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12 Claims. 

My invention relates to excitation systems for 
dynamo-electric machines and more particu 
larly to self-excitation circuits for dynamo-elec 
tric machines of the Synchronous type. 

Because of the high efficiency and the facility 
of operation of electronic discharge apparatus of 
the type employing ionizable medium. Such as 
gases or vapors, there has been a tendency to 
employ these devices in excitation circuits for 
dynamo-electric machines of large ratings. 
Since there are particular advantages to be de 
rived by the use of electronic discharge apparatus 
in installations of this nature, it becomes increas 
ingly important to employ apparatus of high 
efficiency and of reasonable proportion relative 
to the main or principal apparatus. In order 
to eliminate the necessity for elaborate installa 
tions of auxiliary apparatus and control appara 
tus in connection with the operation of electric 
generators of large rating such as turbo-alter 
nators and waterwheel driven generators, there 
has been evidenced a decided need for excitation 
systems capable of energizing the field winding 
of the machines independently of any auxiliary 
source of current. For example, in the case of 
isolated hydro-electric plants where elaborate 
and complicated auxiliary or control equipment 
would necessitate frequent inspections and dis 
proportionate initial investment, it is highly in 
portant and desirable to provide electric valve 
apparatus which is simple in construction and 
operation for Supplying the excitation of the main 
generators during the starting operation inde 
pendently of any auxiliary source of energy. Due 
to the fact that the main generators are not 
designed to maintain a substantial residual mag 
netism and due to the fact that the operating 
conditions immediately preceding the starting 
operation may have been such that the residual 
magnetism of the machine has been reduced to 
a substantially zero value, it is important to pro 
Wide Some auxiliary equipment whereby the exci 
tation of the main generator is built up to a suffi 
cient value to permit electric valve apparatus 
to be energized from the armature winding of the 
main generator. 

It is an object of my invention to provide a new 
and improved excitation system for dynamo 
electric machines. 

It is another object of my invention to provide 
a new and improved self-excitation system for 
a dynamo-electric machine of the synchronous 
type. 
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vide a new and improved self-excitation system 
for starting dynamo-electric machines. 
In accordance with the illustrated embodiments 

of my invention, I provide a new and improved 
electric valve system for energizing the field 
winding of a dynamo-electric machine inde 
pendently of any auxiliary source of current. 
The electric valve means comprises a plurality 
of main or principal arc discharge paths which 
are connected to be energized from the armature 
Windings of the dynamo-electric machine and 
also comprises a plurality of auxiliary arc dis 
charge paths for establishing or building up the 

..., excitation of the machine to a value sufficient for 
15 

25 

30 

40 

45 

50 

initiating arc discharges Within the principal arc 
discharge paths. An auxiliary alternating cur 
rent generator having a permanent magnet field 
member or being of a material of high coercive 
E. is employed to energize the auxiliary arc 

2 discharge paths to effect energization of the field 
Winding of the main generator during the start 
ing operation. Means responsive to an electrical 
condition of the field Winding, such as the cur 
rent of the field Winding, is provided to discon 
nect the auxiliary generator after arc discharges 
have been established within the principal arc 
discharge paths. 

For a better understanding of my invention 
reference may be had to the following descrip 
tion taken in connection with the accompanying 
drawing and its scope Will be pointed out in the 
appended claims. 

Figs. 1 and 2 represent certain embodiments 
Of my invention as applied to a system for ener 
gizing the field winding of a dynamo-electric 
machine, and Fig. 3 represents certain operating 
characteristics of the embodiment of any inven 
tion shown in Fig. 2. 

Referring now to Fig. 1, my invention is dia 
grammatically illustrated therein as applied to 
a Self-excitation System for a dynamo-electric 
machine f of the synchronous type having arma 
ture Windings 2 and a relatively movable field 
winding 3. The armature windings 2 are con 
nected to an alternating current circuit 4 which 
may form a part of a transmission or distribution 
system. The field winding 3 may be driven by 
any suitable means such as a prime mover 5 
Which is diagrammatically illustrated in the 
drawing. 

