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The present invention relates to electrical
transmission, especially for traction machines
or vehicles driven by internal combustion engines,
its object being to provide electrical transmis-
sion which nct only ensures a continuocus regu-
lation of the speed of revolution from zero to
maximum, but also ensures at the same time an
increase of the starting torque at the 1nstant
when starting.

- It is knawn that the torque in traction ma-
chines must be greatest at starting when the
motor has to accelerate the masses up to the

~ultimate speed besides overcoming the normal

frictional resistance. For this reason the inter-
nal combustion engine has to be built for the

“above max:mum starting torque in spite of the

fact that this is only fully used at starting and
the engine runs uneconomically under normal
conditions. The hitherto employed regulation

of the speed, for example, by gear drives or the

like, is very Imperfect, and the hitherto known
electrical transmissions in which, for examptle, the

‘internal combustion engine was employed to drive
- & dynamo supplying the driving motor, showed
a very bad efficiency curve in that the trans-.

mission itself required much energy since it was

~in acticn during the whole time the track ma-
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chihe was being driven.

- AY these d1sadvantagﬁs are remwed in the ar-
ra:ng....ment according {6 the invention in which
the internal combustion engine, or other prime
mover, is only dimensioned to overcome the nor-
ma} resistance torque, i. c. the friction less and

the like during miform motion of the traction

machim: or vehicle, while at starting the con-
stant Ioad of ‘the internal combustion engine
s so changed by the electrical transmission in
accordance with the invention that an increased

| starttng {orque comes into being which decreases

as the.speed of the traction machine increases.

| W‘hen starting has been acecomplished, the elee-

45

tn?cat transmission in accordance with the inven-
tion is put entirely out of action and the driv-

ing shaft of the traction machine is directly
Caupled with the engine.

. An embodiment of the electrical transmission

iin accordance with the inventton is shown dia-

grammatically in the drawing, by way of example.
Figure 1 shows the transmission and its as-

soclatﬂd control devices in a position in which a

‘direct drive is established between the driving
shaft and the driven shaft.

Plgure 2 shaws in detail in e]ﬁva;tm and partly

in section the operating lever of the special con-

trol switch.

(Cl. 290—17)

Figure 3 shows in section an electro-msagnet-
ically controlled coupling in its energized con-
dition in which the coupling is released.

The internal combustion engine | drives the
shaft 2 on which is the rotor 4 of the dynamo
machine G whose field structure 3 is rigidly cou-
pled with a second shaft 5 which serves actually
to drive the traction machine, for example,
through Cardan transmission 6. On the shaft 5
is the rotor B of a second electrical machine M
whose sta or T is fixed under all conditions. The
shaft 5 is independent of the shaft 2 and is
only connected with the same by an electro-mag-
netic coupling 9 under certain conditions in the
manner described later.

The excitation of the machines G and M is
accomplished by means of a separate current
source, for example, a battery of accumulators,
and is controlled through a special switch R by
means of the lever 13. This source also serves
to supply the electro-magnets of the eoupling
9. The exciting circuit of the machines G and
M is indicated in the drawing by heavy lines,
while the weak lines denote the exeiting cir-
cuit of the electro-magnets and the conductors
for the slip current.

The special switch R is provided w1th variable
resistances adapted to be inserted into the exci-
tation circuits of the electrical machines G and
M respectively by the lesver (3 which is conneet-
ed with the conductor {8 of the exciting circuit
as will be presently described. The lever (3 is
conductive and is rotatably mounted to engage
successively the individual coniacts K of the re-
sistances. Upon this lever (3 is mounted, elec-
trically insulated therefrom, a contact brush ;
which remains in sliding engagement with two
concentrically arranged metal strips S: and S3
as long as the lever 13 is moved along the semi-
circular row of conftacts K. Only when the lever
13 is moved into engagement with a dead con-
tact 16 at the extreme right hand side, the
brush f is disconnected from said metal strips
S:; and Sz and opens thereby the circuit {5 of

the electromagnetic coupling 9.

