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Abstract 
The proposed mechanism was described earlier in the article: Synchronous 
Motor for the Vehicle, Volume 9, Number 3, March 2017. This article con-
tains some explanations about a synchronous motor with a built-in excitation 
generator, the stator of which can rotate and is connected through an asym-
metric differential. 
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1. Introduction 

Is it possible to give to the synchronous motor very valuable, properties pre-
viously unattainable, such as a multiple increase in torque at the output shaft? In 
the article some explanations about a synchronous motor with a built-in excita-
tion generator, the stator of which can rotate and is connected through an 
asymmetric differential, are included [1]. In this case, the conversion of the rev-
olutions and the torque at the output shaft will occur automatically. These pa-
rameters will depend on the required values. 

2. Operation of the Device 

The synchronous motor with a built-in excitation generator, the stator of which 
can rotate and is connected through an asymmetric differential, is shown in the 
Figure 1. 

By switching on, rotation is transmitted to the output shaft through the ele-
ments of planetary differential and partly through the rotation of entire me-
chanism with the generator around its axis. The rotor of excitation generator 3 is 
mounted on the shaft 2 and has a dead joint to the motor rotor. The stator of the 
excitation generator 4 is connected to one of the outlets of planetary differential, 
to the central wheel 5 and tends to rotate in the direction opposite to the direction 
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Figure 1. 1. Synchronous electric motor. 2. Shaft of the electric mo-
tor. 3. Rotor of the excitation generator. 4. Stator of the excitation 
generator. 5. Central wheel. 6. Satellite. 7. Carrier of the differential. 
8. Satellite. 9. Second central wheel. 10. Output shaft. 

 
of rotation of the motor and output shaft, but it is entrained for the rotor of the 
generator by the magnetic induction force, when the generator is operating. As 
the load on the output shaft 10 decreases, the sliding between the rotor and the 
stator of excitation generator decreases, the entire mechanism rotates around the 
axis of the motor shaft, the ratio of the motor to the output shaft tends to unity, 
the rolling of the satellites 6 and 8 along the central wheels 5 and 9 slows down, 
the mechanism rotates faster around the shaft and the output shaft is accele-
rated. The torque on the output shaft aims to the torque of motor. By increasing 
load on the output shaft, it is decelerated. The deceleration is transmitted to the 
central wheel connected to the stator of the excitation generator, the stator of the 
generator tends to rotate in reverse direction of the motor shaft rotation, the 
mutual slip of the stator and the rotor of the excitation generator is increasing. 
Rotation is mostly transmitted through the elements of the differential, the over-
all gear ratio of the mechanism increases [2]. The torque on the output shaft also 
increases in multiples to the gear ratio. If slip increases, the stator of the excita-
tion generator with the central gear can stop and even rotate in the opposite di-
rection relative to the housing. In this case, the torque is the maximum and re-
peatedly exceeds the torque of the electric motor. The gear ratio of the electric 
motor to the output shaft is also increased by many times that ensures the 
maximum possible coordination of the rotation of the electric motor and the 
wheel. To provide current excitation, it usually takes seven, eight percent of the 
energy from the network or from the electric motor. These costs are unavoidable 
in any mode of operation of the electric motor and are not losses. Therefore, for 
a synchronous motor, it is necessary to set the ratio of the differential one to fif-
teen to twenty that gives maximum torque increase on the output shaft in fif-
teen, twenty times. For vehicles, it is enough to increase the torque by six, eight 
times. Both energy flows are compared in the differential and affect each other. 
For the nominal load mode, it is necessary, by choosing the differential ratio, to 
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balance the electric motor and the excitation generator in order to obtain a slip 
between its rotor and stator, and hence the excitation current, which ensure the 
optimum operation of the motor. By increasing load on the output shaft, it is 
decelerated that leads to an increase of slip between the rotor of the excitation 
generator and its stator, which is connected to the second output of the differen-
tial. The excitation current will increase, which is necessary when the load on the 
synchronous motor shaft is increased to ensure its economy. In order to ensure 
automatic regulation of the excitation current, which is necessary by change of 
the load on the shaft, it is necessary to include in the excitation circuit devices 
for limiting the excitation generator current if the range of variation of the oper-
ating parameters is too wide. It does not prevent from applying of the scheme 
with such an excitation generator, avoiding using of current collectors, and im-
proves the economic performance of the motor. When starting the motor, it is 
not necessary to switch the armature of the motor to the starting mode, because 
when there is no load on the output shaft, the slip between the stator and the 
rotor of the excitation generator is minimal and does not produce a large cur-
rent. Connecting the load to the output shaft will lead to the operation of the ex-
citation generator, as there will be a slip between its rotor and the stator. 

3. Conclusions 

So, this simple device solves the following problems: 
1) The torque on the output shaft increases as much as possible automatically, 

as it is done in the automatic gearbox that is not achievable with a different con-
nection of the electric motor. 

2) The speed of the shaft of the electric motor and driven wheel coordinated 
in an automatic mode with the maximum possibility, which ensures the opti-
mality of the transmission in terms of economy. 

3) It provides automatic adjustment of excitation of the electric motor, which 
also improves economic parameters. 
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