 (corresponding to VDE 0435 pa
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NOTE:

This instruction manual does not purport to cover
all details in equipment, nor to provide for every
possible contifgency to be met in connection with
installation, operation or maintenance.

Should further information be desired or should
partiéular problems arise which are not covered
sufficiently for the purchaser's purpose, the mat-
ter’should be referred to the local Siemens sales
office.

The contents of this instruction manual shall not
become part nor modify any prior or existing
agreement, commitment or relationship. The sales
contract contains the entire obligations of
Siemens. The warranty contained in the contract
between the parties is the sole warranty of
Siemens. Any statements contained herein do not
create new warranties nor modify the existing war-
ranty.
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Introduction

1 Introduction

1.1 Application

The 7UM516 is a numerical machine protection unit
from the "Numerical Machine Protection series
7UM51” and provides a practical combination of
protection functions especially for large electrical
machines or power station blocks. A survey of this
machine protection series is shown in Figure 1.1.

The unit supplements the protection and supervi-
sory functions of the 7UM511, 7UM512, 7UM515
and 7UT51 relays and, together, they provide a
complete protection system for large high-voltage
generators which are block connected with a unit
transformer to the power system. It is, however,
completely autonomous and can, with all its func-
tions, be operated completely independent of oth-
er protection equipment.

A large number of alarm relays and LED's on the
front panel of the unit provide information about the
detected faults, the monitored operating condi-
tions of the protected machine and about the,unit
itself. Five trip relays are available for direct trip-
ping of circuit-breakers and other controlidevices.

Space-saving construction and sensible mgunting
and connection techniques permit ed@sy,exchange
with conventional protection equipment injexisting
plants. Comprehensive internal mofitoring of hard-
ware and software reduces, theltime required for
testing and provides an extremelythigh availability
of the protection system.

Serial interfaces allow Comprefensive communi-
cation with other digital control and storage de-
vices. For data transmission a standardized proto-
col in accordanceswith VDEW/ZVE! is used, as well
as according DIN 18244 (selectable). The device
can thereforelbe ingarporated in Localized Substa-
tion Automation“networks (LSA).

1.2 Features

Processor system with powerfulgl 6-bit-micro-
processor;

Complete digital megdsured value processing
and control from data a€quisition and digitizing
of the measured Valuesiup to the trip decision
for the circuit breakers; ‘

Complete galvanig,and reliable separation of the
internal processing circuits from the measure-
ment, cantrel and supply circuits of the system,
with screefiedanalog input transducers, binary
inputhandeutput modules and DC converter;

IAsensitive to v.t. and c.t. errors, transient con-
ditions ‘and interferences;

High accuracy by means of process images us-
ing physical replica;

Accurate measurement is ensured even in case
of frequency deviations (fy =+ 10 Hz) by fre-
quency dependent filter correction;

Continuous calculation of operational measured
values and indication on the front display;

Simple setting and operation using the inte-
grated operation panel or a connected personal
computer with menu-guided software;

Storage of fault data, storage of instantaneous
or r.m.s. values during a fault for fault record-

ing;

Communication with central control and storage
devices via serial interfaces is possible, option-
ally with 2 kV insulation or for connection of opti-
cal fibre;

Continuous monitoring of the measured values
and the hardware and software of the relay.

C53000-G1176-C97
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’ Four external trip srgnal can be processed'f
Two trip Circuit supervision channels ‘

Two trrp circuit supervrsron channels

7UM515 e 7UM516
Overflux protection U/f ' ' Impedance protection
Overvoltage protection, two-stage ’ Power,swing blocking
Undewoltage protection, inverse time Stator earth fault protection Ug >
,ErequenCy protection, four-slage _ Out-of-step protection
‘Earth fault protection Uy > Forward power supervision
Interturn_fault protection Reverse power protection

Stator earth fault 1 00 % protectron
'Rotor earth fault protec’uon two—stage
- Four' external trip srg_ al
Two trip circuit supervrsron channels

Unbalanced load protection
Four external trip signal can be processed
Two trip circuit supervision channels

7UT512 : G 7UT513
» .Dlﬁerentlal protection for generators and Differential protection for generators and
motors motors
or. : L ' or
Drfferentral protectron for two‘wmdrng _Differential protection for three-winding
“transformers orunits ) ) transformers or units
' Overcurrent-_trme prolectron SR Restricted earth fault protection or
Thermal ovérload¥protection - Tank‘leakage protection
Two ext_' ,_‘nal tnp slgnal can be processed Overcurrent time protection
Four external brnary input signal can‘be - Thermal overload protection

processed

Two external trip-signal can be processed
(2 trip relays, small size: 1/3 case) |

‘Four ext. binary inputs can be processed
“(Strip relays, large size: 1/3 case)

Figure 1.1 Survey of the numerical machine protection series
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1.3 Implemented functions

The protective and supervisory functions of the nu-
merical machine protection unit can be individually
switched to be operative or inoperative. The unit
comprises the following functions:

Impedance protection with

- phase selective overcurrent fault detection with
undervoltage seal-in (for synchronous ma-
chines which take their excitation voltage from
the terminal voltage),

- two impedance zones, three time stages,

- polygonal tripping characteristic with indepen-
dent setting of reach along the R- and X-axis,

- variable fault resistance tolerance,
- power swing detection by AZ/At measurement,

- power swing blocking in case of power swings in
the system avoids unwanted trip occurrences.

Out-of-step protection

- based on the well experienced impedance mea-
surement method,

- measurement release by the positive_ sequence
current component, measurement ' blocking by
the negative sequence current compongnt,

- evaluation of the rate of ¢hange of the imped-
ance vector,

- optimum matching to“the ons=site conditions by
selectable characteristiC'parameters,

- reliable distinction ‘between the power swing
centre being infthersystem or in the generator
unit area.

Stator earth faultiprotection Ug

- measurement of the displacement voltage with
fundamental'wave filters, for machines in block

connection,

& protective range 90 % to 95 % of the stator wind-
ings,

Forward active power supervision

- calculation of forward power P¢ from positive se-
quence components,

- supervision of over-power (Ps>) and/or‘under~
power (P¢<) with individually adjustable power
limits.

Reverse power protection

calculation of power from, positive sequence
components,

- highly sensitive active‘pgwer measurement,

- high measurement accuracy and angle error
compensation,

- detection of small motoring powers even with
small power factor cos ¢,

- insensitive tofpower swings,
—<short=time stage with closed stop valve,
~“independent long-time stage.

Unbalanced load protection

evaluation of negative sequence component of
currents,

- insensitive to frequency fluctuations,

- alarm stage when a set unbalanced load is ex-
ceeded,

- thermal replica for rotor temperature rise with
adjustable heating-up time constant,

- with thermal alarm and trip stage,

- high-speed trip stage for large unbalanced
loads.

Coupling of external signal

- combining up to 4 externals signal into the an-
nunciation processing,

— tripping by up to 4 external signals via the inte-
grated trip matrix,

- time delay possible.
Integrated tripping matrix

- With 5 trip relays (each with 2 NO contacts) for
up to 20 protection commands.

C53000-G1176-C97
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2

2.

All

Design

1 Arrangements

protection functions including dc/dc converter

are accommodated on two plug-in modules of
Double Europa Format. These modules are in-
stalled in a housing 7XP20. Two different types of
housings can be delivered:

7UM516x-xBxxx— in housing 7XP2040-1 for
panel surface mounting

The housing has full sheet-metal covers, as well
as a removable front cover with transparent
plastic window.

Plastic guide rails are built in for the support of
plug-in modules. Next to the guide rail at the
bottom on the left-hand side of each module, a
contact area which is electrically connected to
the housing is installed to mate with the earthing
spring of the module. Connection to earth is
made before the plugs make contact. Earthing
screws have been provided on the left hand side
of the housing. Additionally, terminal 26 is con-
nected to the case.

All external signals are connected tof100
screwed terminals which are arranged over cuts
outs on the top and bottom covers. Thesdtermi-
nals are numbered consecutively from left to
right at the bottom and top.

The heavy duty current plug connectors,provide
automatic shorting of the c.t. circuitsywhenever
the modules are withdrawn. 4This, does not re-
lease from the care to be taken when c.t. sec-
ondary circuits are concgrned,

For the isolated interfaceto“@acentral control and
storage unit, an additional\coupling facility has
been provided G For . the hard-wired V.24
(RS232C) serial interface (7UMS516x—xxxx x—
xB), 4 scréwedfterminals are provided. For the
interface foryfoptical fibre connection (model
7UM516x—xxxx%<4xC), two F-SMA connectors
have been provided.

The,degree of protection for the housing is IP51,
for the terminals IP21. For dimensions please re-
fer%o, Figure 2.2.

- 7TUM516x-xCxxx— in housing 7XP2040-2 for

panel flush mounting or 7UM516x=xExxx- for
cubicle installation

The housing has full sheet-métahcovers, as well
as a removable front cover with¥transparent
plastic window for panel fpounting.

Plastic guide rails are built,in/for the support of
plug-in modules. Nextdto the guide rail at the
bottom on the left=hand side of each module, a
contact area whieh is“electrically connected to
the housing isfinstalled to mate with the earthing
spring ofithe module. Connection to earth is
made before the plugs make contact. Earthing
screwSshaveibeen provided on the rear wall of
the,_housing.

All 'external signals are connected to connector
modules which are mounted on the rear cover
over cut-outs. For each electrical connection,
one 'screwed terminal and one parallel snap-in
terminal are provided. For field wiring, the use of
the screwed terminals is recommended; snap-
in connection requires special tools.

The heavy duty current plug connectors provide
automatic shorting of the c.t. circuits whenever
the modules are withdrawn. This does not re-
lease from the care to be taken when c.t. sec-
ondary circuits are concerned.

The isolated interface to a central control and
storage unit (TUM516x—xxxxx—xB) is led to a
4-pole connection module. In the interface for
optical fibre connection (7UM516x—xxxxx—xC),
a module with 2 F-SMA connectors is provided
instead.

The plug modules are labelled according to their
mounting position by means of a grid system
(e.g. 1A2). The individual connections within a
module are numbered consecutively from left to
right (when viewed from the rear), (e.g. 1A2);
refer Figure 2.1.

Degree of protection for the housing is IP51, for
the terminals IP21. For dimensions please refer
to Figure 2.3.

10
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2.2 Dimensions O

Figures 2.2 and 2.3 show the dimensions of the various types of housings available.

7UM516 Housing for panel surface mounting 7XP2040-1

234 26

1 g
(=] I
=
ol < g P o
S ¢ B &
& B
39 | ®
<4 ~y S
QQ_B_QQ O _ Interface for opti-
26 lelele olo] vvvs Y 50 cal fibre below Reset and pag-
\ ing buttons
219

\
Earthing terminal 260

C'=E=E='—___

Optical fibre connectors:
integrated F-SMA connector.
with ceramic post.

e.g for glass fibre 62.5/125 ,um

Max. 100 als for cross-section max. 7 mm?2

Dimensions in mm

ure 2.2 Dimensions for housing 7XP2040-1 for panel surface mounting

12 C53000-G1176-C97



7UM516 v3 Design

7UM516 Housing for panel flush mounting or cubicle installation 7XP2040-2

29.5 172 30 225
220
’-l/ Mounting plate
T = = 11
11 = |
N TP (]
)
1o le N 6
- " ) .
| 5
< 2 il
© <t
3 A J D, © B A
“‘ r
4
3
2
/ 1
/
] o e
Reset and pag-
ing buttons Connector modules
221 +2

Heavy current connectors:
Screwed terminal for max. 4 mm?2.
Twin spring crimp connector in paral-
lel for max. 2.5 mm?2.

Further connectors:

Screwed terminal for max. 1.5 mm?.
Twin spring crimp connector in paral-
lel for max. 1.5 mm?2.

- Optical fibre connectors:
< integrated F-SMA connector,
N Panel cut-out with ceramic post.
e.qg for glass fibre 62.5/125 ,um
i \
"""" Dimensions in mm
13.2 180 0.5
73 L' 206.5%0.3
bl

Figure 2.3  Dimensions for housing 7XP2040-2 for panel flush mounting or cubicle installation

C53000-G1176-C97 13
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2.3 Ordering data

Numerical Machine Protection 7. 8. 9. 10. 11. 12. 13.

14,

OA

15. 16.

7UMS516 - Alo|1]-1]0

A

Rated current; rated frequency
1A B0/60HZ . ..ot 1
5A;50/60Hz. ... 5

Auxiliary voltage 0

24/4B V dC ..o 2
60/110/125 V. dC ..ot 4

220/250 V. AC .o v

Construction
in housing 7XP2040-1 for panel surface mounting

in housing 7XP2040-2 for panel flush mounting .....

in housing 7XP2040-2 for cubicle installation
(without glass front) .......... ... .. ... .....

Serial interface for coupling to a control

isolated serial interface (similar V.24 or & ................................
serial interface for optical fibre connecti

S —
N

O
Q>Q)

L 4

14 C53000-G1176-C97
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2.4 Accessories

secondary voltage of 500 V. The voltage divider
500 V/100 V type 3PP1336-1CZ-013001 is Ssuit-
able and also includes a test resistor. Refer to Fig-
ure 2.4 for schematic circuit diagram and t@ Figure
2.5 for dimensions.

The measurement input for the neutral displace-
ment voltage measurement of the earth fault pro-
tection Ug is dimensioned for a rated voltage of
100 V. A voltage divider 500 V/100 V is required
when connecting to a neutral earthing transformer
or a line connected earthing transformer with a

11.6 Q 500 Q 500 Q 250 O
L 12‘[ 3 ] 4 I 5 l6
Test 500 Vv 100 V ow
resistor

Figure 2.4 Schematic diagram of voltage divider 500 V/100,V, type 3PP1336-1CZ-013001

C— — .23 Drip-proof roof

Space required for
removing the cover

}
i
: Y
e e

v

/—_._T’w’-ﬁ—_
l - —k:—0g ~ ~ Cover

3PP1 with degree of protection IP 20 (IP 23 with drip—proof roof) Dimensions in mm

Type a b c d e f g h i Kk I m z
3PP1 33 267 | 187 | 3x16 | 7 160} 230| 10 ] 146 | 50 | 30 10 | 196 | 33
Figure 2.5 Dimensions of 3PP133: for voltage divider 3PP1336-1CZ-013001 (500 V/100 V)

C53000-G1176-C97
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Technical data

3 Technical data

3.1 General data

3.1.1 Inputs/outputs

C)O

Measuring circuits

Rated current Iy

Rated voltage Uy

Rated frequency fy

Burden: ct circuits per phase

-atily=1A
-atly=5A

Burden: vt circuits
- at 100 Vv
- for earth fault detection at 100 V

Overload capability ct circuits
- thermal (rms)
- dynamic (impulse)

Overload capability vt circuits
- thermal (rms)

Accuracy range
Operating range

(specified toleran
(all functions ope

D

1AorS5A

L 4
bem
50 Hz or 60 Hz (seleetabl

ZQ
approx 0.4

100 V to 125 V (sele

approx 0.1

\

&XN for 1 second
X In for 10 seconds

XN continuous
0 xIny (half cycle)

\2 140 V continuous
s < 1.1 } at least one measuring
.2

0. It <
0 N <1 quantity =>0.1 . rated value

o™ ©
IAIA

Auxiliary dc voltage supply via integr

Auxiliary DC supply 0
Nd

dc/dc converter

| 24/48 V dc |60/110/125 v dcl 220/250 V

Auxiliary voltage Uy \
Operating ranges
Superimposed o@
peak-to-pea

Power con on Auiescent

picked-up
Bridging time du failure/short-circuit
of auxiliary dc voltage

|19 to 56 V dc| 48 to 144 V dc |176 to 288 v

2%

<1 at rated voltage
<6%

at the limits of the voltage ranges

approx 11 W
approx 20 W

>50 ms at U> 110V dc

Heawvy duty @ip) contacts

T s, number
cts per relay

MAKE
BREAK

itching capacity

5
3x2N0O, 2x1NO

1000 W/VA
30  W/VA
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Switching voltage
Permissible current

250 V
5 A continuous
30 A for 0.5 s

Signal contacts

Signal relays, number 13

Contacts per relay 1 CO or 1 NO
Switching capacity MAKE/BREAK 20 W/VA
Switching voltage 250 N
Permissible current 1 A
Binary inputs, number 8

Voltage range

for rated control voltage

Pick-up value, approx.

Current consumption

reconnectable 24 to 250 V_dc imy3 ranges:

24/48/60 Vdc 11071253V dc | 220/250 Vdc

17 Vdc 80aVdc 160 vdc")

4 forpfoduction series /CC

approx 1472 mA ‘independent of operating voltage

Serial interfaces

Operator terminal interface
- Connection

- Transmission speed

Interface for data transfer to a control ‘éentre

- Standards

- Transmission speed

- Transmission security

- Connection, directly
Transmission distance
Test voltage

- Connectionteptical fibre

Optical wave length
Permissible line attenuation
JTransmission distance
Normal signal position

non-iSolated

at the, front, 25-pole subminiature connector according
ISO 2110,for connection of a personal computer or similar
as delivered 9600 Baud;

min. 1200 Baud; max. 19200 Baud

isolated

similar V.24/V.28 to CCITT; RS 232 C to EIA;
Protocol to VDEW/ZVEI or according DIN 19244
as delivered 9600 Baud;

min. 1200 Baud; max. 19200 Baud

Hamming distance d = 4

at housing terminals;

2 core pairs, with individual and common screening;
e.g. Ll YCY-CY/2 x 2 x 0.25 mm?2

max. 1000 m

2 kV with rated frequency for 1 min

integrated F-SMA connector for direct optical fibre
connection, with ceramic post,

e.g. glass fibre 62.5/125 uym

for flush mounted housing: at the rear

for surface mounted housing: on the bottom cover

820 nm

max. 8 dB

max. 1.5 km

reconnectable; factory setting: "light off”

C53000-G1176-C97
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3.1.2

Electrical tests

Insulation tests

Standards:

High voltage test (routine test)
except d.c. voltage supply input and RS485

High voltage test (routine test)
only d.c. voltage supply input and RS485

Impulse voltage test (type test)
all circuits, class III

IEC 255-5

2 kV (rms), 50 Hz

2.8 kV dc

5 kV (peak); 1,2/50 us; 0,5 JW3 positive
and 3 negative shots at iftervals of 5 s

EMC tests; immunity (type tests)

Standards:

High frequency
IEC 255-22-1 class 111

Electrostatic discharge
IEC 255-22-2 class III
and EN 61000-4-2 class III

Radio-frequency electromagnetic field,
non-modulated; IEC 255-22-3 (report) «lassilll

Radio-frequency electromagnetic field,
amplitude modulated; ENV 50140, class AIT

Radio-frequency electromagnetic field,
pulse modulated; ENV 501407ENV'80204, cl. III

Fast transients
IEC 255-22-4 and EN 61000-4-4, class IiI

Conducted disturbaficés induced by
radio-frequency fields, amplitude modulated
ENV 50141, class ITI

Power frequency magnetic field
EN 61000-448, class 1V

IEC 255-22 (product standard)
EN 50082-2 (genericsStandard)
VDE 0435 /part, 303

2.5 kVy.(peak); 1 MHz; 7 =15 us; 400 shots/s;
duration@,s

4 kV/6%\V contact discharge; 8 kV air discharge;
both polarities; 150 pF; R = 330 Q
10 V/m; 27 MHz to 500 MHz

10 V/m; 80 MHz to 1000 MHz; 80 % AM; 1 kHz

10 V/m; 900 MHz; repetition frequency 200 Hz;
duty cycle 50 %

2 kV; 5/50 ns; 5 kHz; burst length 15 ms;
repetition rate 300 ms; both polarities; R; = 50 Q;
duration 1 min

10 V; 150 kHz to 80 MHz; 80 % AM; 1 kHz

30 A/m continuous; 300 A/m for 3 s; 50 Hz

EMC tests; emission (type tests)

Standard:

Cenducted interference voltage, aux. voltage
CISPR 22, EN 55022, class B

Interference field strength

CISPR 11, EN 55011, class A

EN 50081-x (generic standard)
150 kHz to 30 MHz

30 MHz to 1000 MHz

18
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3.1.3 Mechanical stress tests O

Vibration and shdck during operation

Standards: IEC 255-21 ¢
and IEC 68-2
- Vibration sinusoidal
IEC 255-21-1, class 1 10 Hz to 60 Hz: 1 0,035 amplitude;
IEC 68-2-6 60 Hz to 150 Hz: 0,5 g a ion
sweep rate 10 octaves/
20 cycles in 3 orthogona
- Shock half sine
IEC 255-21-2, class 1 acceleration 5 gg'dura 11 ms, 3 shocks in
each directio thogonal axes
- Seismic vibration SiNUSOiI
IEC 255-21-3, class 1 1 Hz to ,5 mm amplitude (hor. axis)
IEC 68-3-3 1 * 1,5 mm amplitude (vert. axis)

: 1 g acceleration (hor. axis)
Hz: 0,5 g acceleration (vert. axis)

% 1 octave/min
cle'in 3 orthogonal axes
Vibration and shock during transport Q%

Standards: IEC 255-21
and IEC 68-2

& sweep rate 1 octave/min

\ 20 cycles in 3 orthogonal axes
- Shock K half sine

IEC 255-21-2, clas acceleration 15 g, duration 11 ms, 3 shocks in
IEC 68-2-27 each direction of 3 orthogonal axes

- Continuous s half sine
IEC 255-21-2 s$/1 acceleration 10 g, duration 16 ms, 1000 shocks
IEC 6822- each direction of 3 orthogonal axes

- Vibration sinusoidal
IEC 255-21-1, class 2 5Hz to 8 Hz: + 7.5 mm amplitude;
IEC 68-2-6 c ’ 8 Hz to 150 Hz: 2 g acceleration

L 4
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3.1.4 Climatic stress tests

- recommended temperature during service
permissible temperature during storage
permissible temperature during transport

-5°C to+55 °C
-25 °C to +55 °C
-25 °C to +70 °C

Storage and transport with standard works packaging!

- Permissible humidity

mean value per.year < 75 % relative,humidity;
on 30 days per year 95 % relatifehumidity;
Condensation not permissible!

We recommend that all units are installed such that they are not subjected to direct sunlight, nor to large
temperature fluctuations which may give rise to condensation.

3.1.5 Service conditions

The relay is designed for use in industrial environ-
ment, for installation in standard relay rooms and
compartments so that with proper installation elec-
tro-magnetic compatibility (EMC) is ensured.
The following should also be heeded:

- All contactors and relays which operate in.the
same cubicle or on the same relay paneljas the
digital protection equipment should, as a rule,
be fitted with suitable spike quenchipgpele-
ments.

- All external connection leads in (Ssub-stations
from 100 kV upwards should be screened with a
screen capable of carrying power eurrents and

earthed atboth sides. No special measures are
normally?necessary for sub-stations of lower
valtages.

It iIs"not permissible to withdraw or insert individ-
gal modules under voltage. In the withdrawn
condition, some components are electrostati-
cally endangered; during handling the standards
for electrostatically endangered components
must be observed. The modules are not endan-
gered when plugged in.

WARNING! The relay is not designed for use in resi-
dential, commercial or light-industrial environment
as defined in EN 50081.

3.1.6 Design

Housing 7XP20; refer to Section 2.1
Dimensions refer to Section 2.2
Weight

- in housing4for surface mounting
- in“housing for flush mounting

Degree of protection acc. to EN 60529
~ Housing
=) Terminals

approx. 12.0 kg
approx. 10.5 kg

IP 51
IP 21

20

C53000-G1176-C97



7UM516V3

Technical data

3.2 Impedance protection

Overcurrent fault detection

Phase currents Ipp>/IN
Drop-off ratio
Measuring tolerances according VDE 0435 part 303

Undervoltage seal-in U<
Drop-off ratio
Measuring tolerances according VDE 0435 part 303

0.20 to 4.00 (steps 0.01)
approx. 0.85

+ 3% of set value

30 Vto 130 V (stepsW,. V)
approx. 1.05

+ 3% of set value

Impedance measurement

Characteristic
Setting values (based on Iy = 1A™)
X = forwards reach (X7, X1g)

R = resistance tolerance (R, Ryg)

Measuring tolerances according VDE0435 part 303
with sinusoidal quantities

polygonal, 2dndependent stages

0.05 O to 130,00 Q (steps 0.01 Q)
0.05 Q0 65.000 Q2 (steps 0.01 Q)

Ax— 5% for 30° < bee < 90°
A? 5% for 0° < ¢sc < 60°

*) Secondary values are referred to Iy = 1 A: for Iy = § A thegvalues, are to be divided by 5.

Times

Shortest tripping time
Drop-off time

Time stages: ty, tig, 2

Drop-off delay time tq
Holding time of undervoltage seal-in
Time expiry tolerances

The set times are pure delay times.

35 ms
approx. 30 ms to 80 ms

0.00 s to 32.00 s (steps 0.01 s)
or oo (i.e. stage ineffective)

0.00 s to 32.00 s (steps 0.01 s)
0.00 s to 32.00 s (steps 0.01 s)

<1% of set value or 10 ms

Power swing blocking

Setting the difference AR between the polygons
(secondary ‘basedfon Iy = 1A 7)

Settingfate of change AR/AT

Action time

0.10 0 to 10.0 O (steps 0.01 Q)

1.0 Q/s to 200.0 Q/s (steps 1 )/s)

0.00 s to 32.00 s (steps 0.01 s)
or oo (i.e. until drop-off of the power swing

polygon)

t) Secondary values are referred to Iy = 1 A; for Iy = 5 A the values are to be divided by 5.

Influence variables

=7Auxiliary d.c. voltage in range 0.8
- Temperature in range -5 °C < 6mp < +40 °C
- Frequency in range 0.9 < f/fy < 1.1

< Up/Upn < 1115

< 1%
< 0.5 %/10 K
<?

R
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3.3

Stator earth fault protection Up>

O

Setting ranges/steps
Displacement voltage Ug>
Time delays T

Drop-off time Tr

5.0 Vto120.0 V (steps

0.00 s to 32.00 s (ste .0

0.00 s to 32.00 s (@1 s)

O

L 4

Times

Pick-up time
- U0>

Drop-off time

Drop-off ratio
- Displacement voltage Ug>

Tolerances
- Displacement voltage Ug>

- Time delays T

3 % of set value

1 % but min. 10 ms

Influence variables

- Auxiliary d.c. voltage

in range 0.8 < Up/Upyny < 1
- Temperature

in range -5 °C < 6 mb S +
- Frequency

in range 0.9 < f/fy <

L 4

N
Jo
$

< 1%
< 0.5 %/10 K

<2%

N
S
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O

3.4  Out-of-step protection O
Pick-u

P L 4
Positive sequence component  Ipos>/Iy 0.20 to 4.00 (steps 0.40%)
Negative sequence component lpeg</In 0.05 to 1.00 (steps (@
Drop-off ratio Ipeg >/IN approx. 0.95
Drop-off ratio Ineg </IN approx. 1.05 \

Measuring tolerances according VDE 0435 part 303

+ 3% of set value

Characteristic

Setting values (based on Iy = 1A™)
Impedance Z,

Impedance Zy

Impedance Z¢

Impedance Z4 - Z.

inclination angle of polygon ¢p
Number of permissible out-of-step periods

- characteristic 1
- characteristic 2

with sinusoidal quantities

Measuring tolerances according VDEO4 @ w

*) Secondary values are referred to Iy =

polygonal

0.20 O 1 0 Q (steps 0.01 Q)

0.10 Q'to .00 O (steps 0.01 Q)
t .00 O (steps 0.01 Q)

0. 0.00 Q (steps 0.01 Q)
90°

[ < 5% for 30° < ¢gc < 90°

[ < 5% for 0° < 6. < 60°

Times ’S
Holding time of pick-up \\
Holding time for out—o& unciation
Drop-off time

Time expiry@

The set times are e delay times.

0.02sto 0.15s

0.20 s to 32.00 s (steps 0.01 s)

(steps 0.01 s)

0.05 s to 32.00 s (steps 0.01 s)

<1% of set value or 10 ms

Influence les

- Auxiliary d.c. voltage
in range 0.8 < Up/Upy < 1.15
Temperature
range -5 °C < Oamp < +40 °C
equency
in range 0.9 fy to 1.1 fy

< 1%
< 0.5 %/10 K

<2%

C53000-G1176-C97
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3.5 Forward active power supervision

)

Setting ranges/steps
Forward power Ps<
Forward power P¢>

Time delays T(Ps<), T(Pg>)

Drop-off delays

O

0.5 % to 120.0 % Sy steps%SN
10%to12OO%SN (ste SN)
0.00 s to 32.00 s @015 or oo

0.00 s to 32.00 s ps 0.01 s)

Pick-up times
- active power P¢<, P>

Reset times
- active power Ps<, Pg>

Drop-off ratios
- active power Pg<
- active power Pp>

Tolerances \2
- active power Pi<, Pp> @

- time delays T

prox 0.90

<0.25 % Sy £ 3 % of set value

at Q < 0.5 Sy
(SN....rated apparent power,
Qv reactive power)

< 1 % but min. 10 ms

Influence variables é

< 1%
< 0.5 %/10 K

<2%

L 4
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3.6 Reverse power protection ()O

Setting ranges/steps 4
Reverse power |-P> 0.50 % to 30.00 % (st 01 %)
Time delays T4, T (stop valve open / closed) 0.00 s to 32.00 s \ .01 s)
Drop-off delay T, 0.06 s to 32.00 s @s 0.01 s)

NG

50 ms 0 Hz

50 Hz

at 60 Hz

Pick-up times
- Reverse power |-P/>

INIA
w w

Drop-off times
- Reverse power |-P|>

<
: <
Drop-off ratio \ox 0.6
Tolerances %
- Reverse power |-P|> < 0.25 % SN £ 3% of set value

at Q < 0.5 Sy

2 (SN....rated apparent power,
Q...... reactive power)

- Time delays T < 1 % but min. 10 ms

- Auxiliary d.c. voltage
in range 0.8 < Un/Unn
- Temperature

in range -5 ° m < 0.5 %/10 K
- Frequenc
in rang (\ AN 2%

.Q7
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’

3.7 Unbalanced load protection

Setting ranges/steps

Permissible unbalanced load I>/Iy 3 % to 30 % (steps )
Thermal time constant T 100 s to 2500 s (st\
1

L 4

Thermal warning stage Owarn /Otrip 70 % to 99% ( )
Tripping stage (definite time) 1,>>/ly 10 % to 80 % st %)
Time delays T(l2>), T (I2>>) 0.00 s to 32.00 s (steps 0.01 s)

Drop-off delays Tr 0.00 s to 32.0 (steps 0.01 s)

Trip characteristics of the thermal replica
(refer also to Figure 3.1)

for 1 < |2/|2perm < 10and l/INZ T t

hermal time constant
& negative sequence current
g

m — continuously permissible negative
sequence current

Pick-up times @
Warning stage l,>, tripping stage o> approx. 80 ms
Drop-off times \

Warning stage l,>, tripping stage 12> approx. 80 ms
Drop-off ratios
- Warning stage l,>, tripping s&\g approx 0.95

- © /Oyip drop-off at drop-off of @yarn
- © /Oyarn approx 1.0

Tolerances < ’

- thermal replica 5 % ref. I
5% +0.5sref. t
5 % of set value

1 % but min. 10 ms

- to pick-upgvaluesile>, 1>

+ 1+ 1+ 1+

Influence variables

- Auxiliary déc. voltage

intiange 0.8 < Uy/Upun < 1.15 <1%
- erature
imyrange -5 °C < B,mp < +40 °C < 0.5 %/10 K
uency
in range 0.9 < f/fy < 1.1 <2%
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n
~
oo

10000
5000 3\ 9
7 Parameter:
3000 1 \\ time constant T/s
2000
10004 \\ \\
5001 \\\ ~
300 \\\ \\
200 1\ < \ ~J
100- \ \\\ >
50 ] \ \\\\ <
30: \\\\\ ~ I~ 2500
20
N
10 \\ \\ ~]1000 s
3 TN N
5] \\ T~ \\ 500 s
3: BN ™~ 250 s
2
T~
1 ™ 100 s
1 2 3 5 6 9 10 12
—

I2”2;‘.)erm
o /1 m
t=1 -1In (2 / Tzper for Ip/ly < 1

Figure 3.1 Trip ch@stncs of the thermal unbalanced load protection stage

Q>®
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3.8 Ancillary functions O
External trip commands via binary input

L 4
Setting ranges/steps _ %
e 15s)

Time delays T 0.00 s to 32.00 s
Drop-off delay T, 0.00 s to 32.00 s 0.01's)
Times

operating time (dependent on fre_quency) appro

Drop-off times (dependent on frequency) a s at 50 Hz

& 0 ms at 60 Hz
Tolerance

- Time delays T, T, g t1 % but min. 10 ms
Influence variables @
- Auxiliary d.c. voltage

in range 0.8 < Uy/Upyn < 145 < 1%
- Temperature x

in range -5 °C < 0amp < ° < 0.5 %/10 K

Q>®
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Output of measured values

00

- Operational values of currents

Measurement range
Tolerance

- Positive sequence current component
Measurement range
Tolerance

- Operational voltage values

Measurement range
Tolerance

- Positive sequence voltage component
Measurement range
Tolerance
- Frequency
Measurement range
Tolerance

- Operational values of powers

Measurement range
Tolerance

- Power factor

Measurement range
Tolerance

>

- Power angle

O
Measurement range \
Tolerance \

- Displacement volta
Measurement range

Tolerance

- Resista

Meas tr e
Tole

- Reactance
Measurement range

Tolerange
balanced load

surement range
olerance

All indications *1 digit display tolerance.

%
-200 % to +200 %
\ % of rated value

IL1, L2, s 4
in KA primary and in % In
0 % to 240 % Iy

2 % of rated value

Ipos
0 % to 240 % Iy

2 % of rated value t ‘

UL1-Nn» UL2-N» ULa-n Q

in KV primary and in V,Secondary
0% to 140 V

2 % of rated valum

\/§ . Upos

0 % to 190V

2 % of ra

FREQ. x

20 H 80

0. o) ed value
t

ive and reactive power)
N (=V3-UN-IN)

cos ¢
-1.00 to +1.00
0.02

¢
-180° to +180°
0,1°

3Ug
0 % to 140 V
2 % of rated value

R/Q
0 Q to 200 Q
5% or 0.05 Q for 0° < ¢ < 60°

X/Q
0 Qto 200 O
5% or 0.05 Q for 30° < ¢k < 90°

lo/In
0 % to 200 %
2 % of rated value

C53000-G1176-C97
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- Temperature rise calculated from '
unbalanced load ©/O¢rip

Measurement range 0 % to 200 %
Tolerance 10 % referred to Oyrip

All indications =1 digit display tolerance.

L 4
Measured values plausibility checks ' \
tZ

- Sum of currents phases
- Sum of voltages phases and displacement

Steady-state measured value supervision

Current unbalance Imax/!min actor

Voltage unbalance Uma mmetry factor

Ulimit

Phase sequence cl hase rotation

Fault event data storage

Storage of annunciations of the four last fault nts, three of which can be read out locally

Real time clock
Resolution for operational annunﬁigo 1 min

Resolution for fault event annungjat 1 ms

Max time deviation 0.01 %

Buffer battery \ Lithium-Battery 3 V/1 Ah, Type CR 1/2 AA
Self-discharge time > 5 years

Data storage fo\c ding optionally instantaneous values or r.m.s. values

Storage perio
max.

-up or trip command = 0 ms),
5 s, selectable pre-trigger and post-fault time

Sampling ratéy 1 instantaneous value per 1.67 ms at 50 Hz
1 instantaneous value per 1.39 ms at 60 Hz

phase currents I 4, I 2, I3
phase voltages up1-N. UL2-N. UL3-N
displacement voltage ug
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S ()O

Storage period
max. 60 s, selectable pre-trigger and post-fault time

L 4
Sampling rate 1 r.m.s. value per 20 ms at 50"Hz
1 r.m.s. value per 162/3 ms

positive sequence comp

currents Ipos

t
positive sequence compon phase voltages

Upos
power angle ¢ 0

unbalanced m@vt lo/IN
resistance@
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4 Method of operation

4.1 Operation of complete unit

The numerical machine protection 7UM516 is
equipped with a powerful and proven 16-bit micro-
processor. This provides fully digital processing of
all functions from data acquisition of measured val-
ues to the trip signals for the circuit breakers.

Figure 4.1 shows the base structure of the unit.

The transducers of the measured value input sec-
tion ME transform the currents and voltages from

the measurement transformers of the switch-gear
and match them to the internal processing level of
the unit. Apart from the galvanie_andglow=capaci-
tive isolation provided by the inputtranstormers,
filters are provided for the suppréssion of interfer-
ence. The filters have been aQptimized with regard
to bandwidth and processing 'speed to suit the
measured value processing. The matched analog
values are then passed toithe @nalog input section
AE.

L1 L2 L3 ME AE
— - - - - - - - - - - -
o — O
' N HiBL ' LCD display
(2 x16
=) (=] .o E characters)
M][I ————-ﬁ— Fault
E& ¥ Reagy
—I—pH| —“‘D—'—. c—
' : ' 13 signals
|~ ' . (can be mar-
. ' . | shalled)
1 ! |
c N | O =
N T ﬁ X
! gD \
H v 14 LED (can be
' ! marshalled)
el | S i !
L% ,
- LED- i Eﬁ
N S B P b L - Reseq . . 5 trip commands
Rlals|elf T T 0 : ' (can be mar-
Operator 5 S e e iy | }———/_l‘_’—— ' I__'_______, shalied)
panel ' W, - { i ___[l__
A F———a* E?::::
i | = P
M/SINEN | +/4 E !
J
Serial
8 binary — interface +— Control centre
inputs ' N isolated
(can be e
marshalled) | | Serial ' Personal
' interface computer
Power '
supply '
Figure 4.1 Hardware structure of machine protection relay 7UM516
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The analog input section AE contains input amplifi-
ers, sample and hold elements for each input, ana-
log-to-digital converters and memory circuits for
the data transfer to the microprocessor.

Apart from control and supervision of the meas-
ured values, the microprocessor processes the
actual protective functions. These include in par-
ticular:

- filtering and formation of the measured quanti-
ties,

- evaluation of the frequency of the measured val-
ues in order to match the filters,

- calculation of the positive sequence compo-
nents of current and voltage,

- calculation of the negative sequence current for
unbalanced load detection,

- determination of the active and reactive compo-
nents of power,

- continuous calculation of the values which are
relevant for fault detection,

- determination of the faulted phases in case of a
fault,

- scanning of values for the thermal replica“ef ro-
tor surface,

- scanning of limit values and time seguences,
- decision about trip commands,

- storage of instantane@ds cCugrrent and voltage
values during a fault_for ‘analysis.

Binary inputs and outputs to/and from the proces-
sor are channelled viarthe input/output elements.
From these gthe ‘processor receives information
from the switChsgear(e.g. remote resetting) or
from other equipment (e.g. blocking signals) . Out-
puts in€ludef in particular, trip commands to the
circuit breakers§ signals for remote signalling of

important events and conditions as well as visual
indicators (LEDs) and an alphanumerical display
on the front.

An integrated membrane keyboard in connection
with a built-in alphanumerical LCD display énables
communication with the unit. All.eperational data
such as setting values, plant data, et€dare entered
into the protection from this panel (refer to Section
6.3). Using this panel the parameters can be re-
called and the relevant data fomthe evaluation of a
fault can be read out aftera fault has occurred (re-
fer to Section 6.4). The dialog'with the relay can be
carried out alternatiVely viabthe serial interface in
the front plate by:meanswof an operator panel or a
personal computer.

Via a second serial”interface, fault data can be
transmitted®t@ a) Central evaluation unit. During
healthyqoperation, measured values can also be
transmitted,“€xg. load currents. This second inter-
face,istiselated and thus satisfies the requirements
for external signals, i.e. isolation and interference
suppression comply with the requirements accord-
ing tolEC 255 and VDE 0435, part 303.

Communication via this interface is alternatively
possible by means of fibre optic links, provided this
interface is accordingly ordered (refer to Section
2.3 Ordering data).

A power supply unit provides the auxiliary supply on
the various voltage levels to the described func-
tional units. +24 V is usedfor the relay outputs. The
analog input requires 15 V whereas the processor
and its immediate peripherals are supplied with
+5 V. Transient failures in the supply voltage, up to
50 ms, which may occur during short-circuits in
the dc supply system of the plant are bridged by a
dc voltage storage element (rated auxiliary voltage
> 110 V).

The protective functions are described in detail in
the following sections. Each function can be indi-
vidually activated or rendered inoperative. As each
function is realized by its own autonomous firm-
ware, mutual interference is excluded.
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4.2 Impedance protection

The machine impedance protection is used as a
selective time graded protection to provide short-
est possible tripping times for short-circuits in the
synchronous machine, on the terminal leads as
well as in the lower voltage winding of the machine
transformer. It thus provides a fast back-up pro-
tection to the generator and transformer differen-
tial relays. The impedance protection operates as
a time-delayed overcurrent protection for short-
circuits on the higher-voltage side of the trans-
former, thus providing a back-up protection for
these faults.

4.2.1 Fault detection

Fault detection has the duty to detect a faulty con-
dition in the power system and to initiate all the
necessary procedures for selective clearance of
the fault:

Start the delay times,

Selection of the measured values,

Release of impedance calculation,

Release of tripping command,
Indication/output of the faulty conductor(s).

