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This invention reclates tova variable-reluctance oléctrié
motor supplied by a direct current source, able to operate with
‘a low speed and mainly cowmprising a rotor having teeth of uhiform
pPltch, an annular stator in which magnetic studs or patches or the
like have windings being selectively and temporarily encrgised by
a de.ce éupply, by means of switching devices of said stator win-
‘dings under the control of a control device synchroﬁized onto the
inséantaneous angular position of the rotor, the whole béing such
that the back-electromotive force and the delivered torque,aré
constant for a given current.

The conventional constructioﬂ for such machines is to eﬁ-
body the stator in the form of two fings of studs or patches of
the like which are éymmetrical of a%centre-plane perpendicular ﬁo
the machine shaft, each ring comprising four studs or the like,per
tooth, With this system, the maximum number of teeth possible is
10 or 12 and a large number of windings, as a rule, af ;easf four
windings per tooth, must be provided. If N denotes the mean mQtor
speed in rpm and n denotes the number of rotor teeth, the usually’

1

electronic commutating facility'provided must operate at a commuw
tation frequency of 4Nn,

A slow-running motor is of use e.g. for driving a 1aﬁd
vehicle by direct drive of the driving wheels without any step-
down.or for a surface ;r underwater vessel whose screws must be
driven fairly slowly if performance is to be satisfactory.‘The'
only way of optimising the possibilities of the electronic swif-
cq;gg facility in a slow~running motor of this kind is: to in;réase
the number of rotor teeth, 'in which event there is an appreéiﬁblb
1ncr;aso in construotionél complexity and in the copper weighf of
the windings. |

. It is an object of this invention to obviate these disad-‘

vantages by providing a novel machine construction in which' the
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‘number of rotor teeth can be increased without any proportional
. increase in the number.of windiﬁgs, as a result of an approériate
regrouping of the studs or patches or the like in the windings.

Accordingly, this invention provides a machine of the kind
" hereinbefore specified wherein the stator has a number hmv of
identical sectors which is a multiple of four and which is équal
to or greater than eight, each séctor comprising magnetic studs or
patches or the like uniformly distributed at the same pitch‘gs‘the
rotor teeth and a single winding coiering all the studs or the |
like of the sector, any two consecutive sectors being spaced apart
from one another by an interval such that between any two conse=
cutive sectors the rotor teeth are set back by a quarter pitch or
a multiple (n) thereof with respect to the direction of the rotatiom -
of the rotor. Clearly, therefore, the number of rotor teeth is the
same as the total number of sector studs Plus n X 25% of the
number of sectors, whereas the number of windings becomes the same
as the number of sectors, so that the intended result is aéhieved.
The reason for choosing at least elght sectors is to ensure that
the rotor is in proper mechanical balance. The reason for the
offset of 25% of the rotor pitch or a multiple thereof between
‘consecutive sectors is of course, as will become more ciearl&
apparent from the description, to ensure tﬁat the elementary back-‘
electromotive forces and the mechanical forcea are complementﬁr}.

Advantageouslys

the peripheral length of each stud or patch or the liké is
less than the peripheral length of each rotor tooth, and the ,
Peripheral length of each between-studs projection is greater than
the peripheral length of each such tooth. This feature énsures
that sufficient dead times (times of zero induced voltage in the

inside winding) are available for commutation;
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each tooth is in known manner embodied by ferromagnetic
lamellae embedded in a non-magnetic substance, and

the density of ferromagnetic substance over the peri-
pheral length of each tooth is variable, being relatively high
near the tooth axis ana being lower in the two end parts around
the relatively high-density axial part, for the ﬁagnetic flux in
each stud then varies in time in accordance with a law enébliné
the elementary back-electromotive forces to be complementary.

