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Abstract: - Presented are fundamental principles of electromechanical energy conversion in idealized reactive struc-
tures of conventional synchronous machines with permanent magnets, with various numbers of pole pairs, meeting
the conditions of operation as electrical transmission. Given are fundamental relationships of generated torque and
mechanical energy in the kinetic circuit y of a machine constructed according to the slot cutting conception. Presented
are comparisons and diagrams illustrating the differences of achieved parameters between the equivalent reactive
structures of conventional machines and the equivalent reactive structure of a machine constructed according to the
slot cutting conception. The notion of equivalence means maintaining the same amount of active materials (Cu, Fe) in

the reactive structures of described machines.
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1 Introduction

The paper concerns the analysis of fundamental relation-
ships of conventional synchronous electrical machines
and the comparison with a model of a new kind of syn-
chronous machine, constructed according to the slot cut-
ting conception. A model of that kind of machine, being
under construction, has been presented at the conferen-
ces SME'04 and ICEN'04. The constructed model of
that machine has been tested in the Laboratory of Elect-
rical Machines of the Gdansk University of Technology,
confirming the correctness of the adopted conception of
operation. Papers with obtained experimental results of
the tested machine model has been submitted for publi-
cation in PE and IEEE. The base for operation of that ty-
pe of machines is the loop of ideal magnetic flux and a
physical model of dissipationless Eej <> Enecn converter
designed on its basis. Technical and constructional solu-
tions applied for shaping of the reactive structure of that
machine lead to multiplication of magnetization of the
stator winding and introduce a substitute of insulator for
the magnetic flux. That makes it possible to break the li-
mitations of conventional electrical machines in direc-
tion of increasing their density of unit power. The intro-
duced principles of shaping the reactive structure permit
the construction of a new type of low-speed (for 50 Hz)
electrical machines with large number of pole pairs and
ability to generate large torques. The low diameter of
those machines opens the way to high-speed applica-
tions, where they appear as high frequency machines
with so far unknown high densities of unit power. That
kind of machines opens a new quality in the field of uti-

lization and conversion of electrical energy, creating a
new family of light-weight and efficient electromechani-
cal converters for application in engineering.

2 Determination of Fundamental Relationships
of Synchronous Machines Meeting the Condi-
tions of Operation as Electrical Transmission

Fig. 1a, b, and c presents three fragments of the reactive
structures of synchronous machines scaled according to
the principle of maintaining the same amount of active
materials (Fe, Cu) in their reactive structures. A machine
as in fig. la is the basic single-phase conventional syn-
chronous machine with the number of pole pairs p = 6,
whose reactive structure geometry ensures the correct-
ness of operation due to a low level of dissipation fluxes.
Fig. 1b presents the reactive structure of that machine
scaled to a large number of pole pairs p = 18, with radia-
lly maintained winding distribution, (dim. a = const).
Unfavourable ratio of tooth height to its width as a/b of
that machine is the cause of the large part of dissipation
fluxes in a real application, which prevents its correct
operation. However, if one considers the analysis of ope-
ration of those reactive structures as idealized synchro-
nous machines, i.e. machines where the size of dissipa-
tion fluxes is not taken into account in the E < Eqpecn
conversion process, then those structures meet the condi-
tions of electromechanical conversion of energy as elec-
trical transmission, according to the following relation-
ship:

Pe=Prmecn=TN(p=6)* Wnip=6)=Tn(p=18)* Wnip=18) (1)



Proceedings of the 5th WSEAS Int. Conf. on Power Systems and Electromagnetic Compatibility, Corfu, Greece, August 23-25, 2005 (pp163-171)

Condition (1) is met for the same supply voltage frequen-
cy, the same cooling conditions determined by the surface
Sy, and the same amount of active materials (Cu, Fe) in
the reactive zone. Unchanged amount of active materials
in the reactive zone of the machine is ensured by the same
rotor diameter d,, the same ratio c¢/b, the same tooth
height a, and the same depth dimension d.

