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In one of the hydroelectric stations of Mosensrgo, a unique system cf
protecting tne excitetion circuit from double grounds was devised and installed
for a 50,000-kv generator (macufactured by Siemens - Schuckert, with e split -
stator, 1,500 rpm) haviug a fixed ground in the rotur winding at ome poimt,

(38% from the plue ring). '

The protection was carriel out by standard methods without compensetion
for the alternating current. The actuatingmechaniem consisted of a maximx
current reluy of tas ¥T 71/0.2% (KaETZ) tyve and a potenticmwter with &
resistance of 110 ohms {nom‘nsl sxciter voltage of the generator was 220 V).

The actuating cwrrent for the maximum current relay was set criginally
at 0.12 smps. After comnecting the protector in the excitation cireuit of
the gemerator, it was established by teets that, in a balanced bridge arrenge- N
ment, an AC current of 100 - 130 ma flows in the relay winding causing the '
contacts of the relay to vidbrate. The setting of the relay 1ad to be incressed
temporarily to 0.3 amps, but despive this the celsy went into operation during
nonsysmetrical ghort e¢ircuite in the exterpal network.

The flov of altezaating current in the relay windiug, as teste showed,
1s caused by the presence of an induced emf in the rotor shaft of the genera-
tor which 13 produced by the unesymmetrical magnetic flux in the stator and
pulsations in the rotor current. 8ince the generator bearing on the exciter
side is insulated from the casing, then the only cloged circuit possible for
the omf indncsd o the geasrator shaft is the one vhich includes the follow-
ing: gemeratcr shalt, tha point of contact of the excitation winding on the
rotor iron, excitation winding, protective circult, relay winding, and the
sounding sysvem of he etation.
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o Tha @rounding of the rotor ehaft of the generator om the exciter side
sannot be carried ovt due 0 the appesrance of bearing cuxtente. The induced
amf an the exciter side of the rotor shaft has a value of about I - 4.5 volts.

‘ " By excluding the grounding syetem of the statior from tho protective
circuit, and by connecting the cirrent relay directly to the rotor shaft of
the generator (specially installed brughes and csbles), the alternating cuxr-

‘ rent flowing tlrough the relay vas reduced from 130 to 80 ma and strey cur-
rents from the gronnding system were eliminated from ths reley winding.

To reduce the alternating cwrrent passing throvgh the relay to permiss-
ibls values, & locking choke coil was inserted in eeries with the rolay.
With & balanced bridge srrungement the alternating cwrent flowing through
the relay wse reduced from 130 to 15 ma, which permitted an increags in the
protective sensitivity by setting the relay actuating current to 120 ma.

The schems of protection ageinet grounds at two points (Figure 1), as
proposed by the author, 1s undoubtedly more reliable than the standard typs
recamendsd in "Guiding Ilastructions on Relay Protectica,” and ie emsier to
pat into practico than the protective cireuit with AC compensatiom, since
the latter roquires & speclsl cuxrzent transformer and a speclal relay with
two windingse.

The choke coil can be prapared cn the spot {1t is poesible to use, &e
a choke coil, the sscondery winding of a current transformer, class D or 0.5
vitk a tranaformer ratio of 2000/5, 2500/5 or 3000/5, if & reserve trens-
former 1 available). It is necessary that the choke coil operate with low
induction on the iron (in the region of increesing magnetic permeabil’ )
and high reactance cf the choke coil with low effective resistance. With
the fulfillment of these conditions the choke coll reactance will increase
as the voltage across ite terminale incressss {Figure 2).

A gatipfactory coil may be comstructed using the following date:
number of turms, 400; cross-sectional area of cors; 32 sq cm; and effociive
registancs, C.h3 olmm.

A PBD vire with a diameter of 2.65 mn wae uzsed for the winding.
Tigure 5 shows how the alternating current flowing through the winding
of the proteciive marimum current relay, in » halanced bridge arrangement,

varies as the alternating smf increases. As can be seen Irom the graph, the
getting on tho relay has a consideravle factor of safety.
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Figure 1. GSchematic Diagrem for Frotecting the Excitation Circiit of a genera-
tor From a Deubls Ground, With & Locking Choke Coil
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Figure 2. The Curve x=f (U) of the Locking Coil {Taken et the Coomercial

Frequency)
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Figuwre 5. Relationship Botwpen the Change in the Unbalanced Alternating Cur-
rent Flowing Through the Protective Belay and the Induced Voltage
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