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(564) A COGGINGELECTRIC MACHINEAND A METHOD OF OPERATING THE COGGING ELECTRIC

MACHINE

(67)  The object of the invention is a cogging electric
machine and a method of operating the cogging electric
machine. The machine is characterised in that the arma-
ture (1) comprises at least two constructionally identical
segments (1A), (1B), each of which has tooth coils (2),
shifted relative to the tooth coils of the other segment by
a vector with the same direction as the direction of move-
ment of the moving element of the machine, and a length
resulting from the number of teeth (8). The number of
teeth in each segment (1A), (1B) of the armature (1) is
an even number equal to the number of magnets (5) of
a single segment, while the winding of each segment
forms a single phase intended for providing power with
alternating current with a zero average value. The object
ofthe invention constitutes a machine with rotary motion,
in which the multi-segment armature (1) has the form of
a stator, while the exciter comprises the magnets of rotor
segments (4), the current of the armature (1) of each
consecutive segment (1B) after the first one being
phase-shifted relative to the current of the first segment
by a value dependent on the length of the shifting vector
of the coils (2), the spacing between the teeth (8) and
the number of pairs of magnets (5) of a single rotor seg-
ment. It is also possible that the moving part constituting
the rotor (4) is external relative to the immovable internal
armature.

The method of operating the electric machine is char-
acterised in that, due to the phase shift of alternating

currents flowing in the windings of the segments (1A),
(1B), (1C) and the mechanical circumferential shift of the
coils (2) inthe windings of these segments, the aggregate
variable component of the torques generated in the indi-
vidual segments (1A), (1B), (1C) becomes reduced to a
value resulting from the presence of harmonics of an or-
der higher than the number of pole pairs in the gap field,
while at the same time the constant components of the
torques of the individual segments sum up.
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Description
Technical field

[0001] The object of the invention is a cogging electric
machine, i.e. an electric machine which for its functioning
uses electromagnetic torques, acting between the teeth
of a ferromagnetic armature with tooth coils and the per-
manent magnets of an exciter in a number equal to the
number of teeth of a single segment of the armature. The
object of the invention is also a method of operating this
machine.

Description of prior art

[0002] Electric machines with permanent magnets are
commonly known and used constructions. They exist as
rotating field electric machines, and thus synchronous
machines (Permanent Magnet Synchronous Ma-
chine/Motor - PMSM, Internal Permanent Magnet Syn-
chronous Machine/Motor - IPMSM, Surface Mounted
Permanent Magnet Synchronous Machine/Motor-
SMPMSM, e.g. [Zalas P., Antal L., LOW POWER PER-
MANENT MAGNET SYNCHRONOUS MOTOR DE-
SIGNED TO SYNCHRONOUS STARTING, Zeszyty
Problemowe - Maszyny Elektryczne, No. 3/2012 (96),
ed. INIME "Komel", Katowice, 2012]), or as electrically
switchable machines with various operating principles
(brushless direct current motor DC brushless [KrykowskKi
K., PM BLDC motors - properties, control, applications,
ed. BTC, Legionowo, 2015], a hybrid stepper motor
[Wrobel T.: Stepper motors, ed. WNT, Warsaw, 1993],
switched flux machines/motors - SFM, e.g. HEFSM mo-
tors - patent [HOANG E., LECRIVAIN M., GABSI M., Ma-
chine électrique a commutation deflux et a double exci-
tation. Brevetn® de dép6t FR0602058, déposant: CNRS,
8 mars 2006. March 8,2007. International patent ], trans-
verse flux machines (TFM). In all these motors, the elec-
tromagnetic torque is the sum of three component tor-
ques, depending on the position of the rotor: the excita-
tion torque, the reluctance torque and the cogging torque
[Gajewski M., Torque ripple analysis in brushless motors
with permanent magnets, Doctoral dissertation, Warsaw
University of Technology, 2006]. The first two are used
to create operating torque in the abovementioned ma-
chines. The cogging torque is a parasitic torque, occur-
ring in all electric machines with permanent magnets and
a ferromagnetic core. It is a magnetic torque generated
due to the magnetic attraction of exciter magnets and
ferromagnetic teeth of the armature [Gajewski, op. cit.
and Goryca Z., Low speed disk generator for small wind
power station, XVI Conference "Issues of Operating Ma-
chines and Electrical Propulsions", Rytro 2008, as well
as tukaniszyn M., Mtot A., Analysis of electromagnetic
torque and ripple components in a brushless direct cur-
rent motor excited by permanent magnets, Przeglad Ele-
ktrotechniczny 10/2005]. More generally, it can be con-
cluded that the cogging torque occurs due to the coop-
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eration of a magnetic field created by permanent mag-
nets with the magnetic circuit of an armature character-
ised by varying magnetic conductivity for the magnetic
flux of an exciter [Zidlek M., Analysis of the operation of
a brushless motor with cylindrical windings and an exter-
nal rotor, Doctoral dissertation, Warsaw University of
Technology, 2013]. The existence of armature teeth is
objectively difficult to constructionally eliminate, since it
results from the necessity to place the winding in the ma-
chine in such a way that its volume would not increase
the volume of machine parts with low magnetic perme-
ability. This is achieved by placing the windings in
grooves between ferromagnetic teeth of high magnetic
permeability, by which the magnetic flux of the machine
closes.