I provide an excitation system for energizing 
the field winding 3 from the armature windings 
2 comprising a transformer 6 having primary 
Windings 7 and secondary windings 8, and an 

It is a further object of my invention to pro- 55 electronic discharge device 9 comprising a plu 

  



2 
rality of arc discharge paths. The electronic dis 
charge device 9 comprises a cathode 0, a plu 
rality of principal anodes i?, 2 and 3 and a 
plurality of auxiliary anodes 4, 5 and 6. 
While for the purpose of explaining my inven 
tion I have chosen to represent the electronic 
discharge means 9 as being of the type including 
a plurality of anodes and a single cathode mount 
ed. Within a single enclosing receptacle, it should 
be understood that I may employ a plurality of 
electronic discharge devices of the type in Which 
a single anode and cathode are mounted within 
the receptacle. In order to energize the field 
Winding 3 of the dynamo-electric machine dur 
ing the starting Operation before the excitation 
of the machine has increased to a value Suffi 
cient for establishing arc discharges between the 
principal anodes fl, 2 and 3 and the cathode 

, I provide an auxiliary alternating current 
generator it including armature windings 8 and 20. 
a field member 9. The field member 9 may be 
a permanent magnet or may be of material of 
relatively great coercive force so that upon rota 
tion of the field Winding 3 and the field member 
9 by the prime mover 5 during the starting 

operation, there Will be a sufficient voltage in 
duced in the armature windings 8 of auxiliary 
generator f to establish arc discharges between 
the auxiliary anodes 4, 5 and 6 and the cath 
ode i to build up the excitation of the machine .. 30. 
As a means for disconnecting the auxiliary 

generator from the circuit for the field Wind 
ing 3 after electric discharges have been initi 
ated between the principal anodes , 2 and 3 
and the cathode fe, I provide any suitable means 
responsive to a predetermined operating condi 
tion of the machine such as an electrical Con 
dition of the field circuit. In the particular ar 
rangement shown in Fig. 1 this means is dia 
grammatically shown as including a current re 
Sponsive device 20 connected in the field circuit 
and includes an actuating winding 2 connected 
in series relation with the field winding 3 and 
Secondary windings 8 of the transformer 6. The 
Current responsive device 20 includes an arma 
ture member 22 and contacts 23. While for the 
purpose of illustrating my invention I have 
chosen to represent this means for disconnect 
ing the auxiliary generator 7 in accordance with 
the current of the field winding 3 of machine , 
it should be understood that I may employ any 
Suitable means responsive to other suitable con 
ditions of the dynamo-electric machine for 
effecting this operation. 
The operation of the embodiment of my in 

vention diagrammatically shown in Fig. 1 nay 
be best eXplained by considering the excitation 
System during a starting operation. Prior to the 
initiation of the rotation of the armature mem 
ber 2 the current responsive device 20 will be 
in the position shown to engage the contacts 23 
So that the armature windings f8 of the auxil 
iary alternating current generator 7 are con 
nected to the field winding 3 of dynamo-electric 
machine through the auxiliary anodes f4, 5 
and 8 of electronic discharge device 9. Upon 
rotation of the field member 9 of the auxiliary 
generator there Will be induced in the arma 
ture Windings 8 a voltage of sufficient magni 
ture to initiate arc discharges between the cath 
ode 0 and the auxiliary anodes 4, 5 and 6 
of the electronic discharge means 9 to supply di 
rect current to the field winding 3 of machine 
to build up the excitation of this machine. When 
the VCltage of the machine builds up to a value 
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22,154 
sufficient to initiate arc discharges between the 
cathode 0 and the principal anodes ff, 2 and 
3 there will be supplied to the field winding 3 

a current of increased value established by the 
design of the transformer 6 and the design of 
machine . After the current supplied to the 
field winding 3 by the principal anodes f, ?2 
and 3 increases to a predetermined value estab 
lished by the design or adjustment of the cur 
rent responsive means 20, armature member 22 
thereof will be raised to open the contacts 23 
disconnecting the auxiliary generator from 
the field winding 3. 
An important feature of my invention is the 

fact that after the build up of excitation of the 
machine is initiated by the auxiliary gener 
ator f7, the generator 7 is disconnected from 
the energizing circuit for the field winding 3. 
Since the auxiliary generator is not subjected 
to short circuit conditions of the machine which 
would tend to reduce the residual magnetism of 
the field member 9, there is always available 
an auxiliary source of Voltage for initiating the 
energization of the field winding 3 during a start 
ing operation. 

