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9 Claims. 
This invention relates to improvements in a 

device for generating constant voltage at vari 
able speed, such as a generator for use on car 
axles, comprising a main generator whose field 

5 winding is fed by two exciters in series with op 
posing electromotive forces, of which one is the 
main exciter of saturated characteristic and the 
other is the auxiliary exciter of unsaturated characteristic. 
The invention embodies the provision on the 

said auxiliary exciter of another field winding 
fed by the combined electromotive force of the 
two exciters in series and in opposed relation to 
Original field winding thereof. 
The main object of the invention is to obtain 

a generator which is able to generate a more 

O 

constant voltage than has been possible hereto 
fore at a reduced size of the machine. 
Other objects and features of the invention 

will be understood from the following descrip 0. - 

2 tions and the accompanying drawings, in which, 
Fig.1 shows an electrical connection of the de vice according to the invention. 
Figs. 2 to 4 are diagrams for explaining the 

performances of the device. - 

Fig. 10 is a schematic view showing a modified arrangement. 
Fig. 11 is a schematic view of a circuit em 

bodying a modification of the invention. 
Fig. 12 is a similar view illustrating a further 

modification of the present invention. 
Referring to Fig. 1, G is a main generator 

having a separately excited field winding F. E. 

30 

Ea is an auxiliary exciter having field windings 
fa and fa. The field windings f, and f, being 
connected in series are connected to the termi 
nals of the main generator G, and the field 
windings F and fs being connected in parallel 
are connected to the terminals of the two ex 
citers connected in series. The field windings 

40 

fa and fs of the auxiliary exciter Ea act differ 
entially. On the other hand, the electromotive 
force of the main exciter E1 is additive with the 
electromotive force of the auxiliary exciter Ea 
as induced by the field winding fs, but is differen 
tial with the electromotive force induced by the 
field winding fa. 
arrow heads in Fig. 1. The main exciter E has 
a saturated characteristic, while the auxiliary 
exciter Ea has an unsaturated characteristic. 

. The generator G and the two exciters Ei and Ea 
are mechanically connected directly with One 
another and with a driving shaft. 

45 
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Figs. 5 to 9 show modifications of the invention. 

is a main exciter having a field winding f, and 

These relations are shown by 

(C. 171-223) 
To simplify the explanation, first the per 

formance of the device in which the field wind 
ing f is not provided will be explained with ref 
erence to Fig. 2. In this figure, Wii shows the 
Saturation curve of the exciter E1 at a certain 
speed of the aggregate, and Wa that of the ex 
citer Ea, the magneto-motive force of the excit 
ing winding fa being taken as abscissa. The 
curve We, which is the difference of the two sat 
uration curves V1 and Wa, shows the resultant ex 
citing voltage acting upon the field winding F. 
Being excited by such voltage We, the generator 
G induces the voltage W. Let OR1 be the curve 
of ohmic drop across the field windings fi and 
fa. Then the point of intersection a of the line 

5 

O 

OR1 and the generator voltage curve Wig repre 
sents. the terminal voltage of the main genera 
tor at this particular speed. When the speed 
increases, all the voltages including the exciter 
Voltage We and the generator voltage Wig increase 
correspondingly. Thus at a certain increased 
speed, the curve of the main generator voltage 
assumes the position represented by V's, and the 
generator voltage will displace from the point a 
to the point b. 

voltage, which takes place when the speed is in 
creased, sufficiently small, the resultant exciting 
voltage curve We and, consequently, the genera 
tor voltage curve V at the lowest working speed 
must have as steep fronts as possible at the 
neighborhood of the point O', where the verti 
cal line passing through the point of intersec 
tion of W and V curves meets the abscissa. 
This requires that the exciter voltages V1 and 
Wa must both bevery high in comparison to the 
resultant exciting voltage Ve, and this fact in 
evitably leads to the disadvantage that the size 
and weight of the exciters are increased. These 
disadvantages are effectively obviated according 
to the invention by providing on the auxiliary 
exciter Ea another exciting winding f acting dif 
ferentially to the first winding fa and choosing 
the intensity of excitation of the said field wind 
ing f within certain predetermined limits. The 

In order to make the increase of the generator 

() 

45 
effect of such field, winding f will be described . 
below. 
. The saturation curve of the auxiliary exciter 
E2, as provided with the exciting winding fa, may 
be obtained on the following consideration. 