2.1 Determination of the Density of Field Magnet
Flux @y & the Density of Stator Flux ®g, ®Ogg.
The conditions for constancy of electromechanical con-
version of energy for both idealized reactive structures as
electrical transmission are ensured in the case of maintai-
ning the same densities of field magnet flux ®yg and
densities of stator flux ®gp that link the stationary system
x connected with the electrical energy circuit E,; and the
machine's kinetic system y connected with the mechani-
cal energy circuit Epeqp, into the Eq<Eq. conversion
process. Both those fluxes are marked in figures in a se-
parated form for one magnetic pole. For the same densi-
ty of fluxes and the same depth dimension d, the pole
pitch expressed in °ye, determines the value of magnetic
pole flux. Therefore:

Dricp-18Y Prie-6~ Psr (p-18/ Psr p-6) = 173 (2)
When operating on relative quantities, the value of mag-
netic reluctance can be expressed directly in mm as the
thickness of gap 9d,;, and of magnetomotive forces MMF
as Ommr(r). The magnetic reluctance of iron as Ry for
compatible position of the magnetic pole and the field
magnet pole can be assumed as equal to zero due to the
lack of saturation of the magnetic pole for that position
in relation to the field magnet pole. For that size of des-
cribed machines it is assumed that:

sair =(0.2 mm and 5MMF(T) =3.5 mm (3)
Field magnet flux density Byt for both machines as in
fig. 1a and b can be determined from the relationship:

5MMF
_ _ (T)
Bumnyp=6)= Bmryp=18)= Bw() 4)
MMF (T') + 5air
After substituting the value from (3) we obtain:
Bummyp=6)= Bmmyp=18) = 0.946 Bw(r) (5)

where: Bwr, — MMF self-induction of a conventional ma-
chine

Stator flux value ®g is determined for the same values
assumed of current Ig in the stator, because after scaling
of those machines the section of windings remains the
same and the same cooling conditions determined by the
surface Sy are assumed. But in scaling process , of ma-
chines such as in Fig. 1a and 1b from the number of pole
pairs p=6 to p=18 involves a decrease of the specific electric
loading of the winding and narrowing of the tooth width b.
Starting from the equation for the flux value: @ = I[*z/Ry, the
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Fig. 1. Fragments of single-phase reactive structures of
synchronous machines, where:
a — real conventional machine with the number of pole pairs
p=6
b — idealized conventional machine with the number of pole
pairs p=18
¢ —realized machine constructed according to the slot cutting
conception, with the number of pole pairs p=18
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reluctance value Ry, is determined as: Ry= 1/p,*Sp, where:

1- air gap length, 1=0yppt 0.

Sp- magnetic pole surface area. For the same depth dimension d of
the discussed machines, the magnetic pole surface area Sp determines
its width bp, connected by the relationship:

brp-6/pp-18= Pip-18/Pip-6) = 3 (©)
thus for a machine as in Fig. 1a:
= Ig*z (p=6) *
Dsp-6) = £ Be(p-6) (7)
MMF + 5air
And for a machine as in Fig. 1b:
I *z
s =18
(DS(p:IS) = # *bP(p:18) (8)
5MMF + 5air

Fig. 1a and b shows that, for such scaled reactive structures of
those machines, the condition of maintaining the winding
turns is met as:

Zp-18/Z(p-6) = 3/9 =P(p-6/P(p-15) = 1/3 )

Taking into account the relationships from 6 to 9, for such
scaled machines the stator flux value is determined as:
2
Ds(p-6/ Psp-18) = (Pp-18/ Pip6))” = 9 (10)
because the magnetic pole section decreases linearly to pole
pairs p, thus the stator flux density Bg meets the relationship:

Bsp=6/Bsp-=18) = P18/ Pip=6) = 3 (1)

Scaling of machines while maintaining the same amount of
active materials (Cu, Fe) in the reactive zone causes linear
decrease of the stator flux density Bs proportionally to the in-
crease of the number of pole pairs. The field magnet flux
density Byg, however, remains the same and does not depend
on the number of pole pairs.

