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The Finite Element Modeling and Optimization Design of

Machine-tool Motorized Spindles
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Abstract. According to geometric parameters and simplification principle, entity models of a motorized spindle were established.
Based on the quasi-static model of rolling bearings, its stiffness was calculated accurately and the FE model of spindle-bearing
system was derived, then the modal test was designed to well verify the simulation results. Based on the FE model of spindle, by
taking the outer diameter, inner hole diameter, the overhang, the bearing span and configuration of the spindle rotor as design
variables, taking the maximum 1st-order natural frequency and minimum spindle rotor mass as optimization goals, taking the static
deformation of spindle rotor end, the maximum stress, and the dimension of each spindle segment in given range as constraint
conditions, the spindle rotor s design was optimized. Finally, the proposed method was applied to a motorized spindle of gear
grinding machine, and then the 1st-order frequency was enhanced by 33% and mass was decreased by 21%. The goal of high stiffness
and light weight was achieved and it provides technical support for digital design of the motorized spindle.
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Tab.1 Main Technical Parameters of the Motorized Spindle
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Tab.2 Physical Parameters of the Motorized Spindle Rotor
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Fig.1 Geometry Models of the Spindle Assemble
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Fig.2 Finite Element Models of the Motorized Spindle
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Tab.3 Parameters of the Front and Rear Bearing
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Spindle



W& 551E il i
3 Machinery Desigh & Manufacture *EXH
i SR S f1Hz : il
XOY E—HrSgh 781.84 25 A
XOZ E—Eeh 783.94 z 2 :;‘»l‘
XOY E =M=k 1797.2 Eis R
10 XOZ HZ=MEih 1797.8 B4 850.6 Hz 177 He /4N
05 o S ! VAN
od:"Too‘J;\oEB_TsT)‘S#z:é‘o—& 2500 3?0? 3500 4000 4500
AR [Hz)

ﬂ :“

(a) XOY H—FMEHh

.’ L -

(c) XOY =M eh (d) XOZ B = Zh
3 HEH 7~10 MESRE

Fig.3 7™ to 10™ Order Modal Shapes of the Motorized Spindle
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Tab.5 Parameter List of the Experimental Apparatus and
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Fig.5 Frequency Response Function of the Motorized Spindle
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Tab.6 Comparison of the Simulation and Experiment Results
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Fig.4 Testing the Frequency Response of the Motorized

Spindle in Free State
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Tab.8 Status Variables, Constraint Conditions and Objective

Function
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Tab.9 Results of the Optimization Design

V/REA 7 Screen MOGA AMO RSO
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Tab.10 Comparison of Goal Parameters between Before and
After Optimization
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