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- Unbalanced load protect ion 
- Stator earth fau l t  protect ion 
- Coupl ing of external  s igna ls 

Figure 1 I l lu strat ion of the n u m e rical  mach ine protection re lay 7UM516 (in f l u s h  mounting case) 
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7UM51 6 V3 Conformity 

SIEMENS 

CE 
Conformity 

This product is in conformity with the d i rective of the Counc i l  of the European Commun it ies on  the approxi
mat ion of the laws of the Member States relat ing to e lectromagnet ic compat ib i l i ty (EMC Counc i l  D i rective 
89 /336/EEC) . 

Conformity is proved by tests that had been performed accord ing to art ic le 1 0  of the Counc i l  D i rective in  
accordance w i th  the gener ic standards EN  5008 1 -2 and EN  50082-2 by Siemens AG . 

The device is des igned and manufactured for appl icat ion in industrial environment . 

The device is des igned in accordance with the internat ional standards of IEC 255 and the German standards 
D IN  57 435 part 303 (corresponding to VDE 0435 part 303 ) .  
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7UM5 1 6 V3 

1 Introduction 

1 . 1 Application 

The 7UM5 1 6 is  a n umerical mach ine protect ion un i t  
f rom the . .  Numerical Mach ine Protection series 
7UM5 1 "  and provides a practical combination of 
protection funct ions especial ly for large electrical 
machines or power station blocks . A survey of th is 
machine protect ion series is shown i n  F igure 1 . 1 .  

The un it supplements the protect ion and supervi
sory funct ions of the 7UM5 1 1 ,  7UM5 1 2 ,  7UM5 1 5 
and 7UT5 1 relays and, togethe r ,  they provide a 
complete protect ion system for large h igh-voltage 
generators which are b lock connected wi th a un i t  
transformer to the power system . I t  is . however . 
complete ly autonomous and can . with a l l  i ts func
tions . be operated completely i ndependent of oth
er  protection equ ipment . 

A large number of alarm relays and LED's on the 
front panel of the unit provide i nformation about the 
detected fau l ts . the mon itored operat ing condi
t ions of the protected machine and about the un i t  
i tsel f . F ive t r ip re lays are ava i lab le for d i rect tr ip
p ing of c i rcu i t-breakers and other control devices . 

Space-saving construct ion and sensib le mount ing 
and connect ion techn iques permit easy exchange 
with conventiona l  p rotect ion equ ipment in exist ing 
p lants . Comprehensive i nterna l  monitor ing of hard
ware and software reduces the t ime requ i red for 
test i ng  and provides an extremely high ava i labi l i ty 
of the p rotect ion system . 

Serial interfaces a l low comprehens ive commun i 
cat ion wi th o ther  d ig i ta l  control and storage de
vices . For data transm iss ion a standardized proto
col in accordance with VDEW /ZVEI  i s  used . as wel l  
as accord ing DIN 1 9244 (selectable) . The device 
can therefore be incorporated in  Loca l ized Substa
tion Automation networks ( LSA) . 

C53000-G 1 1 76-C97 
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1 .2 Features 

- Processor system with powerfu l  1 6-bit-micro
processor ; 

Complete dig ital measured value processing 
and control f rom data acqu is it ion and d ig it iz ing 
of the measured values up  to the tr ip decis ion 
for the c ircu i t  breakers ; 

- Complete galvan ic and rel iable separation of the 
internal proceSS ing circuits from the measure
ment . control and supply c i rcu its of the system, 
with screened analog i nput transducers . b inary 
input  and output modu les and DC converter ;  

- Insensi t ive t o  V . t .  a n d  C . t .  errors . transient con
d i t ions and in terferences ; 

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

- Accurate measurement is ensured even in case 
of f requency deviat ions ( fN ± 1 0 Hz)  by fre
quency dependent f i l ter correct ion ; 

- Cont inuous calcu lat ion of operat ional  measured 
values and ind icat ion on the front d isp lay ;  

- S imp le sett i ng and operat ion us ing the i nte
g rated operat ion pane l  or  a connected personal 
computer with menu-gu ided software ; 

- Storage of fau l t  data . storage of i nstantaneous 
or r . m . s .  values dur i ng  a fau l t  for fau l t  record
i ng ; 

- Commun icat ion with centra l control and storage 
devices via serial i nterfaces is  possib le. opt ion
a l ly with 2 kV insu lat ion or  for connect ion of opt i
cal f i bre; 

- Cont inuous mon itoring of the measured val ues 
and the hardware and software of the relay . 
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Overfluxproteciion I.Jlf 
Overvoltage protection, two"'-stage 
lJnderVoltage protection, inverse time 

. Frequencyprotectidn; . foUr-stage 
EarthfaultPfotection Uo> 
InterturnJaqlt protection 

.... StatO(9?rth fault'· 1 00 % protection 
·• •• R6tor�a.�hlaultpr9t��lqh; tWo�stage .... ' •. >FdJr eXterri�jtiip$jgHhiC;�Mbepr6�M§��a ••.• 

+v.'()trlpcir8�itS(jP�Ni�idncl1�nriaj$ ( . . . . • 

..••••• [)iff����ti�1 prdtecticmfor �enerators and 
motors 

.... dr .:. . 
Differential protection for two-winding 

. transformers or units . . 

. . Ovefdbrr�rit tiri1e.prOtection 
. Thern1�roverloacl protection 
TWo eXternal trip signal can be processed 
FoUr�xternal binary input signalqanbe 
proc�s�eq . .. 
(2 trip relays; small size: 1/3 case) 

7UM516 

Impedance protection 

Power swing blocking 

Stator earth fault protection Uo> 

Out-of-step protection 

Forward power supervision 
Reverse power protection 

Unbalanced load protection 

Introduction 

Four external trip signal can be processed 

Two trip circuit supervision channels 

7UT513 

Differential protection for generators and 
motors 

.or 
Differential protection for three-winding 

. transformers or units 

Restri6t�dearth fault protection or 

• Tank leakage protection 
Overcurrent time protection 
Thermal overload' protection 
TWoexternaltripsignal can be processed' 
Fou��xt.bin�ryJnputscan be processed . . 
(51iiprelays, large size: 1/3 case) 

F igure 1 . 1 Survey of the numerical mach ine protect ion ser ies 
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7UM516 V3 

1 .3 Implemented· functions 

The protective and supervisory funct ions of the nu
merical mach ine  protect ion un it can be ind iv idual ly 
switched to be operative or inoperative . The un it 
comprises the fol lowing funct ions: 

Impedance protection with 

- phase se lective overcu rrent fault detection with 
undervoltage seal-in (for synchronous ma
chines which take their excitat ion voltage from 
the termina l  voltage) , 

- two impedance zones, th ree t ime stages , 

- polygona l  t r ipp ing character ist ic with indepen
dent  sett ing of reach a long the R- and X-axis ,  

- var iab le fau l t  resistance to lerance , 

- power swing detect ion by t.z/ t.t measurement, 

- power swing b lock ing i n  case of power swings i n  
the system avo ids unwanted t r i p  occurrences . 

Out-ot-step protect ion 

- based on the wel l  exper ienced impedance mea
surement method , 

- measurement release by the posit ive sequence 
current component , measurement blocking by 
the negative sequence current component , 

- evaluat ion of the rate of change of the imped
ance vector , 

- opt imum match ing to the on-s i te cond i t ions by 
selectable character ist ic parameters , 

re l iab le d ist inct ion between the power swing 
centre be ing i n  the system or  i n  the generator 
un it area . 

Stator earth fault protection Uo 

- measurement of the d isplacement voltage with 
fundamenta l  wave f i l ters , for machines i n  b lock 
connect ion , 

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

Forward act ive power s upervis ion 

- ca lcu la t ion of forward power Pf  f rom posit ive se
quence components , 

C53000-G 1 1 76-C97 
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- supervis ion of over-power (Pf» and/or u nder
power (Pf<) with i nd ividua l ly adjustable power 
l im its . 

Reverse power protection 

- calcu lat ion of power from posit ive sequence 
components , 

- h igh ly sensit ive act ive power measurement , 

- h igh measurement accuracy and ang le error 
compensation , 

- detect ion of smal l  motor ing powers even with 
smal l  power factor cos 4>, 

- insens it ive to  power swings , 

- short-t ime stage with c losed stop valve , 

- independent long-t ime stage .  

Unbalanced load protect ion  

- evaluat ion of negative sequence component o f  
currents , 

- insens i t ive to frequency f l uctuat ions , 

- alarm stage when a set unba lanced load is ex
ceeded , 

- thermal rep l ica for rotor temperature r ise with 
adjustab le heat i ng-up t ime constant , 

- wi th thermal a larm and tr ip stag e ,  

- h igh-speed t r ip stage for large unbalanced 
load s .  

Coupl i n g  o f  externa l  s igna l  

- comb in i ng  up to 4 externals s igna l  i n to  the an
nunciat ion processing , 

- t r ipp ing by up to 4 externa l  s igna ls via the inte
g rated t r ip matr ix , 

- t ime delay poss ib le . 

Integ rated tr ippi n g  matr ix 

- With 5 t r ip  relays (each wi th 2 NO contacts) for 
up  to 20 protect ion commands .  
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2 Design 

2 . 1  Arrangements 

Al l  protect ion functions inc lud ing dc/dc converter 
are accommodated on two plug-in modules of 
Double Europa Format. These modules are in
stal led i n  a housing 7XP20 .  Two different types of 

hous ings can be del ivered : 

- 7UM516*-*B***- i n  hous ing 7XP2040-1 for 
panel su rface mount ing 

1 0  

The hous ing has fu l l  sheet-metal covers . as wel l  
as a removable f ront cover with t ransparent 
plast ic window . 

Plast ic gu ide ra i ls  are bu i lt i n  for the support of 
p lug- in modules . Next to the gu ide rai l  at the 
bottom on the left-hand s ide of each modu le, a 
contact area which is e lectr ica l ly connected to 
the hous ing i s  i nsta l led to mate with the earth ing 
spr ing of  the modu le . Connect ion to earth is 
made before the p lugs make contact . Earth ing 
screws have been provided on the le f t  hand s ide 
of the hous in g .  Addi t ional ly, termina l  26  i s  con
nected to the case . 

A l l  external S igna ls are connected to 1 00 
screwed term ina ls wh ich are arranged over cut
outs on the top and bottom covers . The termi
nals are numbered consecut ively from left to 
r ight at the bottom and top .  

The heavy duty current p lug connectors provide 
automatic short ing of the C . t .  c i rcu its whenever 
the modules are wi thdrawn . This does not re
lease from the care to be taken when c .  t .  sec
ondary c ircu i ts are concerned . 

For the i solated interface to a central control and 
storage un it, an addit ional coupl ing fac i l i ty has 
been provided . For the hard-wired V . 24 
(RS232C) ser ia l  interface ( 7UM51 6*-*****
*8) ,  4 screwed termina ls are provided . For the 
in terface for opt ical f i bre connect ion (model 
7UM51 6*-*****-*C) , two F-SMA connectors 
have been provided . 

The degree of protect ion for the hous ing is IP5 1  , 
for the term ina ls IP2 1 . For d imensions p lease re
fer to Figure 2 . 2 .  

Design 

- 7UM516*-*C***- in  housing 7XP2040-2 for 
panel flush mounting  or 7UM516*-*E***- for 
cubicle instal lation 

The housing has ful l sheet-metal covers, as well 
as a removable front cover with transparent 
plastic window for pane l mount ing . 

Plast ic gu ide rai l s  are bu i l t  in for the support of 
p lug- in modu les . Next to the gu ide ra i l  at the 
bottom on the left-hand side of each module, a 
contact area wh ich is e lectr ica l ly connected to 
the housing is insta l led to mate with the earth ing 
spr ing of  the modu le .  Connect ion to earth is 
made before the p lugs make contact . Earth ing 
screws have been provided on the rear wa l l  of 
the hous i ng . 

A l l  external s igna ls are connected to connector 
modules which are mounted on the rear cover 
over cut -outs . For each e lectr ical connect ion , 
one screwed term ina l  and one para l le l  snap-in 
termina l  are provided . For f ie ld wir ing , the use of 
the screwed termina ls i s  recommended ; snap
in  connect ion requ i res specia l  tools . 

The heavy duty current p lug connectors provide 
automatic short ing of the C . t .  c i rcu its whenever 
the modules are wi thdrawn . This does not re
lease from the care to be taken when c. t . sec
ondary c i rcu i ts are concerned . 

The iso lated interface to a central control and 
storage un it ( 7UM5 1 6*-*****-*8) i s  led to a 
4-pole connect ion modu le . I n  the i nterface for 
opt ical f ibre connect ion ( 7UM5 1 6*-*****-*C) , 
a modu le  with 2 F-SMA connectors is provided 
instead . 

The p lug modules are labe l led accord ing  to the i r  
mount ing posit ion by means of a g rid system 
(e . g .  1 A2) . The ind iv idua l  connect ions with in a 
module are numbered consecut ively f rom left to 
r ight (when v iewed from the rear) , (e . g .  1 A2) ; 
refer F igure 2 . 1 . 

Degree of protect ion for the hous ing is IP5 1  , for 
the termina ls  I P2 1 . For d imens ions please refer 
to F igure 2 . 3 .  
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DI C BIA 
0+ +0 

+ + + + ++ 

8 8 8 8 

7 7 7 7 

6 6 6 6 

5 5 5 5 
++ ++ 

+ 
D C A 

+ + + + 

4 4 4 4 

3 3 3 

2 2 2 

++ + + 

+ 
Heavy current connector 

1 A2 

hod'onta l positlo, I � 
vertica l  pOSition 

consecutive connection nu m ber 

Fig u re 2.1 Connection p l u g s  (rear view) - hou sing for f lush mounting - example 
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7UM516 v3 

2.2 Dimensions 

Design 

F igures 2 . 2  and 2 . 3  show the d imens ions of the var ious types of hous ings ava i lab l e .  

7UM516 Hous ing fo r  panel surface mount ing 7XP2040- 1 

234 

7 . 5  

11"9 
" 51�_::.:.: ___________ 7�1 r. 

,J:tImJ . . . . 100 1 -UJ:1t-----. 

I 

I I 
"i �I;l..wl ... :.. __________ 

25 1 � 26�� • • . •  s01_t-__ -"-

\ 2 1 9  

\ 
Earthing terminal 26 

Max . 1 00 termina ls  for cross-sect ion max .  7 mm2 

Dimens ions i n  mm 

27  

2 

2 . 

Interface for opt i-

1 . 

to 
to 
N 

cal  fibre below Reset and pag
ing buttons 

Opt ica l  f i b re connectors : 
integrated F-SMA connector. 

with ceramic post.  

e . g  for g lass fibre 62.5/125 fum 

F igure 2 . 2  D imens ions for hous ing 7XP2040- 1 for panel surface mount ing 

1 2  C53000-G 1 1 76-C97 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



7UM516 V3 Design 

7UM51 6 Housing for panel f lush  mounting or cub ic le insta l lat ion 7XP2040-2 

29-.9. 1 72 

to 
to 
N 

1 .5.. 

J� 
� 

f-
f-
t-

Re set and pag-
ing buttons 

';::y Mounting plate .-
,/ .. , 

V V N 

::::,:::1 
2 2 1  +2 

t11 5 or  M4 

Pane l  cut-out 

1 80 :to.5 

206 . 5!0.3 

30 

� 
i""-
f--
f--
..-

� 
I--
I--
� 
pr-

'" .... "'" 

'., .... ' \ ...... 

225 

220 

+-+ --------- -H 
r- tt 8 
I- 0 0 

I I 
7 

I-
0 0 6 -
W 

5 
I:::: 

D C B A 

4 

3 
2 

I 1 

I 
IH----------H 

Connector modu les 

Heavy cu rrent connectors : 
Screwed terminal for max. 4 mm2. 
Twin spring crimp connector in paral
lel for max. 2.5 mm2. 

Further connectors : 
Screwed terminal for max. 1.5 mm2. 
Twin spring crimp connector in paral
lel for max. 1.5 mm2. 

Opt ica l  f ib re connectors : 
integrated F-SMA connector. 
with ceramic post. 
e.g for glass fibre 62.5/125 tum 

Dimens ions in mm 

F igure 2 . 3  D imens ions for hous ing 7XP2040-2 for panel  f lush mount ing o r  cub ic le  i nsta l lat ion 
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7UM51 6 v3 Design 

2.3 Ordering data 

Numerical  Machine Protection 7.  8 .  9 .  1 0 . 1 1 .  1 2 . 13 . 14 . 1 5 . 1 6 . 

7 U M 5 1 - I I I A I 0 I 1 I - L..-...&...-r-'--� sO 
--- 1 Rated current; rated frequency 

1 A ;  50/60 Hz ............................ . .  . 

5 A ;  50/60 Hz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 

Auxil iary voltage 

24/48 V dc  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

60/ 1 1 0/ 1 25 V dc . . . . . . . . . . . . . . . . . . . . . . . . . .... . . . . . .  4 

220/250 V dc  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

Const ruct ion 

i n  hous ing 7XP2040- 1 for pane l  surface mount ing . . . . . . . . . . B 

i n  hous ing 7XP2040-2 for pane l  f l ush mount ing . . .......... C 

i n  hous ing 7XP2040-2 for cub ic le insta l la t ion I 
(wi thout g lass front) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . E 

Ser ia l  i nterface for  c o u p l i n g  to a contro l centre  

i so lated ser ia l  in terface (s im i l ar V .  24 or  RS 232  C)  ................................ B 

ser ia l  i nterface for opt ica l  f ib re connect ion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 
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7UM51 6 V3 

2.4 Accessories 

The measurement input for the neutral displace
ment voltage measurement of the earth fault pro
tection Uo is dimensioned for a rated voltage of 
1 00 V . A voltage divider 500 V / 1 00 V is required 
when connecting to a neutral earthing transformer 
or a line connected earthing transformer with a 

Design 

secondary voltage of 500 V . The voltage d ivider 
500 Vt100 V type 3PP1336-1CZ-013001 is suit

able and also includes a test resistor .  Refer to Fig

ure 2 . 4  for schematic circuit diagram and to Figure 
2.5 for dimensions . 

1 1 .6 n 500 n 500 n 250 n 

F igure 2 . 4  

r1, 6 
Test 500 V o V 

resistor 

Schemat ic d iagram of vol tage div ider 500 VI 1 00 V. type 3PP 1 336- 1 CZ-0 1 300 1  

_t',..... 
l I 

I 
I 
. 

... . 

Cover 

Dr ip-proof roof 

Space requ i red for 
removing the cover 

--h � � 

3PP1  with degree of protect ion I P  20  ( lP  23  with drip-proof roof) D imens ions in mm 

Type a b c d e f g h i k I m z 

3PP1  33  267  1 87 3 x 1 6  7 1 60 230 1 0  1 46 50 30 1 0  1 96 33 

F igure 2 . 5  D imens ions o f  3PP 1 3 3 :  for voltage d iv ider 3PP1 336- 1 CZ-0 1 300 1 (500 VI 1 00 V )  
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7UM516 V3 

3 Technical data 

3 . 1  General data 

3.1.1 Inputs/outputs 

Measur ing circu its 

Rated current IN  

Rated voltage UN 

Rated frequency fN 

Burden :  ct c i rcu i ts per phase 
- at IN = 1 A 
- at IN = 5 A 

Bu rden : vt c i rcu i ts 
- at 1 00 V 
- for earth fau l t  detect ion at 1 00 V 

Overload capabi l ity ct c i rcu i ts 
- thermal ( rms) 

- dynamic ( impu lse) 

Over load capabi l ity vt c i rcu i ts 
- thermal ( rms) 

Accu racy range 
Operat ing range 

Auxi l iary DC s upply 

(specif ied to lerances) 
(a l l  funct ions operate) 

Aux i l iary dc voltage supply via integ rated 
dc/dc converter 

Aux i l iary voltage UH 

Operat ing ranges 

Superimposed ac voltage , 
peak-to-peak 

Power consumpt ion qu iescent 
p icked-up  

Br idg ing t ime d ur ing fa i l u re/short-circu i t  
of aux i l iary dc voltage 

Heavy d uty (tr ip) contacts 

Trip relays , n umber 
Contacts per relay 

Switch ing capacity MAKE 
BREAK 

1 6  

A or 5 A 

1 00 V to 1 25 V (se lectable) 

50 Hz or 60 Hz (se lectable) 

approx 0 . 1 VA 
approx 0 .4 VA 

approx 0 . 5  VA 
approx 0 . 5  VA 

1 00 X I N  for 1 second 
20 X I N  for 1 0  seconds 
4 X I N cont inuous 
250 X I N (ha l f  cyc le) 

1 40 V cont inuous 

Technical data 

0 . 9  < f/fN < 1 . 1 } at least one measuring 
0 . 8  < flfN < 1 . 2 quantity >0. 1 . rated value 

24/48 V dc 60/ 1 1 0/ 1 25 V dc 220/250 V 

1 9  to 56 V dc 48 to 1 44 V dc 1 76 to  288 " 

< 1 2  % at rated voltage 
< 6 % at the l im its of the voltage ranges 

approx 1 1  W 
approx 20 W 

> 50 ms at U > 1 1 0 V dc 

5 
3 x 2 NO ,  2 x 1 NO 

1 000 WIVA 
30 WIVA 
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7UM51 6 V3 

Switching voltage 
Permissible current 

Signal contacts 

Signal relays. number 
Contacts per relay 
Switching capacity MAKE/BREAK 
Switching voltage 
Permissible current 

Binary inputs . number 

Voltage range 

for rated contro l  vol tage 

Pick-up value. approx . 

Current consumpt ion 

Seria l  in terfaces 

Operator termina l  interface 
- Connect ion 

- Transmiss ion speed 

13 

250 V 
5 A continuous 
30 A for 0 . 5  s 

1 CO or 1 NO 

20 WIVA 
250 V 
1 A 

8 

Technical data 

reconnectable 24 to 250 V dc in 3 ranges: 

24/48/60 Vdc 1 1 0/ 1 25 Vdc 220/250 Vdc 

1 7  Vdc 80 Vdc 1 60 Vdc*) 

.) for product ion ser ies ICC 

approx 1 . 7 mA independent of operat ing voltage 

non-isolated 
at the front . 25-pole submin iature connector according 
ISO 2 1 1 0  for connect ion of a personal computer o r  s imi lar  
as de l ivered 9600 Baud ; 
m in . 1 200 Baud ; max . 1 9200 Baud 

Interface for data transfer to a control centre isolated 

- Standards 

- Transmiss ion speed 

- Transmiss ion security 

- Connect ion. d i rect ly 

Transm iss ion d istance 
Test voltage 

- Connect ion opt ica l f ibre 

Opt ical wave length 
Permiss ib le l i ne attenuat ion 
Transmiss ion d istance 
Normal s ignal posit ion 

C53000-G 1 1 76-C97 

s imi lar  V . 241V . 28 to CCITT ; RS 232  C to E IA ;  
Protocol to VDEW /ZVEI  or accord ing D IN  1 9244 
as de l ivered 9600 Baud; 
min . 1 200 Baud ; max . 1 9 200 Baud 
Hamming d istance d = 4 

at hous ing termina ls ; 
2 core pai rs, with ind iv idua l  and common screen ing ; 
e . g .  LI YCY-CY/2 x 2 x 0 . 25 mm2 
max . 1 000 m 
2 kV with rated frequency for 1 min 

integrated F-SMA connector for d i rect opt ica l f ibre 
connection. with ceramic post . 
e . g .  glass f ib re 62 . 5/ 1 25 J.1.m 
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 sett i ng : " l i gh t  off" 
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7UM5 1 6 V3 

3.1.2 Electrical tests 

Insu lation tests 

Standards: 

- High voltage test ( rout ine test) 
except d . c .  voltage supply input and RS485 

- H igh  voltage test (rout ine test) 
only d . c .  voltage supply input and RS485 

- Impu lse voltage test (type test) 
al l  c ircuits , c lass I I I  

EMC tests; immunity ( type tests) 

Standards :  

- H igh  frequency 
IEC 255-22- 1  c lass I II 

- E lectrostat ic d ischarge 
IEC 255-22-2 c lass I II 
and EN  6 1 000-4-2 c lass III 

- Radio-frequency electromagnet ic f ie ld , 
non-modulated ; I EC 255-22-3 ( report) class III 

- Radio-frequency electromagnet ic f ie ld , 
ampl itude modu lated ; ENV 50 1 40, c lass III 

Technical data 

I EC 255-5 

2 kV ( rms)  , 50 Hz 

2 . 8  kV dc 

5 kV (peak) ; 1 , 2/50 �s; 0, 5 J;  3 pos it ive 
and 3 negative shots at i nterva l s  of 5 s 

IEC 255-22 (p roduct standard)  
EN  50082-2 (generic standard) 
VDE 0435 Ipart 303 

2 . 5  kV (peak) ; 1 MHz;  T = 1 5 �s; 400 shots/s ; 
du rat ion 2 s 

4 kV/6 kV contact d ischarge; 8 kV a i r  d i scharge ; 
both polar i t ies; 1 50 pF; Rj = 330 D 

1 0  Vim ; 2 7  MHz to 500 MHz 

1 0  Vim ; 80 MHz to 1 000 MHz ; 80 % AM ; 1 kHz 

- Radio-frequency electromagnet ic f ie ld , 1 0  Vi m ;  900 MHz ;  repet i t ion f requency 200 Hz ;  
pu lse modu lated ; ENV 50 1 40/ENV 50204 , c l . J[! duty cyc le 50  % 

- Fast transients 
IEC 255-22-4 and EN  6 1 000-4-4, c lass III 

- Conducted d isturbances induced by 
radio-frequency f ie lds, ampl i tude modulated 
ENV 50 1 4 1 , c lass I II 

- Power frequency magnet ic f ie ld 
EN  6 1 000-4-8 , c lass IV 

EMC tests; emission (type tests) 

Standard : 

- Conducted interference voltage. aux .  voltage 
CISPR 22 , EN 55022, c lass B 

- In terference f ie ld strength 
C ISPR 1 1 , EN  550 1 1 ,  c lass A 

18 

2 kV ; 5/50 ns ; 5 kHz; burst length 1 5  ms ; 
repet i t ion rate 300 ms ; both polar i t i e s ;  Rj = 50 D; 
durat ion 1 m in  

1 0  V ;  1 50 kHz to 80 MHz ; 80 % AM;  1 kHz 

30 Aim cont inuous ; 300 Aim for  3 s ;  50 Hz 

EN  5008 1 -* (gener ic standard ) 

1 50 kHz to 30 MHz 

30 MHz to  1 000 MHz 
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7UM51 6 V3 

3.1.3 Mechanical stress tests 

Vibrat ion and shock dur ing operation 

Standards : 

- Vibrat ion 
IEC 255-2 1 - 1 . class 1 
IEC 68-2-6 

- Shock 
IEC 255-2 1 -2 .  c lass 1 

- Seismic v ibrat ion 
IEC 255-2 1 -3 .  c lass 1 
I EC  68-3-3 

Vibrat ion and shock du ring  transport 

Standards : 

- V ibrat ion 
I EC 255-2 1 - 1 .  c lass 2 
I EC  68-2-6 

- Shock 
I EC 255-2 1 -2 .  c lass 1 
I EC  68-2-27 

- Cont inuous shock 
IEC 255-2 1 -2 .  c lass 1 
I EC  68-2-27 

C53000-Gl1 76-C97 

Technical data 

IEC 255-2 1 
and IEC 68-2 

s inusoidal  
1 0  Hz to 60 Hz: ± 0 . 035 mm ampl i tude ; 
60 Hz to 1 50 Hz: 0 . 5 g acceleration 
sweep rate 1 0  octaves/min 
20 cycles in  3 orthogonal  axes 

half s ine 
accelerat ion 5 g .  du rat ion 1 1  ms . 3 shocks in  
each d i rect ion of 3 orthogonal  axes 

s inusoida l  
1 Hz to 8 Hz : ± 3 . 5 mm ampl i tude (hor . ax is)  
1 Hz  to 8 Hz:  ± 1 . 5 mm ampl i tude (vert . axis) 
8 Hz to 35 Hz : 1 9 accelerat ion (hor . axis) 
8 Hz to 35  Hz : 0 . 5  9 accelerat ion (vert . axis) 
sweep rate 1 octave/min 
1 cycle in  3 orthogona l  axes 

I EC  255-2 1 
and I EC 68-2 

s inuso ida l  
5 Hz to 8 Hz : ± 7 . 5  mm amp l i tude; 
8 Hz to 1 50 Hz:  2 9 accelerat ion 
sweep rate 1 octave/m in  
20  cycles i n  3 orthogona l  axes 

half s ine 
accelerat ion 1 5  g . du rat ion 1 1  ms . 3 shocks in  
each d i rect ion of 3 orthogona l  axes 

half s ine 
accelerat ion 1 09.  durat ion 1 6  ms . 1 000 shocks 
each d i rect ion of 3 orthogona l  axes 
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7UM5 1 6 v3 

3.1.4 Cl imatic stress tests 

- recommended temperature dur ing service 
permiss ib le temperature during storage 
permiss ib le temperature dur ing transport 

Technical data 

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

Storage and transport with standard works packaging I 

- Permiss ib le humid ity mean value per. year < 75 % relative humid ity ; 
on 30 days per year 95 % relat ive humid ity; 
Condensat ion not permissib le ! 

We recommend that a l l  un its are insta l led such that they are not subjected to d i rect sun l ight , nor to large 
temperature f luctuat ions wh ich may g ive r ise to condensat ion . 

3.1 . 5  S ervi c e  condit ions 

The relay is des igned for use in  industr ia l  environ
ment , for instal lat ion in standard relay rooms and 
compartments so that with proper i nsta l lat ion e lec
tro-magnetic compat ib i l ity (EMC) is ensured . 
The fo l lowing shou ld a lso be heeded : 

- A l l  contactors and relays wh ich operate in the 
same cub ic le or on the same re lay panel as the 
d ig ital protect ion equ ipment shou ld , as a ru le, 
be f itted with su itab le sp ike quench ing ele
ments . 

- A l l  external connect ion leads in sub-stat ions 
from 100 kV upwards should be screened with a 
screen capable of carrying power cu rrents and 

3 . 1.6 Design 

earthed a t  bo th  s ides . No specia l  measures are 
normal ly necessary for sub-stat ions of lower 
voltages . 

- It is not permiss ib le to withdraw or i nsert ind iv id
ua l  modules under voltage . I n  the withdrawn 
condit ion, some components are e lectrostat i 
ca l ly endangered ; du ri ng  hand l i ng the standards 
for e lectrostat ica l ly endangered components 
must be observed . The modu les are not endan
gered when p lugged i n .  

WARN ING ! The relay i s  not des igned for use in  resi
dent ia l , commercial or l ig ht- industr ia l  environment 
as def ined i n  EN 50081 .  

Hous ing 7XP20 ;  refer to Sect ion 2 . 1  

Dimens ions 

Weight 
- in  housing for surface mount ing 
- in  hous ing for f l ush mount ing 

Degree of protect ion acc . to EN  60529 
- Hous ing 
- Termina ls 

20 

refer to Section 2.2 

approx . 12.0 kg 
approx . 1 0 . 5  kg 

IP  5 1  
IP  2 1  
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7UM51 6 V3 Technical data 

3.2 Impedance protection 

Overcurrent fault  detection 

Phase currents 'ph>/ IN 
Drop-off ratio 
Measur ing tolerances accord ing VDE 0435 part 303 

Undervoltage seal-in U< 
Drop-off ratio 
Measur ing tolerances accord ing VDE 0435 part 303 

Impedance measurement 

Characterist ic 
Setting values (based on I N  = 1 A * ) 
X = forwards reach (Xl , X l B)  
R = resistance to lerance ( R l ' R l  B )  

Measur ing to lerances accord ing VDE0435 part 303 
w i th  s inuso ida l  quant i t ies 

0 . 20 to 4 . 00 (steps 0 . 0 1 ) 
approx . 0 . 95 
:!: 3% of set value 

30 V to 1 30 V (steps 1 V) 
approx . 1 . 05 
:!: 3% of set va lue 

polygona l , 2 independent stages 

0 . 05 .0 to 1 30 . 00 .0 ( steps 0 . 0 1  D) 
0 . 05 .0 to 65 . 00 .0 (steps 0 . 0 1  D) 

I !:::.
X
X I < 5% for 30 ° < ¢sc < 90 ° 

I !:::. R I < 5% for 0 °  < ,j, < 60 ° 
R - - 'l' S C  -

. )  Secondary values are referred to IN = 1 A :  for IN = 5 A the values are to be divided by 5. 

Times 

Shortest tr ipp ing t ime 
Drop-off t ime 

Time stages :  

Drop-off delay t ime  td 

Ho ld ing t ime of undervoltage sea l- in  

T ime expiry to lerances 

The set t imes are pure delay times. 

Power swing b lock ing 

Sett i ng  the d i fference !:::. R between the polygons 
(secondary based on IN = 1 A . )  

Sett ing rate of change !:::. R/ !:::. T 

Action t ime 

35 ms 
approx . 30  ms to 80 ms 

0 . 00 S to 32 . 00 s (s teps 0 . 0 1  s )  
or 00 ( i . e .  stage ineffect ive) 

0 . 00 S to 32 . 00 s ( steps 0 . 0 1  s) 

0 . 00 s to 3 2 . 00 s (steps 0 . 0 1  s) 

< 1  % o f  s e t  va lue or  1 0  ms  

0 . 1 0  .0 t o  1 0 . 0 .0 (steps 0 . 0 1  D) 

1 . 0 Dis to 200 . 0  Dis (steps 1 Dis)  

0 . 00 s to 32 . 00 s (s teps 0 . 0 1  s)  
or  00 ( i . e .  unt i l  d rop-off of the power swing 
polygon)  

. )  Secondary values are referred to I N  = 1 A :  for I N  = 5 A t he  values are to be d ivided by  5 .  

In f luence variab les 

- Aux i l iary d .  c .  voltage in range 0 . 8  < UH/UHN < 1 . 1 5  < 1 % 
- Temperature in range -5 °C < 6amb < +40 °C < 0 . 5 % / 1 0 K 
- Frequency in range 0 . 9 < fl fN < 1 . 1 < 2 % 
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7UM51 6 V3 

3.3 Stator earth  fault  protection Uo> 

Sett ing ranges/steps 

Displacement voltage Uo> 

Time delays T 

Drop-off t ime Tr 

T imes 

Pick-up t ime 
- U o> 

Drop-off t ime 

Drop-off rat io 
- Disp lacement  voltage UE> 

Tolerances 

- Displace ment  vo l tage U o> 

- Time de lays T 

In f luence variab les 

- A u x i l i a r y  d . c .  vo l tage 
i n  range 0 . 8  < U H /U H N  < 1 . 1 5  

- Temperature 
i n  range -5 °C < 6 amb < +40 °C 

- Frequency 
in range 0 . 9  < f/fN < 1 . 1 

2 2  

5 . 0  V t o  1 20 . 0  V 

0 . 00 s to 32 . 00 s 

0 . 00 s to 3 2 . 00 s 

< 1 00 m s  

a pprox 50 m s  

approx 0 . 7  

3 % of set  v a l u e  

1 % but  m i n . 1 0  m s  

< 1 % 

< 0 . 5  %/ 1 0  K 

< 2 %  

Technical data 

( steps 0 . 1  V) 

( steps 0 . 0 1  s) 

(s teps 0 . 0 1  s) 

) 

C53000-G l 1 76-C97 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



7UM5 1 6 V3 

3.4 Out-of-step protection 

Pick-up 

Posit ive sequence component I pos>I IN 
Negat ive sequence component I neg</ IN  
Drop-off ratio Ipos >/IN 
Drop-off rat io Ineg <l iN 
Measur ing to lerances accord ing VDE 0435 part 303 

Character ist ic 

Sett ing values ( based on IN  = 1 A ' )  
Impedance Za 
Impedance Zb 
Impedance Zc 
Impedance Zd - Zc 

i nc l inat ion ang le of polygon ¢p 

Number of permiss ib le out-of-step per iods 
- characterist ic 1 
- characterist ic 2 

Measur ing to lerances accord ing VDE0435 part 303 
with s inusoida l  quant i t ies 

0 . 20 to 4 . 00 
0 . 05 to 1 . 00 
approx . 0 . 95  
approx . 1 . 05 
± 3% of set value 

polygonal 

Technical data 

( steps 0 . 0 1 ) 
(steps 0 . 0 1 ) 

0 . 20 fl to 1 30 . 00 fl (steps 0 . 0 1  fl )  
0 . 1 0  fl to 1 30 . 00 fl ( steps 0 . 0 1  fl )  
0 . 1 0  fl to 1 30 . 00 fl (steps 0 . 0 1  fl) 
0 . 00 fl to 1 30 . 00 fl (s teps 0 . 0 1  fl) 

to 4 
to 8 

I t::.xX I < 5% for 3 0 0  < ¢sc < 90 0 I t::.RR I < 5% for 0 0 < ¢sc < 60 0  

* l  Secondary values are referred t o  I N = 1 A :  for I N  = 5 A the values are t o  be divided b y  5 .  

Times 

Hold ing t ime of p ick-up 

Hold ing t ime for out-of-step annunciat ion 

Drop-off t ime 

Time expi ry to lerances 

The set times are pure delay times . 

Inf luence variab les 

- Auxi l ia ry d . c .  voltage 
i n  range 0 . 8  < UH/UHN < 1 . 1 5  

- Temperature 
i n  range -5 °C  < eamb < +40 °C  

- Frequency 
i n  range 0 . 9  fN to 1 . 1 fN 

C53000-G 1 1 76-C97 

0 . 20 s to 32 . 00 s ( steps 0 . 0 1  s )  

0 . 02 s to 0 . 1 5  s ( steps 0 . 0 1 s ) 

0 . 05 s to 3 2 . 00 s (steps 0 . 0 1  s )  

< 1  % o f  set va lue o r  1 0  ms 

< 1 % 

< 0 . 5  %/ 1 0  K 
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7UM5 1 6 V3 

3.5 Forward active power supervision 

Setting ranges/steps 

Forward power Pf< 

Forward power Pf> 

Time delays T ( Pf<) , T (Pf» 

Drop-off de lays 

Pick-up t imes 
- active power Pf< , Pf> 

Reset t imes 
- act ive power Pf< ,  Pf> 

Drop-off rat ios 
- active power Pf< 
- active power Pf> 

Tolerances 

- a ct ive power Pf< , Pf> 

- t i m e  d e l ays T 

I n f luence variab les 

- Auxi l iary d . c .  voltage 
i n  range 0 . 8  < UH/UHN < 1 . 1 5  

- Temperature 
i n  range -5 °C < eamb < +40 °C 

- Frequency 
in  range 0 . 9  f N  to 1 . 1 f N  

24 

Technical data 

0 . 5  % to 1 20 . 0  % SN (steps 0 . 1 % SN) 

1 . 0 % to 1 20 . 0  % SN (steps 0 . 1 % SN) 

0 . 00 s to 32 . 00 s (steps 0 . 0 1  s )  or 00 

0 . 00 s to 3 2 . 00 s (steps O . O l s )  

< 350 ms at 50 Hz 
< 300 ms at 60 Hz 

< 380 ms at 50 Hz 
< 330 ms at 60 Hz 

approx 1 . 1 0  
approx 0 . 90 

<0 . 25 % SN ± 3 % of set va l u e  
at Q < 0 .5  S N  

( SN ' "  . rated a p p a r e n t  powe r .  
Q . . . . . . .  react ive power)  

< 1 % but min . 1 0  m s  

< 1 % 

< 0 . 5  %/ 1 0  K 

< 2 %  
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7UM5 1 6 V3 

3.6 Reverse power protection 

Sett ing ranges/steps 

Reverse power J - PrJ> 

Time de lays T 1 .  T 2 (stop valve open / closed) 

Drop-off de lay Tr 

P ick-up t imes 
- Reverse power J-Pr J> 

Drop-off t imes 
- Reverse power J-PrJ> 

Drop-off rat io 

To l e ra n c e s  

- Reverse power J-PrJ> 

- T ime de lays T 

I n f l u e n c e  varia b l e s  

- Auxi l i a ry d . c .  voltage 
in range 0 . 8  < UH/UHN < 1 . 1 5  

- Temperature 
i n  range -5 ° C  < 8amb < +40 ° C  

- Frequency 
in  range 0 . 9  fN to 1 . 1 fN 

C53000-G 1 1 76-C97 

Technical data 

0 . 50 % to 3 0 . 00 % 

0 . 00 s to 3 2 . 00 s 

0 . 00 s to 3 2 . 00 s 

< 3 5 0  ms at 50 Hz 
< 300 ms at 60 Hz 

< 380 ms at 50 Hz 
< 3 3 0  ms at 60 Hz 

approx 0 . 6  

(steps 0 . 0 1  % )  

(steps 0 . 0 1  s )  

(steps 0 . 0 1  s )  

< 0 . 2 5 % SN ± 3% of set va lue 
at  Q < 0 . 5  SN 

(SN ' "  . rated apparent power , 
Q . . . . . . reactive power) 

< 1 % but m in . 1 0  ms 

< 1 % 

< 0 . 5  % / 1 0  K 

< 2 %  
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7UM5 1 6 V3 

3.7 Unbalanced load protection 

Sett ing ranges/steps 

Permiss ib le unba lanced load 12>/ I N  

Thermal t ime constant T 

Thermal warn ing stage 6warn /6trip 

Tripp ing stage (def in i te t ime) 12»/ IN  

Time delays 

Drop-off de lays Tr 

Trip character ist ics of the thermal rep l ica 
( refer a lso to F igure 3 . 1 )  

Pick-up t imes 
Warn ing stage 12> ,  t r ipp ing stage 12:» 

Drop-off t imes 
Warn ing stage 12> .  t r ipp ing stage 12:» 

Drop-off rat ios 

- Warn ing stage 12> ,  t r ipp ing stage 12:» 
- 6 /6trip 
- 6 /6warn 

Tolerances 

- thermal rep l ica 

- to pick-up va lues 12> ,  12:» 
- to stage t imes 

In f luence var iab les 

- Auxi l iary d . c .  voltage 
in  range 0 . 8  < UH /UHN < 1 . 1 5  

- Temperature 
in range -5 ° C  < 8amb < +40 °C  

- Frequency 
in  range 0 . 9  < f / fN < 1 . 1 

2 6  

Technical data 

3 % to 30 % ( steps 1 % )  

1 00 s to 2500 s (steps 1 s) 

70 % to 99% (steps 1 %)  

10  % to 80 % ( steps 1 % )  

0 . 00 s t o  3 2 . 00 s ( steps 0 . 0 1  s) 

0 . 00 s to 32 . 00 s (steps 0 . 0 1  s) 

- tr ipp ing t ime 
- thermal t ime constant 
- negative sequence current 
- cont i nuous ly  permiss ib le negat ive 

sequence current 

approx . 80 ms 

approx . 80 ms 

approx 0 . 95 
d rop-off at d rop-off of 6warn 
approx 1 . 0 

± 5 % ref . 12 
± 5 % ± 0 . 5  s ref . t 
± 5 % of set va l ue  
± 1 % but min . 1 0  ms 

< 1 % 

< 0 . 5  %/ 1 0  K 

< 2 %  
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( 1 2 / 1 2perm) 2 t = T • In ---"---( 1 2 / 1 2 perm) 2 - 1 

F igure 3 . 1  Trip character ist ics of the thermal unba lanced load protect ion stage 
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7UM5 1 6 v3 

3.8 Ancil lary functions 

External  tr ip commands via b inary input 

Sett ing ranges /steps 

Time delays T 

Drop-off de lay T r 

Times 

operating t ime (dependent on fre
.
quency) 

Drop-off t imes (dependent on frequency) 

Tolerance 

- Time delays T ,  Tr 

Inf luence varia b les  

- Aux i l iary d . c .  voltage 
in  range 0 . 8  < U H / U H N  < 1 . 1 5 

- Temperature 
in range -5 °C  < 6amb < +40 °C 

28 

0 . 00 s to 32 . 00 s 

0 . 00 s to 32 . 00 s 

approx 60 ms at 50 Hz 
approx 50 ms at 60 Hz 

approx 60 ms at 50 Hz 
approx 50 ms at 60 Hz 

1 % but min . 1 0  ms 

< 1 % 

< 0 . 5  % / 1 0  K 

Technical data 

(steps 0 . 0 1  s )  

(steps 0 . 0 1 s )  
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7UM5 1 6 V3 

Output of measured values 

- Operationa l  va lues of currents 

Measurement range 
Tolerance 

- Posit ive sequence current  component 
Measurement range 
Tolerance 

- Operat iona l  vo l tage values 

Measurement range 
To lerance 

- Posi t ive sequence voltag� component 
Measurement range 
Tolerance 

- Frequency 
Measurement range 
To lerance 

- Operat iona l  va lues of powers 

Measurement range 
Tolerance 

- Power factor 
Measurement range 
Tolerance 

- Power ang le  
Measurement range 
Tole rance 

- Disp lacement vol tage 
Measurement range 
Tolerance 

- Resistance 
Measurement range 
Tolerance 

- Reactance 
Measurement range 
Tolerance 

- Unba lanced load 
Measurement range 
Tolerance 

A l l  i nd icat ions ±1 d ig i t  d isp lay to lerance . 

C53000-G 1 1 76-C97 

1L 1 . I L2 . I L3 
in kA pr imary and in % IN  
0 %  to 240 % IN 
2 % of rated va lue  

Ipes 
0 %  to 240 % IN 
2 % of rated va lue 

U L1-N . U L2-N . UL3- N 
in kV pr imary and in V secondary 
o % to 1 40 V 
2 % of rated va l ue  

v'3 . 
Upes 

o % to 1 90 V 
2 % of rated va l ue  

FREQ .  
20  Hz to 80 Hz  
0 . 2  % of rated va l ue  

P . Q (act ive and react ive power) 
in  % SN ( =  v'3 . UN . I N ) 
-200 % to +200 % 
1 % of rated va lue 

cos ¢ 
- 1 . 00 to + 1 . 00 
0 . 02 

¢ 
- 1 80 °  to + 1 80° 
0 . 1 ° 

3Uo 
o % to 1 40 V 
2 % of rated value  

Rm 
O n to 200 n 
5 % or 0 . 05 n for 0 °  < ¢K < 60 0 

xm 
O n to 200 n 
5 % or 0 . 05 n for 3 0 0  < ¢K  < 90 0 

12l i N 
o % to 200 % 
2 % of rated va lue 

Technical data 
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7UM5 1 6 V3 

- Temperature rise calcu lated from 
unbalanced load 
Measurement range 
Tole rance 

A l l  ind icat ions ± 1  d ig i t  d i sp lay tolerance . 

Measured values p l a u s i b i l ity checks 

- Sum of currents 
- Sum of voltages 

Steady-state measured va l u e  s u p e rv is ion 

Current unbalance 

Vol tage unbalance 

Phase sequence 

Fa u l t  event  data stora g e  

Technical data 

9/9trlp 
0 % to 200 % 
1 0  % referred to 9trip 

phases 
phases and d isp lacement voltage 

Imax/ lmin > symmetry factor 
as long as I > l l im it 

Umax/Umin > symmetry factor 
as long as U > Ulimit 

clockwise phase rotat ion 

Storage of annunc iat ions of the four last fau l t  events , three of wh ich can be read out  loca l ly 

Real  t i m e  c lock 

Resolut ion for operat iona l  annunciat ions 
Resolut ion for fau l t  event annunc iat ions 
Max t ime deviat ion 
Buffer battery 

Data stora g e  for  fau l t  record i n g  

I nstantaneous va lues : 

Storage period ( p ick-up or t r ip  command = 0 ms) , 
max .  

Sampl ing rate 

30 

min 
ms 

0 . 0 1  % 
L i th ium-Battery 3 VI 1 Ah , Type CR 1 1 2 AA 
Self-discharge t ime > 5 years 

opt iona l ly instantaneous values or  r . m . s .  values 

5 s, se lectable pre-tr igger and post-fau l t  t ime 

instantaneous va l ue  per 1 . 67 ms at 50 Hz 
instantaneous va lue per 1 . 39 ms at 60 Hz  

phase currents I L 1 .  I L2 . I L3 
phase voltages uU -N ' uL2-N . uL3-N 
d isp lacement voltage Uo 
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7UM5 1 6 V3 

rms yalues; 

Storage period 
max . 

Sampl ing rate 

C53000-G 1 1 76-C97 

Technical data 

60 s ,  selectable pre-tr igger and post-fault t ime 

r . m . s .  value per 20 ms at 50 Hz 
r . m . s .  value per 1 62/3 ms at 60 Hz 

posit ive sequence component of currents Ipos 
posit ive sequence component of phase voltages 
Upos 
power ang le  ¢ 

unbalanced load current 1 2 / 1 N 

resistance R 
reactance X 

act ive power P/SN 
reactive power Q/SN 
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7UM5 1 6 V3 

4 Method of operation 

4. 1  Operation of complete unit 

The numerical mach ine protection 7UM51 6 is 
equ ipped with a powerful and proven 1 6-bit micro
processor .  This provides fu l ly d ig ita l  processing of 
all funct ions from data acquis i t ion of measured val
ues to the trip s igna ls for the c ircu i t  breakers . 

F igure 4 . 1 shows the base structure of the un i t .  

The transducers of the measured value i nput  sec
t ion ME transform the currents and voltages from 

L1 L2 L3 ME  AE 

Method of operation 

the measurement transformers of the switch-gear 
and match them to the internal processing level of 
the uni t . Apart from the galvan ic  and low-capaci
t ive isolat ion provided by the input transformers , 
f i lters are provided for the suppression of i nterfer
ence . The f i l ters have been opt im ized with regard 
to bandwidth and process ing speed to suit the 
measured value process ing . The matched analog 
values are then passed to the analog input sect ion 
AE .  

� - - - - -- - - - - - - - - - - - - - - - �  
J-i 

. n � � � � � � I� I' LCD display 
( 2 x 1 6  
characters ) 

� m-Jm- . . . .  :mJ . 
t--.. t-_--I-iHH.--1III I 

Fault ! � -rID- t> 

R"dy d 
: '1 ) 1 3  signals 
I (can be mar-
I I shal led ) 

q 

cw 7 8 9 

R 4 5 6 
Operator F 1 2 3 
panel 

0 DA 00 

[> 

T LED-

� � Rese 
T 

� 
� 
� 

1-------1<.yfr-

I 
1 4  LED (can be ' 
marshal led ) I 

�rJ 
I 

� , 
I 

5 trip commands 
(can be mar
shalled ) 

1---------,- Control centre 
inputs I 

8 binary { Serial 
interface 
isolated I (can be 

marshal led ) 

Power 
supply 

F igu re 4 . 1 

3 2  

Serial 
interface 

� , 
L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  J 
Hardware structu re of machine protect ion relay 7UM5 1 6 

Personal 
computer 
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7UM5 1 6 V3 

The analog input section AE contains input amplif i
ers . sample and hold e lements for each input . ana
log-to-digital converters and memory circu its for 
the data transfer to the microprocessor . 

Apart from control and supervision of the meas
ured values . the microprocessor processes the 
actual  protect ive funct ions . These inc lude in pa r
t icu la r :  

- f i l ter ing and format ion of the measured quant i 
t ies . 

- eva luat ion of the frequency of the measured val
ues i n  order to  match the f i l ters . 

- ca lcu lat ion of the posit ive sequence compo
nents of current and voltage .  

- calcu lat ion o f  the negat ive sequence current for 
unbalanced load detect ion . 

- determinat ion of the act ive and reactive compo
nents of power .  

- cont inuous ca lcu lat ion of the val ues which are 
relevant for fault detect ion . 

- determinat ion of the fau l ted phases i n  case of a 
fau l t . 

- scann ing of va lues for the thermal  repl ica of ro
tor su rface . 

- scann ing of l im i t  va lues and t ime sequences . 

- dec is ion about t r ip commands . 

- storage of i nstantaneous current and vol tage 
va lues du ring a fau l t  for  ana lys is . 

B inary i nputs and outputs to and from the p roces
sor are channe l led via the input/output e lements . 
From these the processor receives informat ion 
from the switCh-gear (e . g .  remote resett ing )  or 
from other equ ipment (e . g .  b lock ing s igna ls ) . Out
puts inc lude . i n  part icu la r .  t r ip commands to the 
c ircu i t  breakers . s igna ls for remote s igna l l ing of 

C53000-G 1 1 76-C97 

Method of operation 

important events and condit ions as well as visual 
ind icators (LEOs) and an alphanumerical d isplay 

on the front . 

An integrated membrane keyboard in connection 
with a bu i lt-in a lphanl!merical LCD display enables 
communication with the u nit . Al l  operational data 
such as sett ing values . plant data . etc . are entered 

into the protect ion from this panel ( refer to Section 
6 . 3 ) . Using th is panel  the parameters can be re
cal led and the relevant data for the eva luation of a 

fault  can be read out after a fault has occurred ( re
fer to Sect ion 6 .4 ) . The dialog with the relay can be 
carr ied out a l ternat ively via the serial interface in 

the front p late by means of an operator panel or a 
persona l  computer .  

V ia a second ser ia l  in terface . fau l t  data can be 
transmit ted to a centra l  eva luat ion un it . Dur ing 
heal thy operat ion . measured values can a lso be 
transmitted . e . g .  load currents . Th is second i nter
face is isolated and thus satisf ies the requ i rements 
for external s igna ls . i . e .  iso lat ion and interference 
suppression comply with the requ i rements accord
ing to IEC 255 and VDE 0435 .  part 303 . 

Commun icat ion via th i s  interface is a l ternatively 
possi b le by means of f ibre optic l i nks .  provided th is  
interface is accord ing ly  ordered ( refer to Sect ion 
2 . 3  Ordering data) . 

A power supp ly un i t  provides the aux i l iary supp ly on 
the var ious vol tage levels to the descr ibed func
t iona l  un i ts . +24 V is used for  the relay outputs . The 
analog in put requ ires ± 1 5 V whereas the p rocessor 
and i ts immediate per ipherals are supp l ied with 
+5 V. Trans ient fa i l u res i n  the supply voltage . up  to 
50 ms . which may occur du r ing short-circu i ts in 
the dc supp ly system of t he  p lant are br idged by a 
dc voltage storage e lement ( rated aux i l iary voltage 
> 1 1 0 V) . 

The protective funct ions are descr ibed i n  deta i l  in 
the fo l lowing sect ions . Each funct ion can be ind i 
v idua l ly act ivated or  rendered inoperat ive . As each 
funct ion i s  real ized by i ts own autonomous f irm
ware . mutua l  in terference is excluded . 
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7UM5 1 6 V3 

4.2 Impedance protection 

The machine impedance protect ion is used as a 
se lective t ime g raded protection to p rovide short
est possib le tr ipp ing times for short-circui ts i n  the 
synchronous machine ,  on the termina l  leads as 
wel l  as i n  the lower voltage wind ing of the machine 
transformer . It thus provides a fast back-up pro
tect ion to the generator and transformer d ifferen
t ial relays . The impedance p rotect ion operates as 
a t ime-delayed overcurrent protect ion for short
circuits on the h igher-voltage s ide of the trans
former ,  thus provid ing a back-up protection for 
these faults . 

4.2 . 1  Fa u lt detectio n  

Fault detect ion has  the duty to detect a fau lty con
d i t ion i n  the power system and to in i t iate a l l  the 
necessary procedu res for se lect ive clearance of 
the fau l t : 

- Start the de lay t imes , 
- Select ion of the measured va lues , 
- Aelease of impedance ca lcu lat ion . 
- Aelease of t r ipp ing command . 
- Ind icat ion/output of the fau lty conductor (s ) . 

Overcurrent fau l t  detect ion is used for the mach ine 
impedance protect ion . which can be supp lem
ented by an undervo ltage seal- in c i rcu i t . Fo l lowing 
numeric f i l teri ng . the cu rrents i n  each phase are 
mon itored in comparison with a set threshold va l
ue . A pick-up s igna l  i s  output for that ( those) 
phase (s )  in wh ich the set t h resho ld has been ex
ceeded . The overcu rrent fau l t  detector is  reset 
when 95 % of the p ick-up va lue is fa l len below un
less i t  i s  mainta ined by the undervo l tage sea l- in 
feature . 

I n case of excitat ion systems der iv ing the i r  power 
from the machine termina ls  or from the network , 
the excitat ion voltage can rap id ly decay to a lmost 
zero . This results in decreas ing short-circu i t  cur
rent , in spite of the short-c i rcu i t , and consequent ly 
d rop-off of the overcurrent fau l t  detectors . In  such 
cases the impedance protect ion p ick-up is main
ta ined for a suff ic ient ly long per iod by means of an 
undervoltage contro l led seal- in c i rcu i t  us ing the 
posit ive sequence voltage .  Fau l t  detect ion w i l l  
drop of f  on ly when the voltage has reappeared to a 
magn i tude of 1 05 % of the predetermined val ue , 
or when the ho ld ing t ime has expired . 

F igure 4 . 2  shows the log ic d iagram of the fau l t  de
tect ion module of the impedance protect ion . 

34 

Method of operation 

4 . 2 . 2  Determination o f  t h e  short-cir
cuit impedance 

For calcu lat ion of the fau l t  impedance , the currents 
and voltages of the fau lty loop are decis ive . The 
phase se lective fault detector determines the 
fau l ted loop and releases the corresponding mea
surement val ues for impedance ca lcu lat ion : 

Pick-up i n  one s ing le phase resu l ts in select ion of 
the associated l i ne-to-earth loop for impedance 
eva luat ion . 

P ick-up in two phases resu l ts in select ion of the 
associated phase-to-phase loop for impedance 
eva luat ion . 

If th ree-phase p ick-up occurs , the la rgest of the 
three phase currents determines the se lected 
phase-to-earth loop for impedance eva luat ion . I f 
al l  th ree currents are equa l  then L 1 -E is selected . 

The tr ipp ing zones of the mach ine impedance pro
tect ion relay have a polygona l ly  shaped tr ip char
acter ist ic (see also F igu re 4 . 3 ) . I t is a symmetr ica l 
character ist ic , even though a fau l t  i n  reverse d i rec
t ion (negat ive A and X va lues) i s  imposs ib le pro
v ided the usual connect ion to the current t rans
formers at the star-point s ide of the machine is 
used . The polygon is  ident i f ied by two parameters : 
t i le A-intersect ion and the X-intersect ion . Aeac
tance intersect ion X and resistance intersect ion A 
can be set separately and independent ly from 
each other .  

