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Unbalance Response Analysis
of Copper Die Casting High Speed Induction Motor
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ABSTRACT

This paper deals with a copper die casting induction motor which has several advantages of motor
performance. The developed motor is used as spindle motor in machining center. The dynamic char-
acteristic analysis of rotor is dealt with for precision machining. The critical speed of rotor consider-
ing rotation and gyroscopic effect should be above operating speed, 18,000 rpm, and have a 201 %
sufficient separation margin. Also, the 3-D unbalance vibration response analysis is performed and
enabled the prediction of the expected vibration amplitude by unbalance in high speed. The un-
balance vibration responses of each position on the rotor are satisfied with allowable vibration dis-
placement of API 611 standard according to balancing G grade(G 0.4, G 2.5, G 6.3). Copper die cast-
ing high speed induction motor is successfully developed and verified by experiment.
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Table 1 Comparison copper with aluminum
Copper Aluminum
Melting point 1,084.5 C 660.4 C
Specifi it 8.92 2.70
pecttic gravity Bearing Rotorcap Bearing
P -8 0. -8 0. . .
Conductivity 1.69x10" Q'm 2.62x107 Q'm Fig. 1 Prototype and rotor for copper die casting
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Table 3 Mechanical properties of used material
. Bar & .
e Material Shaft Rotor core Rotor cap
© Steel S7 Copper 1
Density(kg/m’) 7,850 7600 8,900 (a) The developed rotor prototype
Elastic [a/N) Frvcuency Resoans Hihccaerameer anme - ot (sgnhode po——
modulus(GPa) 210 200 1o o T T s
Poisson' ratio 0.3 0.3 0.33 i
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=, / \
o \\ \
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Fig. 4 Campbell diagram

Table 4 Whirling mode and critical speed

Critical speed( rpm )
Whirling mode Copper Aluminum
die casting die casting
1st forward 54,180.7 55,209.8
Separation margin 201.0 % 206.7 %
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Fig. 5 1st~3rd whirling mode of rotor
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Table 5 Balance quality grade of rotating rigid body

Balance Vibration
quality grade |velocity(mm/s)

Rotor type
: general example

Machine -tool drives
25 Turbo compressor

’ Small electric armatures
Turbine-driven pumps
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(a) Vibration exciting and response position
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Rotational speed (Hz)

(b) Vibration response of 5 position

Fig. 6 Unbalance response of copper & aluminum
die casting rotor

Table 6 Unbalance vibration response of a rotor

Position| 1 2 3 4 5 6 7 8

Aluminum 0.503|0.154|0.388|1.118|1.277|0.681|0.370(0.419

Copper (0.55210.151(0.402{1.192{1.372{0.796{0.479|0.331

Unit : pmy.,, operating speed : 300 Hz, 18,000 rpm

Table 7 Unbalance and unbalance position

Unbalance(g'mm) Number of
Case o
4 Up o position
Bending 35.092 5
In phase 17.546 1, 8
Out of phase 17.546 1, 8
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Unbalance response (um)
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Unbalance response (pim)
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Unbalance response (1m)

(a) Bending case
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(b) In phase case
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Fig. 7 Unbalance response of rotor
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Table 8 Unbalance vibration response of copper rotor
according to 3 types of case

4T,
Nﬁ) rilzl)tei(rmof Bending In phase | Out of phase

1 0.552 2.156 2.044

2 0.151 0.537 0.638

3 0.402 0.201 0.381

4 1.192 0.356 0.324

5 1.372 0.452 0.041

6 0.796 0.058 0.278

7 0.479 0.300 0.511

8 0.331 1.865 1.754

Unit : pum,.,, operating speed : 300 Hz, 18,000 rpm
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(b) G63

Fig. 8 Unbalance response of rotor according to bal-
ancing G grade

Table 9 Unbalance vibration response of according
to balancing G grade

40,
Number of G0.4 G25 G63
1 0.087 0.552 1.365
2 0.024 0.151 0.384
3 0.064 0.402 1016
4 0.189 1192 2,977
5 0.214 1372 3.382
6 0.132 0.796 2.087
7 0.080 0.479 1.268
8 0.060 0.331 0.950

Unit : pm,.,, operating speed : 300 Hz, 18,000 rpm
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