Overcurrent fault detection is used for the mathine
impedance protection, which can be supplems
ented by an undervoltage seal-in circuit. Following
numeric filtering, the currents in each phaseyare
monitored in comparison with a set threshold val-
ue. A pick-up signal is output for that (those)
phase(s) in which the set threshold has been ex-
ceeded. The overcurrent fault detectorwiS reset
when 85 % of the pick-up value,is fallen,below un-
less it is maintained by thejunderxoltage seal-in
feature.

In case of excitation systems deriving their power
from the machine termifals “6f from the network,
the excitation voltage can rapidly decay to almost
zero. This resultstin, deecreasing short-circuit cur-
rent, in spite of the shart—circuit, and consequently
drop-off ofg¢he a¥ercurrent fault detectors. In such
cases the impedance protection pick-up is main-
tained for a sufficigntly long period by means of an
undervoltage controlled seal-in circuit using the
positive sequence voltage. Fault detection will
dropwff only when the voltage has reappeared to a
magnitude of 105 % of the predetermined value,
or ‘whenithe holding time has expired.

Eigure 4.2 shows the logic diagram of the fault de-
tection module of the impedance protection.

Determination of the short-cir:
cuit impedance

4.2.2

For calculation of the faultimpedance, the currents
and voltages of the faulty loop are decisive. The
phase selective fault detector determines the
faulted loop and releases the cofresponding mea-
surement values for impedance_caleulation:

Pick-up in one single phase resultsiin selection of
the associated line-to-earthyloop” for impedance
evaluation.

Pick-up in two phases results in selection of the
associated phase-to®phase loop for impedance
evaluation.

If three-phase,pick=up occurs, the largest of the
three ,phasey cumrents determines the selected
phasé=to=earth loop for impedance evaluation. If
all three currents are equal then L1-E is selected.

The tripping zones of the machine impedance pro-
tectiomyrelay have a polygonally shaped trip char-
agteristic (see also Figure 4.3). It is a symmetrical
¢haracteristic, even though a fault in reverse direc-
tion (negative R and X values) is impossible pro-
vided the usual connection to the current trans-
formers at the star-point side of the machine is
used. The polygon is identified by two parameters:
the R-intersection and the X-intersection. Reac-
tance intersection X and resistance intersection R
can be set separately and independently from
each other.

As long as a fault detector has picked-up, the im-
pedance calculation is effected continuously. This
is carried out by complex division of the voltage
and current phasors derived from the loop selec-
tion. When the calculated fault impedance lies
within the set trip characteristic, the protection is-
sues a trip command which may be delayed ac-
cording to the time setting.

It may be desirable, dependent of the switching
conditions of the power plant, to extent the rapid
impedance zone Z1 to an overreaching zone.
When, for example, the network circuit breaker is
open, then a detected fault can only be in the pow-
er station area. If the position of the network circuit
breaker is indicated to the relay by a breaker auxil-
iary contact via a binary input of the relay, the over-
reaching zone Z1B can be switched effective in this
case.

34
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Figure 4.2  Logic diagram,of the fault detection stage of the impedance protection

As shownyin Figureds3 the relay possesses the fol- X1B Reactance = reach,
lowing gharacteristics which can be set indepen- R1B  Resistance,
dentlyt T1B T1B = 0 or slightly delayed, if required.
- 1st zone'(instantaneous zone Z1), with the set- Additionally, a non-directional final stage (T2) and
ting parameters: a power swing blocking stage (PPOL) are available.
X1 Reactance = reach The power swing polygon PPOL which is required
R1 Resistance for power swing blocking of the distance protection
T1 T1 = 0 or slightly delayed, if required. provides a selectable distance from the tripping
polygon APOL (equal Z1), refer to Section 4.2.4
- Overreach zone Z1B for zone extension, con- for more details.
trolled via binary input, with the setting parame-
ters:
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PPOL

iX

Xpss

X1B

T1B

X1

T1

R1 RIB. PRps

R1B R1

X1

X1B

Figure 4.3  Tripping charactesistics\of the impedance protection and pick-up characteristic for the

detection of power, Swings

4.2.3 Tripping logic

When the felayfhas detected a fault, the delay
times are started. The impedance of the selected
fault loop is compared with the thresholds of the
set zones. Tripping occurs when the impedance is
within a zone whose corresponding time stage has
expired. For@one Z1 (and Z1B) the delay time can
equal, zero, i.e. tripping occurs as soon as it has
b&en confirmed that the fault lies within the zone,
or ‘only a small delay may be set.

An external binary input can be used to release the
overreach zone Z1B.

If a trip signal should be given when an additional
external criterion be present from the power plant,
then a binary input may be used to combine im-
pedance trip AND this input.

Figure 4.4 illustrates the block diagram of the trip-
ping logic.

36

C53000-G1176-C97



7UM516 V3

Method of operation

U1

U2  Z1<

U3

loop
selection

Iy — —

IL2 -

I3

| I

~Gin Tp)

S 0 .
¢-(Imp. Gen.Fit
Ly — D me. T2 exp &M Trip
g 2® matrix
2 4 fault de- T2
ILs — tection =2
Uy — T-
T l_ RESET

Lichatof
power
Z — swing ag
>VT mcb Trip

detection

>Extens. Z1B
Z1B I _—‘_‘
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-
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BE + Z< )i
simpiiblock
Imp. block . Block of
trip_ command
Figure 4.4  Schematig,block diagram of the tripping logic of the distance protection
4.2.4 Power swing blocking

After dynamic occurrences in the system, such as
load fluctuations, short circuits, auto-reclosures or
switching operations, the generators may have to
adjust to the new load conditions in the network.

IR“order to prevent uncontrolled tripping, the im-
pedance protection is provided with a power swing
blocking feature.

Power swings are three-phase symmetrical occur-
rences. The first prerequisite is therefore the sym-
metry of the currents which is verified by evaluation
of the negative sequence current. Asymmetrical
short circuits (i.e. all one-phase and two-phase
short circuits) can therefore not result in pick-up of
the power swing blocking function. Even when a
power swing has been recognized, the following
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asymmetrical short circuit currents lead to fast re-
lease of the power swing blocking function and ren-
der possible tripping by the impedance protection.

In order to detect a power swing, the rate of
change of the impedance vector is measured. Be-
cause of the symmetry conditions, evaluation of
the positive sequence components is sufficient.
Figure 4.5 illustrates the block diagram of the pow-
er swing blocking function.

A "power swing polygon” PPOL, which is larger
than the trip polygon APOL, is used to initiate pow-
er swing detection. The distance between the two
polygons is adjustable. The rate of change of the
impedance vector between the two polygons is de-
cisive for power swing detection. Power swing is
detected before the impedance vector enters the
trip polygon.

Imp. Gen.Fit

3pole fault detection

L2 b < 0,1 Iy &

If the rate of change of the impedance vector is
smaller than a (selectable) value AZ/At, a power
swing is recognized. The measuring time of the
power swing detector is coordinated with the dis-
tance between power swing polygon PPOL and trip
polygon APOL, so that trip can be blocked.

The reaction remains effective until the measufed
impedance vector leaves the power swing polygon
PPOL or when, due to asymmetgy, the power swing
criteria are no longer met. The agtion time of the
power swing blocking device camalsdibe limited by
a selectable time P/S T-ACTL

Note: Power swing blocking aets on the first zone
Z1 only. When the overreach zane Z1B is active no
power swing can occufibecause the network circuit
breaker is then open: The nen-directional overcur-
rent time back-up,stage T2 is not blocked either.

P/S blocking on

Power Swing

AZ(Tin) <
PPOL T s Q
2(T, il
within power 88 Z(Tin) &
swing polygon 88 9T, 1) 8
<\4in
R
PPOL
out of power gﬂl
swing polygon % ll
21 Z(Tin) - first value within power swing
AZ/ > polygon at time instant Ti,)
Z(Tin-At) - last value outside of the power
rate of change | l swing polygon
PPOL - power swing polygon
APOL APOL - trip polygon
within trip h AZ/At - rate of change of the imped-
8% ance vector

pelygon

Figure 4.5 Logic diagram of power swing blocking of the impedance protection
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4.3  Stator earth fault protection

The stator earth fault protection detects earth
faults in the stator windings of three-phase ma-
chines in block connection (via machine trans-
former). The criterion for the occurrence of an
earth fault is the occurrence of a neutral displace-
ment voltage. This principle results in a protected
zone of 90 % to 95 % of the stator winding.

The displacement voltage can be measured either
at the machine starpoint via voltage transformers
or neutral earthing transformers (Figure 4.6) or via
the e-n winding (open delta winding) of a voltage
transformer set or the measurement winding of a
line connected earthing transformer (Figure 4.7).
Since the neutral earthing transformer or the line
connected earthing transformer usually supply a
displacement voltage of 500 V (with full displace-
ment), a voltage divider 500 V/100 V is to be con-
nected in such cases.

In all kinds of displacement voltage formation, the

U0>

components of the third harmonic in each phase
are summed since they are in phase in the three-
phase system. In order to obtain reliable measured
quantities, only the fundamental of the displace-
ment voltage is evaluated in thg stater earth fault
protection. Harmonics are filteredout by numerical
filter algorithms.

The achieved sensitivity 'of ghe protection is only
limited by power frequencyinterference voltages
during an earth faultin the'network. These interfer-
ence voltages are_transferred to the machine side
via the coupling(capacitances of the block trans-
former. If necessary, a loading resistor can be pro-
vided to redilice, these interference voltages. The
protection lpitiatesv¥disconnection of the machine
when an‘earth fadlt in the protected zone has been
present fora,set time.

Figurey4.8 shows the logic diagram of the earth
fault, protection.

=

i} — / )
=\
i— o e CL—== Cre =
] xS T 7T
L -
UR
R & Loading resistor Cg - Generator-earth capacitance

Rp - Veltage divider 1:5
Ugr - Displacément voltage at the protection relay

C_ - Conductor-earth capacitance of line connection
Ct, - Winding-earth capacitance of block transformer
Ck - Coupling capacitance of block transformer

Figure 4.6 Block connected generator with neutral earthing transformer
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R
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Ur
R - Loading resistor Cg - Generdtor-earthycapacitance
Rp - Voltage divider 1:5 C_ - Conductor-earth, capacitance of line connection

Ur - Displacement voltage at the protection relay Ct, - Winding>earth capacitance of block transformer
Ck - Couplingycapacitance of block transformer

Figure 4.7 Block connected generator with line confiected earthing transformer
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Uo -
% - U0> T-U0 > A .
& & Trip matrix
—d —a

Block of T RESET
trip signal

Block U

=0 { >U0> block )

Annunciations

Figure 4.8 Logic diagram of the stator earth fault protection Ug>
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4.4 Out-of-step protection

In extensive high-voltage networks, short-circuits
which are not disconnected quickly enough, or,
disconnection of coupling links which may result in
an increasing of the coupling reactance, may lead
to system swings. These consist of power swings
which endanger the stability of the power transmis-
sion. Stability problems result in particular from ac-
tive power swings which can lead to pole-slipping
and thus to overloading of the synchronous ma-
chines.

The out-of-step protection detects these power
swings by the well-proven impedance measure-
ment. The trails of the complex impedance vector
are evaluated. The impedance is calculated from
the positive sequence components of the voltages
and currents. Trip decision is made dependent of
the rate of change of the impedance vector and on
the location of the electrical centre of the power
swing.

4.4.1 Principles of measurement

The out-of-step condition is illustrated at,a Sitmpli-
fied equivalent circuitin Figure 4.9. The generatory
transformer, and system impedance ismsituated
between the generator voltage Ug andfthelsystem
equivalent voltage Uyn. The total of these imped-
ances should be the impedance Ziqt.

Za ZT1r Zn
D=

Ua UN

1 Ztot
m=0 m=1
Ug U(m) Un
Ug U(m) UN
8

Figure 4.9  Equivalent of power swing

The measurement location divides the total imped-
ance into the impedances m . Zit and
(1 = m) - Ziot- The following applies:

U(m)
Z(m) = Tm)

The current ] is independent ofy,the location of
measurement:

Uges Un
Im) =1= —=
%ot

The voltage at the'lecation of measurement U is:

Udm) =UG'm'des'l
Thus results with:

Ua=lg - e % Un = Uy - eidn

§ = 8g - 8y
Z(m) 1 Z
£(m) = - My - Ltot
1_2&.9‘}8 °
Ug

8 is the displacement angle between the generator
voltage Ug and the network equivalent voltage Uy.
Under normal conditions, this angle depends on
the load situation and is nearly constant. It fluctu-
ates during power swings and can vary, in case of
out-of-step condition, between 0° and 360°. Fig-
ure 4.10 shows the course of the impedance vec-
tor at the measurement location m according to
the above mentioned formula. The origin of the
coordinate system corresponds to the measure-
ment location (voltage transformer set). When the
ratio of the voltage magnitudes Un/Ug is kept con-
stant and the load angle § varies, then circles re-
sult as a locus diagram. The centre and the radius
of the circle are determined by the voltage ratio
UN/Ug. The centre points are situated on a line
which is determined by Ziot. Minimum and maxi-
mum of the magnitude of the measured imped-
ance are at load angles 8 = 0° and § = 180°. If the
measurement location is the electrical centre, the
measured voltage, and thus the measured imped-
ance, becomes zero when the load angle be-
comes § = 180°.

The measurement characteristic is a rectangle
with adjustable widths and inclination angle. This
ensures optimum matching to the conditions in the
power station.
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Im(Z2)

xS

the/measurement location m

Figure 4.10 Impedances

4.4.2 ow logic

Figure 4.11 shows, more detailed, the power swing
detection chatacteristic. The inclination angle is
assumed to be ¢p = 90 °. The setting parameters

Za , and (Z4-Z;) determine the rectangle. It
i rical as to its vertical axis. The limit of Zy
a in reverse direction into the generator.

forward reaches are Z into the unit transform-
er,“and Z4 into the network system. Two character-

istics are available: the lower area, characteris-
tic 1, covers the electrical centre being in the gen-
erator block until the unit transformer, the shaded
area, characteristic 2, discriminates the electrical
centre being in the network system. The point of
crossing of the symmetry axis is decisive for the
assignment to the characteristic.
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Power swings are three-phase symmetrical occur-
rences. The first prerequisite is therefore the sym-
metry of the currents which is verified by evaluation
of the negative sequence current. Condition for
power swing detection is that the positive se-
quence component of the current exceeds an ad-
justable limit 11> and the negative sequence cur-
rent remains below an adjustable value I><.

An out-of-step condition requires, additionally,
that the impedance vector enters a power swing
characteristic at one side and leaves it at the other
side (loss of synchronism, cases (1] and (@] in Fig-
ure 4.11). This is characterizes in that the real
component of the impedance vector (or its com-
ponent rectangular to the symmetrical axis) has
changed its sign while passing through the charac-
teristic.

It is also possible for the impedance vector to enter
and leave the power swing polygon at the same
side. In this case, power swing tends to be stabi-
lized (case (3] in Figure 4.11).

When an out-of-step condition is recognized, i.e.
when the impedance vector has passed througha
power swing characteristic, an annunciation is is¢
sued which also identifies the characteristic.“Addis
tionally, a counter n1 (for characteristic 1) or n2
(for characteristic 2) is incremented.

Out-of-step protection pick-up isdndicated when a
counter is set to 1. Another,out+of<step indication
is given, for an adjustable timeyperiodgeach time a
counter is incremented. After anjadjustable hold-
ing time, which is triggered eachytime a counter is
incremented, pick-up resets unless a new power
swing condition has beenyrecognized.

Trip command isgiven ‘when the number of out-
of-step periods, i.e.“@ne of the counters, has
reached a selectable number.

Figureds12'shows the logic diagram of the out-of-
step pratection:

AN b 1m2)
\
N\
N
AN
~
\\
~N
~ g
*~J_Charagteristig, 2
Zd - Zc
Z
Characteristic 1
¢P L ot
Z,
<l
Z,
\
Figure 4.11 Polygonal out-of-step characteristic and typical power swing occurrences
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1z . complex negative sequence component of the currents

L 4

Figure'4.12 Logic diagram of the out-of-step protection
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4.5 Forward active power supervision

When, for example, with generators operating in
parallel, the active power output of one machine
becomes so small that other generators could take
over this power, then it is often appropriate to shut
down the lightly loaded machine. The criterion in
this case is that the "forward” power supplied into
the network falls below a certain value.

In some applications it can be desirable to output a
control signal if the active power output exceeds a
certain value.

Pf(

Pf>

Block P

Blocking of
trip_signal

The machine protection 7UM516 includes age

power supervision which monitors whether the ac-
tive power falls below one set value as_, well as
whether a separate second set value is exceeded.
Each of these functions can inj ifferent con-

trol functions. \V%
Ve po from the posi-

@ generator currents
empared with the set

The unit calculates the a
tive sequence systems ¢
and voltages. This valle,is
values.

Figure 4.13 sho ogic diagram of the forward
active power s rvision.

Trip
matrix

ip

T-
RESET

Annunciation

diagram of the forward active power supervision
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4.6 Reverse power protection

Reverse power protection is used to protect a tur-
bo-generator unitin case of failure of energy to the
prime mover. In this case the synchronous genera-
tor runs as a motor and drives the turbine whereby
the required motoring energy is taken from the
network. This condition leads to overheating of the
turbine blades and must be interrupted within a
short time by tripping the network circuit-breaker.

The reverse power protection of the 7UM516 pre-
cisely calculates the active power from the sym-
metrical components of the voltages and currents.
By taking the error angles of the instrument trans-
formers into account, the active power component
is calculated even with very high apparent powers
and small power factor. By evaluating only the pos-
itive sequence system, the reverse power mea-
surement remains independent of asymmetrical

currents and voltages and represents the actual
load on the drive side.

In order to bridge a possible transient reverse pow-
er during synchronizing or during power oscilla-
tions due to network faults, the trip.command is
delayed by an adjustable time T=SV-OPEN. How-
ever, if the stop valve is closed,a short time delay
is sufficient. By inputting thefstatus, of the stop
valve via a binary input, the [short time delay
T-SV-CLOSED becomes effegtive"when the stop
valve is closed.

It is possible to blocktripping,by means of an exter-
nal signal.

Figure 4.144shows thellogic diagram of the reverse
power protection.

W —Cpr e )
|-Pel> T-SV-OPEN l
& - Pa ~ y Tri
— & mlaptrix
——d
—( Pr+SV Trip
— . T-SV-CLOSED ‘—
Block P, & e B & T-
—_— = ) RESET
Pr block >
Trip valve

{>SV tripped)

Blocking of
trip signal

Annunciation

Figure 4.14 Logic'diagram of the reverse power protection
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4.7 Unbalanced load protection

Unbalanced load protection is used to detect
asymmetrical loading on three-phase induction
machines. Asymmetrical loading produces an in-
verse (negative sequence) rotating field which
acts, with double frequency, on the rotor. Eddy
currents are induced on the surface of the rotor
which lead to localized overheating in the rotor end
zones and in the slot wedges.

In the unbalanced load protection of the 7UM516,
the fundamental waves of the phase currents are
fitered out and separated into symmetrical com-
ponents. Only the negative sequence component,
the inverse current |, is evaluated.

The unbalanced load protection uses a thermal re-
plica - utilizing the negative sequence current |, -
in order to simulate heating-up of the rotor. The
referred temperature rise is calculated according
to the following thermal differential equation:

0@

1 1
_— = — . 2
t + @ = 12

whereby:

© - instantaneous temperature rise referred to
end temperature rise at maximum gpermis-
sible negative sequence currenty

T - thermal time constant of heatingsup ofyro-
tor surface

Il - actual negative sequence cdrreng, |>" re-
ferred to maximum permissible nggative
sequence current

t ; Unbalanced load
5/ alarm stage >
LLLLLLLLLLLLL

TWARN
Trip area
Thermal
trip stage
The%al )
alarm stage
s TRP-——F—————~————

If the first adjustable temperature rise threshoid’is
reached, an alarm is initiated. If the second tem-
perature limit is reached, the machine can be dis-
connected from the network.

Since the temperature rise during Steady-state
operation is proportional to thessquare of the nega-
tive sequence current, it i§'/Aet Nnecessary to know
the permissible temperature rise. The maximum
continuously permissible negative sequence cur-
rent I>> and the timme constant (time-dependent
unbalanced load capability) are the only parame-
ters to be set.

If the value ©fgthe“eontinuously permissible nega-
tive sequencelcurrent is exceeded, an alarm is ini-
tiated' (refer to Figure 4.15). After the time corre-
sponding tQythe actual negative sequence current
andathe time Constant has elapsed, the machine is
discennected.

If largeynegative sequence currents occur, a two-
phase network short-circuit can be assumed which
must be disconnected in accordance with the time
grading plan of the network. Therefore, an adjust-
able, definite-time, negative sequence current
time stage is superimposed on the thermal charac-
teristic (refer to Figure 4.15). Negative sequence
current above 10 times the permissible value do
not reduce tripping time (see also Figure 3.1).

Figure 4.16 shows the logic diagram of the unbal-
anced load protection.

Unbalanced load
trip stage I1o>>

lZperm

Ip>> e

Figure 4.15 Trip characteristics of the unbalanced load protection
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4.8 Trip matrix

The numerical machine protection 7UM51 includes
an integrated trip matrix. The trip matrix repre-
sents the switching centre of the protection: The
cross-bar distributor between the protection trip
signals and the switching elements in the plant.

The command signals output by the different pro-
tective functions, as described in Sections 4.2 to
4.7, can be marshalled to the 5 trip relays of the
unit as required. External signals such as, for ex-
ample, from the Buchholz protection, pressure or
temperature supervision, shaft vibration measure-
ment, etc., can be coupled into the 7UM51 via a
binary input and marshalled to the trip relays via
the trip matrix. Each trip relay can be assigned to a
switching element, such as a circuit breaker, de-

The procedure for programming the trip matrix and
also the marshalling condition as delivered from
factory are described in detail in Section 5.5.5.

4.9  Circuit breaker trip test O
C

Numerical machine protection relay 7UM516
simple checking of the tripping circuits and the cir-

cuit breakers. ¢
Prerequisite for the start of a test C is that no
protective function has pic

Initiation of the test cycle egiven from the

operator keyboard or via

S

operator inter-

excitation circuit-breaker, trip valve, or other con-
trol gear. Alternatively, five different tripping pro-
grams can be realized by using external master trip
relays. \

C53000-G1176-C97

49



7UM516 V3

Method of operation

4.10 Ancillary functions

The ancillary functions of the machine protection
7UM516 include:

Processing of annunciations,
- Storage of short circuit data for fault recording,

- Operational measurements and testing rou-
tines,

- Monitoring functions.

4.10.1 Processing of annunciations

After a fault in the protected machine, information
concerning the response of the protective device
and knowledge of the measured values are of im-
portance for an exact analysis of the history of the
fault. For this purpose the device provides annun-
ciation processing which is effective in three direc-
tions.

4.10.1.1 Indicators and binary outputs (signal
relays)

Important events and conditions are indicated by
optical indicators (LED) on the front plates., The
modules also contain signal relays for femotg indi-
cation. Most of the signals and indigcations_ean be
marshalled, i.e. they can be allo€ated,meanings
other than the factory settings.,IniSection 5.5 the
delivered condition and the marshalling facilities
are described in detail.

The output signal relays.are ‘notslatched and auto-
matically reset as so@n as ¢he originating signal
disappears. The LEBRs €an be arranged to latch or
to be self-resgtting.

The memoriesyof the LEDs are saved against sup-
ply voltage failuresFhey can be reset:

- locally, by operation of the reset button on the
relay,

- remotely by energization of the remote reset in-
put,

“p.remotely via one of the interfaces.

Some indicators and relays indicate conditions; ‘it
is not appropriate that these should be stored.
Equally they cannot be reset until the originating
criterion has been removed. This mainly concerns
fault indications such as "auxiliary voltage fault”,
etc.

A green LED- indicates readingss for, operation.
This LED cannot be reset andfremains illuminated
when the microprocessor is working correctly and
the unit is not faulty. The LEB, extinguishes when
the self-checking functién, of the microprocessor
detects a fault or wheamathe “auxiliary voltage is ab-
sent.

With the auxiliaryfvoltage present but with an exist-
ing internalgfaultiinfthe 'unit, a red LED illuminates
("Blocked")yand blecks the unit.

4.10.1.2 Information on the display panel or to
a personal computer

Events and conditions can beread off in the display
on the front plate of the device. Additionally, a per-
sonal computer, for example, can be connected
via the operation interface, and all the informations
can then be sent to it.

In the quiescent state, i.e. as long as no faults are
present, the display outputs selectable operating
information (usually an operational measured val-
ue) in each of the two lines. In the event of a fault,
selectable information on the fault appears instead
of the operating information, e.g. detected
phase(s) and elapsed time from fault detection to
trip command. The quiescent information is dis-
played again once these fault annunciations have
been acknowledged. The acknowledgement is
identical to resetting of the stored LED displays as
in Section 4.10.1.1.

The device also has several event buffers, e.g. for
operating messages etc. (see Section 6.4) which
are saved against supply voltage failure by a buffer
battery. These messages, as well as all available
operating values, can be transferred into the front
display at any time using the keyboard or to the
personal computer via the operating interface.
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After a fault, for example, important information
concerning its history, such as pick-up and trip-
ping, can be called up on the display of the device.
The fault inception is indicated with the absolute
time of the operating system provided the real time
clock is available. The sequence of the events is
tagged with the relative time referred to the mo-
ment at which the fault detector has picked up.
Thus, the elapsed time until tripping is initiated and
until the trip signal is reset can be read out. The
resolution is 1 ms.

The events can also be read out with a personal
computer by means of the appropriate program
DIGSI®. This provides the comfort of a CRT screen
and menu-guided operation. Additionally, the data
can be documented on a printer or stored on a
floppy disc for evaluation elsewhere.

The protection device stores the data of the last
four faults; if a fifth fault occurs the data of the old-
est fault are overwritten in the fault memory. The
data of the last three faults can be read out in the
display.

A fault begins with recognition of the fault by pick-
up of any protection function and ends with the lat+
est reset of a protection function.

4.10.1.3 Information to a central unit

In addition, all stored information cany,be trans-
mitted via an optical fibre conhectar or the isolated
second interface (system interface)“to a control
centre, for example, the SIEMENS ocalized Sub-
station Automation SystemLSA®78. Transmission
uses a standardized transmission protocol accord-
ing to VDEW/ZVEI or (selectable) according to DIN
19244,

4.10.2 Data storage and transmission
for fault recording

The device incorporates a data store which can op-
tionally store the instantaneous values  or the
r.m.s. values of various measured quantities.

The instantaneous values ofithe ‘measured values

i1, L2, L3, iEs UL1-NJUL2AN, UL3-N, Up

are sampled at intervalSief 12walues per a.c. peri-
od (at 50 Hz) and stered in\aycirculating shift regis-
ter. In case of a fault,“thefdata are stored over a
selectable time period, but max. over 5 seconds.
The maximum number of fault records within this
time period i§ 8y These data are then available for
fault apalysis./For‘each renewed fault event, the
actual new, faultgdata are stored without acknowl-
edgement ofythe old data.

Ihe data can be transferred to a connected per-
sonal computer via the operation interface at the
front ‘@and evaluated by the protection data evalua-
tion program DIGSI®. The currents and voltages
are referred to their maximum values, normalized
to their rated values and prepared for graphic visu-
alization. In addition, signals can be marked as bin-
ary traces, e.g. "Pick-up” and "Trip".

Additionally, the fault record data can be trans-
mitted to a control centre via the serial system in-
terface. Evaluation of the data is made in the con-
trol centre, using appropriate software programs.
The currents and voltages are referred to their
maximum values, normalized to their rated values
and prepared for graphic visualization. In addition,
signals can be marked as binary traces, e.g.
"Pick-up” and "Trip".

When the data are transferred to a central unit,
read-out can proceed automatically, optionally af-
ter each pick-up of the relay or only after a trip.
The following then applies:

- The relay signals the availability of fault record
data,

- The data remain available for recall until com-
mencement of the next fault event.

- A transmission in progress can be aborted by
the central unit.
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4.10.3 Operating measurements and
conversion

For local recall or transmission of data, the true
r.m.s. values of the currents and voltages are al-
ways available as are the positive sequence com-
ponents of the currents and voltages.

The following is valid:

-1, It2, s phase currents in amps primary and
in % of rated current Iy,

= Ipos positive sequence current,

- U_1e, Urze, voltages (phase-earth) in kilovolts
ULse primary and in V secondary,

-V3- Upos

Additionally, the active and reactive power, the
power factor and power angle, calculated imped-
ance, the displacement voltage of the stator earth
fault protection, as well as the frequency, the un-
balanced load, and the calculated rotor tempera-
ture rise can be read out.

positive sequence voltage.

The following is valid:

-P active power in megawatts primary
and in % of /3-In-Un,

-Q reactive power in megvars primary.
and in % of /3-Iy-Un.

- cos ¢ power factor,

-¢ power angle,

- f frequency in Hz,

-Up displacement veltage,

-R measured resistance in Q,

-X measured geactance in Q,

- lo/lN yunbalanged load current,

- ©/Byip temperature rise calculated from

theyunbalanced load current.

Note: 7UM516 provides a frequency dependent
amplitude correction which operates in the range
of £20, % of the rated frequency. Outside of this
range,the displayed values are smaller according
to the,filter characteristics (refer also note in Sec-
tion 66.1).

4.10.4 Monitoring functions

7UM516 incorporates comprehensive monitoring
functions which cover both hardware and software;
furthermore, the measured values are continuous-
ly checked for plausibility so that the current and
voltage transformer circuits are also _included in
the monitoring system.

4.10.4.1 Hardware monitoring

The complete hardware is,monitered for faults and
inadmissible functions,_from,the measured value
inputs to the output relaysyln detail this is accom-
plished by monitoring:

- Auxiliary and freferenee voltages

The processofmpmonitors the offset and refer-
ence voitageyof the ADC (analog/digital conver-
ter)..,The, protection is blocked as soon as im-
permissiblerdeviations occur. Permanent faults
are annunciated.

Failure or switch-off of the auxiliary voltage au-
tormatically puts the system out of operation;
this status is indicated by a fail-safe contact.
Transient dips in supply voltage of less than
50 ms will not disturb the function of the relay
(Uq > 110 V).

- Measured value acquisition

The complete chain, from the input transform-
ers up to and including the analog/digital con-
verters are monitored by the plausibility check of
the measured values.

In the current path, there are three input con-
verters; the digitized sum of the outputs of these
must be almost zero under normal operation.
When the star-point of the machine is not or
high-ohmic earthed (address 1108), current
sum check is carried out. A fault in the current
path is then recognized when

lich + L2 + iLgl >
SUM.lthres x Iy + SUM.Fact.l x lmax

SUM.Ithres and SUM.Fact.| are setting parame-
ters (refer 6.3.10). The component SUM.Fact.l
X Imax takes into account permissible current
proportional transformation errors in the input
converters which may particularly occur under
conditions of high currents (Figure 4.17).
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_IE I = Fault current
IN
Slope:
/ SUM.Fact.|
SUM.lthres
Imax
In

Figure 4.17 Current sum monitoring

In the voltage path, there are three input con-
verters, connected to each phase-earth voltage
and one further connected to the displacement
voltage Ugn. A fault in the voltage circuits will be
recognized when ’

luLy + uLz + uLs + ky - Ugn| >
SUM.Uthres + SUM.Fact.U x Umax

Factor ky (parameter Uph/Udelta, address
1210) can be set to correct different ratiosgof
phase and open delta voltage transformef wind-
ings. SUM.Uthres and SUM.Fact.U are“setting
parameters (refer 6.3.10). The component
SUM.Fact.Ux Umax takes into account permissi-
ble voltage proportional transformation eerors’in
the input converters (Figure 4.18).

Note: Voltage sum monitoring, can operate
properly only when an externally fefmed open
delta voltage Ugpn is connected 1o the residual
voltage input of the relay.

U—f Ug = Fault voltage
Un
Slope:
/SUM.F&CI.U
SUM Uthre$§
Umax
Un

Rigure’ 4.18 Voltage sum monitoring

- Command output channels:

The command relays for tripping are controlled
by two command and one additional release
channels. As long as no pick-up condition ex-
ists, the central processor makes a ,cyclic
check of these command output channels for
availability, by exciting each ¢hannel one after
the other and checking forRchange in the output
signal level. Change of the feed-back signal to
low level indicates a fault imyone’ of the control
channels or in the relay ¢oil.| Such a condition
leads automatically tGyalarmgand blocking of the
command output,

- Memory modules:

The memoryamodules are periodically checked
for fault by:

® Writingha data bit pattern for the working
memory (RAM) and reading it,

® Formation of the modulus for the program
meémory (EPROM) and comparison of it with
a reference program modulus stored there,

® Formation of the modulus of the values
stored in the parameter store (EEPROM)
then comparing it with the newly determined
modulus after each parameter assignment
process.

4.10.4.2 Software monitoring

For continuous monitoring of the program se-
quences, a watchdog timer is provided which will
reset the processor in the event of processor fail-
ure or if a program falls out of step. Further, inter-
nal plausibility checks ensure that any fault in pro-
cessing of the programs, caused by interference,
will be recognized. Such faults lead to reset and
restart of the processor.

If such a fault is not eliminated by restarting, fur-
ther restarts are initiated. If the fault is still present
after three restart attempts the protective system
will switch itself out of service and indicate this con-
dition by drop-off of the availability relay, thus indi-
cating "equipment fault” and simultaneously the
LED "Blocked” comes on.
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4.10.4.3 Monitoring of external measuring
transformer circuits

To detect interruptions or short circuits in the ex-
ternal measuring transformer circuits or faults in
the connections (an important commissioning aid)
the measured values are checked at cyclic inter-
vals, as long as no pick-up condition exists:

- Current symmetry

In healthy operation it can be expected that the
currents will be approximately symmetrical. The
following applies:

| tmin | /| Imax | < SYM.Fact.|
if

lmax / I > SYM.Ithres / Iy

Imax iS always the largest of the three phase cur-
rents and |min always the smallest. The symme-
try factor SYM.Fact.| represents the magnitude
of asymmetry of the phase currents, and the
threshold SYM.Ithres is the lower limit of the pro-
cessing area of this monitoring function (see
Figure 4.19). Both parameters can be set (see
Section 6.3.10).

I min
In
Slope:
SYM . Fact.|
/
SYMflthres lmax
In

Figure 4.19 QCurrent symmetry monitoring

- Voltage symmetry

In healthy operation it can be expected that the
voltages will be approximately symmetrical.
Therefore, the device checks the three phase-

The following applies:

| Umin | / | Umax | < SYM.Fact.U
if

| Umax | > SYM.Uthres

whereby Umax is the largest of the threewoltages
and Umin the smallest. The“symmetry factor
SYM.Fact.U represents the magnitude of the
asymmetry of the voltagés. Whe” threshold
SYM.Uthres is the lower limit of the processing
area of this monitoring™function (see Figure
4.20). Both parameters.can be set (see Section
6.3.10).

_Ymig
Un
Slope:
SYM.Fact.U
/
SYM.Uthres Urnax

N

Figure 4.20 Voltage symmetry monitoring

- Phase rotation

Since correct functioning of measured value se-
lection and directional determination relies upon
a clockwise sequence of the phase voltages,
the direction of rotation is monitored:

ULy before U, before U3
This check is carried out when the measured

voltages as described in 4.10.4.1 are plausible
and have a minimum value of at least

Uil [ULal, 1ULsl > 40 Vi3

Counter-clockwise rotation will cause an alarm.

Table 4.1 gives a survey of all the functions of the

te—phase voltages for symmetry. Monitoring of
the sum of the phase-to-phase voltages is not
influenced by earth faults.

measured value monitoring system with annunci-
ations. Multiple annunciations are possible. The
monitoring systems do not block any protection
functions.

54

C53000-G1176-C97



7UM516 V3

Method of operation

Monitoring

Failure covered, reaction

. Plausibility check of currents

lice +iL2 +ial >
SUM.lthres x Iy + SUM.Fact.l x lnax

Relay failures in the signal acquisition circuits
iL1, iL2, iL3

delayed alarm "Failure ZI"

. Plausibility check of voltages phase-earth

luy + uLz + ugs + Uph/Udelta x ugy| >
SUM.Uthres x Uy + SUM.Fact.U x Umax

Relay failures in the signal acquisition circuits
uLt, UL2, ULs. Ug

delayed alarm "Failure XZUph<=e"

. Current unbalance

Irin] < SYM.Fact.l
Ilmax

and |lmax] > SYM.Ithres

Single, or phase-to-phase (shart circuits or bro-
ken conductors in the eyt, GiFcuits i_q, i 2, iL3
or

Unbalanced load

delayed alarm #Failupe Isymm”

. Voltage unbalance (phase-phase)

Uppjn| < SYM.Fact.U
|Umaxl ’

and |Umaxl > SYM.Uthres

Short-circuit or interruption (1-phase, 2-phase)
in v.t.dsecondary, Circuits

or

unbalancedWoltage on the system

delayed alarm "Failure Usymm"

. Phase rotation

up1 before ui 2 before ugs. :
as long as |Upq]. |UL2|. [ULsl > 40 V/\/3

Swopped voltage connections or reverse rota-
tion sequence

delayed alarm "Fail.PhaseSeq"”

Table 4.1

Bolted figures are setting values.

Summary of measuring circuit monitoring
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5 Installation instructions

A\ Warning

The successful and safe operation of this device is dependent on proper handlingiand installation
by qualified personnel under observance of all warnings and hints containedgin, thiSymanual.

In particular the general erection and safety regulations (e.g. IEC, DIN, ¥DE flor/national stan-
dards) regarding the correct use of hoisting gear must be observed. Non-observance can result
in death, personal injury or substantial property damage.

5.1  Unpacking and repacking

When dispatched from the factory, the equipment
is packed in accordance with the guidelines laid
down in IEC 255-21, which specifies the impact re-
sistance of packaging.

This packing shall be removed with care, without
force and without the use of inappropriate toolss
The equipment should be visually checked to gn-
sure that there are no external traces of damage.

The transport packing can be re-used for further
transport when applied in the same way. The stor-
age packing of the individual relays is not suited to
transport. If alternative packing is usedfthisimust
also provide the same degree of protegtion against
mechanical shock, as laid down INQIEC%2556-21-1
class 2 and IEC 255-21-2 class, (1.

5.2  Preparations

The opeératingi\conditions must accord with VDE
0100/5.73pand“VDE 0105 part 1/7.83, or corre-
sponding natienal standards for electrical power in-
stallationst

A Caution!

The modules of digital relays contain
CMOS circuits. These shall not be with-
drawn or inserted under live conditions!
The modules must be so handled that any
possibility of damage due to static electri-
cal charges is excluded. During any nec-
essary handling of individual modules the
recommendations relating to the handling
of electrostatically endangered compo-
nents (EEC) must be observed.

In installed conditions, the modules are in no dan-
ger.
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5.2.1 Mounting and connections

5.2.1.1 Model 7UM516x-xBxxx for panel sur-

face mounting

- Secure the unit with four screws to the panel.
For dimensions refer to Figure 2.2.

- Connect earthing terminal (Terminal 26) of the
unit to the protective earth of the panel.

- Make a solid low-ohmic and low-inductive op-
erational earth connection between the earthing
surface at the side of the unit using at least one
standard screw M4, and the earthing continuity
system of the panel; recommended grounding
strap DIN 72333 form A, e.g. Order-No. 15284
of Messrs Druseidt, Remscheid, Germany.

- Make connections via screwed terminals.

5.2.1.2 Model 7UM516x-xCxxx for panel flush
mounting or 7UM516x-xExxx for cu-
bicle installation

- Lift up both labelling strips on the lid of the unit
and remove cover to gain access to faur holes
for the fixing screws.

— Insert the unit into the panel cut-outdfd secure
it with the fixing screws. For dimensions refer to
Figure 2.3.

- Connect earthing screw on‘the rear of the unit to
the protective earth of thefpanel or cubicle.

- Make a solid low-ohmigyand lew-inductive op-
erational earth connection between the earthing
surface at the rear Qf the ‘Unit using at least one
standard screw M4, andgthe earthing continuity
system of the panél @r cubicle; recommended
grounding‘strapBIN 72333 form A, e.g. Order-
No. 15284 of Messrs Druseidt, Remscheid, Ger-
manyy

- Make connegtions via the screwed or snap-in
terminals of the sockets of the housing. Observe
labelling of the individual connector modules to
ensurefeorrect location; observe the max. per-
missible conductor cross-sections. The use of
the screwed terminals is recommended; snap-
in“connection requires special tools and must
not be used for field wiring unless proper strain
relief and the permissible bending radius are ob-
served.

5.2.2 Checking the rated data

The rated data of the unit must be checked against
the plant data. This applies in particular to the auxil-
iary voltage and the rated current of the current
transformers.

5.2.2.1 Control d.c. voltage ofybinary inputs

When delivered from factory, the binary inputs are
designed to operate in“the“total control voltage
range from 19 V to4288 V. The pick-up threshold
lies near 17 V. In arder tamdptimize the operation of
the inputs, they, shouldibe matched to the real con-
trol voltage to_inCrease stability against stray volt-
ages in the/d.c.AeirCuits. It depends on the hard-
ware state (production series) of the relay how this
is carried'Qut. This state is found on the name plate
behind the complete order designation.