A s  long as a fau l t  detector has p icked-up . the im
pedance ca lcu lat ion is  effected cont i nuously . Th is  
is carr ied out by comp lex d iv i s ion  of the voltage 
and cu rrent phasors derived from the loop selec
t ion . When the ca lcu lated fau l t  impedance l ies 
wi th in the set tr ip character ist ic . the protect ion is
sues a tr ip command which may be de layed ac
cord ing  to the t ime sett ing . 

It may be des i rab le . dependent of the switch ing 
cond i t ions of the power p lant . to extent the rapid 
impedance zone Z1 to  an overreach ing zone . 
When , for exampl e .  t he  network c i rcu i t  breaker is 
open . then a detected fau l t  can on ly be in  the pow
er station area . I f the posi t ion of the network c ircu i t  
breaker is ind icated to the relay by a breaker aux i l 
iary contact via a b inary input of the relay . the over
reach ing zone Z1 B can be switched effective in th is  
case . 
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7UM5 1 6 V3 Method of operation 

>1 
t----I 

I m p .  b lock 

& 

Undervoltage seal- in 

on 

o off 

> 1  

> 1 

& 1---.-----( Imp .  Fault L1) 

( Imp .  Fault L2) 

& ( Imp .  Gen . Fl t  ) 

> 1  ( Imp .  I> & U<) 

& ( Imp .  Faul t  L3) 

>Imp b lock 

F igu re 4 . 2  logic d i a g r a m  of the f a u l t  detect ion stage o f  the  i m pedance protect ion 

As shown i n  F igure 4 . 3  the re lay possesses the fo l 
l o w i n g  character ist ics which can be set indepen
dently : 

- 1 st zone ( instantaneous zone Z l ) ,  with the  set
t ing parameters : 

X l  Reactance = reach 
R l  Resistance 
T l  T l  = 0 o r  s l ight ly de layed , i f  requ i red . 

- Overreach zone Z 1 8  for zone extens ion , con
tro l led via b inary input , with t he  sett ing parame
ters : 

C53000-G 1 1 76-C97 

X 1 B Reactance = reach , 
R l  B Resistance , 
T 1 B T 1 B = 0 or s l i ght ly delayed , if requ i red . 

Addit iona l ly ,  a non-d i rect iona l  f ina l  stage (T2) and 
a power swing b lock ing stage ( PPOl) are avai labl e .  

T h e  power swing polygon PPOL which i s  requ i red 
for power swing b lock ing of the d istance protect ion 
provides a se lectab le d istance from the tr ipp ing 
polygon APOL (equal Z l ) ,  refer to Sect ion 4 . 2 . 4  
for more detai l s . 
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7UM5 1 6 V3 Method of operation 

jX 
PPOL XP/<: 

Tin 

X 1 B 
T1 B 

APOL X 1  
T 1 

R 1  R 1 B Rp/s .. 
R 1 E R 1  R 

X 1  

X 1 B 

F igure 4 . 3  Tripp ing character ist ics o f  the impedance protect ion and p ick-up character ist ic for  the 
detect ion of  power swings 

4 . 2.3 Tripping logic 

When the relay has detected a fau l t . the delay 
t imes are started . The impedance of the selected 
fault loop is compared with the th resholds of the 
set zones . Tr ipp ing occu rs when the impedance is  
with in  a zone whose corresponding t ime stage has 
expi red . For zone Z1  (and Z1  B) the de lay t ime can 
equa l  zero . i . e .  t r ipp ing occurs as soon as i t  has 
been conf i rmed t hat the fault l ies within the zone . 
o r  on ly a smal l  de lay may be set . 

36  

An external  b inary i npu t  can  be used to release the 
overreach zone Z 1 B .  

I f  a t r ip  s igna l  shou ld b e  g iven when a n  addi t ional  
external cr i ter ion be present from the power p lant . 
then a b inary input  may be used to combine im
pedance tr ip AND th is  input . 

F igure 4. 4 i l l ustrates the b lock d iagram of the tr ip
ping log ic . 
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7UM5 1 6 V3 Method of operation 

llL1 - ( Imp .  T1  exp)-

a r--
llL2 -

T1  
-

lL & -llL3 - --< � loop rC select ion - ---
-L IL 1 - ! ( Imp .  T1 B exp} 

I L2 - 43 r---
- f-- � Imp .  Trip) I L3 - T1 B . 

> 1 & � t � � --- 1:s::-
IL 1 -

K lmp .  Gen . F It) ( Imp .  T2 exp} 
< R I & Trip 

IL2 - faul t  de- T2 r<: matrix -
tect ion � -4 .... 

IL3 - -
U 1 - Lr--- T-

T RESET 
I � I 

1 L 1 = IL2= IL3t (Power swing 
r-- 7 

& I-
power 

& Z - swing -
detect ion � -

0>VT mcb Tr ip \. BI+Z< Trip ) 
VT m . c . b .  

Z 1 B 
0>Extens . Z 1  B 

BE  + Z< lZJ 
r< >BI + Z< ) 

Imp . b lock 
r< >Im p .  b lock) 

Block of 
tr io command 

(AnnunClat lOrY 

F igure 4 .4 Schemat ic b lock d iagram of the  t r ipp ing log ic  of the d i stance protect ion 

4.2.4 Power swin g b locking 

After dynamic occu rrences in the system ,  such as 
load f l uctuat ions , short c i rcu its , auto-reclosures or  
switch ing  operat ions , the generators may have to 
adjust to the new load cond i t ions i n  the network . 

In order to prevent uncontro l led t r ipping , the im
pedance protect ion i s  provided w i t h  a power swing 
b lock ing feature . 

C53000-G 1 1 76-C97 

Power swings are th ree-phase symmetr ical occur
rences . The f i rst prerequ is i te is therefore the sym
metry of the cu rrents wh ich i s  ver i f ied by eva luat ion 
of the negat ive sequence current . Asymmetrical 
short c i rcu i ts ( i . e .  al l  one-phase and two-phase 
short c i rcu i ts) can therefore not result i n  pick-up of 
the power swing b lock ing funct ion . Even when a 
power swing has been recogn ized , the fol lowing 
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7UM51 6 V3 

asymmetrical short c i rcu it currents lead to fast re
lease of the power swing blocking funct ion and ren
der possib le tr ipping by the impedance protection . 

I n  order to detect a power swing , the rate of 
change of the impedance vector is  measured . Be
cause of the symmetry condit ions , eva luat ion of 
the posit ive sequence components is suff ic ient . 
F igure 4 . 5  i l l ustrates the block d iagram of the pow
er swing blocking funct ion . 

A " power swing polygon " PPOL ,  which is larger 
than the tr ip polygon APOL , is used to in it iate 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 
tr ip polygon . 

3pole fault detect ion 

PIS block ing on 

out  of power 
swing polygon 

( Imp . Gen . F i t) 

& 

Z (T in ) 
Z (Tin-f::,. t ) 

Method of operation 

I f the rate of change of the impedance vector is 
smal ler than a (selectable) value AZlf::,. t ,  a power 
swing is recognized . The measuring t ime of the 
power swing detector is  coordinated with the dis
tance between power swing polygon PPOL and tr ip 
polygon APOL ,  so that tr ip can be blocked . 

The react ion remains effective unt i l  the measured 
impedance vector leaves the power swing polygon 
PPOL or when , due to asymmetry , the power swing  
criter ia are no longer  met . The action t ime o f  the  
power swing b lock ing device can a l so  be l imited by 
a selectable t ime PIS T -ACT . 

Note : Power swing b locking acts on the f i rst zone 
Z1 only . When the overreach zone Z 1 B is act ive no 
power swing can occur because the network circuit 
breaker is  then open . The non-direct iona l  overcur
rent t ime back-up stage T2 is not b locked ei ther . 

S Q 
& 

& 

R 

> 1 r.------......I - first value within power swing 
polygon at t ime instant Tin ) 

rate of change 

within tr ip 
polygon 

f::,.ZI f::,. t > 

�L 

_____________ � 

Z ( T in- ,6 t )  - last value outs ide o f  t h e  power 
swing polygon 

PPOL - power swing polygon 

APOL - tr ip polygon 

f::,. Z I  f::,. t - rate of change of the imped-
ance vector 

F igure 4 . 5  Log ic d iagram o f  power swing b lock ing o f  the impedance protect ion 
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7UM5 1 6 V3 Method of operation 

4.3 Stator earth fault protection Uo> 

The stator earth fau l t  protection detects earth 
faults in the stator wind ings of three-phase ma
chines in  b lock connection (via machine trans
former) . The criter ion for the occurrence of an 
earth fau l t  is  the occurrence of a neutral displace
ment voltage . This pr inciple results i n  a protected 
zone of 90 % to 95 % of the stator winding . 

The displacement voltage can be measured either 
at the machine starpoint via voltage t ransformers 
or neutral earth ing transformers (F igure 4 . 6) or via 
the e-n wind ing (open delta wind ing)  of a voltage 
transformer set or  the measurement winding of a 
l ine connected earth ing transformer (F igure 4 . 7) . 
S ince the neutral earth ing transformer or the l ine 
connected earth ing transformer usua l ly supp ly a 
displacement voltage of 500 V (with fu l l  d isp lace
ment) , a voltage divider 500 V / 1 00 V is  to be con
nected in  such cases . 

In a l l  k inds of d isp lacement voltage formation , the 

components of the th i rd harmonic in each phase 
are summed since they are i n  phase in the three
phase system .  In order to obtain re l iab le measured 
quantities , on ly the fundamental of the displace
ment voltage is  eva luated in  the stator earth fault 
protection . Harmonics are f i l tered out by numerical 
f i l ter a lgor ithms . 

The achieved sensit ivity of the protection is only 
l im ited by power frequency i nterference voltages 
during an earth fault in the network . These interfer
ence voltages are transferred to the machine s ide 
via the coupl ing capacitances of the block trans
former . I f necessary , a loading resistor can be pro
vided to reduce these i nterference voltages . The 
protection in it iates disconnection of the machine 
when an earth fau l t  in the protected zone has been 
present for a set t ime . 

F igure 4 . 8  shows the  log ic  d iag ra m  of the earth 
fault p rotect ion . 

111-----_ ... -+-+---1_11---++-------+-...--------1-..... 

R 

R - Loading resistor 
RD - Voltage div ider 1 : 5 
UR - Displacement voltage at the protect ion relay 

:r�II-

CG - Generator-earth capacitance 
CL - Conductor-earth capacitance of l ine connect ion 
CTr - Winding-earth capacitance o f  b lock transformer 
CK - C oupl ing capacitance of b lock transformer 

Figure 4 . 6 B lock connected generator with neutral earth i ng  transformer 
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7UM5 1 6 V3 Method of operation 

= 

CG - Generator-earth capacitance R - Loading res istor 
RD - Voltage div ider 1 : 5 
UR - Displacement voltage at the  protect ion relay 

CL - Conductor-earth capacitance of l ine connect ion 
CTr - Winding-earth capacitance of b lock transformer 
CK - Coupl ing capacitance of  b lock transformer 

F igure 4 . 7  Block connected generator with l i ne  connected earth i ng  transformer 

UO> Fau l t  UO> Tr ip 

& 

�'--��-4 
�-

>UO> b lock 

B lock of 
t r i  s i  na l  

F igure 4 . 8  Log ic d iagram o f  the  stator earth  fau l t  protect ion Uo> 

& Tr ip matr ix 

T RESET 

C 7 

( Annu nc iat ions) 
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7UM516 V3 

4.4 Out-of-step protection 

In extensive h igh-voltage networks . short-c i rcuits 
wh ich a re not d isconnected qu ickly enough . or . 
d isconnect ion of coup l ing l inks which may result i n  
an increas ing  of the coup l ing reactance . may  lead 
to  system swings . These consist of power swings 
which endanger the stab i l i ty of the power t ransmis
s ion . Stabi l i ty problems resu l t  i n  part icu lar  from ac
t ive power swings which can lead to pole-s l ipp ing 
and thus to overload ing of the synchronous ma
ch ines . 

The out-of-step protect ion detects these power 
swings by the wel l-proven impedance measure
ment . The t ra i l s  of the complex impedance vector 
are eva luated . The impedance i s  ca lcu lated from 
the pos i t ive sequence components of the voltages 
and currents . Tr ip dec is ion is  made dependent of 
the rate of change of the impedance vector and on 
the  locat ion of the e lectr ica l  centre of the power 
swing . 

4 .4 . 1 Princ ip les  of measurement 

The out-of-step cond i t i on  is  i l l u strated at a s imp l i 
f ied equ iva lent c i rcu i t  i n  F igu re 4 . 9 .  The generator . 
t ransformer . and system impedance is s i tuated 
between the generator vol tage !.!G and the system 
equ iva lent vol tage .l.!N ' The tota l of these imped
ances shou ld be the impedance ltot . 

Ztot 

m= 1 

F igure 4 . 9 Equ iva lent of power swing 

C53000-G l 1 76-C9 7 

Method of operation 

The measurement locat ion d iv ides the total imped
ance into the impedances m ·  Ztot and 
(1 - m)  . Ztot .  The fol lowing app l ies : 

Z (m)  = 

!.!(m)  

l (m)  

The current 1 i s  i ndependent of the locat ion of 
measurement : 

The voltage at the locat ion of measurement .l.! i s :  

!.!(m) = .l.!G - m . Zges . 1 
Thus resu l ts wi th : 

.l.!G = UG . e iSG 

l (m ) = [ U 1 - m] . Ztot 
1 - � . e-iS 

UG 

8 is the d isp lacement ang le  between the generator 
vol tage .l.!G and the network equ iva lent vo l tage UN . 
Under  normal  cond i t ions . th i s  ang le depends on 
the load s i tuat ion and is  near ly constant . I t f luctu
ates du ri ng  power swi ngs  and can vary . i n  case of 
out-of-step cond it ion . between 0° and 360 0 •  F ig
u re 4 . 1 0  shows the course of the impedance vec
tor at the measurement locat ion m accord ing to 
the above ment ioned formu la . The or ig in  of the 
coord inate system corresponds to the measu re
ment locat ion (vo l tage transformer set) . When the 
rat io  of the vo l tage magn i tudes UN/UG i s  kept  con
stant and the load angle 8 var ies . then c i rc les re
su l t  as a locus d iagram . The centre and the rad i us  
of the c i rc le a re  determ ined by the voltage rat io  
UN/UG .  The centre po in ts are s i tuated on a l i ne  
wh ich is  determined by Ztot .  Min imum and maxi
mum of the magn i tude of the measu red imped
ance are at load ang les 8 = 0 0 and 8 = 1 80 0 •  I f  the 
measurement locat ion is  the e lectr ica l centre . the 
measured voltage .  and thus  the measu red imped
ance . becomes zero when the load angle be
comes 8 = 1 80 ° .  

The measurement character ist ic i s  a rectang le 
with adj ustab le widths and inc l i nat ion ang l e .  Th is  
ensures opt imum match ing  to  the cond i t ions i n  the 
power stat ion . 
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7UM5 1 6 V3 Method of operation 

Im (Z) 

Z (m) 

Re (l.) 
.. 

= 1 . 2  

Figure 4 . 1 0  I mpedances at the  measu rement locat ion m 

4 . 4 . 2  O ut-of-st e p  log ic  

Figu re 4 . 1 1  shows . more  deta i led . the power swing 
detect ion character ist ic . The inc l i nat ion ang le is  
assumed to be <j>p = 90 o .  The sett i ng  parameters 
Za. Zb . ZC ' and (Zd-Zcl determ ine the rectang le . I t  
is  symmetr ica l  a s  to i ts vert ica l  ax is . The l im it of Zb 
reaches i n  reverse d i rect ion i nto the  g enerator .  
The forward reaches are Z c  i n to t h e  un i t  transform
er.  and  Zd i n to  the network system . Two character-

42 

ist ics are ava i lab le : the lower a rea . characteris
t ic 1 . covers the e lectr ica l  centre being i n  the gen
erator  b lock unt i l  the un i t  t ransforme r .  the  shaded 
area . character ist ic 2 . d iscr im inates the e lectr ica l  
centre being i n  the network system . The point  of 
cross ing  of the symmetry ax is i s  dec is ive for the 
ass ignment  to the character ist ic . 
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7UM5 1 6  V3 

Power swings are three-phase symmetr ical occur
rences . The f i rst prerequis i te is therefore the sym
metry of the currents which is verif ied by evaluation 
of the negative sequence current . Condit ion for 
power swing detection is  that the posit ive se
quence component of the current exceeds an ad
justab le l im it 1 1 >  and the negative sequence cur
rent remains below an adjustable value '2< '  

An out-of-step condit ion requ i res , addit ional ly , 
that the impedance vector enters a power swing 
characterist ic at one s ide and leaves it at the other 
s ide ( loss of synchron ism , cases m and � i n  F ig
ure 4 . 1 1 ) .  This is  characterizes in  that the real 
component of the impedance vector (or i ts com
ponent rectangu lar to the symmetr ical axis) has 
changed its s ign wh i le pass ing  through the charac
terist ic . 

It is a lso possib le  for the impedance vector to enter 
and leave the power swing polygon at the same 
side .  I n  th is case , power swing tends to be stabi
l ized (case i � :  i n  F igure 4 . 1 1 ) . 

Character ist ic  1 

Method of operation 

When an out-of-step condit ion is recognized , i . e .  
when t h e  impedance vector has passed through a 
power swing characterist ic , an annunciat ion is is
sued which a lso ident i f ies the characteristic .  Addi
t ional ly , a counter n 1 ( for characterist ic 1 )  or n2 
( for  characterist ic 2 )  is  i ncremented . 

Out-of-step protect ion pick-up is ind icated when a 
counter is set to 1 .  Another out-of-step ind ication 
is g iven , for an adjustab le  t ime period , each t ime a 
counter is incremented . After an adjustable hold
ing t ime ,  which is  tr iggered each t ime a counter is 
incremented , p ick-up resets un less a new power 
swing condit ion has been recognized . 

Trip command is given when the number of out
of-step periods , i .  e .  one of the counters , has 
reached a selectable number . 

F igure 4 . 1 2  shows the log ic d iagram of the out-of
step protect ion . 

Im(Z) 

;' ;' 

/' 
/' 

/' 

� 
,/ OJ 

Re (Z) 

F igure 4 . 1 1 Polygonal out-of-step character ist ic and typical power swi ng occu rrences 
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7UM51 6 V3 

Block O/S 

I Release 
V 

�� iff 
Character
ist ic 1 

Release 

Character
ist ic 2 

-

L(>O/S b lock 

Method of operation 

T - S I G N A L  I r---� IL 
J
I-----{\. O/S char .  1) 

l Reset� 
n=O 

Increment� 
n=n+ 1 

I.! -S IGNAL 
r IL 

-{O/S Trip c h . 1  

I O/S char . 2) 
I 

Trip 
matrix 

g-HOLDING � 
r IL 

KO/s det . ch . 2) 
T-

RESET 

�eset "> 
n=O n> l 

Incremen t ,,>  n=n+ 1 n>n 1 

Block of 
tr ip command 

-(O/S Trip ch . 1) I 7 )-

� 
-

& 
-c -

(Annunciat ion ) 

OIS - Out-of - s tep  signal for t h e  durat ion of T -S IGNAL 

I 

( immediately aft er pass ing through the character ist i c )  

ch . 1 - character ist ic 1 

ch . 2 - characterist ic 2 
.u,  - complex pos it ive sequence component of the voltages 

I,  _ complex pos i t ive sequence component of  the currents 

12 _ complex negat ive sequence component of the currents 

F igure 4 . 1 2  Log ic d iagram of the out-of-step protect ion 
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7UM5 1 6 V3 Method of operation 

4.5 Forward active power supervision 

When , for example , with generators operat ing in  
para l le l , the active power output of one machine 
becomes so smal l  that other generators could take 
over th is  power ,  then it i s  often appropriate to shut 
down the l ight ly loaded machi ne .  The criter ion in 
th is  case is  that the " fo rward " power suppl ied into 
the network fal ls below a certa in value . 

In some appl icat ions it can be desirable to output a 
control s igna l  if the act ive power output exceeds a 
certai n  value . 

- (  Pk Fau l t 

Pf< 

Pf> 

B lock P 
>Pf b lock 

B locking of 
tr i s i  nal 

) 

The machine protection 7UM51 6 i nc ludes an active 
power supervis ion which monitors whether the ac
tive power fa l ls be low one set value as well as 
whether a separate second set val ue  is  exceeded . 
Each of these funct ions can in it iate d ifferent con
trol funct ions . 

The un it ca lcu lates the active power from the pOSi
t ive sequence systems of the generator c urrents 
and voltages . This value is  compared with the set 
values . 

F igure 4 . 1 3  shows the log ic d iagram of the forward 
active power supe rvision . 

-( Pk Tr ip ) 

Tr ip 
& matrix 

( Pf> Tr ip ) 

& T-
RESET 

7 C. I 

�nnunc iat iorY 

F igure 4 . 1 3  Logic d iagram of the forward act ive power superv is ion 
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7UM5 1 6 V3 

4.6 Reverse power protection 

Reverse power protection is used to protect a tur
bo-generator un i t  i n  case of fa i lure of energy to the 
pr ime mover .  I n  th is case the synchronous genera
tor runs as a motor and d rives the tu rb ine whereby 
the requ i red motoring energy is taken from the 
network . This condit ion leads to overheat ing of the 
tu rbine blades and must be interrupted with in  a 
short t ime by tr ipp ing the network c i rcu it-breaker .  

The reverse power p rotection of the 7UM5 1 6 pre
cisely calculates the act ive power from the sym
metr ical components of the voltages and currents .  
By taking the error ang les  of the instrument trans
formers into account . the act ive power component 
is  calcu lated even with very h igh apparent powers 
and smal l  power factor .  By evaluat ing on ly the pos
it ive sequence system , the reverse power mea
surement remains i ndependent of asymmetrical 

Method of operation 

currents and voltages and represents the actual 
load on the d rive s ide .  

I n  order to br idge a possible transient reverse pow
er dur ing synchroniz ing or du ring power osci l la
t ions due to network faults , the tr ip command is 
delayed by an adjustable t ime T -SV-OPEN .  How
ever , if the stop valve is closed , a short time delay 
is suffic ient . By inputt ing the status of the stop 
valve via a b inary input , the short t ime delay 
T -SV-CLOSED becomes effective when the stop 
valve is closed . 

It is poss ib le to b lock t r ipp ing by means of an exter
na l s igna l . 

F igure 4 . 1 4  shows the log ic d iagram of the reverse 
power protect ion . 

.---( Pr Fau l t ) -( Pr Tr ip ) 

& 

& 
Block Pr 

Pr b lock 
Trip valve!:71 

_________ 4--{ 
lL--.J >SV tr ipped 

& 

( Pr+SV Trip ) 

& 

Tr ip 
mat r ix 

T
RESET 

7 C I 

Blocking of 
tr ip s igna l (Annunciat i0rY 

F igure 4 . 1 4  Logic d iagram of the reverse power protect ion 
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4.7 Unbalanced load protection 

Unbalanced load protect ion is used to detect 
asymmetrical loading on  th ree-phase induct ion 
mach ines . Asymmetr ical loading produces an in
verse ( negative sequence) rotat ing f ie ld which 
acts , wi th doub le frequency , on the roto r .  Eddy 
currents are induced on the surface of the rotor 
which lead to local ized overheat ing in  the rotor end 
zones and in the s lot wedges . 

I n  the unbalanced load protection of the 7UM5 1 6 ,  
the fundamental  waves o f  the phase currents are 
f i l tered out and separated into symmetr ical com
ponents . On ly the negat ive sequence component , 
the inverse current 1 2 is eva luated . 

The unbalanced load protect ion uses a thermal re
plica - u t i l i z ing the negat ive sequence cu rrent 1 2  -
in order to s imu late heat ing-up of the rotor . The 
referred temperatu re r ise i s  ca lcu lated accord ing 
to the fo l lowing thermal d if ferent ia l equat ion : 

de 1 1 
- + - . e = - . 12 2 
dt T T 

whereby : 
e - i ns tantaneous temperatu re r ise referred to 

end temperatu re r ise at maximum permis
s ib le negat ive sequence cu rrent 1 2  

T - thermal t ime constant of heat ing-up of ro
tor su rface 

1 2 - actua l negat ive sequence current 1 2 re
ferred to maximum permiss ib le negat ive 
sequence cu rrent 

TWARN 

Unbalance d  load 
alarm stage 12> 

Tr ip area 

Thermal 
tr ip stage 

Method of operation 

I f  the f i rst adj ustable temperature r ise threshold is 
reached , an  alarm is in i t iated . If the second tem
perature l im it is  reached , the machine can be dis
connected from the network . 

S ince the temperature rise du ring steady-state 
operation is proport iona l  to the square of the nega
tive sequence current , i t i s  not necessary to know 
the permiss ib le temperature r ise . The maximum 
cont inuously permissib le negative sequence cur
rent 12> and the t ime constant ( t ime-dependent 
unbalanced load capab i l ity) a re the only parame
ters to be set . 

If the va lue of the cont inuous ly permiss ib le nega
t ive sequence cu rrent i s  exceeded , an alarm is in i
t iated ( refer to F igu re 4 . 1 5) .  After the t ime corre
spond ing to the actua l  negat ive sequence current 
and the t ime constant has e lapsed , the machine is 
d isconnected . 

If large negat ive sequence currents occur ,  a two
phase network short-c ircui t can be assumed which 
must be d isconnected i n accordance with the t ime 
grading p lan of the network . Therefore , an adjust
ab le , def i n ite-t ime , negat ive sequence current 
t ime stage is super imposed on the thermal charac
ter ist ic ( refer to F igu re 4 . 1 5 ) .  Negat ive sequence 
current above 1 0  t imes the permiss ib le value do 
not reduce t r ipp ing t ime (see also F igu re 3 . 1 ) . 

F igu re 4 . 1 6  shows the log ic d iag ram of the unba l
anced load protect ion . 

Unbalanced load 

alarm stage 
_ _ _ _ _ _ _ _ _ _ _  +,-,'-.L-<'-'-"'-'--''-L-<�� 

F igure 4 . 1 5  Tr ip character ist ics of the unba lanced load protect ion 
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7UM5 1 6 V3 

4.8 Trip matrix 

The n umerical machine protection 7UM51  inc ludes 
an  integrated tr ip matrix . The tr ip matr ix repre
sents the switch ing centre of the protection : The 
cross-bar distr ibutor between the protection tr ip 
s ignals and the switching e lements in the plant . 

The command s ignals output by the different pro
tective funct ions , as described in  Sections 4 . 2  to 
4 . 7 ,  can be marshal led to the 5 tr ip relays of the 
un it as requ i red . External s igna ls such as, for ex
ampl e ,  from the Buchho lz protect ion , pressu re or 
temperatu re supervis ion , shaft vibration measure
ment , etc . , can be coupled into the 7UM51  via a 
b inary input  and marshal led to the tr ip relays via 
the tr ip matri x .  Each tr ip relay can be ass igned to a 
switch ing e lement , such as a circu i t  breaker ,  de
excitat ion circui t-breaker ,  t r ip valve , or other con
trol gear .  Alte rnat i ve ly , f ive ' d i f ferent tr ipp ing pro
grams can be rea l ized by us ing externa l master tr ip 
re lays . 

The procedure for programming the tr ip matr ix and 
a lso the marsha l l i ng cond i t ion as de l ivered from 
factory are descr ibed i n deta i l  i n  Sect ion 5 . 5 . 5 .  
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4.9 Circuit breaker trip test 

Numerical machine protection relay 7UM51 6 al lows 
s imple checking of the tr ipping circuits and the cir
cu it breakers . 

Prerequ isite for the start of a test cycle is that no 
protect ive funct ion has picked up .  

In it iat ion o f  the test cycle can  be g iven f rom the 
operator keyboard or  via the front operator inter
face . 
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4. 1 0  Ancil lary functions 

The anci l lary funct ions of the mach ine protection 
7UM5 1 6 inc lude : 

- Processing of annunciat ions . 

- Storage of short c ircui t  data for fau l t  record ing . 

- Operat ional measurements and test ing rou
t ines . 

- Monitor ing funct ions .  

4. 1 0.1 Processin g of a n n u nciat ions 

After a fau l t  i n  the protected mach
·
ine . informat ion 

concerning the response of the protective device 
and knowledge of the measured va lues are of im
portance for an  exact ana lysis of the h istory of the 
fau l t . For th is pu rpose the device provides annun
c ia t ion processing wh ich is effect ive i n  three d i rec
t ions .  

4 . 1 0 . 1 . 1  I n d i cators a n d  b i n a ry o utputs  ( s i g n a l  
relays) 

Important events and condi t ions are i nd icated by 
optical i nd icators (LED)  on the front plates . The 
modules also conta i n  s igna l  relays for remote ind i 
cat ion . Most  of the s igna ls and ind icat ions can be 
marshal led , i . e .  they can be a l located mean ings 
other than the factory sett ing s .  I n  Sect ion 5 . 5  the 
de l ivered condi t ion and the marsha l l i ng  fac i l i t ies 
are descr ibed in  deta i l . 

The output s igna l  relays are not latched and auto
mat ica l ly reset as soon as the or ig inat ing s igna l  
d isappears . The LEDs can be arranged to latch or 
to be self-resett i ng .  

The memories of the LEDs are saved aga inst sup
ply vol tage fa i lu re . They can be reset : 

- local ly . by operat ion of the reset button on the 
relay . 

- remotely by energ izat ion of the remote reset in
put . 

- remotely via one of the interfaces . 
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Some ind icators and relays ind icate condit ions ; it 
i s  not appropriate that these should be stored . 
Equal ly they cannot be reset unt i l  the or ig inat ing 
cr i ter ion has been removed . This mainly concerns 
fault ind icat ions such as " a ux i l iary voltage fault " . 
etc . 

A green LED· ind icates readiness for operation . 
This LED cannot be reset and remains i l l uminated 
when the m icroprocessor is work ing correctly and 
the unit is not faulty . The LED ext inguishes when 
the self-checking funct ion of the microprocessor 
detects a fau lt or when the aux i l iary voltage is  ab
sent . 

With the aux i l iary voltage present but with an  exist
ing internal fault i n  the un i t , a red LED i l l um inates 
( "  B locked " )  and b locks the un i t . 

4 . 1 0 . 1 . 2  I nformat ion o n  t h e  d i s p lay pane l  or to 
a personal  c o m p uter  

Events and condi t ions can be read of f  i n  the d isp lay 
on the front plate of the device . Addi t iona l ly . a per
sonal computer , for example . can be connected 
v ia the operat ion interface .  and a l l  the informations 
can then be sent to i t .  

I n  t he  qu iescent state , i . e .  a s  long as no faul ts are 
present , the d isplay outputs selectable operat ing 
informat ion (usual ly an operat iona l  measured val
ue )  i n  each of the two l i nes . In the event of a fau l t . 
selectab le informat ion on the fau l t  appears instead 
of the operat ing informat ion . e . g .  detected 
phase (s) and e lapsed t ime from fault detect ion to 
tr ip command . The qu iescent information i s  dis
played again once these fau l t  annunciat ions have 
been acknowledged . The acknowledgement is 
ident ica l  to resett ing of the stored LED d isplays as 
in  Section 4 . 1 0 . 1 . 1 .  

The device a lso has several event buffers . e . g .  for 
operating messages etc . (see Section 6 . 4 )  which 
are saved against supply voltage fa i lu re by a buffer 
battery . These messages . as wel l  as a l l  ava i lab le 
operat ing values , can be transferred in to the front 
display at any t ime using the keyboard or to the 
personal computer v ia the operat i ng  interface . 
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7UM5 1 6 V3 

After a fau l t , for example , important i nformation 
concerning its history , such as pick-up and tr ip
p ing , can be cal led up on the d isplay of the device . 
The fault inception is ind icated with the absolute 
time of the operat ing system provided the real t ime 
clock is  avai lable . The sequence of the events is 
tagged with the relat ive t ime referred to the mo
ment at which the fault detector has picked u p .  
Thus , t h e  elapsed t ime u nt i l  t r ipping i s  i n it iated and 
unt i l  the tr ip s igna l  i s  reset can be read out . The 
resolut ion is 1 ms .  

The events can  also be read ou t  with a persona l  
computer by means of the appropriate program 
DIGSI® . This provides the comfort of a CRT screen 
and menu-gu ided operation . Add it ional l y ,  the data 
can be documented on a printer or stored on a 
f loppy d isc for eva luat ion e lsewhere . 

The protect ion device stores the data of the last 
four fau l ts ; if a f i f th fault occurs the data of the old
est fault are overwritten i n  the fau l t memory . The 
data of the last three faults can be read out in the 
d isplay . 

A fau l t  beg ins wi th recogn i t ion of the fau l t  by p ick
up  of any protect ion funct ion and ends with the lat
est reset of a protect ion funct ion . 

4 . 1 0 . 1 . 3 I nformat ion to a c e n t ra l  u n i t  

I n  add i t ion , a l l  stored informat ion can be trans
mitted via an opt ical f ibre connector or the isolated 
second interface ( system interface) to a control 
centre . for example . the S IEMENS Local ized Sub
stat ion Automat ion System LSA 678 . Transmiss ion 
uses a standardized transmiss ion protocol accord
ing to VDEW/ZVEI or (se lectab le)  accord ing to DIN 
1 9244 . 
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4.10.2 Data storage and transmission 
for fault recording 

The device incorporates a data store which can op
tional ly store the instantaneous values or the 
r . m . s .  values of var ious measured quantit ies . 

The instantaneous values of the measured values 

are sampled at i nterva ls of 1 2  values per a . c .  peri
od (at 50 Hz) and stored in  a circulat ing shift regis
ter .  In case of a fault . the data are stored over a 
selectable t ime period . but max . over 5 seconds .  
The maximum number o f  fau l t  records within th is 
t ime per iod is 8 .  These data are then avai lable for 
fau l t  analysis . For each renewed fault event . the 
actua l  new fau l t  data are stored without acknowl
edgement of the o ld data . 

The data can be t ransferred to a connected per
sonal computer v ia the operation interface at the 
front and eva luated by the protect ion data evalua
t ion program DIGSI® . The currents and voltages 
are referred to the i r  maximum va lues . normal ized 
to their rated values and prepared for g raphic visu
a l i zat ion . I n  add i t ion . S igna ls can be marked as bin
ary t races . e . g .  " Pick-up " and "Tr ip " .  

Addit ional ly . the fau l t  record data can be trans
m itted to a control centre via the ser ia l system in
terface . Evaluat ion of the data is made in  the con
trol centre .  us ing appropriate software programs . 
The currents and voltages are referred to their 
maximum values . normal ized to the i r  rated values 
and prepared for g raph ic v isual izat ion . In  addit ion , 
s igna ls can be marked as b inary traces . e . g .  
" Pick-up " and "Tr ip " .  

When the data are transferred to a central un i t . 
read-out can proceed automat ica l ly . optional ly af
ter each p ick-up of the relay or only after a tri p .  
The  fo l lowi ng t hen  app l ies : 

- The relay s igna ls  the ava i lab i l i ty of fau l t  record 
data . 

- The data remain ava i lab le for reca l l  unt i l  com
mencement of the next fault event . 

- A transmiss ion i n  prog ress can be aborted by 
the central un it . 
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4. 1 0 .3  Operating measurements and 

conversion 

For loca l  recal l  or transmission of data . the t rue 
r . m . s .  values of the currents and voltages are a l
ways avai lab le as are the posit ive sequence com
ponents of the currents and voltages . 

The fol lowing is val id : 

- IL  1 . I L2 .  I L3 phase currents i n  amps pr imary and 
in  % of rated current I N . 

- Ipes positive sequence current . 

- UL1 E .  UL2E . voltages (phase-earth )  i n  k i lovolts 
U L3E pr imary and in V secondary . 

- y'3 
. Upos posit ive sequence voltage .  

Addi t iona l ly . the active and reactive power .  the 
power factor and power ang le . ca lcu lated imped
ance . the d isp lacement vo l tage of the stator earth 
fault protect ion . as wel l as the frequency . the un
balanced load . and the ca lcu lated rotor tempera
tu re r ise can be read out . 

The fol lowing is va l id : 

- p 

- Q 

- cos <I> 

- <I>  

- f 

- Uo 

- R  

- x 

- 8/8trip 

act ive power in megawatts pr imary 
and in % of y'3· IN , UN . 

reactive power in megvars pr imary 
and i n  % of y'3· IN , UN . 

power factor .  

power ang le . 

f requency in Hz . 

d isplacement voltage .  

measured resistance i n  n .  

measured reactance i n  n .  

unba lanced load current . 

temperature r ise ca lcu lated from 
the unba lanced load current . 

Note: 7UM5 1 6  provides a frequency dependent 
ampl i tude correct ion which operates in the range 
of ±20 % of the rated frequency.  Outs ide of th is 
range the d isp layed values are smal ler  accord ing  
to the f i l ter character ist ics ( refer a l so  note i n  Sec
t ion 6 . 6 . 1 ) .  
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4 . 1 0 .4 Monitoring functions 

7UM5 1 6 incorporates comprehensive monitoring 
funct ions which cover both hardware and software ; 
furthermore . the measured values are cont inuous
ly checked for p laus ib i l ity so that the current and 
voltage transformer circu its are also included in  
the monitor ing system .  

4 . 1 0 . 4 . 1  Hardware m o n itor ing 

The complete hardware is monitored for fau l ts and 
i nadmiss ib le functions .  from the measured value 
inputs to the output re lays . I n  detai l  th is is  accom
pl ished by monitor ing : 

Aux i l iary and reference voltages 

The processor moni tors the offset and refer
ence voltage of the ADC (ana log/d ig ita l  conver
ter) . The protect ion is b locked as soon as im
permiss ib le deviat ions occu r .  Permanent faul ts 
are annunciated . 

Fa i l u re or switch-off of the aux i l iary voltage au
tomat ica l ly  puts the system out of operat ion ; 
th is  status is i nd icated by a fa i l-safe contact . 
Transient d ips in supp ly voltage of less than 
50 ms wi l l  not d isturb the funct ion of the relay 
( UH � 1 1 0 V) .  

- Measured value acqu is i t ion 

The complete cha in . from the input  transform
ers up  to and inc lud ing the ana log/d ig ita l  con
verters are monitored by the p laus ib i l i ty check of 
the measured va lues . 

In the c u rrent pat h . there a re three input  con
verters ; the d ig i t ized sum of the outputs of these 
must be a lmost zero under normal operat ion . 
When the star-point of the mach ine is not or 
h igh-ohmic earthed (address 1 1 08) . current 
sum check is carr ied out . A fault in  the current 
path is then recognized when 

j i L l + i L2 + i L3 1 > 
SUM . l thres x IN + SUM . Fact . I  x Imax 

SUM . l thres and SUM . Fact . 1  are sett i ng parame
ters ( refer 6 . 3 . 1 0) . The component SUM . Fact . /  
x Imax takes into account permiss ib le current 
proport iona l  transformat ion errors i n  the input 
converters which may part icu lar ly occur under 
cond i t ions of h igh cu rrents (F igure 4 . 1 7) .  
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IF = Fault current 

Slope : 
S U M . Fact . ! 

S U M . lthres 

Figu re 4 . 1 7  Current sum moni tor ing 

I n  the vo lta g e  path , there are th ree input con
verters , connected to each phase-earth vo l tage 
and one fu rther connected to the d isp lacement 
voltage UEN . A fau l t  i n  the voltage circu its w i l l  be 
recogn ized when 

. 

l Ul l  + uL2 + uL3 + k u . U EN I > 

SUM . Uthres + SUM . Fact . U  x Umax 

Factor ku (parameter Uph/Ude l ta , add ress 
1 2 1 0 ) can be set to correct d i f ferent rat ios of 
phase and open delta voltage transformer wind
ings . SUM . Uthres and SUM . Fact . U  are sett ing 
parameters ( refer 6 . 3 . 1 0) .  The component 
SUM . Fact . U x Umax takes into account permiss i 
b le vol tage proport iona l transformat ion errors i n  
the input converters (F igu re 4 . 1 8) .  

Note: Voltage sum mon itor ing can operate 
proper ly only when an externa l ly formed open 
delta voltage U EN is connected to the residua l  
vo l tage i nput of the relay . 

UF = Fault  voltage 

Slope : 

S U M . Fact . U  

S U M . Uthres 

�---------------------- � 

F igure 4 . 1 8  Voltage sum moni tor ing 
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- Command output channels:  

The command relays for tr ipping are control led 
by two command and one additional release 
channels . As long a s  no pick-up condition ex
ists . the central  processor m akes a cyclic 
check of these command output channels for 
avai labi l ity . by excit ing each channel one after 
the other and checking for change i n  the output 
s igna l leve l . Change of the feed-back signal to 
low level ind icates a fault  i n  one of the control 
channe ls or i n  the relay coi l .  Such a cond it ion 
leads automat ica l ly to alarm and b locking of the 
command output . 

- Memory modu les : 

The memory modu les are per iod ica l ly checked 
for fau l t by : 

• Writ i ng a data bi t pattern for the working 
memory (RAM) and read ing i t . 

• Format ion of the modu lus for the program 
memory (EPROM) and comparison of i t with 
a reference program mOdu lus stored there , 

• Format ion of the modu l us of the values 
stored i n  the parameter store ( EEPROM) 
then compar ing it with the newly determined 
modulus after each parameter ass ignment 
process . 

4 . 1 0 . 4 . 2  Softwa re m o n i t o r i n g  

For cont inuous mon i tor ing of the program se
quences , a watchdog t imer i s  provided which wi l l  
reset the processor in the event of processor fa i l 
u re or i f a program fa l ls out of step .  Further .  inter
na l p laus ib i l i ty checks ensure that any fau l t in pro
cess ing of the programs , caused by interference , 
w i l l  be recogn ized . Such fau l ts lead to reset and 
restart of the processor .  

I f such a fau l t  i s not e l im inated by restart ing , fu r
ther restarts a re i n i t iated . If the fau l t i s  st i l l  present 
after three restart attempts the protect ive system 
wi l l switch itself out of service and ind icate this con
d it ion by d rop-off of the ava i l ab i l i ty re lay ,  thus ind i 
cat ing " equ ipment fau l t " and s imu l taneous ly the 
LED " S locked " comes on . 
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4 . 1 0 . 4 . 3  Monitor ing of external measur ing 
transformer circuits 

To detect i nterruptions or  short c i rcu i ts  i n  the ex
ternal measur ing transformer c ircuits o r  faults in 
the connections (an i mportant commissioning a id ) 
t h e  measured values are c hecked at cycl ic i nter
vals , as long as no p ick-u p condit ion exists : 

- Current symmetry 

In healthy operation it can be expected that the 
c urrents w i l l  be approximately symmetrica l . The 
fol lowing appl ies : 

I lmin I I  I lmax I < SYM . Fact . l  
if 
Imax I I N  > SYM . l thres I I N 

Imax is always the la rgest of the three phase cur
rents and Imin a lways the sma l lest . The symme
try factor SYM . Fact . 1  represents the magn i tude 
of asymmetry of the phase currents , and the 
threshold SYM . l thres is the lower l im i t  of the pro
cessing area of th i s mon itor ing funct ion (see 
Fi g u re 4 . 1 9 ) .  Both parameters can be set (see 
Section 6 . 3 . 1 0 ) .  

SYM . lthres 

S lope :  
SYM . Fact . l  

Imax 
-IN-

F ig u re 4 . 1 9  Cu rrent symmetry moni tor ing 

- Vol tage symmetry 

In healthy o pe rat ion it can be expected that the 
voltages w i l l  be approximately symmetr ica l .  
Therefore , the device checks the three phase
to-phase voltages for symmetry . Monitor ing of  
the su m  of t h e  phase-to-phase voltages i s  not 
i nf l uenced by earth  fau l ts . 
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The fol lowing appl ies : 

I Um in I I I Umax I < SYM . Fact . U 

i f  

I Umax I > SYM . Uthres 

whereby Umax is the largest of the three voltages 
and Umin the smal lest . The symmetry factor 
SYM . Fact . l.J  represents the magnitude of the 
asymm etry of the voltages . The t h reshold 
SYM . Uthres i s  the lower l imit  of the processing 
area of th is  monitor ing f u nction (see F igure 
4 . 20) . Both parameters can be set (see Section 
6 . 3 . 1 0 ) .  

Slope :  
SYM . Fact . U 

Umax 
--cr;;-

F igure 4 . 20 Voltage symmetry moni tor ing 

- Phase rotat ion 

S ince correct funct ion ing of measured va lue se
lect ion and d i rect iona l  determinat ion re l ies upon 
a c lockwise sequence of the phase voltages , 
the d i rect ion of rotat ion is mon itored : 

UL  1 before UL2 before UL3 

This check is carr ied out when the measured 
vo l tages as described in 4 . 1 0 . 4 . 1  are p laus ib le 
and have a min imum va lue of at least 

Counter-c lockwise rotat ion wi l l  cause an a larm . 

Tab le 4 . 1  g ives a su rvey of a l l  the funct ions of the 
measured va lue mon i tor ing system with annunc i 
at ions .  Mu lt ip le annunc iat ions are poss ib le . The 
monitor ing systems do not b lock any protect ion 
funct ions . 
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Monitoring 

1 . Plausib i l i ty check of c urrents 

l i L 1 + i L2 + i L3 1 > 
SUM. lthres x IN + SUM . Fact . 1  x Imax 

2 .  Plausib i l i ty check of voltages phase-earth  

IUL 1 + u L2 + u L3 + Uph/Udelta x U E N I > 
SUM. Uthres x UN + SUM . Fact. U x Umax 

3 . Current u n balance 

I lmini < SYM . Fact . 1  
I lmaxi 

and I 'maxl > SYM. l t h res 

4.  Vol tage unba lance (phase-phase) 
I Uminl < SYM . Fact . U  
I Umaxl 

and I Umaxl > SYM . Uthres 

5.  Phase rotat ion 

Uu before UL2 before uL3 , 
as long as I UL 1 I , I UL2 1 , I UL3 1 > 40 V/·/3 

Bol ted f i gu res are sett ing va lues . 

Method of operation 

Fai lu re covered , reaction 

Relay fa i lures i n  the s ignal  acquisit ion c ircuits 
iu . iL2 ,  iL3 

delayed a larm " Fa i lure � I " 

Relay fa i lure s  in the s ignal  acquis it ion circu its 
u u , u L2 , u L3 , u E 

delayed alarm " Fa i lure �Uph-e " 

Single , o r  phase-to-phase short c ircuits  or bro-
ken conductors i n  the c. t .  c i rc u its iu , iL2 , i L3 
or  
U nbalanced load 

delayed a larm " Fa i l ure I symm " 

Short-circu i t  or interrupt ion ( 1 -phase , 2-phase ) 
i n  v .  t .  secondary c i rcu i ts 
or  
unbalanced vol tage on the system 

de layed a la rm " Fa i lure Usymm " 

Swopped voltage connect ions or reverse rota-
t ion sequence 

de layed a larm " Fa i l . Phase Seq " 

Table 4 . 1 Summary of measur ing c i rcu it moni tor ing 
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5 Installation instructions 

& Warn ing 

Instal lation instructions 

The successfu l  and safe operat ion of this device is dependent on proper hand l ing and insta l lat ion 
by qua l if ied personne l  under observance of a l l  warn ings and hints contained i n  th is manual . 

In part icu lar  the general erection and safety regu lat ions ( e .  g .  IEC , DIN , VDE , or nat ional stan
dards) regard ing the correct use of hoist ing gear must be observed . Non-observance can resul t 
in  death , personal i nju ry or  substant ia l property damag e .  

5 . 1  Unpacking and r�pack ing 

When d ispatched from the factory , the equ ipment 
is packed in accordance wi th the gu ide l ines la id 
down i n  I EC 255-2 1 , wh ich speci f ies the impact re
s istance of packag ing . 

Th is packing sha l l  be removed with care , wi thout 
force and without the  use of inappropr iate too ls . 
The equ ipment shou ld  be v isua l ly checked to en
sure that there are no externa l  t races of damage . 

The transport pack ing can be re-used for  fu rther 
transport when app l ied in  the same way . The stor
age packing of the ind iv idua l  relays is not su ited to 
t ransport . I f  a l ternat ive pack ing is used , th is  must 
a lso provide the same degree of protect ion aga inst 
mechanica l  shock , as la id down in IEC 255-2 1 - 1 
c lass 2 and I EC 255-2 1 -2 c lass 1 .  

56  

5.2 Preparations 

The operat ing cond i t ions must accord with VDE 
0 1 00/5 . 73 and VDE 0 1 05 part 1 / 7 . 83 ,  o r  corre
spond ing national standards for e lectr ical power in
sta l lat ions . 

.& Caution ! 

The modu les of d ig i ta l  re lays conta in 
CMOS c i rcu i ts . These shal l  not be with
d rawn o r  inserted under l ive condi t ions !  
The modu les must be so hand led that any 
poss ib i l i ty of damage due to stat ic e lectr i
ca l  charges i s  excluded . Dur ing any nec
essary hand l i ng of ind iv idua l  modu les the 
recommendat ions re lat ing to the hand l ing 
of e lectrostat ica l ly endangered compo
nents (EEC) must be observed . 

I n  i ns ta l led cond i t ions , t he  modu les are in no dan
ger . 
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5.2 . 1 Mounting and connections 

5 . 2 . 1 . 1  Model  7UM5 1 6*-* B***  for panel  sur
face mount ing 

- Secure the un i t  w i th four screws to the panel . 
For d imensions refer to F igure 2 . 2 .  

- Connect earth ing terminal  (Termina l  26) o f  the 
un i t  to the protective earth of the panel . 

- Make a so l id low-ohmic and low-inductive op
erat iona l  earth connect ion between the earth ing 
surface at the s ide of the un i t  us ing at least one 
standard screw M4 . and the earth ing cont inu ity 
system of the panel ; recommended g round ing 
strap D IN 72333 form A .  e . g .  Order-No . 1 5284 
of Messrs Druseidt . Remscheid , Germany . 

- Make connect ions v ia screwed termina ls . 

5 . 2 . 1 . 2  Mode l  7UM51 6*-*C* * *  for panel  f l ush  
mount ing or 7UM5 1 6*-*E* * *  for cu
b ic le  insta l lat ion 

- Li f t  up  both labe l l i ng  str ips on  the l i d  of the un it 
and remove cover to ga in  access to four  ho les 
for the f ix ing screws . 

- Insert the un i t  i nto the pane l  cut-out and secure 
i t with the f ix ing screws . For d imens ions refer to 
F igu re 2 . 3 .  

- Connect earth ing screw o n  the rear of the un it to 
the protective earth of the panel or cub ic l e .  

- Make a so l id low-ohmic and  low- inductive op
erationa l  earth connect ion between the earth ing 
surface at the rear  of the un i t  us ing at  least one 
standard screw M4 , and the  earth ing cont inu ity 
system of the pane l  or cub ic le ; recommended 
g round ing  strap D IN 72333 form A, e . g .  Order
No . 1 5284 of Messrs Druseidt . Remscheid , Ger
many .  

- Make connect ions v ia  the screwed or  snap-in 
term ina ls of the sockets of the hous ing . Observe 
labe l l i ng of the ind iv idua l  connector modules to 
ensure correct locat ion ; observe the max. per
m iss ib le conductor cross-sect ions . The use of 
the screwed term inal s  is recommended ; snap
in  connect ion requ i res special tools and must 
not be used for f ie ld w i r ing un less proper strain 
rel ief and the permiss ib le bend ing rad ius  are ob
served . 

C53000-G 1 1 76-C97 

Instal lation instructions 

5 . 2 . 2  Checking the rated data 

The rated data of the un i t  must be checked against 
the plant data . This appl ies i n  part icu lar to the auxi l
iary voltage and the rated current of the current 
transformers . 

5 . 2 . 2 . 1
. 

Control d . c .  voltage of b inary inputs 

When de l ivered from factory . the b inary inputs are 
designed to operate in  the tota l  control voltage 
range from 1 9  V to 288 V . The p ick-up threshold 
l ies near 1 7  V. I n  order to opt imize the operation of 
the i nputs , they should be matched to the real con
tro l  voltage to increase stabi l i ty aga inst stray volt
ages in  the d . c .  c i rcu its . I t  depends on the hard
ware state (product ion ser ies) of the relay how th is 
is carr ied out . Th is state is found on the name plate 
beh ind the complete order des ignat ion . 

To f i t a h igher  p ick-up threshold of approximately 
80 V to a b inary i nput a solder br idge must be re
moved . F igure 5 . 1  shows the ass ignment of these 
so lder br idges for the i nputs 8 1  1 to 8 1  4 .  and their 
locat ion on the basic p . c . b . of the basic i nput/out
put module GEA- 1 . F igure 5 . 2  shows the assign
ment of these solder br idges for the inputs 8 1  5 to 
8 1  8 and the ir  locat ion on  the addi t iona l  i nput/out
put module ZEA- 1 . 

- Open hous ing cove r .  

- Loosen the basic modu le  us ing t he  pu l l i ng  a ids 
provided at the top and bottom . 

ill Ca utio n !  

E lectrostat ic d ischarges via the com
ponent connect ions . the PC8 tracks or 
the connect i ng  p ins of the modules 
must be avoided under a l l  c i rcum
stances by previous ly touch ing an 
earthed meta l  su rface . 

- Pu l l  out basic modu le  and p lace onto a conduc
t ive surface .  

- Check t he  so lder br idges accord ing to F igure 
5 . 1 . remove br idges where necessary . 

- Insert bas ic modu le  into the housi ng ; ensure 
that the releas ing  lever is pushed fu l l y  to the left 
before the modu le is pressed i n . 

- F i rmly push in the modu le  us ing the re leasing le
ver . 
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- Similar ly check on the addit ional input/output 
module ZEA- l accord ing to F igure 5 . 2 .  (This 
smal ler module has pu l l ing handles instead of 

the releasing lever) . 

- Close housing cover .  

X2 1 X22 X 2 3  

I nstal lation instructions 

X24 

Binary input 1 : Solder bridge X2 1 

Binary Input 2 : Solder bridge X22 

Binary input 3 : Solder br idge X23 

Bin ary input 4 : Solder bridge X24 

�e �.�. rfe 
... .J ... j 1 

For rated voltages 24/48/60  V- : 

For rated voltages 1 1 0 / 1 25/220/250  V� : 

Solder bridges must be fitt ed ! 
Pick-up value approx . 1 7 V 

Solder bridges may be remove d :  
C u t  a n d  bend aside . 
Pick-up value approx . 80 V 

F igu re 5 . 1 Check ing for contro l  voltages for b i nary inputs 1 to 4 on bas ic modu le  GEA-l  

Binary input 5 : Solder bridge X 7  

Binary input 6 : Solder bridge X 8  

Binary input 7 : Solder bridge X 9  

Binary i n p u t  8 : S o l d e r  bridge X l 0 

Binary input 9 : Solder bridge X l 1 

Binary input 1 0 :  Solder bridge X 1 2 

X7 X8 X9 X l 0  X l 1 X 1 2 

• 
• 

• • 
• 

• 
• • 

• 
• 

• • 
• 

• 
For rated voltages 24/48/60  V - :  Solder bridges must b e  fitt e d !  • • 

Pick-up value approx . 1 7  V • 

For rated voltages 1 1 0 / 1 2 5 / 2 2 0 / 2 5 0  V - : Solder bridges may be removed : 
Cut and bend asid e . 
Pick-up value approx . 80 V 

F igure 5 . 2  Check ing for control voltages for b inary inputs 5 t o  l O on add i t iona l  modu le ZEA- l 

5 . 2 . 3  I n s erti n g  th e back-up batt ery 

The device annunciat ions are stored in NV-RAMs . 
A back-up battery is ava i lab le so that they are re
ta ined even with a longer fa i l u re of the d . c . supply 
voltage .  The back-up battery is also requ i red for 
the internal system c lock with calender to cont inue 
in  the event of a power supply fa i l u re .  

58  

The battery is normal ly supp l ied separately w i th  re
lays of former product ion ser ies . I t  shou ld be in
serted before the re lay is insta l led . Sect ion 7 . 2  ex
p la ins in deta i l  how to replace the back-up battery . 
Join th is section accord i ng ly when insert ing the 
battery for the f i rst t ime . 

The battery is a l ready insta l led at de l ivery i n  newer 
mode ls .  I t should be checked accord ing  to Sect ion 
7 . 2  that the battery is correct ly in p lace . 
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5 .2 .4  Checking LSA transmission l ink  

I f  t he  interface fo r  a central data processing station 
(e . g .  LSA) is used , these connections must also 
be checked . It is important to visual ly check the 
a l location of the transmitter and receiver channels . 
Since each connection is used for one transmis
sion d i rect ion , the transmit connect ion 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 i n  sympathy with ISO 2 1 1 0  and DIN 66020 :  

TXD Transmit l i n e  o f  t he  respective un i t  
MT Frame reference for the transmit  l i ne 

RXD Receive l ine of the respect ive un it 
MR Frame reference for the receive l i ne 

The conductor screen and the common overa l l  
screen must be  earthed at one l i ne  end on ly .  This 
prevents c i rcu lat ing currents from f lowing via the 
screen i n  case of potent ia l  d ifferences . 

P lug j umper shown as de l ivered 
X239 : Posit ion 1 -2 = ' "  Light off ' "  

Installation instructions 

Transmission via opt ical fibre is recommended . It 
is part icu larly insensit ive against d isturbances and 
automatical ly provides ga lvanic isolat ion . Transmit 
and receive connector are designated with the 
symbols � for transmit output and -7e for 
receive input . 

The normal s igna l  posit ion for the data transmis
s ion is factory preset as '" l ight  off '" . This can be 
changed by means of a p lug jumper X239 which is 
access ib le when the basic input/output module is 
removed from the case . The j umper is s ituated in 
the rear area of the power supply board (centre 
board) (F igure 5 . 3 ) . 

