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A Low-Speed Balancing Method for the Flexible Rotor of
Machine Tool Spindles Without Trial Weights
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Abstract: A low-speed balancing method for the flexible rotor of machine tool spindles without
trial weights is presented to avoid the complicated and dangerous process of taking trial weights
during the balancing operation. First, the relationship between the imbalance vector and the
vibration response is extracted from a proposed dynamic model of the spindle system based on the
theory of rigid body dynamics, and then, the formula for solving the imbalance vector is obtained
by collecting vibration data only once at operating speeds without trial weight. In order to
suppress the imbalance vibration of the flexible rotor by adding counterweights on correcting
positions rather than only on the actual imbalance located positions, a transfer-correcting method
for balancing flexible rotor is proposed based on the analysis of the modal vibration behavior for
rotors under flexible state. Simulation and experimental analysis of a high-speed spindle system
are performed at 7 200 r/min, and the results show that the proposed solving process corrects the

equivalent imbalance on correcting positions rather than only on the actual imbalance located
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positions, while only the vibration information at the first order critical speed is collected. After

the counterweights are added, the amplitude of the vibration at the first order critical speed is

reduced by 74. 7% , and the vibration amplitudes of the rotor around the first order critical speed

are greatly reduced, which means the imbalance vibration induced by modal shape is effectively

suppressed.

Keywords: machine tool spindle; without trial weight; imbalance identification; correcting

position
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