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Abstract

The design of electrical machines requires good working knowledge of magnetic fields in air
gaps, which is very difficult or analytically unsolvable in most cases. With the development of
computers, numerical methods came to the fore, enabling very good approximations of real
values to be calculated. One of the major disadvantages of numerical methods is the duration of
the calculations, particularly with the construction of prototypes, in which the structure
changes, thus requiring more calculations. With the goal of bringing about quicker calculations,
analytical methods were used, and combinations of analytical methods with numerical methods
were re-started. This article will present an analytical calculation of magnetic fields using
conformal mappings.

Povzetek

Nacrtovanje elektri¢nih strojev med drugim zahteva dobro poznavanje megnetnega polja v
zracni rezi, kar pa je v vecini primerov zelo zahtevno oziroma analiticno neresiljivo. Z razvojem
racunalnikov so priSle v ospredje numericne metode, s katerimi lahko izracunamo zelo dobre
priblizke realnim vrednostim. Ena vecjih slabosti numeriénih metod so dolgotrajni izracuni, Se
posebaj pri konstruiranju prototipov, kjer se konstrukcija spreminja in s tem potrebujemo vec
izracunov. Z Zeljo, po ¢im hitrejsih izracunih so se ponovno zacele uporabljati analiticne metode
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ter kombinacije analiticnih metod z numeri¢nimi metodami. V tem ¢lanku bo predstavljen
analiti¢en izraCun magnetnega polja s pomocjo konformnih preslikav.

1 INTRODUCTION

One of the most important necessities in the design of electrical machines is knowledge of
magnetic fields in air gaps. There are several types of approaches to solving the issues of
magnetic fields in air gaps; one such approach is analytical methods, a combination of analytical
and numerical methods. In this paper, analytical conformal mapping is presented, which
connects the symmetrical slotted air gap to the slot-less air gap. The connection between the
two gaps was given by Zarko, Ban and Lipo, [1], and Gibbs, [2]. The slot opening of a
symmetrical slotted air gap in the Z and W planes was given by Markovic, Jufer and Perriardin,
[3], and Zhu and Howe, [4].

2 SLOT OPENING

There are four conformal transformations necessary to transform the slotted air gap into a slot-
less air gap. A single slot of the original geometry is shown in Fig.1. This geometric shape needs
to be transformed into its linear model in the Z plane, shown in Fig. 2, using a logarithmic
conformal transformation defined as

z=In(s), (2.1)
where s =m+ jn=re’’, z=x+ jy. The link between the coordinates in the S and Z plane is

x=0 (2.2)

w3
R, (2.3)

and

Figure 1: Slot opening in the S plane
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Figure 2: Slot opening in the Z plane

The coefficients by and g are defined as

by=2-6 gzln[%J
"/ (2.4)

The second transformation is to transform the geometric structure in the Z plane into the upper
half of the W plane, using a Schwarz-Christoffel (SC) transformation, shown in Fig. 3. In the
symmetrical slotted air gap, the SC transformation will have the form

. :ij-(w—a); (w+a)%
Jj (w—l)(w+1) (2.5)

The unknown coefficient a, which represents the values of w at the corner points, is defined as

(4]

(2.6)

w=-a w=-1 w=1 w=a u

Figure 3: Slot opening in the W plane

The next transformation is required from the T plane where the field is regular to the W plane.
The slot opening in the T plane represents two parallel plates extending an infinite distance in

both directions, as shown in Fig. 4. The transformation from the T plane into the W plane is
given by
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(2.7)
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Figure 4: Slot opening in the T plane

The transformation of linear geometry in the T plane into curved geometry in the K plane (Fig.
5) requires an exponential function in the form
k=¢e.
(2.8)

Figure 5: Slot opening in the K plane

3  FIELD SOLUTION IN THE SLOTTED AIR GAP

The field solution in the K plane, which represents a slot-less air gap, can now be mapped back
to the S plane. The connection between magnetic field in the K and the S plane is, [1],

ok
BS :Bk (gj ’ (31)

where (dk/ds)* conjugate value of (0k/0s) is. The partial derivate (0k/0s) can be expressed as

ok _ ok or ow s 5.2

bs ot ow oz bs
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The partial derivatives in (3.2) are defined by conformal transformations between the
corresponding complex planes

ak etzelnkzk
o
a_b

ow jrw -1
s (3.3)
w_jr_w -l
0z b yu*—4?
2 _1
0s s
Considering (3.2) and (3.3) in (3.1) yields

*

k 1
BS ) Bk [_—]
SAW —a® (3.4)
The variables k and s can both be expressed as a function of w. Combining (2.1) and (2.5) yields

by () N1 N ]
_ ]

s=e ‘ﬁ W\/:‘ (3.5)
Combining (2.7) and (2.8) yields
ELAMLLS)|
k 2627! w-1
(3.6)

4 CONCLUSION

This paper presents the analytical conformal mapping that connects a slotted air gap with a slot-
less air gap. With this mapping, the magnetic field in slotted air gap can be transformed into a
slot-less air gap, be solved and then be mapped back to a slotted air gap. This method is very
useful in the early design stages of electrical machines, because it is much faster than numerical
methods.
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