The invention will be more clearly understood from the
following description of an embodiment, reference being made to
the accompanying drawings wherein: }

Fig. 1 is a view in cross-section on the line I- I of
Fig. 2 of a motor according to the invention;

Fig. 2 is’ a view in radial section of the same motor
on the line II-II of Fig. 1; \

Fig. 3 is a basic diagram of the electronic commutating
or switching facility for the stator windings;

Fig. 4 is a diagrammatic diagram of the'stator studs or
patches or the like, of a rotor todth at various times in a pe;iod,}
and of the programme of current flows through the stator windings;

Flg., 5 is a diagram showing variations of the elementary |
back-electromotive forces ( emf's) in the various windings; ‘

Fig. 6 is a diagram representing signals Gj to G4 applied;
to corresponding control electrodes of said switching devices of |
the stator windings; , .

Fig. 7 shows the geometric positions of energized stator
windings at a determined time in the case of a eight stator
windings motor; and

Fig., 8 shows a diagram analogous te that of Fig, 7 for

a motor having sixteen stator windings.
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.As shown in Figs. 1 and 2, a variable-reluctance motor
according to the invention has an axis I-I of symmetry of revo-
lution and, perpendicular to such axis, a plane of symmetry III-
III. The motor comprises a rotor 1 rigidly secured to a shaft 11
running in rolling bearings 12, 13 and a stator 2. Rotor 1l is em—"
bodied by a ring of laminations of non-saturable silicon iron
having a high density of iron, said laminations having the same
shape,

Teeth, as 101, which are in general shape oblong, extend
from the cylindrical peripheral surface of the rotor ring into the
stator-rotor air gap. In the example shown it is assumed that
there are 50 teeth; they are disposed at a constant pitch of twice
the peripheral length of one tooth; their density varies in that
they have a short central portion with a relatively high iron den-
sity, e.g. 84%, symmetrically framed by two much lower density
end parts, e.g. of 42%; it is a very simple matter to devise this
2: 1 ratio between the densities by means of ove:lapping in the
central part of the sheets used for the two end portions; these
laminations for instance may be identical and have the shape of
a toothed wheel having a uniform pitch, the peripheral length of
said laminations teeth being lower tha the peripheral length of
stator studs, which is in turn lower than the peripheral length
of rotér teeth., These laminations may be stacked with angular
shifting with each other alternatively in a determined direction
and in the opposite direction; said shifting for instance being
equal to 29, Of course, because of this lower density of the teeth
the same become saturated when the magnetic field produced in the
alr gap 1s strong enough.

Stator 2 is also embodied by a ring of laminations of
nonsaturable silicon iron having a high iron density.

Rectangular-based studs or patches or the like, as 201,
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iextend from the cylindrical underside of the ring into the stator-
. rotoxr: air gap. The mewbers 201>aro 80 distributed that the machine
can operaté on the known basis hereinbefore set forth;'Accordingly;
fhe stator of the oxample of Figs. 1 and 2 has eight iéontidal
sectors I - VIII each having six studs at the same pitch as the
rotor teeth; however,. any two consecutive sectors are sepérated
from one another by a gap such that from one to tﬁe other the.
rotor teeth are set back by 25% of a pitch with fespect to;fhe
direction of rotation of the rotor; consequently;\in,the exahﬁle
shown there are only | |

8 x 6 = 4B studs 201 for 50 teeth;
also, each sector comprises a single winding which covers all the
8ix studs of the particular sector concerned. Of course,'the7.
cross~gection of each winding is sufficient to achiéve the re=-

quired number of ampere-turns for producing an appropriate mag-

netic field between the stud undersides and the cylindrical part

v

of the rotor.

The windings BI to BVIII are energized by a d.c. sourcg S
and switched or commutated, as will be seen hereinafter, e.g. by
means of thyristors TH1 to THQ, in a circuit arrangement‘whosex
underlyipg idea is shown in Fig. 3. The control grids G1-to Gh"
‘of said thyristors are connected to ; squared signalé generator
of kn?wn type supplied by source S and synchronized onto said
rotorL . |