@MG QjS
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uktad
kinetyczny y

Fig. 2. Unitary magnetic pole meeting the condition of generating
constant density of flux @y, and density of flux ®g proportional to
the magnetic pole width b as b = var.

2.2 - Generated Torque and Energy Value in Unitary Mag-
netic Pole.
Fig. 2 presents an unitary magnetic pole for the same depth
dimension d, the same tooth height a, and the same rotor dia-
meter dy. MMF thickness as dywvrcr) and gap thickness as dair
also remain constant and determined as in (3). Also the ratio
¢/b remains constant. The tooth width, however, is treated as
variable b=var. Also the field magnet pole width is changing
proportionally to b. Thus specified unitary magnetic pole en-
sures constant density of flux @y for any width b. The
density of stator flux @g is changing proportionally to b.
When determining the torque generated in unitary magnetic
pole, it should be noted that a deflection of the main flux dyg
by 90%; in order to generate the maximum torque is effected
by lateral flow of flux ®s. The path of that deflection, exp-
ressed in ’een, is dependent on the number of pole pairs.
For a machine with p=6 for 90°, the offset on the pole pitch is
15° ecn. For a machine with p=18 for 90°%; the offset on the
pole pitch of the machine is 5% ech. Therefore, when the
number of pole pairs is increased, the decreasing induction of
the flux @g is “sufficient” for generating the maximum torque
value. The dependence of the offset path on the number of
pole pairs is connected with the characteristic value of the
field magnet flux ®yg as d®/doy,e, and it must be taken into
account in the equation for the value of generated torque. The
characteristic value of the field magnet flux can be determined
by the relationship:

do (p=6) /damech

- p(n/ﬁ;// _1
d(I)(leg)/damech p(!’:18) A

Instantaneous value of the generated torque Ty is determined
by the relationship:

forp=6  Tu= Pp=6/Pp=6* Buc*Bsep=6)* sind
for p=18  Twm= Pr-18/P(p-6)*Bmc*Bsp-18)*sintey

(12)

(13)

In result of multiplication of the stator induction Bg by the
characteristic value of the field magnet flux By, it is possible
to introduce the notion of recalculated inductance of the stator

Bgg, as:
for p=6 Bsr= Pp=6/Pp-6)" Bsp-6)= Bsp-6)
for p=18 Bsr= Pp=18/P(p=6) *Bs(p=18"Bsp=6) (14)

Thus determined value of recalculated inductance of the stator
Bgsr makes the stator magnet reluctance independent of tooth
section and ensures a constant value of the stator inductance
Bgr for any number of pole pairs p.

Having thus determined value of inductance Bgg, the value of
instantaneous torque Ty generated in unitary magnetic pole
depends on the field magnet flux density Byg and the stator
flux density Bgsr according to the relationship:

TM = BMG*BSR*Sin(Xel 15)

and does not depend on the magnitude of fluxes @y and Dgg.
The average value of torque Tay in its full range of va-
riability from -90° to 90°; can be determined as:

Tav= LLA B, *Bg *sina *da (16)
R

because the field magnet flux density Byg may be tre-

ated as constant in a properly designed geometry of the

reactive structure of a machine. The magnitude of gene-
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rated average torque T,y in the magnetic pole is determi-
ned by the course of changes of the stator flux induction
Bsr. For any position of the magnetic pole in relation to
the field magnet, the magnetic reluctance of the mag-
netic pole as Ryre) must be taken into account, because
it plays the key role in switching on and off of the fluxes
@\, and Ogy while they enter and leave the field magnet
influence zone. It is a complex non-linear relationship
connected with saturating the iron of the stator magnetic
pole. In that case Ry 1s represented as substitute gap
thickness expressed in mm.