Jumper Pos i t ion Normal s igna l  posit ion 

X239 1 - 2 
X239 2 - 3 

0 
1 2 3 

X2 1 3 0JJ 
X2 1 4 DIJ 
X2 1 5 DIJ  
X2 1 6  DIJ 
X2 1 7 0JJ 
X240 DIJ 

1 0  
o 
o 
o 

D20 1  

D� 
[::::J 

1 0  
o 
o 
o 

C227 

5 0 5 0  

1 00  
o 

'" L ight off " 
" Light  on '" 

I 

\ 

Fig u re 5 . 3  Posit ion of the jumper X239 o n  the power supp ly board 
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5 . 2 . 5  Connections 

General and connect ion d iagrams are shown in  Ap
pend ix  A and B .  The marshal l ing possibi l i t ies of the 
binary inputs and outputs are described in  Section 
5 . 5 .  

For stator earth fault protect ion the neutral d is
p lacement vol tage is supp l ied from a l ine con
nected earth ing transformer or a neutral earth ing 
transformer .  S ince the secondary wind ings of 
these transformers usual ly supply a voltage of 
500 V (with fu l l  d isplacement voltage) the voltage 
must be connected to the unit via a voltage divider 

Instal lation instructions 

500 V / l 00 V (e . g .  3PP1 336-1 CZ-0 1 3001 ) .  

Connect ion examples are shown in  F igure 5 . 4  
(neutral earth ing transformer) a nd  F igure 5 . 5  ( l i ne 
connected earth ing t ransformer) . The i l l ustrations 
also show the load resistor As which provides a 
suff ic ient ly h igh s igna l-to-noise ratio for the mea
sured value .  

Further i nstruct ions are contained i n  t he  pamphlet 
.. P lanning Machine Protection Systems " . Order 
No .  E50400-U0089-U4 1 2-Al -7600 . 

N eutral earthing � 
I I \f-

t r���:�v'3�r�er  �I (t--:Z:-+) -�i �l\ E 
t-i:=::J--. AS 
.....,3"C:::::J-'6 .. 500 V 

1 00 V 5 

Load resistor 

Voltage div ider 

7UM51 6 

F igure 5 . 4  Connect ions f o r  earth fau l t  protect ion U o  - example with neutra l  earth ing transformer 

1 1 1--'a....J_ ... 
U 1 N /..j3 

500 V/3 

t-i:=::J--. As 
L...><£:::::J-... 500 V 

1 00 V 

Line connected 
earthing transformer 

Load resistor 

Voltage divider 

7UM51 6 

E 

F igure 5 . 5  Connect ions for earth fau l t  protect ion Uo - example with l i ne  connected earth ing trans
former 
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5 . 2 . 6  Checking the connections 

& Warning 
Some of the fol lowing test steps are car 
r ied out i n  presence of hazardous volt 
ages . They sha l l  be performed by qua l if iec 
personnel  on ly which is thorough ly fami l ia 
with a l l  safety regu lat ions and precaut ion 
ary measures and pay due attent ion tc 
them . 
Non-observance can resu l t  i n  severe per 
sonal i njury .  

- Switch off the circui t  breakers for the dc supply 
and the voltage transformer circuits ! 

- Check the cont i nu ity of a l l  the current and volt
age transformer c i rcu its aga inst the p lant and 
connect ion d iagrams : 

• Are the current transformers correct ly 
earthed? 

• Are the polari t ies of the current t ransformer 
connect ions consistent? 

• I s  the phase relat ionsh ip  of the cu rrent trans
formers correct? 

• Are the voltage t ransformers correct ly  
earthed? 

• Are the po lar i t ies of the vo l tage t ransformer 
c i rcu i ts correct? 

• Is the phase relat ionsh ip of the voltage trans
formers correct? 

• I s  the polarity of the open delta w ind ing on the 
voltage transformers or of the earth ing trans
former and the connect ion correct? 

- I f  test switches have been f i tted i n  the secondary 
c i rcu i ts , check the i r  funct ion , part icu lar ly that in 
the " test " pos i t ion the current t ransformer sec
ondary circuits are automat ica l ly short-c i r
cu ited . 

C53000-G 1 1 76-C97 
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- Ensure that the m in iature s l ide switch on the 
front p late is in the " OFF " O ·  posit ion . ( refer 
F igure 6 . 1 ) .  

- Fi t a dc ammeter i n  the auxi l iary power circui t ;  
range approx . 1 . 5 A to 3 A .  

- Close the battery supply c i rcu i t  breaker ; check 
polarity and magni tude of voltage at the termi
na ls of the unit or at the connector modu le .  

- The measured current consumpt ion should be 
ins ign if icant . Trans ient movement of the amme
ter pointer on ly ind icates the charg ing current of 
the storage capacitors . 

- Put the m in iature s l ide switch of the front plate in  
the " O N "  posit ion 0 .  The un i t  starts up and , on 
complet ion of the run-up period , the g reen LED 
on the front comes on , the red LED gets  of f  after 
at most 7 sec . 

- Open the c i rcu i t  breaker for the dc power sup
p ly . 

- Remove dc ammeter ;  reconnect the aux i l iary 
vo l tage leads . 

- Close the vol tage transformer m . c . b .  ( second
ary c i rcu i t ) . 

- Check the d i rect ion of phase rotat ion at the relay 
termina ls ( c lockwise ! ) . 

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

- Check through the t r ipp ing c ircu i ts to the circuit 
breakers . 

- Check through  the contro l  w i r ing to and from 
other devices . 

- Check the s igna l  c i rcu its . 

- Reclose the protect ive m . c . b .  ' s .  
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7UM5 1 6 V3 Instal lation instructions 

5.3 Configuration of operation and memory functions 

5.3. 1 Operational  precondit ions and general 

For most operat ional  funct ions , the input of a 
codeword is necessary . This appl ies for a l l  entr ies 
v ia the membrane keyboard or  front in terface 
which concern the operat ion on the relay , for ex
ample 

- conf iguration parameters for operat ion lan
guage ,  interface configu rat ion and device con
f igurat ion , 

- a l location or marsha l l ing of annunciat ion s igna ls , 
b inary inputs , opt ical i nd icat ions ,  

I I � N T E R e 0 0 E W 0 R D 

. , @ @ @ @ @ @  I C W  A C C E P T E D  

I C O D E W O R D  W R O N G  

Address blocks 70 to 79 are provided for conf igu
rat ion of the software operat ing system . These 
sett ings concern the operat ion of the relay , com
mun icat ion with external operat ing and process ing 
devices via the ser ia l  interfaces , and the interac
t ion of the device funct ions . 

� 7 0 0 0 • 0 P S Y S T E M 

� C O N  F I G  U R A T  I O N 

The doub le arrow key n switches over to the f i rst 
conf igurat ion b lock (see below) . Use the key 1 to 
f ind the address 7 1 0 1 . The d isplay shows the four
digit address number ,  i . e .  b lock and sequence 
number .  The t i t le of the requested parameter ap
pears behind the bar (see below) . The second l i ne 
of the d isp lay shows the text appl icable to the pa
rameter .  The present text can be rejected by the 

62  

setting o f  funct iona l  parameters (thresholds , 
functions) . 

- i n it iat ion of test procedures . 

The codeword is not requ i red for the read-out of 
annunciat ions ,  operat ing data or  fault data , or  for 
the read-out of sett ing parameters . 

To ind icate authorized operator use , press key 
CW, enter the six f igure code 0 0 0 0 0 0 and 
conf irm with E . Codeword entry can also be made 
retrospectively after pag ing or d i rect addressing to 
any sett ing address . 

The entered characters do not appear i n  the d isplay , 
instead on ly a symbol @ appears . After conf irmat ion 
of the correct input with E the d isp lay responds with CW 
ACCEPTED .  Press the entry key E aga in . 

If the codeword is not correct the d isp lay shows 
CODEWORD WRONG . Press ing the CW key a l lows 
another attempt at codeword entry . 

The s implest way of arr iv ing at the beg inn ing of th is 
conf igurat ion blocks is to use key DA , fo l lowed by 
the address number 7 0 0 0 and ENTER ,  key E . 
The address 7000 appears , wh ich forms the head
ing of the conf igurat ion b locks . 

Beg inn ing of the b lock " Operat ing system conf igura
t ion " 

" No " -key N .  The next text cho ice then appears , as 
shown i n  the boxes below . The chosen alternative 
must be conf i rmed with enter key E ! 

The sett i ng procedure can be ended at any t ime by 
the key combinat ion F E , i . e .  depressing the func
t ion key F fo l lowed by the entry key E . The d isplay 
shows the question " SA VE NEW SETIINGS? " .  
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Confirm with the "Yes " -key Y that the new sett ings 
shal l  become val id  now . If you press the " No "  -key 
N instead . codeword operat ion wil l be aborted . i . e .  
a l l  a l terat ions which have been changed s ince the 
last codeword entry are lost . Thus . erroneous a l
terat ions can be made ineffective . 

If one tr ies to leave the sett ing range for the config
u ration blocks ( i . e .  address blocks 60 to 79) with 
keys n ll. the d isplay shows the question " END OF 
CODEWORD OPERATION ? " . Press the " No "  -key 
N to cont inue conf igurat ion . I f  you press the 

Installation instructions 

"Yes " -key J /Y i nstead . another q uestion ap
pears :  " SAVE NEW SETTINGS ? " . Now you can 
confirm with JIY or abort with N .  as above . 

When one exits the sett ing program . the altered 
parameters . which unt i l  then have been stored i n  
buffer stores . are permanently secured i n  EE 
PROMs and  protected against power outage .  If 
conf igu rat ion parameters have been changed the 
processor system wi l l  reset and re-start . Dur ing 
re-start the device is not operational . 

5 . 3 . 2  S ettin g s  f o r  t h �  integrated o perat i on - a d d ress b l o c k  71  

Operat ing parameters can be set  i n  address b lock 
7 1 . This b lock al lows the operator language to be 
changed . The date format can be selected . Mes
sages on the front d isp lay can be selected here for 
the qu iescent state of the un it or after a fau l t  event . 
To change any of these parameters . codeword 
entry is necessary . 

� 7 1 0 0 . I N T E G R A T  E D 

� 0 P E R  A T I O N 

I I :  1 0 1 • L A N G U A G E  

E U T S C H 

I E N G L I S H 

I 

t 7 1 0 2 • D A T E F O R  M A T  

� D D M M Y Y Y Y 

1 M  M / D D / y y y y 

C53000-G 1 1 76-C97 

When the re lay i s  de l ivered from the factory . the 
device is  programmed to g ive funct ion names and 
outputs i n  the German language . Th is can be 
changed under address 7 1 0 1 . The operator lan
guages avai lab le at present are shown in  the boxes 
below . The date is d isp layed i n  the Eu ropean for
mat when the relay i s  del ivered . 

Beg inn ing of the b lock " I nteg rated operat ion " 

The ava i lab le languages can be cal led up  by repeat-
edly press ing the " No "  -key N. Each language is  
spe l led in  the correspond ing country ' s  language .  I f  
you don ' t  understand a language .  you shou ld f ind 
your own language . 

The requ i red language is chosen with the enter key 
E .  

The date i n  the d isplay i s  preset t o  the Eu ropean for-
mat Day . Month . Year .  Switch-over to the American 
format Month/Day/Year is ach ieved by depress ing the 
" No " -key N ;  then conf i rm with the entry key E . 
DO two f igu res for the day 
MM two f igures for the month 
YYYY four f igures for the year ( i nc l . century) 
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t 7 1 0 5 • 0 P E R 1 s t L 

, n 0 t a 1 1 o c a t e d 

I I L 1 [ % ] 

I I L 2 [ % ] 

I I L 3 [ % ] 

I etc . 

t 7 1 0 6 • 0 P E R 2 n d L 

, n 0 t a 1 1 o c a t e d 

I etc .  

Fau l t  event annunciat ions can b e  d isp layed after a 
fau l t  on the front . These can be chosen under ad
d resses 7 1 07 and 7 1 08 .  The poss ib le messages 
can be selected by repeatedly press ing the 
" No " -key N. The des i red message is conf i rmed 
with the enter key E. These spontaneous mes-

t 7 1 0 7 • F A U L T 1 s t L 

, P r o  t P i c k - u p 

I p  r o t  T r i p 

I T  - F a u 1 t 

I T  - T r i p 

III; 1 0 8 • F A U L T 2 n d L I I - T r i p 

I etc . I 

64 
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Message to be d isp layed i n  the 1 st display l ine during 
operat ion . Any of the operat ional  measured values ac-
cord ing to Section 6 . 4 . 4  can be selected as messages 
in  the the qu iescent state of the relay by repeatedly 
depressing the " No " -key N ;  The value selected by the 
entry key E under address 7 1 05 wil l appear i n  the first 
l i ne of the display . 

Message to be d isplayed i n  the 2nd disp lay l ine dur ing 
operation . The va lue selected by the entry key E under 
address 7 1 06 wi l l  appear i n  the second l i ne of the dis-
play . 

sages are acknowledged du ring operat ion with the 
RESET key or via the remote reset input  of the de
vice or via the ser ia l  interfaces . After acknowl
edgement , the operat ional messages of the qu ies
cent state wi l l  be d isp layed again as chosen under 
addresses 7 1 05 and 7 1 06 .  

After a fau l t  event , the f i rst l i ne of the d isp lay shows : 

the f i rst protect ion funct ion wh ich has picked up ,  

t h e  latest protect ion funct ion , wh ich has tr ipped , 

the elapsed t ime from pick-up to drop-off , 

the elapsed t ime from p ick-up to tr ip command . 

After a fau l t  event , the second l i ne  of the d isp lay 
shows : 
the poss ib i l i t ies are the same as under address 7 1 0 7 .  
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7UM5 1 6 V3 Installation instructions 

5.3 .3  Configuration of the serial interfaces - address b lock 72 

The device provides two serial interfaces : one PC 
interface for operat ion by means of a operator ter
minal or  personal computer in  the front and a fur
ther system interface for connect ion of a central 
control and storage uni t , e . g .  Siemens LSA 678 .  
Communication via these interfaces requ i res some 
data prearrangements : identif ication of the relay , 
transmission format , transmission speed . 

� 7 2 0 0 I p c / S Y S T E M 

� I N T E R F A C E  S 

t i l : 2 0 1 l D E V I C E  A D D . 

III : 2 0 2 1 F E E D E R  A D D . 

t i l :  2 0 3 I s U B S T . A D D  . 

ti l � 2 o 8 I F U N C T . T Y P E 

0 

I I I : 2 o 9 1 D E V I C E  T Y P E 
2 

C53000-G l 1 76-C97 

I I 
II 
II 
II 
II 

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 coord inated with 
the connected devices . 

A l l  annunciat ions wh ich can be processed by the 
LSA are stored with in  the device in  a separate 
tab le . "!"h is  is l isted in Appendix C . 

Beg inn ing of the b lock " Interfaces for personal 
computer and central computer system " 

Ident i f icat ion number of the relay with in the substation ; 
va l id for both the i nterfaces (operat ing and system 
interface) . The n umber can be chosen at l i berty , but 
must be used on ly once with i n  the p lant system 
Smal lest permiss ib le  number : 1 
Largest permiss ib le number :  254 

Number of the feeder  w i th in  the substat ion ; va l id  for  
both the interfaces (operat ing and system interface) 
Smal lest permiss ib le number :  1 
Largest permiss ib le number :  254 

I dent i f icat ion number of the substat ion , i n  case 
more than one substat ion can be connected to a 
central device 
Smal lest perm iss ib le number :  1 
Largest permiss ib le number : 254 

Funct ion type i n  accordance with VDEW/ZVEI ; for 
mach ine protect ion n o .  70 . 
Th is address is main ly for informat ion , it shou ld not 
be changed . 

Device type for ident i f icat ion of the device in 
S iemens LSA 678 . For 7UM5 1 6 V3 no .  1 2  
Th is address is  on ly for informat ion , i t cannot be 
changed . 
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7UM51 6  V3 Instal lation instructions 

Addresses 72 1 1 to 72 1 6  are valid for the operating (PC) interface on the front of the relay . 

Note: For operator panel 7XR5 , the PC-interface format (address 72 1 1 )  must be ASCII , the PC Baud-rate 
(address 72 1 5)  must be 1 200 BAUD, the PC parity (address 72 1 6) must be NO 2 STOP. 

t 7 

� 

I l 
I 
I 
I 

t l : 
I N  
I N  

2 1 1 1 p c I N T E R F . 

I G S I V 3 

2 1 5 I P C B A U 0 R A T  E 
9 6 o 0 B A U 0 
9 2 0 0 B A U 0 

1 2 0 0 B A U 0 

2 4 0 0 B A U 0 
4 8 0 0 B A U 0 

2 1 6 I P C P A R  I T Y 

I G S I V 3 

0 2 S T 0 P 

0 1 S T 0 P 

Data format for the PC (operat ing)  interface : 
format for Siemens protect ion data processing pro
gram DIGS/® Version V3 

ASCI I  format 

The transmission Baud-rate for communication via the 
PC (operating )  interface at the front can be adapted 
to the operato r ' s  commun icat ion i nterface , e . g .  per-
sonal computer , i f  necessary . The ava i lab le possib i l i -
t ies can be d isp layed by repeated ly depression of the .. No " -key N .  Conf i rm the des i red Baud-rate with the 
entry key E .  

Parity and stop-bits for the PC (operat ing )  interface :  

format for  Siemens protect ion data process ing pro-
g ram DIGS/Q>.) Version V3 with odd parity and 1 stop-bit 

no parity . 2 stop-bits 

no parity , 1 stop-bit 

Addresses 722 1 to 7235 are va l id for the system (LSA) i nterface . 

t 7 2 2  1 I 

� V 0 E W 
I v 0 E W 

1 0  I G S I 
I L  S A 

66 

s Y S E X T  
C 0 M 

V 3 

I N T E R F . E N 0 E 0 
P A T  I B L E 

Data format for the system ( LSA) interface : 

data i n  accordance with VDEW . extended by S iemens 
specif ied data 

only data i n  accordance with VDEW 

format for $iemens protect ion data process ing pro
g ram DIGS/JI) Version V3 

format of the former S iemens LSA vers ion 
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7UM5 1 6 V3 Instal lation instructions 

t 7 2 2 2 1 S Y S  M E A  S U R  
+ V D E W  E X T E N D E D  

Iv D E W  C O M  P A T  I B L E 

t l '  2 2 s I S Y S B A U D R . 

9 6 0 0 B A U D 

1 1 9 2 0 0 B A U D 

I 1 2 0 0 B A U D 

I 2 4 0 0 B A U D 

I 4 8 0 0 B A U D 

t 7 2 2 6 I s Y S P A R I T Y 
+ V D E W / D I G S I V 3 / L S A 

I N  0 2 S T o p 

I N  0 1 S T 0 P 

Format of measured values for the system (LSA) in
terface : 
data in accordance with VDEW/ZVE I , extended by 
Siemens specified data 

only data in accordance with VDEW IZVE I  

The transmission Baud-rate for  communication v ia  the 
system interface can be adapted to the system inter-
face , e . g .  LSA , if necessary . The avai lab le possibi l i-
t ies can be d isplayed by repeatedly depression of the 
" No " -key N .  Confirm the desired Baud-rate with the 
entry key E .  

Parity and stop-bits for  the PC (operat ing )  interface : 

format for VDE W-protocol ,gr  S iemens protect ion data 
process ing program DIGS!,R; Vers ion 3 and former LSA 

no parity , 2 stop-bits 

no parity . 1 stop-bit 

Address 723 1 is relevant only i n  case the data transmitted through the system in terface are in accordance 
with the VDEW/ZVEI protocol  (address 722 1 SYS INTERF . = VDEW COMPA TI B L E  o r  VDE W EXTENDED) . 
Th is  address determ ines whether a l l  annunciat ions which occur du ri ng test operat ion are marked with the 
ori g i n  " test operat ion " .  

t il � 2 3 1 I S Y S T E S T  I I Only for VDEW compat ib le protoco l : 

F F in ON posi t ion , the VDEW/ZVEI-compat ib le annunci-
at ions are aSS igned wi th the or ig in " test operat ion " 

1 0 N I dur i ng  test operat ion 

Address 7235 is relevant on ly i n  case the system i nterface is connected with a hardware that operates with 
the protection data processing program D IGSI® (address 722 1 SYS INTERF .  = DIGSI V3 ) . this address 
determ ines whether is sha l l  be permitted to change parameters via this in terface . 

t i l :  2 3 S l S Y S  P A R  A M E T  I I Remote parameteriz i ng via the system interface 

0 NO - is not permitted 

I Y  E S I YES - is permitted 
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7UM51 6 V3 Insta l lation instructions 

5.3 .4  S ettings for  fault recording - address block 74 

The machine protect ion relay is equ ipped with a 
fau l t  data store (see Sect ion 4 . 1 0 . 2) .  Dist inct ion 
must be made between the reference instant and 
the storage criter ion (address 7402) . Normal ly , 
the general fau l t  detect ion s igna l  of the protect ion 
i s  the reference instant . The storage criter ion can 
be the general fau lt detection , too (STORAGE BY 

FLn , or the tr ip command (STORAGE B Y  TRIP) . 
Alternatively , the tr ip command can be selected as 
reference instant (START WITH TRIP) , i n  th is case , 
the tr ip command is the storage criterion , too . 

The actua l  record ing t ime starts with the pre-tr ig
ger t ime T -PRE (address 74 1 1 )  before the refer
ence i nstant and ends with the post-faul t  t ime T -
POST (address 74 1 2 ) after the record ing cr i ter ion 
has d isappeared . The permiss ib le record ing  t ime 
for each record i s  set under address 74 1 0 . Alto
gether 5 s a re ava i lab le for  fault 

'
record ing  of in

stantaneous va lues . I n  th is t ime range up  to 8 fault 
records can be stored . 

t 7 

, S 

I s  
I s  

til; 
: II � 
68 

4 0 0 • 
A U L T 

4 0 2 .  
T 0 R A 

T 0 R A 

T A R T 

4 1 O . 
0 0 

4 1 1 • 
1 0 

R E C O R  D I N  G S 

I N I T I A T I 0 N 

G E B Y F L T 

G E B Y T R I P 

W I T H T R I P 

T - M A X I I s 

I I T - P R E  

s 

Note: The set t imes are related on a system fre
quency of 50 Hz . They are to be matched , accord
ing ly , for d ifferent frequencies . 

Note: In the i l l ustrat ion below , the t ime values are 
d isp layed for storage of instantaneous values . 
When r . m . s .  values are stored , the t imes appear 
as 1 2  t imes t�e i l l ustrated values . 

Data storage can also be in i t iated via a binary input 
or by operator act ion from the membrane key
board on the front of the relay or via the operat ing 
interface .  The storage is tr iggered dynamical ly .  i n  
these cases . The length  of the data storage is de
termined by the sett ings i n  addresses 743 1 and 
7432 , but max . T-MAX . address 74 1 0 . Pre-tr igger 
t ime and post-fau l t  t ime are addit ive to the set val
ues . I f  the storage t ime for  start v ia b inary input is  
set to 00 ,  then the storage t ime ends af ter  de-en
erg izat ion of the b inary i nput (stat ica l ly) , but not 
after T -MAX (address 74 1 0 ) . 

Beg inn ing of b lock " Fau l t  record ings " 

Data storage is i n i t iated : 

- fau l t  detect ion i s  reference instant 
fault detect ion is  storage cr i ter ion 

- fau l t  detect ion i s  reference i nstant 
tr ip command is  storage cr i ter ion 

- tr ip command i s  reference instant 
tr ip command is storage cr i ter ion 

Max imum t ime per iod of a fau l t  record 
Smal lest sett i ng  va l ue :  0 . 3 0  s 
Largest setti ng va lue : 5 . 00 s 
The t imes are m ult ip l ied by 1 2 i n  case of storage of 
r . m . s . va lues (address 7420) 

Pre-tr igger t ime before the reference instant 
Smal lest sett ing va lue : 0 . 05 s 
Largest sett i ng val ue :  0 . 50 s 
The t imes are mu lt ip l ied by 1 2 in case of storage of 
r . m . s .  va lues (address 7420)  
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7UM5 1 6 V3 Instal lation instructions 

t II � 4 1 2 • T - P 0 S T 
1 0 s 

t 7 4 2 O .  F A U L T V A L U E 
+ I N S T A N T A N  E 0 U S 

I R  M S V A L U E S 

t II � 4 3 1 • T - B I N  A R Y I N 

5 0 5 

! II � 4 3 2 • T - K E Y  B O A  R D 

5 0 5 

II 

II 

I I 

Post-faul t  t ime after the storage criterion d isappears 
Smal lest sett ing value : 0 . 05 s 
Largest sett ing value : 0 . 50 s 
The t imes are m ultiplied by 12 in case of storage of 
r . m . s .  values (address 7420) 

The stored fau l t  values shou ld be : 

INSTANTANEOUS values with 1 2  values per a . c .  cycle 

RMS VALUES with one value per cycle 

Storage t ime when fault record ing is i n it iated via a 
b inary input , pre-tr igger and post-fau l t  t imes 
add it ive 
Smal lest sett ing value :  0 . 1 0  s 
Largest sett i ng  value :  5 .00  s 

are 

or 00 ,  i . e .  as long as the b inary i nput is energ ized (but 
not longer than T -MAX) 
The t imes are mu lt ip l i ed  by 1 2  i n  case of storage of 
r . m . s .  values  (address 7420 )  

Storage t ime when fau l t  record ing is in i t iated v ia  the 
membrane keyboard . pre-tr igger and post-fau l t  
t imes are add it ive 
Smal lest sett ing va l ue :  0 . 1 0  s 
Largest sett i ng  va l ue :  5 . 00 s 
The t imes are mu lt ip l i ed  by 1 2  i n  case of storage of 
r . m . s .  va l ues  (address 7420 )  

Address 7490 is no t  relevant i n  case tha t  the relay is connected to a contro l  and storage process ing system 
which operates with the protocol accord ing to VDEW/ZVE I .  But . i f the relay is connected to a former LSA 
system , the relay must be informed how long a transmit ted fau l t  record must be ,  so that the former LSA 
system receives the correct number of fau l t  record va lues . 

On ly for commun icat ion with a former LSA system : 

t 7 4 9 o • S Y S L E N G T H 
Length of a fau l t  record which is transm itted via the 
ser ia l  system interface : 

+ 6 6 0 V A L U E S F I x 660 values f ix or 

1 <  3 0 o 0 V A L V A R var iab le length with a maximum of 3000 values 
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7UM5 1 6 V3 Instal lation instructions 

5.4 Configuration of the protective functions 

5.4. 1 Introduction 

The device 7UM5 1 6 i s  capable of provid ing a se
ries of protection and supplementary funct ions . 
The scope of the hard- and f i rm-ware is matched 
to these funct ions . Fu rthermore , ind ividua l  func
tions can be set (conf igured )  to be effective or 
non-effective . Add i t iona l ly , the relay can be 
adapted to the system frequency . 

The conf igu rat ion parameters are input through the 
integrated operat ion keyboard at the f ront of the 
device or by means of a personal computer ,  con
nected to th is front-interface . The use of the inte
g rated operat ing keyboard is descr ibed i n  detai l  i n  
Sect ion 6 . 2 .  Alterat ion of the prog rammed param
eters requ i res the input of the cod�word (see Sec
t ion 5 . 3 . 1 ) . Without codeword , the sett i ng can be 
read out but not a l tered . 

For the purpose of conf igurat ion , address b lock 78 
is provided . One can access the beg inn ing of the 
conf igurat ion blocks either by d i rect d ia l  

- press d i rect address key DA , 
- type i n  address 7 8 0 0 ,  
- press execute key E ;  

or by pag ing with the keys rr ( forwards) or  U ( back
wards) , unt i l  address 7800 appears . 

With in the bock 78 one can page forward with i or 
back with ! .  Each paging act ion leads to  a further 
address for the input  of a conf i gu rat ion parameter. 
I n  the fo l lowing sect ions , each address is  shown in  
a box and explained . I n  the upper l i ne  of the d is
play , beh ind the number  and the bar ,  s tands the 
associated device funct ion . I n  the second l i ne i s  
the associated text (e . g .  " EXIST" ) .  I f t h i s  text is 

70 

appropriate the arrow keys i or ! can be used to 
page the next address . If the text shou ld be altered 
press the " No "  -key N ;  an al ternative text then ap
pears (e . g .  " NON-EXIST" ) .  There may be other 
alternatives which can then be d isp layed by re
peated depression of the " N o "  -key N .  The re
qu i red alternative must be conf irmed with the key 
E !  

The conf igurat ion procedure can be ended a t  any 
t ime by the key combinat ion F E,  i . e .  depressing 
the funct ion key F fol lowed by the entry key E .  The 
d isp lay shows the quest ion " SAVE NEW 
SETTINGS ? " . Conf irm with the " Yes " -key J /Y that 
the new sett ings shal l become val id now . If you 
press the " No " -key N i nstead , codeword opera
t ion w i l l  be aborted , L e .  a l l  a l terat ions which have 
been changed s ince the last codeword entry are 
lost . Thus , erroneous a l terat ions can be made in
effective . 

If one tr ies to leave the sett ing range for the conf ig
u rat ion blocks ( L e .  address b locks 60 to 79)  with 
keys rr U ,  the d isp lay shows the quest ion " END  OF 
CODEWORD OPERATION ? " .  Press the " No "  -key 
N to cont i nue  conf igurat ion . I f you press the 
" Yes " -key J I Y  i n stead , another q uest ion appears : 
" SA VE NEW SETTINGS ? " .  Now you can conf i rm 
with J / Y  or  abort with N ,  as descr ibed above . 

When one exits the sett i ng  prog ram , the altered 
parameters , which unt i l  then have been stored in  
volat i le  memor ies , are then permanent ly secured 
in  EEPROMs and p rotected aga inst power outage . 
The processor system wi l l  reset and re-start . Dur
i ng  re-start the device is not operat iona l . 
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7UM5 1 6 V3 Installation instructions 

5.4.2 Programming the scope of functions - address block 78 

The avai lab le protective and addit ional funct ions 
can be programmed as exist ing or not exist ing . For 
some funct ions i t  may also be poss ib le to select 
between mul t ip le alternatives . 

Funct ions which are configu red as NON EXIST wi l l  
not be processed i n  7UM51 6 :  There wi l l  be no an
n unciat ions and the associated sett ing parameters 
( funct ions . l im it values)  wi l l  not be requested dur-

8 o o i s C O P E  
U N C T I O N  S 

Impedance protect ion : 

:1 1 � 8 0 1 I I M P . 
X I S T 

I N 0 N - E X 1 S T 

o F 

P R O  T . 

Stator earth fau l t  protect ion : 

:1 1 � 4 I 8 0 S E F P R O  T . 

X I S T 

IN o N - E X 1 S T 

Out-of-step protect ion : 

:1 1 : 8 0 6 I O U T  - 0 F - S T E P 
X I S T 

I N o N E X 1 S T 

Forward power superv is ion : 

:1 1 : 
8 0 7 I F O R  . P O W  E R 
X I S T 

I N 0 N E X 1 S T 

C53000-G 1 1 76-C97 

I I 
I 

I I 
I 

I I 
I 

I I 
I 

i ng sett ing (Sect ion 6 . 3 ) . I n  contrast . switch-off of 
a funct ion means that the funct ion wil l be pro
cessed . that ind icat ion wil l appear (e . g .  . . .  
" switched off" ) but that the f unct ion wi l l  have no 
effect on the resu l t  of the protect ive process (e . g .  
n o  tr ipp ing command) . 

The fo l lowing boxes show the poss ib i l i t ies . 

Beg inn ing of the b lock " scope of f unct ions " 

Reverse power protect ion : 

:1 1 � 8 0 8 I R E V . P O W  E R I I X I S T 

I N o N E X 1 S T I 
Unbalanced load protect i on :  

:1 1 � I I 1 0 I 8 U N B A L . L O A  D 

X I S T 

I N o N - E X 1 S T I 

External t r ip fac i l i t ies v ia b inary input : 

:1 1 � I I 8 3 o I E X T  . T R I P  1 
X I S T 

I N o N - E X 1 S T I 

: 1 1 : 8 3 1 I E X T  . T R I P 2 I I X I S T 

I N o N - E X 1 S T I 
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7UM5 1 6 V3 Instal lation instructions 

External tr ip faci l i t ies via b inary input : Parameter change-over : 

II I :  � : II 2 .  E X T . T R I P  3 I I :  8 8 5 • P A R  A M C / O  

S T o N - E X 1 S T 

I N 0 N - E X 1 S T I I E X I S T 

II I � I I 8 3 3 • E X T . T R I P  4 

X I S T 

I N 0 N - E X 1 S T I 

The rated system frequency must comply with the sett ing u nder address 7899 . If the system frequency is 
not 50 Hz , address 7899 must be changed . 

! I ;  8 9 9 • F R E Q U E N C Y  
N 5 0 H z 

Rated system frequency 50 Hz or 60 Hz 

I f  N 6 0 H z 
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7UM5 1 6 V3 Instal lation instructions 

5.5 Marshalling of binary inputs, b inary outputs and LED indicators 

5.5. 1 Introduction 

The funct ions of the b inary inputs and outputs rep
resented i n  the genera l  d iagrams (Appendix A) re
late to the factory sett ings . The assignment of the 
i nputs and outputs of the i nternal funct ions can be 
rearranged and thus adapted to the on-site condi
t ions . 

Marsha l l i ng of the i nputs , outputs and LEOs is per
formed by means of the integrated operator panel 
or  via the operat ing in terface i n  the front . The oper
at ion of the operator panel is described i n  detai l  i n  
Sect ion 6 . 2 .  Marsha l l ing beg ins at the parameter 
address 6000 . 

The input  of the codeword i s  requ i red for marshal
l ing ( refer Sect ion 5 . 3 . 1 ) .  Without codeword entry , 
parameters can be read out but not be changed . 
Dur ing codeword operat ion , i .  e .  from codeword 
entry unt i l  the terminat ion of the marsha l l i ng  proce
dure , the sol id bar i n  the d isp lay f lashes . 

When the 7UM5 1 6 programs are runn ing  the spe
cif ic log ic funct ions wi l l  be a l located to  the physical 
input and output modules o r  LEOs in  accordance 
with the se lect ion . 

Example :  Trip command is reg istered from the 
stator earth fau l t  protect ion . Th is event is  gener
ated i n  7UM5 1 6 as an " Annunc iat ion " ( log ica l  
funct ion) and shou ld be avai lab le at certa i n  termi
na ls of the un i t  as a N . O .  contact . S ince speci f ic 
u n it term inals are hard-wired to a specif ic (physi
cal) signal re lay , e . g .  to the signal relay 1 1 ,  the 
processor must be advised that the log ica l  s igna l  
" UO> Tr i p " shou ld be transmitted to the s igna l  
relay 1 1 .  Thus , when marsha l l i ng is performed two 
statements of the operator are important : Which 
( logical )  annunciat ion generated in  the protect ion 
un it program shou ld tr igger wh ich (physica l )  s igna l  
relay? Up to 20  log ica l  annunc iat ions can t r igger 
one ( p i  ,ysical ) s igna l  relay . 

A s imi lar  s i tuat ion appl ies to b i nary i nputs . In th is  
case external informat ion (e . g .  vo l tage t ransfor
mer m . c . b .  tr ipped) is connected to the unit v ia a 

0 0 . 
R S H A L  L I N  G I I 

C53000-G 1 1 76-C97 

(physica l )  input module and should in i t iate a ( log
ical )  function , namely b locking . The corresponding 
quest ion to the operator is then : Which signal from 
a (physical) i nput  relay should i ni t iate which reac
tion in lhe device? One physical input s ignal can 
i n i t iate up  to 1 0  logical funct ions . 

The tr ip relays can also be assigned d ifferent func
t ions . Each tr ip relay can be control led by each 
command funct ion or combinat ion of up to 20  
command funct ions . 

The log ica l  annunciat ion funct ions can be used in 
mul t ip le manner .  E . g .  one annunciat ion f unction 
can tr igger several s ignal relays , several tr ip re
lays , addi t ional ly be ind icated by LEOs , and be 
control led by a b inary input  un i t . The restrict ion is ,  
that the tota l  of a l l  physical  i nput/output un its 
(b i nary i nputs p lus s igna l  relays plus LEOs p lus tr ip 
re lays) wh ich are to be associated with one logical 
f unct ion must not exceed a number of 1 0 . If th is 
number is tr ied to be exceeded , the d isplay wi l l  
show a correspond ing message .  

The marsha l l i ng  procedure is set up  such that for 
each (physica l )  b inary input , each output relay , 
and for each marsha l lab le LED ,  the operator wi l l  be 
asked which ( log ica l )  funct ion shou ld be a l located . 

The offered log ica l  funct ions are tabu lated for the 
b inary i nputs , outputs and LEOs i n  the fol lowing 
sect ions . 

The beg inn ing of the marsha l l i ng parameter b locks 
is reached by d i rectly se lect ing the address 6000 , 
i . e .  

- press d i rect add ress key DA,  
- enter address 6 0 0 0 ,  
- press enter key E 

or by paging with keys n ( forwards) or U (back
wards) un t i l  add ress 6000 has been reached . The 
beg inn ing of the marsha l l i ng  b locks then appears : 

Beg i nn i ng  of marsha l l i ng  b locks 
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7UM5 1 6 v3 

One can proceed through the marsha l l i ng blocks 
with the key n or go back with the key U . With i n  a 
block . one goes forwards with j or backwards with 
! . Each forward or backward step leads to d isplay 
of the next input . output or  LED posit ion . I n  the 
display. behind the address and the sol id bar ,  the 
physical input/output un i t  forms the head ing . 

The key combinat ion F j ,  i . e .  depressing the func
t ion key F fo l lowed by the arrow key j ,  switches 
over to the selection level for the logical funct ions 
to be a l located . Dur ing th is change-over ( i . e .  from 
pressing the F key unt i l  pressing the j key) the bar 
behind the address number i s  replaced by a " F " . 
The display shows , i n  the upper l ine , the physical 
input/output un i t , th is t ime with a three digit i ndex 
number .  The second d isplay l ine shows the logical 
function which is presently a l located . 

On th is select ion level the a l located funct ion can be 
changed by press ing the " N o "  -key N.  By re
peated use of the key N all marshal lab le funct ions 
can be paged through the d isp lay . Back-pag ing is  
possib le w i th the backspace key R.  When the re
qu i red funct ion appears press the execute key E .  
After th is , further funct ions can b e  a l located t o  the 
same physical input or  output  modu le (wi th fu rther 
index numbers) by us ing the key j.  Each select ion 
must be conf i rmed by press ing the key E !  I f  a se
lection p lace sha l l  not be ass igned to  a funct ion . 
selection is made with the funct ion " not a l lo 
cated " . 

You can leave the select ion level by press ing the 
key combinat ion F j ( i . e .  depressi ng the f unct ion 
key F fo l lowed by the arrow key j ) . The d isplay 
shows again the four d ig i t  address number of the 
physical i nput/output modu le .  Now you can page 
with key j to the next i nput/output modu le or with ! 
to the previous to repeat select ion procedure . as 
above . 

The logical funct ions are also provided with func
t ion numbers which are equal ly l i sted i n  the tables . 
If the function number is known . th is  can be input  
d i rectly on the select ion level . Paging th rough the 
possib le funct ions is then superf luous . With d i rect 
input of the funct ion number .  lead ing zeros need 
not be entered . After input of the funct ion number . 
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use the enter key E. Immediately the associated 
ident i f ication of the function appears for checking 
purposes . This can be altered e i ther by enter ing a 
d ifferent function number or by paging through the 
possib le funct ions , forwards with the " No " -key N 
or backwards with the backspace key R .  If the 
funct ion has been changed . another confirmation 
is necessary with the enter key E .  

I n  the fo l lowing paragraphs . a l location poss ib i l it ies 
for b inary inputs , b inary outputs and LED ind icators 
are g iven . The arrows nu or j! at the left hand s ide 
of the d isp lay box indicate pag ing from block to 
b lock .  with in the block or on the selection level . 
The character F before the arrow ind icates that the 
funct ion key F must be pressed before pushing the 
arrow key j .  

The funct ion numbers and des ignat ions are l isted 
completely i n  Appendix C .  

The marsha l l i ng procedure can b e  ended a t  any 
t ime by the key combinat ion F E. i . e .  depressing 
the funct ion key F fo l lowed by the entry key E. The 
d isplay shows the quest ion " SAVE NEW SET
TINGS? " .  Conf i rm with the " Yes " -key JIY that the 
new a l locat ions sha l l  become val id now . I f  you 
press the " N o "  -key N i nstead . codeword opera
tion wi l l be aborted . i . e .  a l l  a l terat ions which have 
been changed since the last codeword entry are 
lost . Thus . erroneous alterat ions can be made in
effective . 

If one tr ies to leave the sett ing range for the conf ig 

urat ion b locks ( i . e .  address b locks 50 to 79)  with 
keys n U .  the d isp lay shows the quest ion " END OF 
CODEWORD OPERATION ? " .  Press the " No " -key 
N to cont inue marshal l i ng . If you press the 
" Yes " -key JIY i nstead . another quest ion appears : 
" SA VE NEW SETTINGS ? " .  Now you can conf i rm 
with JIY or abort wi th N .  as above . 

When one exits the marsha l l i ng program , the a l 
tered parameters . which unt i l  then have been 
stored i n  volat i le memory .  are then permanently 
secured i n  EEPROMs and protected against power 
outage .  The processor system wi l l  reset and re
start . Dur ing re-start the device is not operat iona l . 
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7UM5 1 6 V3 Instal lation instructions 

5 .5 .2  Marshal l ing of  the binary inputs - address b lock 6 1  

The  un i t  contains � binary inputs which are desig
nated INPUT 1 to I NPUT 8. They can be marshal led 
in  address block 6 1 . The address block is reached 
by pag ing i n  b locks nu  or by d i rect addressing with 
DA 6 1 0 0  E.  The select ion procedure is carr ied 
out as described in Section 5 . 5 . 1 . 

A choice can be made for each ind iv idual  input 
funct ion as to whether the desired funct ion shou ld 
become operative in the .. normal ly open " mode or 
in the " normal ly closed " mode ,  whereby : 

NO - " normal ly open " mode : the input  acts as a 
NO contact , i . e .  the control voltage at the in
put termina ls  activates the funct ion ; 

NC - " normal ly c losed " mode : the i nput acts as a 
NC contact , i . e .  control vol tage present at the 
termina ls turns of f  the funct ion , control volt
age absent act ivates the funct ion . 

When paging  through the d isp lay , each input  func
t ion is  d isplayed with the index " NO "  or  " NC "  when 
proceed ing with the " No "  -key N .  

Table 5 . 1  shows a complete l ist of a l l  the b inary 
input funct ions with the i r  associated funct ion num
ber FNo . I nput  funct ions natura l ly  have no effect i f  
the correspond ing protect ion funct ion has been 

� 6 I 0 0 1 M A R  S H A L  L I N G 
.� B I N  A R Y I N P U T · S 

The f i rst b i nary input is reached with the key i :  

I 0 I I B I N A R Y 

N P U T  I I I 
Change over to the select ion level wi th F i :  

! I� o l l I N P U T  
L E D  r e s  e t 

C53000-G 1 1 76-C97 

1 

N 0 

programmed out  ( "  de-conf igured " ,  refer Section 
5 . 4 . 2 ) . 

With d i rect input  of the function number ,  leading 
zeros need not be used . To indicate the contact 
mode the funct ion number  can be extended by a 
dec imal  point fo l lowed by 0 or 1 ,  whereby 

. 0  means " normal ly open " mode , corresponds 
to " NO "  as above . 

. 1  means " normal ly closed " mode , corre
sponds to " NC "  as above . 

If the extens ion with . 0  o r  . 1  is omitted the d isp lay 
f i rst i nd icates the funct ion designat ion i n  " normal ly 
open " mode NO . By press ing the " No " -key N the 
mode is changed to  NC . After d i rect i nput other 
funct ions can be selected by paging th rough the 
funct ions forwards with the " No "  -key N or back
wards with the backspace key R. The changed 
funct ion then must be re-conf i rmed by the entry 
key E .  

The ass ignment o f  the b inary i nputs a s  del ivered 
from factory i s  shown in the general d iagrams in 
Appendix A .  The fo l lowing boxes show , as an ex
ample , the a l locat ion for b i nary input  1 .  Table 5 . 2  
shows a l l  b inary i nputs a s  preset from the factory . 

Beg inn ing  of b lock " Marsha l l i ng  b inary i nputs " 

A l locat ions for b i nary i npu t  1 

Reset of stored LED ind icat ions , FNo 5 ;  
" normal ly open " operat ion : 
LEOs are reset when contro l  vol tage present 
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7UM5 1 6 V3 Instal lation instructions 

t 0 0 2 . I N P U T  I 
, n o t  a l l o c a t e d  

No further funct ions are i n it iated by b inary input 1 

Leave the select ion level with key combinat ion F j .  You can go then to the next b inary input with the arrow 
key j .  

ti l : 1 0 1 . B I N A R Y  
N P U T  I 

FNo Abbreviat ion 

I n o t  a l l o c a t e d  

3 >T i me Sync h r o  

4 > S t a r t  F l t R e c  

5 >LED r e s e t  

7 >ParamS e l e c . l  

8 >ParamS e l e c . 2  

1 1  >Ann unc . I 
1 2 >Annunc . 2 

1 3  >Annun c . 3 
14  >Annunc . 4 

3 6 1  >VT mc b  Tr i p  

3 9 5 3  > I mp . b l o c k  
3 9 5 6  >Ex t en s . ZIB  
3 9 5 7  >B I + Z< 
4 5 2 3  >Ex t 1 b l o c k  

4 5 2 6  > E x t  t r i p  1 
4 5 4 3  >E x t  2 b l o c k  

4 5 4 6  >Ex t  t r i p 2 

4 5 6 3  > E x t  3 b l o c k  

4 5 6 6  > E x t  t r i p 3 
4 5 8 3  >Ex t 4 b l o c k  

4 5 8 6  > E x t  t r i p  4 
5 0 5 3  >O / S b l o c k  

5 0 8 3  >Pr b l o c k  
5 0 8 6  >SV t r i pp e d  
5 1 1 3  > P f  b l o c k  

5 14 3  > 1 2  b l o c k  

5 1 4 6  >RM t h . r e p l . 

5 1 7 3  >UO> b l o c k  

II Marsha l l i ng b inary input  1 

Descr ipt ion 

B inary input is  not a l located to any input funct ion 
Synchron ize internal  real t ime c lock 
Start fau l t  record ing from external command via b inary input 
Reset stored LED ind icators 
Parameter set selection 1 ( in conjunct ion with 8) 
Parameter set selection 2 ( in conjunct ion wi th 7) 
User def inab le annunciat ion 1 
User def inab le annunciat ion 2 
User def inab le annunciat ion 3 
User def inab le annunc iat ion 4 
Voltage transformer m . c . b .  has tr ipped 
B lock impedance protect ion 
Release overreach ing zone of impedance protect ion 
AND combinat ion wi th add i t iona l  impedance protect ion t r ip command 
B lock externa l  t r ip command 1 
External t r ip s ignal  1 
B lock external  t r ip  command 2 
External t r ip s igna l  2 
B lock external tr ip command 3 
External tr ip s igna l  3 
B lock external  t r ip command 4 
External t r ip s igna l  4 
B lock out-of-step protect ion 
B lock reverse power protect ion Prey> 

Stop valve tr ipped 
Block forward power supervis ion Pf>< 

Block load unbalanced protect ion 1 2> 

Reset thermal repl ica of unba lanced load protect ion 
B lock stator earth fau l t  protect ion Uo> 

Tab le 5 . 1 Marsha l l i ng  poss ib i l i t ies for b i nary inputs 
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7UM5 1 6 V3 Instal lation instructions 

Addr 1 st d isp lay l i ne 2nd d isplay l ine 

6 100 MARSHALL I NG B I NARY I NPUTS 

6 1 0 1  B I NARY INPUT 1 
INPUT 1 >LED r e s e t  

6102  B I NARY INPUT 2 
INPUT 2 >RM th . rep l .  

6 1 0 3  B I NARY INPUT 3 
INPUT 3 >Pr b l o c k  

6 1 04 B INARY I NPUT 4 
INPUT 4 >SV t r i ppe d 

6 1 05 B INARY INPUT 5 
INPUT 5 >VT mcb Tr ip 

6 1 0 6  B I NARY INPUT 6 
INPUT 6 > E x t e n s . ZIB 

6 1 0 7  B I NARY INPUT 7 
INPUT 7 > E x t  t r i p  1 

6 1 0 8  B INARY INPUT 8 
I NPUT 8 > E x t  t r i p 2 

Tab le 5 . 2  Preset b inary i nputs 

C53000-G 1 1 76-C97 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

FNo Remarks 

Heading of the address block 

Acknowledge and reset of stored LED and d is-
5 play ind icat ions , LED-test 

Reset memory of thermal repl ica of unbal-
5 1 4 6  anced load protection 

5 0 8 3  Block reverse power protect ion 

5 0 8 6  
Stop valve tr ipped 

Voltage transformer secondary m . c . b . has 
3 6 1  t r ipped 

Release overreach ing  s tage o f  impedance 
3 9 5 6  protect ion 

4 5 2 6  

Externa l  t r ip  s igna ls  

4 5 4 6  
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7UM5 1 6 V3 Instal lation instructions 

5 . 5 . 3  Marsha l l ing o f  the signal  output relays - address b l o c k  6 2  

The  un i t  contains 1 3  s igna l  outputs (alarm relays ) . 
The s igna l  relays are designated SIGNAL RELAY 1 
to SIGNAL RELAY 1 3  and can be marshal led in ad
dress block 62 . The block is reached by pag ing in  
blocks w i th n U or by d i rectly addressing D A  
6 2 0 0 E .  The select ion procedure is carried out 
as described in Section 5 . 5 . 1 .  Mu lt ip le annunc i
at ions are possib le , i . e .  one logical  annunc iat ion 
funct ion can be given to several physical s ignal re
lays (see also Section 5 . 5 . 1 ) .  

Table 5 . 3  g ives a l ist ing of all annunc iat ion func
t ions with the associated funct ion numbers FNo . 
Annunciat ion funct ions are natura l ly not effective 
when the correspond ing protect ion funct ion has 
been programmed out ( "  de-conf igured " - refer 
Section 5 . 4 . 2 ) . 

i 6 2 0 0 1 M A R  S H A L  L I N  G 
� S I G N A L R E L A Y  S 

The th i rd s igna l  re lay is reached with the key j :  

2 0 3 1 S I G N A L  
E L A Y  3 I I 

Change over to the select ion level with F i :  

t l �  0 1 I R E L A Y 3 
/ S T r i h 1 p c 

I I � 0 2 I R E L A Y 3 
/ S T r i h 2 p c 

I I �  0 3 I R E L A Y 3 
o t a 1 1 t e d o c a 

Note as to Table 5 . 3 :  Annunciat ions which are indi
cated by a leading " > "  s ign , represent the d i rect 
conf irmation of the b inary inputs and are avai lab le 
as long as the corresponding b inary input is ener
g ized . 

Further informat ion about annunc iat ions see Sec
tion 6 . 4 .  

The assignment o f  the output s igna l  relays a s  del iv
ered from factory is shown i n  the general d iagrams 
i n  Appendix A. The fo l lowing boxes show an exam
ple for marsha l l i ng s igna l  re lay 3 wh ich comprises 
two annunc iat ion f unct ions on one s igna l  relay . 
Tab le 5 . 4  shows a l l  s igna l  relays as preset from the 
factory . 

Beg inn ing  of the b lock " Marsha l l i ng  of the output 
s igna l  relays " 

A l locat ions for  s igna l  relay 3 

S igna l  relay 3 has been preset for : 
1 st : out-of-step protect ion t r ip  by characterist ic  
1 ,  FNo 507 1  ; 

S igna l  relay 3 has been preset fo r :  
2nd : out-of-step protect ion t r ip  by character ist ic  
2 ,  FNo 5072 . 

no f u rther funct ions are preset for  s igna l  relay 3 

Leave the select ion level with key combinat ion F i.  You can go then to the next s ignal output relay with the 
arrow key i .  