In the extreme left position of the lever 13
indicated in dotted lines, the coupling 8 is ener-
gized frem the source of current so that the
cardan shaft 5 which in the de-energized con-
dition of the coupling is rigidly connected to the
armature 3 of the machine G is uncoupled from
the shaft 2 driven by the engine I. The coupling

remains open until the correspo_nding feeding
eircuit 1% is interrupted, and this only occurs
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when the lever {3 is moved 1o the extreme right
contact 1b.

In the dotted, extreme lefi position of the lever
13 the exciting current is led from the supply
circuit 290 through the conducior {9 only to the
stator 7 of the motor M so that the dynaino ma-
chine G is not supplied with exciting current, and
therefore, neither electrically nor mechanicaliy,
is there a toraue or g load transmitted from the
motor | which rotates the rotor 4 of the machine
G at normal speed. Ry adjusting the lever (3 to
the succeeding contact X of the switch, or by
switching in g certain resistance invo the current
return conductor, a part of the exciting current
is led through the circuit 1! over the slip rings
into the field winding of the field structure 3 of
the machine G. However, even in this position
the machine M is still strongly excited, while
the machine G, on the other hand, is not fully
excited, and consequently, in the latter, the me-
chanical snergy delivered from. the moteor ! is

converted intc an electrical current of greater

intensity but lower voltage. This current is then
led through the circuit 2 to the rotor 8 of the
machine M by means of which the slip current
is again converted into mechanical energy trans-
mitted by the Cardan shaft 5. As the machine
M is over~excited, there oceurs in these circum-
stances a considerable torque which is so great
that the traction machine is set in meoetfion.

By further adjusting uﬂe 161?‘31 ia t¢ the nght
the excitation of the machine M is lowered ai
that of the machine G increased so that the in-

tensity of the current induced in the msazhine

G decreases and its voltage rigses, and conseguent-
ly, with increasing sreed, the torque decreases.
With the arrangement according to this invention
the maximum torsion moment on the tracticn
shaft of the vehicle at the start is atiained when
this maximum moment is mosv needed. Aflier
the acceleration of the vehicle, i. e, when the
starting has been accomplished, this initial mo-
ment on the traction shaft decreases t0 the nor-

mal torsion moment of the insternal coembustion
engine and in this case the revolutions of the
latter are approximately the same as thocse 0Of
the traction shaft, so that it is then possible 10
have a direct connection of the driving shaft
2 with the driven shaft B. By an eilectrical trans-
mission it is therefore pcssible to carry out the
aforementioned regulation of the revolutlons
frem the minimum tc the maximui revolutions,
that are equal to the reveolutions of the internal
combustion engine. Becguse of the fact that
at the start both of the machnines &G and M are
in acticn and develop an increased tergue on the
traction shaft, these machines can ke dimen-
sioned for smaller mechanical powers than would
correspond to the 1*equu ed increased moment at
the start of the vehicle. Through the co-opera

L.-.l..{:-l.r

tion of the roftor and the field giructure of the
machine G, a pnart of the enerr"y ci the motor

| is transmitted by the ction of fthe torsion
“moment of the dynamo macltl e ¢ to the shaft
5 so that the total load is transmitted through
both machines G and M at the same time 1o the
shaft 5. By adjusting the lever & from the ex
treme right position to the exireme leit p3<51f10*’1
there is attained a gradual decrease in the velocity
of the traction shaft § down to zers by changing
the excitation of boin the machines & and M,
‘analogically as was described above during Jl‘ie
“opposite movement of the lever £2. The lever @
may he meved to its various posi ticns either Ly
hand or by the motmn of the driver’s fecot. 'The

2,011,834

oiso be manually moved from po-
sition {0 position. The vorgues of both machines
G and M are always added together, and the
resultant torque is transmitfed by the Cardan
transmission. Thus the velocity of the shaft 5
is half of the maximum velocity.

During the anti-clockwise rotation of the lever
|2 towards the right, the excitation of the ma-
chine M decreases and that of the machine GG in-
creases. Thus the machine M is not fully ex-
cited, while the machine G is over excited and
the velocity of the shaft B increases and the load
of the motor | becomes transmitted to the latter
more through the torque reaction of the dynamo
machine G. The torgue on the shait decreases,
and when the lever is in the right hand position
indicated in dotted lines, in Fig. 1 then the whole
load is transmitted by the strongly over-excited
machine G, while the machine M, which is nearly
completely unexcited, transmits almost no load.
Thus the veloeity of the Cardan shaft attains the
maximum value, which is almost equal to the
velocity of the shaft 2. Thereupon regulation
and starting are ended, and the shaft » can be
directly coupled with the shaft 2. This is at-
tained by adjusting the lever i3 to the extreme
right hand contact {8, as shown in full lines in
gs. 1 and 4 which results in interrupting the
current supply to the electro-magnets of the cou-
pling 9., At the same time the exciting current
supply to the machines G and M is thereby
switched ofl.