Referring to Fig. 3, W1 is the saturation curve. 
at a certain speed of the main exciter E1, the 
magnetic circuit of which is sufficiently saturat 
ed, and Wa is the saturation curve of the auxil 
iary exciter Ea when it is excited only by the field 5. 5 5 
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winding fa. If we assume, for the sake of sin 
plicity, that the 'magnetic path of this exciter 
as of ideally unsaturated, the curve V2 will be a 
straight line. Let m represent the point of in 
tersection of two curves V1 and W2. 5 

ing fa, and no be the number of turns thereof, 
and let Ia and m3 be the corresponding figures 
of the winding fa. Then at a certain magnetomo 

0 tive force I2m2=oy' of the winding fe, the counter 
acting magnetomotive force I373=yac' of the 
winding fs will be prevailing at the same time, So 
that the resultant effective magnetomotive force 
will be represented by Oac'. The voltage induced 

15 in the exciter E2 by such resultant magnetomotive 
force will be represented by ac'ac. Let the hor 
izontal line through the point ac meet the verticai 
line y'a at the point y. Then ye, being the dif 
ference between y'a and ac'ac, evidently is the 

20 resultant exciting voltage acting across the wind 
ing f. Let Ra be the ohmic resistance of the 
winding fa. Then g2 will be equal to the IR3. 
So that We have 

IR3 R3 25 tan Zyxz=tan p== E3 IE3 IE3 

It will thus be seen that the tangent of the 
angle p is constant, but varies directly with the 
resistance of the exciting circuit fs and inversely 

30 with the number of turns. In other words, this 
angle decreases when the intensity of excitation 
of the field winding f increases. Let us now draw 
through the origin O a line OR3 parallel to the 
line aca, and call it a line of ohmic drop across 

35 the field winding fa. Then we can conclude that 
the saturation curve Wa of the auxiliary exciter 
E2 may be obtained as the locus of the point y 
of right angled triangles drawn across two Satu 
ration curves V1 and Wa with its hypothenuse 

40 aca parallel to the said line of ohmic drop OR3. 
It will easily be...seen from Fig. 3 that when 

the angle.gp is equal to the angle 8, which is the 
angle of inclination of the Saturation curve Wa 
to the horizontal line, the ohmic drop line as 

45 Sumes the position OR3, and the curve Wa is 
reduced to a vertical line V3' passing through the 
point m. At such an intensity of excitation of 
the field winding fa, which may be called the 
Critical field intensity, theoretically only one 

50 magnetomotive force OO’ is possible. At any 
other current Ia, the performance of the device 
is unstable. In actual cases, however, the satura 
tion curve W2 is never a true straight line, especial 
ly at high magnetomotive forces, so that the de 

55 vice operates quite stably even at other excita 
tions than OO'. 
At an increased excitation of the field wind ingfa, or at a smaller angle p, such as corresponds 

to the line OR'3, the saturation curve assumes 
60 the position indicated by V's. In this case, the 

performance of the machine is unstable theoreti 
cally at a magnetomotive force which is smaller 
than OO'. 
voltages are represented by We, We' and We' in 

65 Fig. 3. 
Thus, it will be seen that the characteristics 

of the resultant exciting voltage can be regulated 
at will by varying the intensity of excitation of 
the field winding fa. - 

70 The foregoing discussion relates to the case 
when the intensity of excitation of the field wind 
ing fa is varied at a constant speed of rotation. 
Conversely, let us now consider the case when 
the intensity of excitation of the field windingfa, 

75 that is, the inclination of the ohmic drop line 

fefise the current flowing in the field wind 

The respective resultant exciting 

OR3, is kept constant, while the speed is varied. 
When the speed is increased, the angle of 

inclination of the line W2 increases (tan 6 varies 
proportionally with the speed), while the inclina 
tion of the ohmic drop line OR3 certainly re 
mains constant. Relatively speaking, when the 
speed increases, the line of ohmic drop would 
rotate 'clockwisely in relation to the line V2, re 
sulting to the increased effect of the field fs. 