II I : 
78 

2 0 3 1 S I G N A L  
E L A Y  3 I I Al locat ions for signa l  relay 3 
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FNo 

1 
3 
4 
5 
7 
8 

1 1  
1 2 
1 3  
1 4  
5 1 
52 
56 
60 
9 5  
9 6  
9 7  
9 8  
9 9  

1 4 1  
1 4 3  
144 
1 4 5  
1 6 1 
1 6 2  
1 6 3  
1 6 5  
1 6 7  
1 7 1  
3 6 1  

3 9 5 3  
3 9 5 6  
3 9 5 7  
3 9 6 1  
3 9 6 2  
3 9 6 3  
3 9 6 6  
3 9 6 7  
3 9 6 8  
3 9 6 9  
3 9 70 
3 9 7 1  
3 9 7 2  
3 9 7 3  
3 9 7 4  
3 9 7 5  
3 9 7 6  
4 5 2 3  
4 5 2 6  
4 5 3 1  
4 5 3 2  
4 5 3 3  
4 5 3 6  
4 5 3 7  

Abbreviation 

not al located 
>T i me Synchro 
>Start  F l tRec 
>Reset  LED 
>ParamSelec . 1  
>ParamSelec . 2  
>Annunc . 1 
>Annunc . 2 
>Annunc . 3 

>Annunc . 4 
Dev . operat i ve 
Prot . operat . 
I n i t i a l  s t art  
LED reset  
Param . runn i ng 
Param o Set A 
Param o Set B 
Param o Set C 
Param o Set D ·  
Fa i lu re 24V 
Fa i lure 1 5V 
Fa i l ure 5V 
Fa i lure OV 
I superv i s i on 
Fa i lure L I  
Fa i l ure I symm 
Fa i lure LUp-e 
Fa i lure Usymm 
Fa i l . Pha seSeq  
>VT meb Tr i p  
> Imp . b lock 
>Extens . ZlB 
>B I  + Z< 
Imp . off 
I mp . b l ocked 
Imp . ac t i ve 
Imp . Gen . F l t  
Imp . Fau l t  L1 
Imp . Fau l t  L2 
I mp . Fau l t  L3 
Imp . I> & U< 
Imp . T1 exp o 
Imp . T2 exp o 
Imp . T1B exp o 
I mp . Tr i p  
B I +Z< Tr ip 
Power swi ng 
>Ext 1 block 
>Ext tr ip 1 
Ext 1 off 
Ext 1 b l oc ked 
Ext 1 ac t i ve 
Ext 1 Gen . F l t  
Ext 1 Gen . Trp 

Descript ion 

No annunciat ion a l located 
Synchronize internal real t ime c lock 
Start fau l t  record ing from external  command via b inary i nput 
Reset LED ind icators 
Parameter set select ion 1 ( i n  connect ion with 8 )  
Parameter set  select ion 2 ( i n  connect ion w i th 7) 
User def inable annunciat ion 1 
User def inab le annunciat ion 2 
User def inable annunciat ion 3 
User def inable annunciat ion 4 
Protection relay operative 
At least one protect ion f unct ion operat ive 
I n it ia l  start of the processorsystem 
Stored ind icat ions reset 
Parameters are being set 
Parameter Set A is act ivated 
Parameter Set B is activated 
Parameter Set C is act ivated 
Parameter Set 0 is act ivated 
Fa i l u re 24 V internal dc supp ly 
Fa i l u re 1 5  V interna l  dc  supp ly 
Fa i l u re 5 V interna l  dc supp ly 
Fa i l u re 0 V AID converter 
Measured va lue supervis ion cu rrents , genera l  
Fai l u re supervis ion L I  (measured currents) 
Fa i l u re superv is ion symmetry I 
Fa i lure supervis ion LU phase-earth  
Fa i lu re supervis ion symmetry U 
Fa i lu re supervis ion phase sequence 
Voltage transformer secondary m . c . b .  has t r ipped 
B lock impedance protect ion 
Release overreach ing zone of impedance protect ion 
AND combinat ion with add i t iona l  impedance protect ion tr ip commanc 
Impedance protect ion is switched off 
Impedance protect ion is b locked 
Impedance protect ion is act ive 
Impedance protect ion : general fault detect ion 
Impedance protect ion : fau l t  detect ion phase L 1 
Impedance protect ion : fau l t  detect ion phase L2 
Impedance protect ion : fault detect ion phase L3 
Impedance protect io n :  fau l t  detect ion with undervoltage sea-in 
Impedance protect ion : de lay t ime T 1  ( f i rst stage) expired 
Impedance protect ion : de lay t ime T2 (f inal stage) expired 
Impedance protect ion : delay t ime T 1 B (extended stage)  expi red 
Impedance protect ion : tr ip command issued 
Impedance protect ion : t r ip  with b inary input s ignal  (AND-combined) 
Impedance protect ion : power swing detected 
Block external t r ip command 1 
External tr ip s igna l  1 
Externa l  t r ip s ignal 1 is switched off 
External trip s igna l  1 is  b locked 
Externa l  t r ip signal 1 is  act ive 
External tr ip s igna l  1 : genera l  fau l t  detect ion s igna l  
Externa l  t r ip s igna l  1 :  genera l  t r ip command issued 

Tab le 5 . 3  Marsha l l i ng  possib i l i t ies for s igna l  relays and LEOs (cont inued next page) 
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FNo 

4543 
4546 
45 5 1 
45 52 
4 5 5 3 
4 5 5 6  
4 5 5 7 
4 5 6 3 
4566 
4 5 7 1  
4 5 7 2 
4 5 7 3 
4 5 7 6 
4 5 7 7 
4 5 8 3  
4 5 8 6  
4 5 9 1  
4 5 9 2  
4 5 9 3  
4 5 9 6  
4 5 9 7  
5001 
50 5 3 
50 6 1 
5062 
5063 
5067 
5068 
506 9 
5070 
50 7 1 
5072 
50 8 3 
50 8 6 
50 9 1 
5092 
509 3 
5096 
509 7 
50 9 8 
5 1 1 3  
5 1 2 1  
5 1 2 2  
5 1 2 3  
5 1 2 6  
5 1 2 7  
5 1 2 8  
5 1 2 9  
5 14 3 
5 14 6 
5 1 5 1 
5 1 5 2  
5 1 5 3  
5 1 5 6  
5 1 5 7  
5 1 5 8  
5 1 5 9  
5 1 60 
5 1 6 1  

Abbreviat ion 

>Ex t  2 b l oc k  

>Ext t r i p  2 
E x t  2 o f f  

Ext 2 b l ocked 

Ext 2 a c t i ve 

E x t  2 Gen . F I t  

E x t  2 Gen . Trp 

>Ext 3 b l o c k  

> E x t  t r i p 3 
Ext 3 o f f  

Ext 3 b l o c ked 

Ext 3 a c t i ve 

E x t  3 Gen . F I t  
Ext 3 Gen . Trp 
>Ext 4 b loc k  

>Ext t r i p  4 
Ext 4 off 
Ext 4 b l ocked 
Ext 4 ac t i ve 
Ext 4 Gen . F I t  
Ext 4 Gen . Trp 
Operat . range 
>O/ S  b l oc k 
O/ S o f f  
O/S b locked 
O/S ac t i ve 
O/S char . 1  
O/ S  char . 2  
O/S det . ch . l  
O/S det . ch . 2  
O/S Tr i p  ch . 1  
O/S Tr i p  ch . 2  
>Pr b l ock 
>Sv t r i pped 
Pr off 
Pr b l oc ked 
Pr ac t i ve 
Pr fau l t  det . 
Pr Tr i p  
Pr+SV Tr i p  
>Pf b lock 
Pf off 
Pf b l oc ked 
Pf ac t i ve 
Pf< f l t . det . 
Pf> f l  t .  de t . 
Pf< Tr ip 
Pf> Tr ip 
> 1 2  b lock 
>RM th . repl . 
1 2  off 
1 2 b l oc ked 
12 ac t i ve 
1 2> Warn 
12 th o Warn 
RM th o rep l . 
1 2>(9 Fau l t  
1 2» Tr i p  
1 2  Tr ip 

Descript ion 

B lock external t r ip command 2 
Externa l  t r ip s igna l  2 
External t r ip s igna l  2 is switched off 
External t r ip s igna l  2 is b locked 
External tr ip s igna l  2 is active 

Instal lation instructions 

External tr ip signal 2 : general fault detect ion S igna l  
External tr ip s igna l  2 :  general tr ip command issued 
B lock external tr ip command 3 
External t r ip s igna l  3 
External  t r ip s igna l  3 is switched off 
External tr ip s igna l  3 is b locked 
Externa l  t r ip s igna l  3 is active 
External tr ip s igna l  3 :  general fault detect ion s igna l  
External t r ip s igna l  3 :  general t r ip command issued 
B lock external tr ip command 4 
External  t r ip s igna l  4 
External t r ip  s igna l  4 
External tr ip s igna l  4 is switched off 
External tr ip s igna l  4 i s  b locked 
Externa l  t r ip  s ignal 4 i s  act ive 
Externa l  t r ip s igna l  4 :  genera l  fau l t  detect ion s igna l  
Externa l  t r ip s igna l  4 :  genera l  t r ip command issued 
B lock out-of-step protect ion 
Out-of-step protect ion i s  switched of f  
Out-ol-step protect ion is  b locked 
Out-ol-step protect ion is act ive 
Out-ol-step protect ion : character ist ic 1 has been passed 
Out-ol-step protect ion : character ist ic 2 has been passed 
Out-ol-step detect ion by characterist i c  1 
Out-ol-step detect ion by character ist ic 1 
Out-of-step tr ip command by character is t ic 1 
Out-of-step tr ip command by character ist ic 2 
B lock reverse power protect ion  Prey> 
Stop valve tr ipped 
Reverse power protect ion is  switched off 
Reverse power protect ion is blocked 
Reverse power protect ion is  act ive 
Reverse power protect ion : fault detect ion 
Reverse power protect ion : t r ip command issued 
Reverse power protect ion : tr ip with c losed stop valve 
B lock forward power supervis ion Pf>< 
Forward power supervis ion is switched off 
Forward power supervis ion is b locked 
Forward power superv is ion i s  act ive 
Forward power supervis ion : fault detect ion  of PI< stage 
Forward power supervis ion : fault detect ion of Pf> stage 
Forward power supervis ion : t r ip  command by PI< stage 
Forward power supervis ion : t r ip command by PI> stage 
Block load unbalanced protect ion  1 2> 
Reset thermal repl ica of unba lanced load protect ion  
Unbalanced load protect ion is switched off 
Unbalanced load protect ion  is b locked 
Unbalanced load protect ion is act ive 
Unbalanced load protect ion : current warn ing stage 
Unbalanced load protect ion : thermal warn ing stage 
Unbalanced load protect ion : memory of thermal rep l ica reset 
Unbalanced load p rotect ion : fault detect ion of h i gh  current stage 
Unbalanced load protect ion : tr ip by h igh  current stage 
Unbalanced load protect ion : tr ip by thermal stage 

Table 5 . 3  Marsha l l i ng  poss ib i l it ies for s igna l  relays and LEOs (cont inued next page) 
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7UM5 1 6 V3 I nstallation instructions 

FNo Abbreviat ion Descr ipt ion 

5 1 7 3  >UO> b l o c k  Block stator earth fau l t  protect ion Uo> 
5 1 8 1  UO> o f f  Stator earth fau l t  p rotect ion Uo> i s  switched off 
5 1 8 2  UO> b l ocked Stator earth fau l t  protect ion Uo> i s  b locked 
5 1 8 3  UO> ac t i ve Stator earth fau l t  protection Uo> is act ive 
5 1 86 UO> Fau l t  Stator earth fault p rotection : fau l t  detect ion 
5 1 87 UO> Tr i p Stator earth fau l t  protect ion : t r ip command issued 

Table 5 . 3  Marsha l l i ng poss ib i l it ies for s igna l  relays and LEDs 

Addr 1 st d isp lay l ine 2nd d isp lay l ine FNo Remarks 

6 2 00 MARSHALL I NG S I GNAL RELAYS Head ing of the add ress b lock 

6 2 0 1  S I GNAL RELAY 1 

RELAY 1 O / S char . 1  5 0 6 7  Out-of-step protect ion : character ist ic 1 
has been passed 

6 2 0 2  S I GNAL RELAY 2 

RELAY 2 O / S  char . 2  5 0 6 8  

6 2 0 3  S I GNAL RELAY 3 

RELAY 3 O / S  Tr i p  c h . l  5 0 7 1  Out-at-step protect ion : t r ip command 
RELAY 3 O / S Tr i p  c h . 2  5 0 7 2  

6 2 0 4  S I GNAL RELAY 4 Impedance protect ion : t r ip command 
RELAY 4 I mp . Tr i p  3 9 7 4  

6 2 0 5  S I GNAL RELAY 5 Impedance p rotect ion : p ick-up s ignal 
RELAY 5 I mp . Gen . F I t  3 9 6 6  

o r  2 

6 2 0 6  S I GNAL RELAY 6 Impedance protect ion : power swing b locking 
RELAY 6 Powe r swi ng 3 9 7 6  

6 2 0 7  S I GNAL RELAY 7 
RELAY 7 Pr + SV Tr i p  5 0 9 8  

6 2 0 8  S I GNAL RELAY 8 
RELAY 8 Pr Tr i p  5 0 9 7  

6 2 0 9  S I GNAL RELAY 9 

RELAY 9 1 2» Tr i p  5 1 6 0 
RELAY 9 1 2  e Tr i p  5 1 6 1  

6 2 1 0  S I GNAL RELAY 1 0  
RELAY 1 0  1 2> Wa rn 5 1 5 6  

RELAY 1 0  1 2  t h o Wa rn 5 1 5 7  

6 2 1 1 S I GNAL RELAY 1 1  
RELAY 1 1  UO> Tr i p 5 1 8 7  

6 2 1 2  S I GNAL RELAY 1 2 
RELAY 1 2  E x t  1 Gen . Trp 4 5 3 7  

6 2 1 3  S I GNAL RELAY 1 3  

RELAY 1 3  Dev . opera t i v e 5 1  

Tab le 5 . 4  Preset annunciat ions for s igna l  relays 

C53000-G 1 1 76-C97 

Reverse power protect ion : t r ip command 
with c losed stop valve 

Reverse power protect ion : tr ip command 

Load unba lanced protect ion : t r ip command 

Load unba lanced protect ion : warn ing stages 

Stator earth tau l t  protect ion : tr ip command 

Externa l  t r ip command 

Device operative ; the NC contact can be 
used for " Device fau lty " annunciat ion 
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7UM5 1 6 V3 Instal lation instructions 

5.5 .4  Marshal l ing of the LED indicators - address b lock 63 

The un it conta ins 1 6  LEOs fo r  opt ical i nd icat ions , 
1 4  of which can be marshal led . They are desig
nated LED 1 to LED 1 4  and can be marshal led in 
address block 63 . The block is  reached by pag ing 
i n  blocks w i th  n U or by d i rect ly addressing with DA 
6 2 0 0 E .  The selection procedure is carr ied out 
as described in  Section 5 . 5 . 1 .  Mu lt ip le annunci
at ions are possib le , L e .  one logical annunc iat ion 
funct ion can be g iven to several LEOs (see also 
Sect ion 5 . 5 . 1 ) .  

Apart from the logical funct ion , each LED can be 
marshal led to operate either i n  the stored mode (m 
for memorized) or unstored mode (nm for " not 
memorized " ) . Each annunciat ion funct ion is d is
p layed with the index m or nm when proceed ing with 
the N-key . 

The marsha l lab le annunciat ion funct ions are the 
same as those l isted i n  Table 5 :3 .  Annunciat ion 
funct ions are . of course . not effect ive when the 
correspond ing p rotect ion funct ion has been pro
g rammed out (de-conf i gu red) . 

� 6 3 0 0 1 M A R  S H A L  L I N  G 

.l) L E D  I N D I C A T O R S  

With d i rect input  of the funct ion number i t i s  not 
necessary to input the lead ing zeros . To ind icate 
whether the stored or  unstored mode shal l be ef
fective the funct ion number can be extended by a 
decimal point fol lowed by 0 or 1 ,  whereby 
. 0  unstored ind icat ion ( not memorized) corre

sponds to " nm "  as above , 
. 1 stored ind icat ion (memorized) corresponds to 

" m "  as above . 

If the extension with . 0  or . 1  is omitted the d isp lay 
shows f i rst the funct ion designat ion i n  unstored 
mode with " nm " .  Press the " No " -key N to change 
to stored mode " m " . After d i rect input  other func
t ions can be selected by paging through the func
t ions forwards with the " N o " -key N or backwards 
with the backspace key R. The changed funct ion 
then must be re-conf i rmed by the enter-key E .  

The ass ignment o f  the LEOs a s  preset b y  the facto
ry i s  shown i n  the front of the unit (F igure 6 . 1 ) .  The 
fo l lowing boxes show , as an example . the assign
ment for  LED 1 3 .  Tab le  5 . 5  shows a l l  LED ind ica
tors as they are preset f rom the factory . 

Beg inn ing of the b lock .. Marsha l l i ng  of the LED 
ind icators .. 

The desired marsha l lab le LED is reached with the key i :  
1 3 I I 

Change over to the se lect ion level with F i :  

t l �  0 I I  L E D 1 3 
x t 1 G e n T r p m 

t l �  0 2 1 L E D 1 3 
x t 2 G e n T r p III 

t l �  0 3 1 L E D 1 3 
x t 3 G e n T r p m 

t l �  0 4 1  L E D 1 3 
x t 4 G e n T r p m 

l l � 0 5 1  L E D 1 3 
a t a l l  o c a t e d  

82 

A l locat ions for  LED 1 3  

LED 1 3  has been preset for : 
1 st : Tr ip by external  t r ip s igna l  1 v ia b inary input , 
memorized . FNo 4537 

LED 1 3  has been preset for :  
2nd : Tr ip by externa l  t r ip s igna l  2 v ia b inary input . 
memorized . FNo 4557 

LED 1 3  has been preset fo r :  
3rd : T r ip  by external t r i p  s igna l  3 v ia  b inary input . 
memor ized . FNo 4577 

LED 1 3  has been preset for :  
4th : Tr ip by externa l  t r ip s igna l  4 v ia b inary i nput . 
memorized . FNo 4597 

no fu rther  a l locat ion for LED 1 3  
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7UM5 1 6 V3 Insta l lation instructions 

After  input  of a l l  annunciat ion funct ions for LED 1 4 ,  change-back to the marsha l l i ng  l evel is  carr ied out with 
F r : 

II I '  
3 1 3 1 L E D 1 3 I I 

Addr 1 st d isplay l i ne 2nd d isplay l i ne 

6 3 00 MARSHALL ING LEDs 

6 3 0 1  LED 1 
LED 1 I mp . G e n . F l  t nm 

6 3 0 2  LED 2 
LED 2 I mp . T1 e x p o m 

6 3 0 3  LED 3 
LED 3 I mp . T2 e x p o m 

6 3 04 LED 4 
LED 4 O / S  d e t . ch . l  n m  

LED 4 O / S  d e t . c h . 2  nm 

6 3 0 5  LED 5 
LED 5 O / S Tr i p  c h . l  III 

6 3 0 6  LED 6 
LED 6 O / S  Tr i p  c h . 2  III 

6 3 0 7  LED 7 
LED 7 Pr T r i p  III 

6 3 0 8  LED 8 
LED 8 P r + SV Tr i p  m 

6 3 0 9  LED 9 
LED 9 I 2 > Wa rn n m  

6 3 1 0  LED 10 
LED 1 0  I 2  t h o Wa r n  n lll 

6 3 1 1  LED 1 1  
LED 1 1  I 2  e Tr i p III 
LED 1 1  I 2» Tr i p  III 

6 3 1 2  LED 1 2  
LED 1 2  VO> Tr i p III 

6 3 1 3  LED 1 3  
LED 1 3  E x t  1 G e n . T r p  m 
LED 1 3  Ext 2 G e n . Tr p III 
LED 1 3  Ext 3 Gen . Trp m 

LED 1 3  Ext 4 G e n . Trp III 

6 3 1 4  LED 1 4  
LED 1 4  Fa i l u r e  2 4 V  nm 
LED 1 4  F a i l u r e  1 5 V nm 
LED 1 4  F a i l u r e  5 V  nm 

LED 1 4  F a i l u r e  OV n m  

Tab l e  5 . 5  Preset LED i nd icators 
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Al locat ions for LED 1 3  

FNo Remarks 

Head ing  of the address b lock 

Impedance protect i on : p ick-u p  
3 9 6 6  

3 9 7 1  
I m p e d a n c e  protect i o n : de lay  t i me expi red 

3 9 7 2  

5 0 6 9  Out-of-step protect i o n : p ick-up 
5 0 7 0  

5 0 7 1  
Out-of  s tep protect io n : t r i p  

5 0 7 2  

5 0 9 7  
Reverse power protect i o n : t r ip  

5 0 9 8  

5 1 5 6  Load u n b a l a nced protect i o n : warn ing  
s tages 

5 1 5 7  

5 1 6 1  Load u n ba l a n ced protect i o n : t r i p  
5 1 6 0 

5 1 8 7  
Stator  earth  f a u l t  protect i o n : t r i p  

4 5 3 7  
4 5 5 7  
4 5 7 7  Tr ip  b y  o n e  o f  t h e  externa l  t r i p  s i g n a l s  

4 5 9 7  

1 4 1  
1 4 3  F a i l u re i n  o n e  o f  t h e  i n t e r n a l  d . c .  su pply 
1 4 4  circu i ts 
1 4 5  
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7UM5 1 6 V3 Instal lation instructions 

5 . 5 . 5  Marshal l ing of t h e  command (trip) relays - address block 64 

The un i t  contains 5 tr ip relays which are designated 
TRIP RELAY 1 to TRIP RELAY 5. The trip relays can 
be marshal led i n  the address b lock 64 . The block is 
reached by pag ing  i n  b locks with n II or by d i rectly 
address ing with DA , input of the address number 
6 4 0 0 and press ing the enter key E.  The selec
t ion procedure is carr ied out as descr ibed i n  Sec
t ion 5 . 5 . 1 . Mu lt ip le commands are poss ib le , i . e .  
one log ica l  command funct ion can b e  given t o  sev
eral trip relays (see also Sect ion 5 . 5 . 1 ) .  

� 6 4 0 0 . M A R  S H A L  L I N  G 

� T R I P  R E L A Y  S 

The des i red tr ip re lay is reached wit h the key j :  

I i i : 4 0 2 . T R I P  
E L A Y  2 I i 

Change over to the select ion level wi th F j :  

I I � 0 1 • T R I P R E L 2 
e s t  T r i p 2 

I I � 0 2 . T R I P R E L 2 
I + Z < T r i p 

! I � 0 3 .  T R I P R E L 2 
/ S T r i h 1 p c 

Ii i � I i 0 4 • T R I P R E L 2 

r T r i p 

I I � 0 5 • T R I P R E L 2 
r + S V T r i p 

84 

Tab le 5 . 6  shows the l ist of a l l  the command func
t ions with the i r  associated funct ion number FNo . 
I nput  funct ions natural ly have no effect if the corre
sponding protect ion funct ion has been pro
g rammed out ( " de-conf igu red " ,  refer Section 
5 . 4 . 2 ) . 

The fo l lowing boxes show an example for marshal
l ing of tr ip relays 2. Tab le 5 . 7  shows al l  t r ip re lays 
as preset from the factory . F igure 5 . 8 ,  at the end 
of th is  sect ion , i l l ustrates the preset assignment as 
a t r ipp ing matrix . 

Beg inn i ng of the b lock " Marsha l l ing of t he tr ip re
lays " 

A l l ocat ions for t r ip re lay 2 

Tr ip relay 2 has been preset fo r :  
1 st : T r ip by test t r ip funct ion for tr ip re lay 2 ,  FNo 
1 1 76 :  th i s f unct ion i s  f i x a l l ocated and cannot be 
changed ! 

Tr ip re lay 2 has been preset fo r :  
2nd : T r ip by impedance protect ion s tage wi th 
AND combinat ion v ia b inary i npu t , FNo 3975 

Tr ip relay 2 has been preset for : 
3rd : Tr ip by character ist ic 1 of the out-of-step 
protect ion , FNo 507 1 

Tr i p  relay 2 has been preset for :  
4th : Tri p by reverse power protect ion , FNo 5097 

Tri p re lay 2 has been preset for : 
5th : Tr ip by reverse power p rotect ion wi th tr ipped 
stop valve , FNo 5098 
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7UM5 1 6 V3 Instal lation instructions 

Trip relay 2 has been preset for :  * 0 6 .  T R I P R E L . 2 I I 6th : Tr ip by stator earth  fau l t  p rotection , FNo 
o > T r i p 5 1 87 

III � II 0 7 .  T R I P R E L . 2 Trip relay 2 has been preset for : 

m p . T r i p 
7th : Tr ip by impedance protect ion , FNo 3974 

t 0 0 8 I T R I P R E L 2 Trip relay 2 has been preset for : 

� n 0 t a 1 1 o c a t e d 8th : no funct ion a l located 

Leave the select ion level with key combinat ion F i .  You can g o  then to the next t r ip relay with the arrow key 
i or go back with � .  

FNo Abbreviat ion 

1 n o t  a l l o c a  t e d  

1 1  >Ann u n c . 1 

1 2  >Annunc . 2 

1 3  >Annunc . 3 

1 4  >Annunc . 4 

3 9 7 4 I mp . Tr i p  

3 9 7 5  B 1 +Z< Tr i p  

4 5 3 7  E x t  1 Gen . Tr p  

4 5 5 7  E x t  2 G e n . T r p  

4 5 7 7  E x t  3 Gen . Tr p  

4 5 9 7  E x t  4 Gen . T r p  

5 0 7 1  O / S  Tr i p  c h . l  

5 0 7 2  O / S  Tr i p  c h . 2  

5 0 9 7  P r  Tr i p  

5 0 9 8  P r + S V  T r i p  

5 1 2 8  P f <  Tr i p  

5 1 2 9  P f >  T r i p  

5 1 6 0  I 2 » Tr i p  

5 1 6 1  1 2  e Tr i p 

5 1 8 7  VO> T r i p  

Logica l  command funct ion 

no  command funct ion a l located 
User def inable annunc iat ion 1 
User def inab le annunciat ion 2 
User def inab le annunciat ion 3 
User def inab le annunc iat ion 4 
Tr ip by impedance protect ion 
Tr ip by impedance protect ion stage AND-combined wi th b i nary input  
Tr ip by external  t r ip S igna l  1 v ia b inary input  
Tr ip by externa l  t r ip s igna l  2 v ia b inary i npu t  
Tr ip  by external t r ip s igna l  3 v ia b inary i npu t  
Tr ip  by externa l  t r ip s igna l  4 v ia b inary input  
Tr ip  by out-of-step protect ion  character ist ic 1 

Tr ip by out-of-step protect ion character ist ic 2 
Tr ip by reverse power protect ion 
Tr ip by reverse power protect ion with c losed stop valve 
Tr ip by forward power superv is ion stage Pf< 
Trip by forward power supervis ion stage Pf> 
Trip by load u nba lanced protect ion stage 1 2» 
Tr ip by load unba lanced protect ion therma l  stage 
Trip by stator earth fau l t  protect ion 

Table 5 . 6  Marsha l l i ng  poss ib i l i t ies for command funct ions 
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7UM5 1 6 V3 Installation instructions 

Addr 1 st d isp lay l ine 2nd d isplay l i ne FNo Remarks 

6 4 00 MARSHALLI NG TRI P RELAYS Head ing of the address b lock 

6 4 0 1  TRI P RELAY 1 

TRI P REL . 1 Test  Tr i p  1 1 ) 1 1 7 5  

TRI P REL . 1 1 2 » Tr i p 5 1 6 0  

TR I P REL . 1 1 2  e Tr i p  5 1 6 1  e . g .  t r ip f o r  network c i rcu i t  breaker 
TRI P REL . 1 O/ S Tr i p  c h . 2  5 0 7 2  

6 4 0 2  TRI P RELAY 2 

TRI P REL . 2 Te s t  Tr i p  2 1 ) 1 1 7 6  

TRI P REL . 2 B I +Z< Tr ip 3 9 7 5  

TR I P REL . 2 O / S  Tr i p  c h . 1  5 0 7 1  

TR I P REL . 2 Pr Tr i p  5 0 9 7  e .  g .  t r ip f o r  generator c i rcu i t  breaker 
TR I P REL . 2 Pr+SV Tr i p  5 0 9 8  

TR I P REL .  2 UO> Tr i p  5 1 8 7  

TRI P REL . 2 I mp . Tr i p  3 9 7 4  

6 4 0 3  TR I P  RELAY ·3  

TR I P REL . 3 Te s t  Tr i p  3 1 ) 1 1 7 7  

TRI P  REL . 3 B I +Z< Tr i p  3 9 7 5  

TR I P  REL . 3 Pr Tr i p  5 0 9 7  

TR I P REL . 3 Pr+SV Tr i p  5 0 9 8  e . g .  t r ip f o r  stop valve 
TR I P  REL . 3 UO> Tr i p  5 1 8 7  

TR I P REL . 3 I mp . Tr i p  3 9 7 4  

6 4 0 4  TR I P  RELAY 4 

TR I P  REL . 4 Te s t  Tr i p  4 1 )  1 1 7 8  

TR I P REL . 4 8 I +Z< Tr i p  3 9 7 5  

TRI P  REL . 4 Pr Tr i p  5 0 9 7  

TR I P REL . 4 Pr+SV Tr i p  5 0 9 8  e . g .  t r ip  f o r  de-excita t ion 
TRI P REL . 4 UO> Tr i p  5 1 8 7  

TR I P REL . 4 I mp . Tr i p  3 9 7 4  

6 4 0 5  TR I P  RELAY 5 

TRI P  REL . 5 Te s t  Tr i p  5 1 ) 1 1 7 9  

TR I P  REL . 5 8 I +Z< Tr i p  3 9 7 5  e . g .  t r ip for s tat ion aux i l i a ry supply 
TR I P  REL . 5 UO> Tr i p  5 1 8 7  change-over 
TR I P  REL . 5 I mp . Tr i p  3 9 7 4  

1 ) Trip test for each t r ip  relay i s  f ix a l located and cannot b e  a l tered 

Tab le 5 . 7  Preset command funct ions for t r ip relays 
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7UM5 1 6 V3 

BI + Z < Trip O/S Trip ch.2 Pr + SV Trip 

1m p. Trip O/S Trip ch.1 Pr Trip UO > Trip 

t. � "P' 

2 t.: �  /.� t.: �  t.: �  t. � t.: �  
" F'  "P' \! � \! �  "P' ,, �  

/. �  t.:� t.: �  t.: � t.: �  
,, �  "P' " ::I  "P' ,, �  3 

,, �  /.� t.: �  t.:� t.: �  
,, �  "P' " ::I  "P' ,, �  4 

r.� t.:� ,, �  
�� \! � ,, �  5 

2 3 4 5 6 7 

F igure 5 . 6  Tripp ing matr ix - pre-sett i ngs 

C53000-G 1 1 76-C97 

Installation instructions 

12» Trip Ext 1 Gen.Trp Ext 3 Gen.Trp PI< Trip 

12 8 Trip Ext 2 Gen.Trp 

t.i il\ t. �. ,, �  "P' 

8 9 1 0 1 1  1 2  

Ext 4 Gen.Trp PI >  Tri p 

1 3  1 4 1 5 

Network 
circuit breaker 

Generator cir
cuit breaker 

Stop valve 

De-excitation 

Station aux. 
change-over 
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6 Operating instructions 

6 . 1  Safety precautions 

& Warning 

All safety precaut ions which apply for 
work i n  electr ical instal lat ions are to be 
observed dur ing tests and commission
ing . 

6.2 Dialog with the relay 

Sett ing , operat ion and interrogat ion of d ig i ta l  pro
tect ion systems can be carr ied out via the i nte
g rated membrane keyboard and display panel lo
cated on the front p late . A l l  the necessary operat
ing parameters can be entered and al l the informa
t ion can be read out from here . Operat ion is , addi
t iona l ly , poss ib le via the interface socket by means 
of a personal computer or s im i l a r .  

6 . 2 . 1  Membra n e  keyboard a n d  d isp lay 
panel  

The membrane keyboard and d isp lay pane l  is ex
ternal ly arranged s im i lar  to a pocket ca lcu lator .  
F igure 6 . 1 i l l ustrates the front view . 

A two- l ine , each 1 6  character . l i qu i d  crysta l  d is
p lay presents the informat ion . Each character 
comprises a 5 x 8 dot matr ix . Numbers . letters and 
a series of spec ia l  symbols can be d isplayed . 

Dur ing d ia log , the upper l i ne g ives a four f igure 
number . fo l lowed by a bar .  Th is number presents 
the sett ing address . The f i rst two digits ind icate 
the address block. then fo l lows the two-d ig i t  se
quence number .  I n  models with parameter chan
ge-over fac i l i ty , t he  ident i f ier of the parameter set 
is shown before the sett i ng  address . 

The keyboard comprises 28  keys with numbers . 
Yes/No and control buttons . The s ign i f icance of the 
keys i s  exp la ined i n  deta i l  i n  the fo l lowing . 

88 

Operating instructions 

Numerical keys for the input of numerals : 

G to 0 Dig i ts 0 to 9 for numerical i nput 

D 
EJ 
EJ 

Decimal point 

I n f i n i ty symbol 

Change of s ign ( i nput  of negative 
numbers) 

Yes/No keys for text parameters : 

Yes key : operator aff i rms the d is
p layed quest ion 

No key : operator den ies the d is
p layed quest ion or rejects a sug
gest ion and requests for al terna
t ive 

Keys for paging through the d isp lay : 

OJ 
[}] 

Pag ing  forwards :  the next address 
is d isp layed 

Pag ing backwards :  the prev ious 
address is d isp layed 

Block pag ing  forwards :  the beg in
n ing of the next  add ress b lock is 
d isp layed 

Block pag ing  backwards :  the begin
n ing of prev ious add ress b lock i s  
d isp layed 
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Confirmation key : 

Enter or conf irmation key : each 
numerical input or change via the 
YeslNo keys must be conf irmed 
by the enter key ; on ly then does 
the device accept the change .  
The enter key can  a lso be  used to 
acknowledge and c lear a fau l t  
prompt in th is d isplay ; a new input 
and repeated use of the enter key 
is then necessary . 

Control and specia l  keys : 

EJ 

Codeword : prevents unauthorized 
access to sett i ng  programs (not 
necessary for ca l l-up of annunc i 
at ions or  messages) 

Backspace . erasu re of incorrect 
ent ries 

Funct ion key ; exp la ined when 
used 

D i rect add ressing : i f  the address 
number is known , th is  key a l lows 
d i rect ca l l-up of the add ress 

Messages/S igna ls :  in terrogat ion 
of annunc iat ions of fau l t  and oper
at ing data ( refer Sect ion 6 . 4 ) 

The three keys i ; rr ; RESET which are somewhat 
separated from the rest of the keys , can be ac
cessed when the front cover is c losed . The arrows 
have the same funct ion as the keys with ident ica l  
symbols i n  the main f ie ld and enable pag ing in  for
ward d i rect ion . Thus a l l  sett i ng  values and event 
data can be d isp layed with the front cover closed . 
Furthermore , stored LED ind icat ions on the front 
can be erased v ia the RESET key without open ing 
the f ront  cover .  Dur ing reset operat ion a l l  LEOs on 
the f ront  w i l l  be i l l um inated thus performing a LED 
test . Wi th  th is reset , add i t iona l ly ,  the fau l t  event 
i nd icat ions i n  the d isp lay on the front panel of the 
device are acknowledged ; the d isplay shows then 
the operat iona l  va lues of the qu iescent state . The 
d isplay is switched over to operat ing mode as soon 
as one of the keys DA , MIS , CW or rr i s  pressed . 
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Operating instructions 

6 . 2 . 2  Operation with a personal com

puter 

A personal  computer ( i ndustr ia l standard) a l lows , 
just as the operator pane l , a l l  the appropriate set
t ings , i n it iat ion of test rout ines and read-out of 
data , but with the added comfort of screen-based 
visual izat ion and a menu-gu ided procedu re .  

A l l  data can b e  read i n  from , o r  copied onto , mag
net ic data carr ier (f loppy disc) ( e . g . for sett ings 
and conf igurat ion ) . 

Addit iona l ly , a l l  the data can be documented on a 
connected printer .  It is a lso possib le , by connect
ing a p lotter , to pr int out the fau l t  h istory traces . 

For operat ion of the personal computer , the in
struct ion manua ls of th is  device are to be ob
served . The PC program DIGSI® is ava i lab le for set
ting and process ing of al l d ig ita l  protect ion data . 
Fu rther informat ion about fac i l it ies on request . 

6 . 2 . 3  Operat iona l p recondit ions 

For most  operat iona l  funct ions , the i nput of a 
codeword is necessary . Th is app l ies for a l l  entr ies 
v ia the membrane keyboard or  front interface 
wh ich concern the operat ion on the relay , for ex
ample 

- sett i ng  of f unct iona l  parameters ( thresholds ,  
funct ions) , 

- a l locat ion o r  marsha l l i ng of S igna ls , b inary in
puts , LED ind icators . t r ip relays , 

- conf ig u rat ion parameters for operat ing lan
guage , in terface and device conf igurat ion , 

- i n it ia t ion of test procedu res . 

The codeword is not requ i red for the read-out of 
annunciat ions , operat ing data o r  fau l t  data , or for 
the read-out of sett i ng  parameters . 

The method of entry of the codeword is expla ined 
i n  deta i l  i n  the instal lat ion instruct ions under Sec
t ion 5 . 3 .  
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7UM516 V3 Operating instructions 

6 .2 .4 Representation of the relay (front view) 

Readiness indication 
( green ) 

Betr ieb/Servic 

Storung /B locked 0 
t o  

Unit faulty Indication 
( re d )  

III N ••• 

0 7 

0 8 

0 9 

LED 1 to 1 4  
(red)  can be 
marshalle d ;  
pre setting 
below 

Two l ine display 
( LC D )  with 1 6  char
acters each Maschinenschutz 

Generator Protect ion 2 0 
3 0 
4 0 
5 0 
6 0 

0 1 0  
O (z.) - P>  Va> 12> 0 On/ Off switch 

for integrated 
power supply 

Additional keys , 
can be acc essed 
when cover i s  
c l o s e d  

0 
0 
0 

1 1  

1 2  

1 3  

1 4 
Operator 
panel 

SI E M E N S 
25pole socket 
for connecting 
a personal 
computer 

N =  l A ,  50  . . . 60Hz 
l.N= ! OO . . .  1 2 5V � 

41=60 , 1 1 0 , 1 2 5v-
ti l ! !  
Diagr . : 

7 U M 5 1 6  

Factory presett ing L E O s : 

1 Impedance prot ection pick-up 
2 Impedance protection T1 expired 
3 Impedance protection T2 expired 
4 Out-of-step protection pick-up ( char . 1 or  2 )  
5 Out-of-step protection trip ( char . 1 )  
6 Out-of-step protection trip ( char . 1 )  
7 Reverse power protection trip 

F - N r . 

8 Reverse power protection trip with c losed stop valve 
9 Load unbalanced protection warning stage 12> 
1 0  Load unbalanced protection thermal warning stage 
1 1  Load unbalanced protect ion tr ip 
12 Stator earth fault  protection tr ip 
13 External trip via bin ary input 
1 4 Device fault  ( h ardware fault ) 

F igure 6 . 1 Front view of operat i ng  key board and d isplay panel 
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7UM516 V3 Operating instructions 

6.3 Setting the functional parameters 

6.3 . 1 Introduction 

6 . 3 . 1 . 1  Parameterizing proced u re 

For sett ing 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 , parameteriz ing can 
beg in . In  the fol lowing sect ions each address is i l 
l ustrated i n  a box and is expla ined . There are three 
forms of d isp lay : 

- Addresses without  req uest for operator input 

The address i s  ident i f ied by the b lock number 
fo l lowed by 00 as sequence number (e . g .  1 1 00 
for b lock 1 1 ) .  D isp layed text forms the head ing 
of th is b lock . No i nput is expected . By us ing keys 
n or U the next or the prev ious b lock can be se
lected . By us ing the keys i or � the f i rst or last 
address with i n  the b lock can be selected and 
paged . 

- Addresses which requ i re numerical i nput 

The d isp lay shows the four-d ig i t  add ress . i . e .  
b lock and sequence number (e . g .  1 20 1  for 
b lock 1 2 . sequence number 1 ) .  Beh ind the bar 
appears the meaning of the requ i red parameter .  
i n  the second d isp lay l i ne . the va l ue  of the pa
rameter .  When the relay is de l ivered a va lue has 
been preset . I n  the fo l lowing sect ions , th is  val ue  
is shown . I f th i s  val ue  is to be reta ined , no  other 
input is necessary . One can page forwards or  
backwards w i th in  the b lock or to the next (or  
previous) b lock . I f the va lue needs to be a l tered . 
it can be overwri t ten us ing the numerical keys 
and , i f  requ i red , the dec imal  point and/or 
change s ign (+1-) o r .  where appropr iate . in f in ity 
sign 00 . The permiss ib le sett i ng  range is g iven i n  
t he  fo l lowing  text , next t o  t he  associated box . 
Entered va lues beyond th is  range wi l l  be re
jected . The sett i ng  steps correspond to the last 
dec imal  p lace as shown in the sett i ng  box . I n 
puts w i th  more dec ima l  places than permitted 
wi l l  be truncated down to the permiss ib le num
ber . The va lue  must be conf irmed with the 
entry key E !  The d isp lay then conf i rms the ac
cepted valu e .  The changed parameters are on ly 
saved after terminat ion of parameteriz ing ( refer 
be low) . 
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- Addresses which requ ire text input 

The d isp lay shows the four-digit address , i . e .  
b lock and sequence number (e . g .  1 205 for 
b loc� 1 2 ,  sequence number 5) . Behind the bar 
appears the meaning of the requ ired parameter ,  
in  the second display l ine , the appl icable text . 
When the relay is del ivered , a text has been pre
set . In the fo l lowing sections , th is text is shown . 
If it is to be retained , no other i nput is necessary . 
One can page forwards or backwards within the 
block or to the next (or previous) b lock . If the 
text needs to be a ltered , press the " No "  key N .  
The next a l ternat ive text , a lso pr inted i n  the d is
play boxes i l l u strated i n  the fo l lowing  sections , 
then appears . If the a l ternative text is not de
s i red , the N key is pressed agai n , etc . The a lter
nat ive wh ich is chosen , i s  conf i rmed with the 
entry key E .  The changed parameters are only 
saved after terminat ion of parameteriz ing ( refer 
below) . 

For each of the addresses , the possib le parame
ters and text are g iven in the fo l lowing sect ions . If 
the mean ing of a parameter i s  not c lear ,  it is usual
ly best to leave i t at the factory sett ing . The arrows 
fiU or i � at the left hand s ide of the i l l ustrated dis
play boxes i nd icate the method of moving from 
b lock to block or  wit h i n  the b lock .  Unused address
es are automat ica l ly passed over .  

I f the parameter address i s  known , t hen  d i rect ad
dressing is poss ib le . Th is is ach ieved by depress
ing key DA fo l lowed by the four-d ig i t  address and 
subsequent ly pressing the enter key E. After d i rect 
addressing , pag ing by means of keys n U and keys 
i ! is poss ib le . 

The sett ing procedure can be ended at any t ime by 
the key combinat ion F E ,  i . e .  depress ing the func
t ion key F fo l lowed by the entry key E. The d isplay 
shows the quest ion " SAVE NEW SETTINGS? " .  
Conf i rm with the " Yes " -key Y that the new sett ings 
sha l l  become val id now . If you press the " No "  -key 
N i nstead , codeword operat ion wi l l  be aborted , i . e .  
a l l  a l terat ions wh ich have been changed s ince the 
last codeword entry are lost . Thus ,  erroneous a l
terat ions can be made ineffect ive . 
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7UM5 1 6 V3 

If one tries to leave the sett ing range for the func
t ional parameter b locks ( i .  e .  address b locks 1 0  to 
39) with keys n ij ,  the d isp lay shows the question 
" END OF CODEWORD OPERATION 7 " .  Press the 
" N o " -key N to cont inue parameter iz ing . If you 
press the " Yes " -key J/Y instead , another ques
t ion appears : " SAVE NEW SETTINGS 7 " .  Now you 
can confirm with J/Y or abort with N ,  as above . 

After complet ion of the parameteriz ing process , 
the changed parameters which so far have on ly 
been stored in volat i le memory ,  are then perma
nent ly stored in EEPROMs .  The d isp lay conf irms 
" NEW SETTINGS SAVED " .  After press ing the key 
MIS fol lowed by RESET LED ,  the ind icat ions of the 
qu iescent state appear i n  the d isp lay .  

6 . 3 . 1 . 2 Selecta b l e  para m eter sets 

Up to 4 d i fferent sets of parameters can be se
lected for the funct iona l  parameters , i . e .  the ad
dresses above 1 000 and below 4000 . These pa
rameter sets can be switched over dur ing opera
t ion , local ly using the operator panel or  v ia the op
erat ing interface us ing a personal computer ,  or  
a lso remotely us ing b inary i nputs . 

If th is  fac i l i ty is not used then it is suff ic ient to set 
the parameters for the preselected set . The rest of 
this section is of no importance . Otherwise , the pa
rameter change-over fac i l i ty must be conf igured 
as EXIST under address 7885 ( refer Sect ion 
5 . 4 . 2 ) . The f i rst parameter set  is  ident i f ied as set 
A, the other sets are B ,  C and D. Each of these 
sets is adj usted one after  the other .  

I f  the switch-over fac i l i ty is  to be  used , f i rst set a l l  
parameters f o r  t h e  normal status o f  parameter set 
A. Then switch over to parameter set B :  

- Fist complete the parameteriz ing procedu re for 
set A as descr ibed i n  Sect ion 6 . 3 . 1 . 1 . 

- Press key combinat ion F 2 .  i . e .  f i rst the funct ion 
key F and then the number key 2.  Al l  fo l lowing 
inputs then refer to parameter set B .  

iI' 8 5 0 0 l p A R A M E T E R  

� C H A N  G E - 0 V E R 

92  

Operating instructions 

All parameter sets can be accessed in a s imi lar 
manner :  

• Key combinat ion F 1 :  
access to parameter set A 

• Key combinat ion F 2 :  
access to parameter set B 

• Key combinat ion F 3 :  
access t o  parameter set C 

• Key combinat ion F 4 : 
access to parameter set 0 

I nput  of the codeword is aga in necessary for the 
sett ing of a new selected parameter set . Without 
input of the codeword . the sett ings can on ly be 
read but not modif ied . 

S ince on ly a few parameters wi l l  be d ifferent i n  
most appl icat ions ,  i t  is  poss ib le  to copy previously 
stored parameter sets in to another  parameter set . 

It is addit iona l ly  poss ib le to select the or ig ina l  set
t ings . i . e .  the sett ings preset on  de l ivery , for a mo
d i f ied and stored parameter set . Th is i s  done by 
copy ing the " ORIG . SET "  to the des i red parameter 
set . 

It is f ina l ly st i l l  possib le to def ine the act ive parame
ter set , i . e .  the parameter set which is va l id for the 
funct ions and threshold va lues of the un it .  See 
Sect ion 6 . 5 . 3  for more deta i l s . 

The parameter sets are processed i n  address 
b lock 85 . The most s imp le manner to come to th is  
b lock is us ing d i rect address ing :  

- press d i rect address key DA , 
- enter address , e . g .  8 5 0 0 ,  
- press enter key E .  

The heading of the b lock for process ing the param
eter sets then appears . 

It is poss ib le to scrol l  through the i nd iv idua l  ad
dresses us ing the i key . The copying fac i l i t ies are 
summarized i n  Tab le 6 . 1 .  

Beg inn i ng of the b lock " Parameter change-over " ;  
process ing of parameter sets 
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7UM5 1 6 V3 

Addr .  
Copy 

from to 

8 5 10 ORIG . SET SET A 

8 5 1 1  ORIG . SET SET B 

8 5 1 2 ORIG . SET SET C 

8 5 1 3 ORIG .  SET SET D 

8 5 1 4  SET A SET B 

8 5 1 5 SET A SET C 

8 5 1 6  SET A SET D 

8 5 1 7  SET B SET A 

8 5 1 8  SET B SET C 

8 5 1 9  SET B SET D 

8 5 2 0  SET C SET A 

8 5 2 1  SET C SET B 

8 5 2 2  SET C SET D 

8 5 2 3  SET D SET A 

8 5 2 4  SET D SET B 

8 5 2 5  SET D SET C 

Table 6 . 1 Copying parameter sets 

11' 8 1 0 0 l S E T T I N G 
� R E A  L T I M  E e L 0 C K 

t i l :  9 1 1 1 9 9 4 

5 5 8 2 6 

t i l ' 1 0 2 1 D A T E  

I II ' 
1 0 3 1 T I M E 

t il ' 1 0 4 I D I F F . T I M  E 

C53000-G l 1 7 6-C97 

I I 
II 
II 
II 

Operating instructions 

Fol lowing copying , only such parameters need be 
changed which are to be d ifferent from the source 
parameter set . 

Parameteriz ing must be terminated for each pa
rameter set as described in Sect ion 6 . 3 . 1 . 1 . 

6 . 3 . 1 . 3 Sett ing of date and t ime 

The date and t ime can be set  when the the real 
t ime c lock is ava i lab le . Sett ing is carried out in 
b lock 81 wh ich is reached by d i rect addressing DA 
8 1 0 0 E or by pag ing with n and U . Input of the 
codeword is  requ i red to change the data . 

Select ion of the ind ividua l  addresses is by further 
scro l l i ng  us ing 1 ! as shown be low . Each modif ica
t ion must be conf i rmed with the enter key E .  

The date and t ime are entered with dots a s  separa
tor s igns since the keyboard does not have a colon 
or s lash (for Amer ican date ) .  

The c lock i s  synchron ized at the moment when the 
enter key E i s  pressed fo l lowing input of the com
p lete t ime .  The d ifference t ime fac i l ity (address 
8 1 04) enab les exact sett i ng  of the t ime since the 
d ifference can be ca lcu lated pr ior to the input . and 
the synchron izat ion of the c lock does not depend 
on the moment when the enter key E i s  p ressed . 

Beg inn ing of the b lock " Sett i ng the real t ime c lock " 
Cont inue with 1 .  

At f i rst , the actua l  date and t ime are d i splayed . 
Cont inue with 1 .  

Enter the new date : 2 d ig i ts  for day , 2 d ig i ts for 
month and 4 d ig its for year ( i nc lud ing century) : use 
the order as conf igured under address 7 1 02 (Sec-

t ion 5 . 3 . 2 ) , but  a lways use a dot for separator :  
DD. MM .YYYY or MM. DD .YYYY 

Enter the new t ime : hours , m inutes , seconds , each 
with 2 d ig i ts , separated by a dot : 
H H . M M . SS 

Us ing the d ifference t ime , the c lock is set forwards 
by the entered t ime , or  backwards us ing the +/-
key .  The format i s  the same as with the t ime setting 
above . 

93 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



7UM5 1 6 V3 Operating instructions 

6 .3 .2  In it ial  displays - address blocks 00 and 1 0  

When the relay is switched on , f i rstly the address 0 and the type ident i f ication of the relay appears . Al l  
Siemens relays have an MLFB (machine readable type number) . When the device is operative and displays 
a qu iescent message , any desired address can be reached e . g .  by pressing the d i rect address key DA 
fo l lowed by the address number.  

� 0 I 7 U M 5 I 6 V 3 * * B 
, 7 U M 5 I 6 * * � * * * * * * * 

The relay i ntroduces itself by g iv ing its type num
ber and the version of f i rmware w i th  wh ich it i s  
equ ipped . The second d isplay l ine shows the 
complete ordering designat ion . 

After address 1 000 ,  the funct ional parameters begin . Further address poss ib i l i t ies are l isted under " Annun
ciations " and "Tests " .  

I I I 0 0 0 I 
A R A M  E T E R S 

Commencement of funct iona l  parameter blocks 

6 . 3 . 3  M a c h i n e  a n d  power system d a t a  - address b l ocks 1 1  a n d  1 2  

The relay requests bas ic data of the power system and the switchgear . 

� 
, 

t 
t 

I l o o l M A C H I N E & 
P O W  E R S Y S T E M D A T A 

�====================� 

I I 0 8 I s T A R P 0 I N T 
H I G H - R E S I S T A N C E 

I L o W - R E S I S T A N  C E 

The instrument transformer data are entered in 
b lock 1 2 . Of part icu lar importance here is the cor
rect polarity , wh ich is determ ined by the input of 
the star-poi nt s ide of the current t ransformers (ad
d ress 1 205) . The descr ipt ions TO WARDS MA
CHINE and TOWARDS STARPOINT presuppose 
that the current transformers are located between 
the machine and the mach ine starpoi nt . Further
more , g e n e rator operat ion is assumed . If the cur
rent transformers are arranged d ifferent ly or if the 
protected mach ine is  a synchronous moto r ,  then 
the entry must be changed accord ing ly .  

94 

Beg i nn i ng  of the b lock .. Mach ine and power 
system data " 

Type of star-po int  earth i ng  of the mach ine 

For the reverse power protect ion i n  part icu lar ,  
ang le error correct ion for  the current and voltage 
t ransformers is of importance (addresses 1 206 
and 1 207 ) , as here a very smal l  active power must 
be calcu lated from a considerab le  apparent power 
i n  case of smal l  power factor .  The sum 8 of the 
ang le errors of current and vo l tage transformers is 
used for the correct ion ang le . The angle i s  com
posed of a constant component as the voltage 
transformer voltage and thus i ts ang le 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 stra ight curve as i l l ustrated in  F igure 6 . 2  which 
shows the ang le error as a funct ion of the current 
magni tude . This correct ion curve is  def ined by the 
intersection of the 8-axis Wo and the slope W1 . 

8 

0 . 5  
12 

Operating instructions 

When the ang le error curve is known I the values 
WO and W1 must be entered in  addresses 1 206 
and 1 207 with reversed s ig n .  The total angle error 
can also be determined during commission ing and 
entered ( refer to Section 6 . 7 . 5 . 2 ) . 

Characterist ics of the l ine : 

8 ,  _________ L ________ =-�--
I I 
I I 

Slope : W1 = 

! 8-axis i ntersect ion : Wo = 8 1 - W1 . 1 1 

F igu re 6 . 2  Example for ang le  error 8 a s  a funct ion of the current I I I N  

� 1 2 0 0 • I N S  T R U M  E N T 

, T R A N  S F O R  M E R  D A T A 

1 1 1 , 1 2 0 1 • I N C T P R I M  
2 0 0 k A 

1 11 ,  1 2 0 2 • U N V T P R I M  
0 0 0 . k  V 

1 11 ,  1 2 0 4 • U N S E C  0 N D . 
0 0 V 

t 1 2 0 5 • C T S T A R P N T 
� T 0 W A R D S M A C H I N E 

I T  
o W R D S S T A R P 0 I N T 

I I I 1 2 0 6 • C T A N G . W 0 

4 3 0 d e g 
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Beg inn ing  of b lock 
" I nstrument transformer data " 

I I Primary rated cu rrent of cu rrent transformers 
Sett ing range : 0 . 050  kA to 50 . 000 kA 

I I 
Pr imary rated vo l tage of vo l tage transformers ( phase-to-
phase) 
Sett i ng rang e :  0 . 3 0  k V  to 50 . 00 kV 

I I Secondary rated vo l tage of vo l tage transformers 
(phase-to-phase) 
Sett i ng  range : 1 00 V to 1 25 V 

Pola rity of cu rrent transformers : 

Starpoint formed on mach ine termina l  s ide 

Starpoint formed on mach ine starpo int  s ide . 

I I Correct ion ang le  Wo for the ins t rument  t ransformers 
Sett ing rang e :  - 2 . 50 °  el  t o  +7 .50°  el 
The presett i ng corresponds to the ang le  deviat ion of 
the i nterna l  transducers 
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t l  ; 2 0 7 1 c T  
, . - 1 7 0 d e g 

A N G L E W 1 

With addresses 1 209 and 1 2 1 0 . the device is in
structed as to how the res idua l  path of the voltage 
transformers i s  connected . This informat ion is im
portant for the earth fau l t  protect ion and the moni
tor ing of measured values . 

If the voltage transformer set or earth ing trans
former has e-n (open-delta) w ind ings ,  and i f 
these are connected to the device . then th is has to 
be recorded in  address 1 209 . S ince the rat io of the 
vol tage transformers is normal ly 

1 I C 

1 2 0 9 I V T D E L  T A 

0 N N E C T E D 

I
N o T C O N  N E C T E D  

1 1 1 ,  I I 1 2 1 O I U p h / U d e l t a  
7 3 

Operating instructions 

Current dependent correct ion W 1 for the instrument 
transformers 
Setting range :  -2 . 50 °  e l  t o  +0 . 00 °  e l  
The presett ing corresponds to t he  angle deviat ion of 
the internal transducers . Exact test of the angle error 
is possib le du ring commiss ion ing with the machine 
( refer Sect ion 6 . 7 . 5 . 2 ) . 

Ul\lsec 
v'3 

the factor Uph/Ude lta (secondary va lues . address 
1 2 1 0) shal l  be set as 31  v'3 = v'3 = 1 . 73 when the 
del ta wind ings a re connected . I f the rat io is d iffer
ent , e . g .  when the d isplacement voltage is formed 
by intermed iate transformers . the factor has to be 
selected accord ing ly .  

The measured d isp lacement voltage i npu t  Ude lta 
of the device is 
CONNECTED to the e-n (open de l ta ) w ind ings 
of the voltage transformer set  or  
NOT CONNECTED 

Match ing factor for res idua l  voltage :  
rated secondary VOltage of v .  t .  phase w ind ing 
rated secondary voltage of open delta w ind ing 

normal ly 1 . 73 
Sett ing range :  -9 . 9 9  to 9 . 99 

6.3 .4 S etti n g s  for  impedance p rotect ion - a d d ress b locks 13 to 1 5  

'fr 1 3 0 0 l I M P  P R O T  
� G E N E R A L S E T  T I N G S 

t l l o 1 3 0 1 1 I M P  . P R O  T . 
F F 

1 0  
N 

I B  L o C K T R I P R E L 

9 6  

Beg inn ing  o f  the b lock 
" D istance protect ion genera l  sett ings " 

I I 
Impedance protect ion 

Switch OFF of impedance protect ion 

I Switch ON of impedance protect ion 

I Impedance protect ion operates but TRIP RELay 
is BLOCKed 
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7UM5 1 6 V3 Operating instructions 

6 . 3 . 4 . 1 Sett ing of the  impedance stages - address block 1 3  

The relevant parameters are set for each d istance 
stage . The reactance X determines the reach of its 
associated zone.  The resistance R forms the a l low
ance for fau l t  resistance . 

As it can be presupposed that the d istance zone is 
set to measure into the un i t  transformer . the set
t ing must be selected so that it takes the regu lat ing 
range of the transformer into account . 

The zone Z l  is therefore set to approximately 70 % 
of the protected range . i . e .  0 . 7  t imes the trans
former reactance . The impedance protection op
erates instantaneously or with only a smal l de lay Tl 
for short-circuits with in th is zone . I f  the reactance 
measured du ring a short-c ircu i t  i s  larger than this 
set va lue . the protect ion tr ip normal ly with i ts 
back-up  t ime . 

The fo l lowing is va l id for the pr imary reactance : 

- � . ....1!.K.. . .!dtl. Xprim -
1 00 1 00 SN 

where : 
kR - zone reach of zone Z l  i n  % 
uK - percent impedance voltage of the un i t  

transformer 
SN - rated apparent power of the un i t  

transformer 
UN - rated vol tage of the u n i t  transformer 

The va lues determined such must be  converted for 
the secondary s ide of current and vo l tage trans
formers . I n  general : 

Zseeondary = 

Current transformer rat io 
Vo l tage transformer rat io  

. Zprimary 

The secondary values g iven to the relay must be 
related to a current of 1 A .  Thus the conversion 
formula for reach for any d istance zone is : 

Xsee = 

Where N et - C . t .  rat io 
NV! - v. t . rat io 

Jt.L 
. X

prim ' A 

I N I  A - rated relay cu rrent i n  Ampere = 
secondary rated current of cur
rent transformers 

X
prim - the pr imary reactance 

C53000-G 1 1 76-C97 

Calcu lat ion Example  

Un it transformer :  

uK = 1 2 . 1  % 
SN = 1 50 MVA 

UN = 1 0 . 5  kV 

Current transformers 1 2 . 000 A/5 A 

Voltage transformers 1 0  kV 10 . 1  kV 

Which g ives the data for zone 1 (70 % of t rans
former reactance) : 

70 
X l prim 1 00 

1 2 . 1 
1 00 

( 1 0 . 5) 2 

1 50 = 0 . 0623 n 

Thus resu lts the sett i ng  for zone 1 i n  secondary 
va lues : 

1 2 . 000 A/5 A 
X l  . 0 . 0623 . 5 sec = 1 0 ,  000 V 1 1  00 V 

X 1 see = � 

Resistance sett i ng  

Aesistance sett i ng  A a l lows a marg in  for fau l t  resis
tance . wh ich appears as an in-phase resistance 
addi t ion to the fault impedance . at the point of 
fau l t . I t  comprises . for example . arc resistances in 
case of arc ing fau l ts . The sett ing shou ld take these 
fau l t  res istances in to account but not be set h igher 
than abso lute ly necessary . An adequate d iffer
ence from the operat i ng  impedance must be en
sured . even under  condi t ions of temporary over
load . 

Normal ly . a resistance sett i ng  equa l  to the reac
tance sett ing is adequate to form suff ic ient arc re
s istance a l lowance . in th is  example : 

R 1 see = � 
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7UM5 1 6 V3 

t 

T2 

Operating instructions 

I I 
T 1 �----------------------�---'------1 

�--------------------------_�I ----------�--------� Z 
I Z 1  I Z 1  B 

x, = 0 . 70 . XTrafo ----i.J-'1 (X , .  R , )  I (X ' B .  R ' B ) 

I-------------' I { 

F igure 6 . 3  T ime grad ing for mach ine impedance protect ion - example 

I ndependent zone Z1 

: 11 7 II 
1 3 0 2 • R 1 5 0 D 

: 1 1 7 II 
1 3 0 3 • X 1 5 0 D 

: 11 0 I I • 1 3 0 4 T 1 5 0 s 

Contro l led  (overreach)  zone Z 1 B 

The overreach zone Z 1  B is a contro l led stage .  I t  
does not in f l uence the normal zone Z 1 . There is , 
therefore . no switch-over . rather the overreach 
zones wi l l  be switched effective or non-effective 
via a b inary i nput . 

Zone Z 1  B is normal ly made effect ive when the net
work circuit breaker i s  i n  off posit ion . I n  th is case . 
each p ick-up of the impedance protect ion ind i -

98 

Resistance va lue 
Sma l lest sett i ng va lue : 0 . 05 n 
Largest sett ing va l ue :  65 . 00  n 

Reactance va lue ( reach )  
Smal lest sett i ng val ue : 0 . 05 n 
Largest sett i ng  val ue :  1 30 . 00 n 

Delay for zone Z 1  
Smal lest sett i ng  va lue : 0 . 00 s 
Largest sett i ng  va lue : 3 2 . 00 s 
and co ( no  tr ip in zone Z 1 ) 

cates an  interna l  fau l t  w i th in  the power stat ion un i t  
s ince the system is  interrupted from the power sta
t ion . Thus . 1 00 % rapid c learance wi thout loss of 
se lect iv ity . 

