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On the Dynamic Characteristics of Direct-Driven Super Pressure Pumps

Based on an Experimental Modal Analysis
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( School of Mechatronic Engineering and Automation, Shanghai University, Shanghai 200072, China )

Abstract: To obtain the dynamic parameters of direct-driven super pressure pumps, an experimental modal analysis
has been made of the overall structure of direct-driven pumps. The frequency response function is optimized based on the
analysis of the experimental data, and a single-mode parameter identification method has been adopted to identify the
parameters of direct-driven pumps, thus obtaining the machine inherent frequencies, damping ratio, and the corresponding
mode shape. The research results show that the inherent frequency of super pressure direct-driven pump mainly concen-
trate in the low frequencies (49.90, 100.21, 149.13, 175.93 Hz) and high frequency (with a high mode frequencies above 1 000
Hz); while the weak links mainly concentrate on the valves. During the operating process of direct-driven super pressure
pumps, three ranges of speed, 981.8, 2 004.2, and 2 982.6 r/min should be avoided by the motor speed.
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Fig. 1 UHYV water-jet super pressure pumps system
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Fig. 2 A modal testing program for direct-driven pumps
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Fig. 3 The modal testing and its analytical process
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Fig. 4 The layout of measuring points
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Fig. 5 The layout of acceleration sensors
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Fig. 6 The layout of the modal test
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Fig. 7 Time domain diagram of excitation signals
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Fig. 8 Schematic diagram of coherent coefficients
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Fig. 9 Frequency diagram of the frequency function amplitude
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Table 1 The modal natural frequency and damping ratio

BLZS B 2L B /Hz BHLJE Lt /%
1 49.09 1.680
2 100.21 0.258
3 149.13 0.058
4 175.93 0.008
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Fig. 10 Bar charts of modal assurance criteria analysis
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Fig. 12 The analysis result of vibration mode of
direct-driven pumps
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Fig. 11 The layout of dotted line model and test points of

direct-driven pumps

E13 REABABEHTEE
Fig. 13 An internal structure diagram of head valves
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Fig. 14 A curve diagram of the flow pulsation of
multi-cylinder reciprocating pumps
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