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This paper deals with the dynamic characteristics of the shaft with impeller model which is the most
important part in developing the resin mixing machine. Through reverse engineering, it is possible to
make the shaft with impeller geometry model which is necessary vibration characteristic analysis by
commercial impeller. The natural frequency analysis and structural analysis using finite element analysis

software are performed on the imported commercial shaft with impeller model.

The most important

fundamental natural frequency of the shaft with impeller model is around 14.5 Hz, which well agrees
with modal testing. The most effective design variables were extracted by ANOM(analysis of means)
and pareto chart. This paper presents approximation 2nd order polynomial as design variables using
RSM(response surface methodology). Generally, RSM take 2 or 3 design variables, but this method
uses 5 design variables with table of mixed orthogonal array. Further more, the analyzed result of the
commercial shaft with impeller is to be utilized for the structural design of resin chock mixing

machine.
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Fig. 2 Shaft with impeller for resin chock
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Table 1 Modal analysis result
Order Impeller natural frequency(Hz)
1st 14.257 Bending mode
2nd 108.8 Blade radial mode
3rd 121.64 Bending mode
4th 305.71 Bending mode
5th 336.21 Blade axial mode
.-[-. - —L =
1st 2nd
]\;l
3rd 4th 5th
Fig. 3 Impeller mode shape
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Table 2 Modal testing result

. h Order Impeller natural Frequency(Hz)
N J 1st 15
. . 2nd 113

:m 1 1 | | | | | : | | | 1 3rd 117

T T I T T A T A T ath 2645

(@) Impact (autospectrum) (b) Impact (time) 5th 330

1 A SR AL Y Bt o frp—

(&) Von-mises stress (b) Total deformation

Fig. 6 Structural analysis result
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Table 3 Structural analysis result
Impeller operating velocity
Max. operating velocity (rpm) 500
von-Mises stress (MPa) 3.918
Total deformation (mm) 0.00328
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Fig. 7 von-Mises stress and total

deformation

according to rotating velocity
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Table 4 Design variables and levels

D.V.
dvy dv, dvs dvs dvs
Level
1 7.6 416 2 1.2 0.96
2 9.5 520 2.5 15 1.2
3 114 624 3 1.8 1.44

D. V. : design variable

Table 5 Table of mixed orthogonal array

Exp. dvy dv, dvs dv, dvs
1 7.6 416 2 1.2 0.96
2 7.6 520 2.5 15 1.2
3 7.6 624 3 1.8 1.44
4 9.5 416 2.5 15 1.44
5 9.5 520 3 1.8 0.96
6 9.5 624 2 1.2 1.2
7 11.4 416 2 1.8 1.2
8 11.4 520 25 1.2 1.44
9 11.4 624 3 15 0.96

10 7.6 416 3 15 1.2
11 7.6 520 2 1.8 1.44
12 7.6 624 2.5 1.2 0.96
13 9.5 416 3 1.2 1.44
14 9.5 520 2 15 0.96
15 9.5 624 25 1.8 1.2
16 11.4 416 2.5 1.8 0.96
17 11.4 520 3 1.2 1.2
18 11.4 624 2 15 1.44

—
t
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4

Fig. 8 Design variables of impeller

A dde7t Gyl Fo A4, Fo do], £
ol= g FA, Tede] A & AAWS
2 Ad74steler Fig. 82 AAWMTE Yepdt
Table 4= AAWTF} & YERYH 2 550

Qw7 2l

RS 975

of

o 2%

Hy

Table 6 1st natural frequency and structural analysis
result in 500 rpm

| Impeller operating
(Hz) von-Mises Total
stress (MPa) | deformation (mm)
1 15.927 4.3975 2.8557e-3
2 9.7005 3.6281 2.1834e-3
3 6.5118 3.1267 1.7820e-3
4 21.451 3.2619 2.0114e-3
5 13.773 4.1917 2.3448e-3
6 11.043 3.8785 2.5915e-3
7 30.641 3.7529 2.3807e-3
8 19.730 3.2950 2.0568e-3
9 13.685 4.2281 2.3640e-3
10 13.824 3.5525 1.9866e-3
11 9.8632 3.4109 2.3007e-3
12 7.2507 4.2753 2.6133e-3
13 20.862 3.1498 1.8123e-3
14 15.341 4.3744 2.7735e-3
15 10.207 3.6055 2.1314e-3
16 29.709 4.2535 2.4736e-3
17 19.181 3.5657 1.9981e-3
18 14.445 3.4844 2.3937e-3
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von Mises stress
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