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Research on Dynamic Characteristics of Five-Axis Water-Jet
Machine Based on EMA
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Abstract : Based on experimental modal analysis theory, with the method of force-hammer excitation adopted, a
single-input-single-output (SISO) structural modal experiment has been conducted on five-axis linkage water-jet whole
machines. Combined with the response signal, an experimental modal analysis system has been established, thus acquiring
the low-order inherent frequency, the damping ratio and the mode shapes of the whole machine structure, which are to be
verified by the modal assurance criterion. A vibration test analysis shows that the first, second and third vibration modes are
the main vibration patterns, with its vibration source to be successfully located and some corresponding measures to be
taken so as to achieve the purpose of reducing vibration.
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Fig. 1 Water-jet cutting parts
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Fig. 2 Analysis platform for vibration tests
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Fig. 3 Schematic diagram of modal experiments
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Table 1 Inherent frequency and damping ratio of
the former 6 ranks
W %% [ A BE /Hz BHLJE I /%
1 10.30 2.302
2 37.21 0.805
3 50.16 -0.046
4 99.99 0.069
5 106.99 3.498
6 129.20 1.182
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Fig. 5 Check diagram of the modal assurance
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Fig. 6 Mode shapes of machine tool experiments
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Fig. 7 State diagram of working cutting machines
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Fig. 8 Frequency spectrum function of machine
tools under the state of idling
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