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Lesson from Esson
During the initial dimensioning phase of a machine design, the
Esson coefficient is a valuable instrument to relate the mechani-
cal and electrical quantities. A 260 kW traction motor prototype
is used to discuss the use of the coefficient in the early design
phase. From the current versus speed results for different reluc-
tance torque components, the relationship with the Esson coeffi-
cient is pointed out. The Esson coefficient is a good step towards
a well-thought-out initial dimensioning and probably the simplest
way to relate the mechanical and electrical quantities.

Initial dimensioning
The Esson coefficient C is a simple
relationship between the mechani-
cal and electrical quantities and a
useful tool when drafting the ini-
tial geometrical dimensions. Orig-
inating in 1890 [1] and featured in
German literature as early as 1908
[2], the Esson coefficient has evolved
as a cornerstone in the initial di-
mensioning of machines. The pri-
mary electrical quantities which de-
fine the machine performance are
the fundamental flux density in the
air-gap B̂δ and the current loading
A1. On the other hand the bore di-
ameter D, axial length l and rated
speed n are the primary mechani-
cal quantities. C in W s m−3 is ex-
pressed as follows:

C =
P

D2 l n
≥

π2
√

2
kw η cos φ B̂δ A1

where kw represents the winding
factor and cos φ the power factor.

Significance of the Coefficient
In Tab. 1, we present guideline
values for air-cooled induction ma-
chines proposed by W. Nürnberg
in 1952. These values serve as in-
valuable benchmarks for the initial

dimensioning process. To enhance
comprehension, we express the Es-
son coefficient C in terms of torque
density τ , utilizing conversion con-
stants outlined in the triangle dia-
gram in Fig. 1. This approach not
only facilitates a more intuitive un-
derstanding but also emphasizes the
practical significance of the Esson
coefficient in laying the groundwork
for effective machine design.

Table 1 Values for air-cooled machines

SizeSym./Unit S L
kw 0.96 0.92
cos φ 0.70 0.90
η 0.70 0.90
B̂δ/T 0.78 0.90
A1/kA m−1 20 55
C/kW min m−3 0.85 4.29
σ/N cm−2 0.52 2.61
τ/kNm m−3 10.38 52.17

The attainable Esson coefficient is
intricately linked to the operating
speed and cooling methods of an
application. While this note pri-
marily focuses on losses affecting
cooling, it is essential to recog-
nize that only coefficients within the
same speed range are comparable.

C/W s m−3

60 · 1000
→ C/kW min m−3

σ/N cm−2 τ/kNm m−3

×
120
π2

×
6

π2

×20

Fig. 1 Conversion Triangle

IPM Traction Motor Design
In a 260 kW traction motor design
[3, 4], systematic geometrical varia-
tions of the reluctance torque com-
ponent were explored to balance
current in the constant torque re-
gion with losses in the constant
power region.

wr

Fig. 2 IMP Motor Design [3]
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Fig. 3 M(n) characterisitc for a 260 kW traction motor

The rotor, designed with a typi-
cal interior magnet topology as de-
picted in Fig. 2, incorporates ra-
dial joints connecting the retaining
ring and rotor yoke, chosen to with-
stand mechanical stress at maxi-
mum speed. Losses in the con-
stant power range affecting cool-
ing were assessed by varying wr be-
tween 5.5 mm and 12.5 mm.

Torque Characteristic
Fig. 3 illustrates the torque-speed
characteristics of two motor de-
signs. The blue curve represents
the design with wr = 5.5 mm, while
the green curve represents the de-
sign with wr = 12.5 mm. Notably,
there’s a clear switch over of the
current at approximately 1600 rpm.
In the constant torque region, the
blue design exhibits lower current,
increasing rapidly when the volt-

age limit is reached. In contrast,
the green design has higher current
in the constant torque region due
to an added reluctance torque com-
ponent. After the switch over at
around 1600 min−1, the green de-
sign with wr = 12.5 mm experi-
ences lower copper loss. This ob-
servation underscores the impact of
adding reluctance torque on losses
and, consequently, cooling. Results
for the key indicatos are presented
in Tab. 2.

Table 2 Design results [4]

Parameter green blue
I1/A at nmax 291 385
wr/mm 12.5 5.5
wm/mm 50 60
Tpm/Nm 324 396
Treluc/Nm 387 317

With rotor width wr as the param-
eter, stator current I1 varies from

291 A to 385 A, impacting total cop-
per loss. This parameter-specific
analysis offers insights into thermal
loading origins, aiding tailored de-
signs for specific application specifi-
cations.

Conclusion

In conclusion, the Esson coefficient
serves as a vital link between me-
chanical and electrical considera-
tions during initial dimensioning.
Examining a 260 kW traction mo-
tor design reveals intricate trade-
offs. Critical insights from torque-
speed characteristics emphasize the
need for a holistic design approach,
recognizing the Esson coefficient’s
guidance in initial dimensions and
the essential consideration of losses
for optimal efficiency and perfor-
mance.
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