In the considered range of variability of the generated
torque from —m/2 to w/2, the value of exchanged energy
in the unitary magnetic pole Ey between the stationary
system x and the kinetic system y is determined by the
relationship:

17,
Ey== 2B *
7['[[% e

The offset value in expression (17) may represent the an-
gle a due to the constancy of diameter dy, of the discus-
sed unitary magnetic pole. The value of energy Ey in the
unitary magnetic pole can be calculated using modern,
field-type, numerical computing methods and it is pro-
portional to the energy accumulated in the magnetic field
of fluxes ®yg and Dsg. Therefore, if the course of cur-
rent Ig in relation to the pole pitch of stators of both
reactive structures as in fig. la and b, expressed in ‘g, is
described by the same function, then the average values
of torques Tayv and of exchanged energy Ey in the
unitary magnetic pole meet the conditions:

Tavp=6) = Tavp=18) and Eygp-1sy Eyp=e) = 1/3 (18)

*
I *z

5MMF+5 +RMF¢a)

air

(17)

*a*sina*da

The magnitudes of fluxes @y and ®sg decide about the
span of magnetic pole on the pole pitch of a machine,
expressed in e, and about the conversion path in the
full range of variability of the generated torque, counting
from -90° to 90°. Thus, the magnitude of magnetic po-
le flux decides about the number of pole pairs. Because
the total value of fluxes @y and dsg on the entire peri-
meter of the rotor remains the same in machines as in
fig. 1a and b, the magnitude of the converted power also
remains constant, meeting the condition of operation as
electrical transmission, since:

Tn-6) = Tavw*2p(-6) and Oxg-6) = ONg=1)/Pp-6)

Trnip=18)= Tavn*2pp=18) and Onwp=18) = ONp=1/Pp=18)  (19)
2.3 Comparative Characteristics of Described
Machines as in fig. 1a and b.

For the depth dimension d = 50 mm of the reactive struc-
tures of machines as in fig. la and b, their power has
been estimated on the level of approx. 6 kW, and examp-
les of basic characteristics have been presented on that
basis, as in fig. 3.

The external characteristics 1 and 2 present the range of

V(L rdfs]

o - lilii'f;;-:.f 114 200 300 sioar o5 T{Nm)
Fig. 3. Basic characteristics of idealized reactive structures of
synchronous machines as in fig. 1a and b.

variations of the load torque up to the nominal torque for
both machines, at the nominal voltage frequency of
50 Hz. The characteristics (3) and (4) present the course
of developed power for the nominal load torque for both
machines versus the rotational speed and thus also the
operating voltage frequency. For 50 Hz the developed
power for both machines is 6 kW.

It can be seen that the electrical machine with reactive
structure presented in fig. 1b has a hidden potential for
increasing the density of unit power. Its basic features
are the ability to develop large torques at very low spe-
eds. At the same time its low diameter opens the way to
high-speed applications. For @ = 105 rad/s (1000 rpm)
its equivalent power increases to 36 kW at the voltage
frequency of 300 Hz. Unfortunately, both in conventio-
nal and real electrical machine the marginal effects, con-
nected with narrowing the magnetic pole width b at its
constant height a, cause most of the flux to close in form
of dissipation fluxes, without binding the systems x and
y in the E¢ < E e conversion process. That prevents the
correct operation of such a redesigned machine.

3 Analysis of Fundamental Relationships of the
Reactive Structure of a Machine Constructed
According to the Slot Cutting Conception

For that purpose, in order to reduce the values of dissipa-
tion fluxes in the reactive structure of a machine as in
fig. 1b, it was decided to assume the conception of slot
cutting and to introduce additional magnetomotive for-
ces MMF, connected with the kinetic system of the rotor,
into the cutting zone. Such a constructional solution le-
ads to multiplication of magnetization of the stator win-
ding and to reduction of dissipation fluxes of the machi-
ne. That solution is forced by the specific conditions of
shaping the magnetic circuit, for which there are no insu-
lating materials to limit the dissipation fluxes. In result
of the developed principles of correct operation of sha-
ping the reactive structures of conventional machines,
the ratio of toot length to its width as a/b cannot exceed
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adequate factors. An attempt to increase that ratio leads
quickly to the increase of dissipation fluxes that spoil the
quality of the E. <> Enecn conversion. The ratio a/b for a
magnetic circuit can be treated as its quality factor. For
the lack of insulating materials, the only way to improve
it is, to divide the magnetic potential of the exciter into
several smaller potentials and to arrange them along the
flow path of the constructed magnetic core, as in the re-
active structure of the machine in fig. 1c. Such a constru-
ctional solution permits the implementation of practical
applications for the attractive reactive structure of a ma-
chine as in fig. 1b, which introduces a high characteristic
value of the flux d®/do’ye, Which is unattainable in
conventional machines, and which intensifies the
E¢ < Eeen conversion process.

