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Abstract— Whenever generator protection is discussed, the
core protection i.e. Generator protection relay is always
discussed. No one thought of discussing about generator
excitation limiters. Excitation limiters also serve as
generator rotor protection. In this paper, excitation system
limiters are discussed and also show the comparison
between the limiters of two different capacities of
generators.
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l. INTRODUCTION

Excitation system is heart of synchronous generator. To get
the rated voltage in the stator of the generator, excitation
system provides necessary flux in the rotor. To supply flux in
the rotor, excitation system feeds DC current within the rotor.
The most function of Excitation system is to perform control
and protective functions, which is crucial to the satisfactory
operation of the generator.
If excitation system is perfectly designed, which provides

e Reliability in power generation operation
Stability in power system
Fast power system disturbance response

Excitation system provides the following protection against.

1. High field voltage
2. High field current
3. High VAR loading

4. Excess flux (volts/Hz)
Above protection achieved by excitation system limiters,
which are as follows:

1. leor If limiter or over excitation limiter or field
winding heating limiter

2. P/Q limiter or under excitation limiter or end winding
heating limiter

3. V/Hz limiter or over fluxing limiter

4. lg limiter or stator winding heating limiter
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COMPARISION OF EXCITATION SYSTEM

Generator — 300 MW Generator — 660 MW

Generator Make - SEC Generator Make — SEC

Brushless Excitation Static Excitation

AVR- ABB Unitrol F AVR- ABB Unitrol 5000

Field Forcing- 2 times, 10 Field Forcing- 2 times, 10

Sec. Sec.

P — 300 MW, Pf-0.85 P — 660 MW, Pf-0.85
1g- 10189 Amp 1g- 20377 Amp

If — 4669 Amp If — 2510 Amp

Il.  OVEREXCITATION LIMITER (IE) LIMITER

We know that, MVVAr is directly proportional to Excitation, &
Excitation is directly proportional to Field current.

The field winding heating will increase, if the field current
increases. Hence it is necessary to know the rated field
current.

The full load field current is defined as the current required to
produce full load stator current at rated voltage, MVVA and pf.

OEM allow over excitation of generator for a very short time.
When power system disturbance happens, then there occurred
a dip in the generator terminal voltage.

To maintain the generator terminal constant, it is required to
supply reactive power to the excitation system.

It is required either to supply normal reactive power to the
excitation system or to supply beyond the limit, which is
totally depend on disturbance level.

When excitation system supply beyond reactive power, then
limiter is introduced to monitor whether it is done safely or
not.

To insure that generator operated safely in overexcited region
during system disturbance, manufacturer provides limiter,
called OEL, le limiter or If limiter.
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Fig. 1 Brushless Excitation le Limiter Setting
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Fig. 2 Static Excitation le Limiter Setting.
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Conclusion-

After comparing both settings, it is observed that brushless
excitation le limiter start at 105% of rated field current and
allow maximum field current upto 160% with time delay of
10sec. but on the other side static excitation le limiter starts at
110% of rated current and allow maximum field current upto
200% with time delay of 10 sec.

i.e Static excitation system time response is faster than
brushless excitation system, that can be a reason for higher
setting of static excitation le limiter.

I1l.  STATOR CURRENT LIMITER (IG LIMITER)

In overexcited region, stator current or MVA limit, Limited by
stator winding heating limit.

We know that, Steam flow is directly proportional to MW

MW is directly proportional to Stator current If stator
current increases, stator winding heating will also increases.
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This is becoming more issue for machine where the turbine

may have uprated and generator has the original

design.

In this case the increase in generator MW output comes at the

expense of available VAR output.

Hence it is necessary to know machine rated MW Output.

Fig. 3 Brushless Excitation Ig Limiter Setting
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Fig. 4 Static Excitation Ig Limiter Setting.
+Q (MVAr)
4
— e > Rated Ig = 20377 Amp
Start Ig Limiter
******* > 105 % of Ig = 21395.85 Amp
0 >
P (MW)
e — > Trip Ig Limiter
200 % of Ig = 40754 Amp
for 10 sec.
1401 REF1 1 MACH TH 105.0 %
1403 | MACH EQUIVALENT 200.0 %
\V 1405 TIME | EQUIVALENT 10s
-Q(MVAr)
Conclusion-

It is observed that Ig limiter setting is same as le limiter
setting. As we know that Ig limiter control action depends on
the operating point. (MVA). In the overexcited region (+Q)
the Ig limiter needs to reduce excitation to bring the operating
point down to the limit. Hence again it is depend on AVR
response.
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i.e Static excitation system time response is faster than
brushless excitation system, that can be a reason for higher
setting of static excitation Ig limiter.

IV. V/Hz LIMITER
We know that flux of generator,

@(t) = K (VIF) Cos wt

Generators cores are constructed of iron and have the function
to carry the magnetic flux of the windings.

They are designed to lead the flux for full load operation
without saturation and within the heating limits.

Hysteresis losses and Eddy current cause heating in magnetic
material.

