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Dynamic Modeling of the Stator Core of the Electrical Machine
Using Orthotropic Characteristics
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ABSTRACT

The experimental modal testing has been carried out for the stator of a generator to confinm the vibrational mode shapes
and the comresponding natural frequencies. The model of the stator for the vibration analvsis was developed and a series of
vibration analyses was carried out. And the properties of the sofid element were updated fo reduce the differences of the
natural frequencies between the measured and the analysed. In the vibration analyses, the axial, radial and circumferential
properties of the solid element were separately varied to take into account the orthotropic effect of the laminated structure
and to match the primary modes of the stator core which were extracted from the modal testing. After several atternpis to
match the measured natumal frequencies and mode shapes, the properties of the stator model were determined. Comparison
of the vibration analyses results based on the determined properties showed fairly good coincidence with the measured data.
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Fig. 1 View of the staior core
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Fig. 2 Schematic diagram of the expenimental set-up
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Fig. 4 Typical mode shapes and natural frequencies of
experimental results
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Fig. 5 Analysis model of the stator core
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(a) Oval In-Phase Mode (1742 Ho)

(h) Torsion Mode (3307 Hz)

(c)Bending Mode (4459 Hz)

Fig. 6 Typical mode shapes and natural frequencies of
the analysis results

PR gz ATErd G 2 d¥S Fo
Es G E9) Wsll 08 nga5eel Wsld Aet

o] o1 Babg Table 1o} viEpiich

Table 1 Variation of the natural frequencies with the
change of the material properties{UnittHz)

T~ EE | Oval RE | vEW vo | 3 ve
Z {0 (f2) £z
A gk 175.3 331.0 4552
2714 155.8397 317.0864 4030695
Eq 2% Z7} | 157.9653 317.0864 4034810
E, 2% &7y | 1558447 3170864 4043996
G 2% Z7F] 1568415 320.2020 405.3307




A & AF W 2002 DA 2 A

- Oval in-phase Mode

P =
£ P
¥ <0 b T / D]
#
< b
© i i i i
& 4% § 15 2 it
Varsn ot ine Maund Propanes
(@) Oval In-Phasc mode
0 Torsion Mode
ch :
s |- \ e
A\ —— it
\ - SR
\ PR s ]
£ ol A
£ . -
5‘ -
: Megueed g g
~
69 fe ~
~
"
200 f
L L 1 H
N 2% p 15
Yanghon o bk Matend Proguries
(b} Torsion mode
- Bending Mode
_ - - Measured -
pows " Smprepm—
o {20
...t an
L _i— ho E;
N I i SN
;‘ L
S
H s

R s
@0 -
!

w0 4 i 1

1 A2
MVataton of Be Rghas Sriperies

{c) Bending mode

2%

Fig. 7 Variation of the natural frequencies with the

change of material properties
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Table 2 Determined material properties

o | a7 4y | 8% 44 | e

Ey 200 GPa | 2581 GPa | 210 GPa

E, 70 GPa | 1240 GPa | 210 GPa

G s 20GPa | 218 GPa | &) GPa

Table 3 Comparison of the natural frequencies(Unit:Hz)

RE| Oval 72 #EY g | g3 vo
238 T~ () (f2) fa)
AZgk 1753 3310 455.2
Z71X 15599 317.00 40307
%3 175.26 330.99 45378
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