Torfit@yhigher pick-up threshold of approximately
80"V, to,a binary input a solder bridge must be re-
moved. Figure 5.1 shows the assignment of these
solder bridges for the inputs Bl 1 to Bl 4, and their
location on the basic p.c.b. of the basic input/out-
put module GEA-1. Figure 5.2 shows the assign-
ment of these solder bridges for the inputs BI 5 to
Bl 8 and their location on the additional input/out-
put module ZEA-1.

- Open housing cover.

- Loosen the basic module using the pulling aids
provided at the top and bottom.

1\ Caution!

Electrostatic discharges via the com-
ponent connections, the PCB tracks or
the connecting pins of the modules
must be avoided under all circum-
stances by previously touching an
earthed metal surface.

- Pull out basic module and place onto a conduc-
tive surface.

- Check the solder bridges according to Figure
5.1, remove bridges where necessary.

- Insert basic module into the housing; ensure
that the releasing lever is pushed fully to the left
before the module is pressed in.

- Firmly push in the module using the releasing le-
ver.

C53000-G1176-C97

57



7UM516 V3

Installation instructions

- Similarly check on the additional input/output
module ZEA-1 according to Figure 5.2. (This
smaller module has pulling handles instead of

the releasing lever).

- Close housing cover.

Binary input 1 : Solder bridge X21

Binary input 2 : Solder bridge X22
Binary input 3 : Solder bridge X23

Binary input 4 : Solder bridge X24

For rated voltages 24/48/60 V-:

For rated voltages 110/125/220/250 V-:

Figure 5.1

Solder bridges must be fitted!
Pick-up value approx. 17 V

Solder bridges may be removed:
Cut and bend aside.
Pick-up value approx. 80 V

Checking for control voltages for binary inputs#t tod on basic module GEA-1

Binary input 5 : Solder bridge X7 k

Binary input 6 : Solder bridge X8

Binary input 7 : Solder bridge X9
Binary input 8 : Solder bridge X10
Binary input 9 : Solder bridge X11

Binary input 10: Solder bridge X12
For rated voltages 24/48/60 V-:

For rated voltages 110/125/220/250 Y-+

Figure 5.2

5.2.3

X7 X8 X9 X10 X11 X12 -
\ \ \ \ \ \
AU i A Y 3 3 Y
) ) ) ) °
®
[ ] [ ]
[
. .
[ e o
e °
& *
e o
®
Solder bridges must be fitted!
Pick-up value approx. 17 V
Solder bridges may be removed:
Cut and bend aside.
Pick-up value approx. 80 V

Checking farfcontrol voltages for binary inputs 5 to 10 on additional module ZEA-1

Inserting the back-up battery

The device anfiunciations are stored in NV-RAMs.
A backsup battery is available so that they are re-
tain€dyeven with a longer failure of the d.c. supply
veltage. The back-up battery is also required for
the internal system clock with calender to continue
in‘the event of a power supply failure.

The battery is normally supplied separately with re-
lays of former production series. It should be in-
serted before the relay is installed. Section 7.2 ex-
plains in detail how to replace the back-up battery.
Join this section accordingly when inserting the
battery for the first time.

The battery is already installed at delivery in newer
models. It should be checked according to Section
7.2 that the battery is correctly in place.

58

C53000-G1176-C97



7UM516 v3

Installation instructions

5.2.4 Checking LSA transmission link

If the interface for a central data processing station
(e.g. LSA) is used, these connections must also
be checked. It is important to visually check the
allocation of the transmitter and receiver channels.
Since each connection is used for one transmis-
sion direction, the transmit connection of the relay
must be connected to the receive connection of
the central unit and vice versa.

If data cables are used, the connections are
marked in sympathy with ISO 2110 and DIN 66020:

TXD Transmit line of the respective unit
MT Frame reference for the transmit line

RXD Receive line of the respective unit
MR Frame reference for the receive line

The conductor screen and the common overall
screen must be earthed at one line end only. This
prevents circulating currents from flowing via the
screen in case of potential differences.

Plug'jumperyshown as delivered
X239: Position 1-2 = "Light off”

Figure 5.3

Transmission via optical fibre is recommendedsglt
is particularly insensitive against disturbances and
automatically provides galvanic isolation. Transmit
and receive connector are designated with the
symbols ~®> for transmit outpdfand —>® for
receive input.

The normal signal positiongfontheldata transmis-
sion is factory preset as [light'off”. This can be
changed by means of alugijumper X239 which is
accessible when the basiclinput/output module is
removed from the case. The jumper is situated in
the rear area of thelpower supply board (centre
board) (Figure 5.3).

Jumper [®ROsition | Normal signal position
X239 1-2 "Light off”
X239 2-3 "Light on”

D201

v

—/ I
c227 \

o )

o )

o o
50 50
100 100

o o

) o

o o

) o
S~

Position of the jumper X239 on the power supply board
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5.2.5 Connections

General and connection diagrams are shown in Ap-
pendix A and B. The marshalling possibilities of the
binary inputs and outputs are described in Section
5.5.

For stator earth fault protection the neutral dis-
placement voltage is supplied from a line con-
nected earthing transformer or a neutral earthing
transformer. Since the secondary windings of
these transformers usually supply a voltage of
500 V (with full displacement voltage) the voltage
must be connected to the unit via a voltage divider

Neutral earthing

500 V/100 V (e.g. 3PP1336-1CZ-013001).

Connection examples are shown in Figure 5.4
(neutral earthing transformer) and Figure 5.5 (line
connected earthing transformer). The illustrations
also show the load resistor Rg which provides a
sufficiently high signal-to-noise ratio fomthe mea-
sured value.

Further instruétions are containedyin the pamphlet
"Planning Machine Protection/Systems”, Order
No. E50400-U0089-U412-A1-7600.

transformer
Uin/v/3 \
u} — - a—

Rg Load resistor
L 500 vV
100 Vv

Voltage divider

; 7UM516 :
Figure 5.4  Connections for earth fault protection 'Ug - example with neutral earthing transformer
Line connected
earthing transformer
Load resistor
Voltage divider
. 7UM516 i
Figure 5.5 Connections for earth fault protection Ug - example with line connected earthing trans-
former
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5.2.6

Checking the connections

A Warning

Some of the following test steps are car
ried out in presence of hazardous volt
ages. They shall be performed by qualifiec
personnel only which is thoroughly familia
with all safety regulations and precaution
ary measures and pay due attention tc
them.

Non-observance can result in severe per
sonal injury.

- Switch off the circuit breakers for the dc supply

and the voltage transformer circuits!

- Check the continuity of all the current and volt-

age transformer circuits against the plant and
connection diagrams:

e Are the current transformers correctly
earthed?

® Are the polarities of the current transformer
connections consistent?

e Is the phase relationship of the current'trans-

formers correct?
e Are the voltage transformers
earthed?

correctly

e Are the polarities of the voltage transformer
circuits correct?

@ Is the phase relationshipfof‘the voltage trans-
formers correct?

® |s the polarity of the"opemdelta winding on the
voltage transformers or\of the earthing trans-
former and the,conmection correct?

If test switChes have been fitted in the secondary
circuitsgcheckytheir function, particularly that in
the "test” position the current transformer sec-
ondaryy Circuit§’ are automatically short-cir-
cuited.

Ensure that the miniature slide switch Onmthe
front plate is in the "OFF" O position. (refer
Figure 6.1).

Fit a dc ammeter in the auxiliary_power circuit;
range approx. 1.5 A to$,A.

Close the battery supply €ircuitsbreaker; check
polarity and magnitude, of voltage at the termi-
nals of the unit or atthe connector module.

The measured current £onsumption should be
insignificant. Transient movement of the amme-
ter pointer ofly, indicates the charging current of
the storagencapagitors.

Putthe miniature slide switch of the front plate in
the "QN"yposition ® . The unit starts up and, on
completion’of the run-up period, the green LED
onthe front comes on, the red LED gets off after
at mast 7 sec.

Open the circuit breaker for the dc power sup-
ply.

Remove dc ammeter; reconnect the auxiliary
voltage leads.

Close the voltage transformer m.c.b. (second-
ary circuit).

Check the direction of phase rotation at the relay
terminals (clockwise!).

Open the m.c.b.'s for voltage transformer sec-
ondary circuits and dc power supply.

Check through the tripping circuits to the circuit
breakers.

Check through the control wiring to and from
other devices.

Check the signal circuits.

Reclose the protective m.c.b.'s.
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5.3 Configuration of operation and memory functions

5.3.1

For most operational functions, the input of a
codeword is necessary. This applies for all entries
via the membrane keyboard or front interface
which concern the operation on the relay, for ex-
ample

- configuration parameters for operation lan-
guage, interface configuration and device con-
figuration,

- allocation or marshalling of annunciation signals,
binary inputs, optical indications,

Operational preconditions and general

- setting of functional parameters (thresholds,
functions).

- initiation of test procedures.

The codeword is not required f6fAthe fead-out of
annunciations, operating datalor/faultrdata, or for
the read-out of setting parameters.

To indicate authorized operator use, press key
CW, enter the six figureqeode 000000 and
confirm with E. Codeword entry can also be made
retrospectively afteéppaging or direct addressing to
any setting, address.

CODEWORD: The entered eharacters do not appear in the display,
insteadsonly a Ssymbol @ appears. After confirmation
of theyeorrectiinput with E the display responds with CW

ACCEPTED. Press the entry key E again.

ENTER
eee@eeea@

CWw ACCEPTED

Ifothe codeword is not correct the display shows
CODEWORD WRONG. Pressing the CW key allows
another attempt at codeword entry.

CODEWORD WRONG

Address blocks 70 to 79 are provided for configu-
ration of the software operating systém. These
settings concern the operation ofythe (relay,|com-
munication with external operating and proecessing
devices via the serial interfaces,land the interac-
tion of the device functions.

The simplest way of arriving at the beginning of this
configuration blocks is to use key DA, followed by
the address number 7 0 0 0 and ENTER, key E.
The address 7000 appears, which forms the head-
ing of the configuration blocks.

ﬁ 70000 0P 4 /8,YSTEM
Illconrriéumboron

—

Beginning of the block "Operating system configura-
tion”

The double arrow key i switches over to the first
configuration block (see below). Use the key 1 to
find theyaddress 7101. The display shows the four-
digit "faddress number, i.e. block and sequence
Aumber. The title of the requested parameter ap-
pears behind the bar (see below). The second line
efthe display shows the text applicable to the pa-
rameter. The present text can be rejected by the

"No"-key N. The next text choice then appears, as
shown in the boxes below. The chosen alternative
must be confirmed with enter key E!

The setting procedure can be ended at any time by
the key combination F E, i.e. depressing the func-
tion key F followed by the entry key E. The display
shows the question "SAVE NEW SETTINGS?".
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Confirm with the "Yes”-key Y that the new settings
shall become valid now. If you press the "No"-key
N instead, codeword operation will be aborted, i.e.
all alterations which have been changed since the
last codeword entry are lost. Thus, erroneous al-
terations can be made ineffective.

If one tries to leave the setting range for the config-
uration blocks (i.e. address blocks 60 to 79) with
keys 1 I, the display shows the question "END OF
CODEWORD OPERATION ?”. Press the "No"-key
N to continue configuration. If you press the

5.3.2

Operating parameters can be set in address block
71. This block allows the operator language to be
changed. The date format can be selected. Mes-
sages on the front display can be selected here for
the quiescent state of the unit or after a fault event.
To change any of these parameters, codeword
entry is necessary.

"Yes”"-key JIY instead, another question ap-
pears: "SAVE NEW SETTINGS ?". Now youmcan
confirm with J/IY or abort with N, as above.

When one exits the setting program, the altered
parameters, which until then have been stored in
buffer stores, are permanently secured4in EE-
PROMs and protected against power outage. If
configuration parameters have beefn changed the
processor system will resetand re=start. During
re-start the device is not operatignal.

Settings for the integrated operation - address block 71

When, the'relay is delivered from the factory, the
device'igyprogrammed to give function names and
Outputspin the German language. This can be
changed under address 7101. The operator lan-
guages available at present are shown in the boxes
below. The date is displayed in the European for-
mat when the relay is delivered.

ol 1N
RAT

TEGRATED
ON

—H

=
>

18
TS

NG U“AG E

(@]
jas)

20D
MM .

>

TE
YYY

FORMAT

w

YYY

YYYY

Beginning of the block "Integrated operation”

The available languages can be called up by repeat-
edly pressing the "No"-key N. Each language is
spelled in the corresponding country's language. If
you don't understand a language, you should find
your own language.

The required language is chosen with the enter key

The date in the display is preset to the European for-
mat Day.Month.Year. Switch-over to the American
format Month/Day/Year is achieved by depressing the
"No"-key N; then confirm with the entry key E.

two figures for the day
two figures for the month
four figures for the year (incl. century)
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l1st L

allocated

710500PER .

not

IL1 [%]

12 [%]

1L3 [%]

etc.

71068 0PER. 2nd
allocated

L

-

not

etc.

Message to be displayed in the 1st display line during
operation. Any of the operational measured values a¢-
cording to Section 6.4.4 can be selected as messages
in the the quiescent state of the relay by repeatedly
depressing the "No”-key N; The value selected by the
entry key E under address 7105 will appear in the first
line of the display.

Message to be displayed in the,2nd/display line during
operation. The value selected bythe entry key E under
address 7106 will appeagiin theisecond line of the dis-

play.

Fault event annunciations can be displayed after a
fault on the front. These can be chosen under ad-
dresses 7107 and 7108. The possible messages
can be selected by repeatedly pressing the
"No"-key N. The desired message is confirmed
with the enter key E. These spontaneous mes-

sagesfaresacknowledged during operation with the
RESET Key,or via the remote reset input of the de-
vice _onyvia the serial interfaces. After acknowl-
edgementiithe operational messages of the quies-
cent'state will be displayed again as chosen under
addresses 7105 and 7106.

K 7B FAULT 1st L
*Pr Pick-up
Prot Trip
T-Fault
T-Tr11p
Ml7108B Faymr™2nd L
‘T-Tri g

Stc.

After a fault event, the first line of the display shows:

the first protection function which has picked up,
the latest protection function, which has tripped,
the elapsed time from pick-up to drop-off,

the elapsed time from pick-up to trip command.

After a fault event, the second line of the display
shows:
the possibilities are the same as under address 7107.

64

C53000-G1176-C97



7UM516 v3

Installation instructions

5.3.3

The device provides two serial interfaces: one PC
interface for operation by means of a operator ter-
minal or personal computer in the front and a fur-
ther system interface for connection of a central
control and storage unit, e.g. Siemens LSA 678.
Communication via these interfaces requires some
data prearrangements: identification of the relay,
transmission format, transmission speed.

Configuration of the serial interfaces - address block 72

These data are entered to the relay in address
block 72. Codeword input is necessary (refer to
Section 5.3.1). The data must be coordinated with
the connected devices.

All annunciations which cangbe processed by the
LSA are stored within the device jinfa separate
table. This is listed in Appendix Cu

7200@0 PC/SYSTEM

INTERFACES

Ml72018DEVICE 4aDD

{

*72=02IFEEDER ADD.——
{ _ 4
f7203lsu§s*r. AD D q
{

f7208IFUNCT‘.p TYPE
{70

}7209lDEVICE TYPE
‘12

Beginning of the block _"Interfaces for personal
computer and centralfcomputer system”

Identificationinumberof the relay within the substation;
valid for_bothithedinterfaces (operating and system
interface). The number can be chosen at liberty, but
mustibe used only once within the plant system
Smallestypermissible number: 1

Largest permissible number: 254

Ndmber of the feeder within the substation; valid for
bothfthe interfaces (operating and system interface)
Smallest permissible number: 1
Largest permissible number: 254

Identification number of the substation, in case
more than one substation can be connected to a
central device

Smallest permissible number: 1
Largest permissible number: 254

Function type in accordance with VDEW/ZVEI; for
machine protection no. 70.

This address is mainly for information, it should not
be changed.

Device type for identification of the device in
Siemens LSA 678. For 7UM516 V3 no. 12

This address is only for information, it cannot be
changed.
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Addresses 7211 to 7216 are valid for the operating (PC) interface on the front of the relay.

Note: For operator panel 7XR5, the PC-interface format (address 7211) must be ASCI!/, the PC Baud-rate
(address 7215) must be 71200 BAUD, the PC parity (address 7216) must be NO 2 STOP.

72110 pPcC INTERTF . Data format for the PC (operating) interface:

DIGS I vV 3 format for Siemens protection data procesSing pro-
gram DIGSI® Version V3

——

ASCITI ASCII format

* 72150 PC BAUDRATE The transmission Baud-ratefer communication via the
‘ PC (operating) interface at thedfront can be adapted
7 9600 BAUD to the operator's communigation interface, e.g. per-

— sonal computer, if necessary. The available possibili-

19200 BAUD _ ties can be displayed by repeatedly depression of the
"No"-key N. Confirm ‘thé desired Baud-rate with the

2400 BAUD

4 800 BAUD

* 72160 PcC PARITY Parity and stop-bits for the PC (operating) interface:
+ DIGSI V3 format for Siemens protection data processing pro-
" = gram DIGS!® Version V3 with odd parity and 1 stop-bit
N O 2 STOP no parity, 2 stop-bits
N O 1 STOP no parity, 1 stop-bit

Addresses 7221 to 72385%are Valid for the system (LSA) interface.

’ 7 2 9 T.. S v S= INTERTF . Data format for the system (LSA) interface:
+ VDEW QGEXTENDED data |n accordance with VDEW, extended by Siemens
specified data
VDEW COMPATIBLE only data in accordance with VDEW
Mcs1 vs fgorl'arrr:qathlcC);rs;S:Rge\r/n;g;sor;\)r\(;éeotion data processing pro-
DS A format of the former Siemens LSA version
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72220 sYs MEASUR.

VDEW EXTENDED

VDEW COMPATIBLE

72250sSYsS BAUDR.
9600 BAUD

i

19200 BAUD

1200 BAUD

M72260svs parzTy |
flvpEw/D1cs1ivs/Lsa

Format of measured values for the system (LSA) in+
terface:

data in accordance with VDEW/ZVEI, extendedfby
Siemens specified data

only data in accordance with VDEW/ZVEI

The transmission Baud-rate for communigation via the
system interface can be adapted-te, the system inter-
face, e.g. LSA, if necessary. The available possibili-
ties can be displayed by repeatedlyidepression of the

"No"-key N. Confirm the desired Baud-rate with the
entry key E.

Parity andystép=bits for the PC (operating) interface:

formatifor VDEW—protocol,Qr Siemens protection data
proceSsingyprogram DIGS/™ Version 3 and former LSA

no parity,” 2 stop-bits

nolpafity, 1 stop-bit

Address 7231 is relevant only in case th€ data,transmitted through the system interface are in accordance
with the VDEW/ZVEI protocol (address'7221 SYS INTERF. = VDEW COMPATIBLE or VDEW EXTENDED).
This address determines whether all'annun€iations which occur during test operation are marked with the

origin "test operation”.

72310 SYS BBHEST
OFF

e

ON

Only for VDEW compatible protocol:

in ON position, the VDEW/ZVEI-compatible annunci-
ations are assigned with the origin "test operation”
during test operation

Address 7235(is relévant only in case the systenp\interface is connected with a hardware that operates with
the protectiompdata processing program DIGSI® (address 7221 SYS INTERF. = DIGS/ V3). this address
determines whether is shall be permitted to change parameters via this interface.

72350sYyS PARAMET
N, O

Y

Y E S

Remote parameterizing via the system interface
NO - is not permitted

YES - is permitted
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5.3.4 Settings for fault recording - address block 74

The machine protection relay is equipped with a
fault data store (see Section 4.10.2). Distinction
must be made between the reference instant and
the storage criterion (address 7402). Normally,
the general fault detection signal of the protection
is the reference instant. The storage criterion can
be the general fault detection, too (STORAGE BY
FLT), or the trip command (STORAGE BY TRIP).
Alternatively, the trip command can be selected as
reference instant (START WITH TRIP), in this case,
the trip command is the storage criterion, too.

The actual recording time starts with the pre-trig-
ger time T-PRE (address 7411) before the refer-
ence instant and ends with the post-fault time T-
POST (address 7412) after the recording criterion
has disappeared. The permissible recording time
for each record is set under address 7410. Alto-
gether 5 s are available for fault recording of in-
stantaneous values. In this time range up to 8 fault
records can be stored.

Note: The set times are related on a system fre-
quency of 50 Hz. They are to be matched, accords
ingly, for different frequencies.

Note: In the illustration below, the time values“are
displayed for storage of instantap€6us values.
When r.m.s. values are stored, the.times) appear
as 12 times the illustrated valuess

Data storage can also be initiated viaya binary input
or by operator action from the membrane key-
board on the front of the relayor via the operating
interface. The storage isitriggered dynamically, in
these cases. The len@th,of the data storage is de-
termined by the settings“in addresses 7431 and
7432, but max. T=MAXyaddress 7410. Pre-trigger
time and post—fault time are additive to the set val-
ues. If thelstorage time for start via binary input is
set to oo, themthe storage time ends after de-en-
ergization ofithe“binary input (statically), but not
after TeMAXw(address 7410).

74000

dllFavLT RECORDINGS
f7402IINITIATION
tlstoraceE BY FLf
STORAGE BY TRW P
START WTITHIWLT RGI P
bll7 41 004 -"uax

{ oof s
dla4a1 1B T-PRrRE

+0 10 s

Beginning”of block "Fault recordings”

Data storage is initiated:

fault detection is reference instant
fault detection is storage criterion

fault detection is reference instant
trip command is storage criterion

trip command is reference instant
trip command is storage criterion

Maximum time period of a fault record

Smallest setting value: 0.30 s

Largest setting value: 5.00 s

The times are multiplied by 12 in case of storage of
r.m.s. values (address 7420)

Pre-trigger time before the reference instant
Smallest setting value: 0.05 s

Largest setting value: 0.50 s

The times are multiplied by 12 in case of storage of
r.m.s. values (address 7420)
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Post-fault time after the storage criterion disappears
Smallest setting value: 0.05 s

Largest setting value: 0.50 s

The times are multiplied by 12 in case of storage of
r.m.s. values (address 7420)

The stored fault values should be:

INSTANTANEOUS values with 12yvalées per a.c. cycle
RMS VALUES with one valuegpeér, cycle

Storage time when faultyrecording is initiated via a
binary input, pre-trigger and post-fault times are
additive

Smallest setting value; 0.10 s

Largest settingfvalue: 5.00 s

or o0, i.e.4as long/as the binary input is energized (but
not longerithan T=MAX)

The times are multiplied by 12 in case of storage of
r.m.s, Values)(address 7420)

Starageitime when fault recording is initiated via the
membrane keyboard, pre-trigger and post-fault
times“are additive

Smallest setting value: 0.10 s

Largest setting value: 5.00 s

The times are multiplied by 12 in case of storage of
r.m.s. values (address 7420)

Address 7490 is not relevant in case that the relay is connected to a control and storage processing system
which operates with the protocolfaccogding to VDEW/ZVEI. But, if the relay is connected to a former LSA
system, the relay must be iiformed how long a transmitted fault record must be, so that the former LSA
system receives the correctgnumber of fault record values.

-
o]

7249000 svls
0V asmpUEs

LENGTH

FI

X

3 090 O

A
]

\'

A

L .

\Y%

A

R

Only for communication with a former LSA system:

Length of a fault record which is transmitted via the
serial system interface:

660 values fix or

variable length with a maximum of 3000 values
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5.4 Configuration of the protective functions

5.4.1 Introduction

The device 7UM516 is capable of providing a se-
ries of protection and supplementary functions.
The scope of the hard- and firm-ware is matched
to these functions. Furthermore, individual func-
tions can be set (configured) to be effective or
non-effective. Additionally, the relay can be
adapted to the system frequency.

The configuration parameters are input through the
integrated operation keyboard at the front of the
device or by means of a personal computer, con-
nected to this front-interface. The use of the inte-
grated operating keyboard is described in detail in
Section 6.2. Alteration of the programmed param-
eters requires the input of the codeword (see Sec-
tion 5.3.1). Without codeword, the setting can be
read out but not altered.

For the purpose of configuration, address block 78
is provided. One can access the beginning of the
configuration blocks either by direct dial

- press direct address key DA,
- type in address 7 800,
- press execute key E ;

or by paging with the keys | (forwards) or || (baek-
wards), until address 7800 appears.

Within the bock 78 one can page forwasd with 7 or
back with |. Each paging action leads to a¢further
address for the input of a configurationjparameter.
In the following sections, each address,is shown in
a box and explained. In theyupper, line of the dis-
play, behind the number and‘the bar, stands the
associated device functiop™n thefsecond line is
the associated text (e.g.(UEXIST"). If this text is

appropriate the arrow keys t or | can be used to
page the next address. If the text should be altered
press the "No”-key N; an alternative'text then ap-
pears (e.g. "NON-EXIST"). There.may be other
alternatives which can then be ‘displayed by re-
peated depression of the "No%=keyyN. The re-
quired alternative must be confirmed with the key
E!

The configuration proceduke can be ended at any
time by the key combination'F E, i.e. depressing
the function key F fallowed'by the entry key E. The
display shows gmthe§question "SAVE NEW
SETTINGS ?". Confirm,with the "Yes”-key J/Y that
the new settings( shall become valid now. If you
press the "No"=key N instead, codeword opera-
tion willhbe aborted, i.e. all alterations which have
been changedisince the last codeword entry are
lost. Thus,“erroneous alterations can be made in-
effectiven

If‘one tries to leave the setting range for the config-
uration blocks (i.e. address blocks 60 to 79) with
keys 1 |, the display shows the question "END OF
CODEWORD OPERATION ?". Press the "No"-key
N to continue configuration. If you press the
"Yes"-key J/Y instead, another question appears:
"SAVE NEW SETTINGS ?". Now you can confirm
with J/Y or abort with N, as described above.

When one exits the setting program, the altered
parameters, which until then have been stored in
volatile memories, are then permanently secured
in EEPROMs and protected against power outage.
The processor system will reset and re-start. Dur-
ing re-start the device is not operational.
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5.4.2

The available protective and additional functions
can be programmed as existing or not existing. For
some functions it may also be possible to select
between multiple alternatives.

Functions which are configured as NON EXIST will
not be processed in 7UM516: There will be no an-
nunciations and the associated setting parameters
(functions, limit values) will not be requested dur-

Programming the scope of functions - address block 78

ing setting (Section 6.3). In contrast, switch-off®of
a function means that the function wil be,pro-
cessed, that indication wil appear (e.g.
"switched off”) but that the function will have no
effect on the result of the protective process (e.g.
no tripping command).

The following boxes show the, possibilities.

fll7so0oWscorpE oOF
dlrFuncTIONS

Beginning of the bleck "scepe of functions”

Impedance protection:

f7801l1MP.
*EXIST

PROT .

NON-EXTIST

Stator earth fault protection:

f7so4lszp
‘EXIST

P R O Tgp

NON-EXTIST

Out-of-step protectian:

f?SOGlOUT—OF—STEP
{Exzsr

NOWNAE XTI ST

Forward power supervision:

f7so7lF0R
‘EXIST

POWER

NON-EXTIST

Reverse, power protection:

f7soisEv.
‘EXIST

POWER

NON-EXIST

Unbalanced load protection:

f7810lUNBAL LOAD

{EXIST

NON-EXIST

External trip facilities via binary input:

ol EXxT.
*EXIST

TRIP 1

EXIST

1B EXT. TRIP 2

z
|

EXIST
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External trip facilities via binary input: Parameter change-over: O

78320 EXT. TRIP

EXIST

INON-EXIST

78330 EXT. 4 _ \@
EXIST @
INON—EXIST 0

The rated system frequency must comply with the setting under address % If the system frequency is
not 50 Hz, address 7899 must be changed.

789 9B FREQUENCY
fN 50 Hz
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5.5 Marshalling of binary inputs, binary outputs and LED indicators

5.5.1 Introduction

The functions of the binary inputs and outputs rep-
resented in the general diagrams (Appendix A) re-
late to the factory settings. The assignment of the
inputs and outputs of the internal functions can be
rearranged and thus adapted to the on-site condi-
tions.

Marshalling of the inputs, outputs and LEDs is per-
formed by means of the integrated operator panel
or via the operating interface in the front. The oper-
ation of the operator panel is described in detail in
Section 6.2. Marshalling begins at the parameter
address 6000.

The input of the codeword is required for marshal-
ling (refer Section 5.3.1). Without codeword entry,
parameters can be read out but not be changed.
During codeword operation, i.e. from codeword
entry until the termination of the marshalling proce-
dure, the solid bar in the display flashes.

When the 7UM516 programs are running the_spe-
cific logic functions will be allocated to the physical
input and output modules or LEDs in aceordance
with the selection.

Example: Trip command is registered from<the
stator earth fault protection. This event4s gener-
ated in 7UM516 as an "Annunciation® (logical
function) and should be availablelat ceftain termi-
nals of the unit as a N.O. contact:aSince specific
unit terminals are hard-wired(to atspecific (physi-
cal) signal relay, e.g. to, thetsignal relay 11, the
processor must be advisedythat‘the logical signal
"UO> Trip" should bg transmitted to the signal
relay 11. Thus, when marshalling is performed two
statements of the eperaterfare important: Which
(logical) annunciatiop génerated in the protection
unit program should trigger which (physical) signal
relay? Upgto 20 lagical annunciations can trigger
one (plgysical) signal relay.

A similar situation applies to binary inputs. In this
case external information (e.g. voltage transfor-
mer m.c.b. tripped) is connected to the unit via a

(physical) input module and should initiate a (log-
ical) function, namely blocking. Tihe cerresponding
question to the operator is then: Which/signal from
a (physical) input relay shouldtinitiate which reac-
tion in the device? One physSical“input signal can
initiate up to 10 logical functions

The trip relays can also be‘assigned different func-
tions. Each trip relayf®gan/be controlled by each
command function“er combination of up to 20
command functions.

The logicalfanpungiation functions can be used in
multiple¥manners E.g. one annunciation function
can triggeriseveral signal relays, several trip re-
lagSmadditionally be indicated by LEDs, and be
contrelled™®dy a binary input unit. The restriction is,
that theptotal of all physical input/output units
(binaryfinputs plus signal relays plus LEDs plus trip
relays) which are to be associated with one logical
function must not exceed a number of 10. If this
number is tried to be exceeded, the display will
show a corresponding message.

The marshalling procedure is set up such that for
each (physical) binary input, each output relay,
and for each marshallable LED, the operator will be
asked which (logical) function should be allocated.

The offered logical functions are tabulated for the
binary inputs, outputs and LEDs in the following
sections.

The beginning of the marshalling parameter blocks
is reached by directly selecting the address 6000,
i.e.

- press direct address key DA,
- enter address 6 0 0 0,
- press enter key E

or by paging with keys | (forwards) or | (back-
wards) until address 6000 has been reached. The
beginning of the marshalling blocks then appears:

Msoool
& MARSHALLTING

Beginning of marshalling blocks
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One can proceed through the marshalling blocks
with the key | or go back with the key | . Within a
block, one goes forwards with T or backwards with
| . Each forward or backward step leads to display
of the next input, output or LED position. In the
display, behind the address and the solid bar, the
physical input/output unit forms the heading.

The key combination F 1, i.e. depressing the func-
tion key F followed by the arrow key f, switches
over to the selection level for the logical functions
to be allocated. During this change-over (i.e. from
pressing the F key until pressing the 1 key) the bar
behind the address number is replaced by a "F”.
The display shows, in the upper line, the physical
input/output unit, this time with a three digit index
number. The second display line shows the logical
function which is presently allocated.

On this selection level the allocated function can be
changed by pressing the "No"-key N. By re-
peated use of the key N all marshallable functions
can be paged through the display. Back-paging is
possible with the backspace key R. When the re-
quired function appears press the execute key E.
After this, further functions can be allocated to the
same physical input or output module (with further
index numbers) by using the key 1. Each selection
must be confirmed by pressing the key E! If a sg-
lection place shall not be assigned to a function,
selection is made with the function "not allo®
cated”.

You can leave the selection level by pressing the
key combination F 1 (i.e. depressing the function
key F followed by the arrow key 1). fThe display
shows again the four digit address number of the
physical input/output module. Now yQu can page
with key 1 to the next input/outputimodule’or with |
to the previous to repeat selection procedure, as
above.

The logical functions are_alse, provided with func-
tion numbers which arg'equally listed in the tables.
If the function numbertisfknown, this can be input
directly on the gelectienfevel. Paging through the
possible functions s then superfluous. With direct
input of the“function nmber, leading zeros need
not be entered.“Afterfinput of the function number,

use the enter key E. Immediately the associated
identification of the function appears for checking
purposes. This can be altered either by entering a
different function number or by paging through the
possible functions, forwards with the "No"-key N
or backwards with the backspace key R. If the
function has been changed, another confirmation
is necessary with the enter key E.

In the following paragraphs, allocatien pessibilities
for binary inputs, binary outputs@nd LEB indicators
are given. The arrows {{| or 1|(at the left hand side
of the display box indicategqpagingrom block to
block, within the block or on“the selection level.
The character F before thesarrow indicates that the
function key F must bgfpressed before pushing the
arrow key t.

The function numbershand designations are listed
completely{in, Appendix C.

The masshalling procedure can be ended at any
time by“the key)combination F E, i.e. depressing
the fupCtion'key F followed by the entry key E. The
displ@y ‘shows the question "SAVE NEW SET-
TINGS?". Confirm with the "Yes"-key J/Y that the
péw, allocations shall become valid now. If you
press the "No"-key N instead, codeword opera-
tion_will be aborted, i.e. all alterations which have
been changed since the last codeword entry are
lost. Thus, erroneous alterations can be made in-
effective.

If one tries to leave the setting range for the config-
uration blocks (i.e. address blocks 60 to 79) with
keys 1 |, the display shows the question "END OF
CODEWORD OPERATION ?". Press the "No”"-key
N to continue marshalling. If you press the
"Yes"-key J/Y instead, another question appears:
"SAVE NEW SETTINGS ?". Now you can confirm
with J/Y or abort with N, as above.

When one exits the marshalling program, the al-
tered parameters, which until then have been
stored in volatile memory, are then permanently
secured in EEPROMs and protected against power
outage. The processor system will reset and re-
start. During re-start the device is not operational.
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5.5.2

The unit contains 8 binary inputs which are desig-
nated INPUT 1 to INPUT 8. They can be marshalled
in address block 61. The address block is reached
by paging in blocks |l or by direct addressing with
DA 6 10 0 E. The selection procedure is carried
out as described in Section 5.5.1.

A choice can be made for each individual input
function as to whether the desired function should
become operative in the "normally open” mode or
in the "normally closed” mode, whereby:

NO - "normally open” mode: the input acts as a
NO contact, i.e. the control voltage at the in-
put terminals activates the function;

NC - "normally closed” mode: the input acts as a
NC contact, i.e. contro] voltage present at the
terminals turns off the function, control volt-
age absent activates the function.

When paging through the display, each input func-
tion is displayed with the index "NO” or "NC" when
proceeding with the "No"-key N.

Table 5.1 shows a complete list of all the bifary
input functions with their associated functiopgtnumz
ber FNo. Input functions naturally have no effeet'it
the corresponding protection function hasybeen

Marshalling of the binary inputs - address block 61

programmed out ("de-configured”, refer Section
5.4.2).

With direct input of the function number, léading
zeros need not be used. To indicate the contact
mode the function number can be.extended by a
decimal point followed by 0 or, whefeby

.0 means "normally open” mode, corresponds
to "NO" as above.

.1 means "normallyy closed” mode,

sponds to "N@™%as above.

corre-

If the extensionawith®0 or .1 is omitted the display
first indicates(the function designation in "normally
open” mode NQ:. By pressing the "No"-key N the
mode is ‘¢hanged to NC. After direct input other
fungtions can be selected by paging through the
functions farwards with the "No"-key N or back-
wards with the backspace key R. The changed
function_then must be re-confirmed by the entry
key E.

Thewassignment of the binary inputs as delivered
from factory is shown in the general diagrams in
Appendix A. The following boxes show, as an ex-
ample, the allocation for binary input 1. Table 5.2
shows all binary inputs as preset from the factory.

Sl rNarRY 1NPUMS

e 6100.MARSHALLIN(_3—|

The first binary input is feached with the key T:

FfelollBINARIY
*INPL_JﬁT 1

Change over to,the selection level with F 1:

fOOl.INPUT 1

*>LED reset

Beginning of block "Marshalling binary inputs”

Allocations for binary input 1

Reset of stored LED indications, FNo 5;
"normally open” operation:
LEDs are reset when control voltage present

C53000-G1176-C97
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oo2B81NPUT 1
not allocated

No further functions are initiated by binary input 1

-

Leave the selection level with key combination F t. You can go then to the next binary input with the arrow
key 1.

61010 BINARY

Marshalling binary input 1
INPUT 1

FNo Abbreviation Description
1| not allocated Binary input is not allocated to ang,input function
3| >Time Synchro | Synchronize internal real time clock
4 | >Start FltRec Start fault recording from external command via binary input
5| >LED reset Reset stored LED indicators
7 | >ParamSelec.1 Parameter set selection 1 (imgconjunction with 8)
8 | >ParamSelec.2 Parameter set selection 2 (in Genjunction with 7)
11 | >Annunc. 1 User definable annunciation\1
12 | >Annunc. 2 User definable annunciatioen 2
13 | >Annunc. 3 User definable annunciation§
14 | >Annunc. 4 User definable aphlnciation/4
361 | >VT mcb Trip Voltage transfermer/m.c.b. has tripped
3953 | >Imp. block Block impedance, protection
3956 | >Extens. Z1B Release overreaching zone of impedance protection
3957 | >BI + Z< AND combinatiomywith additional impedance protection trip command
4523 | >Ext 1 block Block extefnal trip Command 1
4526 | >Ext trip 1 External trip Signal 1
4543 | >Ext 2 block Block @éxternalftrip command 2
4546 | >Ext trip 2 External trip/signal 2
4563 | >Ext 3 block Blockyexternal trip command 3
4566 | >Ext trip 3 Externalitrip signal 3
4583 | >Ext 4 block Block, external trip command 4
4586 | >Ext trip 4 Extesnal trip signal 4
5053 | >0/S block Block out-of-step protection
5083 | >Pr block Block reverse power protection Prey>
5086 | >SV tripped Stop valve tripped
5113 | >Pf hlock Block forward power supervision Pg><
5143 | >I2¢bloek Block load unbalanced protection x>
5146 { >REM th),. repl. Reset thermal replica of unbalanced load protection
5173 | SUO>fblogk Block stator earth fault protection Up>

Table 5.1 Marshalling possibilities for binary inputs
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Addr |1st display line 2nd display line FNo Remarks
6100 |MARSHALLING | BINARY INPUTS Heading of the address block
6101 |BINARY INPUT 1 Acknowledge and reset of stored LED and dis-
INPUT 1 >LED reset NO 5 play indications, LED-test
6102 |BINARY INPUT 2 Reset memory of thermalyreplica of unbal-
INPUT 2 >RM th.repl. NO | 5146 anced load protection
6103 |BINARY INPUT 3 .
Block reverse pr n
INPUT 3 >Pr block NO | 5083 pPowerRprotectio
6104 |BINARY INPUT 4 y
Stop valve tripped
INPUT 4 >SV tripped NO | 5086 P -
6105 |BINARY INPUT 5 Voltage/ transformer secondary m.c.b. has
INPUT 5 >VT mcb Trip NO 361 tripped
6106 |BINARY INPUT 6 Release overreaching stage of impedance
INPUT 6 >Extens. Z1B NO | 3956 protection
6107 |BINARY INPUT 7
INPUT 7 >Ext trip 1 NO 4526
External trip signals
6108 |BINARY INPUT 8
INPUT 8 >Ext trip 2 NO 4546
Table 5.2  Preset binary inputs
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5.5.3

The unit contains 13 signal outputs (alarm relays).
The signal relays are designated SIGNAL RELAY 1
to SIGNAL RELAY 13 and can be marshalled in ad-
dress block 62. The block is reached by paging in
blocks with | | or by directly addressing DA
6 2 0 0 E. The selection procedure is carried out
as described in Section 5.5.1. Multiple annunci-
ations are possible, i.e. one logical annunciation
function can be given to several physical signal re-
lays (see also Section 5.5.1).

Table 5.3 gives a listing of all annunciation func-
tions with the associated function numbers FNo.
Annunciation functions are naturally not effective
when the corresponding protection function has
been programmed out ("de-configured” - refer
Section 5.4.2).

Marshalling of the signal output relays - address block 62

Note as to Table 5.3: Annunciations which are indi-
cated by a leading ">" sign, represent the direct
confirmation of the binary inputs and are available
as long as the corresponding binary input is ener-
gized.

Further information about annunciationssee Sec-
tion 6.4.

The assignment of the output signalrelays as deliv-
ered from factory is shown in the general diagrams
in Appendix A. The followingiboxessg§how an exam-
ple for marshalling signakrelay3,which comprises
two annunciation functionsyon’ one signal relay.
Table 5.4 shows all signaltelays as preset from the
factory.

