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Rotordynamic Analysis of 1.5 kW Induction Motor Regarding
the Effect of End—Ring Porosity on Rotor Vibration
and Bearing Durability

Donghee Kim', Jisu Park”, Kyuho Sim™, Sung-Ho Lee™

Key Words : Induction motor(+7- &)
ABSTRACT

This paper presents the results of rotordynamic analyzing the effect of the end-ring porosity of a 1.5 kW induction motors
on the rotor vibration and the bearing durability. Firstly, the end ring porosity shape of the induction motor was simplified by
the porosity cross-sectional area (S) and porosity distribution angle (6), and a mathematical model was established to calculate
the amount of unbalance. The amount of unbalance due to porosity shape was analyzed through a mathematical model. As a
result, it was confirmed that the amount of unbalance significantly increased to more than the balancing grade G40 by S and
6. In general, the proper balancing class for induction motors is G2.5. Second, a rotordynamic analysis model was developed
that can predict the vibration characteristics of rotor. In addition, the analysis model was validated through the modal test.
Finally, the vibration characteristics of the rotor were analyzed according to the amount of unbalance and phase angle through
the rotordynamic analysis. As S decreases, the maximum rotor amplitude linearly decreased and the bearing life increased. As
@ increases, the maximum rotor amplitude nonlinearly decreased and the bearing life increased. As the phase angle increases,

the maximum rotor amplitude decreased by 75% and the bearing life increased 63 times.
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Fig. 1 X—ray computed tomography photo of the
end-rings of a 1.5 kW induction motor®®
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Fig. 2 3D and 2D drawings of the rotor system
for the 1.5 kW induction motor
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Table 1 Electric specifications of the 1.5 kw class
single—phase induction motor

Parameter Value Unit
Rated power 1.5 kW
Rated speed 3420 rpm
Rated voltage 220 \Y

Operating frequency 60 Hz
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Simplified Eng-ring

Real End-ring

Porosity
distribution

Fig. 3 3D drawing of that defines the simplified end
ring and porosity in the XYZ coordinate system through
geometric variables cross—sectional area(S) and
distribution angle(8)
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DE NDE
End-ring

(a) Sample 1 End-ring
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(b) Sample 2 End-ring
Porosity
distribution
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Fig. 4 (a)samplel and (b)sample2 end-ring 3D
drawings with actual porosity
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Fig. 5 (a)sample1 and (b)sample2 end-ring 3D drawings
with simplified porosity

35



dnd e O]'O% H&]X'} Oi =27Vskgich, o= 7
Hylo|| vlg|sla 7]3 Hulzt seF 6o] Z7}o) H]F

ol 7%

sto] S71sl7]7] o2 e,

A F

rom)©] 2hg ARgslel, Thee] AL olgslick

36

W
L

Porosity mass center, y, [mm]

=

0 60 120 180 240 300 360
Porosity distribution, 0 [degree]

f=a}
<

§=-2-135 -2-90 —=—45 [mm?]
50 A
S increase =

N
<

(=)
(=4

Porosity mass, m, [g]
tad
[=1

(=1

<

0 60 120 180 240 300 360
Porosity distribution, 0 [degree]

Fig. 6 Porosity mass center(y,) and porosity
mass(m,) versus porosity distribution(8)
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Fig. 7 Unbalance amount(es,) versus porosity

distribution(#) and porosity cross section area(S)
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Fig. 8 Imbalance amount versus porosity distribution(8)
with balancing grade of induction motor
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10 Rotor core (SOPN1300)

Shaft Radius [mm]

40 i Rotor core i
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i Spring i Spring
! E element ! i element

L vl
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Axial Location [mm]

Fig. 9 2D finite element rotordynamic prediction model
of the rotor system for the 1.5 kW induction motor
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Table 2 Mechanical properties of elements for the

rotordynamic prediction model

. Density Young’s Poisson’s
Part Material [ke/n’] modulus ratio
[GPa] [-]
Shaft S45C 7850 205 0.32
Rotor core | SOPN1300 7850 199 0.3
End-ring | AL1070 2700 68 0.33
Nut etc. S45C 7850 205 0.32
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Fig. 10 Configuration of modal test setup for the rotor
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system of 1,5 kW induction motor
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T 05H
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Fig. 11 Measured frequency response functions from the
modal test
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Fig. 12 Mode shape comparison between the modal test
and prediction with influence factor (7= 0.019)
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Fig. 13 Schematic view showing the level of DE and NDE
end-ring porosity distribution(d) and cross section area(S)
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Fig. 14 Response surface diagram of (a)maximum amplitude, (b)DE and (c)NDE bearing life according to

porosity distribution(d) and cross section area(S)
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