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Unwinding the Basics of Machine Windings
This note provides a framework for classifying electrical machine
windings based on key parameters like slots per pole per phase and
coil pitch. The focus is on clarifying terminology and highlighting
non-overlapping windings, which are widely used in modern ma-
chine designs. Clear classification aids in improving both design
and analysis.

Introduction
The design of electrical machine
windings has always been a key
topic in engineering, with partic-
ular focus on their classification
and terminology. The increasing
popularity of non-overlapping wind-
ings, where coils are wound directly
around individual stator teeth, has
fueled this confusion. These wind-
ings are widely used in perma-
nent magnet synchronous machines
(PMSMs) due to their compact de-
sign and simplicity. Interest in this
design was sparked by the work of a
well-cited paper, [1]. While the pa-
per specifies that the windings are
placed around stator teeth, its ti-
tle seems to refer to concentrated
windings in general. This has led
to confusion because, in the con-
text of winding synthesis, “concen-
trated winding” already has a spe-
cific meaning: a winding with one
slot per pole per phase.
The terminology introduced in the
paper has been used inconsistently
by many authors since then. A
later study [2] attempted to clar-
ify this by reintroducing the term
“traditionally concentrated wind-
ings”, but these efforts have not
fully resolved the issue. Miscommu-
nication often arises from unclear
or overlapping definitions. Under-
standing the foundational terminol-
ogy is crucial for accurate communi-

cation in the field and for promoting
consistent practices in research and
industry. This note explores a sys-
tematic approach to classify wind-
ings, offering a framework for both
clarity and consistency in machine
design. Furthermore, it emphasizes
the importance of selecting termi-
nology thoughtfully in research and
avoiding unnecessary new terms un-
less absolutely essential.

Winding classification
In this ELSYS Note, three wind-
ing layouts are presented to visu-
ally demonstrate the basic princi-
ples of machine winding classifica-
tion. These layouts, illustrated in
Fig. 1, serve as a starting point
for understanding the structure and
synthesis of windings. For a more
comprehensive explanation and in-
depth synthesis of windings, the
reader is referred to [3].

Winding Configurations
The first configuration in Fig. 1(a)
consists of 6 slots and 2 poles, form-
ing a single-layer winding with a coil
span of 3. While this arrangement
is simple, it is less commonly used
due to its generation of higher-order
harmonics. Such configurations are
typically reserved for specialized de-
signs.

A more conventional approach is
the distributed winding, where the
coil sides are spread across multi-
ple slots. In Fig. 1(b), the wind-
ing spans 2 slots per pole to reduce
higher-order harmonics, improving
performance in most applications.
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Fig. 1: Winding layouts

ELSYS Note
m Homepage B Author: J.J. Germishuizen Page 1

https://www.th-nuernberg.de/einrichtungen-gesamt/in-institute/institut-fuer-leistungselektronische-systeme-elsys/
mailto:johannes.germishuizen@th-nuernberg.de


January 2025, No 15

Table 1: Winding classification

Test Classification Condition

Distribution test Concentrated Distributed
qn = qd = 1 q ̸= 1

Integral slot Integral slot Fractional slot
qd = 1 qd ̸= 1

Layer Single Double
nl = 1 nl = 2

Pitch Full-pitch Fractional pitch
yd = yp yd ̸= yp

Overlapping Non-overlapping Overlapping
yd = 1 yd > 1

Fractional vs. Integral
The classification of windings is of-
ten expressed using the term “slots
per pole per phase” q, written in its
“reduced form” form as:

q = qn

qd
(1)

where qn and qd are the integers
Q/F and (2p)/F , F being the high-
est common factor (or “greatest
common divisor”) of Q and (2p).

Single- vs. Double-Layer
A winding with two coil-sides per
slot is defined as double-layers,
while a single-layer winding has
only one coil-side per slot. This dis-
tinction applies to both overlapping
and non-overlapping windings, pro-
viding flexibilty in machine design.

Coil pitch
The coil pitch yp is the peripheral
angle between the two coil-sides of

the same coil. In this note it is mea-
sured in mechanical radians. It is
virtually the same as the span which
is more usually measured in slots,
i.e. in multiples of the slot-pitch. A
full-pitch coil is one whose pitch is
equal to the pole-pitch at the work-
ing harmonic; thus

yp


= 2π

2p
mech. rad;

= Q

2p
slot span

(2)

Note that although the span of a
full-pitch coil is not an integer in
a fractional-slot winding, the full-
pitch coil is nevertheless an impor-
tant reference concept.
The chosen coil span is necessarily
an integer, giving rise to the actual
pitch

yd = int (yp) ± k

{
k ∈ N0

yd ≥ 1
(3)

A full-pitch coil has yd = yp; oth-
erwise the coil has fractional pitch.

The properties in (1)–(3) can be
used to classify symmetrical wind-
ings according to Tab. 1.

Non-Overlapping
In the case where yd = 1 the wind-
ing is non-overlapping, i.e. wound
around the a stator tooth. Such a
winding is shown in Fig. 1(c).

Conclusion
The classification of windings in
electrical machines is essential for
their design and performance. By
defining parameters such as slots
per pole per phase, coil pitch,
and distinguishing overlapping from
non-overlapping windings, a struc-
tured framework emerges. Key
insights include the role of coil
pitch in reducing harmonics and
the growing use of non-overlapping
windings, particularly in permanent
magnet machines.
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