Pll6 200@MARSHALLING
JllstecxaL RELAYS

The third signal relay is reached with the key t:

Ffszosls:cNAL
HreeLay 3

Change over to the selection level with Ft

ocoo1BRELAY 3
0/ S

e

Trip c h (1

foozIRELAY 3
*O/S Trip e h. 2

003 BREL A Y 3
al. ocated

e —

not

Beginning,of the block "Marshalling of the output
signal relays™

Allocations for signal relay 3

Signal relay 3 has been preset for:
1st: out-of-step protection trip by characteristic
1, FNo 5071;

Signal relay 3 has been preset for:
2nd: out-of-step protection trip by characteristic
2, FNo 5072.

no further functions are preset for signal relay 3

Leave the selection level with key combination F t. You can go then to the next signal output relay with the

arrow key 1.

62 030 s1GNAL
RELAY 3

g

Allocations for signal relay 3
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FNo Abbreviation Description
1| not allocated No annunciation allocated
3| >Time Synchro Synchronize internal real time clock
4 | >Start FltRec Start fault recording from external command via binary input
5| >Reset LED Reset LED indicators
7 | >ParamSelec.1 Parameter set selection 1 (in connection with 8)
8 | >ParamSelec.2 Parameter set selection 2 (in connection with 7)
11| >Annunc. 1 User definable annunciation 1
12 | >Annunc. 2 User definable annunciation 2
13 | >Annunc. 3 User definable annunciation 3
14 | >Annunc. 4 User definable annunciation 4
51 | Dev.operative Protection relay operative
52 | Prot. operat. At least one protection function operative
56 | Initial start Initial start of the processorsystem
60 | LED reset Stored indications reset
95 | Param.running Parameters are being set
96 | Param. Set A Parameter Set A is activated
97 | Param. Set B Parameter Set B is activated
98 | Param. Set C Parameter Set C is activated
99 | Param. Set D - Parameter Set D is activated
141 | Failure 24V Failure 24 V internal dc supply
143 | Failure 15V Failure 15 V internal dcisupply.
144 | Failure 5V Failure 5 V internal dg,supply.
145 | Failure 0OV Failure 0 V A/D converter
161 | I supervision Measured value supervision¥®€urrents, general
162 | Failure ZXI Failure supervision_ 2| {measured currents)
163 | Failure Isymm Failure supervisigh symmetry |
165 | Failure XUp-e Failure supenvision ZUphase-earth
167 | Failure Usymm Failure supervision ‘symmetry U
171 | Fail.PhaseSeq Failure superyision phase sequence
361 | >VT mcb Trip Voltagéytransformer secondary m.c.b. has tripped
3953 | >Imp. block Block impedance protection
3956 | >Extens. Z1B Release overreaching zone of impedance protection
3957 | >BI + 2Z< AND\eombination with additional impedance protection trip command
3961 | Imp. off Impedaneé protection is switched off
3962 | Imp. blocked Impedance protection is blocked
3963 | Imp. active Impedance protection is active
3966 | Imp. Gen.Flt Impedance protection: general fault detection
3967 | Imp. Fault Il Impedance protection: fault detection phase L1
3968 | Imp. Fault L2 Impedance protection: fault detection phase L2
3969 | Imp. FaultfL3 Impedance protection: fault detection phase L3
3970 | Imp. I> & W< Impedance protection: fault detection with undervoltage sea-in
3971 | Imp. Tlexp. Impedance protection: delay time T1 (first stage) expired
3972 | Imp. T2 €xp. Impedance protection: delay time T2 (final stage) expired
3973 | Lmp . BT1Byexp. Impedance protection: delay time T1B (extended stage) expired
3974 | AfImp. Trip Impedance protection: trip command issued
39754 BIl4#Z< Trip Impedance protection: trip with binary input signal (AND-combined)
3976 | “‘Powerdswing Impedance protection: power swing detected
4523 | >Extf'1 block Block external trip command 1
4526 | >Ext trip 1 External trip signal 1
4531 | Ext 1 off External trip signal 1 is switched off
4532 | Ext 1 blocked External trip signal 1 is blocked
4533 | Ext 1 active External trip signal 1 is active
4536 | Ext 1 Gen.Flt External trip signal 1: general fault detection signal
4537 | Ext 1 Gen.Trp External trip signal 1: general trip command issued
Table 5.3  Marshalling possibilities for signal relays and LEDs (continued next page)
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5091 | Pr off

5092 | Pr blocked
5093 | Pr active
5096 | Pr fault det.
5097 | Pr Trip

FNo Abbreviation Description

4543 | >Ext 2 block Block external trip command 2

4546 | >Ext trip 2 External trip signal 2

4551 | Ext 2 off External trip signal 2 is switched off

4552 | Ext 2 blocked External trip signal 2 is blocked

4553 | Ext 2 active External trip signal 2 is active

4556 | Ext 2 Gen.Flt External trip signal 2: general fault detection signal
4557 | Ext 2 Gen.Trp External trip signal 2: general trip command issued
4563 | >Ext 3 block Block external trip command 3

4566 | >Ext trip 3 External trip signal 3

4571 | Ext 3 off External trip signal 3 is switched off

4572 | Ext 3 blocked External trip signal 3 is blocked

4573 | Ext 3 active External trip signal 3 is active

4576 | Ext 3 Gen.Flt External trip signal 3: general fault detection signal
4577 | Ext 3 Gen.Trp External trip signal 3: general trip command issued
4583 | >Ext 4 block Block external trip command 4

4586 | >Ext trip 4 External trip signal 4

4591 | Ext 4 off External trip signal 4

4592 | Ext 4 blocked External trip signal 4 is switched off

4593 | Ext 4 active External trip signal 4 is blocked

4596 | Ext 4 Gen.Flt External trip signal 4 is active

4597 | Ext 4 Gen.Trp External trip signal 4: general fault‘detection signal
5001 | Operat. range External trip signal 4: general trip ‘command issued
5053 | >0/S block Block out-of-step protection

5061 | 0/S off Out-of-step protection isjswitched off

5062 | O/S blocked Out-of-step protection is blocked

5063 | 0O/S active Out-of-step protection igtactive

5067 | O/S char.1 Out-of-step protection: characteristic 1 has been passed
5068 | 0/S char.2 Out-of-step protectign: eharacteristic 2 has been passed
5069 | 0/S det.ch.1 Out-of-step detection by characteristic 1

5070 | 0/S det.ch.2 Out-of-step détection ‘bygcharacteristic 1

5071 | 0/S Trip ch.1 Out-of-stepdtrip command by characteristic 1
5072 | 0/S Trip ch.2 Out-of-step tripdcommand by characteristic 2
5083 | >Pr block Block reverse,power protection Prey>

5086 | >SV tripped Stop valvegtripped

Reverse fpowen,protection is switched off
Reverse ‘pawer protection is blocked

Revefse power protection is active

Reverse power protection: fault detection
Reversespower protection: trip command issued

5098 | Pr+SV Trip Reverse power protection: trip with closed stop valve

5113 | >Pf block Block forward power supervision Pg><

5121 | Pf off Forward power supervision is switched off

5122 | Pf blocked Ferward power supervision is blocked

5123 | Pf active Forward power supervision is active

5126 | Pf< flt. det: Forward power supervision: fault detection of Pf< stage

5127 | Pf> flt ) det¢ Forward power supervision: fault detection of Pf> stage

5128 | Pf< “Drip Forward power supervision: trip command by Pf< stage

5129 | P> Trip Forward power supervision: trip command by Pf> stage

5143 | 12 block Block load unbalanced protection I;>

5146 |[“SRM{th.repl. Reset thermal replica of unbalanced load protection

5151 | I2%eff Unbalanced load protection is switched off

5152 | I2 blocked Unbalanced load protection is blocked

5153 | I2 active Unbalanced load protection is active

5156 | I2> warn Unbalanced load protection: current warning stage

5457 | I2 th. Warn Unbalanced load protection: thermal warning stage

5168 | RM th. repl. Unbalanced load protection: memory of thermal replica reset

5159) | I2>x Fault Unbalanced load protection: fault detection of high current stage

5160 | I2>> Trip Unbalanced load protection: trip by high current stage

5161 | I2 Trip Unbalanced load protection: trip by thermal stage
Table 5.3 Marshalling possibilities for signal relays and LEDs (continued next page)
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FNo Abbreviation Description
5173 | >UO0> block Block stator earth fault protection Ug>
5181 | UO> off Stator earth fault protection Up> is switched off
5182 | UO> blocked Stator earth fault protection Ug> is blocked
5183 | UO> active Stator earth fault protection Up> is active
5186 | UO> Fault Stator earth fault protection: fault detection
5187 UO> Trip Stator earth fault protection: trip command issued
Table 5.3  Marshalling possibilities for signal relays and LEDs
Addr | 1st display line 2nd display line FNo Remarks
6200 | MARSHALLING | SIGNAL RELAYS Heading of4athe address block
6201 | SIGNAL RELAY 1
RELAY 1 0/S char.1 5067 Out=of=step protection: characteristic 1 or 2
- has,been‘passed
6202 SIGNAL RELAY 2
RELAY 2 0/S char.2 5068
6203 | SIGNAL RELAY 3
RELAY 3 0/S Trip ch.1 5071 Out*of-step protection: trip command
RELAY 3 0/S Trip ch.2 5072
6204 | SIGNAL RELAY 4 . i
Impedance protection: trip command
RELAY 4 Imp. Trip 3974 P P P
6205 SIGNAL RELAY § . . .
Impedance protection: k-up signal
RELAY § Imp. Gen.Flt 3966 pe cep ct pic P s
6206 | SIGNAL RELAY 6 . . .
Im n r n: r ng blockin
RELAY 6 Power swing 3976 pedance protection: power swing blocking
6207 | SIGNAL RELAY| 7 Reverse power protection: trip command
RELAY 7 Pr+8V Trip 5098 with closed stop valve
6208 | SIGNAL RERAY 8 R S d
RELAY 8 Br TRip 5097 everse power protection: trip comman
6209 | SIGNAL RELAY 9
RELAY 9 I2>> Trip 5160 | Load unbalanced protection: trip command
RELAY S I2 © Trip 5161
6210 | SIGNAL RELAY 10
RELAY 10 I2> Warn 5156 Load unbalanced protection: warning stages
RELAY 20 I2 th. Warn 5157
6211 | STGYAL RELAY %1 Stator earth fault protection: trip command
RELAY 11 UO0> Trip 5187
6212 ["SIGNAL RELAY 12 External trip command
RELAY 12 Ext 1 Gen.Trp 4537
6213 | SIGNAL RELAY 13 Device operative; the NC contact can be
RELAY 13 Dev.operative 51 used for "Device faulty” annunciation
Table 5.4  Preset annunciations for signal relays
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5.5.4 Marshalling of the LED indicators - address block 63

The unit contains 16 LEDs for optical indications,
14 of which can be marshalled. They are desig-
nated LED 1 to LED 14 and can be marshalled in
address block 63. The block is reached by paging
in blocks with 1 | or by directly addressing with DA
6 2 0 0 E. The selection procedure is carried out
as described in Section 5.5.1. Multiple annunci-
ations are possible, i.e. one logical annunciation
function can be given to several LEDs (see also
Section 5.5.1).

Apart from the logical function, each LED can be
marshalled to operate either in the stored mode (m
for memorized) or unstored mode (nm for "not
memorized”). Each annunciation function is dis-
played with the index m or nm when proceeding with
the N-key.

The marshallable annunciation functions are the
same as those listed in Table 5.3. Annunciation
functions are, of course, not effective when the
corresponding protection function has been pro-
grammed out (de-configured).

With direct input of the function number it is not
necessary to input the leading zeros. To indicate
whether the stored or unstored mode shall be efs
fective the function number can be extended by a
decimal point followed by 0 or 1, whereby

.0 unstored indication (not memorized) corre-
sponds to "nm” as above,

.1 stored indication (memorized) cerfesponds to
"m” as above.

If the extension with .0 or .1 i§ omitted the display
shows first the function designation in unstored
mode with "nm” . Press the *No"=key N to change
to stored mode "m”. After direét input other func-
tions can be selected_by paging through the func-
tions forwards with the "No"-key N or backwards
with the backspace“key R. The changed function
then must be resegonfifmed by the enter-key E.

The assigimentofthe LEDs as preset by the facto-
ry is shown'in the front of the unit (Figure 6.1). The
following boxes show, as an example, the assign-
ment for, CEB,13. Table 5.5 shows all LED indica-
torshas they are preset from the factory.

Mls 30 0B MARSHALLING
JlLED INDICATORS

Beginning of the block "Marshalling of the LED
indicators”

The desired marshallable LED is reached with the key 1:

*6313ILED 13

\

Change over to the selection leVe| with F #:

f001ILED 13

*Ext 1 Gen .{Tr p m

2B LED 13
*Ext 2

—
o
o

Glemm " Trp m

s LED, 13
t 8

o
o

-~
t
x

Gen.Trp m

D 13
Gen.Trp m

- —
o O
o
fa N
]
o
(o]

-

ED 13
allocated

s o4l

t
-
-

-

Allocations for LED 13

LED 13 has been preset for:
1st: Trip by external trip signal 1 via binary input,
memorized, FNo 4537

LED 13 has been preset for:
2nd: Trip by external trip signal 2 via binary input,
memorized, FNo 4557

LED 13 has been preset for:
3rd: Trip by external trip signal 3 via binary input,
memorized, FNo 4577

LED 13 has been preset for:
4th: Trip by external trip signal 4 via binary input,
memorized, FNo 4597

no further allocation for LED 13
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After input of all annunciation functions for LED 14, change-back to the marshalling level is carried out with

F 1:

f6313lLED

13

Allocations for LED 13

Addr | 1st display line 2nd display line FNo Remarks
6300 | MARSHALLING | LEDs Heading of the address bloek
6301 | LED 1 Impedance protectidn: picksup
LED 1 Imp. Gen.Flt nm | 3966 i
6302 | LED 2
LED 2 Imp. Tl exp. m 3971
Impedance_protection: delay time expired
6303 | LED 3
LED 3 Imp. T2 exp. m 3972
6304 | LED 4 ’
LED 4 0/S det.ch.1 nm | 5069 Qut-0of<step protection: pick-up
LED 4 0/S det.ch.2 nm | 5070
6305 | LED S
LED 5 0/S Trip ch.1 m 507Y
Qut-of step protection: trip
6306 | LED 6
LED 6 0/S Trip ch.2 m 5072
6307 | LED 7
LED 7 Pr Trip m 5097
Reverse power protection: trip
6308 | LED 8
LED 8 Pr+Sv Trip m 5098
6309 | LED 9
LED 9 12> Warn nm | 5156 Load unbalanced protection: warning
stages
6310 | LED 10
LED 10 12 “th. Warn nm 5157
6311 | LED 11
LED 11 1290 Trip m 5161 Load unbalanced protection: trip
LED 11 I25> Trip m 5160
6312 | LEDgL2 ) Stator earth fault protection: trip
LED 12 UO0> Trip m 5187
6313 JLEDZ13
EED 13 Ext 1 Gen.Trp m 4537
LED)LAS Ext 2 Gen.Trp m 4557 ) ) )
LED 13 Ext 3 Gen.Trp m 4577 Trip by one of the external trip signals
LED 13 Ext 4 Gen.Trp m 4597
6314 | LED 14
LED 14 Failure 24V nm 141
LED 14 Failure 15V nm 143 Failure in one of the internal d.c. supply
LED 14 Failure 5V nm 144 | circuits
LED 14 Failure 0OV nm 145
Table 5.5 Preset LED indicators
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5.5.5

The unit contains 5 trip relays which are designated
TRIP RELAY 1 to TRIP RELAY 5. The trip relays can
be marshalled in the address block 64. The block is
reached by paging in blocks with f | or by directly
addressing with DA, input of the address number
6 4 0 0 and pressing the enter key E. The selec-
tion procedure is carried out as described in Sec-
tion 5.5.1. Multiple commands are possible, i.e.
one logical command function can be givento sev-
eral trip relays (see also Section 5.5.1).

Marshalling of the command (trip) relays - address block 64

Table 5.6 shows the list of all the command func-
tions with their associated function number FNo.
Input functions naturally have no effect if the corre=
sponding protection function has been pro-
grammed out ("de-configured”, refer Section
5.4.2).

The following boxes show an examplefor marshal-
ling of trip relays 2. Table 5.7 shows, all'trip relays
as preset from the factory. Figurg,5.8y at the end
of this section, illustrates the preset|assignment as
a tripping matrix.

fll6 a00BMARSHALLING
JltTrRIP RELAYS

The desired trip relay is reached with the key 7:

f6402lTRIP
HlreLay 2

Change over to the selection level with F 1:

il TrRIP REL. 2
Test Trip 2

—~— —
o
o

*OO2.’I’RIP RE®L,. 2
*BI+Z< Trip

fooslTRI REL 2
+0/s T ™ h .1
foo4lTRIP REL . 2
‘Pr Trip
fooslTRIP REL . 2

*‘Pr+sv Trip

Beginning of the bioek, "Marshalling of the trip re-
lays™

Allogations for trip relay 2

Trip relay 2 has been preset for:

1st: Trip by test trip function for trip relay 2, FNo
1176; this function is fix allocated and cannot be
changed!

Trip relay 2 has been preset for:
2nd: Trip by impedance protection stage with
AND combination via binary input, FNo 3975

Trip relay 2 has been preset for:
3rd: Trip by characteristic 1 of the out-of-step
protection, FNo 5071

Trip relay 2 has been preset for:
4th: Trip by reverse power protection, FNo 5097

Trip relay 2 has been preset for:
5th: Trip by reverse power protection with tripped
stop valve, FNo 5098

84
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Trip relay 2 has been preset for:

5187

Trip relay 2 has been preset for:
7th: Trip by impedance protegtiongfENo 3974

MoosB TrRIP L. 2
‘UO> Trip
f007ITRIP L. 2
‘Imp. Tri

[ —— =
}ooalTRIP REL . 2
‘not allocated

Trip relay 2 has been preset for:
8th: no function allocated

Leave the selection level with key combination F 1. You can go then toithe'aext trip relay with the arrow key

T or go back with |.

6th: Trip by stator earth fault protection, FNo

FNo Abbreviation

Logical,command function

11 >Annunc. 1
12 | >Annunc. 2
13 >Annunc. 3
14 >Annunc. 4
3974 | Imp. Trip

3975 | BI+2< Trip

5097 | Pr Trip
5098 | Pr+Sv Trip
5128 Pf< Trip
5129 | Pf> Trip
5160 | I2>> Trip
5161 | I2 O Trip
5187 | UOS, Trip

1 ] not allocated

4537 | Ext 1 Gen.Trp
4557 | Ext 2 Gen.Trp
4577 | Ext 3 Gen.Trp
4597 Ext 4 Gen.Trp
5071 | 0/S Trip ch.1
5072 | 0/S Trip ch.2

no command functionjallocated

User definable annm@inciation 1

User definable annunciation 2

User definablepannungiation 3

User definable’annunciation 4

Trip by, impedance protection

Trip by impedance protection stage AND-combined with binary input
Trip bysexternal trip signal 1 via binary input

Trip by £xternal trip signal 2 via binary input

Trip by external trip signal 3 via binary input

Trip by external trip signal 4 via binary input

Trip by out-of-step protection characteristic 1

Trip by out-of-step protection characteristic 2

Trip by reverse power protection

Jrip by reverse power protection with closed stop valve
Trip by forward power supervision stage Ps<

Trip by forward power supervision stage P¢>

Trip by load unbalanced protection stage 12>>

Trip by load unbalanced protection thermal stage

Trip by stator earth fault protection

Table 5.6

Marshalling possibilities for command functions
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Addr | 1st display line 2nd display line FNo Remarks
6400 | MARSHALLING | TRIP RELAYS Heading of the address block
6401 | TRIP RELAY 1
TRIP REL. 1 | Test Trip 1 1) 1175
TRIP REL. 1 | I2>> Trip 5160
TRIP REL. 1 | I2 © Trip 5161 | e.g. trip for network circuit breaKer.
TRIP REL. 1 | O/S Trip ch.2 5072
6402 | TRIP RELAY 2
TRIP REL. 2 | Test Trip 2 ) 1176
TRIP REL. 2 | BI+Z< Trip 3975
TRIP REL. 2 | O/S Trip ch.1 5071
TRIP REL. 2 | Pr Trip 5097 e.g. trip for generater Cineliit breaker
TRIP REL. 2 | Pr+SV Trip 5098
TRIP REL. 2 | UO> Trip 5187
TRIP REL. 2 | Imp. Trip 3974
6403 | TRIP RELAY -3
TRIP REL. 3 | Test Trip 3 1) 1177
TRIP REL. 3 | BI+2< Trip 3975
TRIP REL. 3 | Pr Trip 5097
TRIP REL. 3 | Pr+SV Trip 5098 | e4g.%rip for stop valve
TRIP REL. 3 | UO> Trip 5187
TRIP REL. 3 | Imp. Trip 3974
6404 | TRIP RELAY 4
TRIP REL. 4 | Test Trip 4 1) 1178
TRIP REL. 4 | BI+2< Trip 3975
TRIP REL. 4 | Pr Trip S097
TRIP REL. 4 | Pr+SV Trip 5098 | e.g. trip for de-excitation
TRIP REL. 4 | UO> Trip 5187
TRIP REL. 4 | Imp. Trip 3974
6405 | TRIP RELAY 45
TRIP REL. 5 | Test Trip, 5%l 1179
TRIP REL. 5 | BI+Z<gTrip 3975 e.g. trip for station auxiliary supply
TRIP REL. 35 | UOSHTrip 5187 change-over
TRIP REL. 5 | Imp, Trip 3974
1) Trip test for each trip relayfis fix allocated and cannot be altered
Table 5.7 Preset, command functions for trip relays

86

C53000-G1176-C97



Installation instructions

7UM516 v3
Bl+Z< Trip O/STripch2 Pr+SV Trip 12>> Trip Ext1Gen.Trp Ext 3 Gen.Trp Pi< Trip O
Imp. Trip O/S Trip ch.1 Pr Trip uo> Trip 126 Trip Ext2 Gen.Trp| Ext4 GenTrp| Pf> Trip
1 I @ @\ Network
.4 ” circuit breaker
2 enerator cir-
it breaker
3 Stop valve
4 +— De-excitation
5 Station aux.
I ‘ change-over

1 2 3 4 5 6 7 8 9 10 11 13 14 15
Figure 5.6  Tripping matrix — pre-settings \@
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6  Operating instructions

6.1 Safety precautions

A Warning

All safety precautions which apply for
work in electrical installations are to be
observed during tests and commission-

ing.

6.2 Dialog with the relay

Setting, operation and interrogation of digital pro-
tection systems can be carried out via the inte-
grated membrane keyboard and display panel lo-
cated on the front plate. All the necessary operat-
ing parameters can be entered and all the informa-
tion can be read out from here. Operation is, addi-
tionally, possible via the interface socket by means
of a personal computer or similar.

6.2.1 Membrane keyboard and display.
panel

The membrane keyboard and display panelds ex-
ternally arranged similar to a pocket “ealculator.
Figure 6.1 illustrates the front view.

A two-line, each 16 character,yliquidycrystal dis-
play presents the information. ‘Ea€h character
comprises a 5 x 8 dot matrix. Numibers, letters and
a series of special symbols‘cansfbe displayed.

During dialog, théyuppef line gives a four figure
number, followed by @bar. This number presents
the setting address. The first two digits indicate
the address block, then follows the two-digit se-
quence numberjinmodels with parameter chan-
ge-over facility, the'identifier of the parameter set
is shown before the setting address.

The Keyboard comprises 28 keys with numbers,
YesiiNo and control buttons. The significance of the
keysiis explained in detail in the following.

Numerical keys for the input of numerals:

0 |to|l 9 | Digits O to 9 fof numerical input
. Decimal peint
o Infinity ‘Symbol
e €hange of sign (input of negative
numbers)

YeS/No keys for text parameters:

by Yes key: operator affirms the dis-
played question

No key: operator denies the dis-
N played question or rejects a sug-

gestion and requests for alterna-

tive

Keys for paging through the display:

* Paging forwards: the next address
is displayed
Paging backwards: the previous
+ address is displayed

Block paging forwards: the begin-
ﬁ ning of the next address block is

displayed

Block paging backwards: the begin-
@ ning of previous address block is

displayed
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Confirmation key:

Enter or confirmation key: each
E numerical input or change via the
Yes/No keys must be confirmed
by the enter key; only then does
the device accept the change.
The enter key can also be used to
acknowledge and clear a fault
prompt in this display; a new input
and repeated use of the enter key
is then necessary.

Control and special keys:

Codeword: prevents unauthorized
CW access to setting programs (not
necessary for call-up of annunci-
ations or messages)

R Backspace _erasure of incorrect
entries
F Function key; explained when
used
Direct addressing: if the address
DA number is known, this key allows
direct call-up of the address
M/S Messages/Signals: interfrogation

of annunciations of fault and‘@per-
ating data (refer Sectioh 64)

The three keys 1 ; 1 ; RESET which“aresSomewhat
separated from the rest of the keys, can be ac-
cessed when the front cowves isiglosed. The arrows
have the same function as‘the keys with identical
symbols in the main field"and enable paging in for-
ward direction. Thus all setting values and event
data can be displayedywithathe front cover closed.
Furthermore, storeéd KED, indications on the front
can be erasedivia the RESET key without opening
the front caver. Durking reset operation all LEDs on
the frontgwill b€ illuminated thus performing a LED
test. Withithis reget, additionally, the fault event
indications in‘thé display on the front panel of the
device are acknowledged; the display shows then
the operational values of the quiescent state. The
display is switched over to operating mode as soon
as‘ene of the keys DA, M/S, CW or [ is pressed.

6.2.2 Operation with a personal com-

puter

A personal computer (industrial standard) allows,
just as the operator panel, all the appropriate set-
tings, initiation of test routines and read-out of
data, but with the added comfortf'screen-based
visualization and a menu-guidedyprocgdure.

All data can be read in from§*@r,copied onto, mag-
netic data carrier (floppy (dis€) \(e.g. for settings
and configuration).

Additionally, all the data,can be documented on a
connected printerd itlis, also possible, by connect-
ing a plotter, to%print out the fault history traces.

For operation of the personal computer, the in-
structiongymanuals’ of this device are to be ob-
served. ThelRC program DIGSI® is available for set-
tingmand processing of all digital protection data.
Further infermation about facilities on request.

6.2:3 Operational preconditions

For most operational functions, the input of a
codeword is necessary. This applies for all entries
via the membrane keyboard or front interface
which concern the operation on the relay, for ex-
ample

- setting of functional parameters (thresholds,
functions),

- allocation or marshalling of signals, binary in-
puts, LED indicators, trip relays,

- configuration parameters for operating lan-
guage, interface and device configuration,

- initiation of test procedures.

The codeword is not required for the read-out of
annunciations, operating data or fault data, or for
the read-out of setting parameters.

The method of entry of the codeword is explained
in detail in the installation instructions under Sec-
tion 5.3.
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6.2.4 Representation of the relay (front view)

Readiness indication

(green)
Unit faulty indication
/ (red)
/
T e )
/ SlEMNENS
B /
/ / | [ofED )1 1o 14
(Fed) can be
Betrieb/servic O/ O 7 3 marshalled;
3 presetting
Stérung/Blocked QO O s 3 below
Two line display
(LCD) with 16 char- e} O s
acters each | Maschinenschutz
Generator Protection 2 0 O 1w
z< 8(2) -P> Up> [>
On/Off switch 30 Oqu
for integrated
power supply \ 4« 0O O
N D ® 5Q Q 13
O
: s O 0]

\

SR | -
closed \* X\ panel
i

=0

| | for connecting
a personal
SIEMENS / computer
N=1A,500..60Hz

IN=100gm125V &
Ui=60,110,125v-

wall

Diagr:s

7UM5 16 F-Nr.

Z

D

00000000000000
000000000000000!

Voo

L1414 E)
ULLTLE)]

\o /

Factory. presetting LEDs:

1 Impedance protection pick-up 8 Reverse power protection trip with closed stop valve
2 Impedance protection T1 expired 9 Load unbalanced protection warning stage I>>

3 Impedance protection T2 expired 10 Load unbalanced protection thermal warning stage
4 Out-of-step protection pick-up (char. 1 or 2) 11 Load unbalanced protection trip

5 Out-of-step protection trip (char. 1) 12 Stator earth fault protection trip

6)Out-of-step protection trip (char. 1) 13 External trip via binary input

7xReverse power protection trip 14 Device fault (hardware fault)

Figure 6.1  Front view of operating key board and display panel
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6.3 Setting the functional parameters

6.3.1 Introduction

6.3.1.1 Parameterizing procedure

For setting the functional parameters it is neces-
sary to enter the codeword (see 5.3.1). Without
codeword entry, parameters can be read out but
not be changed.

If the codeword is accepted, parameterizing can
begin. In the following sections each address is il-
lustrated in a box and is explained. There are three
forms of display:

- Addresses without request for operator input

The address is identified by the block number
followed by 00 as sequence number (e.g. 1100
for block 11). Displayed text forms the heading
of this block. No input is expected. By using keys
I or | the next or the previous block can be se-
lected. By using the keys t or | the first or last
address within the block can be selected and
paged.

- Addresses which require numerical input

The display shows the four-digit address, i.e:
block and sequence number (e.g# 1201 “for
block 12, sequence number 1). Behind the’bar
appears the meaning of the required parameter,
in the second display line, the value of the pa-
rameter. When the relay is delivered.avalue has
been preset. In the following sectiens, this value
is shown. If this value isto, beyretained, no other
input is necessary. Oné“ean page forwards or
backwards within thefblock“ér to the next (or
previous) block. If thevalueineedsto be altered,
it can be overwritten USIAng the numerical keys
and, if required, #thé decimal point and/or
change signi@/-)er,swhere appropriate, infinity
sign co./he permissible setting range is given in
the following text, next to the associated box.
Enteredivaluesfbeyond this range will be re-
jected. Thelsetting steps correspond to the last
decimal place as shown in the setting box. In-
puts with more decimal places than permitted
will be truncated down to the permissible num-
ber. The value must be confirmed with the
entry key E! The display then confirms the ac-
cepted value. The changed parameters are only
Saved after termination of parameterizing (refer
below).

- Addresses which require text input

The display shows the faur-digit address, i.e.
block and sequence number (exg. 1205 for
block 12, sequence number, 5)\Behind the bar
appears the meaning of{thelrequired parameter,
in the second display,line,, the applicable text.
When the relay is delivered, a text has been pre-
set. In the following'sections, this text is shown.
If it is to be retaifed, no other input is necessary.
One can pagerforwards or backwards within the
block or togthe next (or previous) block. If the
text needs to/bejaltered, press the "No” key N.
The @ext alternative text, also printed in the dis-
play bexes, illustrated in the following sections,
then appears. If the alternative text is not de-
sired, the N key is pressed again, etc. The alter-
nativepwhich is chosen, is confirmed with the
entryskey E. The changed parameters are only
saved after termination of parameterizing (refer
below).

For each of the addresses, the possible parame-
ters and text are given in the following sections. If
the meaning of a parameter is not clear, it is usual-
ly best to leave it at the factory setting. The arrows
1l or 1] at the left hand side of the illustrated dis-
play boxes indicate the method of moving from
block to block or within the block. Unused address-
es are automatically passed over.

If the parameter address is known, then direct ad-
dressing is possible. This is achieved by depress-
ing key DA followed by the four-digit address and
subsequently pressing the enter key E. After direct

. addressing, paging by means of keys { | and keys

t | is possible.

The setting procedure can be ended at any time by
the key combination F E, i.e. depressing the func-
tion key F followed by the entry key E. The display
shows the question "SAVE NEW SETTINGS?".
Confirm with the "Yes"-key Y that the new settings
shall become valid now. If you press the "No"-key
N instead, codeword operation will be aborted, i.e.
all alterations which have been changed since the
last codeword entry are lost. Thus, erroneous al-
terations can be made ineffective.
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If one tries to leave the setting range for the func-
tional parameter blocks (i.e. address blocks 10 to
39) with keys I ||, the display shows the question
"END OF CODEWORD OPERATION ?". Press the
"No”"-key N to continue parameterizing. If you
press the "Yes”-key J/Y instead, another ques-
tion appears: "SAVE NEW SETTINGS ?”". Now you
can confirm with J/Y or abort with N, as above.

After completion of the parameterizing process,
the changed parameters which so far have only
been stored in volatile memory, are then perma-
nently stored in EEPROMs. The display confirms
"NEW SETTINGS SAVED". After pressing the key
M/S followed by RESET LED, the indications of the
quiescent state appear in the display.

6.3.1.2 Selectable parameter sets

Up to 4 different sets of parameters can be se-
lected for the functional parameters, i.e. the ad-
dresses above 1000 and below 4000. These pa-
rameter sets can be switched over during opera-
tion, locally using the operator panel or via the op-
erating interface using a personal computer, or
also remotely using binary inputs.

If this facility is not used then it is sufficientqto set
the parameters for the preselected set. The restof
this section is of no importance. Otherwise, gtAg,pa-
rameter change-over facility must be configured
as EXIST under address 7885 (refem Section
5.4.2). The first parameter set is identified{as set
A, the other sets are B, C and D.4Each, of 'these
sets is adjusted one after the otHer.

If the switch-over facility is todbe,used, first set all
parameters for the normal status ofiparameter set
A. Then switch over to parameter set B:

- Fist complete the parameterizing procedure for
set A as descfibed‘in_Section 6.3.1.1.

- Press key combination”F 2, i.e. first the function
key F andthen thefnumber key 2. All following
inputs then refergto parameter set B.

All parameter sets can be accessed in a similar
manner:

® Key combination F 1:
access to parameter set A

® Key combination F 2:
access to parameter set B

® Key combination F 3:
access tosparameter set C

® Key combination F 4:
access to, parameter set D

Input of the codeword®is, again necessary for the
setting of a new selected parameter set. Without
input of the codewordiythe settings can only be
read but not madified.

Since only a few parameters will be different in
most applicationsit is possible to copy previously
stored parameter sets into another parameter set.

It is @dditionally possible to select the original set-
tings,.i.e. the settings preset on delivery, for a mo-
dified ‘and stored parameter set. This is done by
copying the "ORIG.SET" to the desired parameter
set.

It is finally still possible to define the active parame-
ter set, i.e. the parameter set which is valid for the
functions and threshold values of the unit. See
Section 6.5.3 for more details.

The parameter sets are processed in address
block 85. The most simple manner to come to this
block is using direct addressing:

- press direct address key DA,
- enter address, e.g. 8500,
- press enter key E.

The heading of the block for processing the param-
eter sets then appears.

It is possible to scroll through the individual ad-
dresses using the 1 key. The copying facilities are
summarized in Table 6.1.

ﬁ 8 50 Ol PARAMETER
@ GHANGE-OVER

Beginning of the block "Parameter change-over”;
processing of parameter sets
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Co

Addr. from > to
8510 ORIG.SET SET A
8511 ORIG.SET SET B
8512 ORIG. SET SET C
8513 ORIG.SET SET D
8514 SET A SET B
8515 SET A SET C
8516 SET A SET D
8517 SET B SET A
8518 SET B SET C
8519 SET B SET D
8520 SET C SET A
8521 SET C SET B
8522 SET C SET D
8523 SET D SET A
8524 SET D SET B
8525 SET D SET C

Table 6.1 Copying parameter sets

Following copying, only such parameters need be
changed which are to be different from the sgurce
parameter set.

Parameterizing must be terminated for each pa-
rameter set as described in Section 6.3.1.3,

6.3.1.3 Setting of date and time

The date and time can‘be setgwhen the the real
time clock is available. Seftting is carried out in
block 81 which is reached,by direct addressing DA
8100 E orbypaging with f and |. Input of the
codeword is required to'change the data.

Selection of thefindividual addresses is by further
scrolling using t.l@s shown below. Each modifica-
tion mustibeteonfirmed with the enter key E.

The date andtime are entered with dots as separa-
tor signs'since the keyboard does not have a colon
or slashf(for American date).

The clock is synchronized at the moment when the
enter key E is pressed following input of the com-
plete time. The difference time facility (address
8104) enables exact setting of the time since the
difference can be calculated prior to the input, and
the synchronization of the clock does not depend
on the moment when the enter key E is pressed.

Msi1o000seTT 1 NG

JllREAaL T1mENCHOCK
$l[2 o 1.9 04
2 8
fsloleATE
f8103ITIME
{
TIME

1 g81040DI1IFF .

Beginning of the block "Setting the real time clock”
Continue with 1.

At first, the actual date and time are displayed.
Continue with T.

Enter the new date: 2 digits for day, 2 digits for
month and 4 digits for year (including century); use
the order as configured under address 7102 (Sec-
tion 5.3.2), but always use a dot for separator:
DD.MM.YYYY or MM.DD.YYYY

Enter the new time: hours, minutes, seconds, each
with 2 digits, separated by a dot:
HH.MM.SS

Using the difference time, the clock is set forwards
by the entered time, or backwards using the +/-
key. The format is the same as with the time setting
above.
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6.3.2 Initial displays - address blocks 00 and 10

When the relay is switched on, firstly the address 0 and the type identification of the relay appears. All
Siemens relays have an MLFB (machine readable type number). When the device is operative and displays
a quiescent message, any desired address can be reached e.g. by pressing the direct address key DA

followed by the address number.

ol7uMms1ies V3. *xB

7UM516**’********

The relay introduces itself by giving itsgtype num-
ber and the version of firmware with whieh it is
equipped. The second display@line®shows the
complete ordering designation.

After address 1000, the functional parameters begin. Further address possibilities ate listed under "Annun-

ciations” and "Tests”.

ﬁ 100008
JllpPARAMETERS

Commencement ofgfunctiopal parameter blocks

6.3.3 Machine and power system data - address, blocks 11 and 12

The relay requests basic data of the power systemhand\the switchgear.

ﬁ 11000 MACHINE &
0 POWERSYSTEM DATA

* 11080 sTARPOII N
flHI GH-RESTI skmpa NyC E

LOW-RESISTANCE

Beginning of the block "Machine and power
system data”

Type of star-point earthing of the machine

The instrumeént transformer data are entered in
block 12. Of particulaf’importance here is the cor-
rect polarity, whighfis determined by the input of
the star-point side of the current transformers (ad-
dress 1205). The descriptions TOWARDS MA-
CHINE and TOWARDS STARPOINT presuppose
that the current transformers are located between
the_machine and the machine starpoint. Further-
mor e, generator operation is assumed. If the cur-
tent transformers are arranged differently or if the
pretected machine is a synchronous motor, then
the entry must be changed accordingly.

For the reverse power protection in particular,
angle error correction for the current and voltage
transformers is of importance (addresses 1206
and 1207), as here a very small active power must
be calculated from a considerable apparent power
in case of small power factor. The sum § of the
angle errors of current and voltage transformers is
used for the correction angle. The angle is com-
posed of a constant component as the voltage
transformer voltage and thus its angle can be as-
sumed to be constant, and a current dependent
component.
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The dependence of the current is approximated by
a straight curve as illustrated in Figure 6.2 which
shows the angle error as a function of the current
magnitude. This correction curve is defined by the
intersection of the §-axis Wg and the slope Wj.

When the angle error curve is known, the values
W0 and W1 must be entered in addresses 4206
and 1207 with reversed sign. The total angle errot.
can also be determined during commissioning,and
entered (refer to Section 6.7.5.2).

/N Characteristies, of the line:

8 f——— b

81 - 8
Slope: W = — 2
h -l
8-axis integsectien: Wo = &1 - Wp -1y

Figure 6.2 Example for angle error § as a function ofdthe,curtent’l/ly

ﬁ 12000 INSTRUMEN
ITrRANSFORMER DATA

=]

} 12010 1IN CT PR#IM
I 00 ka
f 12020 UN_ VT PFWRIM
Hlio.00 xv

f 12040uNNg SECOND .

* 1208 cT STARPNT
* TOWARDS MACHTINE

TOWRDS STARPOINT

f 1206B0cT ANG. WO

Beginning of block
"Instrdment transformer data”

Primary rated current of current transformers
Setting range: 0.050 kA to 50.000 kA

Primary rated voltage of voltage transformers (phase-to-
phase)
Setting range: 0.30 kV to 50.00 kV

Secondary rated voltage of voltage transformers
(phase-to-phase)
Setting range: 100 V to 125 V

Polarity of current transformers:
Starpoint formed on machine terminal side

Starpoint formed on machine starpoint side.

Correction angle Wy for the instrument transformers
Setting range: -2.50° el to +7.50° el

The presetting corresponds to the angle deviation of
the internal transducers
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12070crT

ANGLEWI1
de g

e

-1.70

Current dependent correction Wy for the instrument
transformers

Setting range: -2.50° el to +0.00° el

The presetting corresponds to the angle deviation of
the internal transducers. Exact test of the angle error
is possible during commissioning with the machine
(refer Section 6.7.5.2) .

With addresses 1209 and 1210, the device is in-
structed as to how the residual path of the voltage
transformers is connected. This information is im-
portant for the earth fault protection and the moni-
toring of measured values.

If the voltage transformer set or earthing trans-
former has e-n (open-delta) windings, and if
these are connected to the device, then this has to
be recorded in address 1209. Since the ratio of the
voltage transformers is normally

UnNpri UNser . _Unsed

573 V3o 3
the factor Uph/Udelta (secondary values, address
1210) shall be set as 3/v/3 =83 =1.73 when the
delta windings are conne€ted. If the ratio is differ-
ent, e.g. when the displacement voltage is formed

by intermediate transformets. the factor has to be
selected accordingly.