During normal running of the traction ma-

lever 13 may

 —

chine the whole auxiliary-regulating-set requires

nne energy, the whole load being directly trans-
mitted from the internal combustion engine to
the traction meachine. It is apparent that the
mazimum corque of the arrangement in accord-
ance with the invention at rest will be attained
on clutching in, and that it will decrease during
starting until the moment that the internal com-

bustion engine has heen fully started. The

velocity increases proportionally, and can be regu-
lated to any limit. Further, the load during
starting is continuously delivered by both ma-
chines G and M so that neither of them requires
to be built for the full load.

The lever 20 which, for example, may be oper-
ated by a foot pedal. serves, on the one hand, to
regulate the supply of gas to the internal combus-
tion engine by means of the regulating valve 21
during the normal speed within the limits of the
angle «, and on the other hand for breaking the
motor within the limits of the angle y within
which not only is the throttie valve 21 closed, but
vesistance is also switched into the rotor circuit
of the motor M so that an effective braking is at-
tained. In braking the machine, the operator re-
leases the foot pedal to close the throttle thus
moving the lever 2@ through the angle «. He
also moves lever {3 from the extreme right posi-
tion in Figure 1 to the extreme left position shown
in dotied lines in Figure i. Movement of the
lever 12 to its left dotted line position in Figure 1
catises a de-clutching of the shafts 5 and 2 and
restores the machines G and M to their initial con-
ditions with the field 3 de-energized and the field
M energized. Further movement of the lever 20
through the arc v (Figure 1) short circuits the
armature 8 through suitable resistances thereby
effecting the application of a braking force to
the shaft. Besides, in the rotor circuit 12 there
is a reversing switch U which serves for reversing
the circuit {2 and in this way causes a reverse
movement of the traction machine,
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- L.In a traction
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. Y4 18 apparent. that the deseried srringement
4s switahle not only for the driving of Weaction

machines: for examptle railway loeamotives or the

ke, but can also be appied where it is a question
‘of am eeonomical regulation of the revolutions of

a driving maching of any description. |
$ can be of any

meéchanical eoupling means for connecting the
prime mover and said transmission shaft, said

' pleetricnl coupling meana;cﬂmmising an electri-
35 cal machine having a rotor comnected to said
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mrimie mover and a fleld structure connected to

.said. sransmission shaft, a gecond eleetrical ma-

uhine having a stator and a.rotor, the latter be-
. ing:connected to said transnrission shaft, an elec-
Axical-circuit including a source of current and

adapted to energize the field structure of said first

electricdl machine and the stator of said second

eléctrical machine, a variable resistance in said
circuit for differentially varying from zero to an
over-exciting value the currents passing through
said field structure and said stator respectively
to transfer the load progressively from one ma-
ehine to the other, and a second electrical eircuit
inghuding the rotor circuits for the slip-current of

.gaid machines, said mechanical coupling compris-

ing a clutch element on the prime mover, & clutch
slament on the transmission shaft, and electro-

magnetic means adaoted to effect an engagement

of said clutch elements. L

2. Inca tractiom vehicle, a prime mover, & trans-
missien shaft, electrical coupling means:and me-
chanieal coupling means for connecting the prime
maver and said transmission shaft, said elecirical

coupling meany comprising an electrical machine

baving a roter connected to said prime mover and
a 86)d structure connected to ssid fransmission

-shaft, a seceng electrical machine having a stator

and a-rator, the latter heipg connected to said
transmission shaft, an electrical eircuit includ-
ing & source of current and adapted to emergize
the feld structure of said first etectrieal machine
st the stator of said seconad electrical machine,
g _variable resistance provided with a movable
‘contact member in said circuit Ior differentially
varving from Zzero to an over excitimg value the

rm:en’es- passing through said field structure and

sadtt stator respectively to transfer the load pro-
syessively from one machine to the other, & s2C-
ond electrieal circuit inchading the rotor circuits
for the slip citrrent of said machines, an anxil-
jary resistance; and auxiliary switch means for
inserting said auxiligry resigtance o the circuit
of the rotor connpcted to said transmission shaft
to provide a braking effect, said mechanical cou-
pling means comprising a clutch element on the
prime mover, a clutch element on the transmis-
sion shaft and means for engaging and disengag-
ing said clutch element.