3.1 Constructional Solutions Aimed at Ensuring
the Same Densities of Fluxes @y and ®DgR in the
Reactive Structures of Machines from fig. 1b & c.
In order to divide the magnetic potential of the exciter
for shaping the magnetic circuit in the reactive structure
of a machine as in fig. 1c, conventional MMFs have be-
en replaced with prepared elements of low reluctance for
magnetic flux, as sandwich MMFs according to [6]. In
order to ensure the same densities of stator fluxes ®gr in
the reactive structures of the described machines as in
fig. 1b and ¢, which have the same specific electric loa-
ding of windings, the condition of equal magnetic reluc-
tance for compatible position of the magnetic pole in re-
lation to the field magnet must be met, when the mini-
mum reluctance Ryre, = 0, thus:
Ry = Rmez)

Ovmr(T) T Oair = 4 Smmr(cz) 16 Oair (20)
whereas the density of field magnet flux By(cz) can be
determined from the relationship:

- B * 4*5MMF(CZ)

D yxs S
MMF (CZ) +6 air

From the condition (15) and the determined values of

Smmr(r) and dy;r as in (3), the thickness Sywvrcz) can be de-
termined as:

B

e2y)

MG(CZ)

5MMF(T) =56

5MMF(CZ) =D " —0.626 mm (22)

Having determined the thickness of sandwich MMF as
in (17), the density of field magnet flux can be determi-
ned from (16) as:
BMg(Cz) = 0.676Bw(cz) (23)

For that purpose, in order to have the same densities of
field magnet flux in the reactive structures of both ma-
chines as in fig. 1b and c, the self-induction of sandwich
MMF Bz must be higher and can be determined by
comparing the flux density of a conventional machine as
in (5) and of a machine with slot cut as in (23), as:

0.946 ,
0.676

Thus the specified parameters of the reactive structure of
a machine as in fig. Ic ensure the same densities and
magnitudes of fluxes ®y;g and DgR as in the reactive stru-
cture of a machine from fig. 1b.

BW(T) = 1-4*BW(T) (24)

w(Cz) =

3.2. - Fundamental relationships connected with
generation of torque and energy in a machine
constructed according to the slot cutting con-

ception as in fig. 1c.
Table 1. Dimensions of the reactive structure of the construc-
ted model.

Specification of structure elements

Dim.
[mm]
internal 182

external 204

internal 204

external 240

Diameter of internal intermediate rotor:
internal 240
external 257
internal 257
external 287
Diameter of external intermediate rotor:
internal 287
external 304
internal 304
external 325
internal 325
external 352

Diameter of internal rotor:

Diameter of internal stator:

Diameter of intermediate stator:

Diameter of external stator:

Diameter of external rotor:

Depth dimension d 50
Air gaps d,;; 0.2
Winding loop section in [mm’] 75

Table 1 presents the basic dimensions of the reactive
structure of the constructed machine model, based on a
conventional machine as in fig. 1b, with application of
three cuts of stator slots. Fig. 4 presents one pole of the
reactive structure of the machine for any position of the
stator magnetic pole in relation to the field magnet. Fig.
4 shows that in thus created reactive structure of a ma-
chine there are n = 6 reactive bands, which for the given
densities of fluxes ®yg and Osg give 6-fold increase of
electromagnetic forces. The dimensions presented in tab-
le 1 have also been used to determine the substitute dia-
meter dy; of multi-gap reactive structure of a machine for
the action of the resultant force Fyyp as:

dg = (204+240+257+287+304+325)/6 =270  (25)
Considering the increase of average radius of action of
the resultant forces, the relationship for the value of ins-
tantaneous torque Twmcz in the entire conversion
variations range from -90°, to 90° can be written as:

d (26)