Zone Z 1  B can be act ivated v ia a b inary input  of the 
device wh ich is contro l led by the network c i rcu it 
breaker aux i l iary contact . It may be de layed by the 
t ime T 1  B .  
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7UM5 1 6 V3 Operating instructions 

: 11 ,  II 1 3 0 5 I R 1 8 Resistance value 
Smal lest sett ing value : 0 . 05 n 0 0 0 n Largest sett ing va l ue :  65. 00 n 

: 11 , II 1 3 0 6 1  X 1 B 
Reactance va lue ( reach) 
Smal lest sett ing va l ue :  0. 05 n 0 0 0 n Largest sett ing va l ue :  1 30 . 00 n 

: 11 0 I I 1 3 0 7 I T 1 8 Delay for 2;one Z l B 
Smal lest sett ing val ue : 0 . 00 s 

5 0 s Largest sett i ng  val ue :  3 2 . 00 s 
and 00 (no tr ip in zone Z l B) 

Back-up  stage 

The impedance protect ion operates as back-up overcu rrent t ime protect ion for  fau l ts  on the upper voltage 
side of the unit t ransformer and i n  the system . The back-up t ime T2 is  set to  g rade above the t ime of the 
second or t h i rd stage of the ne ighbour ing system p rotect ion relays . Add i t iona"y . a d rop-off t ime of the 
impedance protect ion can -be set under  add ress 1 309 . 

t 1 1 5 I I I De lay for  T2 ( fau l t  detect ion und i rect iona l  t r i p )  
1 3 0 8 T 2 Smal lest sett i ng va l ue : 0 . 00 s 

0 0 s Largest sett ing val ue : 3 2 . 00  s 
and 00 ( no  und i rect iona l  t r ip )  

: 1 1 ,  I I 1 3 0 9 I T -R  E S E  T Drop-off de lay 
Sma l lest sett i ng  va lue : 0 . 00 s 

0 0 s Largest sett ing value : 3 2 . 00 s 

6 . 3 . 4 . 2 Sett i n g s  for  fau l t  detect ion - add ress b lock  1 4  

i' 1 4 0 0 l I M P P R O T  

� F A U L T D E T E e  T I O N 

Beg inn ing of the b lock " Fau l t  detect ion for 
impedance protect ion " 

The determin ing factor for overcu rrent sett ing is the maximum poss ib le  operat i ng  cu rrent . P ick-up under 
condit ions of permiss ib le over load must be exc luded ! The th resho ld value (address 1 40 1 ) must therefore 
be set above the maximum ant ic ipated (over-) load cu rrent (at least 1 . 3 t imes . p referred val u e :  approx . 1 . 5 
t imes ) . 

1 4 0 1 1 I >  5 0 I / I n I I 
I n  case of excitat ion systems der iv ing  the i r  power 
from the generator termina ls . when the short-cir
cu it current can rap id ly decay be low the p ick-up 
va lue (address 1 40 1 ) .  the undervo ltage seal- in  
c i rcu i t  i s  to be used . 

C53000-G 1 1 76-C97 

Overcurrent detect ion t h reshold va lue I> 
Smal lest sett ing valu e :  0 . 20  . I N 
Largest sett i ng  va lue : 4 . 00 . I N 

The undervo l tage va l ue  (address 1 403 )  is set be
low the smal lest l i ne-to- l i ne  voltage that can occur 
du ring normal operat ion . e . g .  U< = 75 V. The hold
ing t ime (address 1 404) must be set to cover the 
longest fault clearance t ime i n  back-up case . rec
ommended sett i ng : T -HOLDING = T2 + 1 s .  
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7U M5 1 6  V3 

t ll o II I 4 o 2 .  U < S E A  L - I N 

F F 

1 0  N I 

t II , I I I 4 0 3 • U < 

5 V 

: II , I I I 4 0 4 • T - S E A  L - I N 

0 0 0 s 

6 . 3 . 4 . 3  Sett i ngs  f o r  power swi ng b lock ing 

Operating instructions 

Undervoltage seal- in is 

switched OFF 

switched ON 

Undervoltage va lue for sea l- in (phase-to-phase) 
Smal lest sett ing value :  30 V 
Largest sett ing va l ue :  1 30 V 

Ho ld ing t ime of seal- in ; must be longer than 
backup t ime p lus c i rcu i t  breaker open ing t ime 
Smal lest sett ing value : 0 . 00 s 
Largest sett ing value :  3 2 . 00 s 

1 5 0 0 l I M P  
O W E  R S W I N  G 

P R O  T , Beg inn ing  of the b lock " Power swing b lock ing for 
impedance protect ion " 

1 11 0 I 5 O I l P I S  I I F F 1 0 N I 
For the detect ion of power swings . the fo l lowing 
considerat ions are of importance ' (see a lso Sec
t ion 4 . 2 .4 ) : 

To set the  rate of change of the impedance vector 
(address 1 502 ) . both the maximu'm power swing 
frequency in  the i nstant of entry of the impedance 
vector i nto the power swing  polygon and the t ime 
requ i red by 7UM5 1 6 for the detect ion of the power 
swing must be taken i nto cons iderat ion , Under the 
most d i f f icu l t  condi t ions . at least 35 ms shou ld be 
a l lowed for the detect ion of a power swing . Add i 
t ional ly . the t r ip t ime de lay T 1  must be taken in to 
account . The fo l lowing cond i t ion shou ld be main
ta ined : 

1 00 

Power swing b lock ing is 

switched OFF 

switched ON 

where : T 1  
dZ/dt 
Zmax 

Zmax 
T1 > --

dZ/dt 

delay t ime zone Z1 (address 1 304) 
rate of change (address 1 502 )  
= 2 ' v'R1 2 + X 1 2 
(R l . X l = sett ings 1 302 and 1 304) 

Power swing blocking can  be l im ited to the t ime PIS 
T -ACT (address 1 503) , With this sett i ng  00. power 
swing b lock ing is effective unt i l  the impedance 
vector  has left the power swing polygon aga i n .  
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7UM5 1 6 V3 

The d istance between power swing polygon and 
fau l t  detect ion polygon (phase-phase) should be 
as large as possib le ; the R-intersection is  decisive . 

: 1 1 5 
2 • d Z / d T I I 1 5 0 0 0 D / s 

: II , II • 1 5 0 3 P / S T - A C T  . 0 0 s 

: I I ,  I I 
1 5 0 4 • D E L T A Z 0 0 n 

Operating instructions 

On the other hand . the power swing  polygon must 
not extend into the operat ional impedance ! 

Rate of change of the power swing vector between 
the power swing polygon and fault detection poly-
gon . i n  Dis . below which the power swing is de-
tected . 
Smal lest sett ing va lue : 1 . 0 Dis 
Largest sett i ng va l ue :  200 . 0 Dis 

Power swing act ion t ime : 
Smal lest sett ing va lue : 0 . 0 1  s 
Largest sett i ng val ue :  3 2 . 00 s 
and 00 (on ly  after d iscont inuat ion of the power 
swing cr i ter ion) 

Distance between power swing polygon and tr ip 
polygon (secondary) i n  n 
Smal lest sett i ng  val u e :  0 . 1 0  n 
Largest sett i ng va l ue : 1 0 . 00 n 

6 . 3 . 5  S etti n g s  f o r  stator earth  f a u l t  protect ion  Uo> - a d d ress b l o c k  1 9  

t ll o 
1 0  
I B  

1 9 0 0 • 
A R T  H F A U L T U 0 > 

1 9 o l l s E F  P R O  T . 

F F 

N 

L o C K T R I P  R E L 

I I 

The cri ter ion for the  incept ion of an earth fau l t  i n  
the stator c i rcu i t  is  the occu rrence o f  a neutral d is
p lacement voltage . Exceeding the sett ing value 
Uo> (address 1 902 )  therefore represents the p ick
up for th is protect ion . 

C53000-G 1 1 76-C97 

Beg inn i ng  of the b lock 
" Earth fau l t  protect ion  Uo> "  

Switch OFF o f  earth fau l t protect ion Uo> 

Switch ON of earth fau l t  protect ion Uo> 

Earth fau l t  protect ion operates but  TRIP RELay 
i s  B L OCKed 

The sett i ng  must be chosen such that the protec
t ion does not p ick-up dur ing operat iona l  asymme
tr ies . The p ick-up va lue should be at least twice 
the value of the operat iona l  asymmetry . A value of 
5 % to 1 0  % of the fu l l  d isp lacement value is  nor
mal . 
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7UM5 1 6 V3 

Addit ional ly . the pick-up value  has to be chosen 
such that displacements during network earth 
fau lts which are transferred via the coup l ing capac
itances of the unit t ransformer to the stator c ircu i t . 
do  not lead to pick-up .  The damping effect of the 
load resistor m ust a lso be considered in  th is  case . 

H ints for d imens ion ing the load resistor are con
ta ined in  the pamphlet " Plann ing Machine Protec
tion Systems " . Order No . E50400-U008S
U4 1 2-A 1 -7600 . 

The sett ing va lue is twice the d isp lacement value 
wh ich is coup led i n  at fu l l  network d isplacement . 
F ina l  determinat ion of the sett ing va lue occurs dur
ing commiss ion ing wi th pr imary va lues accord ing 
to Sect ion 6 . 7 . 4 .  

The earth fau l t  t r ip i s  de layed by the t ime set u nder 
address 1 S03 . When sett ing the de lay t ime . the 
over load capabi l ity of the loading equ ipment must 
be considered . 

A l l  set t imes are addi t iona l  delay t imes and do not 
inc lude operat i ng  t imes (measurement t imes , re
set t imes) of the protect ion funct ion i tse lf . 

Example :  

Earth ing transformer 

Operating instructions 

1 0  kV/ 500 V 

.j3 3 

27 kVA 

Load ing resistor 1 0  n 

Voltage d iv ider 

1 0  A cont inuous 
50 A for 20  s 

500 V/ 1 00 V 

Protected zone SO % 

With fu l l  neutra l  d isp lacement voltage ,  the load re
s istor supp l ies : 

500 V 
= 50 A 

1 0  n 

For a protected zone of SO % ,  the protect ion 
shou ld  a l ready operate at 1 / 1 0  of the fu l l  d isp lace
ment voltage .  For the d isp lacement voltage set
t ing , 1 / 1 0  of the fu l l  d isp lacement voltage is used 
(because of the S O  % protected zone) . Consider
ing a vol tage d iv ider of 500 V 1 1 00 V ,  th is  results i n : 

Sett ing U O> = � 

The t ime delay must l ie  below the 50 A capabi l ity 
time of the load ing resisto r ,  i . e .  be low 20 s. The 
overload capabi l ity of the earth ing t ransformer 
must a lso be cons idered if it l ies below that of the 
loading resisto r .  

t 1 1 , 1 9 0 2 • U 0 > 

I I 
Pick-up val ue of earth fau l t  detect ion 

0 0 v Sett ing range :  5 . 0  V to 1 00 . 0  V 

t l l o  II 1 9 0 3 • T - U 0 > Time delay for t r ip 
3 0 s Sett ing range : 0 . 00 s to 3 2 . 00 s 

and 00 (no tr ip wi th Uo» 

t i l , 1 I I 
9 0 4 .  T - R E S  E T Reset de lay after t r ip  s igna l  has been i n it iated 
0 0 s Sett ing range : 0 . 00 s to 3 2 . 00 s 
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7UM5 1 6  V3 Operating instructions 

6 .3 .6  S ettings t o r  out-ot-step protection - address b l o c k  20 

11' 2 0 0 0 1 0 U T - 0 - S T E P  
� P R O  T E e  T I O N 

t l l o 2 0 o 1 1 0  U T - 0 - S T E P 
F F 

1 0 N 

I B L o e K E  D 

The out-of-step protect ion operates on ly  when an 
adjustab le current va lue has been exceeded (ad
d ress 2002) . The posit ive sequence component o f  
the currents is  decis ive for  th is  p ick-up .  As out-of
step condit ions are symmetr ica l  occu rrences . a 
maximum val ue of negat ive sequence current 
must not be exceeded (address 2003 ) . 

2 0 0 2 1 1 1 >  
2 0  I / I n 

2 0 0  3 1 I 2 < 
2 0 I / I n 

l ocus diagram 
of  power swing 
impedance 

M e a  s . 

I I 
M e a  s . 

I I 

T 

Beginn ing of the b lock 
" Out-of-step protect ion " 

Switch OFF. of out-of-step protect ion 

Switch ON of out-of-step protection 

out-of-step protect ion operates but TRIP 
RELay is BLOCKed 

The determ in i ng  factor for overcurrent sett ing is 
the maximum poss ib le operat ing current . Pick-up 
under cond i t ions of permiss ib le overload should be 
exc luded ! The sett ing should therefore be set 
above the maximum ant ic ipated (over-) Ioad cur
rent ( at least 1 . 2 t imes) . I n  genera l . the same val
ue as for the impedance protect ion is chosen . 

Overcurrent p ick-up ( posit ive sequence component) 

Sett i ng  range :  

Symmetry cond i t ion for  measurement release 
(negative sequence component )  
Sett ing range :  0 . 05 1 2 / 1 N  to 1 . 00 1 2 1 1N 

1m  ( z: ) 

c haracter ist ic  1 = ( 0 . 7  to 0 . 9 )  ZK t r a n s f  

______ -r ______ � __ --�r------+
R e  ( Z )  

F igu re 6 . 4  Power swing polygon 
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7UM5 1 6 V3 

The measured impedances du ring power swing 
condit ion are decisive for the sett ings . For the d i
rect ion to the machine (as v ied from the locat ion of 
the voltage transformers ) , the power swing reac
tance of the machine must be considered , which is 
approximately the transient reactance X d '  of the 
machine . Consequent ly , set t ing for Zb shou ld be 
Zb R:1 Xd ' (cf . F igure 6 .4 ) . 

Xd ' can be calcu lated from the per un i t  reactance 
xd ' as fo l lows : 

Rotor type xd 

Operating instructions 

where : 

Xd ' - the transient reactance of the machine 
xd '  - the trans ient per un it reactance 
UN gen - the rated machine voltage 
IN  gen - the rated machine current 
Net - the current transformer transformation 

ratio 
Nvt - the voltage transformer transformation 

ratio 

Usua l  va lues are l isted in Tab le 6 . 1  for IN  = 1 A. For 
I N = 5 A the values must be divided by 5 .  

Xd Xd ' 

UN = 1 00 V / I N = 1 A UN = 1 25 V / I N = 1 A 

tu rbo rotor 0 . 1 3  . . . . .  0 . 22 7 . 5 fl . . . . . .  1 2 . 7 fl 9 . 4 fl . . . . . .  1 5 . 9  fl 

sal ient-pole rotor 0 . 20 . . . . .  0 . 45 1 1 . 5 fl . . . . . .  2 6 . 0  fl 1 4 . 4  fl . . . . . .  3 2 . 5  fl 

Table 6 . 1 Trans ient mach ine reactances ( referred to rated va lues of the  mach ine)  

As i t is  presupposed that the mach ine i s  connected 
with the network v ia a un it t ransformer , the sett ing 
in  the network d i rect ion is chosen such that the 
reactance reach of character ist ic 1 i s  approxi
mately 70 % to 90  % of the transformer imped
ance , and the reach of character ist ic 2 is i nto the 
network . Thus , Ze (address 2006)  is set to 70 % to 
90 % of the transformer reactance : Zd is  set to 
cover at least the un i t  transformer ,  eventual ly a 
part of the network system . 

Transformer type U K = UK/U N 

Table 6 . 2 shows typ ica l  va lues of the characteris
t ics of unit transformers for secondary rated cur
rent I N = 1 A .  For I N = 5 A the secondary imped
ances must be d iv ided by 5.  The relat ionsh ip of the 
values is accord ing to the fol lowing equat ion : 

XK XK 

U N = 1 00 V / IN = 1 A UN = 1 25 V / I N = 1 A 

un i t  t ransformer 8 %  . . .  1 3  % 4 . 6  fl . . .  7 . 5  fl 5 . 8  fl . . .  1 9 . 4  fl 

genera l  3 %  . . .  1 6  % 1 .  7 fl . . .  9 . 2  fl 2 . 2  fl . . .  1 1 . 5 fl 

Tab le 6 . 2  Per u n i t  impedance voltages and impedances of transformers 

The sett ing Za is dec is ive for the width of the power 
swing polygon . This sett i ng  va lue  is determined by 
the total impedance Ztot and can be derived from 
the equat ion in  F igure 6 . 5 .  Ztot can be calcu lated 
from the sum of Zb + Z d :  then the power swing 
ang le is va l id between the machine e . m . t .  and the 
network . Opt iona l l y ,  Ztot can be calcu lated from 

1 04 

Zb + Ze :  in th is  case the power swing ang le is val id 
between the machine e. m. f .  and the un i t  trans
former . The pre-sett ing of address 2004 corre
sponds to the latter case . Usua l ly , the power swing 
angle 1 20 0  is  chosen s ince the generator voltage 
and the system voltage equa l  the voltage d iffer
ence . 
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7UM51 6 V3 

1m 

i - - - - - - - - - - - - � 
I Zd I 
I I 

I 
I 

� - - - -i� 
I 

I 

I 
_ _ _ _ _ _  L 

I 

- - - - - - � 

with Zt ot ::: Zb + Z e 

Operating instructions 

Ztot/2 
Za ::: ----

tan (8 /2 )  

w i th  8 ::: 1 20 °  

Za ::: 
tan ( 1 20 °/2 )  

Za R:$ 0 . 289 · Ztot 

power swing  ang le between 
generator and un i t  trans
former (as i l l ustrated) or 

power swing angle between 
generator and network 

F igure 6 . 5  Power swing po lygon and  impedance vectors wi th power swing  ang le  8 

The polygon width Za determines a lso the maxi
mum detectab le  power swing f requency . The con
s iderat ion that , at maximum power swing f requen
cy , at least  two impedance measurements must 
have been carr ied out  w i th in t he  power swing poly
gon , leads to  the fo l lowing formu la : 

4 
f p  ::: 

7T 

1 � 
T Ztot  

with T ::: a . c .  per iod 

For a rated f requency of 50 Hz ( i  . e .  T ::: 20 ms) , for 
examp le , the above formu la  de l ivers with Za R:$ 

0 . 289 . Ztot (cf . F igu re 6 . 5 ) the maximum detect
able power swing f requency fp/ s :  

fp/S ::: 1 8  Hz .  

The  i nc l i nat ion ang l e  <p of the power swi ng polygon 
can be set i n  address 2008 and thus matched to 
the condit ions . I t  shou ld  be approximate ly the vec
tor ang le  of Ztot .  

C53000-G 1 1 76-C97 

Cal c u lat ion exam p le  

Generator  data : 
xd ' 0 . 20 
UN 1 0 . 5  kV 
I N  ::: 8 . 1 kA 

Un i t  t ransformer data : 
uK ::: 1 2 . 1  % 
SN ::: 1 50 M V A  
UN == 1 0 . 5  kV 

I nstrument transformers : 
C . t .  rat io  
N et ::: 1 2 , 000 A / 5  A 

v .  t .  rat io 

Nvt = 

1 0 000 V 1 00 V 

../3 1 .j3  
Thus , the  secondary trans ient reactance 

1 0 . 5  ' 1 03 . 0 . 20 . 1 2 ' 1 03 /5 . 5 ::: 1 8  n .j3 . 8 .  1 . 1 03 1 0 ' 1  03 1 1  00 

The sett ing of address 2005 is thus determined be
cause of Zb R:$ Xd ' 
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7UM5 1 6 V3 

The secondary reactance of the un it transformer is 
derived from the pr imary reactance by consider ing 
the instrument t ransformer rat ios : 

X - UK • UN2 • l:!ct..- . Jr:.L 
K - 1 00 . SN Nvt A 

1 2 . 1 ( 1 0 . 5 . 1 03) 2 1 2 ' 1 03 /5 
= -_ .  . ' 5  = 1 0 . 7 n 

1 00 1 50 ' 1 06 1 0 ' 1  03 / 1 00 

Assuming that the characterist ic 1 shou ld cover 
75 % of the t ransformer  reactance . the sett ing of 
Zc resu l ts i n :  

Zc= 0 . 75 · 1 0 . 7  n � 8 . 0  n .  

Operating instructions 

Assuming that the remain ing transformer reac
tance and the covered system reactance should 
be 20 n. the sett ing of Zd - Zc results i n :  

Zd - Zc = 1 2  n .  

The width Za o f  the polygon is determined b y  the 
total impedance Ztot .  I n  th is  example . t h e  total im
pedance is that of characterist ic 1 . i . e .  the sum of 
generator reactance and 75 % of the un it trans
former reactance ; that is  the sum of the setting 
va lues for Zb and Zc :  1 8  n + 8 n = 26 n .  Thus : 

Za � 0 . 289 . 26  n � 7 . 5  n .  

t 11 7 2 0 0 4 • Z a I I Ha l f  w idth of the power swi ng polygon 

5 0 n Sett ing range :  0 . 20 n to 1 30 . 0 0  n 

t 11 , 2 0 0 5 • Z b 

I I 
Impedance reach i n  reverse d i rect ion (mach ine )  

8 0 0 n Sett ing range : 0 . 1 0  n to 1 30 . 00 n 

t II . 2 o 0 6 • Z c 

I I 
Impedance reach i n  forward d i rect ion (character ist ic 1 
i n  d i rect ion of the un i t  t ransformer) 

o 0 n Sett i ng  range : 0 . 1 0  n to 1 30 . 00 n 

t 11 , I I 
2 0 0 7 • Z d - Z c 

Impedance reach i n  forward d i rect ion (character ist ic 2 
in network d i rect ion )  as d i f ference Zd-Zc 

2 0 0 n Sett i ng range : 0 . 00 n to 1 30 . 00 n 

t i l 9 
2 0 0 8 • P H I P O L  Y G . I I I nc l inat ion ang le  of the power swing po lygon 
0 0 ° Sett ing range :  60 . 0 °  t o  90 . 0 °  

Address 2009 determines the number of out-of
step periods for character ist ic 1 which sha l l  lead to 
t r i p .  i . e .  how often th is characterist ic must have 
been passed through . Address 20 1 0 determines 
the number of out-of-step per iods for characteris
t ic 2 which sha l l  lead to tr ip . i . e .  how often th is  
character ist ic must have been passed through .  

For characterist ic 1 • 1 to 2 passes are normal ly ad
equate as out-of-step condit ions with the electr i
ca l  centre with in the power stat ion un i t  should not 
be to lerated too long t ime and the power swing fre-

1 06 

quency tends to accelerate du ring out-of-step 
condi t ion so that the electr ical and dynamic stress 
of the mach ine increases . On the other hand . for 
out-of-step cond i t ions with the e lectr ica l  centre 
being in  the network system a h igher  number of 
sl ip period can be to lerated . 

The ho ld ing  t ime (address 20 1 1 )  determines how 
long t ime a detected out-ot-step condi t ion (pass
ing th rough)  is mainta ined so that the counter is 
i nc remented with the next pass ing through . When 
no renewed p ick-up occurs with i n  th is  t ime . the 
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7UM5 1 6 V3 

out-of-step condit ion is ' forgotten ' .  This t ime 
should be set h igher than the longest expected s l ip 
per iod ( i . e .  smal lest s l ip frequency) . Conventional 
values l ie between 20 s and 30 s .  

With each detected out-of-step condit ion the cor
responding counter is incremented and an annun
ciat ion " Out-of-step characteristic 1 " or " Out-of
step characteristic 2 "  is  issued . These annunci
at ions disappear after the t ime which is set under 

Operating instructions 

address 20 1 2 .  I f  th is t ime is set h igher than the 
holding time (address 20 1 1 )  then the out-ot-step 
annunciat ion beg ins with the first out-of-step de
tection and ends after the last detected out-of
step condit ion , prolonged with th is annunciation 
t ime . 

The drop-off delay t ime (address 20 1 3) begins af
ter trip command is given and pick-up has 
dropped off . 

Number of out-of-step condit ions detected by : II ,  2 0 0 9 • R E P  . C H A R . 1 I I characterist ic 1 which should cause tr ipping 
Sett ing range : 1 to 4 

: II . II 
2 0 1 0 • R E P  . C H A R . 2 

Number of out-of-step condi t ions detected by 
character ist ic 2 which shou ld cause tr ipp ing 
Set t ing range :  1 to 8 

: II , I I 
2 0 1 1 • T - H 0 L D I N G Pick-up ho ld ing t ime (va l id for both characterist ics 

1 & 2 
2 0 0 s Sett i ng  range : 0 . 20 s to 3 2 . 00 s 

: 1 1 0 I I 2 0 1 2 • T - S I G N A L Hold ing t ime for out-of-step annunc iat ion (va l id for 
both characterist ics 1 & 2 

0 5 s Sett ing range :  0 . 0 2  s to 0 . 1 5  s 

: 11 0 I I 2 0 1 3 • T - R E S  E T Drop-off t ime after t r ip  command has been issued 

1 0 s Sett ing range : 0 . 05 s to 3 2 . 00 s 
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7UM5 1 6 V3 Operating instructions 

6 .3 .7  S ettings for forward power supervision - address b lock 22  

1t 2 

� S U 

! l l o 2 

F 

1 0 N 

I B L 

2 0 0 1  F 0 R W P O W  E R 
P E R V I S I O N 

2 o l I F O R W . P O W E R  
F 

o C K T R I P  R E L 

Beginn ing of the block " Forward power supervision " 

Switch OFF of forward power supervision 

Switch ON of forward power supervis ion 

forward power supervis ion operates but  TRIP 
RELay is BLOCKed 

Sett ing of the forward power supervis ion i s very much dependent on the app l icat ion . Genera l  sett ing recom
mendat ions cannot be made . The stages operate independent of each other . The p ick-up values must be 
set as a percentage of the secondary rated power SN see = v'3 . U Nsee ' I N see . The mach ine output must 
therefore be referred to secondary va lues : 

whereby 

� Pmaeh UNmaeh 
UNpri 

INmaeh 
INpri SNsee = S N maeh 

Psee  
SN see 
Pmaeh 
SNmaeh -
U N maeh -
I Nmaeh 
U Npri 
I Npri 

secondary active power accord ing  to sett ing va lue 
secondary rated apparent power = v'3 . U N see . I N see 
act ive power of mach ine accord ing to sett i ng va lue 
rated apparent power of mach ine 
rated vo l tage of mach ine 
rated current of mach ine 
pr imary rated vo ltage of vo l tage transformers 
pr imary rated current of current transformers 

The set t imes are add i t iona l  delay t imes which do not i nc lude the operat i ng  t imes (measur ing t ime , reset 
t ime) of the protect ion funct ion i tsel f . 

� II , 2 2 0 2 I P f < I I Superv is ion of decrease i n  forward active power 
Sett i ng range : 0 . 5 % to 1 20 . 0  % 

0 0 % of secondary rated apparent power 

t Il , I I 
2 2 0 3 I p f > 

Supervis ion of i ncrease i n  forward act ive power 
Sett ing range : 1 . 0 % to 1 20 . 0  % 

0 0 0 % of secondary rated apparent power 

t I l , I I 2 2 0 4 I T - P f < Tr ip delay on decrease of forward active power 

0 0 0 s Sett ing range :  0 . 00 s to 3 2 . 00 s 
and = ( no t r ip )  

t Il , I I 
2 2 0 5 I T - P f > Tr ip delay on i ncrease of forward act ive power 
0 0 0 s Sett ing range :  0 . 00 s t o  3 2 . 00 s 

and = ( no  tr ip )  

t 11 5 I I 
2 2 0 6 I T - R E S  E T Drop-off t ime after tr ip s igna l  has been issued 

0 0 s Sett ing range :  0 . 00  s to 3 2 . 00 s 
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7UM5 1 6 V3 Operating instructions 

6 . 3 . 8  Settings f o r  reverse power protection - address block 23 

1 11 0 1 0 
I B 

2 3 0 0 . 
E V E  R S E P O W  E R 

2 3 0 1 . R E V  . P O W  E R 

F F 

N 

L o C K T R I P  R E L 

I I 

II 
I 
I 

If reverse power operat ion occurs , then the tur
b ine-generator set m ust be d isconnected from the 
network s ince operat ion o� the turb ine without a 
certa in m in imum steam th roughput (cool ing ef
fect) i s  impermiss ib le .  In case of a gas tu rb ine , the 
motor ing load may become too large for the net
work . In the event of reverse power with the stop 
valve open , a su i tab le t ime delay must be provided 
in  order to br idge a poss ib le  trans ient reverse pow
er i ntake fo l low ing synchron iz ing o r  du r ing power 
osc i l la t ions after network fau l ts (e . g .  three-pole 
short-circu it ) . Usua l ly  the t ime delay is set to ap
proximately t = 1 0  s .  

I n  the event o f  fau l ts that lead t o  a tr ip o f  the stop 
valve , d isconnect ion by the reverse power protec
t ion i s  performed after a short t ime delay fo l lowing 
conf i rmat ion that the stop va lve has successfu l ly 
operated . Th is  conf i rmat ion is normal ly via an o i l  
pressu re sw i tch or  a l im i t  sw i tch on the s top valve . 

Beg inn ing of the block 
.. Reverse power protection " 

Switch OFF of reverse power protection 

Switch ON of reverse power protect ion 

reverse power protect ion operates but  TRIP 
RELay is BLOCKed 

It must be a condi t ion for tr ipp ing , that the reverse 
power is  caused sole ly by the fai l u re of energy to 
the turb ine . A t ime delay is requ i red to bridge out 
the act ive power osci l lat ions caused by a rapid c lo
sure of the valves , i . e .  to wai t  unt i l  a steady-state 
active power va lue has been reached . A time delay 
of 2 to 3 s is suff ic ient in  this case ; approximately 
0 . 5  s are recommended for gas tu rb ines . The set 
t imes are addi t iona l  t ime delays which do not in
c lude the re lay operati ng  t imes (measurement 
t ime , reset t ime) . 

The reverse power is measured by the protection 
un i t  i tself du ring the pr imary tests ( refer to Section 
6 . 7 . 5 . 2 ) . Approximately 0 . 5  t imes the measured 
reverse power value is chosen as the sett ing value . 
Th is va lue must be entered with i ts negative s ign . 
I n  cases of large mach ines with smal l  motoring 
power i t is  advisable to correct the ang le error of 
the inst rument transformers ( see Sect ion 6 . 3 . 3 ) . 

t 11 - 2 3 0 2 • P > R E V  E R S E 

I I 
Pick-up va lue of reverse power i n  percent of 

t Il , 
t i l ,  
t iL 

1 0 0 % 

2 3 0 3 • T - S V - 0 P E N  

0 0 0 s 

2 3 0 4 • T - S v - C L O S  . 

0 0 s 

2 3 0 5 . T - R E S  E T 
o 0 s 

C53000-G 1 1 76-C97 

I I 

I I 

I I 

secondary rated apparent power .  
Sett ing range : -30 . 00 % to -0. 50 % 

Tr ip delay for reverse power with stop valve Q.Qe.Q 
Sett i ng  range :  0 . 00 s t o  3 2 . 00 s 
and 00 ( no  tr ip with open stop valve) 

Tr ip de lay for reverse power with stop valve � 
Sett ing range : 0 . 00 s to 3 2 . 00 s 
and 00 ( no  t r ip wi th c losed stop valve) 

Drop-off t ime after tr ip command has been issued 
Sett ing range :  0 . 00 s to  3 2 . 00 s 
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7UM5 1 6 V3 Operating instructions 

6 . 3 . 9  Sett ings f o r  unbalanced load protection - address block 24 

L O A D I I 
4 0 0 I 
B A L A N C E D 

t l l o 2 4 o l l u N B A L . L O A D  

F F 

1 0 N 

I B L o C K T R I P R E L 

The maximum cont inuous ly permiss ib le negat ive 
sequence current is  decis ive for the thermal repl i
ca . From experience . th is current amounts to ap
proximately 6 % to 8 % of rated machine current for 
mach ines up  to 1 00 MV A and with tu rbo rotors and 
at least 1 2  % of the rated mach ine current for ma
ch ines with sa l ient-pole rotors . For larger ma
ch ines and i n cases of doubt . the data supp l ied by 
the manufactu rer  shou ld preva i l . 

The values must be converted to the secondary 
quant i t ies when sett ing the 7UM5 1 6 . The fo l lowing 
appl ies : 

. 1 2maxmach Sett ing va lue 1 2> = I Nmach 

whereby : 1 2maxmach - maximum cont i nuous ly per
miss ib le thermal negat ive 
sequence current 

- Rated mach ine cu rrent 
- pr imary rated C. t . cu rrent 

This value 1 2> i s  set under address 2402 . I t  also 
represents the p ick-up value of a current-depend
ent a larm stage .  the def i n ite de lay t ime of which 
T - 12> is set under address 2403 . 

Example :  

Mach i ne :  I N = 1 099 A 
12max = 6 . 5 % 

Current transformer : 1 200 A/ 1 A 

1 099 A 1 2> = 6 . 5  % . 
1 200 A = 6 % 

1 1 0 

Beg i nn ing of the block " Unbalanced load pro
tection " 

Switch OFF of unba lanced load protection 

Switch ON of unbalanced load protect ion 

unbalanced load protect ion operates but  TRIP 
RELay is BLOCKed 

The unba lanced load protect ion s imu lates the tem
peratu re r ise accord ing  to the thermal d ifferential 
equat ion . the so lut ion of which is an e-function in 
steady state operat ion . The t ime constant 'T i s  deci
sive for the t ime to reach the l imi t  temperature and 
thus for the t r ip t ime . 

If the t ime constant is stated by the manufacturer . 
then that va lue is set (address 2404 ) . The thermal 
capab i l i ty t ime can a lso be expressed by the con
stant C = ( 1 2 / I N )  2 . t or by the thermal  unba lanced 
load characterist ic . 

The constant C is proport iona l  to the permiss ib le 
loss energy . Str ict ly speaking i t on ly  appl ies i f a 
constant loss energy is supp l ied without heat d issi
pat ing . This corresponds to a l i near temperatu re 
character ist ic as present i n  the i n it ia l  stage of the 
e-funct ion . i . e . d ur ing a large unbalanced load . 
Under th is  provis ion . the g rad ient t r iang le accord
ing F igure 6 . 6  resu lts i n  the fo l lowing equat ion 

or  

whereby : 1 2 / 1 N  any unba lanced load . 
'T the thermal t ime constant . 
k the permiss i b le unba lanced load of 

the mach ine . 
the t ime at wh ich k i s  reached . 
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7UM5 1 6 V3 

T 
t ime 

F igure 6 . 6  1 22-t character ist ic 

I f  ( 12 / I N )  2 . t i s  replaced by the constant C, then i t  
fo l lows that 

S ince the constant C app l ies for the mach i ne , the 
permiss ib le unba lanced load referred to  rated ma
ch ine cu rrent must be i nserted for k and not the 
va lue referred to the secondary s ide . 

Examo le :  

C = 3 . 1 7 s 

k = _12_ = 6 . 5  % = 0 . 065 
IN  

Then i t  fo l lows that 
3 . 1 7  s 

T =  = � 0 . 0652 

If the thermal  unba lanced load character ist ic is  
provided , the protect ion character ist ic must be 
matched to co inc ide with i t  as far as possib le . Also 
i n  this case a l i near e-funct ion characterist ic can 
be assumed on the basis of a large unbalanced 
load ; most s imp ly 1 2 / 1N  = 1 .  The negative sequence 
current / t ime coord inates for e . g .  1 2 / I N  = 1 are read 
from the character ist ic (F igure 6 . 7 ) and the t ime 
constant T i s  ca lcu lated accord i ng  to the fo l lowing 
formu la : 

_t 1_ T = 
k2 

whereby t l  is t he  permiss ib le du rat ion at 1 2 / IN  = 
and k is the permiss ib le cont inuous unbalanced 
load . 

C53000-G l 1 76-C97 

Operating Instructions 

1 00 % 

t 1 

Parameter T 

-
time 

F igure 6 . 7  Thermal unba lanced load charac
ter ist ic 

Example :  

F rom the unba lanced load characterist ic : 
t l = 3 . 1 7 s at 
12 / 1N = 1 

Cont inuous permiss ib le unba lanced load 
1 2 / 1 N  = 6 . 5  % = 0 . 065 

3 . 1 7  s T = = � 0 . 0652 

The ca lcu lated t ime constant is set as T IME CONST 
under address 2404 . 

The character ist ic of the thermal  unbalanced load 
protect ion does not fu rther reduce for high nega
t ive sequence cu rrents (above 1 0  t imes the per
miss ib le negat ive sequence current ) . Therefore , 
the thermal character ist ic i s  i ntersected by a defi
n i te-t ime negat ive sequence current characteris
t ic 1 2» (address 2406) . A sett i ng to approx . 60 % 
ensures that in the event of a phase fa i lure ( unbal
anced load a lways smal ler than 1 00/V3 %, i . e .  12 < 
58 % )  tr ipp ing a lways occurs accord ing to the ther
ma l  character ist ic . On the other hand , a two
phase short-circu i t  can be assumed to be present 
if more than 60 % unba lanced load exists . Conse
quent ly , the t ime de lay T -12» (address 2407) is 
coord inated accord i ng  to the t ime g rad ing for 
phase short-c i rcu i ts . 

The set t imes are add i t iona l  de lay t imes which do 
not inc lude the operat i ng t imes (measurement 
t ime , reset t ime) of the protect ion funct ion itself . 
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7UM5 1 6 v3 Operating instructions 

1 1 1 6  2 4 0 2 1 1 2 > II Maximum cont inuously permiss ib le negative se-
quence current in % of I N % Sett ing range :  3 % t o  30  % 

t 11 2 I I 
2 4 0 3 1 T - I 2 > Time delay for def in ite t ime warn ing stage 

(operates after p ick-up of 12> . address 2402 ) 0 0 0 s Sett ing range :  0 . 00 s to 3 2 . 00 s 
and 00 (no warn ing with 1 2> stage) 

I I I , I I 
2 4 0 4 1 T I M  E C O N  S T Thermal t ime constant ,. 
5 0 s Sett ing range : 1 00 s to 2500 s 

I I I 9 I I 
2 4 O S I T H E R  M . W A R N Thermal warn ing temperatu re r ise in % of tr ip-0 % 

ping temperature r ise 
Sett ing range :  70 % to 99 % 

1 11 6 II 
2 4 0 6 1 1 2 » Pick-up va lue for  h igh  cu rrent def in ite t ime tr ip 

stage 0 % Sett ing range :  1 0  % t o  80 % 

I I I , II 
2 4 0 7 1 T - I 2 > > Time delay for h igh  current def in i te t ime tr ip 

stage 1 2» (address 2406) 0 0 s Sett ing range : 0 . 00 s to 3 2 . 00 
and 00 ( no tr ip with 1 2» stage) 

1 11 0 I I 
2 4 0 8 • T - R E S  E T Drop-off t ime after tr i p s igna l  has been issued 

1 0 s Sett ing range : 0 . 00 s to 3 2 . 00 s 

6 . 3 . 1 0  Sett i n g s  for  measure d  va l u e  monitor ing - a d d ress b lock 29 

The different mon itor ing funct ions of the protective 
relay a re described in Sect ion 4 . 1 0 . 4 .  They part ly 
mon itor the relay itsel f .  part ly the steady-state 
measured va lues of the transformer c i rcu i ts . 

The sensit ivity of the measured va lue monitor ing 
can be changed i n  b lock 29 . The factory sett ings 
are suff ic ient i n  most cases . I f part icu lar ly h igh op
erat iona l  asymmetr ies of the currents and/or volt-

1 1 2 

ages are expected . or i f . d ur ing operat ion . one or  
more monitor ing fu nct ions react sporadica l ly .  then 
sens i t ivity shou ld  be reduced . 

NOTE:  Prerequ is i te for correct f unct ion of the 
measured va lue mon itors i s  the proper sett ing of 
the general power system data (Sect ion 6 . 3 . 3 ) . 

especia l ly the parameters concern ing voltage con
nect ions and the match ing factor . 
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7UM5 1 6 V3 Operating instructions 

i' 2 9 0 O .  M E A  S V A L U E 
� S U P  E R V I S I O N  

Beginn ing of b lock 
" Measured value supervis ion " 

t ll o 2 9 O l . M . V . S U P  E R v I I Measured va lue mon itor ing is 

F F OFF switched off 

1 0 N 1 ON switched on 

t 1 0 2 9 0 3 . S Y M I t h r e s  Current threshold above wh ich the symmetry moni-

+ 5 0 I / I n 
tor ing is effective (refer F igure 4 . 1 9) 
Smal lest sett ing va l ue :  0 . 1 0 · I N  
Largest sett i ng va l ue :  1 . 00 . I N  

: II 0 II 
2 9 0 4 . S Y M F a c t  I Symmetry factor for the current symmetry = slope 

of the symmetry character ist ic  (see F igure 4 . 1 9 ) 
5 0 Smal lest sett i ng  value : 0 . 1 0  

Largest sett ing va l ue : 0 . 95 

t 1 0 2 9 0 5 • S U M I t h r e s  Current threshold above wh ich the summation mon-
i tor ing ( refer F igure 4 . 1 7 ) reacts (absolute content , 

+ 1 0 I / I n related to I N  on ly) is effective 
Smal lest sett ing val ue : 0 . 1 0  . I N  
Largest sett ing va l ue :  2 . 00 · IN 

t ll o 2 9 0 6 • S U M  . F a c t  . I 

I I 
Relat ive content ( re lated to the maximum conduc-
tor current) for operation of the current summa-

1 0 t ion moni tor ing ( refer Figu re 4 . 1 7 ) 
Smal lest sett i ng  va l ue :  0 . 00 
Largest sett ing val ue :  0 . 95 

: 11 5 
2 9 0 7 .  S Y M . U t h r e s  I I Voltage threshold (phase-phase) above which the 

symmetry mon itor ing is effective ( refer F igure 4 . 20 )  0 V Smal lest sett i ng  va lue : 1 0  V 
Largest sett ing valu e :  1 00 V 

! 1 1 0 2 9 0 8 I S Y M . F a c t  . U I I 
Symmetry factor for the voltage symmetry = slope 
of the symmetry character ist ic ( refer F igure 4 . 20)  

7 5 Smal lest sett ing va l ue :  0 . 58 
Largest sett i ng  val ue : 0 . 95 

: II , 2 9 0 9 l s U M . U t h r e s I I 
Voltage threshold ( phase-to-phase) above which 0 v 
the summat ion moni tor ing ( refer F igure 4 . 1 8) 
reacts (absolute content) is effective 
Smal lest sett ing va l ue : 1 0  V 
Largest sett i ng  value : 200 V 

! I I 0 II 
2 9 1 O I S U M . F a c t  . U Relat ive content ( related to the maximum voltage) 

7 5 
for operat ion of the voltage summat ion monitor ing 
( refer F igure 4 . 1 8) 
Smal lest sett ing value :  0 . 60 
Largest sett ing va l ue :  0 . 95 
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7UM5 1 6 V3 Operating instructions 

6 . 3 . 1 1 Coupl ing externa l  trip s ignals - address blocks 30 to 33 

Up to four desired signals from external protect ion 
or  supervision un its can be incorporated into the 
processing of 7UM5 1 6 .  The signals are coupled as 
" External s igna ls " v ia b inary inputs . L ike the i nter-

nal  protect ion and supervis ion signals , they can be 
annunciated as " External tr ip " ,  time delayed and 
transmitted to the tr ip matrix . 

� 3 0 0 0 l E X T E R N A L 
� T R I P  F U N  C T I O N I 

1 1 1 0  3 0 o I I E X T  . T R I P  
F F 

1 0  N 

I B  L o C K T R I P  R .E L 

I 1 1 ,  3 0 0 2 I T - D E L  A Y 
0 0 s 

I 1 1 0 3 0 0 3 I T - R E S  E T 
I 0 s 

� 3 l o o l E X T E R N A L  

� T R I P  F U N  C T I O N 2 

1 1 1 0  3 I o I I E X T  . T R I P  

F F 

1 0 N 

I B  L o C K T R I P  R E L 

! 1 1 ,  3 I 0 2 I T - D E L  A Y 
0 0 s 

1 11 0 3 I 0 3 • T - R E S  E T 
I 0 s 

1 1 4 

I 

I I 
I 
I 

I I 

I I 

2 

I I 
I 
I 

I I 

I I 

Beginn ing of the b lock " Incorporat ing of an external 
t r ip funct ion 1 "  

Switch OFF of external tr ip funct ion 1 

Switch ON of externa l  tr ip f unct ion 1 

external t r ip funct ion operates but TRIP RELay is 
BLOCKed 

Time de lay for external trip f unct ion 1 
Sett i ng range :  0 . 00 s t o  3 2 . 00 s 
and 00 ( no  t r ip )  

Reset  de lay af ter  tr ip s igna l  has been in i t iated 
Sett i ng  rang e :  0 . 00 s t o  3 2 . 00 s 

Beg i nn i ng  oi the b lock " I ncorporat i ng  of an  externa l  
t r ip funct ion 2 "  

Switch OFF of external t r ip  funct ion 2 

Switch ON of external  t r ip funct ion 2 

external tr ip funct ion operates but TRIP RELay is 
BLOCKed 

Time de lay for external trip funct ion 2 
Sett ing range : 0 . 00 s to 3 2 . 00 s 
and 00 ( no  t r ip )  

Reset delay af ter tr ip s igna l  has been in i t iated 
Sett ing range :  0 . 00 s t o  3 2 . 00 s 
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7UM5 1 6 V3 

i}' 3 2 0 0 l E X T E R N A L  
� T R I P  F U N  C T I O N 3 

1 1 1 0 3 2 o I I E X T . T R I P 
F F 

1 0 N 

I B L o C K T R I P  R E L 

1 11 , 3 2 0 2 I T - D E L A Y 
0 0 s 

I II 0 

3 2 0 3 I T - R E S  E T 
I 0 s 

i}' 3 3 0 0 1 E X T  E R N  A L 
� T R I P  F U N  C T I O N 4 

1 11 0 ! : o I I E X T . T R I P 

1 0 N 

I B L o C K T R I P  R E L 

1 1 1 , 3 3 0 2 I T - D E L  A Y 
0 0 s 

1 1 1 0 3 3 0 3 I T - R E S  E T 
I 0 s 

C53000-G 1 1 76-C9 7 

3 

I I 

I I 

4 I I 
I 
I 

I I 

I I 

Operating instructions 

Beg inn ing of the b lock " Incorporating of an external 
tr ip funct ion 3 " 

Switch OFF of externa l  trip funct ion 3 

Switch ON of external t r ip f unct ion 3 

external tr ip funct ion operates but TRIP RELay is  
BLOCKed 

Time delay for externa l  trip funct ion 3 
Sett ing range : 0 . 00 s to 3 2 . 00 s 
and 00 ( no t r ip )  

Reset de lay af ter  t r ip s igna l  has been in it iated 
Sett ing range : 0 . 00 s to 3 2 . 00 s 

Beg inn ing of the b lock " I ncorporat ing of an external  
t r ip  funct ion 4 "  

Switch OFF of externa l  t r ip funct ion 4 

Switch ON of externa l  t r ip f unct ion 4 

external t r ip  f unct ion operates but  TRIP RELay is  
BLOCKed 

Time delay for external tr ip funct ion 4 
Sett ing range : 0 . 00 s to 3 2 . 00 s 
and 00 (no tr ip )  

Reset delay after t r ip s igna l  has been in i t iated 
Sett i ng  range : 0 . 00 s to 3 2 . 00 s 
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7UM5 1 6 V3 

6.4 Annunciations 

6 .4. 1 Introduction 

After a fau l t , annunciat ions and messages provide  
a survey of important fau l t  da ta  and the funct ion o f  
the relay , and serve for checking sequences o f  
funct ional steps during test ing and commission ing . 
Further , they provide informat ion about the  condi
t ion of measured data and the re lay itself dur ing 
normal operat ion . 

To read out recorded annunciat ions , no codeword 
input is necessary . 

The annunciat ions generated in the relay are pres
ented i n  various ways : 

- LED ind icat ions in the f ront p lates of the relay 
(F igu re 6 . 1 ) ,  

- B i nary outputs (output relays) v ia the connec
t ions of the relay , 

- Ind icat ions i n  the d isplay on the front plate or on 
the screen of a personal computer , v ia the oper
at ing interface , 

- Transmiss ion via the ser ia l  i nterface to local or 
remote contro l  fac i l i t ies . 

Most of these annunciat ions can be relat ively freely 
al located to the LEOs and b inary outputs (see Sec
t ion 5 . 5) . A lso , w i th in specif ic l im itat ions , g roup 
and mu lt ip le i ndicat ions can be formed . 

To ca l i  up annunciat ions on the operator panel . the 
fo l lowing poss ib i l i t ies exist : 

- B lock pag ing wi th the keys n forwards or U back
wards up to address 5000 , 

D i rect select ion with add ress code .  us ing key 
DA . address 5 0 0 0 and execute with key E ,  

o 0 0 • 
N N U N  C I A T I O N S II 

Operating instructions 

- Press key MIS (M  stands for " messages " ,  S 
for " s igna ls " ) ; then the address 5000 appears 
automat ical ly as the beg inn ing of the annunci
at ion b locks . 

For conf igurat ion of the transfer of annunciat ions 
v ia the seria l i nterfaces , the necessary data are 
entered in b lock 72 (see Sect ion 5 . 3 . 3 ) . 

The annunciat ions are arranged as fo l lows : 

B lock 5 1  Operat iona l  annunciat ions ; these are 
messages which can appear dur ing the 
operat ion of the relay : information about 
condi t ion of re lay f unct ions ,  measure
ment data etc . 

B lock 52 Event annunciat ions for the last fau l t ; 
p ick-up ,  t ri p ,  expired t imes or s imi lar .  
As def ined , a fau l t  beg ins with p ick-up of 
any fau l t  detector and ends after drop
off of the last fault detector .  

B lock 53 Event annu nciat ions fo r  t he  previous net
work fau l t , as block 52 .  

B lock 54 Event annunciat ions for the last but two 
network fau l t , as b lock 52 . 

B lock 57 I nd icat ion of operat iona l  measured val
ues (currents , voltages . frequency) . 

B lock 58 I nd icat ion of operat ional measured val 
ues (power ,  power factor ,  imped
ances) . 

B lock 59 I nd icat ion of operat ional  measured val
ues of the unbalanced load protect ion 
( negat ive sequence current , calculated 
thermal va lue) . 

Commencement of " annunciat ion b locks " 

A comprehens ive l ist of the poss ib le annunciat ions and output f unct ions with the associated funct ion num
ber FNo is g iven i n  Appendix C .  It is a lso ind icated to wh ich device each annunciat ion can be routed . 
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7UM5 1 6 V3 Operating instructions 

6.4. 2 Operational  ann unciations - address block 51  

Operat ional and status annunciat ions contain infor
mation which the un i t  provides du ring operat ion 
and about the operat ion . They begin at address 
5 1 00 .  Important events and status changes are 
chronolog ica l ly l isted . start ing with the most recent 
message .  Time information is shown in  hours and 
minutes . Up to 50 operat ional ind icat ions can be 
stored . I f  more occur .  the o ldest are erased in se
quence . 

Fau lts i n  the mach ine are on ly ind icated as 
" Faul  t "  together with the sequence number of 
the fau l t . Detai led information about the h istory of 
the fault is contained in blocks " Fau l t  annunci
at ions " :  refer Sect ion 6 . 4 . 3 .  

The input  o f  t h e  codeword i s  not requ i red . 

� 5 1 0 0 1 0 P E R  A T I O N  A L 
� A N N  U N C I A T I O N S 

o 1 9 5 1 7 

b 1 0 e k e d 

o 2 
C 

After select ion of the address 5 1 00 (by di rect se
lection with DA 5 1 0 0 E andlor paging with n 
or U and further scrol l ing t or �) the operational 
annunciat ions appear .  The boxes below show a l l  
ava i lab le operat ional annunciations . I n  each spe
cif ic case . of course . only the associated annunci
at ions appear in  the d isplay . 

Next to the boxes below . the abbreviated forms are 
exp la ined . I t  i s  ind icated whether an event is an
nounced on occu rrence (C = "Coming ") or a sta
tus is announced " Coming " and " Going " (C/G) . 
The f i rst l i sted message i s .  as example . assigned 
with date and t ime in  the fi rst l ine : the second l ine 
shows the beg inn ing  of a condit ion with the charac
ter C to ind icate that th i s  condit ion occurred at the 
d isplayed t ime . 

Beg inn ing  of the b lock " Operat iona l  
annunciat ions " 

1 st l i ne :  Date and t ime of the event or status  
change 

2nd l i ne : Annunciat ion text . i n  the example Coming 

I f  the rea l  t ime c lock is not ava i lab le the date i s  replaced by :1< :1< . :1< :1< . :1<  "' ,  t he  t ime is g iven as relat ive t ime from 
the last re-start of the processor system . 

Di rect response f rom b inary i n puts :  

I > T i m e S y n c h r 0 

I > s t a r t F 1 t R e c 

I >  A n n u n c 1 

I > A n n u n c 2 

I > A n n u n c 3 

I > A n n u n c 4 

I >  V T m c b T r i p 

I >  I m p b 1 o c k 

C53000-G 1 1 76-C97 

Synchron ize interna l  real t ime c lock (C)  

Fau l t  record ing  started via b inary input (C)  

User def ined annunciat ion No 1 received v ia b inary 
i nput (C/G) 

User def ined annunciat ion No 2 received via b inary 
input  (C/G) 

User def ined annunciat ion No 3 received via b inary 
input  (C/G) 

User def ined annunciat ion No 4 received via b inary 
i nput (C/G) 

Vol tage transformer secondary m . c . b .  tr ipped (CI 
G) 

B lock Impedance protect ion from an externa l  de
vice (C/G) 
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7UM5 1 6 V3 Operating instructions 

I >  E x t e n s  Z 1 B Switch impedance protect ion to extended zone Z1  B 
from external s ignal  (C/G) 

I > B I + Z < AND combinat ion of impedance protection and 
b inary input s igna l  (C/G) 

I > E x t 1 b 1 o c k Block external tr ip s igna l  1 (C/G) 

> E x t t r i p 1 External t r ip s igna l  1 v ia b inary input  (C/G) 

> E x t 2 b 1 o c k Block external t r ip s igna l  2 (C/G) 

> E x t t r i p 2 External t r ip s igna l  2 via b inary input  (C/G) 

> E x t 3 b 1 o c k Block external t r ip s igna l  3 (C/G) 

> E x t t r i p 3 External t r ip s igna l  3 v ia b inary input  (C/G) 

> E x t 4 b 1 o c k B lock external t r ip s igna l  4 (C/G)  

> E x t t r i p 4 External t r ip s ignal 4 via b inary input  (C/G)  

> 0 / S b 1 o c k Block out-of-step protect ion (C/G) 

I >  P r b 1 o c k Block reverse power protect ion (C/G)  

I > s V t r i p p e d Stop valve tr ipped (C/G)  

I > P f b 1 o c k Block forward power superv is ion (C/G)  

1 > I 2 b 1 o c k Block unba lanced load protect ion (C/G) 

I >  R M t h r e p  1 Reset memory of thermal repl ica of unbalanced 
load protect ion (C )  

I >  U 0 > b 1 o c k Block stator earth fau l t  protect ion Uo> (C/G) 

Genera l  operat iona l  a n n u n ciat ions  of the protect ion d evice :  

I D e v o p e r a t i v e Device operative (C/G)  

I P r o t o p e r a t  At least one protect ion funct ion is operat ive (C/G) 

1 I 
n i t  i a 1 s t a r t I n it ia l  start of the processor system (C) 

I L E D r e s e t Stored LED ind icat ions reset (C)  

I p  a r a m r u n n n g: Parameters are being set (C /G )  

1 P a r a m  S e t A Parameter set A is act ive (C/G) 
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7UM5 1 6 V3 

I P a r a m  S e t B 

I P a r a m  S e t C 

I P a r  a m S e t D 

S Y s t e m F 1 t 

F 1 t R e c D a t D e 1 

F 1 t R e c v i a B I 

F 1 t R e c v i a K B 

F 1 t R e c v i a P C 

0 P e r a t  . r a n g e 

Annun ciat ions of mon i tori n g  f u n ct i o n s :  

I w r o n g  

I w r o n g  

A n n  u n c 

A n n u 

S W - v e r s 

d e v I D 

1 0 s t 

P e 1 0 s t 

0 P e r A n n  I n v a 

F 1 t A n n  I n v a 1 

L E D B u f f I n v a 

V D E W S t a t e l  n v 

I e h s E r r 0 r 

I e h s A E r r o r 

I e h s B E r r 0 r 

I e h s e E r r 0 r 

I e h s D E r r 0 r 

C53000-G 1 1 76-C97 

Operating instructions 

Parameter set B is active (C/G) 

Parameter set C is act ive (C/G) 

Parameter set D is act ive (C/G) 

Power system fau l t  (C/G) , detai led information i n  
the fau l t  annunciat ions 

Fau l t  record ing data de leted (C) 

Faul t  record ing tr iggered via b inary input (C) 

Faul t  record ing tr iggered via the front keyboard (C) 

Fault record ing tr iggered via operat ing (PC) inter
face (C )  
Protect ion i n  operat ing range , i . e .  su itable mea
sured va lues are present (C/G) 

Software version of the device is wrong (C) 

Device ident i f icat ion number  is wrong (C) 

Annuncia t ions lost ( buffer overf low) (C) 

Annunc ia t ions for operat ing (PC) interface lost (C) 

Operat iona l  annunc iat ions inva l id  (C/G) 

Faul t  annunc iat ions inva l id (C/G) 

Buffer for  stored LEDs inva l id (C/G)  

VDEW state inva l id (C/G) 

Check-sum error detected (C/G) 

Check-sum error detected for parameter set A :  
n o  operat ion poss ib le with th is  set (C/G) 

Check-sum error detected for parameter set B :  
n o  operat ion poss ib le with th i s  set (C/G) 

Check-sum error detected for parameter set C :  
no  operat ion possib le wi th th is  set (C/G) 

Check-sum error detected for  parameter set D :  
n o  operat ion poss ib le with th is  set (C/G) 
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7UM5 1 6 V3 Operating instructions 

I F  a i 1 u r e 2 4 V Fai lure in i nternal supply voltage 24 V (C/G» 

I F  a i 1 u r e 1 5 V Fai lure in internal supp ly voltage 1 5  V (C/G» 

I F a i 1 u r e 5 V Fa i lure i n  i nternal supp ly voltage 5 V (C/G» 

I F  a i 1 u r e o V Fai l u re i n  offset voltage 0 V (C/G) 

I F a i 1 T r p R e  1 Fa i lure on tr ip relay p . c . b .  (C/G) 

I L  S A d i s r u p t e  d LSA- l ink d isrupted (system interface) (C/G ) 

I F  a i 1 u r e � I I Fai l u re detected by cu rrent p laus ib i l i ty mon itor �I 
(C/G) 

I F  a i 1 u r e I s y m m I Fai l u re detected by cu rrent symmetry monitor (C/G) 

I F  a i 1 u r e � U P - e I Fa i lu re detected by voltage p laus ib i l ity monitor 
�Uph-e (C/G) 

I F  a i 1 u r e U s y m m I Fa i lu re detected by voltage symmetry monitor (C/G) 

I F  a i 1 P h a s e S e q  I Fa i lu re detected by phase sequence moni tor (C/G) 

Operat iona l  a n n u n ciat ion of i mpedance p rotect ion :  

I I  m p o f f Impedance protect ion is switched off (C/G) 

I I m p b 1 o e k e d Impedance protect ion is b locked (C/G) 

I I m p a c t i v e Impedance protect ion act ive (C/G) 

Operat ional  a n n u nc iat ions of the  externa l  t r ip  f u nct ions :  

I E  x t 1 o f f External t r ip funct ion 1 is switched off (C/G) 

I E x t 1 b 1 o c k e d External  t r ip f unct ion 1 is b locked (C/G) 

I E  x t 1 a c t  i v e External t r ip funct ion 1 is active (C/G) 

I E  x t 2 o f f Externa l  t r ip funct ion 2 is switched off (C/G) 

I E  x t 2 b 1 o e k e d External t r ip funct ion 2 is b locked (C/G) 
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7UM5 1 6 V3 Operating instructions 

E x t 2 a c t i y e Externa l  tr ip funct ion 2 is active (C/G) 

E x t 3 o f f External tr ip funct ion 3 is switched off (C/G) 

E x t 3 b 1 o c k e d External t r ip funct ion 3 is b locked (C/G) 

E x t 3 a c t i y e External t r ip funct ion 3 is act ive (C/G) 

E x t 4 o f f Externa l  t r ip funct ion 4 is switched off (C/G) 

E x t 4 b 1 o c k e d External t r ip funct ion 4 i s  b locked (C/G) 

E x t 4 a c t i y e Externa l  t r ip fu nct i on 4 i s  act ive (C /G ) 

Operat i ona l  a n n u n c iat ions  of out-of-step p rotect i o n :  

1 0 / S o f f Out-ai-step protect ion  i s  sw i tch ed off (C/G)  

1 0 / S b 1 o c k e d Out-at-step protect ion  i s  b locked (C/G)  

1 0 / S a c: t i y e Out-of-step protect ion i s  act ive (C /G)  

Operat iona l  a n n u n c iat i o n s  of f o rwa rd power s u p e rv i s i o n :  

I p  f 0 f f Forward power s u perv i s i o n  is sw i tched off (C/G) 

I p  f b 1 o c: k e d Forward power superv is ion  is b locked (C/G)  

I p r a c: t i y e Forward power s u p e rv i s i o n  is act ive (C/G)  

Operat iona l  a n n u n ciat ions  of reve rse powe r protect ion :  

I P r o f f Reverse power protect ion  is sw i tched off (C/G) 

I P r b 1 o c k e d Reverse power protect ion  i s  b l ocked (C/G) 

I p r a c t  i v e Reverse power protect ion i s  act ive (C/G)  
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7UM5 1 6 V3 Operating instructions 

Operat ional  annunciat ions of unbalanced load p rotect ion :  

I I 
2 o f f Unbalanced load protection is switched off (C/G) 

I I 
2 b 1 o c k e d Unba lanced load protect ion is b locked (C/G) 

I I 2 a c t i v e Unbalanced load protect ion is active (C/G) 

I I 2 > W a r n Unbalanced load protect ion current warn ing stage 
operated (C/G) 

I I 2 t h W a r n Unbalanced load protect ion thermal warn ing stage 
operated (C/G) 

I R  M t h r e p  1 Thermal repl ica of thermal  stage of unba lanced 
protect ion reset (C )  

Operat iona l  a n n u nc iat ions  of s ta tor  ear th  fau l t  protect i o n :  

I v  
o > o f f 

I v  
o > b 1 o c k e d 

I v  
o > a c t v e 

Operat iona l  a n n u nc iat ions  of t r ip  test  f u nct io n s :  

I T e s t T r i p 1 

I T e s t T r p 2 

I T e s t T r i p 3 

I
T e s t T r p 4 

I
T e s t T r i p 5 

Further  messages :  

I T a b 1 e o v e r f 1 o w 

I E 
n d o f t a b 1 e 

1 22 

Stator earth fau l t  protect ion  i s  swi tched off  (C/G) 

Stator earth fau l t protect ion  i s  b locked (C/G) 

Stator earth fau l t  protect ion i s  act ive (C/G) 

Test  t r i p  re lay 1 i s  i n  progress (C/G)  

Test  t r i p  re lay 2 i s  i n  progress (C/G)  

Test  t r ip  re lay  3 i s  i n  p rogress (C/G) 

Test  t r ip  re lay 4 i s  i ii . ogress (C/G) 

Test t r i p  re lay 5 i s  i n  progress (C/G)  

I f  more messages have been received t h e  last va l id  
message is  Table o verflo w .  
I f  not a l l  memory p laces a r e  used t h e  last message 
is End of table . 
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7UM5 1 6 V3 Operating instructions 

6.4 .3  Fault annunciations - address blocks 52 to 54 

The annunciat ions which occurred dur ing the last 
three fau lts can be read off on the front panel or  via 
the operat ing i nterface . The ind icat ions are re
corded in  the sequence from the youngest to the 
o ldest under addresses 5200 . 5300 and 5400 . 
When a fu rther fau lt occurs . the data relat ing to the 
o ldest are erased . Each fau l t  data buffer can con
ta in up  to 80 annunciat ions . 

