


7UM5 1 6 V3 

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 

C53000-G 1 1 76-C97 www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



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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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 . 
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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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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 
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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 . 

C53000-G 1 1 76-C97 

Operating instructions 

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 ) .  

C53000-G 1 1 76-C97 

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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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 .  

C53000-G l 1 76-C97 

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 

Operating instructions 

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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7UM5 1 6 V3 Operating instructions 

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 .  

1 48 

& 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 

1 50 

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 
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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 .  
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� ------

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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7UM5 1 6 V3 

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 

C53000-G 1 1 7S-C97 

Maintenance and fault tracing 

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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7UM5 1 6 V3 Maintenance and fault tracing 

- 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 
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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 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



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 
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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 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om



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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' I  

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 
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