Current diutribution between the windings is shown in
Fige 4o The top left-hand side of Fig. 4 shows how the studs of
the v?rioua stator sectors I - VIII are offset from one an;ther
(by 25% of rotor pitch). The bottom left-hand part of Fig. 4
shows a rotor tooth considered during its advance of a pitch from
thg t;me to to time t8' which are equidistant tiﬁes iﬁ an interval

|
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‘ 1

corresponding to a movement of: g pitch of the stator; the'peri—

" pheral length of the tooth, as mentioned above, is between the

- peripheral length of a stator stud and the peripheral lengih of

the normal gap or interval between two stwils. The bottom right—
hand part of Fig. 4 shows a #raph on the same tiﬁe scale and-shbw-
ing for the same period the conductive intervals (so1id ling); the
non-conductive intervals (broken line) of the windings BI té BVIII’
and the commutation or switching times, which are actually'brief '
breaks ;nd are denoted by crosses.

As will be clearly apparent, for instance,'atvfhe.time tg
the current flows through the windings B, Bir» By Byr at a timg -
whpn the least dense portion of the teeth is entering ﬁhe air gaps
of the corresponding sectors and leaving the air.gapé of thé |
sectors III, IV, VII and VIII; also, at the time ty, currentiéon—
tinueg to flow th;ough the windings BII’ BVI but is'gradually
being cut off in the windings BI’ BV' at a time when the high N
density portion of the teeth is entering the aifr gaps of segments.‘
II; VI and 1éaving the alr gaps of the sectors I, Vv, ﬁ

What has just been stated with respect to the timeslﬁg, L
can be repeated for the following times of the period consi@ergd,;

t

of course with a circular permutation of the indices. ' i

The back-emf's produced in the various windings,vgryéas-
shown in Fig. 5.

Fig. 6 shows signals G, to Gd applied to the four control
electrodes G, to G, of the thyristors which cause the flow#ng of
currents in the eight stator windings of Fig. 4. ?

Fig. 7 'shows a geomé%ric diagram of energized windings
energlized at time t3' These windingg are referenced BI; BII; BV
and évxo At time ts, after a rotation of the rotor of a quarter‘of

a pitgh, the energized windings are BII' BIII' BVI and BVII'
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windings nna it is clear that the energized windings have been
* shifted by;a cighth of a circumference, which is equal to the .
lengfh of a sector, in the direction of rotation of the fotor.

: Fig. 8 shows a geomectric diaéram of energized windings at
@ determined time, in the case where it is provided 16:windings
“and 16 sectors, the shifting of stator studs from a sector to the .
following being also equal to a quarter of a pitch of the rotor

teeth. Said energized windings are B B

1+ Brrr Byr Byps Brye Byo inI'A-
BXIV' windings. After a movement of the rotor of a quarter of a
pitch, the new energized windings are shifted of the 1ength of a
sector, that is to say 22°5, with respect to the previous ener- ‘
gized windings. In said case, the studs pitch is further equal to
the rotor teeth pitch, but the difference between the entire )
numbor of rotor teeth and the entire number of studs stator is
E equal to four. For instance, it may be provided 96 studs and 100
teoth, the number of studs associated to a wxnding being agaln
equal to six. ’ '

In said motor with sixteen windings, the depth of magnetic
olrcuit may be lower thén the corresponding depth of a eight
windings motor and the positionning of said windings in corres-
lpondinq sectors is easier than in a eight - windings.moior?:

.. To the extent that appropriate commutation establishes tﬁe
current flow and maintains the same constant in the windings
around the sectors whose air gaps the teeth are entering, ﬁhe:sum
of the tangential forces of the magnetomechanical forces applied
to the rotor, and the resulting torque, are comnstant. Torqﬁé,is
therefore substantially proportional to current at any rotor speed
unless the stator studs and the cylindrical part of the rotor are
saturated. '

bl

A machine of this kind is a variable-speed motor which has
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a very high torque-to-weight ratio and more particularly a very
high torque in relation to the copper weight of the windings. For
instance, a l4kg motor can provide a starting torque of 45 me-
tres-newtons with a power dissipation not exeeding 700 watts.

Of course, a relatively powerful motor can, convenient-
ly, have an exciting winding as well which is disposed in the

stator coaxially of the shaft.

—