Referring to Fig. 4, let We1 and Wea be the 
resultant exciting voltages corresponding respec 
tively to speeds n1 and m2 (n2 is greater than 
mi) when the intensity of excitation of the field 
winding fs is OR3 (Fig. 3), and similarly let 
Wei' and Vea' be the resultant exciting voltages 
at like respective speeds, when the intensity of 
the field winding f is oR3'. Let Wig1, Wga, and 
V'', V'ga be the voltages of the main generator 
G corresponding to the resultant exciting volt 
ages Wei, Vez, and W'el, W'e2 respectively. 
The voltage of the main generator G, for ex 

ample Vg1, is substantially proportional to the 
product of the resultant exciting voltage (Wel) 
and the corresponding speed (ni). Let OR1 be 
the ohmic drop line of the field windings f1 and 

5 

fa. Then the points of intersection a, b, a', b' 
of the voltage curve Vg1, Vg2, V'gl, V'g2 and 
the line oR represent the respective voltages 
of the generator G. 
As is clear from Fig. 4, when the intensity 

of excitation of the field winding fa is below 
the critical intensity, the exciting voltage curve 
Vea corresponding to the higher speed n2 is above 
the exciting voltage curve Wei corresponding to 
the lower speed ni so that the generator voltage 
Wa being proportional to naVe2 departs consider 
ably from the voltage Vg1, which is proportional 
to 72 Wel. a 
On the contrary, when the intensity of excita 

tion of the field winding fa is above the critical 
intensity, the exciting, voltage curve W'e2 cor 
responding to the higher speed n2 is below the 
exciting voltage curve W'el corresponding to the 
lower speed n1, so that the effect due to the in 
crease of speed is effectively compensated by the 
decrease of the resultant exciting voltage and 
the generator voltage curve V'gi and Wa are 
situated closely to each other. 

It will be seen, therefore, that the voltage 
regulation is better when the strength of excita 
tion of the field winding f is higher than the 
critical intensity. When the speed is sufficiently 
low, however, the regulation is fairly good even 
when the strength of excitation of field winding 
f is below the critical value. 
According to this invention, therefore, the 

intensity of excitation of the field winding fs is 
chosen in relation to the extent of variation of 
speed in such a manner that the effect of the 
latter is compensated in effect by the variation in 
the excitation of the main generator, so that the 
voltage of the generator is maintained practically 
constant. 

In the above, descriptions, the magnetic path 
of the auxiliary exciter E2 has been assumed as 
absolutely unsaturated, but the same reasoning 
of course holds approximately even when this 
assumption is not strictly correct. 
The device mentioned above is merely One 

embodiment of this invention and, of course, it 
may be modified in various ways without depart 
ing from the spirit of invention set forth in the 
appended claims. For example, two separate ex 
citers above mentioned may be replaced by an 
exciter E of such construction in which the 

40 
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armatures of two exciters are combined into one 
rotor rotating in two independent fields (Fig. 5). 
Also modifications may be made in the follow 
ing manners: 

5 The field windings f and F may be connected 
in series (Fig. 6). 
The generator G and the exciters E1 and Ea 

may be separately driven by a suitable prime 
mover (Fig. 7) or by suitable prime-movers main 

10 taining a fixed speed relation with one another 
(Fig. 12). 
The field windings fi and fa may be connected 

in parallel and connected to the terminals of 
the generator G (Fig. 8). 

15 The field windings f and f may be excited 
by a suitable source of constant voltage, instead 
of by the generator G (Fig. 9). 

Moreover, with a view to controlling the volt 
age characteristics and to increase the stability 

20 of operation, a suitable rheostatic or other con 
trolling means RH may be provided to any or all 
of said field windings (Fig. 8). Also a material 
having a suitable temperature coefficient may be 
used for resistance of said rheostats for compen 

25 sating the variation in the characteristics due 
to the variations in temperatures. If desired, 
the main generator may be made so that it is 
either of overcompounding or undercompound 
ing characteristic. For example, if a resistance 

30 is connected in the main generator circuit as 
shown in Fig. 10 and the terminals of the fields 
fi and fa are connected across the main genera 
tor and the resistance, the main generator will 
have an overcompounding characteristic (Fig. 