20908 vrT
NNECTED

DELTA

[NOT CONNECTED

2100 Uph/Udelta
73

The measur€dydisplacement voltage input Udelta
of the devicegis

CONNECTED to“the e-n (open delta) windings
of the voltagentfansformer set or

NOT CONNECTED

Matching factor for residual voltage:
rated secondary voltage of v.t. phase winding

rated secondary voltage of open delta winding
pormally 1.73

Setting range: -9.99 to 9.99

Settings for impedance protection - address blocks 13 to 15

300N MNP .
NERAL

PROT.
SETTINGS

Beginning of the block
"Distance protection general settings”

* 13010 1MP . PROT . Impedance protection
‘ OgF F Switch OFF of impedance protection
O, Switch ON of impedance protection
BLOCK TRIP REL Impedance protection operates but TRIP RELay
is BLOCKed
96
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6.3.4.1

The relevant parameters are set for each distance
stage. The reactance X determines the reach of its
associated zone. The resistance R forms the allow-
ance for fault resistance.

As it can be presupposed that the distance zone is
set to measure into the unit transformer, the set-
ting must be selected so that it takes the regulating
range of the transformer into account.

The zone Z1 is therefore set to approximately 70 %
of the protected range, i.e. 0.7 times the trans-
former reactance. The impedance protection op-
erates instantaneously or with only a small delay T1
for short-circuits within this zone. If the reactance
measured during a short-circuit is larger than this
set value, the protection trip normally with its
back-up time.

The following is valid for the primary reactance:

xprim =_k_B_- u LJLE
100 100 Sn
where:
kR - zone reach of zone Z1 in %
uK - percent impedance voltage ofithefunit
transformer
SN - rated apparent power of the, unit
transformer
Uy - rated voltage of the unititransformer

The values determined suchgustbe converted for
the secondary side of currenttand*woltage trans-
formers. In general:

Zsecondary =

Current transformer ratio
Voltage transfegmer ratio

Zprimary

The secondaryyvaluesfgiven to the relay must be
related to a current of 1 A. Thus the conversion
formuld for geachyfor any distance zone is:

_ Ney Iy
Xsec = Nvt ><prim ’ A
Where Nty - c.t. ratio

Nyt - v.t. ratio

IN/A - rated relay current in Ampere =
secondary rated current of cur-
rent transformers

Xprim— the primary reactance

Setting of the impedance stages - address block 13

Calculation Example

Unit transformer:

ug =121 %
Sy = 150 MVA
Uy = 10.5 kv

Current transformers 12,000,A/5A
Voltage transformers 100kVy/0.17kV

Which gives the datagfor jzone 1 (70 % of trans-
former reactance):

. 0, N2 _(10,5)2
Torim 51go W100 150

= 0.0623 Q

Thus,results the setting for zone 1 in secondary
values:

1 12,000 A/5 A 623
$€¢ ™ 10,000 V/100 V 0.0 5
X1sec =750

Resistance setting

Resistance setting R allows a margin for fault resis-
tance, which appears as an in-phase resistance
addition to the fault impedance, at the point of
fault. It comprises, for example, arc resistances in
case of arcing faults. The setting should take these
fault resistances into account but not be set higher
than absolutely necessary. An adequate differ-
ence from the operating impedance must be en-
sured, even under conditions of temporary over-
load.

Normally, a resistance setting equal to the reac-

tance setting is adequate to form sufficient arc re-
sistance allowance, in this example:

Risec = .50

C53000-G1176-C97
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th
T2
T1
I [ z1 | Z1B
_ - —_—
| X1 =0.70 - Xtrafo | (X1, Ry) : (X18. Rig)
| |
(2l |
|
Z< ‘B
Figure 6.3 Time grading for machine impedance protection — example
Independent zone Z1
’ 13020 R1 Resistanee value
Smallest/setting value: 0.05 O
+ 7.50 Q Largestfsetting value: 65.00 )
, Reactance value (reach)
* 13030x1 Smallest setting value: 0.05
* 7.50 Q Largest setting value: 130.00 O
Delay for zone Z1
* 1304011 Smallest setting value: 0.00 s
+ 0.50 s Largest setting value: 32.00 s

and oo (no trip in zone Z1)

Controlled (overreach) zone Z1B

The overreach zone Z1B is a controlled stage. It
does not influence the normal zone Z1. There is,
therefore, no“switch-over, rather the overreach
zones\will be switched effective or non-effective
vidiaubinary input.

Zone Z1B is normally made effective when the net-
work circuit breaker is in off position. In this case,
each pick-up of the impedance protection indi-

cates an internal fault within the power station unit
since the system is interrupted from the power sta-
tion. Thus, 100 % rapid clearance without loss of
selectivity.

Zone Z1B can be activated via a binary input of the
device which is controlled by the network circuit
breaker auxiliary contact. It may be delayed by the
time T1B.
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} 130;_7313
flflz 0. 00 Q
} 13060 X18B
tllro0.00 a
} 13070 T18B
}‘o.so s B

Back-up stage

Resistance value

Smallest setting value: 0.05 @
Largest setting value: 65.00 O
Reactance value (reach)

Smallest setting value: 0.05 o
Largest setting value: 130.00 Q
Delay for zone Z1B

Smallest setting value: 0.00,s

Largest setting value: 32.00 s

and oo (no trip in zone Z1B)

The impedance protection operates as back-up overcurrent time protectiomyfor faults on the upper voltage

side of the unit transformer and in the system. Th

e back-up time T2'is/setto grade above the time of the

second or third stage of the neighbouring system protection €elays. (Additionally, a drop-off time of the

impedance protection can -be set under address

1308.

Delay fomy2(fault detection undirectional trip)
* 13080 T2 Smallest setting value: 0.00 s
tlls 00 s Largest setting value: 32.00 s
andieo (NO undirectional trip)
Drop-oft delay
f 13090 T-RESET Smallest setting value: 0.00 s
* 1 00 s Largest setting value: 32.00 s
6.3.4.2 Settings for fault detection —¢address block 14

i
{

14000 1MP .
FAULT

P RO T .
D E TOERC TOI O N

Beginning of the block "Fault detection for
impedance protection”

The determining factor for overcurrent setting is the maximum possible operating current. Pick-up under
conditions of permissible,overload must be excluded! The threshold value (address 1401) must therefore
be set above the maximum anticipated (over-)load current (at least 1.3 times, preferred value: approx. 1.5

times).

140001 >

1 50 I /In

- ——

Overcurrent detection threshold value I>
Smallest setting value: 0.20
Largest setting value: 4.00

.|N
.|N

In_ case of excitation systems deriving their power
fromithe generator terminals, when the short-cir-
cuit, current can rapidly decay below the pick-up
value (address 1401), the undervoltage seal-in
circuit is to be used.

The undervoltage value (address 1403) is set be-
low the smallest line-to-line voltage that can occur
during normal operation, e.g. U< =75 V. The hold-
ing time (address 1404) must be set to cover the
longest fault clearance time in back-up case, rec-
ommended setting: T-HOLDING = T2 + 1 s.

C53000-G1176-C97
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f 14020 uc<
tlorF

SEAL-IN

bl r1403BuU<

fllro .00 s

M| 1404BT-SEAL-IN

Undervoltage seal-in is
switched OFF

switched ON

Undervoltage value for seal-in (phase-to=phase)
Smallest setting value: 30V

Largest setting value: 130 V

Holding time of seal-in; mustybe longer than
backup time plus circuit breakeriopening time
Smallest setting value: 0.00 s
Largest setting value: 32.00 s

6.3.4.3

Settings for power swing blocking

ﬁ 15000 1MP .
dllpower swinge

PROT .

15010 P/ s

e

Beginning of the block "Power swing blocking for
impedance protection”

Power swing blocking is
switched OFF

switched ON

For the detection of power Swifigs, the following
considerations are of (importance “(see also Sec-
tion 4.2.4): :

To set the rate of ghange of the impedance vector
(address 1502)4 bothfthe maximum power swing
frequency in the‘instant of entry of the impedance
vector into the power swing polygon and the time
required by 7UM516 for the detection of the power
swing,must be‘taken into consideration. Under the
most difficult conditions, at least 35 ms should be
allowed, for the detection of a power swing. Addi-
tionally, the trip time delay T1 must be taken into
account. The following condition should be main-
tained:

Zmax
™ >—
dz/dt
where: T1 delay time zone Z1 (address 1304)
dZ/dt rate of change (address 1502)
Zmax =2 - \/R12 + X42

(Ry, Xq = settings 1302 and 1304)

Power swing blocking can be limited to the time P/S
T-ACT (address 1503). With this setting oo, power
swing blocking is effective until the impedance
vector has left the power swing polygon again.
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The distance between power swing polygon and
fault detection polygon (phase-phase) should be
as large as possible; the R-intersection is decisive.

On the other hand, the power swing polygon must
not extend into the operational impedance!

Rate of change of the power swing vector between
* 15028dz/adr the power swing polygon and fault deté€tion poly-
* 50 0 Q/ s gon, in Q/s, below which the power swingis de-
—= tected.
Smallest setting value: 1.0,Q/s
Largest setting value: 200.0//s
Power swing action time:
* 15030 P/Ss T-ACT. Smallest setting value: 0.01 s
* 2 .00 s Largest setting value: 32.00 s
and oo (only after diSeontinuation of the power
swing criterion)
* 1504@8DELTA z Distance_between Rower swing polygon and trip
polygont(seecendary) in Q
* 2.00 O Smallest,setting value: 0.10 O
Largest settingyvalue: 10.00 Q
6.3.5 Settings for stator earth fault protection Uy> - address block 19
' 19001l Beginning of the block
,@ EARTH FAUL Te N 0" "Earth fault protection Ug>"
’ 19010 sEF FROT . Switch OFF of earth fault protection Ug>
* OFF
O N Switch ON of earth fault protection Ug>
Earth fault tecti TRIP REL
sLoNfx L rR1Pp REL - BLO?:t:(egro ection operates but ay

Thie criterion for the inception of an earth fault in
the'stator circuit is the occurrence of a neutral dis-
placement voltage. Exceeding the setting value
bg>, (address 1902) therefore represents the pick-
up for this protection.

The setting must be chosen such that the protec-
tion does not pick-up during operational asymme-
tries. The pick-up value should be at least twice
the value of the operational asymmetry. A value of
5 % to 10 % of the full displacement value is nor-
mal.
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Additionally, the pick-up value has to be chosen
such that displacements during network earth
faults which are transferred via the coupling capac-
itances of the unit transformer to the stator circuit,
do not lead to pick-up. The damping effect of the
load resistor must also be considered in this case.

Hints for dimensioning the load resistor are con-
tained in the pamphlet "Planning Machine Protec-
tion Systems”, Order No. E50400-U008S-
U412-A1-7600.

The setting value is twice the displacement value
which is coupled in at full network displacement.
Final determination of the setting value occurs dur-
ing commissioning with primary values according
to Section 6.7.4.

The earth fault trip is delayed by the time set under
address 1903. When setting the delay time, the
overload capability of the loading equipment must
be considered.

All set times are additional delay times and do not
include operating times (measurement times, re-
set times) of the protection function itself.

Example:

10 kV 500 V
Earthing transformer /

V3 3

27 kKVA
Loading resistor 10 Q

10 A continugus

50 A for 20's
Voltage divider 500 V/100"W
Protected zone 90 %

With full neutral displacement voltage, the load re-
sistor supplies:

500 V

100Q

= 50 A

For a protected@ zone of 90 %, the protection
should alreadyleperate at 1/10 of the full displace-
ment voltagey Forpthe displacement voltage set-
ting, 1720 6fathe, full displacement voltage is used
(because ‘of,the 90 % protected zone). Consider-
ing agvoltage divider of 500 V/100 V, this results in:

Setting U0> = 10 V

The time delay must lie below the 50 A capability
time of the loading resistor, i.e. below 20 s. The
overload capability of the earthing transformer
must also be considered if it lies below that of the
loading resistor.

19020vuo>

3BT -vUuoes

=
©
o

19040 - RESET
1.00 s

Pick-up value of earth fault detection
Setting range:

5.0 V to 100.0 V

Time delay for trip
Setting range:
and oo (no trip with Ug>)

0.00 s to 32.00 s

Reset delay after trip signal has been initiated
Setting range:

0.00 s to 32.00 s
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6.3.6

200o0BouT-0-STEP
PROTECTTION

]
|

2001B0UT-0-STE
OFF

e

ON

BLOCKED

Settings for out-of-step protection - address block 20

Beginning of the block
"Qut-of-step protection”

Switch OFF. of out-of-step protection

Switch ON of out-of-step pretection

out-of-step protection operates but TRIP
RELay is BLOCKed

The out-of-step protection operates only when an
adjustable current value has been exceeded (ad-
dress 2002). The positive sequence component of
the currents is decisive for this pick-up. As out-of-
step conditions are symmetrical occurrences, a
maximum value of negative sequence current
must not be exceeded (address 2003).

The determining factor for overcurrent setting is
the maximumipossible operating current. Pick-up
under conditiens of permissible overload should be
excluded!\The setting should therefore be set
aboveypthe maximum anticipated (over-)load cur-
rent, (at least 1.2 times). In general, the same val-
ue as¥for the impedance protection is chosen.

Overcurrent pick-up (positive sequence component)

0.20 14/l to 4.00 I4/ln

Symmetry condition for measurement release

0.05 /Iy to 1.00 I/IN

=~ (0.7 to 0.9) Zk transf
-

Re (Z)

* 2002011> Meas
‘ 1 20 I /1 Setting range:
} 20030 12< Me ags ! .
(negative sequence component)
‘ 0.20 I /1 Setting range:
T Im (2)
locus diagram haracteristic 2
of powef swing ' '
impedance
ZCI )
characteristic 1 B
\/
[ )
Z,
~ X4’
Zy,
Figure 6.4  Power swing polygon
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The measured impedances during power swing
condition are decisive for the settings. For the di-
rection to the machine (as vied from the location of
the voltage transformers), the power swing reac-
tance of the machine must be considered, which is
approximately the transient reactance Xq4' of the
machine. Consequently, setting for Z, should be
Zp = Xq' (cf. Figure 6.4).

Xg' can be calculated from the per unit reactance
xq' as follows:

U v Ngt In
X4 = :7JiﬂﬂL- X4 - .
d 3 IN gen d Nyt A

where:
Xq' - the transient reactance of the machine
Xq' - the transient per unit reactance

UN gen - the rated machine voltage
IN gen - the rated machine current

Net - the current transformer transformation
ratio

Nyt - the voltage transformer trapsformation
ratio

Usual values are listed in Table 6.1 foply = 1 A. For
Iy = 5 A the values must be divided by 5.

Rotor type Xq

UN=100V/Iy=1A

X oy
Uy =125V /IN=1A

turbo rotor 0.13.....0.22

salient-pole rotor 0.20..... 0.45

11.5Q...... 26.0 O

14.4 Q...... 325 Q

Table 6.1

As it is presupposed that the machine is connected
with the network via a unit transformer, the setting
in the network direction is chosen such thathe
reactance reach of characteristic 1 is approxi-
mately 70 % to 90 % of the transformer imped=
ance, and the reach of characteristic 2 is into the

Transient machine reactances (referred to rated values of the machine)

Table, 6.2 shows typical values of the characteris-
tics of unit transformers for secondary rated cur-
reatly = 1 A. For Iy = 5 A the secondary imped-
ances must be divided by 5. The relationship of the
values is according to the following equation:

network. Thus, Z. (address 2006) is set tof70,%,to Uy uk - Uy uk - Un2
90 % of the transformer reactance; Zg is et Jto XKprim = V3N T 100-V3.In 100 - Sy
cover at least the unit transformer, gvéntually a
N I
part of the network system. Xksec = XK prim —Nriit- . —iL
Transformer type U= Uk/Un XKk Xk
Uy=100V/l=1A Uy=125V/Iy=1A
unit transformer 8% ... 13 % 46Q0..750 580 ...19.4 0
general 3% ... 16 % 1.70...9.20 220 ...11.5Q

Table 6.2

The setting Z gis decisive for the width of the power
swingypolygon. This setting value is determined by
theptotalimpedance Ziot and can be derived from
the‘equation in Figure 6.5. Z;,t can be calculated
fromuthe sum of Zp + Z4; then the power swing
angle is valid between the machine e.m.f. and the
network. Optionally, Ziot can be calculated from

Pef unitdimpedance voltages and impedances of transformers

Zp + Zc: in this case the power swing angle is valid
between the machine e.m.f, and the unit trans-
former. The pre-setting of address 2004 corre-
sponds to the latter case. Usually, the power swing
angle 120° is chosen since the generator voltage
and the system voltage equal the voltage differ-
ence.
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[
4 ztot/2 O
®" tan (8/2)
. L 4
, with & = 120°
Z,= .
ta )
2ty < Za =~ 0. Ztot
=N _ 1 '
Zb+Zc < G
with Ztot = Zb ower swing angle between
generator and unit trans—
former (as illustrated) or
N ~
with + Zg power swing angle between
\ generator and network
Figure 6.5 Power swing polygon and impedance v&%with power swing angle 8

The polygon width Z, determines also t
mum detectable power swing frequency.
sideration that, at maximum power swing
cy, at least two impedance measure
have been carried out within the powe
gon, leads to the following formulas:

L 4
'{\ .C. period

. T=20 ms), for
livers with Z, ~

e 9,
ue
I

y-

1z
T Ztot

4
fp:—.
s

For a rated frequency of
example, the above f
0.289 - Ztot (cf. Figure

able power swing @

tor angle of Zqt.

L 4

Loy

Calculation example

Generator data:

Xd' = 0.20
Uy = 10.5kV
IN = 8.1KA

Unit transformer data:

w =121%

Sy = 150 MVA

Uy = 10.5 kv
Instrument transformers:

c.t. ratio

Net = 12,000 A/5 A

v.t. ratio

Ny = 10 O_OO vV 100V

V3 V3

Thus, the secondary transient reactance

U N [
Xy = —~Ngen . Het | N
d \/§'N gen Nyt A
s 10.5 108 12-108/5 .5 =180
d 7 /3-8.1-103 10-103/100

The setting of address 2005 is thus determined be-
cause of Z, = Xg'
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The secondary reactance of the unit transformer is
derived from the primary reactance by considering
the instrument transformer ratios:

o o —UKCUN Ny I
K=7900. Sy~ Nu A

_12.1 (10.5-10%)2 12-103/5
100 150108 10-103/100

5 =10.7Q

Assuming that the characteristic 1 should cover
75 % of the transformer reactance, the setting of
Zc results in:

Ze= 0.75-10.7 Q =~ 8.0 Q.

Assuming that the remaining transformer reac-
tance and the covered system reactance should
be 20 Q, the setting of Z4 - Z. resdults in:

Zg-20=12 Q.

The width Z, of the polygon is determined by the
total impedance Zq¢. In this example, the total im-
pedance is that of characteristic 1, ife. the,sum of
generator reactance and 75 % “of the unit trans-
former reactance; that is the sumief the setting
values for Z, and Z.: 18 Q +48 M= 26 Q. Thus:

Za~0.289 .26 O ~ 7%,0!

f 20040 2za

f 20060 zc

j

Bzd-2zc

—r—
o
o
3

* 200s8BpPHI
o o

POpL YG .

Half width of the power,swing polygon
Setting range:

0220 ) to 130.00 O

Impedance seach. in reverse direction (machine)
Setting range:

0.10 O to 130.00 O

Impedance reach in forward direction (characteristic 1
+ in direction of the unit transformer)
Setting range:

0.10 O to 130.00 O

Impedance reach in forward direction (characteristic 2
in network direction) as difference Zg-Z¢
Setting range:

0.00 O to 130.00 O

Inclination angle of the power swing polygon
Setting range:

60.0° to 90.0°

Address 2009 detérmines the number of out-of-
step periodSiferharagéteristic 1 which shall lead to
trip, i.e. how oftengthis characteristic must have
been passed through. Address 2010 determines
the number of out-of-step periods for characteris-
tic 2 which shall lead to trip, i.e. how often this
charaegteristic must have been passed through.

For'eharacteristic 1, 1 to 2 passes are normally ad-
equate as out-of-step conditions with the electri-
cal centre within the power station unit should not
betolerated too long time and the power swing fre-

quency tends to accelerate during out-of-step
condition so that the electrical and dynamic stress
of the machine increases. On the other hand, for
out-of-step conditions with the electrical centre
being in the network system a higher number of
slip period can be tolerated.

The holding time (address 2011) determines how
long time a detected out-of-step condition (pass-
ing through) is maintained so that the counter is
incremented with the next passing through. When
no renewed pick-up occurs with in this time, the
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out-of-step condition is ’'forgotten’. This time
should be set higher than the longest expected slip
period (i.e. smallest slip frequency). Conventional
values lie between 20 s and 30 s.

With each detected out-of-step condition the cor-
responding counter is incremented and an annun-
ciation "Out-of-step characteristic 1” or "Out-of-
step characteristic 2" is issued. These annunci-
ations disappear after the time which is set under

address 2012. If this time is set higher than the
holding time (address 2011) then the out-of-step
annunciation begins with the first out-of-step de-
tection and ends after the last detected out-of-
step condition, prolonged with this annunciation
time.

The drop-off delay time (address 2013) begins af-
ter trip command is given and _pick-up has
dropped off.

f 2009BREP.CHAR .1

010BREP.CHAR . 2

Number of out-of-step conditiens®detected by
characteristic 1 which should cause tripping
* 1 Setting range:

1 to§

Number of out-of-stepfeonditions detected by
characteristi€ 2y, which _should cause tripping
Setting range:

1to 8

o110T-HOLDING
.00 s

o12B0T-s1G6NAL
.05 s

i

0130 T-RESERT
10 s

Pick-up helding time (valid for both characteristics
1 &2

Setting range: 0.20 s to 32.00 s

Holding time for out-of-step annunciation (valid for
both characteristics 1 & 2
Setting range: 0.02 s to 0.15 s

Drop-off time after trip command has been issued
Setting range: 0.05 s to 32.00 s
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6.3.7 Settings for forward power supervision - address block 22

22000 FORW.POWER

Beginning of the block "Forward power supervision”
SUPERVISION

22010 FORW.POWER Switch OFF of forward power superyision
OFF

oN Switch ON of forward power supenvision
forward power supervision operates but TRIP
BLOCK TRIP REL RELay is BLOCKed

Setting of the forward power supervision is very much dependent on the application. General setting recom-
mendations cannot be made. The stages operate independent of each otfiér, The pick-up values must be
set as a percentage of the secondary rated power Sysec = V3 - Unsec ¢ INSec The machine output must
therefore be referred to secondary values:

Psec _ Pmach  Unmach . INmache
Snsec  SNmach UNpri INpri
whereby  Pgec - secondary active power according_toysetting value
Snsec - secondary rated apparent power o= V3 ®Usec - INsec
Pmach - active power of machine accordingito setting value
SNmach - rated apparent power of maching
UNmach - rated voltage of machine
INmach — rated current of machine
UNpri - primary rated voltagefof voltage transformers
INpri - primary rated current ofgéurrent transformers

The set times are additional delay times which deynot include the operating times (measuring time, reset
time) of the protection function itself.

Supervision of decrease in forward active power
ﬁ 22020 P 1< Setting range: 0.5 % to 120.0 %
8 10.0 % of secondary rated apparent power

Supervision of increase in forward active power
* 2203BpP1> Setting range: 1.0 % to 120.0 %
* 100 .0 % of secondary rated apparent power
f 22040 TP < Trip delay on decrease of forward active power
+ 10.d0o 4 Setting range: 0.00 s to 32.00 s

and oo (NO trip)

* 22050 T-P¢f> Trip delay on increase of forward active power
10 .00 s Setting range: 0.00 s to 32.00 s

and oo (no trip)
f 22060 T-RESET Drop-off time after trip signal has been issued
* 5 00 s Setting range: 0.00 s to 32.00 s
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6.3.8

23000M

REVERSE POWER

${ 2301BREV. POWER
tlorr

ON

BLOCK TRIP REL

Settings for reverse power protection - address block 23

Beginning of the block
"Reverse power protection”

Switch OFF of reverse power protection

Switch ON of reverse power pratection

reverse power protection, operates but TRIP
RELay is BLOCKed

If reverse power operation occurs, then the tur-
bine-generator set must be disconnected from the
network since operation of the turbine without a
certain minimum steam throughput (cooling ef-
fect) is impermissible. In case of a gas turbine, the
motoring load may become too large for the net-
work. In the event of reverse power with the stop
valve open, a suitable time delay must be provided
in order to bridge a possible transient reverse pow-
er intake following synchronizing or during power
oscillations after network faults (e.g. three=pele
short—circuit) . Usually the time delay is setfto ap+-
proximately t = 10 s.

In the event of faults that lead to a trip of the,stop
valve, disconnection by the reverse poweriprotec-
tion is performed after a short time delay/following
confirmation that the stop valve ha§¥suceéessfully
operated. This confirmation js normallyyvia an oil
pressure switch or a limit switcljen ‘thesStop valve.

It must be a eondition for tripping, that the reverse
power is causgd sdlely by the failure of energy to
the turbine. A'time delay is required to bridge out
the activeypower oscillations caused by a rapid clo-
sure ofathelvalves, i.e. to wait until a steady-state
activelpower value has been reached. A time delay
of 2uto 38 is sufficient in this case; approximately
0.5 s"are recommended for gas turbines. The set
times are additional time delays which do not in-
clude the relay operating times (measurement
time, reset time).

The reverse power is measured by the protection
unit itself during the primary tests (refer to Section
6.7.5.2). Approximately 0.5 times the measured
reverse power value is chosen as the setting value.
This value must be entered with its negative sign.
In cases of large machines with small motoring
power it is advisable to correct the angle error of
the instrument transformers (see Section 6.3.3).

* 530200pP> REMMLER S E Pick-up value of reverse power in percent of
secondary rated apparent power.
* - 00 % Setting range: -30.00 % to -0.50 %
f 340 3INT - SV-0PEN Trip delay for reverse power with stop valve gpen
* 10do0d s Setting range: 0.00 s to 32.00 s
and oo (nO trip with open stop valve)
* 23048 T-sv-cLOS Trip delay for reverse power with stop valve ¢losed
‘ Setting range: 0.00 s to 32.00 s
3 00 . .
and oo (no trip with closed stop valve)
f 23050 T-RESET Drop-off time after trip command has been issued
* 3.00 s Setting range: 0.00 s to 32.00 s
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6.3.9 Settings for unbalanced load protection - address block 24

ﬁ 240010
3 UNBALANCED LOAD

24010 UuUuNBAL .LOAD
OFF

-

ON

BLOCK TRIP REL

Beginning of the block "Unbalanced load pro-
tection”

Switch OFF of unbalanced load protectien

Switch ON of unbalanced load protégtion

unbalanced load protectign operates but TRIP
RELay is BLOCKed

The maximum continuously permissible negative
sequence current is decisive for the thermal repli-
ca. From experience, this current amounts to ap-
proximately 6 % to 8 % of rated machine current for
machines up to 100 MVA and with turbo rotors and
at least 12 % of the rated machine current for ma-
chines with salient-pole rotors. For larger ma-
chines and in cases of doubt, the data supplied by
the manufacturer should prevail.

The values must be converted to the secondary
quantities when setting the 7UM516. The following
applies:

l2maxmach INpach

Setting value 12> = .
INmach INpri
whereby: Irmaxmach — Maximum cantinuously per-
missible thermal negative
sequence, current
INmach - Rated machine current
INpri - primary rated c.t. current

This value 12> is set ufider’address 2402. It also
represents the pick—up value/of a current-depend-
ent alarm stagehr thejdefifnite delay time of which
T-12> is set undersaddress 2403.

xample:

Machine: In = 1099 A
lomax = 6.5 %

Cumrenttransformer: 1200 A/1 A

1099 A

I2>=6.5%-m

=6 %

The unbalanced load protection simulates the tem-
peratureyrisemaccording to the thermal differential
equation, the solution of which is an e-function in
steady state operation. The time constant 7 is deci-
siveyfor the'time to reach the limit temperature and
thus forythe trip time.

If the/time constant is stated by the manufacturer,
then that value is set (address 2404). The thermal
capability time can also be expressed by the con-
stant C = (|2/|N)2 - t or by the thermal unbalanced
load characteristic.

The constant C is proportional to the permissible
loss energy. Strictly speaking it only applies if a
constant loss energy is supplied without heat dissi-
pating. This corresponds to a linear temperature
characteristic as present in the initial stage of the
e-function, i.e. during a large unbalanced load.
Under this provision, the gradient triangle accord-
ing. Figure 6.6 results in the following equation

la/in)2 K2
QL)-:—'{‘" or (Io/l)2 -t =k2 . 7
T

whereby: Iy/ly any unbalanced load,
T the thermal time constant,
K the permissible unbalanced load of
the machine,
t the time at which k is reached.
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o

K2 —

time

Figure 6.6 12—t characteristic

If (I,/In)2 - tis replaced by the constant C, then it
follows that
C
T

Since the constant C applies for the machine, the
permissible unbalanced load referred to ratedima-
chine current must be inserted for k andgnot the
value referred to the secondary side.

xampl
C =3.17 s
|
k=—2 =6.5%x=0.065
In
Then it follows that
3.17 s Z
0.0652 =L0s

If the thermal unp@l@nced load characteristic is
provided, thg protection characteristic must be
matched to,coincidewwith it as far as possible. Also
in this case a Jlinear,e-function characteristic can
be assdmeddon the basis of a large unbalanced
load; mostisimply'l>/Iy = 1. The negative sequence
current/time egordinates for e.g. lp/ly = 1 are read
from the characteristic (Figure 6.7) and the time
constant 1, is calculated according to the following
farmula:

ty
K2
whereby ty is the permissible duration at lx/ly = 1
and k is the permissible continuous unbalanced
load.

T =

100 %} — —
| Parameter T
|
|
|
|
|
|
ty —
time
Figure 6.7 Themmal unbalanced load charac-
tenistic
Exampie.
Erom“the unbalanced load characteristic:
tq =3.17 s at
b/l =1

Continuous permissible unbalanced load
lb/In = 6.5 % = 0.065

3.17 s

0.0652

The calculated time constant is set as TIME CONST
under address 2404.

The characteristic of the thermal unbalanced load
protection does not further reduce for high nega-
tive sequence currents (above 10 times the per-
missible negative sequence current). Therefore,
the thermal characteristic is intersected by a defi-
nite-time negative sequence current characteris-
tic 12>> (address 2406). A setting to approx. 60 %
ensures that in the event of a phase failure (unbal-
anced load always smaller than 100/v/3 %, i.e. I <
58 %) tripping always occurs according to the ther-
mal characteristic. On the other hand, a two-
phase short-circuit can be assumed to be present
if more than 60 % unbalanced load exists. Conse-
quently, the time delay T-12>> (address 2407) is
coordinated according to the time grading for
phase short-circuits.

The set times are additional delay times which do
not include the operating times (measurement
time, reset time) of the protection function itself.
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’ s4020712> Maximum continuously permissible negative se-
quence current in % of Iy
* 6 % Setting range: 3% to 30 %

I

|

Time delay for definite time warning stage
(operates after pick-up of 12>, address 2402)
‘ 20.00 s Setting range: 0.00 s to 32,00 s

and oo (N0 warning with I,> stage)

f 24040 TIME CONST Thermal time constant 7
‘ 750 s Setting range: 100 s to 2500 s
’ 24050 THERM . W A*R N Thermal warning temperature rise in % of trip-
+ ping temperature, rise
90 % . Setting range: 70°% to 99 %

* co406B12>> Pick-up value forthigh current definite time trip
stage
+ 60 % Setting range: 10 % to 80 %
24070 T-12>> Time delay for high current definite time trip
1 stage 12>> (address 2406)
3 .00 s Setting range: 0.00 s to 32.00

and oo (no trip with I,>> stage)

* 24080 T-RESET Drop-off time after trip signal has been issued
+ 0.10 s Setting range: 0.00 s to 32.00 s

6.3.10 Settings for measured value monitoring - address block 29

The different monitering functions of the protective ages are expected, or if, during operation, one or
relay are described in Section 4.10.4. They partly more monitoring functions react sporadically, then
monitor the relay itself, partly the steady-state sensitivity should be reduced.

measured values of the transformer circuits.
NOTE: Prerequisite for correct function of the

The\sensitivity of the measured value monitoring measured value monitors is the proper setting of
camybe, changed in block 29. The factory settings the general power system data (Section 6.3.3),
are sufficient in most cases. If particularly high op- especially the parameters concerning voltage con-
erational asymmetries of the currents and/or volt- nections and the matching factor.
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29000l MEAS . VALUE Beginning of block o
Measured value supervision

SUPERVIOSION

29010M.V.SUPERYV Measured value monitoring is
OFF switched off

e
o
|
5]

ON ON switched on

Current threshold abovegwhichithe symmetry moni-
f 2 o3l sy Ithres toring is effective (refer Figure '4.19)
fflo. 50 1/1n Smallest setting valug: 0.10 - Iy

Largest setting value: 1.00 - Iy

Symmetry factor for the current symmetry = slope
) of the symmetry, characteristic (see Figure 4.19)
* 0.50 Smallest_setting Vvalue: 0.10
l_argestisetting \value: 0.95

Curgent threshold above which the summation mon-
itoringy(refer Figure 4.17) reacts (absolute content,

‘ 0.10 I/ 1In feldted 1o Iy only) is effective
Smallest setting value: 0.10 - Iy
Largest setting value: 2.00 - In

Relative content (related to the maximum conduc-
tor current) for operation of the current summa-

+ 0.10 tion monitoring (refer Figure 4.17)
L Smallest setting value: 0.00

Largest setting value: 0.95

Voltage threshold (phase-phase) above which the
’ 0Tl sym . Ftihres symmetry monitoring is effective (refer Figure 4.20)
+ 50 \Y Smallest setting value: 10V

Largest setting value: 100 V

Symmetry factor for the voltage symmetry = slope
f 2 0sB@EPM . Fact v of the symmetry characteristic (refer Figure 4.20)
bllo 75 Smallest setting value: 0.58

Largest setting value: 0.95

Voltage threshold (phase-to-phase) above which
the summation monitoring (refer Figure 4.18)

* 10 Vv reacts (absolute content) is effective

Smallest setting value: 10V

Largest setting value: 200 V
f 9100 sSUM.Fact .U ?elative cpntent (related to the maxi.mum vqltage)

or operation of the voltage summation monitoring
* 0. 75 (refer Figure 4.18)

Smallest setting value: 0.60

Largest setting value: 0.95
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6.3.11 Coupling external trip signals - address blocks 30 to 33

Up to four desired signals from external protection nal protection and supervision signals, they can bé
or supervision units can be incorporated into the annunciated as "External trip”, time delayed and
processing of 7UM516. The signals are coupled as transmitted to the trip matrix.

"External signals” via binary inputs. Like the inter-

ﬁ 3000BEXTERNAL Beginning of the block "Incorporatingief an“external
& TRIP FUNCTION 1 trip function 1"

| 30o01BEXT.TRIP 1 Switch OFF of external trip funBtion 4
tllor

0N Switch ON of external trip fuaction 1

R E external trip function opgrates but TRIP RELay is
BLOCK TRIP E L BLOCKed
Time delay“fer external trip function 1
T - DE

* 300218 LAY Setting range: 0.00 s to 32.00 s
+ 1.00 s and oo (NG trip)
* 30030 T-RESET Resgt delay after trip signal has been initiated
* 0.10 s Sefting range: 0.00 s to 32.00 s

ﬁ 31000 EXTERNAL Beginning of the block "Incorporating of an external
@ TRIP FUNCTTION 2 trip function 2"
’ 31010EXT . TREP 2 Switch OFF of external trip function 2
+ OFF
oN Switch ON of external trip function 2
external trip function operates but TRIP RELay is
BLOCK T'R IVP R EL BLOCKed
Time delay for external trip function 2
31020 T-DELAY ;
* Setting range: 0.00 s to 32.00 s
* 1., 00 % and oo (nO trip)
* 3030 T-RESET Reset delay after trip signal has been initiated
* . 10 s Setting range: 0.00 s to 32.00 s
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ﬁ 3200 B EXTERNAL

Beginning of the block "Incorporating of an external
a TRIP FUNCTTIO

N 3 trip function 3"

* 32010 EXT.TRIP 3 Switch OFF of external trip function,3
tHlorr ‘

0N Switch ON of external trip function/3

external trip function opérates but TRIP RELay is

BLOCK TRIP REL BLOCKed
) 32020 T-DELAY Time delay for extefnaltrip function 3
* Setting ranges 0.00 s to 32.00 s

1.00 s and oo (no trip)
* 32030 T-RESET Resgt delayfafter trip signal has been initiated
o .10 s Settingyrange: 0.00 s to 32.00 s

Beginning of the block "Incorporating of an external

{L TRIP FUNCTTION 4 trip function 4"
f 33010 EXT QRIP 4 Switch OFF of external trip function 4
{ OFF
oON Switch ON of external trip function 4
external trip function operates but TRIP RELay is
BLOCK T4RTI P REL BLOCKed _
* 33 20T-DELAY Time delay for external trip function 4
‘ Setting range: 0.00 s to 32.00 s
1.00"s and oo (NO trip)

SET Reset delay after trip signal has been initiated
Setting range: 0.00 s to 32.00 s

w
w
w
»n .|
H
|
=y}
M

e —
o
[
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6.4 Annunciations

6.4.1 Introduction

After a fault, annunciations and messages provide
a survey of important fault data and the function of
the relay, and serve for checking sequences of
functional steps during testing and commissioning.
Further, they provide information about the condi-
tion of measured data and the relay itself during
normal operation.

To read out recorded annunciations, no codeword
input is necessary.

The annunciations generated in the relay are pres-
ented in various ways:

- LED indications in the front plates of the relay
(Figure 6.1),

- Binary outputs (output relays) via the connec-
tions of the relay,

- Indications in the display on the front plate or on
the screen of a personal computer, via the oper-
ating interface,

- Transmission via the serial interface to local or
remote control facilities.

Most of these annunciations can be relativelygfreely
allocated to the LEDs and binary outputs (see Secx
tion 5.5). Also, within specific limitations, grodp
and multiple indications can be formed.

To call up annunciations on the opegrater panel, the
following possibilities exist:

- Block paging with the keyssfpforwards or || back-
wards up to address 5000,

- Direct selection with address code, using key
DA, address 580 0'0¢and execute with key E,

- Press key M/S (M stands for "messages”, S
for "signals”); then the address 5000 appears
automatically as the beginning of ghe_annunci-
ation blocks.

For configuration of the transfeffof anpunciations
via the serial interfaces, the lnegessary data are
entered in block 72 (see Section, 5/3.3).

The annunciations are arranged as follows:

Block 51 Operational’, annunciations; these are
messages, whigh can appear during the
operation/ofithe relay: information about
condition ofi'relay functions, measure-
ment data etc.

Block 52%Eventannunciations for the last fault;
pick-up, trip, expired times or similar.
Asydefined, a fault begins with pick-up of
any fault detector and ends after drop-
off of the last fault detector.

Block' 53 Event annunciations forthe previous net-
work fault, as block 52.

Block 54 Event annunciations for the last but two
network fault, as block 52.

Block 57 Indication of operational measured val-
ues (currents, voltages, frequency).

Block 58 Indication of operational measured val-
ues (power, power factor, imped-
ances).

Block 59 Indication of operational measured val-
ues of the unbalanced load protection
(negative sequence current, calculated
thermal value).

His0000M
JlanNuNcriaTIONS

Commencement of "annunciation blocks"”

Aycomprehensive list of the possible annunciations and output functions with the associated function num-
ber FNo is given in Appendix C. It is also indicated to which device each annunciation can be routed.
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6.4.2 Operational annunciations - address block 51

Operational and status annunciations contain infor- After selection of the address 5100 (by direct,se#
mation which the unit provides during operation lection with DA 56100 E and/or paging with f
and about the operation. They begin at address or | and further scrolling 1 or ]) the operational
5100. Important events and status changes are annunciations appear. The boxes below show all
chronologically listed, starting with the most recent available operational annunciations: In each spe-
message. Time information is shown in hours and cific case, of course, only the assogiated annunci-
minutes. Up to 50 operational indications can be ations appear in the display.
stored. If more occur, the oldest are erased in se- .
quence. Next to the boxes below, the abbreviated forms are
explained. It is indicated whether an event is an-
Faults in the machine are only indicated as nounced on occurrence (€, ="Coming”) or a sta-
"Fault"” together with the sequence number of tus is announced "Ceming®?and "Going” (C/G).
the fault. Detailed information about the history of The first listed messagelis, as example, assigned
the fault is contained in blocks "Fault annunci- with date and time in the first line; the second line
ations”; refer Section 6.4.3. shows the beginning,of a condition with the charac-
ter C to indigate that this condition occurred at the
The input of the codeword is not required. displayed time.
ﬁ 5100B0PERATIONAL Beginning ofthe block "Operationa
&ANNUNCIATIONS anndnciations

1st line: Date and time of the event or status
f 19.01.95 17:02 change
* 0/S blocked : C 2nd line: Annunciation text, in the example Coming

If the real time clock is not availablefthe date€’is replaced by xx.xx.xx, the time is given as relative time from
the last re-start of the processor system.

