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TITLE: ELECTRIC PROPULSION SYSTEM 

The present invention is relative to an electric 

propulsion system with at least two actuation shafts, which 

5 has reduced dimensions and features a high power density. 

For the purpose of the present invention, the 

expression "power density of a propulsion system" indicates 

the ratio between the power that can be delivered by a 

propulsion system and the volume occupied by the propulsion 

10 system itself. 

In order to manufacture a mechanism provided with at 

least two independent shafts, the choice of the most 

suitable propulsion system is very difficult, especially if 

said mechanism has to be installed in reduced spaces. 

15 Preferably, the propulsion system comprises motors of 

the electric type, which guarantee a great reliability and 

an easy control and management. 

Mechanisms are known, which comprise propulsion 

systems with at least two independent shafts, wherein a 

20 single electric motor is provided and there is a drive 

mechanism, which is adapted to transfer the motion directed 

at one shaft to the other shafts. This solution does not 

allow the different shafts to be controlled in an 

independent manner, since they are all controlled by the 

25 same electric motor. 

Propulsion system are also known, which are adapted to 

control one or more independent shafts, wherein two or more 

independent motors are provided, preferably a motor for 

each shaft. Said motors are ordinary electric motors with 

30 an internal rotor and an external stator. 

Said independent motors are arranged one next to the 

other and are kept in their position by a fixing system, 
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for example a band or a flanged plate. This solution is 

very bulky and difficult to be applied, especially if the 

propulsion system has to be installed in small spaces. 

The reduction of the space taken up by each single 

5 motor, though, can jeopardize the power that can be 

delivered by the motor itself and, consequently, the 

actuation density of the propulsion system itself. 

In the field of robotics, this problem has become very 

real, since it is increasingly necessary to produce very 

10 small devices, which, though, have to feature different 

degrees of freedom in their motion. Robotized vehicles, 

generally known as tracked appendages, comprise a fixed 

structure, which supports one or more electronic and/or 

electromechanical devices such as sensors, video devices, 

15 audio devices, etc., and at least two tracked structures, 

which are adapted to move said fixed structure. Normally, 

said robotized vehicles are used as scout vehicles and, 

therefore, need to feature a high ability to move and a 

high drive power that allows them to get past the obstacle 

20 they meet along their path. Normally, said robotized 

vehicles have to allow each tracked structure to move 

independently of the other one and to change its position, 

e.g. to vary the surface of the tracked structure in 

contact with the ground, so as to get past the obstacles. 

25 These movements, in the prior art, are actuated by two 

independent electric motors with an external stator, which 

are arranged one next to the other, thus taking up a large 

space. Furthermore, said actuators have to be connected to 

the mechanisms associated thereto by means of mechanical 

30 drive trains or transmissions, thus making the installation 

on said robotized devices more complicated. 
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When designing these propulsion systems, designers try 

not only to reduce the space occupied, but also to maximize 

the power density of the propulsion system itself. As 

mentioned above, the arrangement of the motors one close to 

5 the other occupies volumes that, otherwise, could be used 

to install further electronic or electromechanical devices 

on the robotized vehicles, so as to increase the functions 

of the robotized vehicle itself. Normally, given the same 

deliverable power, an increase in the power density leads 

10 to a reduction not only of the spaces occupied, but also of 

the overall weight of the propulsion system, thus causing, 

as a consequence, a reduction of the consumptions of the 

propulsion systems itself to move the robotized vehicle. 

The solutions of the prior art, indeed, comprise complex 

15 drive mechanisms, which are very delicate and feature a 

remarkable weight, but are necessary to transfer the motion 

generated by the motor to the device to be moved. 

The need to reduce the dimensions of a propulsion 

system with two or more shafts applies to different 

20 technological fields, in which two or more shafts have to 

managed at the same time and there has to be a high control 

of the movements along said shafts. 

The object of the present invention is to solve the 

problems mentioned above by providing a propulsion system 

25 with at least two shafts, which has reduced dimensions and 

features a high power density. 

This propulsion system is of the electronic type and 

comprises two electric motors. 

An aspect of the present invention is relative to a 

30 propulsion system with at least two shafts having the 

features set forth in appended claim 1. 
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Further accessory features are set forth in the 

appended dependent claims. 

