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In this study, the design parameters affecting the natural frequency of high-speed

Eec?ivgd 5? ;u?e ;g;g machines were optimized. Accurate frequency prediction to avoid resonance is
evise uly . . . )
Accepted 26 August 2025 esstentlal durmg the design stage. Response Sur.fac.e Method (RSM) .anfi K.Nearest
Neighbor algorithm (K-NN) were used as prediction models for optimization. The
Keywords: optimization technique using RSM successfully achieved the target natural
Modal analysis frequency, with reliability of the results confirmed by mode matching. Similarly,
High speed machine the K-NN predictions showed similar trends. Accurate prediction was possible
Optimization with both methods within the search range of the design variables. These findings
RSA demonstrate that both approaches can complement each other, providing robust
K-NN prediction and optimization capability. The results provide useful guidelines for
resonance-avoidance design of high-speed rotating systems.
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Fig. 1 Schematic diagram of the high speed machine

Table 1 Result of modal analysis with free boundary condition

Mode Natural frequency [Hz]
1 17.819
2 17.866
3 102.95
4 102.99
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Table 2 Design parameters of experiments

Parameter Name Lower bound | Upper bound

Pl Young[’(s}Pr:]odulus 68.9 2067

P Youngt’(s}PI:]Odulus 190 380

P5 Equm[lgj /;;g?ess ST 34.743
P6 Equiva[lg/iﬁness 21 s 34.743
P7 Equm[llig/;tg?ess 31 1sst 34.743
P8 Eq“iva[llfg/;if?e“ Y1osst 34.743
P3 Frequency [Hz] - -

P4 Frequency [Hz] - -

Table 3 Parameters of design experiments

DOE| PI | P2 P5 P6 P7 P8 P3 | P4
index | [GPa] | [GPa] | [KN/mm] | [KN/mm] | [kN/mm] |[kN/mm] | [Hz] | [Hz]

1 137.8 | 285 | 23.162 | 23.162 | 23.162 | 23.162 [132.207|132.253

2 68.9 285 | 23.162 | 23.162 | 23.162 | 23.162 |126.148|126.191

3 ] 206.7 | 285 | 23.162 | 23.162 | 23.162 | 23.162 |137.854|137.901

43 [177.626|230.088| 29.856 | 29.856 | 29.856 | 16.468 |127.613|130.081

44 197.974 1339.912| 29.856 | 29.856 | 29.856 | 16.468 |135.631|138.461

45 | 177.6 |339.912] 29.856 | 29.856 | 29.856 | 298.56 |144.830|144.884
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Table 4 Candidate points of optimization

Candidate points 1 2 3
P1 [GPa] 77.348 83.978 106.183
P2 [GPa] 216.186 196.881 191.779
P5 [kN/mm] 17.556 32.426 24.923
P6 [KN/mm] 27.144 17.335 15.288
P7 [KN/mm] 16.527 29.487 25.276
P8 [kN/mm] 18.843 27.175 22.53
P3 [Hz] 114.997 115.1309 114.947
P4 [Hz] 115.012 115.00791 115.049

Table 5 Result of optimization for 3 design parameters

Candidate 1 | Candidate 2 | Candidate 3
P1 [GPa] 77.348 83.978 106.183
P2 [GPa] 216.186 196.881 191.779
P5-P8 (avg) [kN/mm]| 20.018 26.606 22.004

Table 6 Result of modal analysis based on optimization result

Natural frequency [Hz]
Mode - -
Candidate 1 Candidate 3
1 19.469 19.172
3 115.58 114.83
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Fig. 5 Candidate 1 result of modal analysis with free boundary
condition
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condition
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Table 7 Euclidean distance and neighbor frequency

Index Distance Frequency (train)
1 0.545 128.72
2 0.626 129
3 0.762 128.87

K-NN (3 Nearest Neighbors)
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Fig. 7 Euclidean distance and neighbor data near 129 Hz
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Table 8 Result of optimization for 3 design parameters

Candidate points a b c

P1 [GPa] 178 178 165

2 [GPa] 230 230 353
P5 [kN/mm] 25.393 20 23.162
P6 [KN/mm] 25.393 20 23.162
P7 [kKN/mm] 25.393 20 27.625
P8 [kN/mm] 29.856 20 27.625

Table 9 Result of k-nn parameters

Natural frequency [Hz
Mode q y [Hz]
a b c
1 19.804 20.376 22.068
3 118.37 126.72 136.46

mode 1

mode 3

l\

Fig. 8 Result of modal Analysis with k-nn parameter a

mode 1

mode 3

ll

Fig. 9 Result of modal analysis with k-nn parameter b

mode 1 M—.
7 ST el

Fig. 10 Result of modal analysis with k-nn parameter c
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Table 10 Comparison optimization and k-nn results with target
frequency 115 Hz

Natural frequency [Hz]
Candidate 1| % |Candidate 3| % |Candidate a| %

Mode

1 19.469 - 19.172 - 19.634 -

W
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