[0003] Minimisation ofthe coggingtorque as a parasitic
torque is performed by proper selection of the dimensions
of the individual elements of the magnetic circuit in a ma-
chine [Lukaniszyn op. cit. and Goryca Z., Ziélek M., Ma-
linowski M., COGGING TORQUE OF THE MULTIPO-
LAR GENERATOR WITH PERMANENT MAGNETS,
Zeszyty Problemowe - Maszyny Elekiryczne, No.
88/2010, ed. BOBRME "Komel", Katowice, 2010]. The
simplest and the most commonly used method for mini-
mising the cogging torque is to form skewed grooves of
the stator, i.e. in the most popular machines with rotary
motion and radial magnetisation, grooves nonparallel to
the machine shaft [Gajewski op. cit., Goryca 2008 op.
cit. as well as Bernatt J., Electrical and magnetic circuits
of electrical machines excited with permanent magnets,
monograph of BOBRME "Komel", Katowice, 2010]. A
second method for minimising the cogging torque next
to the one mentioned above is the use of magnet skews
instead of skewed grooves[Lukaniszyn op. cit. and Ziélek
op. cit.]. Another method for minimising the cogging
torque in machines with rotary motion and radial mag-
netisation is proper selection of the angular span of ex-
citer magnets of the machine relative to the groove (tooth)
pitch of itsarmature. A method for minimising the cogging
torque is also to properly select the number of armature
teeth relative to the number of exciter magnets [Lukan-
iszyn op. cit., Goryca 2010 op. cit. as well as Goryca 2013
op. cit.], e.g. by placing the armature winding in an odd
number of grooves, differing by 1 or by 3 from the even
number of poles (also magnets) of the machine [Goryca
2008 op. cit. and Lukaniszyn op. cit.].

Summary of the invention

[0004] The machine described in the application does
not use any of the known methods for reducing the cog-
ging torque: on the straight teeth ofthe armature segment
there are disposed coils comprising individual teeth, the
number of which precisely equals the number of magnets
of the rotor segment lacking the skew, and the pole pitch
of the magnets equals the groove pitch of the armature
segment. Under these conditions, the generated cogging
torque is considerable, and within a certain range of rotor
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positions it supports the working excitation torque in a
quantitatively significant manner. This is why the ma-
chine has been called a cogging one, considering the
response of the rotor to the electromagnetic torque gen-
erated in each segment separately.

[0005] The essence of the cogging electric machine
comprising an armature having a winding made of coils
wound around the individual teeth of a ferromagnetic core
and an exciter provided with magnets is that the armature
comprises at least two constructionally identical seg-
ments, each of which having tooth coils, shifted relative
to the tooth coils of the other segment by a vector with
the same direction as the direction of movement of the
moving element of the machine, and a length resulting
from the number of teeth, the number of teeth in each
segment of the armature being an even number equal to
the number of magnets of a single rotor segment.
[0006] The winding of each segment forms a single
phase intended to provide power via an alternating cur-
rent with a zero average value, the current of each con-
secutive segment after the first one being phase-shifted
relative to the current of the first segment by a value de-
pendent on the length of the shifting vector of the coils,
the spacing between the teeth and the number of pairs
of magnets of a single rotor segment.

[0007] The essence of the method of operating the
cogging electric machine is that, due to the phase shift
of currents flowing in the windings of the segments and
the mechanical circumferential shift of the coils in the
windings of these segments, the aggregate variable com-
ponent of the torques generated in the individual seg-
ments becomes reduced to a value resulting from the
presence of harmonics of an order higher than the
number of pole pairs in the gap field, while the constant
components of the torques of the individual segments
sum up.

[0008] The cogging electric machine can constitute a
machine with rotary motion, in which the armature is
placed on the stator, while the exciter comprises the rotor
magnets, a reverse construction also being possible, i.e.
the moving part (rotor) with the magnets is external rel-
ative to the immovable armature.

[0009] The main advantage of the submitted solution
is the better ratio of power to the mass of the machine
compared to known constructions of machines with per-
manent magnets. The use of the proposed solution will
allow for the construction of an electric machine with a
given power, using to this end a smaller number of ma-
terials for constructing electrical and magnetic circuits.

Brief description of drawings

[0010] An embodimentis presented in the drawing, in
which Fig. 1 presents a complex three-segment, three-
phase electric cogging motor in a front view, Fig. 2
presents the same motor in a side view, Fig. 3 presents
a ferromagnetic wound stator of the three-segment,
three-phase electric cogging motor in a front view, Fig.
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4 presents the same stator in a side view, Fig. 5 presents
a ferromagnetic rotor with permanent magnets mounted
with alternating magnetic poles (N-S-N-S...), while Fig.
6 presents a ferromagnetic rotor segment with perma-
nent magnets mounted with alternating magnetic poles
(N-S-N-S...).