:n* Sr

% k * Q1
TM(CZ) B, *Bg *sina

w

and respectively, the value of average torque Tav(cz) of
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Fig. 4. Unitary magnetic pole of the constructed synchronous
machine model for three slot cuts.

the discussed magnetic pole in that range can be determi-
ned as:

T

1¢s> .d, .
Tyvics :;j%”*jz*BMc * By *sina *da
In order to determine the relationship for the value of
energy Eyz) exchanged in the entire range of variations
of the generated torque from -90%; to 90°; in the multi-
gap structure of the magnetic pole, it is necessary to in-
troduce the notion of average circuital flux density, beca-
use the constant flux density concerns the constant tooth
width b, whereas the conversion path increases propor-
tionally to the diameter. For the substitute value of dia-
meter dg;, the average circuital flux density is in an inver-
se relationship as for the diameter d,, and the increase of
diameter of action of the resultant forces while determi-
ning Eycz) is compensated. It can thus be written that:
1.2 I *z
Epep =— [20*Bo* 5 (28)
D Jj% e 45MMRCZ) +6é:1ir+RMF({na)

Since the designed reactive structures of machines as in
fig. 1c and 1b ensure the same densities and magnitudes
of fluxes ®yg and Dgg, therefore for the same course of

@27

*a*da

current Ig for both machines the value of converted ener-
gy for one magnetic pole meets the condition:

Eucz) = Eup-18) (29)
because the conversion path expressed in °yee for both
discussed machines as in fig.1b and c is the same too, so
the average values of developed torque also meet the
condition:

TAV(CZ) = TAV(pzlS) (30)
That apparent contradiction results from the fact that in
expression (28) for the value of energy Eyz) exchanged
in the magnetic pole, apart from n-fold increase of elec-
tromagnetic forces, there is the multi-gap magnetic re-
luctance denoted as Rumremey and it is also hidden under
the symbol Bgr in (26) and (27).
If the condition of equality of the minimum magnetic re-
luctance Ry, for single-gap and multi-gap machine as in
fig.1b and ¢ is met, then the multiplied magnetization of
the stator introduces a substitute of insulator into the re-
active structure of a machine.
The transfer of energy between the magnetic flux and the
mechanical circuit occurs at n-fold increase of electro-
magnetic forces and n-times shorter conversion path, and
responsible for that is just the multi-gap reluctance
RMFc(na)-
One may say that the operation of machine as in fig. 1c
corresponds to the operation of machine from fig. 1b
working in a medium whose relative magnetic permeabi-
lity outside the magnetic circuit is p, = 1/n, where n = 6
in this case. Nature does not give direct possibilities to
have materials of such insulating properties, usable for
construction of magnetic circuits.
If one would consider a redesigned real correctly opera-
ting conventional machine as in fig. 1a, with application
of the slot cutting conception, then the result of those ac-
tions would be very depressing. Apart from the limita-
tion of dissipation fluxes, which are insignificant in this
case, the introduction of the multi-gap structure will not
cause proportional, or any other, increase of the average
value of electromagnetic forces Tavy(cz). Also the increa-
se of average reaction radius will not bring any result, if
it will not be accompanied by adequate increase of the
total flux on a given circumference.
Probably that is the reason why, despite so many years
of intensive study and research aimed at increasing the
density of unit power, such a great mystery of Nature in
the electrical machines has remained concealed.
Utilization of the slot cutting conception should not have
been applied for redesigning of a real correctly operating
conventional machine in order to increase power, beca-
use it would have no effect, but for a non-existent and
unreal reactive structure of a machine whose winding
would be ,,immersed” in large values of dissipation flu-
xes, in order to limit them. With such an approach, the
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level of converted power is not changed also (for 50 Hz),
but the realized reactive structure of such a machine in-
troduces to the E¢ < Eqen conversion process, as if from
itself, a high characteristic value of d®/da’ e, unattain-
able for conventional machines.