3. In a traction vehicle, a prime mover, & trans-
mission shaft, electrical coupling means and me-
chanical coupling means for connecting the prime

mover and said transmission shaft, said electrical
coupling means comprising an electrical machine

having a rotor connected to said prime mover and
a field structure connected to said transmission

shaft, a second electrical machine having a stator

and a rotor, the latter being connected to said

transmission shaft, an electrical circuit includ-
ing a source of current and adapted to energize
the field structure of said first mentioned electri-

-vehi:':'le,*:-.'a. prime mwer a8
transmission shaft, electrical coupling means and

g

cal machine and the stator of said second elec-
trical machine, a variable resistance provided
with a movabile contact member in sald circuit
for differentially varving from zero to an over

exciting value the currents passing through sald .

1d structure and said stator. respectively to
transfer the load progressively from one machine

‘to the other, a second electrical circuit includ-

ing the rotor circuits for the slip current of said
msachines, an auxiliary resistance, and auxiliary
switch means for inserting said auxiliary resist-
snce into the circuit of the rotor connected to
ssid transmission shaft to provide a braking ef-
fect, said mechanical coupling means comprising
a clutch element on the prime mover, a clutch
eleman: on the transmission shaft, and electro-

magnetic means. controlled by said movable con-

tact member and adapted to permit. an engage-
ment of said elutch elements when said movahbile
contact member interrupts the excitation of said
electromagnetic means, = .
‘4. In o traction vehicle, a prime mover, a trans-

mission shaft, electrical coupling means and me-

chanical coupling means for connecting the prime
mover and caid transmission: shaft, said electrical
ccuplinz mcans comprising an electrical machine
having a rctor connected to said prime mover

and a field structure connected to said transmis-
sion shaft, a second electrical machine having &

stator and a rotor, the latter being connected to

said transmission shaft, an electrical circuit in-

cluding a source of current and adapted to ener-
girze the field structure of said first electrical ma-
china and the statoer of said second electrical
machine. a variable resistance in said cireuit for
differentially varying from zero to an over-excit-

ing value the currents passing through said fleid

structure and caid stator respectively to transfer

‘the load progressively from one machine to the

other. and a second circuit including the rotar
circuits for the slip-current of said machines, said
mechanical coupling comprising a clutch element
on the prime maver, a clutch element an the
transmission shaft, means normally urging said
clutch elements into engagement, and eleetro-

‘magnetic means for disengaging said clutch ele-

ments when said field structure and said stator

are excited. . |

5. In a traction vehicle, the combination of a
prime mover comprising anh internal combustion
engine having a throttle valve, & transmission

shaft, electrical coupling means and mechanical

couplding means for connecting the prime mover
and said transmission shaft, said electrical cou-

pling means comprising an electrical machine

having a rotor connected to said prime mover

and a field structure connected to said transmis-

sion-shaft, a second electrical machine having a
stator and a rotor, the latter connected to said
transmission shaft, an electrical circuit includ-
ing a source of current and adapted to energize
the field structure of the said mentioned electri-
cal machine and the stator of said second elec-
trical machine. a variable resistance provided with
a movable contact member in said circuit for
differentially varying from zero to an over excit-
ing value the currents passing through said fleld
structure and said stator respectively to transfer
the load progressively from one machine to the
other, a second circuit including the rotor circuits
for the slip current of said machines, an auxil-
iary resistance, auxiliary switch means for in-
serting said auxiliary resistance into the circuit
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to provide a braking effect, means for connecting
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for closing the latter when said auxiliary resist-
ance is inserted into said rotor circuit, said me-
chanical coupling means comprising a cluteh ele-
ment on the prime mover, a clutch element on the
transmission shaft and means for engaging and
disengaging said clutch members. |

