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(54) ELECTRIC MOTOR

(57)  Anelectric motor, the stator of which carries per-
manent magnets, and the rotor of which carries electro-
magnets, is described.

A particular arrangement of connecting up the wind-

ings of the electromagnets to the distributing collector
and the selection of the ratio of stator magnets to rotor
electromagnets enable higher torque to be achieved.

The main field of application of the invention is in
motor-wheels of vehicles.
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Description
Technology field

[0001] The invention relates to electric motors, prima-
rily for vehicles, in the form of motor-wheels, and is in-
tended for use in electrically propelled bicycles, wheel-
chairs, scooters, motorcycles, buses, and also winches,
cranes etc.

Technology level

[0002] Collector motor-wheels with no reduction gear,
in which the rotation of the wheel is brought about directly
by the electromagnetic interaction of magnetic sta-
tor-and-rotor system, are known (SU 628008 A,
15.10.1978; SU 910480 A, 07.03.1982; SU 1725780 A3,
07.04.1992; US 5164623 B1l, US 6492756 B1,
10.12.2002).

[0003] The closestanalogue to the proposed invention
is an electric motor for a vehicle, containing a stator with
an even number of permanent magnets located in acircle
at uniform pitch, a rotor with electromagnets, a distribut-
ing collector having conducting plates round its circum-
ference, combined in a set order into groups with positive
and negative polarity, connected to a direct current sup-
ply and separated by dielectric gaps, and also brushes
contacting the said collector, connected to the windings
of the electromagnet coils (US 6384496 B1, 07.05.2002).
[0004] A significant fault of this motor is its low torque,
which severely limits its field of practical application.
[0005] It should be noted that various technical solu-
tions for increasing the torque of motor wheels are al-
ready known; however, they involve the use of high-volt-
age power supplies and complex control circuits, so that
they are difficult to produce and not very reliable in use.

Substance of the invention

[0006] The aim of the invention is to improve the tech-
nical characteristics of an electric motor of the type under
consideration, primarily to increase its torque.

[0007] Another aim of this invention is to provide in-
creased torque without significant complication of the de-
sign or use of the motor.

[0008] It has been established experimentally by the
author of the invention that a solution to this problem can
be found by selecting a specific ratio, and corresponding
disposition of the number of electromagnets in the rotor,
the permanent magnets in the stator and the collector
plates, and their position relative to each other, and also
by a specific way of connecting the electromagnet coils
to the supply.

[0009] The coils of adjacent electromagnets in the ro-
tor, in accordance with the invention, are connected in
pairs, in series aiding, and to the coils of a pair of dia-
metrically opposite electromagnets, in series opposing;
the leads of their windings, connected to the correspond-
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ing brushes, are shunted by capacitors, so that each two
pairs of diametrically opposite electromagnets, together
with the capacitor, form a resonant circuit. The number
(n) of permanent magnets in the stator and the number
(m) of the said resonant circuits are determined from the
equations n=10+k, m=2+k, where k is a whole number
(k=0,1,2,3...), the number of plates in the distributing col-
lector is taken as equal to n, and the axial lines of the
dielectric gaps in the distributing collector are aligned
along the axial lines of the permanent magnets in the
stator.

[0010] Such a relation of the number of electromag-
nets, permanent magnets and collector plates, and such
an electromagnet commutation circuit containing capac-
itors, provides resonance of currents in the low frequency
circuits formed by the pairs of diametrically opposite elec-
tromagnets and the capacitors connected to them. The
rating of the capacitors should be coordinated with the
number of coil windings shunted by these capacitors.
[0011] It was unexpectedly discovered that the reso-
nance phenomena are amplified in the event of the
number of loops in the coil windings electrically connect-
ed to each other (diametrically opposite electromagnets)
differing from each other by an integral multiple.

[0012] The ratio between the numbers of loops in the
windings of the one and the other diametrically opposite
electromagnets in each pair should be 1/32, 1/16. 1/8 or
1/4.

[0013] The rotor can be located outside or inside the
stator.
[0014] The brushes may be able to be displaced round

the circumference relative to the collector in order to ad-
just the commutation of the electromagnet coils.

Brief description of the drawings
[0015]

Figs. 1 and 2 show a side view of an electric motor
made in accordance with the invention for two pos-
sible versions: with an external rotor (Fig. 1) and an
internal one (Fig. 2).

Fig. 3 shows a graph of the voltage in the leads of
the electromagnet coils connected to each other,
forming aresonant circuit with the capacitor connect-
ed to them.

Examples of the implementation of the invention

[0016] As is apparent from Figs. 1 and 2, the electric
motor made in accordance with this invention contains a
shell (1), serving as a casing, a stator (2) and a rotor (3).
[0017] In the variant of the invention shown in Fig. 1,
therotor (3) is located outside the stator, and in the variant
shown in Fig. 2, inside the stator. In the structure of the
motor-wheel, the rotor is connected to the rotated wheel
(not shown); as applied to this invention, a direct connec-
tion with no reduction gear is advisable. The electric mo-
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tor stator (2) has a cylindrical magnetic conductor (4), to
which permanent magnets (5) of alternating polarity are
fixed.

[0018] The electric motor rotor (3) carries electromag-
nets (6), the coils of which, when the motor is running,
receive direct current from a DC supply (not shown) via
the collector distributor (7) and the brushes (8). The col-
lector distributor (7) is fixed, but the brushes (8) are con-
nected to the rotor, and as it rotates, they are displaced
relative to the conducting plates (9) of the collector dis-
tributor. The said plates are connected to the DC supply
with alternating polarity and are separated from each oth-
er by dielectric gaps (10).