And that is just what has been the point all the time, be-
cause in such a real created structure as in fig. 1c in rela-
tion to the real reactive structure of a machine as in fig.
la on the basis of the principles of electromechanical
conversion of energy in machines as electrical transmis-
sion, for a constant level of converted power there occurs
a transformation of rotational speed into torque.

Next, the low diameter of such a constructed machine
opens the way to high-speed and high-frequency applica-
tions, which leads to multiplication of the values of equi-
valent power with full respect for the magnitude of ener-
gy accumulated in the magnetic field.

In the Eq<Een conversion process the energy of mag-
netic field is an intermediate stage in the exchange bet-
ween the electrical energy and the mechanical energy in
the stationary system x and the kinetic system y of an
electrical machine.

The magnetic field thus cannot transfer more energy than
it is able to accumulate in itself.

If ferromagnetic materials, due to saturation, do not al-
low to increase the quantity of flux utilized for the
Ecj<Enen_conversion process in a given machine volu-
me, then the only possibility left is to increase the cha-
racteristic value of that flux as d®/da’ecn, as in result of
the applied process of multiplied magnetization of the
stator according to the assumed slot cutting conception.
The presented paper is limited only to the analysis of
fundamental relationships concerning the quantities of
generated torques and mechanical energy E.. in the
kinetic system y of conventional machines, and a ma-
chine constructed according to the slot cutting concep-
tion.

Connection of the magnetic field energy with the electri-
cal energy E, in the stationary system x of discussed
machines shall be the subject of another paper.

3.3 Comparative Characteristics of Electrical
Machines for Reactive Structures as in fig. 1a, b,
and ¢

Also the increase of constructional complexity of the re-
active structure of a machine as in fig. lc is not without
effect. That change of construction results in a great in-
crease of surfaces passing directly through the zones of
emitted heat.

If constructional solutions as in [8] will force lateral air
flow in the reactive structure of a machine, then those
additional surfaces will be included in the cooling pro-
cess.

That results directly in an increase of the limiting ther-
mal current Ity. Assuming a constant surface film con-

ductance for all additional surfaces of the reactive struc-
ture of a machine, the increase of the limiting thermal
current can be determined as:
[TH(CZ) = ZSH/SH *ITH(T) = kSH *ITH(T) (31)

For the constructed machine model, for the same depth
dimension d the increase of the cooling surface is deter-
mined by the diameters of individual gaps as in table 1,
thus:

i - [352+2¥305+2%304+ 27287+ 2257427240+ 27204 _
ey 352

Assuming the linearity of the magnetic circuit for flux
®gqr in the reactive structure of a machine, the increase of
equivalent power between a real conventional machine
as in fig. 1a and a machine constructed according to the
slot cutting conception as in fig. 1c is as determined in
(32). For a constant supply voltage frequency, the incre-
ase of equivalent power is connected with increasing the
ability to develop torque of such a redesigned machine.
Assuming for conventional machines as in fig. 1a and b
the level of nominal power Py = 6 kW, the power of a
machine constructed according to the assumed slot cut-
ting conception as in fig. lc, taking into account the in-
crease of the limiting thermal current Iy, shall amount
to:

12 (32)

PN(CZ) = ks].[ * PN(T) =19.2 kW (33)
For such levels of assumed powers, fig. 5 presents diag-
rams illustrating the differences of obtained parameters
of such constructed machines.

The characteristics 1, 2, and 3 present the range of deve-
loped torque up to the nominal torque determined by the
limiting thermal current for the nominal supply voltage
frequency of 50 Hz. The characteristics 4, 5, and 6 pre-
sent the developed power versus frequency for the nomi-
nal values of load torques. Note that the characteristics 2
and 5 concern an idealized structure of a conventional
machine as in fig. 1b, whose performance in reality is far

Al [rdfs)

Fig. 5. Basic characteristics of electrical machines whose reactive
structures are presented in fig. la, b, and c.

beyond the range of presented values. Available for
practical comparison remains the performance of real
machines, i.e. the conventional machine from fig. la,
whose parameters are illustrated by the characteristics 1
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and 4, and the machine from fig. 1c, constructed ac-
cording to the slot cutting conception, whose parame-
ters are illustrated by the characteristics 3 and 6.