35.10). On the other hand, if these fields are di 
rectly connected to the terminals of the genera 
tor, it will have an undercompounding charac 
teristic (Fig. 11). 
What I claim is: 

40 l. Device for generating constant voltage at 
variable speed comprising a main generator and 
an exciter with two separate field systems, the 
said generator and exciter being arranged so as to 
be driven at predetermined relative speeds, in 

45 said device the said main generator is excited by 
the resultant voltage of said exciter, in which 
one of the field Systems is excited by a substan 
tially constant voltage and is magnetically suf 
ficiently saturated and the other is of a low mag 

50 netic saturation and has two field windings act 
ing differentially to each other, one of which is 
excited by a substantially constant voltage in 
opposite polar relation to the excitation of the 
first field system and the other is excited by 

55 the resultant voltage of the exciter in additive 
polar relation with the excitation of the said first 
field system, and the intensity of the last men 
tioned excitation is of such a value that the va 
riation in said resultant voltage due to the varia 

0 tion of the driven speed is adapted to maintain 
the voltage of the main generator substantially 
constant. 

2. Device for generating constant voltage at 
variable speed comprising a main generator, a 

5 main exciter and an auxiliary exciter arranged 
so as to be driven at predetermined relative 
speeds, in which said main generator is excited 
by the resultant voltage of said two exciters, of 
which the main exciter is excited by a substan 

to tially constant voltage and is magnetically suf 
ficiently saturated, and the auxiliary exciter is 
of a low magnetic saturation and has two field 
windings acting differentially to each other, one 
of which is excited by a substantially constant 

5 voltage in opposite polar relation to the excita 

tion of the main exciter and the other is excited 
by the resultant voltage of the two exciters in 
additive polar relation with the excitation of 
the main exciter, and the intensity of excitation 
of the last mentioned field winding of the aux 
iliary exciter is of such a value that the varia 
tion in said resultant voltage due to the varia 
tion of the driven speed is adapted to maintain 
the voltage of the main generator substantially 
constant. 

3. Device for generating constant volt 
age at variable speed comprising a main gen 
erator, a main exciter and an auxiliary exciter 
arranged so as to be driven at predetermined 
relative speeds, in which said main generator is 
excited by the resultant voltage of said two ex 
citers, of which the main exciter is excited by a 
substantially constant voltage and is mag 
netically sufficiently saturated, and the auxil 
iary exciter is of a low magnetic Saturation and 
has two field windings acting differentially to 
each other, one of which is excited by a sub 
stantially constant voltage in opposite polar re 
lation to the excitation of the main exciter and 
the other is excited by the exciting current of the 
main generator in additive polar relation with 
the excitation of the main exciter, and the in 
tensity of excitation of the last mentioned field 
winding of the auxiliary exciter is of such a 
value that the variation in Said resultant volt 
age due to the variation of the driven speed is 
adapted to maintain the voltage of the main gen 
erator substantially Constant. w , 

4. Device for generating constant voltage at 
variable speed comprising a main generator and a 
main and an auxiliary exciters directly coupled 
to the said main generator, in which said main 
generator is excited by the resultant voltage of 
said two exciters, of which the main exciter is 
excited by a substantially constant voltage, and 4 
is magnetically sufficiently saturated, and the 
auxiliary exciter is of a low magnetic saturation 
and has two field windings acting differentially 
to each other, one of which is excited by a sub 
stantially constant voltage in opposite polar re- 4 
lation to the excitation of the main exciter and 
the other is excited by the resultant voltage of 
the two exciters in additive polar relation with 
the excitation of the main exciter, and the in 
tensity of excitation of the last mentioned field 5 
winding of the auxiliary exciter is of such a value 
that the variation in said resultant voltage due 
to the variation of the driven speed is adapted to 
maintain the voltage of the main generator sub 
stantially constant. 5 