Fig. 2 shows another embodiment of my in 
vention substantially similar to that shown in 
Fig. 1 and corresponding elements have been a S 
signed like reference numerals. The field Wind 
ing 3 of dynamo-electric machine f is energized 
through a principal electronic discharge device 
24 and an associated transformer 25. The en 
ergization of the field winding 3 during the start 
ing operation is provided by means of the auxil 
iary alternating current generator and an 
associated auxiliary electronic discharge device 
26 and an associated transformer 27. In order 
to increase the excitation of the auxiliary gen 
erator IT to compensate for armature reaction 
as the auxiliary generator T begins to supply 
current to the field winding 3 during the Starting 
operation, I provide a field winding 28 which 
is connected in series relation with the field 
winding 3 and electronic discharge device 23. 
By virtue of this arrangement there is provided 
a means for maintaining the excitation of the 
auxiliary generator 7 at a proper value So that 
the armature current does not materially de 
crease the voltage of the auxiliary generator 
during the starting Operation. 
The operation of the arrangement of my in 

vention diagrammatically shown in Fig. 2 is 
Substantially the same as that explained above 
in connection with Fig. 1. The operating chair 
acteristics shown in Fig. 3 may be considered 
relative to the operation of the auxiliary alter 
nating current generator 7 and the function 
which the winding 28 performs in maintaining 
the excitation of this generator at a predeter 
mined value. Curve A represents the flux of the 
auxiliary generator ll as a function of the mag 
netomotive force, and line B represents the de 
magnetizing action of the armature current 
flowing in windings 8 of machine 7. The in 
tersection of these two curves at point a repre 
sents the resultant flux in the generator IT and 
the distance a-b represents the magnetomotive 
force required to compensate for the arnature 
demagnetization. 

While I have shown and described my inven 
tion as applied to a particular system of connec 
tions and as embodying various devices diagram 
matically shown, it will be obvious to those skilled 
in the art that changes and modifications may 
be made without departing from my invention, 
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and I, therefore, aim in the appended claims to 
cover all such changes and modifications as fall 
within the true spirit and scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a dynamo-electric machine 

having an armature Winding and a relatively 
movable field winding, electronic discharge 
means for energizing said field winding compris 
ing a plurality of principal arc discharge paths 
connected to be energized from said armature 
winding and a plurality of auxiliary arc discharge 
paths, an auxiliary alternating current generator 
having a permanent magnet field member for en 
ergizing said auxiliary arc discharge paths to 
energize said field Winding in Order to increase 
the excitation of said dynamo-electric machine 
to a value sufficient to initiate electric discharges 
within said principal arc discharge paths, and 
means responsive to a predetermined electrical 
condition of said machine for effecting energiza 
tion of said field winding from said principal 
arc discharge paths when the excitation of said 
machine attains a predetermined value. 

2. In an excitation system for a dynamo-elec 
tric machine having an armature winding and 
a relatively movable field winding, the combina 
tion of an electronic discharge means energized 
from said armature winding for supplying di 
rect current to said field Winding, an auxiliary 
alternating current generator having a perma 
nent magnet field member, an auxiliary elec 
tronic discharge means interposed between said 
field Winding and said auxiliary alternating cur 
rent generator for supplying direct current to 
said field winding in order to increase the ex 
citation of said dynamo-electric machine to a 
value sufficient to initiate electric discharges 
Within said first mentioned electronic discharge. 
means, and means responsive to the voltage of 
said armature winding for effecting energization 
of said field winding from said first mentioned 
electronic discharge means when the armafure 
voltage attains a predetermined value. 

3. In combination, a dynamo-electric machine 
having an armature Winding and a field Wind 
ing, means for rotating said field Winding rela 
tive to said armature winding, electronic dis 
charge means energized from said arnature 
winding for energizing said field winding, means 
for building up the excitation of said dynamo 
electric machine comprising an auxiliary alter 
nating current generator having a field member 
of high coercive force and an auxiliary elec 
tronic discharge means interposed between said 
field winding and said auxiliary alternating cur 
rent generator for supplying direct current to 
said field winding prior to the initiation of an 
arc discharge within said first mentioned elec 
tronic discharge means, and means responsive 
to the voltage of said armature Winding for con 
necting said first mentioned electronic discharge 
means to said field Winding When the armature 
voltage of said machine attains a predetermined 
value. 