Direct response from binary inputs:

>Time Syncthro Synchronize internal real time clock (C)

>Starth FdtRec Fault recording started via binary input (C)

> A nfn u n% 1 pser defined annunciation No 1 received via binary
input (C/G)

sAnhudc 2 pser defined annunciation No 2 received via binary
input (C/G)

SAnnunec 3 User defined annunciation No 3 received via binary
input (C/G)

SAnnunec 4 User defined annunciation No 4 received via binary
input (C/G)

S VT mec b Trip é?ltage transformer se.condary m.c.b. tripped (C/

>Imp . block B]ock Impedance protection from an external de-
vice (C/QG)
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>E x ten Z 1B
>B1I <

>E xt block
>E x t ip 1
>E xt block
>E x t ip 2
>E x t block
>E xt ip 3
>E x t block
>E x t ip 4
>0/ S ock
>Pr c k

> SV pped
> P f c k

> 1 2 c k

>R M repl
>U 0 > oc k

General operational

Switch impedance protection to extended zone Z1B
from external signal (C/G)

AND combination of impedance protection and
binary input signal (C/G)

Block external trip signal 1 (C/G)

External trip signal 1 via binary input (C/G)
Block external trip signal 2 (C/G)

External trip signal 2 via binary input/ (CLG)
Block external trip signal 3 (C/G)

External trip signal 3 via(binary, input (C/G)
Block external trip signalyd (C/G)

External trip signal“4,via binary input (C/G)
Block out-of=step protection (C/G)

Block reverse power protection (C/G)
Stap yalvertripped (C/G)

Block forward power supervision (C/G)

Block unbalanced load protection (C/G)

Reset memory of thermal replica of unbalanced
load protection (C)

Block stator earth fault protection Ug> (C/G)

annunciations of the protection device:

ragt i ve

Device operative (C/G)

At least one protection function is operative (C/G)
Initial start of the processor system (C)

Stored LED indications reset (C)

Parameters are being set (C/G)

Parameter set A is active (C/G)

118

C53000-G1176-C97



7UM516 V3 Operating instructions

Param. Set B Parameter set B is active (C/G)

Param. Set C Parameter set C is active (C/G)

Param. Set D Parameter set D is active (C/G)

Systenmn F1lt Power system fa.ult. (C/G), detailed information in
the fault annunciations

Flt.RecDatbDel Fault recording data deleted (C)

Flt.Rec.viaBlI Fault recording triggered via binagy input (C)

Flt.Rec.viaKkKB Fault recording triggered yia thefront keyboard (C)

Flt Rec.viaPeC Fault recording triggeréd Via operating (PC) inter-
face (C)

Operact rancge Protection in operating, range, i.e. suitable mea-
sured valuesyarelprésent (C/G)

Annunciations of monitoring functions:

Wrong SW-vers Software version of the device is wrong (C)
Wrong dev. ID Device identification number is wrong (C)
Annunc . lost Annunciations lost (buffer overflow) (C)

Annu . P C lost Annunciations for operating (PC) interface lost (C)
Oper . Ann . In vwWa Operational annunciations invalid (C/Q)
F1lt.Ann . I'ndv ayl Fault annunciations invalid (C/G)

L ED Buf f{iIAva Buffer for stored LEDs invalid (C/G)

VDEW St ate I n v VDEW state invalid (C/G)

Cheg E'rpgor Check-sum error detected (C/G)

Chs A Error Check-sum error detected for parameter set A:

no operation possible with this set (C/G)

Chs B Error Check-sum error detected for parameter set B:
no operation possible with this set (C/G)

¢S s C Error Check-sum error detected for parameter set C:
no operation possible with this set (C/G)

Chs D Error Check-sum error detected for parameter set D:
no operation possible with this set (C/G)
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Fail re 24V
Fail re 15V
Fail re SV
Fail re ov
Fail TrpRel
LSA isrupted

r e I symm

r e ZUp-ce

r e Usymmn

PhaseSegq

Failure in internal supply voltage 24 V (C/G))
Failure in internal supply voltage 15 V (C/G))
Failure in internal supply voltage 5 V (C/G))
Failure in offset voltage 0 V (C/QG)

Failure on trip relay p.c.b. (C/G)

LSA-link disrupted (system intérface)(C/G)

Failure detected by current plausibility monitor Z|
(C/IG)

Failure detected by [Current,symmetry monitor (C/G)

Failure detected‘byawvoltage plausibility monitor

Failure detéctedyby voltage symmetry monitor (C/QG)

Failure detected by phase sequence monitor (C/G)

Operational annunciation of impedance protection:

Imp of f
Imp. blocked
I mp. activye

Impedance protection is switched off (C/G)
Impedance protection is blocked (C/Q)

Impedance protection active (C/G)

Operational anntinciations/of the external trip functions:

E x t of f

Ext blocked
E xt active
E“ %t of f

E xt blocked

External trip function 1 is switched off (C/Q)
External trip function 1 is blocked (C/G)
External trip function 1 is active (C/QG)
External trip function 2 is switched off (C/G)

External trip function 2 is blocked (C/QG)
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Ext 2 active External trip function 2 is active (C/G) O
Ext 3 off External trip function 3 is switched off (C/G) O
Ext 3 blocked External trip function 3 is blocked (C/G)
L 4
Ext 3 active External trip function 3 is active (C
Ext 4 off External trip function 4 is switm /G)
Ext 4 blocked External trip function 4 is /1G)
Ext 4 active External trip function 4 i (C/G)
Operational annunciations of out-of-step protection:
0/S off Out protection is switched off (C/G)

0/8S blocked OA@ protection is blocked (C/G)
0/S active @-step protection is active (C/G)

Operational annunciations of forwa@r supervision:

Pf off s ! ’ Forward power supervision is switched off (C/G)
Pf blocke Forward power supervision is blocked (C/G)
Pr acti O Forward power supervision is active (C/G)

Operati al\u'ations of reverse power protection:
P r f Reverse power protection is switched off (C/G)

Prgblocked Reverse power protection is blocked (C/G)

r active Reverse power protection is active (C/G)
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Operational annunciations of unbalanced load protection:

I2 of f Unbalanced load protection is switched off (C/G)O
I2 blocked Unbalanced load protection is hlocked (C/G)
. o ¢

I12 active Unbalanced load protection is active (C/G)

I2 > Warn Unbalanced load protection curre ng/stage
operated (C/G) .

I 2 t h . Warn Unbalanced load protection the ing stage
operated (C/G)

R M t h . repl . Thermal replica of thermal stag unbalanced
protection reset (C)

Operational annunciations of stator earth fault protection:
uo> of f Stator ea a rotection is switched off (C/G)
Statoﬁxb

U0O> blocked It protection is blocked (C/G)

Uuo> active S@th fault protection is active (C/G)
Operational annunciations of trip test \
Test Trip 1 Test trip relay 1 is in progress (C/G)
Test Trip \ Test trip relay 2 is in progress (C/G)
Test Tr i po Test trip relay 3 is in progress (C/G)
Test T r@ Test trip relay 4 is in  "ogress (C/G)
Test \ 5 Test trip relay 5 is in progress (C/G)
A
Further messages:
b1le overflow if more mgssages have been received the last valid
message is Table overflow.
End of table !f not all memory places are used the last message
is End of table.
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6.4.3

The annunciations which occurred during the last
three faults can be read off on the front panel or via
the operating interface. The indications are re-
corded in the sequence from the youngest to the
oldest under addresses 5200, 5300 and 5400.
When a further fault occurs, the data relating to the
oldest are erased. Each fault data buffer can con-
tain up to 80 annunciations.

Input of the codeword is not required.
To call up the last fault data, one goes to address

5200 either by direct address DA 5200 E or
by paging with the keys ffor || . With the keys 1 or |

Fault annunciations - address blocks 52 to 54

one can page the individual annunciations forwards
or backwards. Each annunciation is assignedawith
a sequence item number.

For these purposes, the "fault” means the period
from first pick-up of any protegtion_function up to
last drop-off of a protectien fuaction. .

In the following clarificatiohiall"the available fault
annunciations are indicated. Inithe case of a spe-
cific fault, of course, @nly the/associated annunci-
ations appear in the display. At first, an example is
given for a system fault,/and explained.

tlfs200mrLasT

Jllraver

fo 101 1 9 4

* S stem F t

fo B12:41:33.5 8¢

‘ F ult

Mloozlo

‘ I p Fault L1 C

flooals

‘ I mp Faml g L 2 C

biloos. Mo

*I D T X D C

f 0 6 B1o0 m s

‘ I rip C

fo 6 01387 s

‘ Dev Drop-o0off:C
etc.

Beginninggef the Block™ Fault annunciations of the last
system fault®

under item’1, the date of the system fault is indicated,
in the,second line the consecutive number of the sys-
tem fault

under item 2, the time of the beginning of the fault is
given; time resolution is 1 ms

The following items indicate all fault annunciations
which have occurred from fault detection until drop-off
of the device, in chronological sequence. These an-
nunciations are tagged with the relative time in milli-
seconds, starting with the first fault detection.
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General fault annunciations of the device: O

Flt.Buff.Over Fault annunciations lost (buffer overflow) O
System FI1lt System fault with consecutive number

1 - L 4
Fault Beginning of fault
Device FltDet Fault detection of the device, gen\
Device Trip Trip by the device, general
Dev Drop-o0ff Drop-off of the device, general

Q

Imp . Gen.F1lt. General f of impedance protection
Imp . Fault L1 Fault da& impedance protection, phase L1
Imp . Fault L2 Fault,detection of impedance protection, phase L2
Imp Faultt L3 aul ection of impedance protection, phase L3
Imp . I > & U < ault detection of impedance protection with under-
oltage seal-in
Imp . T1 e X p . mpedance protection time T1 (first stage) expired
Imp . T 2 e xp . Imp(e;dance protection time T2 (back-up stage) ex-
pire

Imp. T1B e x \ Impedance protection time T1B (extended stage)
\ expired

Imp. Trip Trip by impedance protection
BI+Z< Tri Trip by impedance protection. AND combined with
binary input

@ g Power swing detected, imprdance protection
blocked

4
xt 1 Gen.Fl1lt External trip function 1 picked up
t 1 Gen.Trop Trip by external trip function 1
Ext 2 Gen.Flt External trip function 2 picked up
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Ext 2 Gen.Trp Trip by external trip function 2 O

Ext 3 Gen.Flt External trip function 3 picked up
Ext 3 Gen.Trp Trip by external trip function 3
L 4
Ext 4 Gen.F1lt External trip function 4 picked up
Ext 4 Gen.Trp Trip by external trip function 4 %
Fault annunciation of out-of step protection: 0
0/S char. 1 Out-of-step protegtion racteristic 1 passed
through
0/ S char . 2 Out-of-step t character»istic 2 passed
through

0/ S det.ch .1 Out-

0/ S det . ch . 2 OU%

etection by characteristic 1

detection by characteristic 2

-step trip by characteristic 1

0/S Trip ch .2 Q of-step trip by characteristic 2

Fault annunciation of forward pow, ervision:

Pf< f1lt. de ‘ . ’ Forward power supervision picked up on Pf<

Pf> f1zt. {\ Forward power supervision picked up on Pf>

Forward power supervision trip by Pf< stage

Forward power supervision trip by Pf> stage

det . Reverse power protection picked up

Reverse power protection trip

Pr+SV Trip Relverse power protection trip with closed stop
valve
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Fault annunciation of unbalanced load protection:

I2>> Fault Fault detection of the stepped characteristic
I12>> Trip Trip by the stepped characteristic
I12 © Trip Trip by the thermal characteristic 'S

Fault annunciation of stator earth fault protection:

uo> Fault

a@ection
0 n

Fault detection of stator e

uo> Tri Trip by stator earth faul

Further messages:

Table empty means t t event has been recorded
Table overflow means ot fault data have occurred, howev-
er, or full
Table superceded a f event has occurred during read-out:
p ith 1 or |; the display shows the first
n tion in the actualized order
End of table not all memory places are used the last message
is End of table.

>

The data of the second to last fgult n bé&found under address 5300. The available annunciations are the
same as for the last fault. &\

The data of th d to last fault can be found under address 5400. The available annunciations are the
same as for the last fault.

Beginning of the block "Fault annunciations of
the second to last fault”

s3000 2nd
FAULT

AST

4
400B31rd T O LAST Beginning of the block "Fault annunciations of
UL T the third to last fault”
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6.4.4 Read-out of operational measured values - address blocks 57 to 59

The steady state r.m.s. operating values can be
readout at any time under the address blocks 57 to
59. The first address block can be called-up di-
rectly using DA 57 00 E or by pagingwith{ or |.
The individual measured values can be found by
further paging with 1 or |. Entry of the codeword is
not necessary. The values will be updated in ap-
proximately 1 second intervals.

The data are displayed in absolute primary values
and in percent of the rated device values. To en-
sure correct primary values, the rated data must

be entered to the device under address bloegk 42
as described in Section 6.3.3.

In the following example, some typical valdes have
been inserted. In practice thegactual values ap-
pear. Values outside thg frequency operation
range (fy £ 20 %) seem toe,smallf

Further measured or calculated values are dis-
played in address blocks 58 and 59. Block 58 indi-
cates values of the impedance protection, block
59 those of the unbalanced load protection.

—

ﬁ 57000 0PERATIONAL
@ MEAS. VALUYUES A

Beginningof the block” "Operational measured val-
ues A"

Use 1 key to move to the next address with the next measured value.

ﬁ 570180 MEAS. VALUE

flls 7020 mMEAS . vAaLUUE

- —
(o
w
]
©
R~
{\od
o
~
>

} 57040 MEAS . VALUE

fls70s5s@BmMEAS . vALUE

f 57060 MEAS . VALUE

Page on with the 1 key to read off the next address
with” the next measured value, or page back with |

One address is available for each measured value.
The values can be reached also by direct addressing
using key DA followed by the address number and ex-
ecute with E

The primary values (addresses 5701 to 5706) are

referred to the primary rated values as parameter-
ized under addresses 1201 (for Iy) and 1202 (for

Un) (refer Section 6.3.3)

C53000-G1176-C97
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f5707lMEAs.VALUE ‘
‘ tr1l%] = 86 .7 % The percentage is referred to rated current

O

L 4
f[s 7098 MEAS . VALUE | @
tlrcsl%]l - s86.8 3 0

The secondary vol dresses 5710 to 5713)

1 A .V
are referred the v s applied to the relay
UL1E = 60.9 Vv terminals
dls7110MEAS . VALUE

{y

-
H o
[ |
N O
— 0o
X =
| —)
illt"l
>
(=)
K
<
= >
o
X
o]
L__|

-
3
)
o
]
==
(o)
1%}
>
r
c
m

* 57140 MEA : ALUE The percentage is referred to rated current
* Ipos [%]% .9 %
* 57 MgaS . VALUE The percentage is referred to the phase-to-phase
* D Os 105 \Y voltage, i.e. /3 - Upos
L 4
160 MEAS . VALUE Frequency in Hz can only displayed when an a.c.
= 50 0 Haz measured quantity is present
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1

58000 0OPERATIONAL
dllMeEas. VvaLUES B
f5801IMEAs VALUE
ilp 2] = s89.7 a
fllsso2BMEAS . VALUE
tllels] = 18.2 =
fssoslMEAs VALUE
fllcos PpHI= 0.9380
flls80aBMEAS . VALUE
fllper = 11 .48 deg
Mls sosBmMEAS . vaLUE
tie = 67.98 0
flls soeMMEAS . Vamk UE
tlix = 13 0a O

Beginning of the block "Operational measured val-
ues B": powers and impedances

The percentage of active power R andireactive
power Q is referred to rated ‘apparent power

V3 © Un ' IN

Power fagtor of the machine

Power angdle of the machine

Measured resistance from U/l . cos ¢

Measured reactance from U/l . sin ¢

The negative sequenée current and the calculated rotor surface temperature rise are displayed in address

block 59.

s c oo PErAaTIONAL
Illmefas NNvaLuves ¢
f{ls o010 MEAS . VALUE
‘Ineg = 0] %

dls 0020 MEAS . VALUE
*Ineg t = 0 %

Beginning of the block "Operational measured val-
ues C": negative sequence values

Calculated negative sequence current in % of rated
relay current

Calculated temperature rise in % of the thermal trip
value; if unbalanced load protection is switched off
then O is indicated

C53000-G1176-C97
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6.5 Operational control facilities

During operation of the protection relay it may be
desired to intervene in functions or annunciations
manually or from system criteria. 7UM516 com-
prises facilities, e.g. to re-adjust the real time
clock, to erase stored informations, or to change
over preselected sets of function parameters.

The functions can be controlled from the operating
panel on the front of the device, via the operating
interface in the front as well as via binary inputs.

In order to control functions via binary inputs it is
necessary that the binary inputs have been mar-

shalled to the corresponding switching functions
during installation of the device and that they have
been connected (refer Section 5.5.2 Marshalling
of the binary inputs).

The control facilities begin with address block
8000. This address is reached

- by block paging with the keys ‘Myforwards or |
backwards up to address{8000,, or

- by direct selection with address code, using key
DA, address 8 0 040, and|execute with key E.

2
¥

sooo@DEVICE
CONTROL

6.5.1 Adjusting and synchronizing the

The date and time can be adjusted at any time dur-
ing operation as long as the real time clock isfop-
erative. Setting is carried out in block 81 which is
reached by direct addressing DA 8 1 040, EWCr
by paging with { and |.

Beginning of the biocky"Device control”

real time clock - address block 81

Input’ of the codeword is required to change the
data. Selection of the individual addresses is by
further scrolling using 1 | as shown below. Each
modification must be confirmed with the enter key
E.

Hls1oo00seETTIOC
Jllrear TimEe cLokx
} 19 94

/

b8 10 20 DA mr

i

f8103lTIME

*i——-

Mg 1040 DIFF TIME
|

Beginning of the block "Setting the real time clock”.
Continue with 1.

At first, the actual date and time are displayed.
Continue with 7.

Enter the new date: 2 digits for day, 2 digits for
month and 4 digits for year (including century); use
the order as configured under address 7102 (Sec-
tion 5.3.2), but always use a dot for separator:
DD.MM.YYYY or MM.DD.YYYY

Enter the new time: hours, minutes, seconds, each
with 2 digits, separated by a dot:
HH.MM.SS

Using the difference time, the clock is set forwards
by the entered time, or backwards using the +/-
key. The format is the same as with the time setting
above.
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6.5.2 Erasing stored annunciations - address block 82

The annunciations and the status of the LED me-
mories are stored in NV-RAMs and thus saved pro-
vided the back-up battery is installed. These
stores can be cleared in block 82. Block 82 is
called up by paging with the keys | or | or directly
by keying in the code DA 8 2 0 0 E. With the
exception of resetting the LED indications (address

8201), codeword entry is necessary to erase, the
stored items. Reset is separate for the different
groups of memories and annunciations. One
reaches the individual items by paging 1t |4 Era-
sure requires confirmation with the,key J/Y. The
display then confirms the erasurg. If@rasure is not
required, press key N or simply page on.

gs2010RESET
LED 2

-

ls2020rRESET
tflopeErAaT . ANNUNC . 2

fle2o0sBRrRESET
flFavrT annunc. 2

Beginning of block "Reset”

Request whetherthe"LED memories should be
reset

Request whether the operational annunciation buffer
store, should be erased

Request whether the fault annunciation buffer and
fault recording stores should be erased

During erasure of the stores4whiGh may take some time) the display shows TASK IN PROGRESS. After

erasure the relay acknowledgesterastre, e.g.

gs2020B RrRESE'T
SUCCE S SFUL

C53000-G1176-C97
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6.5.3

Up to 4 different sets of parameters can be se-
lected for the functional parameters, i.e. the ad-
dresses above 1000 and below 4000. These pa-
rameter sets can be switched over during opera-
tion, locally using the operator panel or via the op-
erating interface using a personal computer, or
also remotely using binary inputs.

The first parameter set is identified as set A, the
other sets are B, C and D. Each of these sets has
been set during parameterizing (Section 6.3.1.2)
provided the switch-over facility is used.

6.5.3.1 Read-out of settings of a parameter

set

In order to look up the settings of a parameter set
in the display it is sufficient to go to any address of
the function parameters (i.e. addresses above
1000 and below 4000), either by direct addressing
using key DA, entering the four-figure address
code and terminating with enter key E, or by pag-
ing through the display with {j or ||. You can switch-
over to look up a different parameter set, e.g.

- Press key combination F 2, i.e. first the function
key F and then the number key 2. All displayed
parameters now refer to parameter set B.

The parameter set is indicated in the display bya
leading character (A to D) before thefaddress
number indicating the parameter set identification.

Selection of parameter sets - address block 85

The corresponding procedure is used for the other
parameter sets:

® Key combination F 1:
access to parameter set A

e Key combination F 2:
access to parameter set B

® Key combination F 3:
access(to/parameter set C

e Key combination F 4: _
agcess to parameter set D

The relay operates always with the active parame-
ter set even duringiread-out of the parameters of
any desired parameteriset. The change-over pro-
cedure described/here is, therefore, only valid for
read-out ofyparameters in the display.

6.5.3,29 Change-over of the active parameter
set from the operating panel

Forichange over to a different parameter set, i.e.
ifha different set shall be activated, the address
block’85 is to be used. For this, codeword entry is
required.

The block for processing parameter sets is
reached by pressing the direct address key DA
followed by the address 8 5§ 0 0 and enter key E
or by paging through the display with {f or ||. The
heading of the block will appear:

ﬁ 85000 PARAMETER
@ CHANGE-OVER

Beginning of the block "Parameter change-over”:
processing of parameter sets

It is possible toWscroll through the individual ad-
dresses using'the T'key or to scroll backwards with

1.

Address 8501 shows the actually active parameter
set with which the relay operates.

In order to switch-over to a different parameter set
scroll, on with 1t to address 8503. Using the
"Na’—key N you can change to any desired param-
etenset; alternatively, you can decide that the pa-
rameter sets are to be switched over from binary
inputs or via the system interface. If the desired set
Or possibility appears in the display, press the en-

ter key E.

As with every settings of the device for which
codeword input is necessary, codeword operation
must be terminated. This is done by using the key
combination F E, i.e. depressing the function key F
followed by the entry key E. The display shows the
question "SAVE NEW SETTINGS?”. Confirm with
the "Yes"-key Y that the new settings shall be-
come valid now. If you press the "No”-key N in-
stead, codeword operation will be aborted, i.e. all
alterations which have been changed since the last
codeword entry are lost. Thus, erroneous alter-
ations can be made ineffective.
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f 85010 AcTIV PARAM Address 8501 shows the actually active parameter:
tlser a set

Use the "No”-key N to page through the alterna-
fllesosBacTrvarIon tive possibilities. The desired possibility is selected
+ SET A by pressing the enter key E.

SET B

SET o]

SET D
If you select SET BY BiN./NRUT, then the parame-

SET BY BIN INPUT ter set can be changed-oyer via binary inputs (see
Section 6.5.3.3)

SET BY LSA CONTR If you select SEF'BY. LSA CONTR, then the param-
eter set can be changed-over via the system inter-
face

6.5.3.3 Change-over of the active parameter- ) )
set via binary inputs Binary input causes
ParamSelec.1 | ParamSelec.2 | active set
If chgnge-ov_er of para_meter setsis nntgndgd to be no no Set A
carried out via binary inputs, the followingiis, ta be
heeded: yes no Set B
no yes Set C
- Locally (i.e. from the cperator panel onfrom’PC yes yes Set D
via the operating interface), ACTIVATION "must

be switched to SET BY BIN.INPUTXrefemSection
6.5.3.2).

2 logical binary inputs are,available for control of
the 4 parameter setsiphese binary inputs are
designated ">Param. Selec ,1™ and ">Param.
Selec.2” (FNo 7 and 8).

The logical binaryfinputS'must be allocated to 2
physical input modules (refer Section 5.5.2) in
order toallow.contral. An input is treated as not
energized wheniit is not assigned to any physical
inputé

- The controldnput signals must be continuously

present as long as the selected parameter set
shall be active.

The active parameter sets are assigned to the log-
iGal binary inputs as shown in Table 6.3.

A'simplified connection example is shown in Figure
6.8. Of course, the binary inputs must be declared

in

normally open ("NO") mode.

no
yes

input not energized
input energized

Table 6.3 Parameter selection via binary input

Selector switch for

T param. set
D_‘ L—

|

|

I Binary input:
| >ParamSelec.1
|

|

I

[

Binary input:
>ParamSelec.2

L+

L+

Connection scheme for parameter
change-over via binary inputs

Figure 6.8
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6.6 Testing and commissioning

6.6.1 General

Prerequisite for commissioning is the completion
of the preparation procedures detailed in Chapter
5.

A\ Warning

Hazardous voltages are present in this
electrical equipment during operation.
Non-observance of the safety rules can
result in severe personal injury or proper-
ty damage.

Only qualified personnel shall work on and
around this equipment after becoming
thoroughly familiar with all warnings and
safety notices of this manual as well as
with the applicable safety regulations.

Particular attention must be drawn to the
following:

p The earthing screw of the device
must be connected solidly to the pro-
tective earth conductor before any
other connection is made.

P Hazardous voltages can be pfesent
on all circuits and components Con-
nected to the supply voltage offtothe
measuring and test quantities.

P Hazardous voltages can_be present
in the device even aftefr discénnec-
tion of the supply ‘Voltage. (storage
capacitors!).

P The limit values given in the Techni-
cal data (Section, 3. Yamust not be
exceeded at allmpoteven during test-
ing and commissianing.

When testing ghe“unitiwith' a secondary injection
test set, it must be ensured that no other meas-
ured value$§ aref’connected and that the tripping
leads to the Circuit breaker trip-coils have been in-
terrupted.

DANGER!

Secondary connections of the current
transformers must be short-circuited
before the current leadsito the‘relay are
interrupted!

If a test switch is installed which automati-
cally short-circuits thelcurrent transform-
er secondary leadsyit is sufficient to set
this switch to‘the "Test” position. The
short-circuitgswitChgmust be checked be-
forehand (referito Section 5.2.6).

It is recommended that the actual settings for the
relay be used forthe testing procedure. If these
values are not(yet) available, test the relay with
the factény,settings. In the following description of
thejptest'sequence the preset settings are assumed
unlessyotherwise noted; for different setting values
formulaetare given, where necessary.

Fomthe functional test a three-phase symmetrical
voltage source with adjustable voltage outputs, to-
géther with a three-phase symmetrical current
source with adjustable currents, should be avail-
able. Phase displacement between test currents |p
and test voltages Up should preferably be continu-
ously adjustable.

If unsymmetrical currents and voltages occur dur-
ing the tests it is likely that the asymmetry monitor-
ing will frequently operate. This is of no concern
because the condition of steady-state measured
values is monitored and, under normal operating
conditions, these are symmetrical; under short cir-
cuit conditions these monitoring systems are not
effective.

NOTE! The accuracy which can be achieved during
testing depends on the accuracy of the testing
equipment. The accuracy values specified in the
Technical data can only be reproduced under the
reference conditions set down in IEC 255 resp.
VDE 0435/part 303 and with the use of precision
measuring instruments. The tests are therefore to
be looked upon purely as functional tests.
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During all the tests it is important to ensure that the
correct command (trip) contacts close, that the
proper indications appear at the LEDs and the out-
put relays for remote signalling. In the testing hints
the annunciations as set by the factory are stated.
Additional annunciations which can be generated
by other protection functions or part functions are
not mentioned. If the relay is connected to a cen-
tral memory device via the serial interface, correct
communication between the relay and the master
station must be checked.

After tests which cause LED indications to appear,
these should be reset, at leastonce by each of the
possible methods: the reset button on the front
plate and via the remote reset relay (see connec-
tion diagrams, Appendix A).

NOTE:

The unit contains an integrated frequency correc-
tion of the amplitudes. The following frequency
ranges are defined (refer also to the Technical
data, Section 3.1):

The tolerances as stated are maintained in the ac-
curacy range. This is defined within 10 % of the
rated frequency.

The operating range is defined within 220 % of
the rated frequency. Amplitude correctiomyis’car-
ried out in this range.

No amplitude correction is carried odt without the
operating range. This results in reduction of the
measured a.c quantities becausg of the'amplitude
response of the filters. Alb protection functions

which operate on increase of measured values be-
come, therefore, less sensitive. Protection funic-
tions, which operate on decrease of measured
quantities, are blocked outside of the operating
range.

If none of the measured a.c. quantities is present,
all protection functions whichfopérate with mea-
sured quantities are ineffective. A trip signal, once
issued, of course, is maintainedfor at least the du-
ration of the parameterized/reset time. The active
state requires that at least one measured a.c.
quantity be present an@ythat'the frequency lies in
the range 20 Hz téy80 Hz» The pure logical func-
tions which do netyusetatc. quantities, i.e. the ex-
ternal trip function Via, binary inputs, can operate
even in case ofithe ineffective state.

NOTE:

If, from the ineffective state, a measurement value
is, switched¥from 0 to the unit without a different
measurement value having been present before-
handyan additional time delay is incurred since the
unit, must firstly calculate the frequency from the
measurement value. In addition, the measured
quantity must be at least 10 % of its rated value
when no different measured quantity is present.
This must be considered when testing the relay.

NQTE:

When the unit is delivered from the factory, all pro-
tective functions have been switched off. This has
the advantage that each function can be separate-
ly tested without being influenced by other func-
tions. The required functions must be activated far
testing and commissioning.
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6.6.2 Testing the overcurrent fault detection stage of the impedance protection

The overcurrent fault detection stage can only be
tested when the impedance protection is confi-
gured under address 7801 as IMP. PROT = EXIST
(refer to Section 5.4.2) and switched to IMP.PROT
= ON or IMP. PROT = BLOCK TRIP REL (address
1301).

Apply symmetrical rated voltages to all three
phases to avoid immediate trip after pick-up.

Testing can be performed with two-phase or
three-phase test current without difficulties.

Setting parameter > (address 1401) is decisive for
the phase currents. For setting values up to 4 x Iy,
the current can be increased gradually until the
stage picks up.

/!\ Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

For tests currents above 4 x Iy measurement shall
be performed dynamically. It should be ensured
that the relay picks up at 1.1 times setting, value
and does not pick up at 0.9 times setting value.
The reset value should lie at 95% of thefpiek-up
value.

When the set value for I> (factory setting 1.5 x Iy)
is exceeded the pick-up indicationsfori>of the the
phases under test appear:

e Annunciation "Imp. FaultlhL1""for phase L1
(not allocated when delivered)s

¢ Annunciation "ImpgmpBault L2" for phase L2
(not allocated when delivered) .

¢ Annunciation "Imp, Fault L3" for phase L3
(not allocated when delivered),

e Annunciation@®Imp. Gen.Flt."” independent of
phase (LED 1 and signal relay 5 when deliv-
ered).

The final time is normally tested at 2 x setting'val-
ue. It must be noted that the set times are puré
delay times; operating times of the measurement
functions are not included.

Switch on test current of 2 time§ (atgleast 1.2

times) pick-up value I> (address 1401);

e Annunciation "Imp. Fault L*# (depending on
phase, see above).

o After T2 (5 s; address'»1808), annunciation
"Imp. T2 exp."” (LEDW8 andsSignal relay 4 as
delivered).

« Trip relays (K2 to K5)%

Switch off test current:

If the undervoltage.sealin circuit is used (address
1402 U< SEAL-IN'={@N, contrary to the state as
delivered) this candbe tested dynamically.

Swit€h%onp, test current of 2 times (at least 1.2

times) ‘pick-up value I> (address 1401):

e Anpunciation "Imp. Fault L*" (depending on
phaseyfsee above).

Reduce applied voltage (three-phase) at least be-

low/the set value U< (address 1403, 75 V at deliv-

ery) and immediately switch of test current; pick-
up signal will be maintained.

* Annunciation "Imp. I> & U<” (not allocated
when delivered).

« After T2 (5 s; address 1308), annunciation "Imp
T2 exp” (LED 3 and signal relay 4 as deliv-
ered).

= Trip relays (K2 to K5).

= After the holding time T-SEAL-IN (address
1404, 10 s when delivered) the signal "Imp. I>
& U<"” disappears. The output relays reset.

When the voltage is re-established before the
holding time has been elapsed, the annunciation
"Imp. I> + U<” will either disappear.

Further checks are performed with primary values
during commissioning (refer to Section 6.7.2 and
6.7.3).
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6.6.3 Testing the impedance zones

Close voltage transformer m.c.b.

Always apply three-phase test voltage; ensure
clockwise phase rotation. Keep the voltage(s) in
the untested phase(s) at approximately rated val-
ue. Set the back-up stage T2 to oo in order to avoid
trip by this stage.

Feed a test current Ip = 2 x |y into the loop under
test. If the test voltage would exceed rated voltage
when the threshold is reached, reduce test cur-
rent, but only so far that operation of the overcur-
rent pick-up stage I> (address 1401) is guaran-
teed. The test current must be kept constant dur-
ing a test!

Determine the threshold point by slow reduction of
the voltage. Check indicators and outputs. Since
the tripping polygon is made up of straight lines
(Figure 6.9), different formulae must be used for
the threshold voltages dependent upon the inter-
section of these lines. The general formulae are:

- For the reactance intersections (X-reach)
Up/V' = Kx - Xzone * Ip/IN

- For the resistance intersections (Rslimitation)
Up/V = KR - Rzone * Ip/IN

where Ip - test current
IN - rated current of felay
Up - test voltage at threshold
Xzone— Setting valuegX ofithe distance zone
to be checked
Rzone— Setting value R ofythe distance zone
to be ghecked

Validity range Ky

Validity
range Kg

R ARSERRCARETITRERERT

Validity range Kx

Figure 6.9 Impedance characteristic

For testing phase-to-phase the current must flow
through the tested phases in opposite directions. It

Ky - factor for Xintersection according is essential to ensure absolute symmetry of the two
Table 633 phase voltages, otherwise error will occur! For the
Kr - factor fer R intersection according factory set values and Ip/ly = 2 the resultant volt-
Table 6.3 ages will be as Table 6.4.
Kx KR
with fault type
dp = 90°/270° general op = 0°/180° general
3-phase 1 —1——- 1 1
sin ¢p COs ¢p
2-phase 2 —2—- 2 —2
sin ¢p CoS ¢p

Table 6.3 Test factors Ky and Kg for individual settings
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zone Z1 zone Z1B
with fault type ¢p = 90°/270° ép = 0°/180° ép = 90°/270° ¢p = 0°/180°
3-phase Up =15V Up =15V Up= 2V Up= 20V
2-phase Up = 30V Up = 30V Up = 40V Up = 40V

Table 6.4

Table 6.3 gives the factors Ky and Kg for your
own settings, for test angles ¢p = 90° and 0°, and
the generally applicable formulae.

Overreach zone Z1B can only be checked under
steady-state conditions, when an input relay has
been allocated to the input function "Extens.
Z1B” and is energized (FNo 3956, allocated to
binary input 6 at delivery).

Activate binary input. Feed atest current b =2 - Iy
into the loop under test. If the test voltage would
exceed rated voltage when the threshold is
reached, reduce test current, but only so far that
operation of the overcurrent detection is guaranz
teed. The test current must be kept constant/dur-
ing a test!

Determine the threshold point by slow reductiomof
the voltage. Check indicators and outputs. Forthe
factory set values and Ip/ly = 2 the resultant volt-
ages will be as Table 6.4, Table 6.3 gives thesgen-
erally applicable values.

De-energize binary input.

For each stage at least one additional dynamic test
should be made to check{the correct signalling of
the time stages. Time T1\(address 1304) is appli-
cable for zone Z1, #1Bp(address 1307) for the
overreach zone, Z1B. 4When measuring the re-
sponse times, do‘not ferget that the programmed
values are delay timesy The inherent measurement
and trip tinde of the relay is additional. Refer also to
the notes in“Section 6.6.1.

Test voltages Up with test current |p = 2 - Iy and presetting

6.6.4 Testing theypower swing block-
ing function

Power swing blogking“ef, the impedance protection
can only be testediwhen three symmetrical cur-
rents and three symmetrical voltages are avail-
able. The violtages must together be infinitely ad-
justables

Prerequisite: Power swing option is effective (ad-
dréss 180#, contrary to the state at delivery).

Adijustthe voltages symmetrically to the level of
the|rated voltage, currents symmetrically to 2 - Iy.
Theé angle between currents and voltages: ¢p ~
0°.

Slowly reduce the voltages symmetrically down to

0 V.

e Annunciation "Power Swing” (not allocated at
delivery).

Tripping by the first zone Z1 does not occur. But
the overreach zone Z1B and the back-up stage are
not affected by power swing blocking.

Power swing blocking of Z1B is effective as long as
the impedance vector simulated by the test quanti-
ties remains within the power swing polygon and
the active time P/S T-ACT (address 1503) has not
yet elapsed.
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6.6.5 Testing the out-of-step protec-
tion

The out-of-step protection can only be tested if it
has been configured as OUT-OF-STEP = EXIST
(address 7806, refer to Section 5.4.2) and para-
meterized as operative, under address 2001. Ad-
ditionally, three symmetrical currents and three
symmetrical voltages must be available. The volt-
ages must together be infinitely adjustable.

Adjust the voltages symmetrically to the level of
the rated voltage, currents symmetrically to 2 - Iy.
The angle between currents and voltages: ¢p ~
0°.

Slowly reduce the voltages symmetrically down to

0 V. Reverse polarity of voltages. Then increase

voltages again. This has simulated one passing

through the power swing polygon (characteristic 1)

of the out-of-step protection. When the polygon

has been left, pick-up of the out-of-step protec-

tion occurs:

e Annunciation "0/S char.1” (signal relay 1 at
delivery).

¢ Annunciation "0/S det.ch.1"” (LED 4 at deliv#
ery).

If one out-of-step cycle has been set forfny under

address 2209 (as delivered), trip will @ccur

¢ Annunciation "0/S Trip ch.1" (LEDYS and
signal relay 3 at delivery).

* Trip relay (2 at delivery).

If more than one out-of-step cycles have been pa-
rameterized, the procedure mustibegfollowed so
often until trip occurs.

Activate binary input ">0/§,bloek"” (not allocated

when delivered from gactory)® Slowly reduce the

voltages symmetrically down to O V. Reverse po-

larity of voltages.hhendin€rease voltages again.

« Annunciation”Q@/S" blocked” (not allocated
when delivered).

* No annunciatigns concerning out-of-step pro-
tection

Switch offtest guantities. Deactivate binary input.

6.6.6 Testing the stator earth fault

protection Up>

The stator earth fault protection function can only
be tested if this function has been configured as
SEF PROT = EXIST (address 7804, refer to Section
5.4.2) and parameterized as @perative (address
1901), contrary to the poSitionsds delivered from
factory.

The stator earth fault protection‘processes the dis-
placement voltage whigh isiproduced by the earth
fault.

When checkingftheidelay times it must be noted
that the set times are pure delay times; operating
times of themmeasurement function are not in-
cluded.

Note: Rated, voltage should be connected to at
leastyone)voltage measurement input for the dy-
namic testing of the neutral displacement voltage
(refer also to note in Section 6.6.1).

Connect voltage of 1.2 times setting value U0>
(address 1902) to measurement input for the neu-
tral displacement voltage .

* Annunciation "U0> Fault” (not allocated when
delivered from factory).

o After T-UO> (address 1903, 0.3 s when deliv-
ered from factory) annunciation "U0O> Trip”
(LED 12 and signal relay 11).

o Trip relays (2, 3, 4, 5).

Disconnect voltage.

Activate binary input ">U0 block” (not allocated

when delivered from factory). Connect voltage.

¢ Annunciation”U> blocked” (not allocated
when delivered).

« No annunciations concerning earth fault protec-
tion

Disconnect voltage. Deactivate binary input.

Further checks are performed with primary values
during commissioning. (refer to Section 6.7.4).
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6.6.7 Testing the power protection functions

The forward power supervision and the reverse
power protection can be tested simultaneously.

The function of the forward power supervision can
only be tested if it has been configured as FOR.
POWER = EXIST (address 7807, refer to Section
5.4.2) and parameterized as operative, contrary
to the condition as delivered from factory (address
2201 FORW. POWER = ON).

The function of the reverse power protection can
only be tested if it has been configured as REV.
POWER = EXIST (address 7808, refer to Section
5.4.2) and parameterized as operative, contrary
to the condition as delivered from factory (address
2301 REV. POWER = ON).

The internal processing of the power values uses
the positive sequence components of the currents
and voltages. Testing of the power functions
should therefore be with three-phase symmetrical
values. If asymmetrical measurement values are
used then deviations are to be expected. If single
phase measurements are performed, then the
power values will be lower by the factor 1/9, since
the positive sequence component amounts to 1/3
in the current as well as in the voltage.

Polarity of power is defined for generator Opera#
tion, i.e.

Machine delivers
active power
Machine takes up
active pawer
+Q overexcited operation Machifne, delivers
induCtive ‘pewer
-Q underexcited operationiMachine takes up
inductive power

+P Forward power

-P Reverse power

The delay times for poweriincrease are tested with
twice the pick-up val@iéy for"power decrease by
switching the current t6 0. Note: Reverse power
protection is a power-ingfease protection since it
measures the rise ofya negative active power. It
must be nGtedgthat the set times are pure delay
times; operating tinies of the measuring functions
are not included:

€ Forward power:

Test current and test voltage in phase; voltage
atWdy. Disregard initial LED indications.

Connect test current 2 x Iy (for condition as de-
livered from factory).

e Annunciation "Pf> flt.det.” (not 4allo-
cated by factory).

o After T-Pf> (10 s; address 2205), annunci-
ation "Pf> Trip"” (not allocated at delivery).