The features and advantages of the present invention 

will be best understood upon perusal of the following 

5 detailed description of at least one embodiment of the 

propulsion system according to the present invention with 

reference to the accompanying drawings, which respectively 

illustrate what follows: 

• figure 1 shows, in a prospective view, an overall 

10 image of the propulsion system according to the present 

invention; 

• figure 2 shows an exploded view of the propulsion 

system of figure 1; 

• figure 3 shows, in a prospective view, a non-

15 binding application of the propulsion system according to 

the present invention in the field of robotics. 

With reference to the figures mentioned above, the 

electric propulsion system with at least two shafts 

comprises at least two electric motors, of which at least 

20 one first motor 3 and at least one second motor 4, each one 

comprising a stator "S" and a rotor "R". Said propulsion 

system comprises, furthermore, a fixing system 5, which is 

adapted to lock the stators "S" of said motors to one 

another. 

25 The first motor 3 is a motor in which the stator "S" 

is internal with respect to the rotor "R", which is 

arranged on the outside of said stator "S". 

The second motor 4 is a motor in which the stator "S" 

is external with respect to the rotor "R", which is 

30 arranged on the inside of said stator "S". 

In particular, each stator "S" of said at least one 

first motor 3 comprises at least one housing 31, which is 
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adapted to at least partially house at least one second 

motor 4. Preferably, said first motor 3 is a torque motor 

or a reluctance motor. In said torque motor or reluctance 

motor, said at least one housing 31 is a through hole. 

5 Each one of said at least one second motor 4 has a 

stator "S", which presents an external casing having, for 

example, a cylindrical shape and is adapted to be at least 

partially inserted into a housing 31, which is comprised in 

the stator "S" of said at least one first motor 3. 

10 Said fixing means 5 preferably is a flange, which is 

adapted to lock the stators of said motors (3, 4). 

In particular, said flange fixing system 5 comprises 

at least one plate 51, which is adapted to lock the stators 

"S" of at least one first motor 3 and of at least one 

15 second motor 4, and at least one arm 52, which is adapted 

to connect said fixing system 5 to a device, in which said 

propulsion system is built-in. 

Said plate 51 comprises a plurality of holes 53, which 

are at least partially adapted to allow the plate 51 itself 

20 to be fixed to the corresponding plurality of holes 54 

comprised in the stators "S" of the motors (3, 4}. 

Said motors (3, 4) are controlled by a control unit, 

which is not shown and is adapted to send the operating 

commands of said motors (3, 4), according to the needs, by 

25 means of communication means, such as electrical cables or 

radio systems, etc.. 

Preferably, said communication means, in particular 

power-supply and control cables of said at least two motors 

(3, 4), are arranged along said at least one arm 52 and 

30 pass through said at least one plate 51, for example by 

means of at least one of said holes 53. 
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Preferably, said at least two shafts are parallel to 

one another; in particular, the rotors "R" of said at least 

two motors (3, 4) rotate around axes that are parallel to 

one another. 

5 In the preferred embodiment, which is shown by way of 

example in figures 1 and 2, the propulsion system comprises 

a first motor 3, which comprises a housing 31, in 

particular a through hole, which is adapted to house a 

second motor 4. The diameter of the housing 31 is 

10 substantially equal to the external diameter of the 

external casing of the stator "S" of the second motor 4. 

The fixing system 5 and, in particular, the plate 51 

have a circular shape with a diameter that, at the most, is 

equal to the maximum diameter of the stator "S" of the 

15 first motor 3, so as not to interfere with the rotor "R" of 

the first motor 3 itself. 

The arm 52 is connected to the plate 51, so as not to 

interfere with the rotor "R" during the rotation of the 

rotor of the first motor 3 itself. Preferably, said arm 52 

20 is '^"-shaped, so as to allow the propulsion system to be 

fixed to the device where said propulsion system has to be 

installed. 

The second motor 4 has a cylindrical shape and 

comprises a front face, which comprises a shaft 42 of the 

25 rotor "R", and a rear face, which is parallel to the front 

face. In a first embodiment, said plate 51 preferably fixes 

the stators "S" by fixing the rear face of the second motor 

4 and the stator "S" of the first motor 3. 