Input  of the codeword is not requ i red . 

To ca l l  up  the last fau l t  data . one goes to address 
5200 either by d i rect address DA 5 2 0 0 E or 
by pag ing with the keys n or  U . With the keys l or ! 

� I I : 2 0 o • L A S T I I A U L T 

I I � 0 1 • 1 5 1 2 9 4 
y s t e m F I t  6 

I I � 0 2 • 1 2 4 1 3 3 5 8 7 
a u 1 t C 

til: II 
0 3 • 0 m s 

m p F a u 1 t L 1 C 

I II � 0 4 • 3 m s 

I I m p F a u 1 t L 2 c 

I II � I I 
o 5 • 1 0 3 m s 

m p T 1 e x p . c 

!II: I I 
o 6 • 1 0 3 m s 

m p T r i p C 

I I � 0 6 • 1 8 7 m s 

e v D r o p o f f  C 

etc . 

C53000-G 1 1 76-C97 

one can page the i nd iv idual annunciat ions forwards 
or backwards .  Each annunciat ion is assigned with 
a sequence item number . 

For these purposes . the " fau lt " means the period 
from f i rst p ick-up of any protection function up to 
last d rop-off of a protection function .  . 

In the fo l lowing c larif icat ion . a l l  the avai lable fau l t  
annunciat ions are ind icated . I n  the case of a spe
c i f ic fau l t . of course . on ly the associated annunci
ations appear i n  the d isp lay . At f i rst . an example is 
g iven for a system fau l t . and expla ined . 

Beg inn ing  of t he  b lock " Fau lt annunciat ions of the last 
system fau l t " 

under  i tem 1 , t h e  date  of t h e  system fau l t  is ind icated . 
in t h e  second l i n e  t h e  consecut ive number of the sys-
tem fau l t  

under  i tem 2 ,  t he  t ime  of  t he  beg inn ing  of the fau l t  i s  
g iven ; t ime reso lu t ion  i s  1 m s  

The fo l low ing i t e m s  i n d icate a l l  f au l t  annunciat ions 
which have occu rre d  from fau l t  detect ion unt i l  drop-off 
of t h e  dev ice , in c h rono log ica l  sequence . These an-
n u nc ia t ions a re tagged with the relat ive t ime in mi l l i -
seconds , s tart i ng  w i th  t h e  f i rst fau l t  detect ion . 
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7UM5 1 6 V3 

General fault  annunciat ions of the device: 

F 1 t B u f f 0 v e r 

S y 5 t e m F 1 t 

F a u 1 t 

D e v i c e F 1 t D e t 

D e v i c e T r i p 

D e v D r o p - 0 f f 

Fau l t  a n n u n c iat ion of i m pedance protect ion :  

I I m p G e n F 1 t 

I I m p F a u 1 t L 1 

I I 
m p F a u 1 t L 2 

I I 
m p F a u 1 t L 3 

I I 
m p I > & U < 

I I m p T 1 e x p 

I I 
m p T 2 e x p 

I I 
m p T 1 B e x p 

I I 
m p T r i p 

I B I + Z < T r i p 

I p  o w e r S w i n g 

Operating instructions 

Faul t  annunciat ions lost (buffer overf low) 

System fault with consecutive number 

Beg inn ing of fau l t  

Fau l t  detect ion of the device , general 

Trip by the device , general 

Drop-off of the device , genera l  

Genera l  fau l t  detect ion of impedance protect ion 

Fau l t  detect ion of impedance p rotect ion , phase L 1 

Fau l t  detect ion of impedance p rotect ion , phase L2 

Fau l t  detect ion of imped.ance protect ion , phase L3 

Fau l t  detect ion of impedance protect ion w it h  under
voltage sea l- in 

Impedance protect ion t ime T 1  ( f i rst stage) expired 

Impedance protect ion t ime T2 (back-up stage) ex
p ired 

Impedance protect ion t ime T1 B ( extended stage) 
expired 

Tr ip by impedance protect ion 

Tr ip by impedance protect ion . AND combined w i th 
b inary inpu t  

Power sw ing detected . imprdance protect ion 
blocked 

Fau l t  a n n u nciat ions  for  tr ip from ext e rna l  source via b inary i n p u t :  

I 
E x t 1 G e n F 1 t Externa l  t r ip funct ion 1 p icked up  

I E x t 1 G e n T r p Tr ip by externa l  t r ip funct ion 1 

I E x t 2 G e n F 1 t External tr ip funct ion 2 p icked up  
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7UM51 6 V3 Operating instructions 

1 E x t 2 G e n T r p Trip by external tr ip funct ion 2 

1 E x t 3 G e n F 1 t External t r ip funct ion 3 p icked u p  

1 E x t 3 G e n T r p Trip by external tr ip funct ion 3 

1 E x t 4 G e n F 1 t External tr ip funct ion 4 p icked up 

1 E x t 4 G e n T r P Trip by external tr ip funct ion 4 

Fau l t  a n n u n c iat ion  of out-of step p rotect ion :  

1 0 / S c h a r 1 Out-of-step protect ion characterist ic 1 passed 
through 

1 0 / s c h a r 2 Out-of-step protect ion characterist ic 2 passed 
through 

1 0 / S d e t c h 1 Out-ol-step detect ion by character ist ic 1 

1 0 / S d e t c h 2 Out-ol-step detect ion by characterist ic 2 

1 0 / S T r i p c h 1 Out-ol-step tr ip by character ist ic 1 

1 0 / S T r i p c h 2 Out-ol-step tr ip by character ist ic 2 

Fau l t  a n n u n ciat ion  of forward power s u p e rvi s ion :  

I p  f < f 1 t d e t 

I p  f > f 1 t d e t 

I p  f < T r P 

I p  f > T r i p 

Fau l t  a n n u nc iat ion of reverse power p rotect i o n :  

I p  r < f a u 1 t d e t 

I p  r < T r i p 

I p  r + S V T r p 

C53000-G 1 1 76-C97 

Forward power superv is ion p icked up  on PI< 

Forward power superv is ion p icked up  on PI> 

Forward power superv is ion t r ip by PI< stage 

Forward power superv is ion tr ip by PI> stage 

Reve rse power protect ion p icked up  

Reverse power protect ion t r i p  

Reverse power protect ion t r ip  w i th  c losed stop 
valve 
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7UM5 1 6 V3 Operating instructions 

Fault annunc iation of unbalanced load protection :  

I I 2 > > F a u 1 t Fau l t  detect ion of the stepped characterist ic 

I I 2 > > T r i p Trip by the stepped characterist ic 

I I 2 e T r i p Trip by the thermal characterist ic 

Fault  annunciat ion of stator earth fau l t  protect ion :  

I U 0 > F a u 1 t 

I U 0 > T r i p  

Further messages:  

I T a b 1 e e III P t y 

I T a b 1 e o v e r f 1 

I T a b 1 e s u P e r c 

I E n d o f t a b  1 e 

o w 

e d e d 

Faul t  detect ion of stator earth fau l t  protection 

Tri p by stator earth fau l t protect ion 

means that no fau l t  event has been recorded 

means that other fault data have occu rred , howev
e r .  memory is f u l l  

a new fau l t  event has  occurred du ring read-out : 
page on with i or ! ;  the d isp lay shows the first 
annunciat ion in the actua l ized order 

I f  not a l l  memory p laces a re used the last message 
is End o f  t ab l e .  

The data o f  the second t o  last fau l t  can b e  found under add ress 5 3 00 . The ava i lab le  annunciat ions are the 
same as for the last  fau l t . 

! I I : 3 0 o • 2 n d 

A U L T 

I etc . 

T 0 L A S  T 

I I 
I 

Beg inn ing  of the b lock " Fau l t  annunciat ions of 
the second to last fau l t " 

The data of the th i rd to last fau l t  can be found under add ress 540 0 .  The ava i lab le annunciat ions are the 
same as for  the last  fau l t . 

! II : 4 0 o • 3 r d T 0 L A S  T 

I I 
Beg inn ing of the b lock " Fau l t  annunciat ions of 

A U L T 
the th i rd to last fau l t " 

I etc . I 
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7UM5 1 6 V3 Operating instructions 

6.4.4 Read-out of operat ional  measured va lues - address blocks 57 to 59 

The steady state r . m . s .  operat ing values can be 
read out at any t ime under the address b locks 57 to 
59 . The fi rst address b lock can be ca l led-up d i
rectly us ing DA 5 7 0 0  E or by pag ing wi th n or U . 
The ind iv idua l  measured values can be found by 
further pag ing  with i or ! .  Entry of the codeword is 
not necessary . The values wi l l  be updated i n  ap
proximately 1 second interva ls . 

The data are d isp layed i n  absol ute pr imary val ues 
and in  percent of the rated device val ues . To en
sure correct pr imary values . the rated data must 

� 5 7 0 0 1 0 P E R  A T I O N A L 
� M E A  S .  V A L U E S A 

be entered to the device under address block 1 2  
as described in  Sect ion 6 . 3 . 3 . 

I n  the fo l lowing example . some typical values have 
been inserted . In practice the actual values ap
pear.  Values outs ide the frequency operation 
range (fN ± 20 %) seem too smal l . 

Further measured or ca lcu lated values are dis
p layed i n  address b locks 58 and 59 . B lock 58 indi
cates values of the impedance protection . b lock 
59 those of the unba lanced load protect ion . 

Beg inn ing of the b lock " Operat iona l  measured val
ues A "  

Use i key t o  move to the next address wi th the next measured val ue . 

� 5 7 0 1 I M E A  S 
� I L l  1 0  

t 5 7 0 2 I M E A  

t r L 2 .l 0 

t 5 7 0 3 I M E A  

t I L 3 1 0 

t 5 7 0 4 I M E A  

t U L 1 E = 6 

S 

S 

S 
0 

V A L U E 

4 0 0  k A 

V A L U E 

4 5 0 k A 

V A L U E 

4 2 0 k A 

V A L U E 

9 k V 

t 5 7 0 5 I M E A  S V A L U E 

t �U==L==2=E=======6====0=8====k==V======� 

t 
t 

5 7 0 6 I M E A  S 
U L 3 E = 6 o 8 

V A L U E 

k v 
�====================� 

C53000-G 1 1 76-C97 

Page on wi th the i key to read off  the next address 
with the next measu red va lue . o r  page back with ! 

One address is ava i lab le for  each measured value . 
The values can be reached a lso by d irect addressing 
us ing key DA fo l lowed by the address number and ex-
ecute with E 

The pr imary values (addresses 570 1 to 5706) are 
referred to the pr imary rated values as parameter-
ized under addresses 1 20 1  ( for I N )  and 1 202  (for 
UN )  ( refer Sect ion 6 . 3 . 3 )  
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7UM5 1 6 V3 

t 5 7 0  7 I M E A S . V A L U E 

+ I L 1 [ % ] = 8 6 . 7  % 

t 5 7 0  8 I M E A S V A L U E 
+ I L 2 [ % ] = 8 7 . 1  % 

t 5 7 0 9 1 M E A S  V A L U E  

+ I L 3 [ % ] = 8 6 . 8  % 

V A L U E 

9 V 

V A L U E 
8 V 

V A L U E 

8 V 

: I I �  � 1 3 I M E A  S . V A L U E 
o . 2 V 

t 5 7 1 4 1 M E A  S V A L U E 

+ I p o s [ % ] = 8 6 . 9  % 

t I �  : � : · M E � � 
5 

V � L U E 

1 28 

7 1 6 1 M E A S  

5 0 . 0 
V A L U E 

Ii z 

I I 

Operating instructions 

The percentage is referred to rated current 

The secondary voltages (addresses 57 1 0 to 57 1 3) 
are referred to the voltages app l ied to the relay 
termina ls 

The percentage i s  referred to rated current 

The percentage i s  referred to the phase-to-phase 
vol tage .  i . e .  ,/3. Upos 

Frequency i n  Hz can on ly d isp layed when an a . c .  
measured quant i ty i s  present 
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7UM5 1 6 V3 

� 5 8 0 0 1 0 P E R  A T I O N A L 

� M E A S  V A L U E S B 

t 5 8 0 1  I M E A S V A L U E 

+ P [ % ] 8 9 7 % 

t 5 8 0 2  I M E A S V A L U E 
+ Q [ % ] 1 8 2 % 

t 5 8 0 3 I M E A  S V A L U E 

+ �C==O==S===P==H==I=====O====9==8==O====� 

t 5 8 0 4 I M E A S V A L U E 
+ P H I 1 1 4 8 d e o· '" 

! I :  8 0 5 I M E A S V A L U E 
6 7 9 8 n 

t I :  8 0 6 • M E A S V A L U E 

+ 1 3 8 0 n 

Operating instructions 

Beg inn ing of the b lock " Operational measured val
ues B " : powers and impedances 

The percentage of active power P and reactive 
power Q is referred to rated apparent power 

V3 ' UN ' . I N 

Power factor of the mach ine 

Power ang le of t he  mach ine 

Measured res is tance f rom U/ I  . cos ¢ 

Measured reactance f rom U/ I  . s in  ¢ 

The negat ive sequence cu rrent and the  ca lcu lated rotor su rface tempera tu re r ise are d isp layed in address 
b lock 59 . 

� 5 9 0 0 1 0 P E R  A T I O N A L 

� M E A  S V A L U E S C 

5 9 0 1 • M E A  S 
I n e g  0 

V A L U E 

% 
t 
+ �====================� 

t 5 9 0 2 • M E A  S V A L U E 
o % 1 I n e g  t h 

' �===============d 

C53000-G 1 1 76-C97 

Beg inn i ng  of the  b lock " Operat iona l  measured val
ues C " : negat ive sequence values 

Ca lcu lated negat ive sequence current in % of rated 
re lay current 

Ca lcu lated temperatu re r ise in  % of the therma l trip 
valu e ;  if u nba lanced load protect ion is switched off 
then 0 is i nd icated 
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7UM5 1 6 V3 

6.5 Operational control faci l it ies 

During operation of the protection re lay it may be 
desired to intervene i n  funct ions or  annunc iat ions 
manual ly or from system criteri a . 7UM5 1 6 com
prises fac i l it ies , e . g .  to re-adjust the real t ime 
clock ,  to erase stored informat ions , or to change 
over preselected sets of f unct ion parameters . 

The funct ions can be control led from the operat ing 
panel on the front of the device , v ia the operat ing 
in terface in  the f ront as wel l  as v ia b inary inputs . 

I n  order to control f unct ions via b inary inputs it i s  
necessary tha t  the b inary i nputs have been mar-

O O O I D E V I C E  
o N T R 0 L I I 

Operating instructions 

shal led to the corresponding switching functions 
dur ing insta l lat ion of the device and that they have 
been connected ( refer Section 5.5 . 2 Marshal l ing 
of the b inary inputs) . 

The control faci l i t ies beg in  with address block 
8000 . This address is reached 

- by block p"ag ing with the keys n forwards or U 
backwards up  to address 8000 , or 

- by d i rect select ion with address code , us ing key 
DA , address 8 0 0 0 and execute with key E. 

Beg inn ing of the b lock " Device contro l " 

6 . 5 . 1 Adj u st ing a n d  syn c h ro n i z i n g  the rea l t ime c lock - a d d ress b lock 8 1  

The date a nd  t ime can  be adjusted a t  any t ime du r
ing operat ion as long as the real t ime c lock is op
erative . Sett i ng  is  carr ied out  in b lock 81 which is  
reached by d i rect address ing DA 8 1 0 0 E or 
by paging with n and U .  

1f' 8 I 0 o • S E T T I G 

� R E A L T I M E C L 0 C K 

t II :  I I 
5 I 2 I 9 9 4 

5 5 4 I 2 

t I I '  I 0 2 1 D A T E  

I I 

t I I '  I 0 3 1 T I M E  

I I 

t il ' I 0 4 I D I F F  . T I M  E 

I I 
1 30 

Input  of the codeword is requ i red to change the 
data . Select ion of the ind ividua l  addresses is by 
fu rther scrol l i ng  us ing  j 1 as shown below . Each 
mod i f icat ion must be conf i rmed with the enter key 
E .  

Beg inn ing  of  t he  b lock " Set t ing the real t ime c loc k " . 
Cont i nue w i th i .  

At f i rst . the actua l  date and t ime are d isp layed . 
Cont i nue  with j .  

Enter the new date : 2 d ig its for  day , 2 d ig its for 
month and 4 digits for year ( inc lud ing century) ; use 
the order as conf igu red under address 7 1 02 (Sec-
t ion 5 . 3 . 2 ) , but  a lways use a dot for separator :  
DD. M M . YYYY or  M M . D D . YYYY 

Enter the new t ime : hours , m inutes , seconds , each 
wi th 2 d ig its , separated by a dot : 
H H . M M . SS 

US ing the d i f ference t ime , the c lock is set forwards 
by the entered t ime , or  backwards us ing the +/-
key . The format is the same as with the t ime sett ing 
above . 
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7UM5 1 6 V3 Operating instructions 

6 .5 .2  Eras i ng stored annunciat ions - address b l o c k  82 

The  annunciat ions and the  status of the LED me
mories are stored in NV-RAMs and thus saved pro
vided the back-up battery is i nsta l led . These 
stores can be cleared i n  block 82 . B lock 82 is 
cal led up by paging with the keys n or U or d i rect ly 
by keying  i n  the code DA 8 2 0 0 E. With the 
exception of resett ing the LED ind icat ions (address 

! II � 
t 8 

t a 

2 0 0 • 
E S E  T 

2 0 1 I 
E D ? 

2 0 2 I 

R E S  E T 

R E S E T 
P E R A T  A N N U N  C . 

2 0 3 1 R E S E T  
A U L T A N N U N  C . 

I I 
II 

? 

? 

820 1 ) .  codeword entry is necessary to erase the 
stored i tems . Reset is separate for the different 
g roups of memories and annunciations .  One 
reaches the ind ividual items by paging t ! . Era
sure requ i res conf irmat ion with the key J/Y .  The 
d isp lay then conf i rms the erasure . I f erasure is not 
requ i red . press key N or s imply page on . 

Beg inn ing  of b lock  
.. Reset " 

Request  whether  t he LED memories shou ld be 
reset 

R e q uest whether  the operat iona l  annunciat ion buffer 
store s h o u l d  be erased 

R e q u est whether the f a u l t  annunciat ion buffer and 
f a u lt record i ng  stores should be erased 

Dur ing erasure of  t h e  stores (which m ay take some t i m e )  the d i s p lay  shows TASK IN  PROGRESS . After 
e ras u re the relay acknowledges erasure . e .  g .  

I

'
S
2 0 2 1 R E S E T  

. U C C E S S F U L 
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7UM516 V3 Operating Instructions 

6.5 .3  Selection of  parameter sets - address block 85 

Up to 4 d ifferent sets of parameters can be se
lected for the funct ional parameters , i . e .  the ad
dresses above 1 000 and below 4000 . These pa
rameter sets can be switched over du ring  opera
t ion , local ly using the operator panel or via the op
erating interface us ing a personal computer , or 
also remotely us ing b inary i nputs . 

The f i rst parameter set is ident i f ied as set A ,  the 
other sets are B, C and D. Each of these sets has 
been set during  parameter iz ing (Section 6 . 3 . 1 . 2 ) 
provided the switch-over faci l ity is used . 

6 . 5 . 3 . 1 Read-out of sett ings  of a parameter 

set 

I n  order to look up the sett ings of a parameter set 
in  the display i t is  suff ic ient to go to any address of 
the funct ion parameters ( i . e .  addresses above 
1 000 and below 4000) , e i ther by d i rect address ing 
us ing key DA . enter ing  the four-f i gure address 
code and terminat ing with enter key E. or by pag
ing through the d isplay with n or  ij .  You can switch
over to look up a dif ferent parameter set . e . g .  

- Press key combinat ion F 2 .  i . e . f i rst the funct ion 
key F and then the n umber key 2 .  A l l  d isp layed 
parameters now refer to parameter set B .  

The parameter set i s  i nd icated i n  the d isplay by a 
lead ing character (A  to D) before the address 
number ind icat ing the parameter set ident i f icat ion .  

if' 8 5 0 0 l p A R A M E T E R  
� C H A N  G E - 0 V E R 

It is possib le to scro l l  through the i nd ividua l  ad
d resses us ing the T key or  to scro l l  backwards with 
! . 
Address 850 1 shows the actua l ly active parameter 
set with which the relay operates . 

In order to switch-over to a d i f ferent parameter set 
scroll on with T to address 8503 . Us ing the 
" N o "-key N you can change to  any des i red param
eter set ; alternat ive ly .  you can dec ide that the pa
rameter sets are to be switched over from b inary 
inputs or via the system interface . If the desired set 
or poss ib i l i ty appears in the d isp lay . p ress the en-

1 32 

The correspond ing procedure is used for the other 
parameter sets : 

• Key combinat ion F 1 :  
access to parameter set A 

• Key combination F 2 :  
access to parameter set B 

• Key combinat ion F 3 : 
access to parameter set C 

• Key combinat ion F 4 :  
access t o  parameter set 0 

The relay operates a lways with the active parame
ter set even du ri ng  read-out of the parameters of 
any desired parameter set . The change-over pro
cedu re described here i s .  therefore , only val id for 
read-out of parameters in the d isplay. 

6 . 5 . 3 . 2  Change-over o f  the active parameter 
set from the operat ing panel 

For change over to a d ifferent parameter set, i . e .  
i f  a different set sha l l  b e  activated . the address 
block 85 is to be used . For th is . codeword entry is 
requ i red . 

The b lock for process i ng  parameter sets is 
reached by press ing the d i rect address key DA 
fo l lowed by the address 8 5 0 0 and enter key E 
or by paging th rough the d isplay with n or ij .  The 
heading of the b lock wi l l appear : 

Beg inn ing  of the b lock " Parameter change-over " :  
process ing of parameter sets 

ter key E .  

A s  with every sett ings of the device for which 
codeword i nput is necessary . codeword operation 
must be terminated . This is done by using the key 
combinat ion F E. i . e .  depress ing the funct ion key F 
fo l lowed by the entry key E .  The d isplay shows the 
quest ion " SAVE NEW SETTINGS? " .  Conf i rm with 
the " Yes " -key Y that the new sett ings shal l be
come val id now. I f  you press the " No " -key N in
stead . codeword operation wil l be aborted . i . e .  aI / 
a l terat ions which have been changed since the last 
codeword entry are lost . Thus .  e rroneous alter
at ions can be made ineffect ive . 
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7UM51 6  V3 

5 0 1 l A C T I V  
E T A 

P A R A  M II 
t 8 5 0 3 I A C T  I V A T I O N 

+ S E T A 

S E T B 

S E T C 

S E T D 

S E T B Y B I N I N P U T 

S E T B Y L S A C a N T R 

6 . 5 . 3 . 3  Change-over of t h e  act ive parameter
set via b i nary i n puts  

I f  change-over of parameter sets  i s  intended to be 
carr ied out v ia  b inary i npu ts . the fo l lowing i s  to be 
heeded : 

- Loca l l y  ( i . e .  f rom the  operator pane l  or from PC 
v ia the  operat ing i nterface) . ACTIVATION must 
be  switched to SET BY BIN . INPUT ( refer Sect ion 
6 . 5 . 3 . 2 ) . 

- 2 log ica l  b inary i nputs are ava i lab le for contro l  of 
the 4 parameter sets . These b inary i nputs a re 
desig nated " > P a r a m . S e l e c . 1 "  and " >P a r a m . 
S e l e c . 2 "  (FNo 7 and 8 ) . 

- The log ica l  b inary i nputs must be a l located to 2 
phys ica l  i npu t  modu les ( refer Sect ion 5 . 5 . 2 )  i n  
order to  a l l ow contro l . An  i npu t  is  treated as not 
energ ized when i t  i s  not ass igned to any physical 
i nput . 

- The contro l i npu t  s igna ls  must be cont inuous ly 
present  as long as  the se lected parameter set  
sha l l  be act ive . 

The act ive parameter sets a re ass igned to the log
ica l  b inary i nputs as  shown in  Tab le 6 . 3 .  

A s impl i f ied connect ion examp le i s  shown i n  F igure 
6 . 8 .  Of course . the b i nary in puts must be  dec lared 
in  normal ly open ( " NO " )  mode . 

C53000-G l 1 76-C97 
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Address 850 1  shows the actually active parameter 
set 

Use the " No "  -key N to page through the alterna
tive poss ib i l it ies . The desi red possibility is selected 
by press ing the enter key E .  

I f  you select SET BY BIN. INPUT, then the parame
ter set can be changed-over via binary inputs (see 
Sect ion 6 . 5 . 3 . 3 ) 
If you se lect SET B Y  LSA CONTR ,  then the param
eter set can be changed-over via the system inter
face 

B inary i nput causes 
ParamSelec . l  ParamSelec . 2  active set 

no no Set A 
yes no Set B 
no yes Set C 
yes yes Set 0 

no = i npu t  not energ ized 
yes = i nput energ ized 

Tab le 6 . 3  Parameter select ion v ia b inary input 

Selector switch for 
T param o  set 
I A 

L+ ------'1-1 , _  � D- L-
Binary input : 

I >ParamSe l ec . l  
I 
I 
I A 
� B 

L+
� , -g D- L-

B inary input : 
>ParamS e l e c . 2  

F igure 6 . 8  Connect ion scheme for parameter 
change-over v ia b inary i nputs 
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6.6 Testing and commissioning 

6.6 . 1 General 

Prerequisite for commiss ion ing is  the complet ion 
of the preparat ion procedures detai led i n  Chapter 
5 .  

&. Warning 

Hazardous voltages are present i n  th is 
e lectr ical equ ipment during operation . 
Non-observance of the safety ru les can 
resu l t  i n  severe personal i nju ry or proper
ty damage .  

On l y  qua l if ied personnel  sha l l  work on and 
around th is  equ ipment after becoming 
thorough ly  fami l iar with a l l  warn ings and 
safety not ices of th is manua l  as wel l  as 
with the app l icab le safety regu lat ions . 

Part icu lar  attent ion must be d rawn to the 
fo l lowing : 

� The earth i ng  screw of the device 
must be connected SOl id ly  to the pro
tect ive earth conductor before any 
other connect ion is  made . 

� Hazardous voltages can be present 
on a l l  c ircuits and components con
nected to the supply voltage or  to the 
measur ing and test q uant i t ies . 

� Hazardous voltages can be present 
in the device even after d isconnec
t ion of the supply voltage (storage 
capacitors ! )  . 

� The l im it va lues given in the Techn i 
ca l  da ta  (Sect ion 3 . 1 )  must not be 
exceeded at a l l . no t  even du r ing test
ing and commiss ion ing . 

When test i ng  the un i t  w i th a secondary i nject ion 
test set . i t  must be ensured that no other meas
u red values are connected and that the tr ipp ing 
leads to the c i rcu i t  breaker tr ip-coi ls have been in
terrupted . 
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.& DANGER! 

Secondary connections of the c u rrent 
transformers must be short-circu ited 
before the current leads to the relay are 
i nterrupted !  
I f  a test switch is insta l led which automati
ca l ly short-circu its the current transform
er secondary leads ,  it i s  suff icient to set 
th is  switch to the " Test " posit ion . The 
short-circuit switch m ust be checked be
forehand (refer to Sect ion 5 . 2 . 6) . 

It is recommended that the actual setti ngs for the 
re lay be used for the test ing procedu re .  I f  these 
va lues are not (yet) ava i lab le . test the relay with 
the factory sett i ngs . I n  the fo l lowing descript ion of 
the test sequence the preset sett ings are assumed 
un less otherwise noted ; for d i f ferent sett ing va lues 
formulae are g iven . where necessary . 

For the funct iona l  test a th ree-phase symmetr ical 
vol tage source with adjustab le voltage outputs . to
gether with a three-phase symmetr ical current 
source with adj ustable cu rrents . shou ld be avai l 
abl e .  Phase d i sp lacement between tes t  cu rrents Ip  
and test  voltages Up shou ld  preferab ly be cont inu
ous ly  adjustab le . 

If u nsymmetr ical cu rrents and voltages occur du r
i ng  the tests it is l i ke ly that the asymmetry mon itor
ing wi l l  f requent ly operate . Th is is of no concern 
because the cond i t ion of steady-state measured 
values is  mon itored and . under normal operat i ng  
condi t ions ,  these are symmetr ica l ; under short c ir
cu i t  cond i t ions these moni tor ing systems are not 
effective . 

NOTE! The accuracy wh ich can be ach ieved dur ing 
test ing depends on the accuracy of the test ing 
equ ipment . The accuracy va lues specif ied i n  the 
Techn ica l  data can on ly  be reproduced under the 
reference cond i t ions set down i n  I EC 255 resp . 
VDE 0435/part 303 and wi th the use of prec is ion 
measur ing i nstruments . The tests are therefore to 
be looked upon pure ly as funct iona l  tests . 
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7UM5 1 6 V3 

Dur ing al l the tests it i s  important to ensure that the 
correct command (tr ip) contacts close , that the 
proper ind icat ions appear at the LEOs and the out
put relays for remote s igna l l ing . I n  the testing  h ints 
the annunciat ions as set by the factory a re stated . 
Addi t iona l  annunciat ions which can be generated 
by other  protect ion funct ions or  part f unct ions are 
not ment ioned . I f  the relay is connected to a cen
tral memory device via the ser ia l  interface , correct 
commun icat ion between the relay and the master 
station must be checked . 

After tests which cause LED ind icat ions to appear ,  
these shou ld be reset , at least once  by  each o f  t he  
possib le methods :  the reset button on t he  front 
plate and via the remote reset relay (see connec
t ion d iagrams ,  Appendix A) . 

!::KJI..f.;. 
The un i t  conta ins an integ rated f requency correc
t ion of the ampl i tudes . The fo l lowing f requency 
ranges are def ined ( refer a lso to the Techn ica l  
data , Sect ion 3 . 1 ) :  

The tolerances as stated are mainta ined i n  the ac
c u racy ran g e . Th is is  def ined with i n  ±1 0 % of the 
rated f requency . 

The operat ing  ran g e  is def ined with in  ±20 % of 
the rated frequency .  Amp l i tude correct ion is car
r ied out  i n  th is  rang e .  

No ampl i tude correct ion is carr ied o u t  without  the  
operat ing  ran g e . Th is  resu l ts in reduct ion of t he  
measured a . c  q uant i t ies because of the amp l i t ude 
response of the f i l ters . A l l  protect ion f unct ions 

C53000-G 1 1 76-C97 

Operating instructions 

which operate on increase of measured values be
come , therefore , less sensitive . Protection func
t ions , which operate on decrease of measured 
quantities , a re blocked outside of the operat ing 
range .  

I f  n o n e  of the measured a . c .  q uant i t ies i s  present , 
a l l  protect ion funct ions which operate with mea
sured quantit ies are ineffective . A tr ip s ignal , once 
issued , of course , i s  mainta ined for at least the du
rat ion of the parameterized reset t ime . The active 
state requ i res that at least one measured a . c .  
quantity b e  present a n d  that the f requency l ies in 
the range 20  Hz to 80 Hz.  The pure logical func
t ions which do not use a . c .  quantit ies , i . e .  the ex
ternal tr ip funct ion via b inary inputs , can operate 
even in case of the ineffect ive state . 

!:'J.QIL 
I f , from the ineffect ive state , a measurement value 
is switched from 0 to the un i t  without a d ifferent 
measurement va l ue  having been present before
hand , an add i t iona l  t ime delay is i ncurred since the 
un i t  must f i rst ly ca lcu late the f requency from the 
measurement val u e .  I n  add i t ion , the measured 
quant i ty must be at least 1 0  % of its rated va l ue  
when no d ifferent measured quant i ty is present . 
Th is must be cons idered when test ing the relay . 

!::KJI..f.;. 
When the un it is de l ivered from the factory , a l l  pro
tect ive funct ions have been switched off . This has 
the advantage that each funct ion can be separate
l y  tested wi thout be ing i n f l uenced by other func
t ions . The requ i red funct ions must be act ivated for 
test ing and commiss ion ing . 
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6 . 6 . 2  Testing the overcurrent fault d etection stage o f  the impedance protection 

The overcurrent fau l t  detection stage can only be 
tested when the impedance protection is conf i
gu red under address 780 1 as IMP. PROT = EXIST 

( refer to Section 5 . 4 . 2) and switched to IMP . PROT 
= ON or IMP .  PROT = BLOCK TRIP REL (address 
1 30 1 ) . 

Apply symmetrica l  rated voltages to a l l  three 
phases to avoid immediate tr ip after p ick-up . 

Test ing can be performed with two-phase or 
three-phase test current wi thout d i f f icu l t ies . 

Sett ing parameter I> (address 1 40 1 ) is decis ive for 
the phase currents . For sett ing va lues up  to 4 x I N . 
the current can be increased g radua l ly  unt i l  the 
stage p icks up .  

ffi Cautio n !  

Test currents larger t han  4 t imes IN may 
overload and damage the relay i f  appl ied 
cont inuously ( refer to Sect ion 3 . 1 . 1  for 
overload capabi l i ty) . Observe a cool i ng  
down period ! 

For tests cu rrents above 4 x I N measurement sha l l  
be performed dynamica l l y .  I t  shou ld be ensured 
that the relay p icks up  at 1 . 1 t imes sett ing va lue 
and does not p ick up  at 0 . 9  t imes sett ing va l ue . 
The reset va l ue  shou ld l i e  at 95% of the p ick-up 
value .  

When the set value fo r  I >  (factory sett ing 1 . 5 x IN )  
is exceeded the pick-up ind icat ions fo r  I> o f  the the 
phases under  test  appear :  

• Annunc iat ion " I mp .  F a u l  t L l " fo r  phase L 1 
( not a l located when de l ivered ) . 

• Annunciat ion " I mp . F a u l  t L 2 " for phase L2 
( not a l l ocated when de l ivered ) ,  

• Annunciat ion " I mp .  Fau l t L 3 " for  phase L3 
(not a l located when de l ivered ) .  

• Annunciat ion " I mp . Gen . F I t . " independent of 
phase (LED 1 and s igna l  relay 5 when de l iv
ered) . 
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The f ina l  t ime is normal ly tested at 2 x sett ing val
ue . It must be noted that the set times are pure 
delay t imes ; operating  t imes of thE! measurement 
funct ions are not inc luded . 

Switch on test current of 2 t imes (at least 1 . 2 
t imes) pick-up va lue I> (address 1 40 1 ) :  
• Annunc iat ion " I mp . Fau l t  L * " (depending on 

phase . see above) . 
• After T2 (5 s ;  address 1 308) . annunciat ion 

" I mp . T2 exp . " (LED 3 and s igna l  relay 4 as 
de l ivered) . 

• Trip relays (K2 to K5) . 
Switch off test current . 

If the underyoltage sea l- in c i rcu i t  is used (address 
1 402 U< SEAL- IN  = ON . contrary to the state as 
de l ivered) th is  can be tested dynamica l ly .  

Switch on test  current of 2 t imes (at least 1 . 2 
t imes) p ick-up va lue  I> (address 1 40 1 ) :  
• Annunciat ion " I mp . Fau l t L * " (depend ing on 

phase . see above) . 

Reduce appl ied voltage ( three-phase) at least be
low the set va lue U< (address 1 403 . 75 V at del iv
ery) and immediate ly switch of test current ; p ick
up s ignal wi l l  be mainta ined . 
• Annunciat ion " I mp . I >  & U< " (not a l located 

when de l ivered ) . 
• After T2 (5 s ;  address 1 308) . annunciat ion " I mp 

T2 e xp " (LED 3 and s igna l  relay 4 as de l iv
ered) . 

• Trip relays (K2 to K5) . 
• After the ho ld ing t ime T -SEAL-IN (address 

1 404 . 1 0  s when de l ivered)  the s igna l  " I mp . I> 

& U< " disappears . The output  relays reset . 

When the voltage is re-estab l ished before the 
ho ld ing t ime has been e lapsed . the annunciat ion 
" I  mp . I> + U< " wi l l  e i ther d isappear .  

Fu rther checks a re  performed with pr imary va lues 
du ring commiss ion ing ( refer to Sect ion 6 . 7 . 2  and 
6 . 7 . 3 )  . 
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6 . 6 . 3  Testing t h e  impedance zones 

Close voltage transformer m . c . b .  

Always app ly th ree-phase test voltage ;  ensure 
c lockwise phase rotation .  Keep the voltage (s )  i n  
the untested phase (s )  at approximately rated val
ue . Set the back-up stage T2 to 00 i n  order to avoid 
tr ip by this stage . 

Feed a test current Ip = 2 x IN into the loop under 
test . I f the test vo l tage wou ld exceed rated voltage 
when the th reshold is reached . reduce test cu r
rent . but on ly so far  that operat ion of the overcur
rent p ick-up stage I> (address 1 40 1 ) is g uaran
teed . The test cu rrent must be kept constant dur
ing a test ! 

Determine the th resho ld point by s low reduct ion of 
the voltage . Check ind icators and output s .  S i nce 
the tr ipping polygon is made up of stra ight  l ines 
(F igure 6 . S ) . d i f ferent formu lae must be used for 
the th reshold voltages dependent upon the i nter
sect ion of these l ines . The genera l  formulae are : 

- For the reactance intersect ions (X-reach) 

UplV = Kx . XZone . I p / lN  

- For the resistance intersect ions (R- l imi tat ion) 

UplV = K R  . RZone . I p / l N 

where l p  - test current 
I N - rated current of relay 
Up - test  vo l tage at threshold 
XZone- sett i ng va lue X of the d istance zone 

to be checked 
Rzone- sett ing va lue R of the d istance zone 

to  be checked 
Kx - factor for X i ntersect ion accord ing  

Tab le  6 . 3  
KR - factor for R in tersect ion accord ing 

Table 6 . 3  

K X 
with fau l t  type 

q, p = So o 1 270 ° genera l  

3-phase 1 1 
s in q,p 

2-phase 2 2 
s in q,p 

Operating instructions 

x 

• _ _ _ _ _ _ _ _ _  2<1 � 
Validity range K" 

- - - - - -�- - -

X l  

, 
, Validity 
: rang� KR 

RA ' R 1 B  R 

, 
, Val idity : range KR , , : I : , , , , 

- "  - - - - - - - - - - - - - - - - - - _ .  
Val id ity range K" 

F igure 6 . S  Impedance character ist ic 

For test ing phase-to-phase the current must f low 
through the tested phases in  opposite d i rect ions . I t  
i s  essent ia l  to ensure absolute symmetry of the two 
phase voltages . otherwise error wi l l  occur !  For the 
factory set  va lues and Ip/ lN = 2 the resul tant volt
ages wi l l  be as Tab le 6 . 4 .  

K R 

q,p = 0 ° 1 1 80 °  genera l  

1 
1 

cos q,p 
2 

2 
cos q,p 

Table 6 . 3  Test factors K x  and KR for ind iv idua l  sett ings 
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zone Z 1  zone Z 1 B 

with fau l t  type cj>p = 90° 1270° cj>p = 0 ° / 1 80° cj>p = 90°  1270° cj>p = 0 ° / 1 80° 

3-phase U p = 1 5  V Up = 1 5  V Up = 20 V Up = 20 V 
2-phase Up = 30 V Up = 30 V Up = 40 V Up = 40 V 

Table 6 . 4  Test voltages Up with test current Ip = 2 . I N  a nd  presett ing 

Table 6 . 3  g ives the factors Kx and KR for your  
own sett ings , fo r  test ang les  cj>p  = 90°  and 0 ° , and  
the general ly appl icab le formu lae . 

Overreach zone Z 1  B can on ly be checked under 
steady-state condit ions , when an input  relay has 
been a l located to the input  funct ion " Ex t e n s . 

ZlB " and is energized (FNo 3 9 5 6 ,  al located to 
b inary input 6 at de l ivery) . 

Activate b inary input . Feed a test cu rrent Ip = 2 . I N  
i nto the loop under  test . I f the test voltage would 
exceed rated voltage when the th reshold is  
reached , reduce test  current , but  on ly so far that  
operat ion of the overcurrent detect ion is  guaran
teed . The test current must be kept constant du r
ing a test ! 

Determine the th reshold point by s low reduct ion of 
the voltage .  Check ind icators and outputs . For the 
factory set  va lues and Ipl lN = 2 the resu l tant  volt
ages wi l l  be as Tab le 6 . 4 ,  Tab le 6 . 3  g ives the gen
era l ly  app l icab le values . 

De-energize b inary i nput . 

For each stage at least one addi t iona l  dynamic test 
shou ld be made to check the correct s igna l l i ng of 
the t ime stages . T ime T1 (address 1 304) is app l i 
cable for zone Z l , T 1  B (address 1 307)  for the 
overreach zone Z1 B .  When measur ing the re
sponse t imes , do not forget that the programmed 
va lues are delay t imes . The inherent measurement 
and tr ip t ime of the relay is add i t iona l . Refer a lso to 
the notes in  Sect ion 6 . 6 . 1 . 
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6 . 6 . 4  Testing the power swing block
ing  function 

Power swing b locking of the impedance protect ion 
can on ly be tested when three symmetrical cu r
rents and th ree symmetrical voltages are avai l 
ab le . The vol tages must together be i nf in itely ad
justab le . 

Prerequ is it e :  Power swing opt ion i s  effective (ad
d ress 1 50 1 , contrary to the state at de l ivery) . 

Adjust the voltages symmetrical ly to the level of 
the rated voltage , currents symmetr ical ly to 2 . I N ' 
The ang le between currents and voltages :  cj>p Fo:j 
0 ° .  

Slowly reduce the voltages symmetrjca l ly down to 
o v .  
• Annunciat ion " Power S w i n g " (not a l located at 

de l ivery) . 

Tri pp ing by the f i rst zone Z 1  does not occu r .  But 
the overreach zone Z l B and the back-up stage are 
not affected by power swing b lock ing . 

Power swing  b lock ing of Z l  B is effective as long as 
the impedance vector s imu lated by the test quant i 
t ies remains wi th in the power swing polygon and 
the act ive t ime PIS T -ACT (address 1 503)  has not 
yet e lapsed . 
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6 .6 .5  Testing the out-of-step protec
t ion 

The out-of-step protection can only be tested i f  i t 
has been conf igured as OUT -OF-STEP = EXIST 

(address 7806 ,  refer to Section 5 . 4 . 2 )  and para
meterized as operative , under address 200 1 . Ad
di t ional ly , th ree symmetr ical currents and three 
symmetrical voltages must be avai lab le . The volt
ages m ust together be inf in itely adjustable . 

Adjust the voltages symmetr ical ly to the level of 
the rated voltage , currents symmetr ical ly to 2 . I N ' 
The ang le between currents and voltages : <j>p R:S 
0 ° .  

S lowly reduce the voltages symmetrical ly down to 
o V. Reverse polar i ty of vo l tages . Then increase 
voltages aga i n .  This has s imu lated one pass ing 
th rough the power swing polygon (character ist ic 1 )  
of the out-of-step protect ion . When the polygon 
has been left , p ick-up of the out-of-step protec
t ion occurs : 
• Annunciat ion " O / S  c ha r . 1 " (s igna l  relay 1 at 

de l ivery) . 
• Annunciat ion " 0 / 8  d e t . c h . 1 "  ( LED 4 at de l iv

ery) . 

If one out-of-step cycle has been set for n l  under  
address 2209 (as de l ivered) , t r ip w i l l  occu r :  
• Annunciat ion " O / S  Tr i p c h . 1 "  ( LED 5 and 

s igna l  relay 3 at de l ivery) . 
• Trip relay ( 2  at de l ivery) . 

If more than one out-of-step cycles have been pa
rameter ized , the procedu re must be fo l lowed so 
often unt i l  t r ip  occurs . 

Activate b inary input  " >0 / 8  b l o c k "  ( not a l located 
when de l ivered from factory) . S lowly reduce the 
voltages symmetrica l ly down to 0 V .  Reverse po
larity of voltages . Then i ncrease voltages agai n .  
• Annunciat ion " O / S  b l o c ked " (not a l located 

when de l ivered ) . 
• No annunciat ions concern ing out-of-step pro

tect ion 
Switch off test quant i t ies . Deact ivate b inary input . 
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6 . 6 . 6  Testing t h e  stator earth fault 
protection Uo> 

The stator earth faul t  protection funct ion can only 
be tested i f th is f unction has been conf igured as 
SEF PROT = EXIST (address 7804 , refer to Section 
5 . 4 . 2 )  and parameterized as operative (address 
1 90 1 ) ,  contra ry to the posit ion as del ivered from 
factory . 

The stator earth fau l t  protection processes the dis
placement voltage which is produced by the earth 
fau l t . 

When checking the delay t imes it must be noted 
that the set t imes are pure delay t imes ; operat ing 
t imes of the measurement funct ion are not in
c l uded . 

Note:  Rated voltage shou ld  be connected to at 
least one vo l tage measurement input  for the dy
namic test ing of the neutra l  d isp lacement voltage 
( refer a lso to note in  Sect ion 6 . 6 . 1 ) .  

Connect voltage of 1 . 2 t imes sett ing value UO> 

(address 1 902 )  to measurement input  for the neu
tra l d isplacement vo l tage . 
• Annunciat ion " UO> Fau l  t "  ( not a l located when 

de l ivered from factory) . 
• After T -UO> (address 1 903 , 0 . 3  s when de l iv

ered from factory) annunciat ion " UO> Tr i p " 
( LED 1 2  and s igna l  relay 1 1 ) .  

• Tr ip relays ( 2 ,  3 ,  4 ,  5) . 
D isconnect voltage .  

Activate b inary input  " >UO b l o c k "  ( not a l located 
when de l ivered from factory) . Connect voltage . 
• Annunciat ion " U> b l o c ke d " (not a l located 

when de l ivered ) . 
• No annunciat ions concern ing earth fau l t  protec

t ion 
Disconnect vol tage .  Deact ivate b inary input . 

Fu rther checks are performed with pr imary va lues 
du ring commission ing . ( refer to Sect ion 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 s imu ltaneously. 

The funct ion of the forward power supervis ion can 
only be tested if it has been conf igured as FOR. 
POWER = EXIST (address 7807 ,  refer to Section 
5 . 4 . 2 ) and parameterized as operative , contra ry 
to the condit ion as de l ivered from factory (address 
2201  FORW. POWER = ON) . 

The function of the reverse power protection can 
on ly be tested if it has been conf igured as REV .  
POWER = EXIST (address 7808 , refer t o  Section 
5 . 4 . 2 )  and parameterized as operat ive , contrary 
to the condit ion as de l ivered from factory (address 
230 1  REV . POWER = ON) . 

The internal p rocessing  of the power va lues uses 
the posit ive sequence components of the currents 
and voltages . Test ing of the power funct ions 
shou ld therefore be with t h ree-phase symmetr ical 
values . I f  asymmetr ical measurement values are 
used then deviations are to be expected . I f  s ing le 
phase measurements are performed , then the 
power va lues w i l l  be lower by the factor 1 /9 ,  s ince 
the posit ive sequence component amounts to 1 /3 
i n  the current as wel l  as i n  the voltage . 

Polar ity of power is def ined for generator opera
t ion , i . e .  

+ P  Forward power Mach ine de l ivers 
active power 

-P Reverse power Mach ine takes up 
active power 

+Q overexc ited operat ion Mach ine del ivers 
i nduct ive power 

-Q underexcited operat ion Mach ine takes up 
induct ive power 

The delay t imes for power increase are tested with 
twice the pick-up va lue , for power decrease by 
switch ing the cu rrent to O. t:!.J:llii.; Re verse power 

protection is a power increase protection since it  

measures the � of a nega tive active power. I t 
must be noted that the set t imes are pure delay 
t imes ; operat ing t imes of the measur ing funct ions 
a re not inc luded . 

• Forward power:  

1 40 

Test cu rrent and test vo l tage in phase ; voltage 
at UN .  Disregard i n it ia l  LED i nd icat ions . 

Connect test current 2 x IN (for cond i t ion as de
l ivered from factory) . 

• Annunciation " Pf> fl  t .  det . " ( not al lo
cated by factory) . 

• After T -Pf> ( 1 0  s ;  address 2205) , annunci-
ation " Pi> Tr i p " ( not a l located at de l ivery) . 

• Trip relays (not a l located when del ivered) . 
Disconnect test cu rrent . 
• Annunciation " Pf< fl  t .  d e t . " ( not a l lo

cated at de l ivery) . 
• After T -Pf< ( 1 0 s ;  address 2204) , annunci

at ion " Pf< Tr i p " ( not a l located at de l ivery) . 
• Trip relays (not a l located at de l ivery) . 

Activate b inary input ">Pf block"  (not a l lo
cated at de l ivery) . Connect test current . 
• Annunciat ion " Pf b l oc ke d " (not a l located at 

de l ivery) . 
• No further a larms regard ing forward power 

supervis ion . 

Disconnect test current . 
• Annunc iat ion " P f b l o c k e d " (not a l located at 

de l ivery) remains .  
• No fu rther a larms regard ing forward power 

supervis ion . 
De-activate b inary input . 

• Reve rse power :  

Test current and test voltage i n  phase opposi
t ion . Voltage set to 0 . 2  UN . 
Connect test cu rrent of 0 . 1  I N  
• Annunciat ion " Pr f au l t  de t . " (not a l lo

cated at de l ivery) . 
• After " T  -SV-OPEN " ( 1  0 s :  add ress 2303) , an

nunciat ion " Pr Tr i p " (LED 7 and s igna l  relay 
8)  . 

• Trip relays ( 2 . 3 .  and 4 )  
Discon ;lect test cu rrent . 

Activate b inary input " > SV t r i pp e d " ( i nput  4) . 
Connect test current . 
• Annunc iat ion " Pr fau l t  de t . " ( not a l lo

cated at de l ivery) . 
• After T -SV-CLOS (3  s ;  address 2304) , an

nunciat ion " Pr + SV Tr i p "  (LED 8 and s igna l  
relay 7 ) . 

• Trip relays ( 2 . 3 .  and 4) . 
D isconnect test cu rrent . De-activate b inary in 
put . 

Activate b inary input " >Pr b l oc k "  ( i nput 3 ) . 
Connect test current . 
• Annunciat ion " Pr b l o c k e d " ( not a l located at 

del ivery) . 
• No fu rther a larms regard ing reverse power 

protect ion . 
Switch off test quant i t ies . De-activate b inary input . 
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7UM5 1 6  V3 Operating instructions 

6.6 .8  Testing the unbalanced load protection 

The unbalanced load protect ion can on ly  be tested 
i f  this f unction has been conf igured as UNB . LOAD 
;::: EXIST (address 78 1 0 , refer to Sect ion 5 .4 .2 )  and 
parameterized as operative (address 2401 ) ,  con
trary to the condit ion as del ivered from factory . 

The unbalanced load protect ion has two def in ite 
t ime delay stages and two thermal stages . 

The setting value 12> (address 2402) represents 
the pick-up value  of the unbalanced load a larm 
stage and at the same t ime the base current for 
the thermal repl ica . 

- 1 2> (address 2402)  with 
T - 12> (address 2403) : 
def in ite t ime a larm stage 

- 12» (address 2406) wi th 
T - 12» (address 2407) : 
def in i te t ime tr ip stage 

- 1 2> (address 2402)  with 
TIME  CONST (ADDRESS 2404) : 
thermal t r ip stage 

- THERM .WARN (address 2405) 
as a percentage of the thermal t r ip stage :  
thermal a larm stage 

The unba lanced load protect ion is  tested with a 
s ing le phase current . In th is  case the unba lanced 
load amounts to one th i rd of the test current wh ich 
i s  referred to the rated un i t  current . Tripp ing must 
not occu r  i f a current correspond ing to th ree t imes 
the sett ing va lue is connected . After an appropri
ate t ime ( approximately 5 x T) a thermal steady
state value is obta ined . The fo l lowing can be read 
out under  the Operat iona l  Measured Values C (ad
d ress block 59) : 

- The negative sequence cu rrent i n  % of rated un i t  
current as unba lanced load ; i t  shou ld corre
spond to approximately one th i rd of the test cu r
rent ; 

- the thermal steady-state va lue of the thermal 
repl ica , wh ich should amount to approximately 
1 00 % in  this case . 

When the p ick-up va lue is exceeded (test current 
g reater than 3 x 12» : 
• Time T - 12> (address 2403 ) e lapses , 
• Annunciat ion .. I 2> Wa rn " (LED 9 and s igna l  

re lay 1 0 ) . 

Note: Rated voltage shou ld be connected to one of 
the voltage measu rement inputs d u ring the dy
namic tests ( refer a lso to note in  Section 6 . 6 . 1 ) .  
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Switch current to approx . 3 . 6  x sett ing value 12» 
(address 2406) . 
• Annunciat ion .. 1 2» Fau l t " (not a l located at 

del ivery) . 
• After T - 12» (3 s ;  address 2407) annunciat ion 

. .  12» Tr i p " (LED 1 1  and signal relay 9 ) . 
• Trip relay ( 1 ) .  

Note: Depend ing on the sett ing of the t ime delay 
T -I» (address 2407) , the thermal stages " 1 2  
th . Warn " and/or " 1 2  e Tr i p " may pick-up ear
l ier and remain so after the disconnection of the 
test current . 

The thermal stages are tested with a s ing le phase 
current of 4 . 8  t imes setting value 12> (address 
2402)  (corresponding to an unbalanced load of 1 . 6 
t imes sett ing va lue) . 

Note: Depending on the sett ing of the t ime con
stant (address 2404) , the def in i te t ime stages 
" 1 2> " and/or " 1 2» " may pick-up earl ie r .  