5. Device for generating constant voltage at 
variable speed comprising a main generator, a 
main exciter and an auxiliary exciter arranged 
so as to be driven at predetermined relative 
speeds, in which said main generator is excited 
by the resultant voltage of said two exciters, of 
which the main exciter is excited by a substan 
tially constant voltage and is magnetically suf 
ficiently saturated, and the auxiliary exciter is 
of a low magnetic saturation and has two field 
windings acting differentially to each other, one 
of which is excited by said substantially constant 
voltage in series with the field winding of said 
main exciter and in opposite polar relation to the 
excitation of the main exciter and the other is 7 
excited by a current corresponding to the re 
sultant voltage of the two exciters in additive 
polar relation with the excitation of the main 
exciter, and the intensity of excitation of the 
last mentioned field winding of the auxiliary ex 
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citer is of such a value that the variation in said 
resultant voltage due to the variation of the 
driven speed is adapted to maintain the voltage 
of the main generator substantially constant. 

6. Device for generating constant voltage at 
variable speed cornprising a main generator, a 
main exciter and an auxiliary exciter arranged 
so as to be driven at predetermined relative 
speeds, in which said main generator is excited 
by the resultant voltage of said two exciters, of 
which the main exciter is excited by a substan 
tially constant voltage and is magnetically suf 
ficiently saturated, and the auxiliary exciter is of 
a low magnetic Saturation and has two field 
windings acting differentially to each other, one 
of which is excited by said substantially constant 
voltage in parallel with the field winding of said 
main exciter and in opposite polar relation to the 
excitation of the main exciter and the other is 
excited by a current corresponding to the result 
ant voltage of the two exciters in additive polar 
relation with the excitation of the main exciter, 
and the intensity of excitation of the last men 
tioned field winding of the auxiliary exciter is of 
such a value that the variation in said resultant 
voltage due to the variation of the driven speed-is 
adapted to maintain the voltage of the main gen 
erator Substantially constant. 

7. Device for generating constant voltage at 
variable speed comprising a main generator, a 
main exciter and an auxiliary exciter arranged 
so as to be driven at predetermined relative 
speeds, in which said main generator is excited 
by the restant voltage of said two exciters, of 
which the main exciter is excited by the substan 
tially constant voltage of the main generator and 
is magnetically sufficiently saturated, and the 
auxiliary exciter is of a low magnetic saturation 

45 

and has two field windings acting differentially 
to each other, one of which is excited by said sub 
stantially constant voltage of the main generator 
in opposite polar relation to the excitation of the 
main exciter and the other is excited by a cur 
rent Corresponding to the resultant voltage of 
the two exciters in additive polar relation with 
the excitation of the main exciter, and the in 
tensity of excitation of the last mentioned field 

Winding of the auxiliary exciter is of such a 
value that the variation in said resultant volt 
age due to the variation of the driven speed is 
adapted to maintain, the voltage of the main 
generator substantially constant. 

8. Device for generating constant voltage at 
Variable speed Comprising a main generator, a 
resistance connected in series with said main 

: generator, a main exciter and an auxiliary ex 
citer arranged so as to be driven at predeter 
mined speeds relatively to each other and to the 
main generator, in Said device said main gen 
erator is excited by the resultant voltage of said 
two exciters, of which the main exciter is of 
high magnetic Saturation and the auxiliary ex 
citer is of low magnetic saturation and has two 
field windings acting differentially to. each other, 
one of which is excited in series with the field 
winding of the main exciter by the terminal 
voltage of the said main generator and in opposite 
polar relation to the excitation of the main ex 
citer and the other is excited by the resultant 
voltage of the two exciters in additive polar re 
lation with the excitation of the main exciter, 
the main generator having an under-compound 
ing characteristic. 
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9. Device for generating constant voltage at 
variable speed comprising a main generator and 
an exciting System with two separate field sys 
tems, the said generator and exciting system be 
ing arranged so as to be driven at predetermined 
relative speeds, in said device the said main 
generator is excited by the resultant voltage of 
said exciting system in which one of the field 
Systems is excited by a Substantially constant 
voltage and is magnetically sufficiently saturated 
and the other is of a low magnetic Saturation 
and has two field windings acting differentially 
to each other, one of which is excited by a sub 
stantially constant voltage in opposite polar re 
lation to the excitation of the first field System 
and the other is excited by the resultant voltage 
of the exciting system in additive polar relation 
with the excitation of the Said first field 
system. . . . . . 
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