« Trip relays (not allocated when delivered).

Disconnect test current.

e Annunciation "Pf< flt.det.”g(not allo-
cated at delivery).

o After T-Pf< (10 s; address 2204), annunci-
ation "Pf< Trip"” (not gllocated’at delivery).

« Trip relays (not allocated/at d€livery).

Activate binary input ">Pfyblock” (not allo-

cated at delivery). Connect test current.

» Annunciation 'fPf Blocked” (not allocated at
delivery).

» No furthegfalarmsyregarding forward power
supervision.

Disconnegct test current.

» {Annunciation "Pf blocked” (not allocated at
delivery)“remains.

*.No further alarms regarding forward power
supefvision.

De-activate binary input.

# Reverse power:

Test current and test voltage in phase opposi-

tion. Voltage set to 0.2 Uy,

Connect test current of 0.1 Iy

* Annunciation "Pr fault det.” (not allo-
cated at delivery).

« After "T-SV-OPEN" (10 s: address 2303), an-
nunciation "Pr Trip” (LED 7 and signal relay
8).

e Trip relays (2, 3, and 4)

Disconnect test current.

Activate binary input ">SV tripped” (input 4).

Connect test current.

* Annunciation "Pr fault det.” (not allo-
cated at delivery).

» After T-SV-CLOS (3 s; address 2304), an-
nunciation "Pr+SV Trip” (LED 8 and signal
relay 7).

o Trip relays (2, 3, and 4).

Disconnect test current. De-activate binary in-

put.

Activate binary input ">Pr block” (input 3).
Connect test current.
¢ Annunciation "Pr blocked” (not allocated at
delivery).
* No further alarms regarding reverse power
protection.
Switch off test quantities. De-activate binary input.
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6.6.8 Testing the unbalanced load protection

The unbalanced load protection can only be tested
if this function has been configured as UNB. LOAD
= EXIST (address 7810, refer to Section 5.4.2) and
parameterized as operative (address 2401), con-
trary to the condition as delivered from factory.

The unbalanced load protection has two definite
time delay stages and two thermal stages.

The setting value 12> (address 2402) represents
the pick-up value of the unbalanced load alarm
stage and at the same time the base current for
the thermal replica.

- 12> (address 2402) with
T-12> (address 2403):
definite time alarm stage

- 12>> (address 2406) with
T-12>> (address 2407):
definite time trip stage

- 12> (address 2402) with
TIME CONST (ADDRESS 2404):
thermal trip stage

- THERM.WARN (address 2405)
as a percentage of the thermal trip stage:
thermal alarm stage

The unbalanced load protection is tested with a
single phase current. In this case the unbalanced
load amounts to one third of the test €urrent which
is referred to the rated unit current, Tripping must
not occur if a current corresponding togthree times
the setting value is connected. After an appropri-
ate time ( approximately 5 xg7)% thermal steady-
state value is obtained. The'following can be read
out under the OperationallMeasured Values C (ad-
dress block 59):

- The negative sequenge current in % of rated unit
current as unbalanced load; it should corre-
spond to @approximately one third of the test cur-
rent;

- the thermal steady-state value of the thermal
replica, whichdshould amount to approximately
100 % imythis case.

When the pick-up value is exceeded (test current

greater than 3 x 12>):

e Time T-12> (address 2403) elapses,

e VAnnunciation "I2> Wwarn” (LED 9 and signal
relay 10).

Note: Rated voltage should be connected to one of
the voltage measurement inputs during the dy-
namic tests (refer also to note in Section 6.6.1).

Switch current to approx. 3.6 x setting value 125>

(address 2406).

e Annunciation "I2>> Fault” (not allocated at
delivery).

e After T-12>> (3 s; address 2407) annUnciation
"I12>> Trip” (LED 11 and signal relay 9).

o Trip relay (1).

Note: Depending on the settingief the time delay
T-I>> (address 2407), (the thermal stages "I2
th.warn” and/or "I2,0© Trip” may pick-up ear-
lier and remain so afterithe disconnection of the
test current.

The thermal stages are tested with a single phase
current of 4.8 times setting value 12> (address
2402) (conresponding to an unbalanced load of 1.6
times{ setting value).

Note: Depending on the setting of the time con-
stant (address 2404), the definite time stages
"I2>"and/or "12>>" may pick-up earlier.

Switch on test current.

+QAfter reaching the thermal warning stage (ad-
dress 2405) annunciation "I2 th. Warn” (LED
10 and signal relay 10).

« On reaching the thermal trip stage after a time
which corresponds to half the time constant: an-
nunciation "I2 © Trip” (LED 11 and signal
relay 9).

o Trip relay (1).

Disconnect test current.

Note: Before measuring the thermal trip time it
must be ensured that the thermal memory is reset
to 0. This is performed via the binary input ">RM
th. repl” (reset memory of thermal replica).
This function is allocated to binary input 2 when de-
livered from factory. An alternative approach is to
observe a current-free pause of at least 5 x 7.

/g\ Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if applied
continuously (refer to Section 3.1.1 for
overload capability). Observe a cooling
down period!

If testing with preload is performed, it must be en-
sured that a thermal equilibrium has been estab-
lished prior to the start of the time measurement.
This is the case only when the pre-load has been
continuously connected for a period of at least
5xrT.
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6.6.9 Testing the coupling of external trip functions

Four desired signals from external protection or su-
pervisory units can be connected into the process-
ing of the 7UM516 via binary inputs. Like the inter-
nal signals, they can be annunciated, delayed and
transmitted to the trip matrix.

The external signals can be checked when they
have been configured as EXT. TRIP = EXIST (ad-
dresses 7830, 7831, 7832, and/or 7833, refer to
Section 5.4.2) and parameterized as operative
(addresses 3001, 3101, 3201, and/or 3301), con-
trary to the condition as delivered from factory).

At the time of delivery, two of the external trip func-
tions are parameterized to INPUT 7 (address 6107)

and INPUT 8 (address 6108). The set times are
pure delay times.

L 4

N
>
$

Q
o
&

L 4

Activate binary input of the tested external

function.

¢ Annunciation ">Ext. Trip *"; thisis a straight
acknowledgement message by the binary input

as operational indication (not allo d when de-
livered from factory).
e Annunciation "Ext. * Gen.Elt is the

actual fault event annunciatio ot allocated
when delivered from fact
o After T-DELAY (address 3102 or 3202

or 3302; 1 s when deli m factory) an-
nunciation "Ext. ¥ n. ” (LED 13 for all

external trip functi gnal relay 12 for the
first).

e Trip relays (not cated when delivered from
factory).

De-activ b ut.

&

Q‘b
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6.7 Commissioning using primary tests

6.7.1 General advices

All secondary test equipment must be removed.
Connect measurement values. All installation
preparations according to Section 5.2 must have
been completed. Primary tests are performed with
the machine.

/!\ Warning

Primary tests shall be performed only by
qualified personnel which is trained in
commissioning of protection systems
and familiar with the operation of the pro-
tected object as well as the rules and reg-
ulations (switching, earthing, etc.)

Primary testing is usually performed in the following
order:

- short-circuit tests,

- earth fault tests,

- voltage tests,

- tests with the machine connected to the net+
work.

The following hints are arranged in thissorderd All
protection functions should be initially switched
OFF (condition as delivered from factomy), sOthat
they do not influence one another. During pripary
testing the functions are progressively switched to
being operative.

If a particular protection functien‘is,not required at
all, it should be "de-configufed” (refer to Section
5.4.2). It is then treated @s, NONs-EXISTing.

Switching on of a particular{function can be per-
formed in two different waysé The setting address-
es concerned aref'shown in the respective sec-
tions.

- BLOCK TRIPREL:"The protection function is op-
erativelpand outputs annunciations and mea-
sured valuesd However, the trip command is
blocked and'it is not transmitted to the trip ma-
trix.

-“Protection function ON: The protection function
iSloperative and outputs annunciations and mea-
sured values. The trip command activates the
trip relays which have been marshalled to the
protection function according to Section 5.5.5.
If the protection command is not marshalled to
any trip relay, tripping does not occur.

6.7.2 Checking the current circuits

Switch unbalanced load protection (addres$72401)
to BLOCK TRIP REL.

With the primary plant voltage-free.and earthed,
install a three—pole short-cireuit btidge which is ca-
pable of carrying rated current (€.g. earthing isola-
tor) to the machine ling-side terminals.

A DANGER!

Operations in primary area must only be
performed with the machine at stand-
stilland with plant sections voltage-free
and earthed!

Slewly excite “generator, however, stator current
mushnotincrease to above machine rated current.

Readyout current values in all three phases under
address block 57. They refer to the unit rated cur-
rentyand can be compared with the actual currents
flowing. If substantial deviations occur, then the
current transformer connections are incorrect.

The phase sequence must be clockwise. If the ma-
chine has counter-clockwise rotation, two phases
must be interchanged. The unbalanced load can
be read out under address 5901. It must be practi-
cally zero. If this is not the case, check for crossed
current transformer leads:

If the unbalanced load amounts to about 1/3 of the
phase currents then current is flowing in only one
or in only two of the phases.

If the unbalanced load amounts to about 2/3 of the
phase currents, then one current transformer has
wrong polarity.

If the unbalanced load is about the same as the
phase currents, then two phases have been
crossed.

- Shut-down and de-excite generator,

- apply plant earths,

- short-circuit current transformers,

- check current transformer circuits and make
corrections.

- repeat test.

Remove short-circuit bridges.
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Switch impedance protection (address 1301) to
BLOCK TRIP REL.

With the primary plant voltage-free and earthed,
install a three—pole short-circuit bridge which is ca-
pable of carrying rated current (e.g. earthing isola-
tor) behind the unit transformer.

A DANGER!

Operations in primary area must only be
performed with the machine at stand-
still and with plant sections voltage-free
and earthed!

Slowly excite generator, however, stator current
must not increase to above machine rated current.

The relay calculates from the currents and volt-
ages the impedance between the point of installa-
tion (voltage transformers) and the short-circuit
bridge, i.e. normally the short-circuit impedance
of the unit transformer. Read out the reactance
and resistance values in the measured values B,
under addresses 5805 and 5806. They refer to the
secondary values, basedon 1 A. In the case of the
transformer impedance, the following results:

Primary transformer impedance:

Un?

ZTprim = Usc -
SNtr
where ugc. percent impedance voltage(of grans-
former
Un rated voltage of transformer
SN rated apparent poweg, ofitransformer

In secondary values:

N |
ZTsec = 7—Tprim : N 'iL
vt
- Un%g Ner Iy

= USC .
SNtr Nyt A

where Ncgifcurrént transformer ratio
Nyt “Qvaltage gransformer ratio
Iy ratedgelay current

If substantial deviations or wrong sign occur, then
the voltage tfansformer connections are incorrect.

Shut, down the generator. Remove short-circuit
bridges. Switch the unbalanced load protection
andthe impedance protection operative (address-
es 2401 and 1301 = ON). The latter serves from
now on as short-circuit protection.

6.7.3 Checking the voltage circuits

Check in the unexcited condition of the machine
with the help of remanent currents, that current
transformer circuits are not open nor short-Cirs
cuited and all short-circuit bridges are removed.

Then, slowly excite generator to rated voltage.
Read out voltages in all three phases in address
block 57. They can be compared(with the actual
voltages. The voltage of the ‘pesitive_sequence
system must be almost /3 timesythe indicated
phase voltages (it is referred jgopthe phase-to-
phase voltage), the negativef{sequence voltage
should be almost zero. If*this “is’not, the voltage
transformer connectiops areyincorrect (cross-
overs).

The phase sequence, at the relay must be clock-

wise. If not, the®annunciation "Fail.PhaseSeq”

appears in the operational annunciation (address

block 51).0f the . machine has counter-clockwise

rotation, two ‘phases must be interchanged.

- Shuty, down turbo-set and de-excite generator,

- applyplant earths,

- chéck “veltage transformer circuits and make
corregtions,

—“repeat test.

Bloeking of the impedance protection on tripping
of the VT m.c.b. should also be checked during
voltage testing. It is assumed that the auxiliary con-
tact of the m.c.b. is marshalled to the binary input
5 (as delivered from factory).

- Switch voltage transformer m.c.b. to tripped
position,

- Check that the message "VT mcb trip” is in-
dicated in the operational annunciations with the
Coming index,

- Slowly excite generator to rated voltage,

- Check that the voltages in address block 57 are
almost zero,

- Switch on voltage transformer m.c.b.

- Check that the message "VT mcb trip” isin-
dicated in the operational annunciations, but
now with the Going index.

Should the message not be given then check the
connection of the voltage transformer secondary
circuits, and check correct marshalling of the
binary input from the auxiliary contact of the
m.c.b. (refer to Section 5.5.2).

If the indices "C" for "Coming” and "G" for "Go-
ing” are interchanged, check and correct the con-
tact mode of the binary inputs ("NO” or "NC" con-
tact) in accordance with Section 5.5.2.

The voltage tests are completed after the genera-
tor has been shut-down. The out-of-step protec-
tion - if used - should be switched effective now
(address 2001).
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6.7.4 Checking the earth fault protection

In order to check interference suppression of the
loading resistor, and in order to verify the pro-
tected zone of the earth fault protection, primary
tests are suggested, once with an earth fault at the
machine terminals and once with a network earth
fault.

6.7.4.1 Calculation of protected zone

The protected zone should first be verified by cal-
culation:

In the event of an external (high-voltage side)
short-circuit, an interference voltage is trans-
mitted via the coupling capacitance Ck (Figure
6.10) which induces a neutral displacement volt-
age on the machine side. To ensure that this volt-
age is not interpreted by the protection as an earth
fault within the machine, it is reduced by a suitable
loading resistor to a value which corresponds to
approximately one half the pick-up voltage of the
earth fault protection Ug> (address 1902). On the
other hand, the earth fault current resulting from
the loading resistor in the event of an earth fault at
the machine terminals should not exceedd10"A.

Coupling capacitance Ck and loadingyresistor Rg
represent a voltage divider (equivalent Circuit'dia-
gram Figure 6.11); whereby Rg’ is themsesistance

Rg referred to the machine terminal circuit. SinCe
the reactance of the coupling capacitance isymuch
larger than the referred resistance of the loading
resistor Rg’, Uc can be assumed to be Uny/+/3
(compare also vector diagram Figuré” 6.12),
whereby Uny/+/3 is the neutraldisplacement volt-
age with a full displacement of thefetwork (upper-
voltage) neutral. The following applies:

.1 _U,,UNU
wCk R 3

Ur' = Rg’ - uClag UnUMN3

Inserting the valtageytransformation ratio TR of
the earthing transformer:

Udhz R4 UR"and  Rg' = (FB)2 . Ry
3 3
we,obtain
UR =—T35 - Rg - wCk - Unu/V3

Together with the voltage divider 500V/100V this
ecorresponds to a displacement voltage of

TR

:
Ue =7 -3 - Rs - wCk- Unu/V3

at the input of the unit.

Ck

Rg - Loading resistor
Rt - Voltage divider 1:5
Ur - Neutral displacement voltage at protection relay

Cg - Generator-earth capacitance

Cy’ - Line-earth capacitance

Ck - Coupling capacitance of unit transformer

Ct; - Winding-earth capacitance of unit transformer

Figure 6.10 Block diagram with earthing transformer

Crr =

11

@

Ur
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The pick-up value for the neutral displacement
voltage should amount to at least twice the value of

Example:

this interference voltage.

e

O

Network: Uny =110 kV
fN = 50 Hz
Ck = 0.01 pF

Earthing transformer:
TR = 36

1 TR
UE = —5' . . RB . w::‘::%

Unu Rated voltage on upper-voltage side of unit 3
transformer

Uc Voltage at coupling capacitance Cg Use = _1_ ﬁ 10

Ck Total coupling capacitance between upper-volt- E 5 3
age and lower-voltage windings

Ugr' Voltage across loading resistor 110

Rg’ Loading resistor of earthing transformer, re- . v
ferred to machine circuit \/_

Figure 6.11 Equivalent diagram

u
UR’

Figure 6.12 Vector diagram

Ue
Uearth>

1

Uc

__s@__

L
i
1

QF
>

one of 90 %.

Unu Loading resistor:
V3 Rg =100 \

1.0.01.106F

s been chosen as the setting value
dress 1902 then this corresponds to a

pr
te*3When using a neutral earthing transformer,

st be inserted as the voltage transformation

instead of TR/3. The result is the same since

the neutral earthing transformer has only one wind-

Pick-up value

/ Earth fa@wachine side

Earth fault on
upper-voltage side

40 %

100 %

—

UNMasch

corresponds to 90 % protected zone

ure 6.13 Neutral displacement voltage during earth faults

Value extrapolatéd
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6.7.4.2 Checking for machine earth fault

Switch stator earth fault protection (address 1901)
to BLOCK TRIP REL.

With the primary plant voltage-free and earthed,
install a single-pole earth fault in the proximity of
the machine terminals.

Z@& DANGER!

Operations in primary area must only be
performed with the machine at stand-
still and with plant sections voltage-free
and earthed!

Start-up machine and slowly excite (however, not
above Un/+/3) until the earth fault protection Ug
picks up (LED 12 when delivered from factory).

Read out UO in OPERATIONAL MEAS. VALUES A
(address 5713). If the connections are correct,
this value corresponds with the machine terminal
voltage in percent, referred to rated machine volt-
age (if applicable, deviating rated primary voltage
of earthing transformer or neutral earthing trans-
former must be taken into account). This #/@lue
also corresponds with the setting value UQ3 under
address 1902 (see Figure 6.13).

The protection zone is 100 % - U0 [V],.e.ot

Machine voltage at pick-up: 014 Uy

Measured value UQO 10,%
Setting value UO> 100V
Protected zone 90 %

Shut down machine. Rem@ve €arth fault bridge.

6.7.4.3 Check using network earth fault

With the primary plant voltage-free and earthed,
install a single-pole earth fault bridge on the high-
voltage side of the block transformer.

Z@X DANGER!

Operations in primary,area,must only be

. performed with the,machine at stand-
still and with plant sections voltage-free
and earthed!

/!\ Caution!

The star—points of the transformer must
not be connected to earth during this
test!

Start-up,‘machine and slowly excite to 40 % of
rated maehine voltage (max. 60 %). Earth fault
protection. does not pick-up.

Read,out U0 in the OPERATIONAL MEAS. VALUES B
(address 5713). This value is extrapolated to rated
machine voltage (Figure 6.13 as an example). The
veltage value thus calculated should correspond,
at the most, to half the pick-up value UO> (address
1902), in order to achieve the desired safety mar-
gin.

Shut down machine. Remove earth fault bridge.
If the starpoint of the high-voltage side of the
block transformer is to be earthed during normal

operation, re-establish starpoint earthing.

Switch earth fault protection to be operative: ad-
dress 1901 SEF PROT = ON.
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6.7.5

6.7.5.1 Checking the correct connection po-
larity

The following test instructions apply to a synchro-
nous generator.

Run-up generator and synchronize with network.
Slowly increase driving power input (up to approxi-
mately 5 %). The active power is read out under
the operational measured values under address
5801 as a positive active power Pa.

If a negative active power value should be read
out, then the actual polarity relationship between
current transformers and voltage transformers
does not accord with the polarity parameterized
under address 1205. Re-parameterize address
1205. If the power reading is still incorrect, the fault
must be in the instrument transformer connections
(e.g. cyclic exchange of phases):

- Shut down and de-excite generator,

- apply plant earths,

- short-circuit current transformers,

- correct fault in instrument transformer leads
(c.t. and/or v.t.),

- repeat test.

6.7.5.2 Measurement of motoring power/and
angle error correction

For a generator, leave the reverse,powerfprotec-
tion switched to OFF (address 2301)afor the mo-
ment. This function and the,follewing measure-
ments are not required for mators.

The motoring power is - as an Jactive power - al-
most constant and independent of the reactive
power, i.e. independentofithe excitation current.
However, the protection,relay may calculate differ-
ent active paower valles dependent of the excita-
tion becaugé of possible angle errors of the current
and voltageWtfansfagrmers. The motoring power
curve then wouldynot be a straight line in parallel to
the real axis of the power diagram of the machine.
Therefore, the angle deviations shout be mea-
sured at three measuring points of the power dia-
gramyand the correction parameters WO and W1
shotild be established:

Reduce driving power to zero by closing the regu-
lating valves. The generator now takes motoring
energy from the network.

Tests with the machine connected to the network

A Caution!

For a turbine set, the intake of reverse
power is only permissible foga short time,
since operation of the turbine®without a
certain throughput of steam (cooling ef-
fect) can lead to overheating of the tur-
bine blades!

If possible reduce excitatiomto‘@approximately 0.3
times rated apparent pewer of’generator.

& Caution!

Underexcitation may cause the generator
fallyout of step!

The motering‘power is read out as active power Pa
in the operational measured values under address
5801:,the reactive power Pr (address 5802) also
read out:

-/ Note'down motoring power as P3, observe sign;
£ npte down reactive power as Q3 with polarity
(negative sign).

If possible slowly increase excitation to 0.3 times
rated apparent power of generator.

The motoring power is read out as active power Pa
in the operational measured values under address
5801; the reactive power Pr (address 5802) is also
read out.

- Note down motoring power as P,, observe sign;
- note down reactive power as Qa with polarity
(positive sign).

If possible slowly increase excitation to 0.6 times
rated apparent power of generator.

The motoring power is read out as active power Pa
in the operational measured values under address
5801; the reactive power Pr (address 5802) is also
read out.

- Note down motoring power as Py, observe sign;
- note down reactive power as Q; with polarity
(positive sign).

Adjust generator to no-load excitation and shut
down.
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If the read-out measured values P3, and P, and P4
deviate by more than 10 % from each, then an
angle correction of the instrument transformer er-
ror must be performed (addresses 1206 and
1207). The angles are calculated according to the
following formulae:

Py -~ P
tan82=—6:—_-a-z-
Py -P
tan81=Q:—_Qz

The power values must be inserted with their
correct polarity as read out! Otherwise faulty re-
sult!

These angles are inserted into the formulae of the
correction quantities Wgo and W4 as follows:

, 81 - 8
Wit =TT
1-D

Wo' =81 - Wy - [

where I; and I, are the currents which are asé
signed with the corresponding measuring points.
These values are compared with the preset cor-
rection angles W0 and W1 under addresses 1206
and 1207. The Differences between the,preset val-
ues W0, W1 and the calculated values Wg', Wy’
are finally set under addresses 1206 and, 1207, as
follows:

New setting W1

presetting Wi¢- Wy’
New setting WO = presetting, W0 - Wy’

A quarter of the sum dofy, thedymeasured values
P3 + P, is set as pick=lip’ value'of the reverse pow-
er protection P> REVERSE) under address 2302
(negative sign).

6.7.5.30 Chécking'the reverse power protec-
tion

If the generator is connected with the network, re-
verse power can be caused by

=3closing of the regulating valves,
=aclosing of the trip valve.

Because of possible leakages in the valves, the re-
verse power test should - if possible - be per-
formed for both cases.

In order to confirm the correct settings, repeat re-
verse power test again. For this, the reverse power
protection (address 2301) is set to BLOCK, TRIP
REL in order to check its effectiveness (using the
annunciations).

Start up generator and synchronize with network.

Close regulating valves.

* At approximately 50% motering pewer, annunci-
ation "Pr fault detg” (not allocated when
delivered from factory).

o After T-SV-OPEN ,(address 2303), trip signal

"Pr Trip" (LED 7%as delivered).

Increase driving power.

The last test with thelstop valve can be performed
with a live trip. Ithis assumed that the binary input
">Sv tripped’ iS marshalled correctly and is
controlled'by the stop valve status (by a pressure
switchyoma limit switch at the stop valve).

Closenstop valve.

o0 Annunciation "Pr fault det.” (not allocated
when” delivered from factory).

o After T-SV-CLOSED (address 2304) annunci-
ation "Pr+SV Trip" (LED 8 as delivered).

Shut down machine.

Switch ON the reverse power protection (address
2301) and - if used - the forward power supervi-
sion (address 2201).

6.7.6 Checking the coupling of exter-
nal trip signals

If the coupling of external functions for the alarm
and/or trip processing is used in the 7UM516, then
one or more of these functions must be configured
as EXISTin the addresses 7830 to 7833. The used
function is, additionally, switched in address 3001,
3101, 3201, and/or 3301: EXT. TRIP x = BLOCK
TRIP REL.

The function of the coupling is to be checked for
one after another. For this, the source object of
the coupled signal is operated and the effect
checked.

Finally the used functions are parameterized to ON
in the associated addresses 3001, 3101, 3201,
and/or 3301.
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6.7.7 Tripping test including circuit breaker - address block 44

Machine protection 7UM516 allows simple check-
ing of the tripping circuit and each trip relay.

Initiation of the test can be given from the operator
keyboard or from the front operator interface. The
procedure is started with address 4400 which can
be reached by paging with { or ||, or by direct dial-
ling DA 4400 E . Then the codeword input is
necessary.

By further paging with | 1 each of the trip relays
can be selected for test.

After confirmation by the "Yes”-key JIY the se-
lected relay closes its contacts for 1 s.

Warning

VAN

After confirmation by the operator the
switching device will be operated. Ensure
before each test, that switching is per-
missible under the actual switchgear sta-
tus.

E.g. isolate circuit breaker by opening
isolators at each side.

The test procedure can te ended or aborted by
pressing the "No"-key, N after the question "EN-
ERGIZE TRIP RELAY n_? appears. Leaving the block
with keys | or | is/onlyypossible after this proce-

dure.

1} 40001

dllrests
?‘4400lENERG Z E
@ TRIP RELAYS

}l¢e401BENERGIZE
flltr1P RELAY 1 2
flla 2020 ENERG IZE
tllrr1 RELA Y2 ¥2
fllesosBENERGI ZE
tliT RNE Lwa’y 3 2
dle4o04W¥NERGTIZE
tllTr1 RELAY 4 2
{20 sBENERGTI ZE
fI"R1P RELAY 5

Commencementyof ‘the test blocks

Beginning, of the block "trip circuit breaker”

Test trip circuit of trip relay 1?

Confirm with "J/Y"-key or abort with "N"-key
Test trip circuit of trip relay 2?
Confirm with "J/IY"-key or abort with "N"-key
Test trip circuit of trip relay 3?
Confirm with "J/Y"-key or abort with "N"-key
Test trip circuit of trip relay 4?
Confirm with "J/Y"-key or abort with "N”"-key
Test trip circuit of trip relay 57
Confirm with "J/Y"-key or abort with "N”-key
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6.8 Putting the relay into operation

All setting values should be checked again, in case
they were altered during the tests. Particularly
check that all desired protection functions have
been programmed in the configuration parameters
(address blocks 78 and 79, refer to Section 5.4)
and all desired protection functions have been
switched ON. Those functions which should only
give information may be switched to BLOCK TRIP
REL.

Push the key M/S on the front. The display shows
the beginning of the annunciation blocks. Thus, it is
possible that the measured values for the quies-
cent state of the relay can be displayed (see be-
low). These values have been chosen during con-
figuration (refer to Section 5.3.2) under the ad-
dresses 7105 and 7106.

Stored indications on the front plate should be re-
set by pressing the push-button "RESET LED” on

the front so that from then on only real faults are
indicated. From that moment the measured values
of the quiescent state are displayed. Durifig push-
ing the RESET button, the LEDswon the front will
light-up (except the "Blocked?-LED)j thus, a LED
test is performed at the same times

Check that the modules @re/pteperly inserted. The
green LED must be on on the front; the red LED
must not be on.

Close housing cover.

All terminal screws - even those not in use - must
be tightened.

If a test switchuis available, then this must be in the
operating pasition.

Jihe ‘protection relay is now ready for operation.
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7  Maintenance and fault tracing

Siemens digital protection relays are designed to
require no special maintenance. All measurement
and signal processing circuits are fully solid state
and therefore completely maintenance free. Input
modules are even static, relays are hermetically
sealed or provided with protective covers.

If the device is equipped with a back-up battery for
saving of stored annunciations and the internal
time clock, the battery should be replaced after at
least 5 years of operation. (refer to Section 7.2).
This recommendation is valid independent on
whether the battery has been discharged by occa-
sional supply voltage failures or not.

As the protection is almost completely self-moni-
tored, from the measuring inputs to the command
output relays, hardware and software faults are au-
tomatically annunciated. This ensures the high
availability of the relay and allows a more correc-
tive rather than preventive maintenance strategy.
Tests at short intervals become, therefore, super-
fluous.

With detected hardware faults the relay blocksgit=
self; drop-off of the availability relay sighals
"equipment fault”. If there is a fault detected inithe
external measuring circuits, generally an alarm is
given only.

Recognized software faults cause the proeessor to
reset and restart. If such a fault is not gliminated by
restarting, further restarts are initiated. If the fault
is still present after three restart attemptsithe pro-
tective system will switch itself gout of‘§ervice and
indicate this condition by the'réd LER, "Blocked” on
the front plate. Drop-off of the availability relay sig-
nals "equipment fault”.

The reaction to defegts and indications given by
the relay can bg, individually and in chronological
sequence read offyas@eperational annunciations
under the address 5100, for defect diagnosis (re-
fer to Sectien 6(4.2)4

If the relay is connected to a local substation auto-
mation system (LSA), defect indications will also
be transferred via the serial interface to the central
contol system.

71 Routine checks

Routine checks of characteristics or_pick-up val-
ues are not necessary as they form parteofithe con-
tinuously supervised firmwarey programs. The
planned maintenance intervals fofychecking and
maintenance of the plant canfbelused to perform
operational testing of the protéction equipment.
This maintenance serves mainlyafor checking the
interfaces of the unit, 4.e. the) coupling with the
plant. The following procedure is recommended:

- Read-out of operational values (address block
57) and compatisoniwith the actual values for
checking the, analog interfaces.

- Simulation, offan internal short-circuit with 4 x Iy
foficheeking the analog input at high currents.

A\ Warning

Hazardous voltages can be present on
all circuits and components connected
with the supply voltage or with the
measuring and test quantities!

/!\ Caution!

Test currents larger than 4 times Iy may
overload and damage the relay if
applied continuously (refer to Section
3.1.1 for overload capability). Observe
a cooling down period!

- Circuit-breaker trip circuits are tested by actual
live tripping. Respective notes are given in Sec-
tion 6.7.7.
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7.2 Replacing the back-up battery

The device annunciations are stored in NV-RAMs.
A back-up battery is inserted so that they are re-
tained even with a longer failure of the d.c. supply
voltage. The back-up battery is also required for
the internal system clock with calender to continue
in the event of a power supply failure.

The back-up battery should be replaced at the lat-
est after 10 years of operation. The way of dis-
placement depends on the produktion series of the
relay. This production series is found on the name
plate behind the complete order designation.

Recommended battery:

Lithium battery 3 V/1 Ah, type CR 1/2 AA, e.g.

- VARTA Order No. 6127 501 501 for relays with
screwed terminal for the battery,

- VARTA Order No. 6127 101 501 for relays snap-
on battery holder.

The battery is located at the rear edge of the pro-
cessor board of the basic module GEA. The basic
module must be removed from the housing in or-
der to replace the battery.

- Prepare area of work: provide conductive sur-
face for the basic module.

- Open housing cover.

- Read out device annunciations, i.e» all address-
es which commence with 5 (5000%“enwards).
This is carried out mostgconvenient using the
front operating interface afid, a“personal com-
puter with the DIGSI® progectionidata processing
program; the informationig,thus stored in the
PC.

Note: All configuration data and settings of the
device are storgdiin EEPROMSs protected against
switching,off (of fthe) power supply. They are
stored sndependent of the back-up battery.
They are, therefore, neither lost when the bat-
terydis replaced,nor when the device is operated
withoutia battery.

- Only for relays with screwed terminal for the
battery: Prepare the battery as in Figure 7.1:

/!\ Caution!

Do not short-circuit battery! Do not re-
verse battery polarities! Do not charge
battery!

Shorten the legs to 15 mm (6/10 inch) each'and
bend over at a length of 40 mm (16/10 inch).

Dimensions
40 in mm

N 1

FigurénZ . 1% (Bending the back-up battery for
relays with screwed terminal for
the battery

later version do not have axial legs but are
snapped on a battery holder.

= Loosen the basic module using the pulling aids
provided at the top and bottom. (Figure 7.5).

A Warning

Hazardous voltages can be present in
the device even after disconnection of
the supply voltage or after removal of
the modules from the housing (storage
capacitors)!

/!\ Caution!

Electrostatic discharges via the com-
ponent connections, the PCB tracks or
the connecting pins of the modules
must be avoided under all circum-
stances by previously touching an
earthed metal surface.

— Pull out basic module and place onto the con-

ductive surface.

- Unscrew used battery from the terminals or re-

move it from the holder; do not place on the
conductive surface!

- Insert the prepared battery into the terminals or

holder as in Figure 7.2 and tighten the screws or
as in Figure 7.3.

C53000-G1176-C97

1563



7UM516 V3 Maintenance and fault tracing

N\
x.
View upon
the p.c.b.
Rear view on the
removed basic module
TGl
O
-
i i
; '
LJ

Figure 7.2 Installation of the back-up battery for relays with{sSerewed battery teminals

- Insert basic module into the housing; ensure Do not reverse polarities! Do not re-
that the releasing lever is pushed fully to the left charge! Do not throw into fire! Danger
before the module is pressed in. of explosion!

— Firmly push in the module using the releasing le- & Provided the internal system clock is not auto-
ver. (Figure 7.5). matically synchronized via the LSA interface, it

‘ can now be set or synchronized as described in
Section 6.5.1
A\ Warning

- Close housing cover.
The discharged battery contain§ Lithium.

It must only be disposed off in”line with

The replacement of the back-up battery has thus
the applicable regulations!

been completed.

~———al
2 T\,
_\-
View upon
Rearyview on the the p.cp"b.
removed basic module
l i

Figure 7.3 Installation of the back-up battery for relays with snap-on battery holder
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7.3 Fault tracing

If the protective device indicates a defect, the fol-
lowing procedure is suggested:

If none of the LEDs on the front plate of the module
is on, then check:

- Have the modules been properly pushed-in and
locked?

- Is the ON/OFF switch on the front plate in the ON
position ® ?

- Is the auxiliary voltage available with the correct
polarity and of adequate magnitude, connected
to the correct terminals (General diagrams in
Appendix A)?

- Has the mini-fuse in the power supply section
blown (see Figure 7.4)? If appropriate, replace
the fuse according to Section 7.3.1.

If the red fault indicator "Blocked” on the front is
on and the green ready LED remains dark, the de-
vice has recognized an internal fault. Re-initializa-
tion of the protection system could be tried by
switching the d.c. auxiliary voltage off andgon
again. This, however, results in loss of fallt data
and messages if the relay is not equippedywith a
buffer battery, and, if a parameterizingyprocess
has not yet been completed, the last parameters
are not stored.

\_ﬁ_;_\H

7.3.1 Replacing the mini-fuse

- Select a replacement fuse 5 X 20 mm. Ensure
that the rated value, time lag (medium slow) and
code letters are correct. (Figdre 7.4).

- Prepare area of work: provide eenductive sur-
face for the basic module

- Open housing cover

A Warning

Hazardous, voltages can be present in
the deviee even after disconnection of
the supply voltage or after removal of
the modules from the housing (storage
capacitors) !

<koosen the basic module using the pulling aids
provided at the top and bottom. (Figure 7.5).

1\ Caution!

Electrostatic discharges via the compo-
nent connections, the PCB tracks or the
connecting pins of the modules must be
avoided under all circumstances by
previously touching an earthed metal
surface.

Rear'view on the re-
moved basic module

]

rated
/ at Upn/V- value

Mini-fuse of the power supply;
/medium slow (M)

|

-

24/48 2 A/E
60/110/125 1,6 A/E
220/250 1 A/G

Figure 7.4  Mini-fuse of the power supply

J R — |
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- Pull out basic module and place onto the con- - Firmly push in the module using the releasing le-
ductive surface. ver. (Figure 7.5).
- Remove blown fuse from the holder (Figure - Close housing cover.
7.4).
Switch on the device again. If a power supply fail-
1 - Fit new fuse into the holder (Figure 7.4). ure is still signalled, a fault or short-circuit is pres-
I ent in the internal power supply. The device should
- Insert basic module into the housing; ensure be returned to the factory (see Chapter 8).

that the releasing lever is pushed fully to the left
before the module is pressed in (Figure 7.5).

Removing the basic module:

- Loosen the basic m@dule using the pulling aids
provided at the top, andybottom,

— Pull out basic médulepand place onto conduc-

tive surface.

Inserting, thejbasic module:

- Push releasing’lever fully to the left,

- Insert"meodule,

- Firmly/pusk in the module using the
releasing/lever.

I oo | o]

View from above onto a 1/3 size
module with releasing lever

Figure 7.5 Aid for removing and inserting basic module
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8 Repairs

Repair of defective modules is not recommended
at all because specially selected electronic com-
ponents are used which must be handled in accor-
dance with the procedures required for Electro-
statically Endangered Components (EEC). Fur-
thermore, special manufacturing techniques are
necessary for any work on the printed circuit
boards in order to do not damage the bath-sold-
ered multilayer boards, the sensitive components
and the protective finish.

Therefore, if a defect cannot be corrected by oper-
ator procedures such as described in Chapter 7, it
is recommended that the complete relay should be
returned to the manufacturer. Use the original
transport packaging for return. If alternative pack-
ing is used, this must provide the degree of protec-
tion against mechanical shock, as laid down in [EC
255-21-1 class 2 and IEC 255-21-2 class 1.

If it is unavoidable to replace individual modules, it
is imperative that the standards related to the han-
dling of Electrostatically Endangered Components
are observed.

A Warning

Hazardous voltages can be presentin the
device even after disconnegtion, ofithe
supply voltage or after removal of the
module from the housing (storage/capac-
itors)!

1\ Caution!

Electrostatic diseharges via the compo-
nent connections, the PCB tracks or the
connecting ping, of the modules must be
avoided undep all circumstances by pre-
viously touching an earthed metal surface.
This appliesiegually for the replacement of
rémovabléycomponents, such as EPROM
or EEPROM chips. For transport and re-
turning of individual modules electrostatic
protegtive packing material must be used.

Components and modules are not endangered as
long as they are installed within the relay.

Should it become necessary to exchange any de-
vice or module, the complete parameter assign-
ment should be repeated. Respective notes are
contained in Chapter 5 and 6.

9  Storage

Solid state protective relays shall be stored in dry
and clean rooms. The limit temperature range for
storage of the relays or associated spare‘parts is
-25 °C to +55 °C (refer Section®™3.1.4 under the
Technical data), correspondinggto) -12 °F to
130 °F.

The relative humidity must be within limits such that
neither condensation por ice forms.

It is recommended teyreduce the storage tempera-
ture to the rangen+108°C to +35 °C (50 °F to
95 °F); this preventsfeem early ageing of the elec-
trolytic capacitorsiwhich are contained in the pow-
er supply.