Switch on test  cu rrent . 
• After reach ing the thermal warn ing stage (ad

dress 2405) annunciat ion " 12 th . Warn " (LED 
1 0 and S ignal relay 1 0 )  . 

• On reach ing the thermal t r ip stage after a t ime 
wh ich corresponds to ha l f  the t ime constant : an
nunciat ion " 1 2  e Tr i p " (LED 1 1  and s igna l  
re lay 9 ) . 

• Trip relay ( 1 ) .  
D isconnect test cu rrent . 

Note: Before measur ing the thermal tr ip t ime it 
must be ensured that the thermal memory is reset 
to O .  This is performed via the b inary input " >RM 
t h . r e p l " ( reset memory of thermal repl ica) . 
Th is f unct ion is a l located to b inary input 2 when de
l ivered from factory . An a l ternat ive approach is to 
observe a c urrent-free pause of at least 5 x T .  

ill Caution ! 

Test c urrents larger than 4 t imes IN may 
overload and damage the re lay if appl ied 
cont inuously ( refer to Sect ion 3 . 1 . 1  for 
overload capabi l i ty) . Observe a coo l ing 
down per iod ! 

If test ing wi th preload is performed , it must be en
su red that a thermal equ i l i b r i um has been estab
l ished pr ior to the start of the t ime measurement . 
Th is i s  the case only when the pre-load has been 
cont inuously connected for a period of at least 
5 x T .  
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7UM51 6 V3 Operating instructions 

6 . 6 . 9  Testing t h e  coupl ing o f  external trip functions 

Four desired s ignals from external protection or su
pervisory units can be connected into the process
ing of the 7UM5 1 6 via b inary inputs . Like the inter
nal s ignal s ,  they can be annunc iated , delayed and 
transmitted to the tr ip matrix . 

The external s ignals can be checked when they 
have been configured as EXT .  TRIP = EXIST (ad
d resses 7830 , 783 1 , 7832 , and/or 7833 , refer to 
Section 5 . 4 . 2) and parameterized as operative 
(addresses 300 1 ,  3 1 0 1 . 320 1 . and/or 330 1 ) . con
trary to the condi t ion as del ivered from factory) . 

At the t ime of de l ivery . two of the external t r ip func
t ions are parameter ized to INPUT 7 (address 6 1 07)  
and INPUT 8 (address 6 1 08) . The set  t imes are 
pure de lay t imes . 

1 42 

Activate b inary input of the tested external tr ip 
funct ion .  
• Annunciation ">Ex t .  T r  i p  * " ;  this is a straight 

acknowledgement message by the binary input 
as operat ional ind ication ( not a l located when de
l ivered from factory) . 

• Annunciat ion "Ext . * Gen . F l  t " ; th is is the 
actual fault event annunc iation (not a l located 
when de l ivered from factory) . 

• After T-DELAY (address 3002 or 3 1 02 or 3202 
or 3302 ; 1 s when del ivered from factory) an
nunciat ion "Ext . * Gen .  Trp " (LED 1 3  for al l 
external tr ip f unct ions and signal relay 1 2  for the 
f i rst ) . 

• Trip relays ( not a l located when de l ivered from 
factory) . 

De-activate b inary input . 
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6.7 Commissioning using primary tests 

6.7. 1 General  advices 

Al l  secondary test equ ipment must be removed . 
Connect measurement values . A l l  instal lat ion 
preparat ions accord ing to Section 5 . 2  must have 
been completed . Primary tests are performed with 
the machine . 

.& Warning 

Primary tests sha l l  be performed on ly by 
qua l if ied personne l  which is tra ined in  
commiss ion ing of protection systems 
and fami l iar  with the operation of the pro
tected object as well as the rules and reg
u lat ions (switch ing , earth ing , etc . )  

Primary test ing i s  usua l ly  performed in the fo l lowing  
order :  

- short-circu i t  tests , 
- earth fau l t  tests , 
- vol tage tests , 
- tests wi th the mach ine connected to the net-

work . 

The fo l lowing h ints are arranged i n  th is  order .  Al l  
protect ion funct ions shou ld be i n it ia l ly  switched 
OFF (cond i t ion as de l ivered from factory) so that 
they do not inf luence one another .  Dur ing pr imary 
test i ng  the funct ions are progressively switched to 
be ing operat ive . 

If a part icu lar  protect ion funct ion is not req u ired at 
a l l , i t  shou ld  be " de-conf igu red " (refer to Sect ion 
5 . 4 . 2 ) . I t  i s  then t reated as NON-EXISTIng . 

Switch ing on of a part icu lar f unct ion can be per
formed i n  two d ifferent ways . The sett i ng  address
es concerned a re shown in  the respective sec
t ions . 

- BLOCK TRIP REL : The protect ion funct ion is op
erat ive and outputs annunc iat ions and mea
sured values . However ,  the tr ip command is 
b locked and i t  is not transmitted to the tr ip ma
tr ix . 

- Protect ion funct ion ON: The protect ion funct ion 
is operative and outputs annunc iat ions and mea
sured va lues . The tr ip command activates the 
t r i p  relays wh ich  have been marshal led to the  
protect ion funct ion accord ing to Sect ion 5 . 5 . 5 .  
I f  the protect ion command i s  not marsha l led to 
any t r ip relay , t r ipp ing does not occur .  
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6.7 .2  Checking the current circuits 

Switch unba lanced load protection (address 240 1 ) 
to BLOCK TRIP REL . 

With the pr imary p lant voltage-free and earthed . 
instal l  � three-po le  short-circuit bridge which is ca
pable of carrying rated current (e . g .  earth ing isola
tor) to the mach ine l i ne-side termina ls . 

£ DANGER! 

Operat ions i n  pr imary area must on ly  be 
performed with  the mach ine at stand
st i l l  and with plant sect ions voltage-free 
and earthed ! 

Slowly excite generator ,  however ,  stator current 
must not i ncrease to above mach ine rated current . 

Read out  current va lues i n  a l l  t h ree phases under 
address b lock 57. They refer to the un i t  rated cur
rent and can be compared with the actual currents 
f lowing . I f  substant ia l  deviat ions occur ,  then the 
cu rrent transformer connect ions are incorrect . 

The phase sequence must be c lockwise . If the ma
ch ine has counter-clockwise rotat ion , two phases 
must be in terchanged . The u nbalanced load can 
be read out under  address 590 1 . I t  must be pract i
ca l ly zero . I f  th is  is not the case , check for crossed 
current transformer leads :  

I f  t h e  unba lanced load amounts to about 1 /3 o f  the 
phase currents then current is f lowing i n  on ly one 
or i n  only two of the phases . 

If the unba lanced load amounts to about 2/3  of the 
phase currents , then one current transformer has 
wrong polar i ty .  

I f  the unba lanced load is about the same as the 
phase current s ,  then two phases have been 
crossed . 

- Shut-down and de-excite generator , 
- apply p lant earths , 
- short-c ircu i t  current transformers , 
- check current transformer c i rcu its and make 

correct ions . 
- repeat test . 

Remove short-c i rcu i t  br idges . 
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Switch impedance protection (address 1 30 1 ) to 
BLOCK TRIP REL . 

With the primary plant voltage-free and earthed , 
instal l  a three-pole short-circuit br idge which is ca
pable of carrying rated current (e . g .  earth ing isola
tor) behind the unit transformer. 

& DANGER! 

Operat ions I n  pr imary area must on ly be 
performed with the machine at stand
st i l l  and with plant sect ions voltage-free 
and earthed ! 

Slowly excite generator , however ,  stator current 
must not increase to above mach ine rated current . 

The relay calcu lates f rom the currents and volt
ages the impedance between the point of insta l la
t ion (voltage transformers) and the short-circu i t  
br idge , i . e .  normal ly the short-c ircu i t  impedance 
of the un i t  transformer .  Read out the reactance 
and resistance values in the measured values B ,  
under addresses 5805 and 5806 . They refer t o  the 
secondary va lues , based on 1 A. I n  the case of the 
transformer impedance , the fol lowing resu lts : 

Pr imary transformer impedance : 

..llit. ZTprim = usc ' 
S Ntr 

where usc percent impedance voltage of trans
former 

UN rated voltage of transformer 
SN rated apparent power of transformer 

I n  secondary va lues : 

� ..!t:L ZTsee = ZTprim . . Nvt A 
= Use • ..llit. . � . ..!.r:L 

SN tr Nvt A 
where Net current transformer ratio 

Nvt voltage transformer ratio 
IN rated relay current 

I f  substantial deviat ions or wrong sign occur ,  then 
the vo ltage transformer connect ions are incorrect . 

Shut down the generator . Remove short-circu i t  
br idges . Switch the unbalanced load protection 
and the impedance protect ion operative (address
es 240 1 and 1 30 1  = ON) . The latter serves from 
now on as short-circu i t  protect ion . 

1 44 

Operating instructions 

6.7.3 Checking the voltage circuits 

Check in the unexcited condit ion of the machine 
with the help of remanent currents , that current 
transformer c i rcuits are not open nor short-cir
cuited and all short-circuit bridges are removed . 

Then , s lowly excite generator to rated voltage.  
Read out voltages i n  a l l  three phases in address 
block 57 .  They can be compared with the actual 
voltages . The voltage of the positive sequence 
system must be a lmost v'3 times the indicated 
phase voltages (it is referred to the phase-to
phase voltage) , the negative sequence voltage 
shou ld be a lmost zero . I f  this is not , the voltage 
transformer connect ions are i ncorrect (cross
overs) . 

The phase sequence at the relay must be c lock
wise . I f  not , the annunciat ion " F a i l .  Pha s e S e q " 
appears in the operat iona l  annunc iat ion (address 
block 5 1 ) .  I f  the machine has counter-clockwise 
rotat ion , two phases must be i nterchanged . 
- Shut down turbo-set and de-excite generator ,  
- app ly  p lant  earths , 
- check voltage transformer c i rcu i ts and make 

correct ions , 
- repeat test . 

B lock ing of the impedance protection on tr ipp ing 
of the VT m . c . b .  shou ld a lso be checked dur ing 
vol tage test i ng . I t  is assumed that the aux i l iary con
tact of the m . c . b .  is marshal led to the b inary input 
5 (as de l ivered from factory) . 
- Switch voltage transformer m . c . b .  to tr ipped 

posit ion , 
- Check that the message " VT mcb t r i p " is in

d icated i n  the operat ional annunciat ions with the 
Coming index , 

- Slowly excite generator to rated voltage ,  
- Check that t he  voltages i n  add ress block 57 are 

a lmost zero , 
- Switch on voltage transformer m . c . b .  
- Check that the message " VT mcb t r i p "  i s  in -

d icated i n  the operat iona l  annunciat ions ,  but  
now with the Going index . 

Shou ld the message not be g iven then check the 
connect ion of the voltage transformer secondary 
c i rcu its , and check correct marsha l l i ng of the 
b inary input from the aux i l iary contact of the 
m . c . b .  ( refer to Sect ion 5 . 5 . 2 ) . 

If the ind ices " e " for " Coming " and " c "  for "Go
ing " are interchanged . check and correct the con
tact mode of the b inary inputs ( " NO "  or  " Ne "  con
tact) i n  accordance with Sect ion 5 . 5 . 2 .  

The voltage tests are completed after the genera
tor has been shut-down . The out-of-step protec
tion - i f  used - shou ld be switched effective now 
(address 200 1 ) .  
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6 . 7.4 Checking the earth fault  protection 

I n  order to check interference suppression of the 
loading resistor , and in  order to verify the pro
tected zone of the earth fault protect ion , pr imary 
tests a re suggested , once with an earth fault at the 
machine terminals and once with a network earth 
fau lt . 

6 . 7 . 4 . 1 Calcu lat ion of protected zone 

The protected zone should f i rst be ver i f ied by cal
cu lat ion : 

I n  the event of an externa l  (h igh-voltage s ide)  
s hort-c i rcu it , an interference vo l tage is t rans
m itted via th e  coup l i ng  capacitance CK (F igure 
6 . 1 0) which i nduces a neutra l  d isp lacement volt
age on the mach ine s ide . 10 ensure that  th is volt
age is not interpreted by the protect ion  as a n  earth 
fault within the mach ine . i t  is  reduced by a su i tab le 
load ing res istor  to  a va lue which corresponds to 
approximately one ha l f  the  pick-up vo l tage of the 
earth  fau l t  protect ion Uo> (address 1 902) . On the 
other hand , the ear th  fau l t  current resu l t i ng  from 
the load ing resistor i n  the event  of an  earth fau l t  at 
the mach ine termina ls  shou ld  not exceed 1 0  A .  

Coup l i ng  capaci tance C K  and load ing resistor Rs 
represent a vo l tage d iv ider (equ iva lent  c i rcu i t  d ia
g ram F igure 6 . 1 1 ) ;  whereby Rs ' i s  the  res istance 

= 

Rs - Loading res istor 
RT - Voltage divider 1 : 5 
UR - Neutral  d isplacement voltage at protect ion relay 

Ca - Generator-earth capacitance 
CL - Line-earth capacitance 
CK - C oupl ing capacitance of unit transformer 
CTr - Winding-earth capacitance of unit transformer 

F igure 6 . 1 0  Block d iag ram wi th earth ing  transformer 

C53000-G 1 1 76-C97 
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Re referred to the machine terminal circuit . Since 
the reactance of the coupl ing capacitance is much 
larger than the referred resistance of the loading 
resistor Re ' , Uc can be assumed to be UNu/y'3 
(compare also vector diagram Figure 6 . 1 2) ,  
whereby UNul y'3 i s  the neutral disp lacement volt
age with a fu l l  d i sp lacement of the network (upper
voltage) neutra l .  The fo l lowing appl ies :  

1 UNU Rs ' : roCK = UR ' :  V3 
UR ' = Rs ' . roCK ' UNu/V3 

I nsert ing the voltage transformation ratio TR of 
the earth ing  transformer :  

U '  
TR 

U d R = - .  R an 
3 

we obta in 

Together  with the vol tage d iv ider  500V/ 1 00V th is  
corresponds to  a d isp lacement vo l tage of  

at  the i npu t  of the un i t . 
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The pick-up value fo r  the  neutral d isplacement 
voltage should amount to at least twice the value of 
th is  i nterference voltage . 

Uc 

UNU Rated voltage on upper-voltage side of unit 
transformer 

Uc Voltage at coupling capaCitance CK 
CK T otal coupling capacitance between upper-volt

age and lower-voltage windings 
UR '  Voltage across loading resistor 
Rs '  Loading resistor o f  earthing transformer ,  re

ferred to machine circuit 

F igure 6 . 1 1 Equ iva lent  d iagram 

UR ' 

Uc 
F igure 6 . 1 2  Vector d iagram 

Operating Instructions 

Example :  

Network : UNU 
fN 
CK 

= 1 1 0 kV 
= 50 Hz 
= 0 . 0 1  J.l.F 

Earth ing transformer : 
TR = 36  

Load ing resistor :  
RB = 1 0  n 

TR 
3 

__ _ 1 3 6  1 6 UE . - . 1 0  n . 3 1 4  s- . 0 . 0 1  . 1 0- F 
5 3 

1 1 0 . V3 . 1 03 V 

= 4 . 8  V 

I f , e .  g . , 1 0  V has been chosen as the  sett i ng  va lue 
for UO> i n  address 1 902 then th is  corresponds to a 
protective zone of 9 0  % .  

Note: When us ing a neutra l  earth ing  t ransformer , 
TR must be inserted as the  voltage transformat ion 
rat io  instead of TR/3 . The resu l t  i s  the  same since 
the neutra l  earth ing  transformer has on ly  one wind
ing . 

P ick-up value 

0 , 5  

Earth  fau l t  o n  machine s ide 

_ _ _ _  L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ 
I 

1 0Z 40 % 

corresponds to 90 % protected zone 

.............. 
Earth  fau l t  on  
upper-voltage s ide 

F igure 6 . 1 3  Neutra l  d isplacement voltage d u ri ng  earth fau l ts 

1 46 

Value extrapo lated 
I to 1 00 % U N mach 

1 00 % 
U 

UNMasch 
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6 . 7 . 4 . 2  Checking for machine earth fault  

Switch stator earth fau l t  protect ion (address 1 90 1 )  
to B LOCK TRIP REL . 

With the pr imary plant voltage-free and earthed , 
insta l l  a s ing le-pole earth fault i n  the proximity of 
the mach ine terminal s .  

& DANGER! 

Operat ions in  pr imary a rea m ust only be 
performed with the mach ine at stand
sti l l  and with plant sect ions voltag e-f ree 
and earthed ! 

Start-u p  mach i ne and slowly excite (however ,  not 
above UN/y'3) unt i l  the earth fau lt protect ion Uo  
p icks up  (LED 1 2  when de lJvered f rom factory) . 

Read out UO i n  OPERATIONAL MEAS . VALUES A 
(address 57 1 3 ) .  If the connect i ons are correct , 
th is  va l u e  corresponds wi th the mach ine termina l  
vo l tage i n  percent , referred to rated mach ine vo l t 
age ( i f  app l icab l e ,  d eviat i ng  rated pr imary vol tage 
of earth ing  transformer or  neutra l  earth ing  trans
former must be taken into account ) . Th is va lue 
a lso corresponds with t he  sett i ng  va lue UO> u nder  
address 1 902  (see F igure 6 . 1 3) .  

The protect ion zone i s  1 00 % - UO [V] , e .  g .  

Mach ine voltage a t  pick-up : 
Measured val ue  UO 
Sett i ng  va lue UO> 
Protected zone 

0 . 1 . UN 
1 0 % 
1 0  V 
90 % 

Shut  down mach ine . Remove earth  fau l t  br id g e .  
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6 . 7 . 4 . 3  Check us ing n etwork eart h  fault 

With the pr imary plant voltage-free and earthed , 
instal l  a s ing le-pole earth fault bridge on the h igh
voltage s ide of the block transformer . 

& DANGER! 

Operations in  primary area m ust only be 
performed with the machine at stand
sti l l  and with p lant sections voltage-free 
and earthed ! 

.& Cautio n !  

T h e  star-points o f  t h e  tran sformer must 
not be connected to earth du r ing th is  
test ! 

Start-up mach ine  and  s lowly excite to 40 % of 
rated mach ine voltage (max .  60 %) . Earth fau l t  
protect ion does not  p ick-up . 

Read out  UO i n  the OPERATIONAL MEAS . VALUES B 
(address 5 7 1 3 ) . Th is  value is extrapolated to rated 
mach ine voltage  ( F igure 6 . 1 3  as an example) . The 
voltage va lue thus  ca lcu lated shou ld correspond , 
at the  most , to ha l f  t h e  p ick-up va lue UO> (address 
1 902 ) , in order to ach ieve the des i red safety mar
g i n . 

Shut  down mach in e .  Remove earth  fau l t  br idge .  

I f  t h e  starpo int  o f  t h e  h i g h -voltage s ide  o f  the 

b lock t ransformer i s  to be  earthed d u ri n g  normal 
operat ion ,  re-esta b l i s h  starpo int  eart h i n g .  

Switch earth fau lt protect ion  to b e  operat ive : ad
dress 1 90 1  SEF PROT = O N .  
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6 .7 .5 Tests with the machine connected to the network 

6 . 7 . 5. 1  Checking t h e  correct connection po
larity 

The fol lowing test instruct ions apply to a synchro
nous generato r .  

Run-up generator and synchronize w i th  network .  
S lowly increase d riving power input  (up  to approxi
mately 5 %) . The active power is  read out u nder 
the operat ional  measured values under address 
5801 as a posit ive act ive power Pa . 

If a negative active power value  shou ld  be read 
out , then the actual polarity relat ionsh ip between 
current transformers and voltage transformers 
does not accord with the polarity parameterized 
under address 1 205 .  Re-parameterize address 
1 205 . I f  the power read ing is  st i l l  i ncorrect , the fau l t  
m ust be i n  the instrument transformer connect ions 
(e . g .  cyc l ic  exchange of phases) : 

- Shut down and de-excite generator ,  
- app ly  p lant  earths ,  
- short-circu i t  current transformers , 
- correct fau lt  i n  instrument transformer leads 

(c . t .  and/or v . t . ) , 
- repeat test . 

6 . 7 . 5 . 2  Measurement o f  motor ing power and 
angle error correct ion 

For a g enerator ,  leave the reverse power protec
t ion switched to  OFF (address 230 1 ) for  the mo
ment . This fu nct ion and the fo l low ing measure
ments are not requ i red for motors . 

The motor ing power i s  - as an active power - a l 
most constant and independent of the reactive 
power ,  i . e .  i ndependent of the excitat ion current . 
However ,  the protect ion relay may ca lcu late d i ffer
ent active power values dependent of the excita
tion because of poss ib le ang le errors of the current 
and voltage transformers . The motor ing power 
curve then would not be a stra ight  l i ne  i n  para l le l  to 
the real axis of the power d iag ram of the mach ine . 
Therefore , the ang le deviat ions shout  be mea
sured at three measuring points of the power d ia
g ram and the correct ion parameters WO and W1  
shou ld  b e  estab l ished : 

Reduce dr iv ing power to zero by c los ing the regu
lat ing va lves . The  generator now takes motor ing 
energy from the network .  
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& Cautlonl  

For  a turbine set , the intake of reverse 
power is only permiss ib le for a short t ime , 
s ince operation of the turbine witho ut a 
certain throughput of steam (cool ing ef
fect) can lead to overheating of the tur
b ine blades I 

If poss ib le reduce excitat ion to  approximately 0 . 3  
t imes rated apparent power o f  generato r .  

& Cautionl  

Underexcitat ion may cause  the generator 
fal l  out of step ! 

The motor ing power is read out  as act ive power Pa 
in the operat iona l  m easured va lues under  address 
580 1 ; the reactive power Pr (address 5802) also 
read out . 

- Note d own motor ing power as P3 . observe s ig n ;  
- n ote down reactive power a s  0 3  with polarity 

(negative s ign) . 

If poss ib le s lowly increase excitat ion to 0 . 3  t imes 
rated apparent power of generato r .  

T h e  motor ing power i s  read out  as active power Pa 
in the operat iona l  measured va lues under address 
580 1 ; the reactive power Pr (add ress 5802 ) is  also 
read out . 

- Note down motor ing power as P2 , observe s ig n ;  
- note down reactive power a s  02 with po larity 

(pos it ive s ign) . 

If possib le s lowly i ncrease excitat ion  to 0 . 6  t imes 
rated apparent power of generator . 

The motor ing power is read out as active power Pa 
in the operat ional  measured va lues under  address 
580 1 ; the reactive power Pr (address 5802) is a lso 
read out . 

- Note down motor ing  power as P ,  , observe s ig n ; 
- note down reactive power as 0, with pola rity 

( posit ive s ign) . 

Adjust generator to no-load excitat ion and shut  
d own . 
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7UM5 1 6 V3 

If the read-out measured values P3 , and P2 , and P1 
dev iate by more than 1 0  % from each , then an 
ang le correction of the instrument transformer er
ror must be performed (addresses 1 206 and 
1 207) . The ang les are calculated accord ing to the 
fo l lowing formulae : 

The power values  must be inserted with the i r  
correct polarity as read out !  Otherwise fau lty re
su l t !  

These ang les  a re  inserted i n to  the formulae of the  
correct ion q uant i t ies Wo and W1 as fo l lows : 

, 8 1 - 82 
W, = 

1 1  - 12 

Wo ' = 81 - W, '  . I,  

where I , and 12 are the  currents which a re as
s igned with the correspond ing  measur ing po ints . 
These va lues are compared with the  preset cor
rect ion  ang les  WO and W 1  under  add resses 1 206 
and 1 20 7 .  The Differences between the preset va l 
ues WO , W 1  and  t h e  ca lcu lated va lues  Wo ' ,  W, '  
are f ina l ly  set under  addresses 1 206  and 1 207 , as 
fo l lows : 

New sett i ng  W 1  = presett ing  W 1  - W, · 

New sett ing  WO = presett ing WO - Wo o 

A quarter of the  sum of the measured va lues 
P3 + P2 is  set as p ick-up va l u e  of the reverse pow
er protect ion P> REVERSE under  address 2302 
( negative s ign ) . 

6 . 7 . 5 . 3  Checking t h e  reverse power protec
t ion 

I f  the generator is  connected w i th  the  network . re
verse power can be caused by 

- c los ing of the  regu lat ing valves , 
- c los ing  of the tr ip  valve . 

Because of poss ib le leakages in the valves . the re
verse power test shou ld  - if  poss ib le - be per
formed for both cases . 
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In order to confirm the correct sett ings , repeat re
verse power test agai n .  For this , the reverse power 
protection (address 230 1 ) is set to BLOCK TRIP 
REL in order to check its effectiveness (using the 
annunciat ions) . 

Start up generator and synchronize with network. 
Close regulat ing valves .  
• At approximately 50% motoring power ,  annunci

ation " Pr fau l t  de t . " ( not a l located when 
de l ivered from factory) . 

• After T -SV-OPEN (address 2303) , tr ip s igna l 
" Pr Tr ip " (LED 7 as del ivered ) . 

I ncrease d riv ing powe r .  

T h e  last test with the  s t o p  valve c a n  be performed 
with a l ive t r ip . It is  assumed that the b inary input 
" > sv t r i pped " i s  m arshal led correctly and is 
contro l led by the stop valve status  (by a pressure 
switch or  a l im it switch at the stop valve) . 

C lose stop valve . 
• Annunciat ion " Pr f au l t  de t . " ( n ot a l located 

when de l ivered from factory) . 
• After T -SV-CLOSED (address 2304)  annunci

at ion " Pr+SV Tr i p " (LED 8 as de l ivered ) . 
Shut down mach in e .  

Switch O N  the  reverse power protect ion (address 
2 30 1 ) and - if  used - the forward power supervi
sion (address 2 2 0 1 ) .  

6 . 7 . 6  C h e c k i n g  t h e  c o u p l i n g  of exter
nal trip s i g n a l s  

I f  the c o u p l i n g  o f  externa l  fu nct ions f o r  the a larm 
and/or tr ip process ing  is  used i n  the  7 U M 5 1 6 .  then 
one or  more of these funct ions m u st be conf igured 
as EXIST i n  the  addresses 7830 to 7833 . The used 
fu nct ion i s .  add i t iona l ly . switched in  address 300 1 . 
3 1 0 1 .  3 2 0 1 . and/or  330 1 : EXT .  TRIP * = BLOCK 

TRIP REL . 

The funct ion of the coup l i ng  i s  to be checked for 
one after another .  For  th is . the  source object of 
the coupled s igna l  i s  operated and the effect 
checked . 

F ina l ly  the used funct ions are parameterized to ON 

i n  the  associated addresses 300 1 . 3 1 0 1 , 3 20 1 . 
and/or  330 1 . 
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7UM51 6 V3 Operating instructions 

6.7 .7 Tripping test including circuit breaker - address block 44 

Machine p rotection 7UM51 6 a l lows simple check
ing of the tr ipping circuit and each tr ip relay . 

In it iat ion of the test can be given f rom the operator 
keyboard or from the front operator interface . The 
procedure is started with address 4400 which can 
be reached by paging with n or  U, or by d i rect d ia l
l ing DA 4 4 0 0 E .  Then the codeword input is 
necessary . 

By further pag ing with t i each of the tr ip relays 
can be selected for test . 

After confirmation by the " Yes " -key J /Y the se
lected relay c loses its contacts for 1 s .  

o 0 I 
S T S 

* 4 4 0 0 1 E N E  R G I Z E 
� T R I P R E L A Y S 

t 4 4 0 1 l E N E R G I Z E  
t T R I P  R E L A Y 1 ? 

t 4 4 0 2 1 E N E R G I Z E  
t T R I P  R E L A Y  2 ? 

t 4 4 0 3 l E N E R G  I Z E 
+ T R I P R E L A Y  3 ? 

I I 

& Warning 

After confirmation by the operator the 
switching device wil l 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 s ide . 

The test procedure can be ended or aborted by 
pressing the " N o "  -key N after the quest ion " EN
ERGIZE TRIP RELAY n ? appears . Leaving the block 
with keys n or  U i s  only possible after this proce
dure . 

Commencement of the test b locks 

Beg inn ing  of the  b lock " tr ip  c i. rcu i t  breake r "  

Test tr ip c ircu i t  of t r ip relay 1 ?  
Conf i rm with " J /Y "  - key or  abort with " N "  -key 

Test t r ip  c ircui t  of t ri p  relay 2 ?  
Conf i rm with " J /Y " -key o r  abort w i t h  " N " -key 

Test trip c i rcu i t  of trip relay 3 ?  
Conf i rm with "J /Y " -key or  abort with " N " -key 

t 4 4 0 4 1 E N E  R G I Z E Test t r ip  c i rcu it of tr ip relay 4? 

t T R I P R E L A Y  4 ? 

t 4 4 0 5 1 E N E  R G I Z E 
t T R I P R E L A Y  5 
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Conf i rm with " J /Y "  -key or abort with " N "  - key 

Test trip c ircu i t  of trip relay 5? 
Conf i rm with " J /Y " -key or abort with " N " -key 
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6.8 Putt ing the relay into operation 

Al l  setting  values should be checked agai n .  i n  case 
they were altered during the tests . Part icularly 
check that all desired protect ion functions have 
been programmed in the configuration parameters 
(address blocks 78 and 79 . refer to Section 5 .4) 
and a l l  desired protection functions have been 
switched ON. Those funct ions which should only 
g ive information may be switched to BLOCK TRIP 

REL . 

Push the key MIS on the front . The d isplay shows 
the beg inn ing of the annunciat ion blocks . Thus , i t  is 
possib le that the measured values for the qu ies
cent state of the relay can be d isp layed (see be
lOw) . These values have been chosen dur ing con
f igu rat ion ( refer to Sect ion 5 . 3 . 2 ) under the ad
dresses 7 1 05 and 7 1 06 .  

Stored ind icat ions o n  the front p late shou ld b e  re
set by pressing the push-button " RESET LED " on 

C53000-G 1 1 76-C97 
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the front so that from then on only real faults are 
indicated . From that moment the measured values 
of the quiescent state are displayed . During push
ing the RESET button . the LEOs on the front wi l l  
l ight-up (except the " Blocked " -LED) ; thus . a LED 
test is performed at the same t ime .  

Check that  the modules are properly inserted . The 
g reen LED must be on on the front ; the red LED 
must not be on . 

Close hous ing cover .  

A l l  terminal  screws - even those not in  use - must 
be t ightened . 

If a test switch is ava i lab le , then th is must be in the 
operat ing posit ion . 

The protect ion relay is now ready for operat ion . 
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7UM5 1 6 V3 Maintenance and fault tracing 

7 Maintenance and fault tracing 

Siemens d ig ital protect ion relays are designed to 
requ i re no special maintenance . A l l  measurement 
and signal processing circu its are fu l ly sol id state 
and therefore completely maintenance free .  Input 
modules are even static , relays are hermetica l ly 
sealed or provided with protective covers . 

If the device is equ ipped '!Vith a back-up battery for 
saving of stored annunciat ions and the internal 
t ime clock, the battery should be replaced after at 
least 5 years of operation . ( refer to Section 7 . 2 ) . 
This recommendat ion is val id independent on 
whether the battery has been d ischarged by occa
sional supply vo l tage fa i l u res o r  not . 

As the protect ion is a lmost complete ly se l f-moni
tored , from the  measur ing i n puts to the  command 
output re lays , hardware and software fau l ts  are au
tomat ica l ly  annunciated . Th is  ensures the h igh  
ava i lab i l ity of the relay and a l lows a more  correc
t ive rather  than prevent ive maintenance strategy . 
Tests at short intervals  become , therefore , super
f l uous .  

With detected hardware fau lts the relay b locks it
sel f ;  d rop-off of the ava i lab i l ity relay s igna ls  
. .  equ ipment fau l t " . I f  there is  a fau l t  detected i n  the  
external  measur ing c i rcu i ts , genera l ly an  a la rm is  
g iven on ly .  

Recogn ized software fau l ts cause the processor to 
reset and restart . If such a fau l t  is  not e l im inated by 
restart i ng , further restarts are i n i t iated . If the fau l t  
i s  st i l l  present  af ter  th ree restart at tempts the pro
tective system w i l l  switch itself out  of service and 
ind icate this cond i t ion by the red LED " B locked " on 
the  front p late . Drop-off of the ava i lab i l i ty relay s ig
na ls .. equ ipment  fau l t " .  

The react ion to defects and i nd icat ions g iven by 
the relay can be indiv idua l ly and in chrono log ica l  
sequence read off as operat iona l  annunciat ions 
under the address 5 1 00 , for  defect d iagnos i s  ( re
fer  to Sect ion 6 . 4 . 2 ) . 

If the  relay is connected to a local  substat ion auto
mat ion system ( LSA) , defect ind icat ions wi l l  a lso 
be transferred via the  ser ia l  in terface to the central  
control  system . 
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7.1  Routine checks 

Rout ine checks of characteristics or pick-up val
ues are not necessary as they form part of the con
t inuously supervised f i rmware programs .  The 
planned mait:ltenance interva ls for checking and 
maintenance of the plant can be used to perform 
operational testing of the protect ion equ ipment . 
This maintenance serves main ly for checking the 
interfaces of the un it , i . e .  the coupl ing with the 
plant . The fol lowing procedure is recommended : 

- Read-out of operat iona l  va l u es (address block 
57 )  and comparison with the actua l values for 
checking the ana log interfaces . 

- S imu lat ion of an interna l  short-c ircu i t  with 4 x I N 
for  check ing the ana log inpu t at h i g h  cu rrents . 

& Warning 
Hazardous vol tages can be present on 
al l  c i rcu i ts  and components connected 
with the supply voltage or  with the 
measur ing and test quant i t ies ! 

ill Cauti o n ! 

Test currents larger than 4 t imes I N  may 
overload and damage the relay if  
app l ied cont i nuous ly ( refer to Sect ion 
3 . 1  . 1  for  overload capabi l i ty) . Observe 
a coo l ing  down per iod ! 

- Circu i t-breaker t r ip  c i rcu its  are tested by actual  
l ive t r ipp ing . Respect ive notes are Q iven i n  Sec
t ion 6 . 7 . 7 .  
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7.2 Replacing the back-up battery 

The device annunciat ions are stored i n  NV-RAMs.  
A back-up battery is inserted so that they are re
tained even with a longer fa i lure of the d . c .  supply 
voltage .  The back-up battery is a lso requ i red for 
the in ternal system clock with calender to cont inue 
i n  the event of a power supply fai l u re . 

The back-up battery should be replaced at the lat
est after 1 0  years of operat ion . The way of d is
placement depends on the produkt ion series of the 
relay. This production ser ies is found on the name 
plate behind the complete order des ignat ion . 

Recommended battery :  

L ith i u m  battery 3 V/ 1 Ah . type CR 1 /2 AA . e . g .  
- VARTA Order No . 6 1 27 501  50 1  for re lays with 

screwed terminal for the battery . 
- VARTA Order N o .  6 1 27 1 0 1 50 1 for re lays snap

o n  battery ho lder .  

The battery is located at the rear  edge of the  pro
cessor board of the basic modu le  GEA . The basic 
modu le  m ust be removed from the hous ing in  or
der  to replace the battery . 

- Prepare area of work : provide conduct ive sur
face for the  basic mod u l e .  

- O p e n  hous ing  cove r .  

- Read out  device annunciat ions . i . e .  a l l  address
es which commence with 5 (5000 onwards) . 
Th is  is carr ied out  most convenient us ing the 
front operat ing interface and a persona l  com
puter with the DIGSI® protect ion data process ing 
progra m ;  the in format ion i s  thus stored in  the 
PC . 

Note: Al l  conf ig u rat ion data and sett ings of the  
device are stored i n  E E PROMs protected aga inst 
switch i ng  off of t he  power supp ly .  They are 
stored independent  of the back-up battery . 
They are . therefore . ne i ther lost when the bat
tery is replaced nor when the device i s  operated 
without a battery . 

- Only for relays with screwed termina l  for the 
battery :  Prepare the  battery as i n  F igure 7 . 1 :  

& Cauti o n !  

Do n o t  short-circu i t  battery ! Do n o t  re
verse battery polari t ies ! Do not charge 
battery ! 
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Shorten the legs to 1 5  mm (6/ 1 0  inch) each and 
bend over at a length of 40 mm ( 1 6/ 1 0  inch) . 

t 1 5  �+ � 1 5  j 
"... + � 

Dimensions 
40 In mm - .... 

Figure 7 . 1  Bending the back-up battery for 
re lays with screwed termina l  for 
the battery 

Later vers ion do not have axia l  legs but are 
snapped o n  a battery ho lder .  

- Loosen the bas ic  modu le  us ing  the  pu l l i ng  a ids  
p rovided at the  top and bottom .  (F igu re 7 . 5) . 

.& Warning 
Hazardous vo ltages can be present in 
the device even after d isconnect ion of 
the supp ly vol tage or  after removal of 
the modu les from the hous ing (storage 
capacitors) ! 

&. Cauti o n ! 

E lect rostat ic  d ischarges v ia the com
ponent connect ions . the  PCB tracks or  
the connect ing p ins  of the modu les 
must be avo ided under  a l l  c i rcum
stances by previous ly touch ing an 
earthed metal  surface . 

- Pu l l  out  bas ic modu le  and p lace onto the con
duct ive surface . 

- Unscrew used battery from the  termina ls  or re
move i t  from the ho lder ; do not place on the 
conduct ive su rface !  

- Insert the prepared battery i nto the termina ls  or  
h o l d e r  as i n  F igure 7 . 2  and t ighten the screws or  
as i n  F igu re 7 . 3 .  

1 53 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



7UM5 1 6  V3 Maintenance and fault tracing 

� ------

Om 
p � + lDJ 

[ �] 
1 

Rear view on the 
removed basic module 

OJ 
1 � 

1 

View upon 
the p . c . b .  

F igure 7 . 2  I nsta l lat ion o f  t h e  b�ck-up battery for  relays with screwed battery temina ls  

- Insert basic  modu le  into the hous ing ; ensure 
that the re leasing lever is pushed fu l ly to the left 
before the modu le  is  pressed i n .  

F i rmly push in  t h e  modu le  us ing t h e  re leas ing le
ver . (F igure 7 . 5 ) . 

& Warning 
The d ischarged battery conta ins Lith ium . 
It must on ly be d isposed off in l i ne  with 
the appl icab le regu lat ions ! 

-

Do not reverse po larit ie s !  Do not re
charg e !  Do not th row into f i re ! Danger 
of exp los ion !  

- Provided the  interna l  system c lock  i s  no t  auto
mat ical ly synchron ized via the  LSA interface , it 
can now be set or  synchron ized as descr ibed i n 
Sect ion 6 . 5 . 1 

- Close hous ing cove r .  

T h e  rep lacement of the back-up battery h a s  thus 
been completed . 

l'--

-

I I I  

J 
I I  

[ 
1 

Rear view on the 
removed basic module 

to 
�� L-oL-

I I 

View upon 
the p . c . b .  

F igure 7 . 3  I nstal lat ion o f  the  back-up battery for  relays wi th snap-on battery ho lder 
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7.3 Fault  tracing 

I f  the protective device ind icates a defect . the fol
lowing procedure is suggested : 

If none of the LEOs on the front plate of the modu le  
is on . then check : 

- Have the modules been properly pushed-in and 
locked? 

- Is the ONIOFF switch on the front plate in the ON 
posit ion 0 ? 

- Is the aux i l iary voltage ava i lab le with the correct 
po larity and of adequate magni tude . connected 
to the correct termina ls (General d iagrams in 
Append ix A) ? 

- Has the m in i-fuse i n  the power supp ly  sect ion  
b lown (see F igure 7 .4 ) ? "if appropriate . rep lace 
the fuse accord ing to Sect ion 7 . 3 . 1 .  

I f the red fau l t  i nd icator " B locked " on  the  front i s  
o n  and the g reen ready LED remains dark . the de
v ice has recogn ized an internal fau l t . Re-in i t ia l iza
t ion of the protect ion system could be t ried by 
switch i ng the d . c .  auxi l i a ry voltage off and on 
aga in . Th is , however ,  resul ts i n  loss of fau l t  data 
and messages i f  the  relay is  not equ ipped with a 
buffer battery , and , if a parameter iz i ng  process 
has n ot yet been completed , the  last parameters 
are n ot sto red . 

Rear view on the re
moved basic module 

Fig ure 7 . 4  M i n i-fuse o f  the power supp ly 
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7.3. 1 Replacing the mini-fuse 

- Select a replacement fuse 5 X 20 mm. Ensure 
that the rated val ue ,  t ime lag (medium s low) and 
code letters are correct . (F igure 7 .4) . 

Prepare area of work : provide conductive sur
face. for the basic modu le . 

Open housing cover .  

& Warning 

Hazardous voltages can be present in 
the device even after d isconnection of 
the supply voltage or after removal of 
the modu les from the hous ing (storage 
capacitors) ! 

- Loosen the basic modu le  us ing  the  pu l l i ng  a ids 
provided at the top and bottom . (F igure 7 . 5) . 

ill Cauti o n ! 

E lectrostat ic d ischarges v ia the compo
nent  con nect ions , the PCB tracks or  the 
connect i ng  p ins of the modules must be 
avo ided under  al l  c i rcumstances by 
previous ly  touch ing  an  earthed metal 
surface . 

M i n i-fuse of the  power supp ly ;  
med ium s low (M )  

24/48 
SO/ 1 1 0/ 1 25 
220/250 

rated 
val u e  

2 AlE 

1 , S AlE 

1 AIG 
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- Pull out basic module and place onto the con
ductive surface . 

- F i rmly push in the module us ing the releasing le
ver . ( F igure 7 . 5) . 

- Remove blown fuse from the holder (F igu re 
7 . 4) . 

- F i t  new fuse into the holder (F igure 7 .4 ) . 

- Insert basic module into the housing ; ensure 
that the releasing lever is pushed fu l ly to the left 
before the module is pressed in (F igure 7 . 5) . 

- Close housing cover .  

Switch on the device agai n .  If a power supply fai l
u re is st i l l  s ignal led , a fault or short-circuit is pres
ent i n  the internal power supp ly . The device should 
be returned to the factory (see Chapter 8) . 

Removi ng the  bas ic mod u l e : 

- Loosen the  basic modu le  us ing  the pu l l i ng  a ids  
provided at the top and bottom , 

- Pu l l  out  bas ic modu le  and p lace onto conduc-
t ive surface . 

I nsert i ng  the  bas ic mod u l e :  

- Push re leas ing lever fu l ly to the  left . 

- Insert modu le . 
- F i rmly  push in the modu le  us ing  the  

re leas ing  leve r .  

F igure 7 . 5  Aid for removing and insert ing bas ic modu le  

View from above onto a 1 /3 s ize 
modu le  with re leas ing lever 
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7UM5 1 6 V3 

8 Repairs 

Repair of defective modules is not recommended 
at a l l  because special ly selected electronic com
ponents are used which must be handled in accor
dance with the procedures requ ired for Electro
stat ical ly Endangered Components (EEC) . Fur
thermore , special manufacturing techniques are 
necessary for any work on the printed circuit 
boards i n  order to do  not damage the bath-sold
ered mul t i layer boards ,  the sensit ive components 
and the protective f in ish .  

Therefore , i f  a defect cannot be corrected by oper
ator procedures such as descr ibed in Chapter 7 ,  it 
is recommended that the complete relay shou ld  be 
returned to the man ufacturer .  Use the or ig ina l  
transport packag ing  for  return . I f alternative pack
ing is  used , this must provide the degree of protec
t ion aga i nst mechan ica l  shock , as la id down i n  IEC 
255-2 1 - 1 c lass  2 and IEC 255-2 1 -2 c lass 1 .  

If i t  i s  u navoidab le to replace i nd iv idua l  modu les , i t  
i s  imperat ive that the standards related to the han
d l i ng  of E lectrostat ica l ly  Endangered Components 
are observed . 

& Warning 
Hazardous voltages can be present i n  the 
d evice even after d isconnect ion of the 
s upp ly voltage or  after removal of the 
modu le  from the hous ing (storage capac
itors) ! 

L1. Ca ution ! 

E lectrostat ic d ischarges via the  compo
nent  connect ions ,  the PCB tracks or  the 
connect ing  p ins  of the modu les m ust be 
avo ided under  al l  c i rcumstances by pre
v ious ly  touch ing  an earthed metal  surface . 
Th is  app l ies equa l ly  for the replacement of 
removable components , such as E PROM 
or  E E PROM ch ips . For transport and re
turn ing  of i nd iv idua l  modu les e lectrostat ic  
protective packing  mater ia l  m u st be used . 

Components and modu les are not endangered as 
long as they are insta l led wi th in  the re lay.  

Should it  become necessary to exchange any de
vice or  mod u l e ,  the complete parameter assign
ment shou ld  be repeated . Res pective notes are 
conta ined i n  Chapter  5 and 6 .  

C53000-G 1 1 76-C9 7 

Repairs, Storage 

9 Storage 

Solid state protective relays shall be stored in dry 
and clean rooms . The l imit  temperature range for 
storage of the relays or associated spare parts is 
-25 °C to +55 °C ( refer Sect ion 3 . 1 . 4  under the 
Technical data) , corresponding to - 1 2 OF to 
1 30 O F .  

The  relative humid ity must be with in  l im its such that 
neither condensation nor ice forms . 

It is recommended to reduce the storage tempera
tu re to the range + 1 0  °C to  +35 ° C  (50 O F to 
95 O F) ; th is prevents from early ageing of the e lec
trolytic capacitors wh ich are conta ined i n  the pow
er supply . 

For very long storage per iods , it is recommended 
that the re lay shou ld be connected to the  aux i l iary 
voltage source for one or two days every other 
year . i n  order to  regenerate the e lectrolyt ic capac
itors . The same is  va l id  before the  relay is  f i nal ly 
i nsta l led . I n  extreme c l imat ic cond i t ions (tropics) 
pre-warming would thus be ach ieved and conden
sat ion avoided . 
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Appendix 

A General diagrams 

8 Connection diagrams 

A Tab les 

Appendix 
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7UM5 1 6 V3 

Elnbau- und Aufbaugehause mit V24 - Schnittstel le 
FLUSH A N D  S U RFACE M O U N T I N G  CASE WITH V24 DATA L I N K  
7 U M5 1 S " - " S " " * - * S  * * ' 
7 U M 5 1 S * - * C " ' - ' S * . , 
7U M 5 1 S ' - ' E " ' - ' S • •  , 

I - �  
I I I I 

�' �-ej-4A 4A 
F-S M A  F - S M A  

L_L_� _J 
Einbau- Gehause mit LWL - Modul  
FLUSH M O U N T I N G  CASE WITH FIBER OPTIC I N T E RFACE 
7 U M 5 1 S ' - * C " ' - ' C " , 
7U M 5 1 S ' - ' E ' * * - * C " , 

Aufbau- Gehause mit LWL - M odul  
S U RFACE MOUNTING CASE WITH F IBER OPTIC I N T E RFACE 
7U M 5 1 S ' - ' S " ' - ' C ' * , 

F igure A . 3 General d iagram 7UM5 1 6 ( sheet 3 of 3 )  
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C Tables 

Appendix 

Table C . 1 Annunc iat ions for LSA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 64 

Table C . 2  Annunciat ions for  PC , LC-d isp lay ,  and b inary i nputs/outputs . . . . . . . . . . . . . . . . . . . .  1 68 

Tab le C . 3  Reference tab le for fu nct ional  parameters (address blocks 1 1  t o  3 9 )  . . . .  . . . . . . . . .  1 72 

Tab le  C . 4  Tests a n d  commiss ion ing a ids (address b locks 4 0  t o  49 )  . . . . . . . . . . . . . . . . . . . . . . .  1 79 

Tab le  C . 5  Annu nciat ion s ,  measured va l ues , etc . (address b locks 5 0  t o  59 )  . . . . . . . . . . . . . . . .  1 80 

Tab le C . 6  Reference tab le  for  conf ig u rat ion parameters (address b locks 60 t o  79 )  . . . . . . . . . .  1 8 1 

Table C . 7  Operat iona l  device contro l  fac i l i t ies  (address b locks 80 t o  89)  . . . . . . . . . . . . . . . . . .  1 90 

NOTE: The fo l l ow ing tab les l i st a l l  data wh ich are ava i lab le  i n  t he  maxi m u m  complement of the device . 
Dependent on  the  ordered model  and conf ig u rat ion .  on ly  those data may be present wh ich are val id for the 
i nd iv idua l  versio n . 

N O TE: The actua l  tab les  are  attached to the p u rchased re lay . 
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Annunc iat ions 7 UM5 1 6  for LSA ( DI N  1 9 2 4 4  and accord ing VDEW/ ZVE I ) 

FNo . - Funct i on number o f  annunc i at ion 
Op/ Ft - operat i on/ Faul t  annunc iat i on 

C/ CG : com ing/ coming and Go ing annunc i at i on 
V : Annunc i at i on w ith Va lue 
M : Mea surand 

LSA No . - Number of annunc i at i on for former LSA ( DI N  1 9 2 4 4 )  
accord ing to VDEW/ ZVE I : 
CA - Compat ib l e  Annunc i at ion 
GI - Annunc i at ion , for Genera l I nterrogat i on 
BT - B inary Trace for fault record ings 
Typ - Funct i on type ( p : accord ing to the conf igured " Funct ion type " )  
I n f  - I n format i on numbe r  

FNo . Mean ing 

1 1  >User de f i ned annunc i at i on 1 
1 2  >User d e f i ned a nnunc i at i on 2 
1 3  >User de f i ned a nnunc i at i on 3 
1 4  >User de f ined annunc i at i on 4 
5 1  Dev i c e  operat ive / hea l thy 
5 2  Any protect i on operat ive 
5 5  Re -start o f  processor system 
5 6  I n it i a l  start o f  processor system 
5 9  Rea l  t ime respon s e  t o  LSA 
6 0  LED Re set 
6 1  Logg ing and measuri ng funct i ons b l ocked 
6 2  Test mode 
6 3  PC operat i on v i a system i nterface 
9 5  Pa rameters a re be ing set 
9 6  Parameter set A i s act ive 
9 7  Parameter set B i s act ive 
9 8  Parameter set C i s act ive 
9 9  Pa rameter set 0 i s act ive 

1 1 0  Annunc i at i ons l os t  ( bu f fer ove r f l ow )  
1 1 2  Annunc i at i ons for LSA l ost 
1 4 0  Gene ra l i nternal fa i l u re of dev ice 
1 4 1 Fa i lure o f  i nterna l 2 4  VDC power supp ly 
1 4 3  Fa i lure o f  intern a l  1 5  VDC power supp ly 
1 4 4  Fa i lure o f  interna l 5 VDC power supp ly 
1 4 5  Fa i lure o f  i nternal 0 VDC power supp l y  
1 5 4  Fa i lure i n the RKA modu l e  
1 6 0  Common a l a rm 
1 6 1  Measured value superv i s i on o f  current s 
1 6 2  Fa i lure : Current summat i on superv i s i on 
1 6 3  Fa i lure : Current symmetry supervi s i on 
1 6 5  Fa i lure : Vo l tage sum superv . ( ph-e ) 
1 6 7  Fa i lure : Vo l tage symmetry superv i s i on 
1 6 9  Fus e  fa i l ure mon itor operated 
1 7 1 Fa i lure : Pha s e  s e quence superv i s ion 
3 0 1  Faul t  i n the power system 
3 0 2 Faul t  event w i th consecut ive number 

3 6 1  >U Li ne s i de VT MCB tr ipped 
5 0 1  Genera l fau l t  detect i on o f  dev i ce 
5 0 2  Genera l drop-o f f  o f  dev i ce 
5 1 1  Genera l t r ip o f  dev i ce 

1 6 4  

Ann . LSA VDEW/ ZVE I 
Op Ft No . CA G I  BT Typ I n f  

CG 9 0  CA G I  BT P 2 7  
CG 9 1  CA GI BT P 2 8  
CG 9 2  CA GI BT P 2 9  
CG 9 3  CA GI BT P 3 0  
CG 1 GI 1 3 5  8 1  
CG CA G I  P 1 8  
C 1 9 3  CA P 4 
C 3 CA P 5 
C 1 9 2  
C 1 2  CA P 1 9  
CG CA G I  P 2 0  
CG CA G I  P 2 1  
CG G I  1 3 5 8 3  
CG 9 7  CA G I  P 2 2  
CG 4 0  CA G I  P 2 3  
CG 4 1  CA G I  P 2 4  
CG 4 2  CA G I  P 2 5  
CG 4 3  CA G I  P 2 6  
C 1 9 5  1 3 5  1 3 0  
C 1 9 6  1 3 5 1 3 1 
CG CA G I  P 4 7  
CG 8 8  1 3 5  1 6 1  
CG 8 3  1 3 5  1 6 3  
CG 8 9  1 3 5  1 6 4  
CG 8 4  1 3 5  1 6 5  
CG 1 0 0  CA G I  P 3 6  
CG CA G I  P 4 6  
CG CA G I  P 3 2  
CG 1 0 4  1 3 5  1 8 2  
CG 1 0 7  1 3 5  1 8 3  
CG 1 0 5  1 3 5  1 8 4  
CG 1 0 8  1 3 5  1 8 6  
CG 1 1 0  1 3 5  1 8 8  
CG 1 1 1  CA G I  P 3 5  

CG 2 1 3 5 2 3 1  
C 1 3 5  2 3 2  

CG 1 9  P 3 8  
C BT 1 5 0  1 5 1  
C 1 5 0  1 5 2  
C BT 1 5 0  1 6 1  
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Ann . LSA VDEW/ ZVE I 
FNo . Mean ing Op Ft No . CA G I  BT Typ I n f  

6 0 1  I Ll [ % ] = M 
6 0 2  I L2 [ % ] = M 
6 0 3  I L3 [ % ] = M 
6 9 4  f [ Hz ] = M 

1 I 7 7 1  S econdary vo l tage UL1E i s M 
7 7 2  Secondary v o ltage UL2 E i s M 
7 7 3  Secondary vo l t age UL3 E i s M 
7 7 4  S econdary e arth vol tage UO i s M 
9 3 0  I Ll [ % ] = M 1 3 4  1 4 4  
9 3 1  I L2 [ % ] = M 1 3 4  1 4 4  
9 3 2  I L3 [ % ] = M 1 3 4  1 4 4  
9 3 3  S econdary v o l tage UL1E i s M 1 3 4  1 4 4  
9 3 4  S econda ry vol tage UL2 E i s M 1 3 4  1 4 4  
9 3 5  Secondary vol tage UL3 E i s M 1 3 4  1 4 4  
9 3 6  S econdary earth vol tage U O  i s M 1 3 4  1 4 4  
9 3 7  f [ Hz ] = M 1 3 4  1 4 4  
9 3 8  pos i t ive s e quence v o l tage M 1 3 4  1 4 4  
9 3 9  pos i t ive s e quence current M 1 3 4  1 4 4  
9 4 0  Negat ive s equence current/unb a l anced 1 0  M 1 3 4  1 4 4  
9 4 1  Powe r factor o f  .the mach i ne M 1 3 4  1 4 4  
9 4 2  Res i stance M 1 3 4  1 4 4  
9 4 3  Rea ctance M 1 3 4  1 4 4  
9 4 4  Pa [ % ] = M 1 3 4  1 4 4  
9 4 5  Pr [ % ] = M 1 3 4  1 4 4  

1 1 7 5  Trip t e s t  for tr ip re l ay 1 i n progre s s  CG 7 0  1 5 1  9 0  
1 1 7 6  Tr ip t e s t  for tr ip re l ay 2 i n progre s s  CG 7 1  1 5 1  9 1  
1 1 7 7  T rip t e s t  f o r  t r i p  re l ay 3 i n progres s  CG 7 2  1 5 1  9 2  
1 1 7 8  T r ip test f o r  tr ip rel ay 4 i n p rogres s  CG 7 3  1 5 1  9 3  
1 1 7 9  T r ip test f o r  t r ip re l a y  5 i n progres s  CG 7 4  1 5 1  9 4  
3 9 5 3  > B l ock impedance protect i on CG GI 2 8  2 2 1  
3 9 5 6  > Z one 1 B  extens i on for impedance prot . CG 7 6  2 8  2 2 2  
3 9 5 7 > B in a ry i nput for t r ip ( BI + Z <  Trip ) CG 7 7  2 8  2 2 3  
3 9 6 1  Impedance protect i on i s switched o f f  CG 2 0  2 8  2 2 6  
3 9 6 2 Impedance protect i on i s b l o cked CG 5 1  2 8  2 2 7  
3 9 6 3  Impedance protect i on i s act ive CG 3 0  G I  2 8  2 2 8  
3 9 6 6  Imp . : Genera l fau l t  detect i on CG 2 0 8 BT 2 8  2 2 9  
3 9 6 7 Imp . : Fau l t  detect i on I pha se L1 CG 2 1 0 BT 2 8  2 3 0  
3 9 6 8  Imp . : Fau l t  detect i on I pha s e  L2 CG 2 1 2 BT 2 8  2 3 1  
3 9 6 9 Imp . : Fau l t  detect i on I pha s e  L3 CG 2 1 4 BT 2 8  2 3 2  
3 9 7 0  Imp . : Overcurrent wi th undervo l . s e a l - in CG 2 2 0  BT 2 8  2 3 3  
3 9 7 1  Imp . : T ime T 1  ( z one Z l )  exp i red C 1 5 3  BT 2 8  2 3 4  
3 9 7 2  Imp . : T ime T 2  ( f ina l t ime ) exp i red C 1 5 4  BT 2 8  2 3 5  
3 9 7 3  Imp . : T ime T 1 B  ( z one Z l B )  exp i red C 1 5 8  BT 2 8  2 3 6  
3 9 7 4  Imp . : Tr ip C 2 3 5  BT 2 8  2 3 7  
3 9 7 5  Imp . : Tr ip w ith b inary input ( BI + Z < ) C 2 3 6  BT 2 8  2 3 8  
3 9 7 6  Power sw ing detect i on CG 8 0  BT 2 8  2 3 9  
4 5 2 3  > B l ock externa l tr ip 1 CG GI 5 1  1 2 3  
4 5 2 6  >Exte rna l t r ip 1 CG 6 5  5 1  1 2 6  
4 5 3 1  Extern a l  t r ip 1 i s swi tched o f f  CG 2 1  5 1  1 3 1  
4 5 3 2  Externa l t r ip 1 i s b l o cked CG 6 0  5 1  1 3 2  
4 5 3 3  Extern a l  trip 1 i s act ive CG 3 1  G I  5 1  1 3 3  
4 5 � 6  Externa l t r ip 1 :  Genera l fau l t  det . CG 2 0 0  BT 5 1  1 3 6  
4 5 3 7  Extern a l  t ri p 1 :  General tr ip C 2 4 4  BT 5 1  1 3 7  
4 5 4 3  >Bl ock extern a l  t rip 2 CG GI 5 1  1 4 3  
4 5 4 6  >Extern a l  t r ip 2 CG 6 6  5 1  1 4 6 
4 5 5 1  Externa l t r ip 2 i s sw itched o f f  CG 2 2  5 1  1 5 1  
4 5 5 2  Extern a l  t r ip 2 i s b l ocked CG 6 1  5 1  1 5 2  
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FNo . 