- 6. In a traction vehicle, a prime mover, a trans-
mission shaft, electrical coupling means and me-

chanical coupling means for connecting the prime

mover and said transmission shaft, said electrical
coupling means comprising an electrical machine
having a rotor connected to said prime mover and
a field structure connected to said transmission
shaft, a second electrical machine having a stator
and a rotor, the latter being connected to said
transmission shaft, an electrical circuit including
& source of current and adapted to energize the
field structure of said first electrical machine and
the stator of said second electrical machine, a
variable resistance in said circuit for differen-
tially varying from zero to an over-exciting value
the currents passing through said field structure
and said stator respectively to transfer the load
progressively from one machine to the other, a
second electrical circuit including the rotor cir-
cuits for the slip-current of said machines, said
mechanical coupling comprising a clutch element
on the prime mover, a clutch element on the
transmission shaft, spring means normally urg-

electromagnetic means for disengaging said
clutch elements when said field structure and
said stator are excited, a circuit for said electro-
magnetic means said last named circuit being
controlled by said movable contact member and
being opened by said movable contact member
when the same is moved to a position where it
interrupts the excitation of said field structure
and said stator, such de-energizing of the elec-
tromagnetic means permitting said spring means
to engage said clutch elements. |

7. In a traction vehicle, a prime mover, a trans-
mission shaft, electrical coupling means and me-
chanical coupling means for connecting the prime
mover and said transmission shaft, said electrical
coupling means comprising an electrical ma-
chine having a rotor connected to said prime
mover and & field structure connected to said
transmission shaft, a second electrical machine

having a stator and a rotor, the latter being con- |

nected to said transmission shaft, an electrical
circuit including a source of current and adapted
to energize the field structure of said first men-
tioned electrical machine and the stator of said
second electrical machine, a variable resistance
provided with a movable contact member in said
circuit for differentially varying from zero to an

2,011,834

-sald auxiliary switch means to said throttle valve over exciting value the currents passing through

sald field structure and said stator respectively

to transfer the load progressively from one ma-
chine to the other, a second electrical circuit in-

cluding the rotor circuits for the slip current of

sald machines; said mechanical coupling means
comprising a clutch element on the prime mover,
a clutch element on the transmission shaft, and
electromagnetic means controlled by said mov-
able contact member and adapted to permit an
engagement of said clutch elements when said

movable contact member interrupts the excita-

tion of said electromagnetic means.

8. In a traction vehicle, the combination of a
prime mover comprising an internal combustion
engine having a throttle valve, a transmission
shaft, electrical coupling means and mechanical
coupling for connecting the prime mover and said
transmission shaft, said electrical coupling means
comprising an electrical machine having a rotor

connected to said prime mover and a field struc-

ture connected to said transmission shaft, a sec-
ond electrical machine having a stator and a
rotor, the latter being connected to said trans-
mission shaft, an electrical circuit including a
source of current and adapted to energize the
field structure of the said mentioned electrical
machine and the stator of said second electrical
machine, a variable resistance provided with a
movable contact member in said circuit for dif-
ferentially varying from zero to an over exciting
value the currents passing through said field
structure and said stator respectively to transfer
the load progressively from one machine to the
other, a second circuit including the rotor cir-
cuits for the slip current of said machine, an
auxiliary resistance, auxiliary switch means for
inserting said auxiliary resistance into the cir-
cuit of the rotor connected to said transmission
shaft to provide a braking effect, means for con-
necting said auxiliary switch means to said throt-
tle valve for closing the latter when said auxiliary
resistance is inserted into said rotor circuit, said
mechanical coupling means comprising a clutch
element on the prime mover, a clutch element on
the transmission shaft, spring means normally
urging said clutch elements into engagement,
electromagnetic means for disengaging said
clutch elements when said field structure and

cald stator are excited, a circuit for said electro-

magnetic- means, said last named circuit being

opened by said movable contact member when

the same is moved to a position where it inter-
rupts the excitation of said field structure and
said stator, such de-energizing of said electro-
magnetic means permitting said spring means
to engage said clutch elements.

JOSEF SOUSEDIK.
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