Those are theoretical calculations that reveal the poten-
tial possibilities of such a shaped structure, which should
be aimed at in practice by solving problems related to

Fig. 6. View of constructional elements of the machine model
constructed according to the slot cutting conception, where:
a— machine stator in form of three coaxial reactive cylinders
with cut teeth and a part of the associated winding.

b —machine rotor in form of four coaxial field magnets,
ensuring multiplied stator magnetization

¢ — assembled machine on a test stand.
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Fig. 7. Voltages generated in the machine for idle running at
output voltage frequencies of 50, 100, and 150 Hz.
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Fig. 8. Voltages and currents generated for resistive load:

a) at generated voltage frequency of 50 Hz and shaft
rotational speed of 167 rpm;
b) at generated voltage frequency of 150 Hz and shaft
rotational speed of 500 rpm.
field, strength, materials, heat, technology, and construc-
tion, which are connected with built of that type of ma-
chines.
Fig. 6 a, b, and ¢ presents constructional details of the
machine model constructed according to the assumed
slot cutting conception, whose reactive structure is pre-
sented in fig. 1c and 4.
Fig. 7 to 9 present basic diagrams of output voltage and
current for different levels of load and frequency. They
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Fig. 9. External characteristics for resistive load at output
voltage frequencies of 50, 100, and 150 Hz.

demonstrate correctness of the assumed principles for
shaping the reactive structure for such kind of machines.
For fear of damaging the constructed model, the testing
has been limited to relatively narrow range of loads and
speeds.

4. Conclusions

The paper presents the analysis of fundamental relation-
ships connected with generation of torques and energy in
the kinetic system y of selected reactive structures of two
scaled conventional machines fulfilling the principle of
electromechanical energy conversion as electrical trans-
mission for a constant level of converted power.

Thus some hidden possibilities have been revealed in the
idealized structures of electrical machines with large
number of pole pairs, for multiple increase of the density
of unit power.

However, technical basis must have been created for li-
mitation of dissipation fluxes in such compact structures
On the basis of the developed physical model of a dissi-
pation less Eq<En.n converter, based on ideal loop of
magnetic flux and presented at SMEO4 and ICENO04, it
has been decided to assume the slot cutting conception
for shaping of the reactive structure of electrical machi-
nes.

The applied constructional solutions lead to multiplied
magnetization of the stator winding.

Thus the lack of fully insulating materials for magnetic
flux has been compensated by the assistance of active
MMFs connected with the kinetic system y of the rotor.
For a reactive structure as in fig. 1c of the constructed
machine model, the performed analysis for limit values
of developed torque and transferred energy gives

equivalent powers in relation to a conventional machine
as in fig. la reaching the level of tens.

That is the structure assumed ad hoc for constructing the
model, in order to prove the correctness of the assumed
operational principle for such type of machines, and it
absolutely does not determine the limits of their possible
development.

If one may say that, in result of more than one hundred
years of research and development work on conventional
machines, the limit of increasing the quantity of flux in a
given machine volume used for the Eq<E e conver-
sion process has been reached, then the solutions presen-
ted in the paper open the way to multiplication of the
characteristic value of that flux, as d®/da’ yech.

That liquidates the limitations for conventional machines
in direction of increasing the density of unit power, and
opens the way to construction of a new generation of
lightweight and efficient electromechanical converters
for engineering applications.

Due to important strategic features of electrical machines
constructed according to the assumed slot cutting con-
ception, for the development of modern technologies of
control and conversion of electrical energy, they must
continue to be researched, developed, and implemented
intensively, for the further development of Science and
Technology, and for public benefit.
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