For very long storage periods, it is recommended
that the relaybshould be connected to the auxiliary
voltagemsource for one or two days every other
yéar,‘in,order to regenerate the electrolytic capac-
itors,. The same is valid before the relay is finally
installed. In extreme climatic conditions (tropics)
preswarming would thus be achieved and conden-
sation avoided.
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Appendix
| | l I | i
] ]
1 EI RxD. 4A1 4A3 XD
E MR _>‘ 4A2 V.24 4A4 MT
1 ! ! !
LY

Einbau- und Aufbaugehduse mit V24 - Schnittstelle
FLUSH AND SURFACE MOUNTING CASE WITH V|
7UM516*-*B***-*B* */
7UMS516*-*C***-*B **/
7UMS516*-*E***-*B **/

- O
'Q)O'i—4f

4A1 4A3
| ! ! ! !
LY
4 - - - - - - -

Aufbau- Gehduse mit LWL - Modul

SURFACE MOUNTING CASE WITH FIBER OPTIC INTERFACE

TUM516*-*B***-*C** /

Figure A.3  General diagram 7UM516 (sheet 3 of 3)
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Annunciations 7UM516 for LSA (DIN 19244 and according VDEW/ZVEI)

FNo.
Op/Ft

- Function number of annunciation
- Operation/Fault annunciation

C/CG: Coming/Coming and Going annunciation

A% : Annunciation with Value
M : Measurand

LSA No.- Number of annunciation for former LSA (DIN 19244)
according to VDEW/ZVEI:

CA - Compatible Annunciation
GI - Annunciation.for General Interrogation
BT - Binary Trace for fault recordings
Typ - Function type (p: according to the configured "Function type")
Inf - Information number
Ann, | LSA VDEW/ZVEI
FNo.| Meaning Op|Ft4yNo.CA |GI|BT|Typ|Inf
11|>User defined annunciation 1 CG 90|CA|GI|BT p| 27
12 |>User defined annunciation 2 ofe: 91|CA|GI|BT p| 28
13|>User defined annunciation 3 CG 92 |CA|GI|BT pl 29
14 |>User defined annunciation 4 CcG 93|CA|GI|BT p| 30
51{Device operative / healthy €G 1 GI 135| 81
52 |Any protection operative cG CA|GI p| 18
55| Re-start of processor system C 193 (CA o) 4
56| Initial start of processor system C 3|CA p 5
59| Real time response to LSA C 192
60| LED Reset C 12 |CA p| 19
61| Logging and measuring functions bleégked|CG CA|(GI p| 20
62 |Test mode CG CA|GI p| 21
63 |PC operation via system interface CG GI 135| 83
95| Parameters are being set CG 97 |CA|GI pl 22
96 | Parameter set A is active CG 40|CA|GI pl| 23
97 |Parameter set B is active CG 41 |CA|GI p| 24
98 |Parameter set C is actiwe CG 42 |CA|GI pl 25
99 |Parameter set D is active CG 43 |CA|GI pl 26
110 |Annunciations lost (buffer overflow) C 195 135|130
112 |Annunciations for4LSA, lost C 196 135(131
140 |General internal fai®lure of device CG CA|GI pl| 47
141 |Failure of internal 24 VDC power supply|CG 88 135{161
143 |Failure of inte¥nalfl5 VDC power supply|CG 83 135|163
144 |Failure of internaly5 VDC power supply |CG 89 135|164
145|Failure of internal 0 VDC power supply |CG 84 135|165
154 |Failure in thejRKA module CG 100|CA|GI pl| 36
160|Common alarm CG CA|GI p| 46
161 |Measured, value supervision of currents |[CG CA|GI pl| 32
162 |Failure: ‘Gur¥ént summation supervision |[CG 104 135182
163 |Failure:pCurrent symmetry supervision CG 107 135183
165 | Failurelt Voltage sum superv. (ph-e) CG 105 135|184
167 |Failureg WVoltage symmetry supervision CG 108 135|186
169 |Fuse faillure monitor operated CG 110 135|188
171 |Failure: Phase sequence supervision CG 111 |CA|GI p| 35
301 |Faultgin the power system CG 2 135|231
302 |Fault event with consecutive number C 135(232
3614>U%Line side VT MCB tripped CG 19 p| 38
50MGeneral fault detection of device C BT /150|151
502 |General drop-off of device C 150152
512 | General trip of device C BT|150]161
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Ann. | LSA VDEW/ZVEI

FNo.| Meaning Op|Ft|{No.|CA|GI|BT|Typ|ZnE

601|IL1 [%] = M

602 |IL2 [%] = M

603|IL3 [%] = M

694|f [Hz] = M

771|Secondary voltage UL1E is M

772 |Secondary voltage UL2E is M

773 |Secondary voltage UL3E is M

774 |Secondary earth voltage UO is M

930(IL1 (%] = M 134144

931|IL2 [%] = M 134|144

932{IL3 [%] = M 134]144

933 |Secondary voltage UL1E is M 134144

934 |Secondary voltage UL2E is M 134]144

935|Secondary voltage UL3E is M 134|144

936 |Secondary earth voltage UO is M 134144

937|f [Hz] = M 134|144

938 | Positive sequence voltage M 134144

939 |Positive sequence current M 134144

940 |Negative sequence current/unbalanced &o|"M 134|144

941 |Power factor of .the machine »M 134|144

942 | Resistance M 134144

943 |Reactance M 134|144

944 |Pa [%] = M 134|144

945|Pr [%] = M 134144
1175 |Trip test for trip relay 1 in pragress |CG 70 151| 90
1176 |Trip test for trip relay 2 in grogress |CG 71 151 91
1177 |Trip test for trip relay 3 in(progress |CG 72 151 92
1178 (Trip test for trip relay 47 in progress |CG 73 151 93
1179 |Trip test for trip relayf5 in progress |CG 74 151 94
3953 |>Block impedance protectioen CG GI 281221
3956 |>Zone 1B extension for Impedance prot. |CG 76 28(222
3957 |>Binary input for tripg(BI+®Z< Trip) CG 77 28]223
3961 | Impedance protection is/switched off CG 20 28226
3962 | Impedance protection_is/ blocked CG 51 281227
3963 | Impedance protectiofn is, active CG 30 GI 28}228
3966 |Imp.: General fault\detection CG| 208 BT| 28229
3967 |Imp.: Fault detegtieon , phase L1 CG|210 BT| 28|230
3968 |Imp.: Fault detéction , phase L2 CG|212 BT| 28231
3969 |Imp.: Fault detection , phase L3 CG|{214 BT| 28232
3970 |Imp.: Overcukrentgwith undervol.seal-in CG|220 BT| 28233
3971 |Imp.: Time T1 (Zone Z1l) expired C {153 BT| 28234
3972 {Imp.: Time T2y (final time) expired C |154 BT| 281235
3973 |{Imp.: Timé T1B (zone Z1B) expired C |158 BT| 28236
3974 |Imp.: @Crip C {235 BT| 28{237
3975|Imp.# Trip With binary input (BI+2Z<) Cc |236 BT| 28|238
3976 |Power swing detection CG| 80 BT| 28}239
4523 |>BlocK external trip 1 CG GI 511123
4526 |>Extexnal trip 1 CG 65 51|126
4531 |External trip 1 is switched off CG 21 511131
4532 |External trip 1 is blocked CG 60 51132
4533 |External trip 1 is active CG 31 GI 51/133
4536){ External trip 1l: General fault det. CG|200 BT| 51136
45@7 ' External trip 1: General trip C [244 BT| 51{137
4548 {>Block external trip 2 CG GI 51143
4546 )>External trip 2 CG 66 51146
4551 |External trip 2 is switched off CG 22 51|151
4552 |External trip 2 is blocked CG 61 511152
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Ann. |LSA VDEW/ZVEI
FNo.| Meaning Op|Ft|No. |CA|GI|BT|Typ|Inf
4553 |External trip 2 is active CG 32 GI 51 {153
4556 | External trip 2: General fault det. CG|201 BT| 51)156
4557 |External trip 2: General trip C |245 BT| 511157
4563 |>Block external trip 3 CG GI 51]163
4566 | >External trip 3 CG 67 51/166
4571 |External trip 3 is switched off CG 23 5171
4572 |External trip 3 is blocked CG 62 511172
4573 |External trip 3 is active CG 33 GIL 51[173
4576 |External trip 3: General fault det. CG|202 BTl 51176
4577 |External trip 3: General trip . |C 246 BT| 51{177
4583 |>Block external trip 4 CG GE 51]183
4586 | >External trip 4 CG 68 51]186
4591 |External trip 4 is switched off CG 24 51{191
4592 |External trip 4 is blocked CG 63 51192
4593 |External trip 4 is active CG 34 GI 51193
4596 |External trip 4: General fault det. CG| 203 BT| 51|196
4597 |External trip 4: General trip C 147 BT{ 51197
5001 |Operating range of v,i CG 44 70 1
5053 |>Block out-of-step protection CG GI 70| 51
5061 |Out-of-step protection is switched off Y€€ 25 70| 56
5062 |Out-of-step protection is blocked €G 52 70| 57
5063 |Out-of-step protection is active CG 35 GI 70| 58
5067 |Out-of-step: Pulse of characteristi¢ 1 CG| 81 BT| 70| 60
5068 |Out-of-step: Pulse of characteristdc@ CG| 82 BT| 70| 61
5069 |Out-of-step: Pick-up characteristie 1 CG|205 BT| 70| 62
5070 |Out-of-step: Pick-up characterigtic 2 CG| 206 BT| 70| 63
5071 |0ut-of-step: Trip characteristic/l C |252 BT| 70| 64
5072 |0Out-of-step: Trip charactepistic(2 C |253 BT| 70| 65
5083 |{>Block reverse power protegction CG GI 70| 76
5086 |>Stop valve tripped CG 55 70| 77
5091 |Reverse power protection switehed off CG 26 70| 81
5092 |Reverse power protectionmis®blocked CG 49 70| 82
5093 |Reverse power protection Aspactive CG 36 GI 70| 83
5096 |Reverse power: Fault deteéction CG|228 BT| 70| 84
5097 |Reverse power: Trip C |248 BT| 70| 85
5098 | Reverse power: Trip wy stop valve trip C | 249 BT| 70| 86
5113 |>Block forward powerysupervision CG GI 701101
5121 |Forward power supervision switched off [CG 27 701106
5122 |Forward power superwision is blocked CG 48 701107
5123 |Forward power supexvision is active CG 37 GI 770|108
5126 |Forward powerfi Fault detection in Pf< CG|230 BT| 70109
5127 |Forward power:aFault detection in Pf> CG|232 BT| 70|110
5128 | Forward power:,Trip Pf< stage C |254 BT| 70|111
5129 |Forwardqpower:) Trip Pf> stage C |255 BT| 70)112
5143 |>BlockPunbalanced load protection CG GI 70126
5146 | >Resgt memory for thermal replica CG 701127
5151 |Unbabhancedfload protection is switched |[CG 28 70(131
5152 |Unbalanced load protection is blocked CG 50 701132
5153 |Unbalanced load protection is active CG 38 GI 70(133
5156 |Unbalanced load: Current warning stage [CG 13 70(134
5157 |Unbalanced load: Thermal warning stage |[CG 14 70{135
5158 [Reset memory of thermal replica CG 53 70(137
5159y Unbalanced load: Fault detec. current CG|226 BT| 70}138
51604Unbalanced load: Trip of current stage C |238 BT| 70{139
5161%Unbalanced load: Trip of thermal stage c 15 BT| 70|140
51%3 | >Block stator earth fault protection CG GI 770|151
5181 |Stator earth fault protec. switched off|CG 29 701156
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Ann. |LSA VDEW/ZVEI
FNo.| Meaning Op|Ft|No.|CA|GI|BT|Typ
5182 |Stator earth fault protection blocked CG 57
5183 |Stator earth fault protection active CG 39 GI
5186 |Stator earth fault: Fault detection CG|216 BT
5187 |Stator earth fault: Trip Cc |237 BT
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Annunciations 7UM516 for PC, LC-display and binary inputs/outputs

FNo. - Function number of annunciation
Op/Ft - Operation/Fault annunciation
C/CG: Coming/Coming and Going annunciation
M : Measurand
Ear - Earth fault annunciation
I0 - I: can be marshalled to binary input
0: can be marshalled to binary output (LED, trip/signal relaiis)
FNo. |Abbreviation Meaning Op | Et| Ear | IO
3|>Time Synchro|>Time synchronization c I0
4|>Start FltRec|>Start fault recording Cc I0
5|>LED reset >LED reset I0
7 |>ParamSelec.l|>Parameter set selection 1 (with Neg.8) I0
8| >ParamSelec.2|>Parameter set selection 2 (withmNo.\%) I0
11{>Annunc. 1 >User defined annunciation 1 CG I0
12{>Annunc. 2 >User defined annunciation 2 CG I0
13|>Annunc. 3 >User defined annunciation 3 CG I0
14| >Annunc. 4 >User defined annunciation 4 CG I0
51|Dev.operative|Device operative / healthy CG (o}
56{Initial start|Initial start of processor\system C
60| LED reset LED Reset : C
95| Param.running|Parameters are beinglset CG o]
96 |Param. Set A |Parameter set A is actiwve CG 0
97|Param. Set B [Parameter set B is active CG o
98 | Param. Set C |Parameter set C isgactiyve CG (o}
99 |Param. Set D |Parameter set D i§ acgive CG 0
100 |Wrong SW-vers|Wrong software=%ersion C
101 |Wrong dev. ID|Wrong devicegidentification c
110 |Annunc. lost |Annunciationshlést (buffer overflow) C
111 |Annu. PC lost|Annunciations fer PC lost C
115|Flt.Buff.Over|Fault annunciation buffer overflow c
120|Oper.Ann.Inva|Operationalfannunciations invalid CG
121|Flt.Ann.Inval|Fault annunciations invalid CG
124 |LED Buff.Inva|LEDqannunciation buffer invalid CG
129 |VDEW-StateInv|VDEW state invalid CG
135|Chs Error Error ,in check sum CG
136 |Chs.A Error Errer in check sum for parameter set A |CG
137|Chs.B Error Brror in check sum for parameter set B |CG
138|Chs.C Error Error in check sum for parameter set C |CG
139|Chs.D Exngor Error in check sum for parameter set D [CG
141 |Failure 24V Failure of internal 24 VDC power supply|CG o]
143 |Failure 15V Failure of internal 15 VDC power supply|CG 0
144 |Failaref5V Failure of internal 5 VDC power supply |CG o
145|Failure 0V Failure of internal 0 VDC power supply |CG o]
154 |Failure RKA Failure in the RKA module CG
159|LSA disrupted|LSA (system interface) disrupted CG
161|I supervision|Measured value supervision of currents o
162 |Failure ZzI Failure: Current summation supervision |CG o]
163 Failure Isymm|Failure: Current symmetry supervision CG o]
165 \Fallure TUp-e|Failure: Voltage sum superv. (ph-e) CG (0]
167 pFailure Usymm|Failure: Voltage symmetry supervision CG o

168




FNo. |Abbreviation Meaning Op|Ft|Ear|I0
171{Fail.PhaseSeq|Failure: Phase sequence supervision CG 0
203 |Flt.RecDatDel|Fault recording data deleted C
204 |F1lt.Rec.viaBI|Fault recording initiated via bin.input|cC
205|Flt.Rec.viakB|Fault recording initiated via keyboard |C
206 |Flt.Rec.viaPC|Fault recording initiated via PC interf|C
301|System Flt Fault in the power system CG|cC
302 |Fault Fault event with consecutive number c
361|>VT mcb Trip |>U Line side VT MCB tripped CG I0
501|Device FltDet|General fault detection of device c
502 |Dev. Drop-off|General drop-off of device C
511|Device Trip General trip of device C
545 | T-Drop Time from fault detection to drop=off
546 | T-Trip Time from fault detection to tnip
601|IL1[(%] = IL1 (%] = M
602 |IL2[%] = IL2 (%] = M
603{IL3[%] = IL3 (%] = M
641|Pa[%]= Pa [%] = M
642 |Pr(%]= Pr (%] = M
651 IL1 = IL1 = M
652|IL2 = IL2 = M
653 IL3 = IL3 = M
671 |UL1E= UL1lE = M
672 | UL2E= UL2E = M
673 |UL3E= UL3E = M
694 |f [Hz]= f [Hz] = M
771|ULlE = Secondary voltage WL1E is M
772 |UL2E = Secondary veltage UL2E is M
773 |UL3E = Secondary 4voltage” UL3E is M
77400 = Secondary “earth voltage UO is M
901]COS PHI= Power faetorgof the machine M
902 | PHI= Power angle M
903 |R= Resistance M
904 | X= Reactance M
905|Ipos.seq= Posifive“sequence current M
906 | Ineg.seq= Negative) sequence current/unbal. load M
907 |Upos.seq= PoSitiweé sequence voltage M
910 |ThermRepl.= Calcubated rotor temperature (unb.load)| M

1175|Test Trip 1 Trip test for trip relay 1 in progress |CG

1176 {Test Trip 2 Trip test for trip relay 2 in progress |CG

1177 {Test Trip 3 Trip test for trip relay 3 in progress |CG

1178 |Test Trip 4 Trip test for trip relay 4 in progress |CG

1179 |Test Trip”™5 Trip test for trip relay 5 in progress |CG

3953 (>Imp.sblock >Block impedance protection CG IO0

3956 | >Extensy, 23B |[>Zone 1B extension for impedance prot. [CG I0

3957 |>BY + 2Z< >Binary input for trip (BI+Z< Trip) CG I0

3961 | InMp. JOoff Impedance protection is switched off CG o]

3962 | Imp. blécked |Impedance protection is blocked CG o]

3963 |Imp. active Impedance protection is active CG 0

{3966 |Imp. Gen.Flt.|Imp.: General fault detection CG 0

3967 |Imps Fault L1|Imp.: Fault detection , phase L1 CG o

3968 | Imp. Fault L2|Imp.: Fault detection , phase L2 CG o

3269 Imp. Fault L3|Imp.: Fault detection , phase L3 CG o}

3970 Imp. I> & U< |[Imp.: Overcurrent with undervol.seal-in CG 0]

3971 | Imp. Tl exp. jImp.: Time Tl (zone Z1) expired C o

3972 Imp. T2 exp. |{Imp.: Time T2 (final time) expired C o

3973 |Imp. T1B exp.|Imp.: Time T1B (zone Z1B) expired C [0)

[un
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FNo. |Abbreviation | Meaning Op|Ft|Ear|IO
3974 |Imp. Trip Imp.: Trip C o]
3975|BI+Z< Trip Imp.: Trip with binary input (BI+Z<) (o} (o]
3976 | Power Swing Power swing detection CG 0]
4523 (>Ext 1 block |>Block external trip 1 CG 10
4526 |>Ext trip 1 >External trip 1 CG T0
4531 |Ext 1 off External trip 1 is switched off CG (o]
4532 |Ext 1 blocked|External trip 1 is blocked CG o
4533 |Ext 1 active |External trip 1 is active CG o
4536 |Ext 1 Gen.Flt|External trip 1: General fault det. cG 0
4537 |Ext 1 Gen.Trp|External trip 1: General trip C o
4543 |>Ext 2 block |>Block external trip 2 CG I0
4546 |>Ext trip 2 >External trip 2 CG I0
4551 |Ext 2 off External trip 2 is switched off CG o
4552 |Ext 2 blocked|External trip 2 is blocked CG 0
4553 |Ext 2 active [External trip 2 is active CG 0
4556 |Ext 2 Gen.Flt|External trip 2: General fault det? CG o]
4557 |Ext 2 Gen.Trp|External trip 2: General trip C o
4563 |>Ext 3 block |>Block external trip 3 CG I0
4566 | >Ext trip 3 >External trip 3 CG I0
4571 (Ext 3 off External trip 3 is switched(off CG 0
4572 |Ext 3 blocked|External trip 3 is blocked CG o}
4573 |Ext 3 active |External trip 3 is active CG 0
4576 Ext 3 Gen.Flt|External trip 3: Genefa@ly,fault det. CG 0
4577 |Ext 3 Gen.Trp|External trip 3: General)trip C o)
4583 {>Ext 4 block |[>Block external trip 4 CG I0
4586 | >Ext trip 4 >External trip 4 CG IO
4591 |Ext 4 off External trip 4 is_switched off CG 0
4592 [Ext 4 blocked|External trip 4 i§ bidocked CG o
4593 |Ext 4 active |External trip 4 is/factive CG 0
4596 |Ext 4 Gen.Flt|External trip 4: Gem€ral fault det. CG 0]
4597 |Ext 4 Gen.Trp|External trip 44 General trip c (o]
5001 |0Operat. range|Operating tange of v,i CG o
5053 |>0/S block >Block out-of=step protection CG IO
5061({0/S off Out-of-stepprotection is switched off |CG o]
5062{0/S blocked Out-of-stepiprotection is blocked CG (o]
5063({0/S active Out-of-step,protection is active CG o
5067|0/S char.1l Out—-of+step: Pulse of characteristic 1 CG o]
5068{0/S char.2 Oout-of-step: Pulse of characteristic 2 CG o
5069|0/S det.ch.1l |[Outfof-step: Pick-up characteristic 1 CG o]
5070|0/S det.ch.2 |Out-of-step: Pick-up characteristic 2 CG 0
5071{0/S Trip ch.l|Outsof*step: Trip characteristic 1 C o]
5072|0/S Trip ch.2|@©ut-of-step: Trip characteristic 2 C 0
5083 |>Pr block >Block reverse power protection CG IO
5086 |>SV tripped >8top valve tripped CG I0
5091 |Pr off Reverse power protection switched off CG o
5092 |Pr blocked Reverse power protection blocked CG o
5093 |Pr active Reverse power protection is active CG (o]
5096 | Pr fault det. |[Reverse power: Fault detection CG (o]
5097 | Pr Trip Reverse power: Trip C o
5098 | Pr+SV Trip Reverse power: Trip w/ stop valve trip C o
5113 {>Pf block >Block forward power supervision CG I0
5121 |Pf off Forward power supervision switched off |CG 0
5122 |Pf blocked Forward power supervision is blocked CG 0
5123 |Pf active Forward power supervision is active CG o]
5126 ®Bf< flt. det.|Forward power: Fault detection in Pf< CG 0
5127 [Pf> flt. det.|Forward power: Fault detection in Pf> CG 0]
5128 | Pf< Trip Forward power: Trip Pf< stage C 0
5129 | Pf> Trip Forward power: Trip Pf> stage C o
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FNo. |Abbreviation | Meaning Op|Ft|Ear
5143|>I2 block >Block unbalanced load protection CG
5146 |>RM th.repl. |>Reset memory for thermal replica CG
5151|I2 off Unbalanced load protection is switched |CG
5152|I2 blocked Unbalanced load protection is blocked CG
5153(I2 active Unbalanced load protection is active CG
5156 |I2> Warn Unbalanced load: Current warning stage |CG
5157|I2 th. Warn Unbalanced load: Thermal warning stage [CG| 4|
5158 |RM th. repl. |[Reset memory of thermal replica CG
5159 |I2>> Fault Unbalanced load: Fault detec.current CG
5160(I2>> Trip Unbalanced load: Trip of current st C
5161(I2 © Trip Unbalanced load: Trip of thermal s C
5173|>U0> block >Block stator earth fault protecti CG
5181|U0> off Stator earth fault protec. switc CG
5182 {U0> blocked Stator earth fault protection bl CG
5183 |U0> active Stator earth fault protection CG
5186 (U0> Fault Stator earth fault: Fault de CG
5187|U0> Trip Stator earth fault: Trip C

O000O0000O0O0O0O00O0OO
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Reference Table for Functional Parameters 7UM516

1000 PARAMETERS O

O

1108 STAR-POINT Earthing condition of the machine star-point

1100 MACHINE & POWERSYSTEM DATA

HIGH-RESISTANCE [ ] Starpt. high resist. :‘

LOW-RESISTANCE [ ] Starpt. low resist.
1200 INTRUMENT TRANSFORMER DATA @

1201 IN CT PRIM Primary rated CT current
min. 0.050 kA
max. 50.000 —_— Q
1202 UN VT PRIM Primary rated VT curr
min. 0.30 kv
max. 50.00 —
1204 Un SECOND. Secondary rated e
min. 100 v
max. 125 —_— \
1205 CT STARPNT Polarity of &nt transformers
TOWARDS MACHINE [ ] Starpt. towar ach.
TOWRDS STARPOINT [ ] Starpt. tapt
1206 CT ANG. WO Corre angle CT WO

min. =2.50 °
max. 7.50 _—
1207 CT ANG. W1 Cor@nn angle CT Wl
min. -2.50 °
max. 0.00 &

1209 VT DELTA for open delta winding connected

CONNECTED %onnected
NOT CONNECTED ot connected

1210 Uph/Udelta Matching factor for open delta voltage
min. -9.99
max. 9.9\
1300 IMP. P . NERAL SETTINGS
1301 IMP. PROT. State of the impedance protection
OFF S [ ] off
o) [ ] on
CK TRIP REL [ ] Block trip rel
13 Zone 1l: Resistance
min. 0.05 Q
ax. 65.00 I



1303 X1 Zone 1: Reactance
min. 0.05 Q
max. 130.00 ham—
1304 T1 ' Zone 1: Time delay O
min. 0.00 s
max. 32.00/x _—
1305 R1B Zone 1B: Resistance
min. 0.05 ) ¢
max. 65.00 E—
1306 X1B Zone 1B: Reactance %
min. 0.05 Q
max. 130.00 —_— @
1307 T1B Zone 1B: Time delay
min. 0.00 s
max. 32.00/x _—
1308 T2 Final time delay T2 Q
min. 0.00 s
max. 32.00/ —
1309 T-RESET ' Reset delay after\tRip
min. 0.00 s
max. 32.00 — \
1400 IMP. PROT. FAULT DETECTION K
1401 I> Ove ent  detection threshold value I>
min. 0.20 1/
max. 4.00 —_— \
1402 U< SEAL-IN ltage seal-in ON/OFF
OFF [ ] of
ON [
‘ .
1403 U< dervoltage value for seal-in
min. 30 v
max. 130 \
1404 T-SEAL-IN Duration of undervoltage seal-in
min. 0.00 s
max. 32.0 E—
1500 IM OTs POWER SWING
1501 P/S Power swing detection ON/OFF
OFF [ ] off
ON P [ ] on
1502%dzZ/dt Rate of change of the power swing vector
in. 1.0 Q/s

max. 200.0 —_—
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1503 pP/S T-ACT. Power swing action time
min. 0.00 s
max. 32.00/w —_—
1504 DELTA 2Z Impedance between P/S polygon and polygon ZO
min. 0.10 Q
max. 10.00 BE—
L 4
1900 EARTH FAULT UO>
1901 SEF PROT. State of the stator earth faul @tion
OFF [ 1 off
ON [ ] on
BLOCK TRIP REL [ ] Block trip rel
1902 UO> Pick-up value of displacement ltage UO>
min. 5.0 v
max. 100.0 _—
1903

1904

2000

2001

2002

2003

2004

2005

2006
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T-Uu» Time delay for trip
min. 0.00 s

max. 32.00/w —

T-RESET Reset delay af ip
min. 0.00 s

max. 32.00 I K\
OUT-O-STEP PROTECTION @

OUT-O-STEP Stat the out-of-step protection
OFF [ ] off
ON [ ] on
BLOCK TRIP REL [ ] Bl% ip rel
c current (pos.seq.) for 0O/S detc. Il>

~N

I1> Meas.

min. 0.20 .

max. 4.00 —\
I2< Meas. KMax. neg.seq. current for 0/S detection I2<
min. 0.05 I/In

max. 1.00 O
Za Resistance of the polygon

min. 0.20 9]
max. e

Zb Reactance of the polygon (reverse direction)
min. 0
max. 1 0 —_—
Zc Reactance of the polygon (forward dir. char.1l)
in. §.10 Q
X. 130.00 —_—
d-Zc Reactance char.l - reactance char.2 (forw.dir)
in. 0.00 9}

max. 130.00 —_—



2008 PHI POLYG. Angle of inclination of the polygon
min. 60.0 e
max. 90.0 -_—
2009 REP.CHAR.1 Repetition of characteristic 1 O
min. 1
max. 4 —
2010 REP.CHAR.2 Repetition of characteristic 2
min. 1 V'S
max. 8 E—
2011 T-HOLDING Holding time of fault detecti @
min. 0.20 s
max. 32.00 — @
2012 T-SIGNAL Minimum time for signal
min. 0.02 s
max. 0.15 ——
2013 T-RESET Reset delay after tri Q
min. 0.05 s
max. 32.00 —_—
2200 FORW.POWER SUPERVISION xé
2201 FORW.POWER State of the forward power supervision
OFF [ ] off
ON [ ] on
BLOCK TRIP REL [ ] Bloc 1 1
2202 Pf< Su ion of decrease in forw. active power
min. 0.5 %
max. 120.0 _—
2203 Pf> s@ision of increase in forw. active power
min. 1.0 3
max. 120.0
2204 T-Pf< \ime delay for trip Pf<
min. 0.00 s
max. 32.00/x
2205 T-Pf> O Time delayAfor trip Pf>
min. 0.00 s

max. 32.0 _—
T-R T,

2206 Reset delay after trip
mi 00 s
max. —_—
230 REVEgéE POWER
23 V. POWER State of the reverse power protection
FF [ ] off
ON [ ] on
BLOCK TRIP REL [ ] Block trip rel
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2302 P> REVERSE Pick-up value of reverse power
min. =30.00 %
max. =-0.50 E—
2303 T-SV-OPEN Time delay for trip with stop valve open O
min. 0.00 s
max. 32.00/w D
2304 T-SV-CLOS. Time delay for trip with stop valve closed
min. 0.00 s e
max. 32.00/x e
2305 T-RESET Reset delay after trip %
min. 0.00 s _
max. 32.00 —
2400 UNBALACED LOAD
2401 UNBAL.LOAD State of the unbalanced d protection
OFF [ ] off
ON [ ] on
BLOCK TRIP REL [ ). Block trip rel
2402 I2> Continously pe ible neg. sequence current
min. 3 %
max. 30 — \
2403 T-I2>: Time delay &rning stage
min. 0.00 s
max. 32.00/x —
2404 TIME CONST Therm me constant
min. 100 s
max. 2500 —_—
2405 THERM.WARN The@varning stage in % of trip temperature
min. 70 %
max. 99 3
2406 I2>> xk-up value for high current stage
min. 10 %
max. 80
2407 T-I2>> O Trip time delay for high current stage
min. 0.00 s
max. 32.00/ —_—
2408 T-RES Reset delay after trip
min. 0.0 s
max. 00 —
2900 AS.VXLUE SUPERVISION
2901 SUPERV State of measured values supervision
F [ ] off
o} [ ] on
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2903 SYM.Ithres Symmetry threshold for current monitoring
min. 0.10 I/In
max. 1.00 —

2904 SYM.Fact.I Symmetry factor for current monitoring O
min. 0.10
max. 0.95 _—

2905 SUM.Ithres Summation threshold for current monitoring
min. 0.10 I/In S
max. 2.00 e

2906 SUM.Fact.I Factor for current summation @ng
min. 0.00 _
max. 0.95 E—

2907 SYM.Uthres Symmetry threshold for vol onitoring
min. 10 Y/
max. 100 e

2908 SYM.Fact.U Symmetry factor for vo ge monitoring
min. 0.58
max. 0.95 —

2909 SUM.Uthres Voltage threshold voltage summation
min. 10 \%
max. 200 e

2910 SUM.Fact.U Factor for &e summation monitoring
min. 0.60
max. 0.95 h—

3000 EXTERNAL TRIP FUNCTION \

3001 EXT.TRIP 1 S external trip function 1
OFF [ ]
ON [ n
BLOCK TRIP REL [ Block trip rel

3002 T-DELAY ime delay of external trip function 1
min. 0.00 s
max. 32.00/x

3003 T-RESET O Reset delay after trip
min. 0.00 s
max. 32.0 —

3100 EXT LATRIP FUNCTION 2

3101 EXT.TRIP 2 State of external trip function 2
OFF . [ ] off
ON [ ] on

LOCK TRIP REL [ ] Block trip rel

T-DELAY Time delay of external trip function 2
min. 0.00 s
max. 32.00/x —_—
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min.

3103 T-RESET Reset delay after trip
min. 0.00 s
max. 32.00 —
3200 EXTERNAL TRIP FUNCTION 3
3201 EXT.TRIP 3 State of external trip function 3
OFF [ ] off
ON [ ] on
BLOCK TRIP REL [ ] Block trip rel @
3202 T-DELAY Time delay of external trip fu -$\g'3
min. 0.00 s
max. 32.00/w —
3203 T-RESET Reset delay after trip 0 |
min. 0.00 s
max. 32.00 E— E; >
3300 EXTERNAL TRIP FUNCTION 4
3301 EXT.TRIP 4 State of extern function 4
OFF [ ] off
ON [ ] on
BLOCK TRIP REL [ ] Block trip re&
3302 T-DELAY Time delay/fo ernal trip function 4
min. 0.00 s
max. 32.00/w R
3303 T-RESET Rese\ after trip
0.00

max.

S
32.00 S— @



Tests and Commissioning Aids 7UM516

4000 TESTS

4400 CB TEST LIVE TRIP

4401 TRIP RELAY1 Trip of relay #1 S
4402 TRIP RELAY2 Trip of relay #2 @
4403 TRIP RELAY3 Trip of relay #3 \

4404 TRIP RELAY4 Trip of relay #4 @

4405 TRIP REALYS5 Trip of relay #5 0 '

4900 TEST FAULT RECORDING
4901 FAULT REC. _ Initiation of £ ording
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Annunciations, Measured Values etc. 7UM516

5000 ANNUNCIATIONS O

5100 OPERATIONAL ANNUNCIATIONS

L 2
5200 LAST FAULT
5300 2nd TO LAST FAULT 0@
5400 3rd TO LAST FAULT
5700 OPERATIONAL MEASURED VALUES
5701 ILl1 = ILl1 =
5702 IL2 = IL2 =
5703 IL3 = IL3 = \
5704 ULlE= ULlE =
5705 UL2E= UL2E =
5706 UL3E= UL3E =
5707 IL1[%)] = ILl (%)=
5708 IL2([%] = IL2 [%
5709 IL3[%] = IL3 [
5710 UL1lE = Secofida voltage UL1E is
5711 UL2E = Secon oltage UL2E is
5712 UL3E = Sec ry voltage UL3E is
5713 U0 = Se earth voltage U0 is
5714 Ipos.seqg= Posi e sequence current
5715 Upos.seq= . ositive sequence voltage
5716 f [Hz])= ] =
5800 OPERATIONAL ME R VALUES
5801 Pa(%])= Pa [%] =
5802 Pr(%])= Pr (%] =
5803 COS PHI= Power factor of the machine
5804 PHI= Power angle
5805 R= Resistance
5806 X= Reactance
ERATTONAL MEAS. VALUES C
.seqg= Negative sequence current/unbalanced load
ermRepl.= Calculated rotor temperature (unbal. load)
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Reference Table for Configuration Parameters 7UM516

6000 MARSHALLING

6100 MARSHALLING BINARY INPUTS U
L 4

6101 BINARY INPUT 1 Binary input 1

Cb__

6102 BINARY INPUT 2 Binary input 2
6103 BINARY INPUT 3 Binary input
6104 BINARY INPUT 4 Bi input 4

%

6105 BINARY INPUT 5 K\Binary input 5

6106 BIN NT 6 Binary input 6
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6107 BINARY INPUT 7 Binary input 7

6108 BINARY INPUT 8 Binary input 8

6200 MARSHALLING SIGNAL RELAYS

6201 SIGNAL RELAY 1 Signal relay 1

6202 SIGNAL RELAY 2 Signal relay 2\

6203 SIGNAL RELAY 3 Sig ay 3

L

6204 SIGNAL RELAY 4 C\Signal relay 4

6205 SIGNAL 5 Signal relay 5

e
S



6206 SIGNAL RELAY 6 Signal relay 6
6207 SIGNAL RELAY 7 Signal relay 7
L 4
6208 SIGNAL RELAY 8 Signal relay 8 :
6209 SIGNAL RELAY 9 Signal relay 9 E
6210 SIGNAL RELAY 10 Sig e 10
6211 SIGNAL RELAY 11 ‘\ nal relay 11
6212 Signal relay 12

SIGNA]\ 2
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6213 SIGNAL RELAY 13

Signal relay 13

S

6300

6301

6302

6303

6304

6305

6306

MARSHALLING LED INDICATORS
LED 1 LED 1 @
LED 2 LED 2 Q
LED 3 LED 3 \
LED 4 LED
‘X
LED 5 \LED 5
LED 6 LED 6




6307

6308

6309

6310

6311

6312

6313

LED 7 LED 7
LED 8 LED 8

LED 9 LED 9 :

LED 10 ‘ LED 10 t

LED 11 LED

LED 13\ LED 13
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6314 LED 14 LED 14

6400 MARSHALLING COMMAND RELAYS

6401 TRIP RELAY 1 Trip relay

6402 TRIP RELAY 2 Trip relay

6403 TRIP RELAY 3 Trip relay

6404 TRIP RELAY 4 Tri elay

L

6405 TRIP RELAY 5 c\'rrip relay

7000 OP. SYSTEM CONFIGURATION

L
71 GRATED OPERATION
LANGUAGE Language
DEUTSCH [ ] deutsch
ENGLISH [ ] english
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7102 DATE FORMAT
DD.MM.YYYY
MM/DD/YYYY

7105 OPER. 1st L

(
(

]
]

Date format
dd.mm.yyyy

mm/dd/yyyy
Operational message for 1lst display line O

7106 OPER. 2nd L

Operational message for 2nd display line

7107 FAULT 1st L

4
Fault message for 1st displa i@

7108 FAULT 2nd L

Fault message for 2nd disp ne

7200 PC/SYSTEM INTERFACES

7201 DEVICE ADD.
min. 1

max. 254 _

7202 FEEDER ADD.
min. 1

max. 254 E—

7203 SUBST. ADD
min. 1

max. 254 EE—

7208 FUNCT. TYPE
min. 1

Device addre5§

Feeder addrﬁ\

Sub on dress

F%n type in accordance with VDEW/ZVEI

max. 254
7209 DEVICE TYPE @rice type

min. 1

7211 PC INTERF.
DIGSI V3
ASCII

7215

(S

[ N W W Nann |

7216 PC PARITY
IGSI V3

2 STOP

1 STOP

[
(

L W W |

max. 254 \%

]
]

[ SO Y S O S ")

Data format for PC-interface
DIGSI V3
ASCII

Transmission baud rate for PC-interface
9600 Baud
19200 Baud
1200 Baud
2400 Baud
4800 Baud

Parity and stop-bits for PC-interface
DIGSI V3

no parity,2 stopbits

No parity,1l stopbit
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7221 SYS INTERF. Data format for system-interface
VDEW COMPATIBLE ) VDEW compatible
VDEW EXTENDED ] VDEW extended
DIGSI V3 ] DIGSI V3
LSA ] LSA
7222 SYS MEASUR. Measurement format for system-interface
VDEW COMPATIBLE VDEW compatible
VDEW EXTENDED VDEW extended
7225 SYS BAUDR. Transmission baud rate for system-interface
9600 BAUD [ ] 9600 Baud
19200 BAUD [ ] 19200 Baud
1200 BAUD [ ] 1200 Baud
2400 BAUD [ ] 2400 Baud
4800 BAUD [ ] 4800 Baud
7226 SYS PARITY Parity and stop-bits for system=interface
VDEW/DIGSIV3/LSA [ ] VDEW/DIGSI V3/LSA
NO 2 STOP ] no parity,2 stopbits
NO 1 STOP ] No parity,1l stopbit
7231 SYS TEST Testing via system-interfaece
OFF . off
ON on
7235 SYS PARAMET Parameterizing, via, system-interf:
NO no
YES yes
7400 FAULT RECORDINGS
7402 INITIATION Initéatien of data storage
STORAGE BY FD. ] Storage, lby» fault det
STORAGE BY TRIP ] Storage by trip
START WITH TRIP ] starty width trip
7410 T-MAX Maxifmum time period of a fault recording
min. 0.30 S
max. 5.00
7411 T-PRE Pre-trigger time for fault recording
min. 0.05 s
max. 4.00
7412 T-POST Post-fault time for fault recording
min. 0.05 s
max. 1400
7420 FAULT “VALUE Fault value
INSTANT.QWALUES [ Instantaneous values
R.M.S. VALUES [ R.M.S. values
7431 T-BINARY IN Storage time by initiation via binary input
midn. 0.10 s
max. 5.00/«
7432 T=KEYBOARD Storage time by initiation via keyboard
min. 0.10 s
max. 5.00
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7490 SYS LENGTH Length of fault record (former LSA)
660 VALUES FIX [ 660 values fix
<=3000 VAL. VAR [ <=3000 val. var
7800 SCOPE OF FUNCTIONS O
7801 IMP. PROT. Impedance protection
EXIST [ Existant
NON-EXIST [ Non-existant
7804 SEF PROT. Stator earth fault protectio
EXIST [ Existant
NON-EXIST [ Non-existant
7806 OUT-OF-STEP Out-of-step protection @
EXIST [ Existant
NON-EXIST [ Non-existant
7807 FOR. POWER Forward power supervigio
EXIST [ Existant
NON-EXIST [ ] Non-existant (D
7808 REV. POWER Reverse power p C n
EXIST [ Existant
NON-EXIST [ Non-existant
7810 UNBAL. LOAD Unbalanced otection
EXIST [ Existant
NON-EXIST [ Non-exis t
7830 EXT. TRIP 1 Exte function 1
EXIST [ ] Exi
NON-EXIST [ Non stant
7831 EXT. TRIP 2 E al trip function 2
EXIST [ ant
NON-EXIST [ xistant
7832 EXT. TRIP 3 ¢ External trip function 3
EXIST istant
NON-EXIST Q Non-existant
7833 EXT. TRIP 4 External trip function 4
EXIST Existant
NON-EXIST [ Non-existant
7885 PARAM C@ Parameter change-over
NON-EX [ Non-existant
EX [ Existant
7899 FRE N Rated system frequency
fN 50 [ fN 50 Hz
fN 60 Hz [ ] fN 60 Hz
L 4
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Operational Device Control Facilities 7UM516

8000 DEVICE CONTROL

8100 SETTING REAL TIME CLOCK 4
8101 DATE / TIME Actual date and time %
8102 DATE Setting new date ' -~\~

8103 TIME Setting new time @

8104 DIFF. TIME Setting difference time 0

8200 RESET (b
8201 RESET " Reset of LED memo
8202 RESET Reset of opera

annunciation buffer

8203 RESET Reset of fau nciation buffer

8500 PARAMETER CHANGE-OVER

8501 ACTIV PARAM Actua ctive parameter set
8503 ACTIVATING Actdvation of parameter set
SET A [ ]S
SET B [ ]
SET C [ 1/se
SET D 2 et/ d
SET BY BIN.INPUT via binary input
SET BY LSA CONTR ] t by 1lsa control
8510 COPY Copy original parameter set to set A
8511 COPY O Copy original parameter set to set B

8512 COPY \@ Copy original parameter set to set C

8513 COPY Copy original parameter set to set D
8514 COPY Copy parameter set A to set B

3515 COPY Copy parameter set A to set C
3516 €OPY ¢ Copy parameter set A to set D
2 Y Copy parameter set B to set A
2518 COPY Copy parameter set B to set C
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8519

8520

8521

8522

8523

8524

8525

COPY

COPY

COPY

COPY

COPY

COPY

COPY

Copy
Copy
Copy
Copy
Copy
Copy

Copy

parameter set
parameter set
parameter set
parameter set
parameter set
parameter set

parameter set

set

set

set

w » O W » O
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