[0019] The principle of operation of an electric motor
made in accordance with this invention is no different
from normal. The change of polarity of the rotor electro-
magnets as the brushes connected to them are displaced
relative to the collector plates connected alternately to
different poles of the DC supply, with the alternating po-
larity of the permanent magnets in the stator, creates an
attraction of each electromagnet of the rotor to the mag-
net of the stator nearest to it in the direction of rotation
of the rotor, and a repulsion from the preceding one.
[0020] The novelty of the electric motor made in ac-
cordance with this invention lies in the strictly determined
ratio of the number of stator magnets, rotor electromag-
nets and conducting collector plates, and also in the man-
ner in which the electromagnet coils are connected up.
The coils of two adjacent electromagnets are connected
to each other in series aiding (in Figs. 1 and 2, this cor-
responds to the connection from the beginning of the
winding, denoted by "H", to the end, denoted by "K"), but
to the pair of coils of the electromagnets located diamet-
rically opposite, in series opposing (from the end "K" to
the beginning "H"); the ends of the windings not connect-
ed to each other (the "free" ends) are connected to the
brushes (8) and are simultaneously shunted by capaci-
tors (11) to form a resonant circuit.

[0021] The set number of permanent magnets in the
stator must be compatible with the set number of pairs
of such circuits. Thus, the variant of the motor in accord-
ance with Figs. 1 and 2 with two resonant circuits must
have a stator with 10 permanent magnets and with pre-
cisely the same number of conducting plates (9) of the
collector distributor. The overall relationship of the ratios
of resonant circuits and number of permanent magnets
is determined from the equations n=10+4k, m=2+k,
where n is the number of magnets, m is the number of
circuits and k is a whole number (k=0,1,2,3...). On the
basis of these equations, for 14 stator magnets, there
should be three resonant circuits, and so on.

[0022] Thenumber of conducting plates of the collector
distributor must be equal to the number of permanent
magnets in the stator, and the axial lines of the dielectric
gaps (10) between the plates must coincide with the axial
lines of the permanent magnets. As can be seen from
the voltage graph shown in Fig. 3, the way that each of
the circuits is connected up in turn via the brushes con-
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nected to the rotor to the different-polarity collector plates
as the rotor rotates creates alternating current in them,
as a result of which current resonance occurs in the cir-
cuit, thusincreasing the torque created by the motor. This
effectis enhanced by the different number of loops in the
coil windings.

[0023] The number of loops in the coils of the diamet-
rically opposite electromagnets differs between them by
1/32, 1/16, 1/8 and in certain cases 1/4.

[0024] If, forexample,inone of the pairs of series-wired
coils, the number of loops is 128, the number in the sec-
ond pair (diametrically opposite) must be 124, which is
a ratio of 1/32, or 120 for a ratio of 1/16 and so on.
[0025] The rating of the capacitor (11) depends on the
total inductance of the series-wired windings shunted by
them.

Industrial applicability

[0026] Since the motor in accordance with the inven-
tion can achieve high torque for relatively low voltage
supply rating, and is simple in design, it has a wide range
of possible applications.

[0027] A prototype motor made in accordance with the
invention, with the parameters:

diameter - 400 mm
weight - 16 kg
power - 5.5 kW
voltage - 48V

creates torque of up to 500 Nm. The motor has 22 per-
manent magnets in the stator and five resonant circuits.
The electromagnet windings are calculated for the ratio
1/16.

Claims
1. Electric motor, containing:

- a stator with a circular magnetic conductor, to
which an even number of permanent magnets
is attached at uniform pitch;

- arotor, separated from the stator by an air gap
and carrying electromagnets interacting with the
permanent magnets in the stator;

- a distributing collector, fixed to the body of the
stator and having current conducting plates
round its circumference, connected at alternat-
ing polarity to a direct current supply and sepa-
rated by dielectric gaps;

- brushes, connected to the rotor, able to contact
the collector plates and connected to electro-
magnet coil windings, characterisedin that the
coil windings of adjacent electromagnets are
connected in pairs in series aiding, and to the
windings of the coils of a pair of diametrically
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opposite electromagnets in series opposing,
with capacitors connected to the leads of the
windings connected to the brushes to form res-
onant circuits, the number (n) of the permanent
magnets of the stator and the number (m) ofthe 5
resonant circuits being determined from the
equations n=10+4k, m=2+k, where k is a whole
number (k=0,1,2,3...), the number of plates in

the distributing collector is equal to the number

of magnets in the stator, and the axial lines of 10
the dielectric gaps in the distributing collector
are aligned along the axial lines of the perma-
nent magnets of the stator.

Electric motor in accordance with claim 1, charac- 15
terised in that the number of loops in the coil wind-

ings of diametrically opposite electromagnets is dif-
ferent, the difference being 1/32, 1/16, 1/8 or 1/4.

Electric motor in accordance with claim 1 or 2, char- 20
acterisedin that the rating of the capacitor connect-

ed to the electromagnet coil windings is proportional

to the total number of loops in these windings.

Electric motor in accordance with claim 1, charac- 25
terised in that the rotor is located outside the stator.

Electric motor in accordance with claim 1, charac-
terised in that the rotor is located inside the stator.

30
Electric motor in accordance with any of claims 1-5,
characterised in that the brushes are able to be
adjusted in position on the circumference relative to
the collector.
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