Detailed description of the invention

[0011] An exemplary embodiment of the cogging ma-
chine is its embodiment as a three-segment 1A, 1B, 1C
three-phase motor with rotary motion and radial magnet-
isation, intended for providing power by a three-phase,
symmetrical arrangement of sinusoidal currents. Each
segment of the motor comprises a stator 1 and rotor part
4, wherein there can be a single cylindrical rotor with
surface magnets 5, providing radial magnetisation of the
motor, shared by all three segments of the stator (fig. 2,
5).

[0012] Three identical circular stator segments 1A, 1B,
1C are disposed linearly one behind the other, at distanc-
es from each other which enable physically fitting the
face connections of the winding 2 of each of the segments
between them, and rotated relative to each other by an
angle of 120 electrical degrees (fig. 3). Each stator seg-
ment is made of mutually insulated ferromagnetic motor
metal sheets 1 with an even number of grooves 3 and
teeth 8 therebetween, placed on the air gap side between
the stator 1 and the rotor 4. Winding 2 of one of the three
phases of the armature is disposed in the grooves, made
in the form of coils wound onto individual teeth, i.e. coils
with a pitch y=1. The coils 2 are made of a copper magnet
wire in insulation (e.g. in enamel) and preferably placed
on carcasses put on the teeth of the stator 8. All coils of
a given phase, i.e. a given stator segment: 1A or 1B or
1C, are connected to each other in series. Metal sheets
with patterns of the stators of rotating field machines (e.g.
exciter motors), and thus typical motor metal sheets with
an even number of grooves 3 and also teeth 8 between
them, canbe used as metal sheets of the stator segments
1.

[0013] The cylindrical rotor (fig. 5) with an opening for
the drive shaft 6 is also made of a ferromagnet 4 (in the
meaning of a magnetic circuit), comprising mutually in-
sulated ferromagnetic metal sheets or solid, with mag-
nets 5 disposed on the sidewall of the rotor cylinder (e.qg.
by the known magnet gluing technique), parallel to its
axis, with alternating magnetic poles (N-S-N-S-...), indi-
catedinfigs. 1, 2, 5, 6. The cross-section of each magnet
is limited by two arches: with a radius of the rotor cylinder
(on the rotor side, where the magnet is mounted) and
with a radius increased by the adopted thickness of the
magnet (on the air gap side between the magnets and
the stator segments). In this way, the magnets have an
arched shape. The number of magnets 5 (being the motor
exciter poles) equals the number of teeth 8 in the stator
1, and it is an even number. The rotor 4 does not have
to be segmented, i.e. it can be made as a single ferro-
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magnetic cylinder with magnets (fig. 5), with a length
equal to the sum of lengths of all three segments and two
distances therebetween. The openings 7 in the rotor 4,
visible in figs. 1, 5, 6, parallel to the machine axis, are
optional and insignificant for proper functioning of the ma-
chine.

[0014] Therotor 4 and stator segments 1 are mounted
concentrically, with a constant air gap (regardless of the
position of the rotor) between the magnets and the stator
segments, with a size typically not exceeding several
mm. The rotor 4 can rotate inside the concentric openings
of the stator segments 1 due to the bearing of the shaft 6.

List of references
[0015]

stator part divided into stator segments 1A, 1B, 1C
face connections of the winding

stator grooves

rotor part

surface magnets

drive shaft

openings in the rotor

teeth disposed between stator grooves
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Claims

1. A cogging electric machine comprising an armature
having a winding made of coils wound around the
individual teeth of a ferromagnetic core and an ex-
citer provided with magnets, characterised in that
the armature (1) comprises atleast two construction-
ally identical segments (1A), (1B), each of which hav-
ing tooth coils (2), shifted relative to the tooth coils
of the other segment by a vector with the same di-
rection as the direction of movement of the moving
element of the machine, and a length resulting from
the number of teeth (8), the number of teeth in each
segment (1A), (1B) ofthe armature (1) being an even
number equal to the number of magnets (5) of a sin-
gle segment, while the winding of each segment
forms a single phase intended for providing power
with alternating current with a zero average value.

2, The cogging electric machine according to claim 1,
characterised in that it constitutes a machine with
rotary motion, in which the multi-segment armature
(1) has the form of a stator, while the exciter com-
prises the magnets of the rotor segments (4), the
current of the armature (1) of each consecutive seg-
ment (1B) after the first one being phase-shifted rel-
ative to the current of the first segment by a value
dependent on the length of the shifting vector of the
coils (2), the spacing between the teeth (8) and the
number of pairs of magnets (5) of a single rotor seg-
ment.
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3.

The cogging electric machine according to claim 2,
characterised in that the moving part constituting
the rotor (4) is external relative to the immovable
internal armature.

A method of operating the cogging electric machine
characterised in that, due to the phase shift of al-
ternating currents flowing in the windings of the seg-
ments (1A), (1B), (1C) and the mechanical circum-
ferential shift of the coils (2) in the windings of these
segments, the aggregate variable component of the
torques generated in the individual segments (1A),
(1B), (1C) becomes reduced to a value resulting from
the presence of harmonics of an order higher than
the number of pole pairs in the gap field, while at the
same time the constant components of the torques
of the individual segments sum up.
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