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Abstract — One of the main disadvantage of the synchronous 
machines with brushless excitation is that the field winding is 
not accessible for the de-excitation. The de-excitation process is 
very slow as the field current flows through the rotating diodes 
which operate in freewheel mode. Therefore in case of an 
internal fault, despite the correct operation of the protection 
relays, the machine could have severe damages. A high-speed 
de-excitation system for these machines was developed. The de- 
excitation is achieved by inserting a resistance in the field 
circuit by a static switch semiconductor based, obtaining a 
dynamic response similar to that achieved in machines with 
static excitation. This paper presents the improvement in the 
de-excitation system in the second commercial 20 MVA hydro 
generator in operation. In this case, high blocking voltage 
semiconductor was used, making the dynamic response even 
better, than in the first hydro generator. 

 
 
 

Index Terms — Synchronous generator excitation; AC 
generator excitation; Brushless rotating machines; Synchronous 
machines 

 
I. NOMENCLATURE 

 
Rf Resistance of the rotor winding. 
Lf Inductance of the rotor winding. 
Mf Rotor-stator coupling. 
Ld Direct axis synchronous inductance. 
T’

d Rotor load time constant. 
T’

d0 Rotor un-load time constant. 
Rd Discharge resistor of the main generator. 
If  exc Excitation current of the exciter. 
If Rotor current of the main generator. 
Ugen Main generator stator voltage. 

Time constant 
Uf Rotor voltage of the main generator. 
Udiode Rotating diode bridge voltage  
UR Discharge resistor voltage 
UCE Collector emitter voltage 
UCEmax Blocking voltage 
Ir Discharge resistor current. 
Rd Discharge resistor of the main generator. 
Rd exc Discharge resistor of the exciter. 

 

 
 

 
 
 

II. INTRODUCTION 

YNCHRONOUS machines use protection relays in 
order to protect them against short circuits, overloads 
and, in general, abnormal  operations or faults that 

could be dangerous to the power facilities and the operators. 
For that purpose there are minimum requirements for 
obtaining adequate protection in the event of faults or 
abnormal operation [1]. There are many specific protection 
to protect different parts of the machine, such as the rotor 
windings and the rotating diodes, for which schemes have 
been developed [2]-[3]. 

In case of internal fault the generator breaker should be 
opened to eliminate the power system contribution to the 
fault. These faults cannot be switched off by merely tripping 
the generator breaker, as it is therefore important to reduce as 
quickly as possible the source voltage that is driving the fault 
current supplied by the generator itself. So a rapid de- 
excitation of the synchronous machine is necessary to limit 
any possible damage. 

The aim of the field suppression system is accelerate the 
field current decrease in the rotor winding. If the voltage of 
the field winding is reduced to zero, the current will decrease 
in accordance with the natural time constant of the field 
winding. After the trip of the generator breaker, with no 
current in the armature windings, the time constant depends 
on the field winding impedance (Rf, Lf). This time constant is 
too large and de-excitation process will take several seconds. 

In order  to  accelerate  the de-excitation it is a  normal 
practice to insert an additional resistor. This resistor, known 
as a discharge resistor, which converts the magnetic field 
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