4. In combination, a dynamo-electric machine 
having an armature winding and a field wind 
ing, means for rotating Said field Winding rela 
tive to said armature winding, electronic dis 
charge means energized from said armature 
winding for energizing said field winding, means 
for energizing said field winding during a start 
ing operation comprising an auxiliary alternat 
ing current generator having a permanent mag 
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charge means interposed between said field Wind 
ing and said auxiliary alternating current gen 
erator for energizing said field winding during 
said starting operation, and means responsive 
to an Operating condition of Said dynamo-elec 
tric machine for disconencting said auxiliary 
generator from Said field Winding. 

5. In combination, a dynamo-electric machine 
having an armature winding and a field Winding, 
means for rotating said field winding relative 
to Said arnature winding, electronic discharge 
means energized from said arinature Winding for 
Supplying direct current to said field Winding, 
an auxiliary alternating current generator driv 
en by Said first mentioned means and including 
a field member having a high coercive force and 
a field Winding associated with said field member, 
an auxiliary electronic discharge means inter 
posed between said first mentioned field wind 
ing and said auxiliary generator for Supplying 
direct current to said first mentioned field Wind 
ing during a starting operation, said field wind 
ing of Said auxiliary generator being propor 
tioned to aSSure a positive build-up of the ex 
citation of Said auxiliary generator to estab 
lish electric discharges within said auxiliary 
electronic discharge means during the starting 
Operation, and means responsive to an electrical 
condition of said first mentioned field winding 
to disconnect Said auxiliary generator and said 
auxiliary electronic discharge means from said 
first-mentioned field winding, after the excita 
tion of Said dynamo-electric machine has in 
creased to a predetermined value. 

6. A System for self-excitation of an alternat 
ing current generator having a direct-current 
field Winding comprising means energized from 
the generator for Supplying direct-current exci 
tation to the field winding, and auxiliary means 
mechanically driven by the generator for supply 
ing excitation to the field winding during the 
Starting period. 

7. A system for self-excitation of an alternat 
ing current generator having a direct-current 
field winding comprising means energized from 
the generator for supplying direct-current exci 
tation to the field winding, and an auxiliary gen 
erator driven by the first mentioned generator 
for Supplying excitation to the field winding dur 
ing the starting period. 

8. A System for self-excitation of an alter 
nating current generator having a direct-cur 
rent field winding comprising means energized 
from the generator for supplying direct-current 
excitation to the field winding, an auxiliary syn 
chronous generator driven by the first mentioned 
generator, and means for converting the output 
Of Said auxiliary generator to direct current for 
exciting said field winding during the starting 
period while the voltage of the first mentioned 
generator is building up. 

9. A System for self-excitation of an alternat 
ing current generator having a direct-current 
field Winding comprising means energized from 
the generator for supplying direct-current exci 
tation to the field winding, an auxiliary syn 
chronous generator driven by the first mentioned 
generator, said auxiliary generator having a per 
manent magnet rotor, and means for converting 
the output of said auxiliary generator to direct 
current for exciting said field winding during the 
starting period while the voltage of the first 
mentioned generator is building up. 

10. A System for self-excitation of an alternat 
met field member and an auxiliary electronic dis- 5 ing current generator having a direct-current 

  



4 
field winding comprising means energized from 
the generator for Supplying direct-current exci 
tation to the field Winding, an auxiliary Synchro 
nous generator driven by the first mentioned 
generator, and rectifier means for converting the 
output of Said auxiliary generator to direct cur 
rent, said rectifier means being connected to said 
field winding for exciting it during the starting 
period. 

11. A System for self-excitation of an alter 
nating current generator having a direct current 
field winding comprising means energized from 
the generator for Supplying direct-current exci 
tation to the field winding, an auxiliary synchro 
nous generator driven by the first mentioned 
generator, rectifier means for converting the 
output of said auxiliary generator to direct cur 
rent, said rectifier means being connected to said 
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field winding for exciting it during the starting 
period, and means for disconnecting the rectifier 
means from the field Winding. 

12. A System for Self-excitation of an alternat 
ing current generator having a direct-current 
field winding comprising means energized from 
the generator for supplying direct-current ex 
citation to the field winding, an auxiliary Syn 
chronous generator driven by the first mentioned 
generator, said auxiliary generator having a per 
manent magnet rotor, rectifier means for con 
verting the output of said auxiliary generator to 
direct current, said rectifier means being con 
nected to said field winding for exciting it dur 
ing the Starting period, and means for discon 
necting the rectifier means from the field wind 
19. 
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