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Thermal and Geometrical Effect on the Motor Performance of

Composite Squirrel Cage Rotor

S. H. Chang , D. G. Lee "
ABSTRACT

Since the critical whirling vibration frequency of high speed built-in type motor spindle systems is dependent
on the rotor mass of the built-in motor and the spindle specific bending modulus, the rotor and the shaft were
designed using magnetic powder containing epoxy and high modulus carbon fiber epoxy composite, respectively.
In order to increase the amount of the magnetic flux of the composite squirrel cage rotor of an AC induction
motor, a steel core was inserted into the composite rotor. From the magnetic analysis, the optimal configurations
of steel core and conductor bars for the dynamic characteristics of the rotor system were determined and
proposed. The temperature dependence of composite squirrel cage rotor materials was investigated by various
experiments such as TMA, DMA and VSM.
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Conductor Bars {H} = magnetic field intensity vector

{J} = Total current density vector

{J;} = Applied source current density vector

{Je} = Induced eddy current density vector

{D} = Electric flux density vector

{B} = Magnetic flux density vector

t = Time
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End Rings

(a) Composition of the squirrel cage conductor ; End rings and
conductor bars before assembling and machining
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(¢) Cross-sectional view of the composite squirrel cage rotor

Fig. 1 Configurations of composite squirrel cage rotor.
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< g9 W v (maxwells equation)©] TH11]. Fig. 2 Schematic diagram of magnetic flux of a 2 pole 3 phase
motor.
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Table 1 Materfals of each part of the motor
Parts Specification
Stator Silicon steel

Conductor Bar Aluminum (P1050)

Composite Iron powder contained epoxy composite (vi = 0.5)
Core Steel (AISI 1045)
Shaft Fiber rejnforced composite material (vi = 0.6)
Coil Copper (35 tumns)

* vy represents the powder or fiber volume fraction
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Table 2 Current flowing ratio in the 3 phase coils in slots
at any instant

Phase Current ratio
A 1
B 0.5
C 0.5
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Fig. 3 Finite element model.
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Fig. 5 Magnetic flux density distribution when the steel core
thickness is 3 mm.
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Fig. 6 Magnetic saturation index (B/Bsawrawa) W.r.t. the core
thickness.
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Fig. 7 Configurations of steel rotor and composite rotor w.r.t. the
position of conductor bars and steel core.

(a) Composite rotor w.r.t, the position of conductor bars (Rc)

(b) Composite rotor w.r.t, the position of conductor bars (Rs)

(c) Steel rotor

BB SRR
0.05
E
2 oo
o
3
003
=3
L
8o
9
[
2 001
o
0
05 06 07 08 09 1
Relative Position of Conductor Bars Re/R
Fig. 8 Developed torque of the composite rotor w.r.t. the radial

position of conductor bars.

Fig. 9 Generated magnetic flux fields at surroundings of current
flowing wire.
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Fig. 10 Flux distribution of composite rotor w.r.t. the position of
conductor bars.
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Fig. 11 Developed torque of the composite rotor w.r.t. the radial

position of steel core.
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Fig. 12 Flux distribution of composite rotor w.r.t. the position of
steel core.
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(b) Re = 7.5 mm

(¢) Rs = 8.5 mm
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(e) R, = 10.5 mm
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Fig. 13 Comparison of the developed torque between the silicon
steel rotor system and the composite rotor system w.r.t.
motor slip.
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Table 4 Material properties of various powders

Iron Ferrite Alumina Silica
Powder Powder (AL:O3) Particle
Density [kg/m;] 7870 5500 3800 1300
Electric Resistivity 0.1 - - -
[n€/m]
Poissons Ratio 0.30 0.25 0.25 0.17
Elastic Modul
astie Viodulus 200 205 380 73
[GPa]
CTE. [um/mT] 123 7.5 8.0 05
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e AlUTING
20 —iica
0
0 01 02 03 04 05
Filler Volume Fraction
Fig. 17 Calculation results of coefficient of thermal expansion
w.r.t. powder volume fraction for various powders
using Wangs formular.
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Fig. 18 Magnetization curves of powder contained epoxy
composite w.r.t. temperature.
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Fig. 19 Variation of the motor parameter w.r.t. the core
thickness.

20

Slip Speed [%)

0 1 2 3 4 s
Core Thickness [mm]

Fig. 20 Slip speed w.r.t. core thickness.
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