In an alternative embodiment, which is not shown, a 

30 plate 51 is connected to stators "S" of the motors in 

correspondence to the front face of the second motor 4, 

where said shaft 42 is arranged. 
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With reference to figure 3, an illustrative but non-

limiting application of said propulsion system is relative 

to the movement of a tracked structure of a vehicle "V", in 

which said propulsion system, besides causing the rotation 

5 of the track "C" in order to move the vehicle "V", is able 

to move the tracked structure itself so as to vary the size 

of the portion of the track "C" that comes in contact with 

the ground in order to move the vehicle "V". 

As a matter of fact, the first motor 3, which has an 

10 external rotor "R", is adapted to move the track "C", while 

the second motor 4, which has an internal rotor "R", is 

able to move the entire tracked structure of the vehicle 

"V", thus causing it to rotate around the axis of the rotor 

"R" of the second motor 4 itself, preferably around the 

15 shaft 42. Said movements are controlled by the control 

unit, which controls and manages the two motors (3, 4) in 

an independent manner. 

The present propulsion system can be easily built-in 

in the tracked structure of the vehicle "V", as shown in 

20 figure 3, by the reducing the spaces occupied with respect 

to the prior art. 

The present solution, furthermore, allows a reduction, 

at least in part, of the weight, of the costs, and of the 

complexity of the drive means for transmitting the motion 

25 from said motors (3, 4) to the devices to be moved. 

The propulsion system according to the present 

invention can comprise a plurality of motors (3, 4), which 

are properly arranged and fixed to one another, so as to 

obtain a compact propulsion system featuring a high power 

30 density acting on a plurality of shafts. By mere way of 

example, in case there are a plurality of first motors 3, 

said first motors 3 can be arranged coaxial to one another, 
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thus obtaining an array of first motors 3, while said 

second motors 4 can be arranged in the hollow spaces 

between two first motors 3, properly placed in the suited 

housings 31. 

The motors (3, 4) can be manufactured with other 

technologies that are normally used for manufacturing 

electric motors, such as brushless motors, a reluctance 

motors, stepper motors, synchronous motors, asynchronous 

motors, single-phase motors, or three-phase motors. 
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CLAIMS 

1. • Electric propulsion system able to drive at least two. 

shafts, comprising 

- at least two electric motors,-'of which at least one first 

5 motor (3) and at least- one second motor (4) , .each one 

comprising a stator (SI, S2) and a rotor (Rl,r R2) ,• and 

- a fixing system (5) , adapted to lock the stators (SI, 

S2) of said' motors to one another; 

said first motor (3) is a motor in which the stator (S3J is 

10 arranged in an inner position with respect to the rotor 

(Rl), which is'-arranged on the outside of said stator (SI), 

and the second motor (4) is a motor in which the stator 

(S2) is arranged in an outer position with respect to the 

rotor (R2) , which is arranged on the inside of said stator 

15 (SI); 

the stator (SI) of the first motor (3) comprises at least 

one housing (31), adapted' to -at least partially house at' 

least "one o.f said at least one second motor (4) 

said electric propulsion system is characterized in that: 

20 • said 'first motor. (3) and said second motor (4) are 

- distinct and independent, in which the stator (S2) of 

said second motor ' (4) presents an external casing 

adapted to be . at least partially inserted- into said 

housing (31); 

25 • said housing (31) is a through hole with a diameter 

substantially equal to the external diameter of the 

external casing of the stator (S2) of the second motor 

(4) . 
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2. Propulsion system according to' claim 1, wherein said-

first motor (3) is a motor of the torque type. 

3. Propulsion system according to claim 1, wherein said-

fixing system (5) is a flange, adapted to lock the' stators 

5 (SI, S2) of said motors (3, 4). 

4. Propulsion system according to claim 3, wherein said 

flange fixing system (5) comprises at least one,plate (51), 

adapted to lock the stators (SI, S2) of at least one first 

motor (3) and of at least one second motor (4) , and an arm 

.10 (52), adapted to connect said fixing system (5) to a 

device, in which said propulsion system' is built-in. 

5. Propulsion system according to claim 4, wherein the 

power- supply and control cables of said at least two 

motors (3, 4) are arranged along said at least.one arm (52) 

15 and pass through said at least one plate (51). 

6. Propulsion system according to claim 1, wherein said 

at least-two shafts are parallel to each other: 

7.'. Propulsion system according to - claim 6, wherein' the 

rotors (Rl, R2).of at least two motors (-3, 4) rotate around 

20 axes that are parallel to each other. 