During normal operation conditions, all magnetic flux is
restricted to the core, as its permeability is much higher than
of the adjacent structures.

When the core saturates, the excess of flux spills into the
surrounding air space and into non-laminated metallic
structures around the core.

These structures are not designed to lead the magnetic flux,
and this condition quickly increases the losses and heating
which may cause equipment damage.

Table 2 Brushless Excitation VV/Hz Limiter Setting

Parameter No. Description Setting
912 START V/HZ MONITOR 10.0%
913 DLY V/HZ MONITOR 2.0 Sec
1911 REF V/Hz LIM AVR 110.0%
1914 DELAY V/Hz LIM 0.0 Sec
Condition- 1 when Frequency is constant i.e. 50 Hz

We know that,

Rated V/F=110/50=2.2
Setting=2.2*1.1=242
VIF=2.42

V/50=2.42

V=121 Volt

PT Ratio — 20/.110 kV

Primary side voltage = 22kV

Hence, when frequency is constant, VV/Hz limiter Start at 22
kV and V/Hz limiter Trip also at 22 kV.
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If over excitation condition occurred, when frequency is
constant, GRP over excitation protection provides backup to
AVR over excitation limiter.

Condition- 2 When Voltage is constant i.e. 20 kV

We know that,

Rated V/F=110/50=2.2
Setting=2.2*11=242
VIF=2.42

110/f=2.42

F=45.45Hz

Hence, when voltage is constant, V/Hz limiter Start at 45.45
Hz and V/Hz limiter Trip at 45.45 Hz

If over excitation condition occurred, when voltage is
constant, AVR over excitation protection provides backup to
GRP under frequency protection.

Table 3 Static Excitation VV/Hz Limiter Setting

Parameter No. Description Setting
912 START V/HZ MONITOR 10.0%
913 DLY V/HZ MONITOR 2.0 Sec
1911, 1912, 1913 | REF V/Hz LIM AVR 110.0 %

Condition- 1 when Frequency is constant i.e. 50 Hz
We know that,

Rated V/F=110/50=2.2
Setting=22*11=242
VIF=2.42

V/50=2.42
V=121 Volt
PT Ratio —22/.110 kV

Primary side voltage = 24.2 kV

Hence, when frequency is constant, VV/Hz limiter Start at 24.2
kV and V/Hz limiter Trip also at 24.2 kV.

If over excitation condition occurred, when frequency is
constant, GRP over excitation protection provides backup to
AVR over excitation limiter.

Condition- 2
We know that,

When Voltage is constant i.e. 20 kV

Rated V/F=110/50=2.2
Setting=2.2*1.1=2.42
V/F=2.42

110/f=2.42
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F=45.45Hz

Hence , when voltage is constant, \//Hz limiter Start at 45.45
Hz and V/Hz limiter Trip at 45.45 Hz

If over excitation condition occurred, when voltage is
constant, AVR over excitation protection provides backup to
GRP under frequency protection..

Conclusion-
Both excitation systems V/Hz limiter setting are same.

V. UNDER EXcCITATION (P/Q) LIMITER

The bottom region of capability graph is under excitation
region. Also referred as leading power factor, where Reactive
power is absorbed by machine.
As reactive power draw by machine from grid because of that
AVR reduces field current, to maintain the working flux.
Hence it is necessary to know lower limit of filed current.
If the field current is less, then

1. Localized heating at end winding

2. Loose SSSL

Fig. 5 Brushless Excitation P/Q Limiter Setting
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B P/Q limiter 1504 REF75  Q(P) LIM
1505 REF100  Q(P) LIM

-123.55 |

- Q MVAr

UEL trip setting- 5%
UEL time delay — 2 Sec
When excitation current below 5% of rater field current

Fig. 6 Static Excitation P/Q Limiter Setting
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le limiter

Legging Pf

Over

Excitation Rated Ig

+P MW

Under
Excitation

Leading Pf AVR SETTING
1501REF0  Q(P)LIM  -30.0%
. 1502 REF25  Q(P)LIM  -30.0%
-232.8 N 1503 REF50  Q(P)LIM  -32.0%
X p/q limiter 1504 REF75  Q(P)LIM -30.0%
_QMVAr 1505REF100 Q(P)LIM  -2.0%

-232.8

UEL trip setting- 5%
UEL time delay — 2 Sec
When excitation current below 5% of rater field current

Conclusion-
After comparing both settings it is observed that P/Q limiters
setting is near about same.
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After comparing all limiters settings of both excitation system,
it is found that excitation system limiters play very important
role in protection of rotor winding. and limiter setting depends
on field forcing design.
Generator can be of any capacitiy and any type of excitation
system but excitation limiters setting should be like that
le limiter
Active — 105 or 110%
Trip — 200% within10 sec
Ig limiter
Active — 105 or 110%
Trip — 200% within10 sec
P/Q Limiter

-35.0%rip — 5% within 2 sec

20%/IHz limiter

-27.0%rip — 1.1 within 2 sec

-7.0%
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