4 5 5 3  
4 5 5 6  
4 5 5 7  
4 5 6 3  

' !  4 5 6 6  
4 5 7 1  
4 5 7 2  
4 5 7 3  
4 5 7 6  
4 5 7 7  
4 5 8 3  
4 5 8 6  
4 5 9 1  
4 5 9 2  
4 5 9 3  
4 5 9 6  
4 5 9 7  
5 0 0 1  
5 0 5 3  
5 0 6 1  
5 0 6 2  
5 0 6 3  
5 0 6 7  
5 0 6 8  
5 0 6 9  
5 0 7 0  
5 0 7 1  
5 0 7 2  
5 0 8 3  
5 0 8 6  
5 0 9 1  
5 0 9 2  
5 0 9 3  
5 0 9 6  
5 0 9 7  
5 0 9 8  
5 1 1 3  
5 1 2 1  
5 1 2 2  
5 1 2 3  
5 1 2 6  
5 1 2 7  
5 1 2 8  
5 1 2 9  
5 1 4 3 
5 1 4 6 
5 1 5 1  
5 1 5 2  
5 1 5 3  
5 1 5 6  
5 1 5 7  
5 1 5 8  
5 1 5 9  
5 1 6 0  
5 1 6 1  
5 1 7 3  
5 1 8 1  

1 6 6  

Mean ing 

Extern a l  trip 2 i s act ive 
Extern a l  tr ip 2 :  Genera l fau l t  det . 
Extern a l  t rip 2 :  Genera l t r ip 
>Bl ock extern a l  t r ip 3 
>Externa l trip 3 
Externa l t rip 3 i s swi tched o f f  
Externa l trip 3 i s b l ocked 
Extern a l  trip 3 i s act ive 
Extern a l  trip 3 :  Genera l fau l t  det . 
Externa l trip 3 :  Genera l tr ip 
>Bl ock extern a l  t rip 4 
>Extern a l  trip 4 
External tr ip 4 i s switched o f f  
Extern a l  trip 4 i s b l ocked 
Externa l t rip 4 i s act ive 
Externa l t r ip 4 :  Genera l fau l t  det . 
Extern a l  t r ip 4 :  Genera l t r i p  
Operat i ng range o f  v , i 
>Bl ock out - o f - step p rotect i on 
Out-o f - step p rotect i on i s sw itched o f f  
Out - o f - step protect i on i s b l ocked 
Out - o f - step protect i on i s act ive 
Out - o f -step : Pu l se o f  character i st i c 1 
Out - o f - step : Pul s e  o f  character i st i c 2 
Out - o f - step : pi ck-up characte r i st i c 1 
out - o f - step : p i ck-up characte r i s t i c  2 
out - o f - step : Tr ip characte r i s t i c  1 
out- o f - step : Tr ip cha racte r i s t i c  2 
>Bl ock reverse power protect i on 
>stop va lve tripped 
Reverse power protect i on swi tched o f f  
Reverse power protect i on i s b l ocked 
Reverse power protect i on i s act ive 
Reverse power : Fau l t  detect i on 
Reverse power : Tr ip 
Reverse power : Tr ip wI stop va lve t r i p  
>Bl ock f o rward power superv i s i on 
Forward powe r sup e rv i s i on sw i tched o f f  
Forward power sup e rv i s i on i s b l ocked 
Forward power sup e rv i s i on i s act ive 
Forward powe r : Fau l t  detect i on in P f <  
Forward powe r : Faul t  detect i on i n  P f >  
Forward powe r : Tr ip P f <  stage 
Forward power : Tr ip P f >  stage 
>Bl ock unba l a nced l oad protect ion 
>Reset memory for therma l rep l ica 
Unb a l anced l oad protect i on i s switched 
Unbal anced l oad protect i on i s b l ocked 
Unbal anced l oad protect i on i s act ive 
Unba l a nced l oad : Current warn ing stage 
Unba l anced l oad : Therma l wa rn i ng stage 
Re set memory of therma l rep l ica 
Unba l anced l oad : Fau l t  detec . current 
Unba l anced l oad : Tr ip o f  current stage 
Unb a l anced l oad : Tr ip o f  therma l stage 
> Bl ock stator e a rth fau l t  protect i on 
stator e a rth fau l t  protec . switched o f f  

Ann . LSA VDEW/ ZVE I 
Op Ft No . CA GI BT Typ I n f  

CG 3 2  G I  5 1  1 5 3  
CG 2 0 1  BT 5 1  1 5 6  
C 2 4 5  BT 5 1  1 5 7  

CG GI 5 1  1 6 3  
CG 6 7 5 1 1 6 6  
CG 2 3  5 1  1 7 1 
CG 6 2 5 1  1 7 2  
CG 3 3  G I  5 1  1 7 3  

CG 2 0 2 BT 5 1  1 7 6  
C 2 4 6 BT 5 1  1 7 7  

CG GI 5 1  1 8 3  
CG 6 8  5 1  1 8 6 
CG 2 4  5 1  1 9 1 
CG 6 3  5 1  1 9 2  
CG 3 4  G I  5 1  1 9 3 

CG 2 0 3  BT 5 1  1 9 6  
C 2 4 7  BT 5 1  1 9 7  

CG 4 4  7 0  1 
CG G I  7 0  5 1  
CG 2 5  7 0  5 6  
CG 5 2  7 0  5 7  
CG 3 5  G I  7 0  5 8  

CG 8 1  BT 7 0  6 0  
CG 8 2  BT 7 0  6 1  
CG 2 0 5  BT 7 0  6 2  
CG 2 0 6  BT 7 0  6 3  
C 2 5 2  BT 7 0  6 4  
C 2 5 3 , BT 7 0  6 5  

CG G I  7 0  7 6  
CG 5 5  7 0  7 7  
CG 2 6  7 0  8 1  
CG 4 9  7 0  8 2  
CG 3 6  G I  7 0  8 3  

CG 2 2 8  BT 7 0  8 4  
C 2 4 8  BT 7 0  8 5  
C 2 4 9  BT 7 0  8 6  

CG G I  7 0  1 0 1  
CG 2 7  7 0  1 0 6  
CG 4 8  7 0  1 0 7  
CG 3 7  G I  7 0  1 0 8  

CG 2 3 0  BT 7 0  1 0 9  
CG 2 3 2  BT 7 0  1 1 0  
C 2 5 4 BT 7 0  1 1 1  
C 2 5 5  BT 7 0  1 1 2  

CG G I  7 0  1 2 6  
CG 7 0  1 2 7  
CG 2 8  7 0  1 3 1  
CG 5 0  7 0  1 3 2  
CG 3 8  G I  7 0  1 3 3 
CG 1 3  7 0  1 3 4  
CG 1 4  7 0  1 3 5  
CG 5 3  7 0  1 3 7  

CG 2 2 6  BT 7 0  1 3 8  
C 2 3 8  BT 7 0  1 3 9  
C 1 5  BT 7 0  1 4 0  

CG G I  7 0  1 5 1  
CG 2 9  7 0  1 5 6  
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Ann . LSA VDEW/ ZVE I 
FNo . Mean ing Op Ft No . CA G I  BT Typ I n f  

5 1 8 2  stator earth fau l t  protec t i on b l ocked CG 5 7  7 0  1 5 7  
5 1 8 3  stator ea rth fau l t  protect i on act ive CG 3 9  G I  7 0  1 5 8  
5 1 8 6  stator ea rth fau l t : Fau l t  detect ion CG 2 1 6 BT 7 0  1 5 9  
5 1 8 7  stator earth fau l t : Trip C 2 3 7  BT 7 0  1 6 0  
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Annunc i at i ons 7UM5 1 6  for PC , LC-d i spl ay and b i nary i nputs/ outputs 

FNo . 
Op/ Ft 

E a r  
I O  

- Funct i on number o f  annunc iat ion 
- Operat i on/ Fau l t  annunc iat ion 

C/ CG : comi ng/ Coming and Go ing annunc iat i on 
M : Measurand 

- Earth fau l t  annunc i at i on 
- I :  can be marsha l l ed to b inary i nput 

0 :  can be marsha l l ed to b inary output ( LED , tr ip/ s igna l re l a is )  

FNo . Abbrev i at i on Mean ing Op Ft Ear IO 

3 
4 
5 
7 
8 

1 1  
1 2  
1 3  
1 4  
5 1  
5 6  
6 0  
9 5  
9 6  
9 7  
9 8  
9 9  

1 0 0  
1 0 1  
1 1 0  
I I I  
1 1 5  

>Time Synchro 
>Start F l tRec 
>LED reset 
> Pa ramS e l ec . l  
> ParamS e l ec . 2  
>Annunc . 1 
>Annunc . 2 
>Annunc . 3 
>Annunc . 4 
Dev . operat ive 
I n it i a l  start 
LE D reset 
Param . runn i ng 
Pa ram o set A 
Pa ram o S et B 
Pa ram o S et C 
Pa ram o S e t  0 
Wrong SW-vers 
Wrong dev . I D  
Annunc . l o s t  
Annu . PC l os t  
F l t . Bu f f . Over 

>Time synchron i z at ion 
>Start fau l t  record ing 
> LE D  reset 
> Parameter set s e l ect i on 1 
> Parameter set s e l ect i on 2 
>Us er d e f ined annunc i at i on 
>User d e f i ned annunc i at i on 
>User d e f ined annunc i at i on 
>Us e r  d e f i ned annunc i at i on 

( with 
( with 
1 
2 
3 
4 

Dev i ce operat ive / h e a l thy 
I n it i a l  start o f  proce s s o r  system 
LED Reset 
Parameters are be ing set 
Parameter set A i s act ive 
Parameter set B i s act ive 
Parameter set C i s act ive 
Parameter set D i s act ive 
Wrong s o f tware-vers i on 

No . 8 ) 
No . 7 ) 

Wrong dev i ce i dent i f i cat i on 
Annunc i at i ons l ost ( bu f fe r  ove r f l ow )  
Annunc i at i ons for PC l o st 
Fau l t  annunc i at i on bu f fer overf l ow 

C 
C 

CG 
CG 
CG 
CG 
CG 
C 
C 
CG 
CG 
CG 
CG 
CG 
C 
C 
C 
C 

1 2 0  Oper . Ann . I nva operat i ona l annunc i at i ons i nva l id CG 
1 2 1 F l t . Ann . I nv a l  Fau l t  annunc i at i ons i nva l id CG 

1 2 4  
1 2 9  
1 3 5  
1 3 6  
1 3 7  
1 3 8  
1 3 9  
1 4 1 
1 4 3  
1 4 4  
1 4 5  
1 5 4  
1 5 9  
1 6 1  
1 6 2  
1 6 3  
1 6 5  
1 6 7  

1 6 8  

LED Bu f f . I nva 
VDEW-State I nv 
Chs Error 
Chs . A  Error 
Chs . B  Error 
Chs . C  Error 
Chs . D  Error 
Fa i lure 2 4 V 
Fa i lure 1 5V 
Fa i lure 5V 
Fa i l ure OV 
Fa i lure RKA 
LSA d i s rupted 
I superv i s i on 
Fa i lure EI  
Fa i lure I symm 
Fa i lure EUp - e  
Fa i l ure Us ymm 

LE D annunc iat i on bu f fer i nva l id 
VDEW state inva l id 
E rror in check sum 
Error i n check sum for pa rameter set A 
Error i n check sum for pa rameter set B 
Error in check sum for pa rameter set C 
Error in check sum for pa rameter set D 
Fa i lure o f  i nte rna l 2 4  VDC p ower supp ly 
Fa i lure o f  i nternal 1 5  VDC power supp ly 
Fa i l ure o f  interna l 5 VDC power supp ly 
Fa i lure o f  interna l 0 VDC power supp l y  
Fa i lure in t h e  RKA modu l e  
LSA ( system interface ) d i srupted 
Mea sured va l ue superv i s i on of current s 
Fa i l ure : Current summat i on superv i s i on 
Fa i lure : Current symmetry supervi s i on 
Fa i l ure : Vo l tage sum superv . ( ph-e ) 
Fa i l ure : Vol tage symmetry superv i s i on 

CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 

CG 
CG 
CG 
CG 

C 

IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 
IO 

o 

o 
o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
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FNo . Abbrev i at i on Mean i ng Op Ft Ear 10 

17 1 Fa i l . PhaseSeq Fa i lure : Pha s e  sequence superv i s ion CG 
2 0 3  Flt . RecDatDel Fau l t  record ing data del eted C 
2 0 4 F l t . Rec . vi a B I  Fau l t  record ing in it iated v ia b in .  i nput C 
2 0 5  F l t . Rec . v iaKB Fau l t  record ing in it i ated v i a keyboard C 
2 0 6 F l t . Rec . vi a PC Fau l t  record ing in i t i ated v i a PC interf C 

3 0 1 System F I t  
3 0 2 Fau l t  

Fau l t  in the �ower system 
Fau l t  event wi th consecut ive number 

CG C 
C 

3 6 1  >VT mcb Trip 
5 0 1  Dev i ce F l t Det 
5 0 2  Dev . Drop - o f f  
5 1 1  Dev i ce T rip 
5 4 5  T-Drop 
5 4 6  T-Trip 
6 0 1  I L1 [ % ]  = 
6 0 2  I L2 [ % ]  = 
6 0 3  I L3 [ % ]  = 
6 4 1 Pa [ % ] =  
6 4 2  Pr [ % ] =  
6 5 1  I L l  = 
6 5 2  I L2 = 
6 5 3  I L3 = 
6 7 1  UL1E= 
6 7 2  UL2 E= 
6 7 3  UL3 E= 
6 9 4  f [ H z ] =  
7 7 1  UL1E = 
7 7 2  UL2 E = 
7 7 3  UL3 E = 
7 7 4  U O  = 
9 0 1  COS PH I =  
9 0 2  PHI =  
9 0 3  R= 
9 0 4  X= 
9 0 5  I p o s . seq= 
9 0 6  I neg . seq= 
9 0 7 Upo s . s e q= 
9 1 0  ThermRep l .  = 

1 1 7 5  Test Tr i p 1 
1 1 7 6  Test Tr i p 2 
1 17 7  Test Tr ip 3 
1 1 7 8  Test Tr ip 4 
1 1 7 9  Test Tr ip 5 
3 9 5 3  > Imp . b l ock 
3 9 5 6  >Exten s . Z l B 
3 9 5 7  >BI + Z <  
3 9 6 1  Imp . o f f  
3 9 6 2  Imp . b l ocked 
3 9 6 3  Imp . act ive 
3 9 6 6  Imp . Gen . F l t . 
3 9 6 7 Imp . Fau l t  L1 
3 9 6 8  Imp . Fau l t  L2 
3 9 6 9  Imp . Fau l t  L3 
3 9 7 0  Imp . I> & U< 
3 9 7 1  Imp . T1 exp o  
3 9 7 2  Imp . T 2  exp o 
3 9 7 3  Imp . T 1 B  exp o 

>U Line s ide VT MCB tr ipped 
Genera l fau l t  detect i on of dev i ce 
Genera l drop- o f f  of device 
Genera l tr ip of dev i ce 
T ime from fault detect i on to drop- o f f  
T ime from fau l t  detect i on to t r ip 
I Ll [ % ]  = 
I L2 [ % ]  = 
I L3 [ % ]  = 
Pa [ % ]  = 

Pr [ % ]  = 
I.Ll = 
I L2 = 
I L3 = 
UL1E = 
UL2 E = 
UL3 E = 

f [ H z ]  = 
S econdary v o l tage ULlE i s 
S e c onda ry v o l tage UL2 E i s 
S econdary v o l tage UL3 E i s 
S ec ondary e a rth v o l tage u o  i s 
Power factor o f  the mach i ne 
Powe r ang l e  
Res i stance 
Reactance 
pos it ive sequence current 
Negat ive sequence currentj unb a l . l oad 
pos i t ive s equence v o l tage 
Ca l cu l ated roto r temperature ( unb . l oad ) 
Trip test for trip re l a y  1 i n progre s s  
Tr ip test for tr ip rel ay 2 in progre s s  
Tr ip t e s t  for t r ip re l ay 3 i n progre s s  
Tr ip t e s t  for t r ip re l ay 4 i n progre s s  
Tr ip t e s t  for t r ip r e l a y  5 i n progre s s  
> B l ock impedance protect i on 
> Z one 1 B  extens i on for impedance prot . 
> B inary i nput for tr ip ( BI + Z <  Tr ip )  
Impedance protect i on i s swi tched o f f  
Impedance protect i on i s b l ocked 
Impedance protect i on i s act ive 
Imp . : Genera l fau l t  detect i on 
Imp . : Fau l t  detect i on , pha s e  Ll 
Imp . : Fau l t  detect i on , pha s e  L2 
Imp . : Fau l t  detect i on , pha s e  L3 
Imp . : Overcurrent w ith undervo l . sea l - i n 
Imp . : T ime T 1  ( z one Z 1 )  exp i red 
Imp . : T ime T2 ( f i n a l  t ime ) exp i red 
Imp . : T ime T 1 B  ( z one Z l B )  exp i red 

CG 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 

CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 

C 
C 
C 

CG 
CG 
CG 
CG 
CG 
C 
C 
C 

o 

1 0  

1 0  
1 0  
1 0  

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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FNo . Abbrev i at i on 

3 9 7 4  
3 9 7 5  
3 9 7 6  
4 5 2 3  
4 5 2 6  
4 5 3 1  
4 5 3 2  
4 5 3 3  
4 5 3 6  
4 5 3 7  
4 5 4 3  
4 5 4 6  
4 5 5 1  
4 5 5 2  
4 5 5 3  
4 5 5 6  
4 5 5 7 
4 5 6 3  
4 5 6 6  
4 5 7 1  
4 5 7 2  
4 5 7 3  
4 5 7 6  
4 5 7 7  
4 5 8 3  
4 5 8 6  
4 5 9 1  
4 5 9 2  
4 5 9 3  
4 5 9 6  
4 5 9 7  
5 0 0 1  
5 0 5 3  
5 0 6 1  
5 0 6 2  
5 0 6 3  
5 0 6 7  
5 0 6 8  
5 0 6 9  
5 0 7 0  
5 0 7 1 
5 0 7 2  
5 0 8 3  
5 0 8 6  
5 0 9 1  
5 0 9 2  
5 0 9 3  
5 0 9 6  
5 0 9 7  
5 0 9 8  
5 1 1 3  
5 1 2 1 
5 1 2 2  
5 1 2 3  
5 1 2 6 
5 1 2 7  
5 1 2 8  
5 1 2 9  

1 7 0  

Imp . Tr ip 
BI+ Z <  Tr ip 
Power Swi ng 
>Ext 1 bl ock 
>Ext trip 1 
Ext 1 o f f  
Ext 1 b l ocked 
Ext 1 act ive 
Ext 1 Gen . Fl t  
Ext 1 Gen . Trp 
>Ext 2 b l ock 
>Ext tr ip 2 
E xt 2 o f f  
Ext 2 b l o cked 
Ext 2 act ive 
Ext 2 Gen . Fl t  
Ext 2 Gen . T rp 
>Ext 3 b l ock 
>Ext tr ip 3 
Ext 3 o f f  
Ext 3 b l ocked 
Ext 3 act ive 
Ext 3 Gen . F l t  
Ext 3 Gen . Trp 
>Ext 4 b l ock 
>Ext t r ip 4 
Ext 4 o f f  
Ext 4 b l ocked 
Ext 4 a ct ive 
Ext 4 Gen . F l t  
E x t  4 Gen . Trp 
Operat e range 
>O/ S  b l ock 
O/ S o f f  
O/ S b l o cked 
O/ S act ive 
O/ S cha r . 1  
O/ S char . 2  
O/ S det . ch . 1 
O/ S det . ch . 2 
O/ S Tr ip ch . 1  
O/ S Tr ip ch . 2  
>Pr b l ock 
>SV tr ipped 
Pr o f f  
P r  b l ocked 
Pr act ive 
Pr fau l t  det . 
Pr T r ip 
Pr+SV T r ip 
> P f  b l ock 
P f  o f f  
P f  b l ocked 
P f  act ive 
P f <  f I t . det . 
P f >  f I t . det . 
P f <  Tr ip 
P f >  Tr ip 

Mean i ng 

Imp . : T r ip 
Imp . : Tr ip with b i nary input ( BI+ Z < ) 
Power swi ng detect i on 
> B l ock externa l tr ip 1 
>Externa l tr ip 1 
Externa l t r ip 1 i s switched o f f  
Externa l tr ip 1 i s bl ocked 
Externa l t r ip 1 i s act ive 
External tr ip 1 :  Genera l fau l t  det . 
Externa l tr ip 1 :  Genera l tr ip 
> B l ock extern a l  tr ip 2 
>Extern a l  tr ip 2 
External tr ip 2 i s sw itched o f f  
Externa l tr ip 2 i s b l ocked 
Externa l tr ip 2 i s act ive 
Externa l tr ip 2 :  Genera l fau l t  det . 
External tr ip 2 :  Genera l tr ip 
> B l ock external tr ip 3 
>Exte rna l tr ip 3 
Externa l tr ip 3 i s swi tched o f f  
External tr ip 3 i s b l ocked 
Extern a l  tr ip 3 i s act ive 
Externa l t r ip 3 :  Genera l fau l t  det . 
Externa l t r ip 3 :  Genera l tr i p 
>Bl ock extern a l  tr ip 4 
>Exte rna l tr ip 4 
External tr ip 4 i s swi tched o f f  
Externa l t r ip 4 i s b l ocked 
External tr ip 4 i s act ive 
Externa l tr ip 4 :  Genera l fau l t  det . 
Externa l t r ip 4 :  Genera l t r ip 
operat ing range o f  v , i 
> B l ock out - o f - step protect i on 
out - o f - s tep protect i on i s sw itched o f f  
Out - o f- step p rotect i on i s b l ocked 
out - o f - step p rotect i on i s act ive 
Out - o f - step : Pu l s e  of cha racter i st i c 1 
Out - o f - step : Pu l s e o f  characteri st i c 2 
Out - o f - step : P i ck-up character i st i c 1 
Out - o f � step : P i ck-up character i st i c 2 
Out - o f - step : T r ip cha racter i st i c 1 
Out - o f - step : Tr ip character i st i c 2 
>Bl ock reverse power protect i on 
>stop va lve tr ipped 
Reverse power protect i on sw i tched o f f  
Reverse power protect i on b l ocked 
Reverse power protect i on i s act ive 
Reverse power : Fau l t  detect i on 
Reverse power : Tr ip 
Reverse power : Tr ip w/ stop valve tr ip 
>Bl ock f o rward power superv i s i on 
Forwa rd power superv i s i on sw i tched o f f  
Forwa rd power superv i s i on i s b l o cked 
Forwa rd power superv i s i on i s act ive 
Forward power : Fau l t  detect i on i n P f <  
Forwa rd power : Fau l t  detect i on in P f >  
Forwa rd power : T r ip P f <  stage 
Forward power : Tr ip Pf> stage 

Op Ft Ear 10 

CG 
CG 
CG 
CG 
CG 

CG 
CG 
CG 
CG 
CG 

CG 
CG 
CG 
CG 
CG 

CG 
CG 
CG 
CG 
CG 

CG 
CG 
CG 
CG 
CG 

CG 
CG 
CG 
CG 
CG 

CG 
CG 
CG 
CG 

C 
C 
CG 

CG 
C 

CG 
C 

CG 
C 

CG 
C 

CG 
CG 
CG 
CG 
C 
C 

CG 
C 
C 

CG 
CG 
C 
C 

o 
o 
o 

10 
1 0  

o 
o 
o 
o 
o 

10 
10 

o 
o 
o 
o 
o 

1 0  
1 0  

o 
o 
o 
o 
o 

1 0  
1 0  

o 
o 
o 
o 
o 
o 

1 0  
o 
o 
o 
o 
o 
o 
o 
o 
o 

1 0  
1 0  

o 
o 
o 
o 
o 
o 

1 0  
o 
o 
o 
o 
o 
o 
o 
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FNo . 

5 1 4 3  
5 1 4 6  
5 1 5 1  
5 1 5 2  
5 1 5 3  
5 1 5 6  
5 1 5 7  
5 1 5 8  
5 1 5 9  
5 1 6 0  
5 1 6 1  
5 1 7 3  
5 1 8 1  
5 1 8 2  
5 1 8 3  
5 1 8 6  
5 1 8 7  

Abbrev i at i on 

> I 2  b l ock 
>RM th . rep l . 
I 2  o f f  
I 2  b l ocked 
I 2  act ive 
I 2 >  Warn 
I2 th o Warn 
RM th o rep l . 
I 2 »  Fau l t  
I 2 »  Tr ip 
I 2  e Tr ip 
>U O >  b l ock 
UO> o f f  
U O >  b l ocked 
UO> act ive 
UO> Fau l t  
U O >  Tr ip 

Mean ing Op Ft Ear IO 

> B l ock unb a l anced l oad protect ion CG IO 
>Re set memory for therma l rep l ic a  CG IO 
Unb a l anced l oad protect ion i s  switched CG 0 
Unba l anced l oad protect i on i s b l ocked CG 0 
Unba l anced l oad protect ion i s  act ive CG 0 
Unb a l anced l oad : Current warn ing stage CG 0 
Unb a l anced l oad : Therma l warn ing stage CG 0 
Re set memory o f  therma l rep l i ca CG 0 
Unba l anced l oad : Fau l t  detec . current st CG 0 
Unb a l anced l oad : Tr ip o f  current stage C 0 
Unba l anced l oad : T r i p  o f  therma l stage C 0 
> B l ock stator earth fault protect i on CG IO 
stator earth fault protec . switched o f f  CG 0 
stator earth fault protect i on b l ocked CG 0 
stator earth f au l t  protect i on i s a ct ive CG 0 
s tator earth fau l t : Fau l t  detect i on CG 0 
stator ea rth fau l t : Tr ip C 0 
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Re ference Tab l e  for Funct i ona l Parameters 7UM5 1 6  

1 0 0 0  PARAMETERS 

1 1 0 0  MACHINE & POWERS YSTEM DATA 

1 1 0 8  STAR- POINT 
HIGH-RES I STANCE 
LOW-RES I STANCE 

Ea rth ing cond it i on o f  the mach i ne star-po int 
[ ] S t a rpt . h igh res i st . 
[ ] S t a rpt . l ow res i st . 

1 2 0 0  INTRUMENT TRANS FORMER DATA 

1 2 0 1  IN CT PRIM 
m i n .  0 . 0 5 0  
max . 5 0 . 0 0 0  

1 2 0 2  UN VT PRIM 
m i n .  0 . 3 0 
max . 5 0 . 0 0 

1 2 0 4  Un S E COND . 
m in .  1 0 0  
max . 1 2 5  

Pr imary rated CT current 
kA 

Pr imary rated VT current 
kV 

S e c onda ry rated v o l tage 
V 

1 2 0 5  CT STARPNT Po l a r i ty o f  current t ra n s formers 
TOWARDS MACH INE [ ] S t a rpt . toward mach . 
TOWRDS STARPO I NT [ ] S t a rpt . towa rd stapt 

1 2 0 6  CT ANG . W O  
m in .  - 2 . 5 0 
max . 7 . 5 0 

1 2 0 7  CT ANG . W I  
m i n .  - 2 . 5 0 
max . 0 . 0 0 

1 2 0 9  VT DELTA 
CONNECTED 
NOT CONNECTED 

1 2 1 0  UphjUd e l t a  
m in .  - 9 . 9 9 
max . 9 . 9 9 

[ 
[ 

1 3 0 0  IMP . PROT . GENERAL 

1 3 0 1  IMP . PROT . 
OFF 
ON 
BLOCK TRI P RE L 

1 3 0 2  R1  
m in .  0 . 0 5 
max . 6 5 . 0 0  

1 7 2  

correct i on a ng l e  CT W O  

Correct i on ang l e  CT W I  

V T  for open de l t a  w ind ing connected 
Connected 
Not connected 

Match i ng factor for open delta vol tage 

S ETT INGS 

State o f  the impedance protect i on 
o f f  
on 
B l ock tr i p reI 

Z one 1 :  Res i stance 
n 
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1 3 0 3 X l  Z one 1 :  Reactance 
m i n .  0 . 0 5 n 
max . 1 3 0 . 0 0 

1 3 0 4 T 1  Z one 1 :  T ime d e l ay 
m i n .  0 . 0 0 s 
max . 3 2 . 0 0/00 

1 3 0 5  R I B  Z one 1 B : Re s i stance 
m i n .  0 . 0 5 n 
max . 6 5 . 0 0 

1 3 0 6  X 1 B  Z one 1 B : Reactance 
mi n .  0 . 0 5 n 
max . 1 3 0 . 0 0 

1 3 0 7 T 1 B  Z one 1 8 : T ime d e l ay 
m i n . 0 . 0 0 s 
max . 3 2 . 0 0/00 

1 3 0 8 T 2  F i n a l  t ime d e l ay T 2  
m i n .  0 . 0 0 s 
max . 3 2 . 0 0/00 

1 3 0 9 T-RESET Reset d e l ay a fter t r i p  
m i n . 0 . 0 0 s 
max . 3 2 . 0 0 

1 4 0 0  IMP . PROT . FAULT DETECTION 

1 4 0 1  I >  
m i n .  0 . 2 0 
max . 4 . 0 0 

1 4 0 2  U <  S EAL- I N  
O F F  
O N  

1 4 0 3  U <  
m i n . 3 0  
max . 1 3 0  

1 4 0 4 T-S EAL- I N  
m i n .  0 . 0 0 
max . 3 2 . 0 0 

Overcurrent detec t i on thre s h o l d  va l ue I >  
I/ I n  

Undervo l tage s e a l - i n ON/OFF 

[ o f f  

[ on 

Und e rvo l t age va lue for s ea l - i n 
V 

Durat i on o f  undervo l t age s ea l - in 
s 

1 5 0 0  IMP . PROT . POWER SWING 

1 5 0 1  PI S Powe r swi ng detect i on ON/OFF 
OFF o f f  
ON on 

1 5 0 2  d Z / dt Rate of change of the powe r swi ng vector 
m i n . 1 . 0 n/ s 
max . 2 0 0 . 0  
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1 5 0 3  PIS T-ACT . 
min .  0 . 0 0 
max . 3 2 . 0 0/00 

1 5 0 4  DELTA Z 
m in .  0 . 1 0 
max . 1 0 . 0 0 

1 9 0 0  EARTH FAULT 

1 9 0 1  S E F  PROT . 
OFF 
ON 

UO >  

BLOCK TRI P REL 

1 9 0 2  U O >  
mi n .  5 . 0  
max . 1 0 0 . 0  

1 9 0 3  T-U . ; > 
m i n .  0 . 0 0 
max . 3 2 . 0 0/00 

1 9 0 4 T-RE S ET 
m i n .  0 . 0 0 
max . 3 2 . 0 0 

2 0 0 0  OUT-O-STEP PROTECTI ON 

2 0 0 1  OUT-O-STEP 
OFF [ 
ON [ 
BLOCK TRI P REL [ 

2 0 0 2 1 1 > Mea s . 
m i n .  0 . 2 0 
max . 4 . 0 0 

2 0 0 3  1 2 <  Mea s . 
m i n .  0 . 0 5 
max . 1 .  0 0  

2 0 0 4  Z a  
m in .  0 . 2 0 
max . 1 3 0 . 0 0 

2 0 0 5  Z b  
m in .  0 . 1 0 
max . 1 3 0 . 0 0 

2 0 0 6  Z c  
m i n .  0 . 1 0 
max . 1 3 0 . 0 0 

2 0 0 7  Z d - Z c  
m i n .  0 . 0 0 
max . 1 3 0 . 0 0 

17 4  

Power swing act i on t ime 
s 

Impedance betwe en PI S polygon and polygon Z l  
n 

state o f  the stator ea rth fau l t  protect i on 
o f f  
on 
Bl ock t r ip reI 

Pi ck-up value of d i spl acement vol tage U O >  
V 

T ime de l ay f o r  t r i p 
s 

Re set de l ay a fter t r i p  
s 

state o f  the out - o f - step protect i o n  
o f f  
on 
B l ock t r i p  reI 

p i ck -up current ( po s . seq . ) for O/ S detc . 1 1 >  
I/ I n  

Max . neg . seq . current f o r  O/ S detect i on 1 2 <  
I/ I n  

Res i stance o f  the p o l ygon 
n 

Reactance o f  the p o l ygon ( reve rse d i rect i on ) 
n 

Reactance o f  the p o l ygon ( fo rwa rd d i r e  char . 1 ) 
n 

Reactance cha r . 1  - reactance cha r . 2  ( fo rw . d i r )  
n 
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2 0 0 8  PHI POLYG . 
m in .  6 0 . 0  
max . 9 0 . 0  

2 0 0 9 REP . CHAR . 1 
min .  1 
max . 4 

2 0 1 0 REP .  CHAR . 2 
m in .  1 
max . 8 

2 0 1 1  T -HOLDING 
min .  0 . 2 0 
max . 3 2 . 0 0 

2 0 1 2  T - S I GNAL 
min .  0 . 0 2 
max . 0 . 1 5 

2 0 1 3  T-RESET 
min .  0 . 0 5 
max . 3 2 . 0 0 

Ang l e  o f  incl inat i on o f the polygon 

Repet it i on o f  character i st i c 1 

Repet it i on o f  character i st ic 2 

Hold ing t ime o f  fau l t  detect i on 
s 

Mi n imum t ime for s igna l 
s 

Res e t  de l ay a fter t r ip 
s 

2 2 0 0 FORW . POWER SUPERV I S I ON 

2 2 0 1  FORW . POWER 
OFF ] 
ON ] 
BLOCK TRI P REL ] 

2 2 0 2 P f <  
min .  0 . 5  
max . 1 2 0 . 0  

2 2 0 3 Pf> 
m in .  1 . 0  
max . 1 2 0 . 0  

2 2 0 4 T - P f <  
m in .  0 . 0 0 
max . 3 2 . 0 0/00 

2 2 0 5 T - P f >  
m in .  0 . 0 0 
max . 3 2 . 0 0/00 

2 2 0 6  T-RESET 
mi n .  0 . 0 0 
max . 3 2 . 0 0 

2 3 0 0  REVERS E POWER 

2 3 0 1 REV . POWER 
OFF ] 
ON ] 
BLOCK TRI P RE L ] 

State of the forward power 
o f f  
on 
B l ock t r ip re I 

Superv i s i on o f  decrease 
% 

Superv i s i on o f  i ncrea s e  
% 

T ime de l ay for t r i p  P f <  
s 

T ime de l ay for t r ip P f >  
s 

Reset de l ay a fter t r ip 
s 

i n 

i n 

State o f  the reve rse powe r 
o f f  
on 
B l ock t r ip reI 

superv i s ion 

forw . act ive power 

forw . act ive power 

protect i on 
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2 3 0 2 P> REVERS E 
m in .  - 3 0 . 0 0 
max . - 0 . 5 0 

2 3 0 3 T-SV-OPEN 
min .  0 . 0 0 
max . 3 2 . 0 0/00 

2 3 0 4 T-SV-CLOS . 
min .  0 . 0 0 
max . 3 2 . 0 0/00 

2 3 0 5  T -RESET 
m in .  0 . 0 0 
max . 3 2 . 0 0 

2 4 0 0  UNBALACED LOAD 

2 4 0 1  UNBAL . LOAD 
OFF 
ON 
BLOCK TRI P RE L 

2 4 0 2  1 2 >  
mi n .  3 
max . 3 0  

2 4 0 3  T - I 2 > -
min .  0 . 0 0 
max . 3 2 . 0 0/00 

2 4 0 4 TIME CONST 
m i n .  1 0 0  
max . 2 5 0 0  

2 4 0 5  THERM . WARN 
m in .  7 0  
max . 9 9  

2 4 0 6  1 2 »  
m in .  1 0  
max . 8 0  

2 4 0 7 T- I 2 »  
min .  0 . 0 0 
max . 3 2 . 0 0/00 

2 4 0 8  T-RES ET 
mi n .  0 . 0 0 
max . 3 2 . 0 0 

Pi ck-up value o f  reverse power 
% 

T ime de l ay for trip w ith stop va lve open 
s 

T ime de l ay for tr ip with stop valve c l osed 
s 

Reset d e l ay a fter tr ip 
s 

state o f  the unb a l anced l oa d  protect i on 
[ ] o f f  
[ ] on 
[ ] . B l ock tr ip reI 

Cont i nou s l y  perm i s s ib l e  neg . s e quence current 
% 

T ime de l ay for warn ing stage 
s 

Therma l t ime constant 
s 

Therma l warn i ng stage i n % o f  tr ip temperature 
% 

Pi ck-up v a l u e  for h igh current stage 
% 

Tr ip t ime d e l ay for h igh current stage 
s 

Re set de l ay a fter tr ip 
s 

2 9 0 0  MEAS . VALUE SUPERVI S I ON 

2 9 0 1  M . V . SUPERV 
OFF 
ON 

1 7 6 

state o f  measured va l u e s  superv i s i on 
] o f f  
] on 
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2 9 0 3  S YM . I thres 
min .  0 . 1 0 
max . 1 . 0 0 

2 9 0 4  S YM . Fact . I 
min .  0 . 1 0 
max . 0 . 9 5 

2 9 0 5 SUM . I thres 
min .  0 . 1 0 
max . 2 . 0 0 

2 9 0 6  SUM . Fact . I 
m in .  0 . 0 0 
max . 0 . 9 5 

2 9 0 7 SYM . Uthres 
m i n .  1 0  
max . 1 0 0  

2 9 0 8 SYM . Fa ct . U  
m i n . 0 . 5 8 
max . 0 . 9 5 

2 9 0 9 SUM . Uthres 
mi n .  1 0  
max . 2 0 0  

2 9 1 0 SUM . Fa ct . U  
m i n .  0 . 6 0 
max . 0 . 9 5 

S ymmetry threshold for current mon itoring 
I/ I n  

Symmetry factor for current mon itor ing 

s ummat i on thre sh o l d  for current mon itoring 
I / I n  

Factor f o r  current summat i on mon itor i ng 

S ymmetry thre sho ld for v o l tage mon itor ing 
V 

Symmetry factor for v o l t age mon itor ing 

Vo l tage thresho l d  for vol tage summat i on 
V 

Factor for v o l tage summat i on mon i t o r i ng 

3 0 0 0  EXTERNAL TRI P FUNCT I ON 1 

3 0 0 1  EXT . TRI P 1 
OFF 
ON 
BLOCK TRI P REL 

3 0 0 2  T-DELAY 
m i n . 0 . 0 0 
max . 3 2 . 0 0/00 

3 0 0 3  T-RESET 
m in .  0 . 0 0 
max . 3 2 . 0 0 

s tate o f  externa l t r ip funct i on 1 
o f f  
on 
B l ock trip rel 

T ime d e l ay of externa l t r ip funct i on 1 
5 

Re set de l ay a fter t r i p  
s 

3 1 0 0  E XTERNAL TRI P FUNCTION 2 

3 1 0 1  EXT . TRI P  2 
OFF 
ON 
BLOCK TRI P REL 

3 1 0 2  T-DELAY 
m in .  0 . 0 0 
max . 3 2 . 0 0/00 

state of externa l t r ip funct i o n  2 
o f f  
on 
Bl ock tr ip rel 

T ime d e l a y  of  extern a l  tr ip funct i on 2 
s 

1 7 7  www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



3 1 0 3 T-RESET 
min .  0 . 0 0 
max . 3 2 . 0 0 

Reset d e l ay a fter tr ip 
s 

3 2 0 0 EXTERNAL TRI P FUNCTION 3 

3 2 0 1  EXT . TRI P 3 state of externa l t r ip funct i on 3 
OFF [ o f f  
ON [ on 
BLOCK TRI P  REL [ Bl ock t rip re I 

3 2 0 2 T-DELAY T ime d e l ay o f  externa l tr ip funct i on 3 
m in .  0 . 0 0 s 
max . 3 2 . 0 0/00 

3 2 0 3  T-RESET Reset del ay a fter t r i p  
m in .  0 . 0 0 s 
max . 3 2 . 0 0 

3 3 0 0 EXTERNAL TRI P  FUNCTION 4 

3 3 0 1  EXT . TRI P 4 
OFF 
ON 
BLOCK TRI P RE L 

3 3 0 2 T-DELAY 
m in .  0 . 0 0 
max . 3 2 . 0 0/00 

3 3 0 3 T-RESET 
m in .  0 . 0 0 
max . 3 2 . 0 0 

state o f  externa l t r i p  funct i on 4 
o f f  
on 
Bl ock tr ip reI 

T ime de l ay of externa l t r ip funct i on 4 
s 

Re set de l ay a fter t r ip 
s 
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Tests and Commi s s i on ing A ids 7UM5 1 6  

4 0 0 0  TESTS 

4 4 0 0  C B  TEST LIVE TRI P 

4 4 0 1  TRI P RELAY 1 Trip o f  re l ay # 1  

4 4 0 2 TRI P RELAY 2 Tr ip o f  re l ay # 2 

4 4 0 3 TRI P RELAY 3 Trip o f  re l ay # 3 

4 4 0 4 TRI P RELAY4 Tr ip o f  re l ay # 4 

4 4 0 5 TRI P REALY 5 Tr ip o f  rel ay # 5 

4 9 0 0  TEST FAULT RECORDING 

4 9 0 1  FAULT RE C . I n i t i a t i on o f  fau l t  record i ng 
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Annunc i at i ons , Mea sured Va lues etc . 7UM5 1 6  

5 0 0 0  ANNUNCIAT I ONS 

5 1 0 0  OPERATI ONAL ANNUNCIATIONS 

5 2 0 0  LAST FAULT 

5 3 0 0  2 nd TO LAST FAULT 

5 4 0 0  3 rd TO LAST FAULT 

5 7 0 0  OPERATI ONAL MEASURE D VALUES 

5 7 0 1  I L l  = I L l  
5 7 0 2  I L2 I L2 = 
5 7 0 3  I L3 I L3 = 
5 7 0 4  UL1E= UL1E 
5 7 0 5  UL2E= UL2 E = 
5 7 0 6  UL3 E= UL3 E = 
5 7 0 7  I L1 [ % ]  I Ll [ % ]  
5 7 0 8  I L2 [ % ]  I L2 [ % ]  
5 7 0 9  I L3 [ % ]  I L3 [ % ] 
5 7 1 0  UL1E = S e c ondary vol tage UL1E is  
5 7 1 1  UL2 E = S econdary vol tage UL2 E i s  
5 7 1 2  UL3 E S e c ondary v o l tage UL3 E i s  
57 1 3  U O  = S econdary earth vol tage U O  
5 7 1 4  Ipos . seq= pos i t ive s equence current 
5 7 1 5  Upo s . s e q= pos i t ive s equence vol tage 
57 1 6  f [ H z ] =  f [ H z ] = 

5 8 0 0  OPERAT IONAL MEASURE D VALUES 

5 8 0 1  Pa [ % ] =  
5 8 0 2  Pr [ % ] =  
5 8 0 3  COS PH I= 
5 8 0 4  PH I= 
5 8 0 5  R= 
5 8 0 6  X= 

Pa [ % )  = 
Pr [ % )  = 
Powe r factor o f  the mach ine 
Powe r ang l e  
Re s i stance 
Reactance 

5 9 0 0  OPERATI ONAL MEAS . VALUES C 

i s  

5 9 0 1  I neg . s e q= 
5 9 0 2  ThermRep l .  = 

Negat ive s equence current/unb a l anced l oad 
Ca l cu l ated rotor temperature ( unba l .  l oa d )  
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Re ference Tab l e  for Con f igurat i on Parameters 7UM5 1 6  

6 0 0 0  MARSHALLING 

6 1 0 0  MARSHALLING B INARY INPUTS 

6 1 0 1  B INARY INPUT 1 B inary input 1 

6 1 0 2  BINARY INPUT 2 B inary input 2 

6 1 0 3  BINARY INPUT 3 B i nary input 3 

6 1 0 4  BI NARY INPUT 4 B i na ry i nput 4 

6 1 0 5  BINARY INPUT 5 B i nary i nput 5 

6 1 0 6  BI NARY INPUT 6 B inary input 6 
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6 1 0 7  BINARY INPUT 7 B i nary input 7 

6 1 0 8  BINARY INPUT 8 B i nary i nput 8 
' I  

6 2 0 0  MARSHALLING S I GNAL RELAYS 

6 2 0 1  S I GNAL RELAY 1 S igna l rel ay 1 

6 2 0 2  S I GNAL RE LAY 2 S igna l re l ay 2 

6 2 0 3  S I GNAL RE LAY 3 s i gna l re l ay 3 

6 2 0 4 S I GNAL RELAY 4 S igna l rel ay 4 

6 2 0 5  S I GNAL RE LAY 5 S i gna l re l ay 5 
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6 2 0 6  S I GNAL RELAY 6 S igna l re l ay 6 

6 2 0 7  S I GNAL RELAY 7 S ignal re l ay 7 

6 2 0 8 S IGNAL RELAY 8 S igna l re l ay 8 

6 2 0 9 S IGNAL RELAY 9 S i gna l re l ay 9 

6 2 1 0 S IGNAL RELAY 1 0  S i gna l re l ay 1 0  

6 2 1 1  S I GNAL RELAY 1 1  S i gna l re l ay 1 1  

6 2 1 2  S I GNAL RELAY 1 2  S i gna l re l ay 1 2  
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6 2 1 3  S IGNAL RELAY 1 3  S igna l re l ay 1 3  

6 3 0 0  MARSHALLING LED INDI CATORS 

6 3 0 1  LED 1 LE D 1 

6 3 0 2  LE D 2 LE D 2 

6 3 0 3  LE D 3 LE D 3 

6 3 0 4  LE D 4 LE D 4 

6 3 0 5 LE D 5 LED 5 

6 3 0 6 LED 6 LED 6 
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6 3 07 LE D 7 LED 7 

6 3 08 LED 8 LED 8 

6 3 0 9 LE D 9 LE D 9 

6 3 1 0  LED 1 0  LE D 1 0  

6 3 1 1  LE D 1 1  LE D 1 1  

6 3 1 2  LE D 1 2  LE D 1 2  

6 3 1 3  LE D 1 3  LE D 1 3  
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6 3 1 4 LED 1 4  LE D 1 4  

6 4 0 0  MARSHALLING COMMAND RE LAYS 

6 4 0 1  TRI P RELAY 1 Tr ip re l ay 1 

6 4 0 2  TRI P RELAY 2 Tr ip re l ay 2 

6 4 0 3  TRI P RE LAY 3 T r ip re l ay 3 

6 4 0 4  TRI P RE LAY 4 Tr ip re l ay 4 

6 4 0 5  TRI P RE LAY 5 Tr i p rel ay 5 

7 0 0 0  OP e SYSTEM CON F I GURAT I ON 

7 1 0 0  INTEGRATED OPERAT ION 

7 1 0 1  LANGUAGE 
DEUTS CH 
ENGLI SH 

1 8 6  

Language 
deutsch 
engl i sh 
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7 1 0 2  DATE FORMAT 
DD . MM . YYYY 
MM/ DD/ YYYY 

7 1 0 5  O PER e 1 s t  L 

7 1 0 6  OPER e 2 nd L 

7 1 0 7  FAULT 1 s t  L 

7 1 0 8  FAULT 2 nd L 

Date f o rmat 
[ ] dd . mm . yyyy 
[ ] mm/ dd/yyyy 

Operat i on a l  me s s age for 1 s t  d i splay l ine 

Operat i ona l m e s s age f o r  2 nd d i spl ay l ine 

Fau l t  me s s age for 1st d i sp l ay l i ne 

Fau l t  m e s s a g e  f o r  2 nd d i sp l ay l i ne 

7 2 0 0  PC/ S Y STEM I NTERFACES 

7 2 0 1  DEVI CE ADD . Dev i ce addre s s  
m i n . 1 
max . 2 5 4  

7 2 0 2 FEEDER ADD . 
m i n . 1 
max . 2 5 4  

7 2 0 3 SUBST . ADD 
m i n . 1 
max . 2 5 4  

7 2 0 8 FUNCT . TYPE 
m in .  1 
max . 2 5 4 

7 2 0 9 DEVI CE TYPE 
m i n .  1 
max . 2 5 4 

7 2 1 1 PC I NTERF . 
D I GS I V 3  
AS C I I 

7 2 1 5 PC BAUDRATE 
9 6 0 0  BAUD 
1 9 2 0 0  BAUD 
1 2 0 0  BAUD 
2 4 0 0  BAUD 
4 8 0 0  BAUD 

7 2 1 6  PC PARITY 
DIGS I V3 
NO 2 STOP 
NO 1 STOP 

Feeder addre s s  

SUbstat i on addre s s  

Funct i o n  type i n  a c c o rdance w i th VDEW/ ZVE I 

Dev i ce type 

Data f o rmat for PC- i nt e r f a c e  
DIGS I V3  
AS C I I  

Tra n sm i s s i on baud rate f o r  PC - i nterface 

[ 9 6 0 0  Baud 
[ 1 9 2 0 0  Baud 
[ 1 2 0 0  Baud 
[ 2 4 0 0  Baud 

[ 4 8 0 0  Baud 

Pa r i ty .and stop-b its for PC - i nterface 

[ DIGS I V3 
[ no p a r i ty , 2 stopb i t s  
[ No p a r i ty , 1 stopb i t  
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7 2 2 1  S YS I NTERF . 
VDEW COMPATI BLE 
VDEW EXTENDED 
DIGS I V3 
LSA 

7 2 2 2  SYS MEASUR . 
VDEW COMPATI BLE 
VDEW EXTENDED 

7 2 2 5  SYS BAUDR . 
9 6 0 0  BAUD 
1 9 2 0 0  BAUD 
1 2 0 0  BAUD 
2 4 0 0  BAUD 
4 8 0 0  BAUD 

7 2 2 6  SYS PARITY 
VDEW/ DI GS IV3 / LSA 
NO 2 STOP 
NO 1 STOP 

7 2 3 1  SYS TEST 
OFF 
ON 

7 2 3 5  SYS PARAMET 
NO 
YES 

7 4 0 0  FAULT RECORDINGS 

7 4 0 2  INITIAT ION 
STORAGE BY FD . 
STORAGE BY TRI P  
START WITH TRI P 

7 4 1 0  T-MAX 
m i n .  0 . 3 0 
max . 5 . 0 0 

7 4 1 1  T - PRE 
m i n . 0 . 0 5 
max . 4 . 0 0 

7 4 1 2 T - POST 
m i n .  0 . 0 5 
max . 1 . 0 0 

7 4 2 0  FAULT VALUE 
INSTANT . VALUES 
R . M . S .  VALUES 

7 4 3 1  T-BINARY IN 
m i n . 0 . 1 0 
max . 5 . 0 0/00 

7 4 3 2  T-KEYBOARD 
m i n . 0 . 1 0 
max . 5 . 0 0 

1 8 8 

Data format for system- interface 
[ ] VDEW compa t ib l e  
[ ] VDEW extended 
[ ] DIGS I V3 
[ ] LSA 

[ 
[ 
[ 
[ 
[ 

Measurement format for system- interface 
] VDEW compat i b l e  
] VDEW extended 

Transm i s s i on baud rate fo r sys t em - inter face 
9 6 0 0  Baud 
1 9 2 0 0  Baud 
1 2 0 0  Baud 
2 4 0 0  Baud 
4 8 0 0  Baud 

Pa r i ty a nd stop-b i t s  for system- interface 
[ ] VDEW/ DIGS I V3/LSA 
[ ] no pa r i ty , 2 s topb i t s  
[ ] No pa r i ty , l  s topb it 

Test i ng v i a system- interface 
] . o f f  
] on 

Pa rameter i z i ng via system- i nte r f 2  
n o  
y e s  

I n i t i a t i on o f  data storage 
Storage by fau l t  det 
Storage by tr ip 
start w i th t r i p  

Ma x imum t ime per i od o f  a fau l t  record i ng 
s 

Pre -tr igger t ime for fau l t  reco rd i ng 
s 

Post- fau l t  t ime for fau l t  record i ng 
s 

Fau l t  value 
] In stantaneous values 
] R . M . S .  v a l u e s  

Storage t ime by i n i t i a t i on v i a  b i nary i nput 
s 

St orage t ime by i n i t iat i on v i a keyboard 
s 
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7 4 9 0  SYS LENGTH 
6 6 0  VALUES F I X  
< = 3 0 0 0  VAL . VAR 

7 8 0 0  S COPE OF FUNCTI ONS 

7 8 0 1  IMP . PROT . 
EXIST 
NON-EXIST 

7 8 0 4 S E F  PROT . 
EXIST 
NON-EXIST 

7 8 0 6  OUT-OF-STEP 
EXIST 
NON-EX I S T  

7 8 0 7 FOR . POWER 
EXIST 
NON-EX I S T  

7 8 0 8 REV . POWER 
EXIST 
NON-EXIST 

7 8 1 0  UNBAL . LOAD 
EXIST 
NON-E X I S T  

7 8 3 0  EXT . TRI P 1 
E X I S T  
NON-EXIST 

7 8 3 1  EXT . TRI P 2 
EXIST 
NON-EXIST 

7 8 3 2  EXT . TRI P 3 
EXIST 
NON-EX I S T  

7 8 3 3  EXT . TRI P 4 
E X I S T  
NON-EXIST 

7 8 8 5  PARAM . C/ O 
NON-EXI S T  
E X I S T  

7 8 9 9  FREQUENCY 
fN 50 H z  
f N  6 0  H z  

[ 
[ 

Length o f  fau l t  record ( fo rmer LSA )  
6 6 0  va lues f ix 
<=3 0 0 0  val . var 

Impedance protect ion 
Ex i stant 
Non-ex i stant 

Stator earth fau l t  protect i o n  
Ex i stant 
Non-ex i stant 

out-of- step protect i on 
Ex i stant 
Non-ex i stant 

F o rwa rd power superv i s i o n  
E x i stant 
Non - e x i stant 

Reverse p ower protect i o n  
Ex i stant 
Non - e x i stant 

Unb a l anced l oad protect i on 
Ex i stant 
Non-exi stant 

Exte rna l t r i p  funct i on 1 
Ex i stant 
Non-exi stant 

Externa l trip funct i on 2 
E x i stant 
Non - e x i stant 

Exte rna l t r ip funct i on 3 
E x i stant 
Non - e x i stant 

Externa l trip funct i o n  4 
Ex i s tant 
Non - ex i stant 

Pa rameter change - over 
Non-ex i stant 
E x i stant 

Rated system f requency 
fN 50 H z  
f N  6 0  H z  
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Ope ra t i ona l Dev i c e  Control F a c i l i t i e s  7 UM5 1 6  

8 0 0 0  DEV I C E  CONTROL 

8 1 0 0  S ETT I NG REAL T IME CLOCK 

8 1 0 1  DATE / T I ME Actu a l  date and t ime 

8 1 0 2  DATE S ett i ng new date 

8 1 0 3  T I ME S ett i ng new t ime 

8 1 0 4  D I F F . T I ME S ett i ng d i f fe rence t ime 

8 2 0 0  RES ET 

8 2 0 1  RES ET Re set o f  LE D memor i e s  

8 2 0 2  RES ET Re set o f  operat i o n a l  a nnunc i a t i o n  bu f fer 

8 2 0 3  RES ET Re set o f  fau l t  a nnunc i a t i on bu f fe r  

8 5 0 0  PARAMETER CHANGE - OVER 

8 5 0 1  ACTIV PARAM Actu a l  act ive pa rameter set 

8 5 0 3  ACTIVAT I NG Act ivat i on o f  pa ramet e r  set 
S ET A S e t  a 
S ET B S et b 
S ET C S e t  c 
S ET D S et d 
S ET BY B I N . I N PUT S et v i a b i nary i nput 
S ET BY LSA CONTR S et by lsa contro l 

8 5 1 0  COPY Copy o r i g i n a l  pa rameter set to set A 

8 5 1 1  COpy Copy o r i g i na l pa rameter set t o  set B 

8 5 1 2  COpy Copy o r i g i n a l  pa rameter set t o  s et C 

8 5 1 3  COPY Copy or i g i na l paramet e r  s e t  t o  set D 

8 5 1 4  COPY Copy pa rameter set A t o  s e t  B 

8 5 1 5 COPY Copy pa rameter set A to  set C 

3 5 1 6  CO py Copy pa rameter s e t A to set D 

8 5 1 7 COpy Copy pa rameter set B to set A 

-·j 5 1 8  COPY Copy pa rameter set B to set C 
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8 5 1 9  COPY Copy pa rameter set B t o  s e t  D 

8 5 2 0  COPY Copy pa ramete r  set C t o  s e t  A 

8 5 2 1  COPY Copy pa ramet e r  set C t o  s e t  B 

8 5 2 2  COpy Copy pa ramet e r  s e t  C to set D 

8 5 2 3  COpy Copy paramete r set D t o  s e t  A 

8 5 2 4  COpy Copy pa rame t e r  s e t  D to s e t  B 

8 5 2 5  COpy Copy pa ramet e r  s e t  0 t o  s e t  C 
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Subject to t e chnical a lterat ion 

Siemens Akt iengese l lschaft 

Copying of th is document and giving it t o  others and 
the use or  c ommunicat ion of  the contents thereof . 
are forbidden without express authority . Offenders 
are l iable t o  the  payment of  damages . Al l  rights  are 
reserved in the event of the grant of a patent or 
the registrat ion of a uti l i ty model  or  des ig n . 

Order No .  C53000-G 1 1 76-C97-2 

Available from : LZF FOrth- Bis lohe 

Printed in the  Federal  Republ ic of Germany 
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