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Mathematical Model of Driving Mechanism for Rotary Axis Driven by Worm and Spur Gears

Ryuta SATO, Yuki TANIYAMA and Masaomi TSUTSUMI

This paper proposes a mathematical model of CNC rotary table driven by worm and spur gears. Proposed mathematical

model has 4 degrees of freedom; rotational angle of motor, rotational angle of worm shaft, axial displacement of worm shaft,

and rotational angle of table. Backlashes of spur and worm gear are also introduced into the model. Mass and inertias are

calculated from designed drawings, and Coulomb's and viscous frictions are identified by matching motor torque curves

under sine wave motions. Frequency response of the driving mechanism is also measured to identify axial and rotational

stiffness. In order to confirm the effectiveness of proposed model, an experimental set-up consists of the rotary table and

personal computer with a DSP board is modeled. Step response, rotational fluctuation, and influence of unbalanced mass are

measured and simulated. As the results, it is confirmed that the proposed model can well simulate actual behaviors.

Key words: rotary axis, mathematical model, worm gear, spur gear, backlash, simulation
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(b) Block diagram

Fig.3 Proposed model of driving mechanism for rotary axis driven by worm and spur gears
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Table 1 Parameter list of proposed model

Symbol | Unit Parameter Value
I kgm®  |Inertia of motor rotor and drive spur gear 13.9x10™
Jw kgm®  |Inertia of driven spur gears and worm 43x10™
A kgm2 Inertial of worm wheel and table 0.108
M, kg Mass of worm shaft 12
K, Nm/rad |Torsion stiffness between motor and worm shaft 850
K, Nm/rad |Torsion stiffhess of worm gear 3.1x10°
K N/m  |Axial stiffness of support bearing of worm shaft 5.8x10
Cm Nms/rad |Viscous coefficient of motor shaft 8.0x10°
Cw Nms/rad |Viscous coefficient of driving mechanism 1.0x107
cp Ns/m | Axial viscous coefficient of worm shaft bearing 1.2x10°
¢ | Nms/rad |Viscous coefficient of table bearing 1.1x107
Cig Nms/rad |Viscous coefficient between motor and worm shaft | 5.0x107
Ciw Nms/rad |Viscous coefficient between worm and worm wheel 0.1

e Nm Coulomb's friction torque of motor 0.14
Jue Nm  |Coulomb's friction torque of driving mechanism 0.24
S Nm  |Coulomb's friction torque of table 6.0
Ohe rad  |Backlash of spur gears 3.0x10°
Gy rad Backlash of worm gear 8.7x10°
R, - Reduction ratio of spur gears 4/5
R, - Reduction ration of worm gear 1/72

r m Pitch circle radius of worm wheel 0.08

AOIZBNT, T, FE—% M7 [Nm]THY, T, & T, 3%
NWENFHRHEL 7 — AF Y OIRE NV Y [Nm] Th D, AR
T, fBE MY T, L T, 2 XQBLUOAQR) & LTEBLTS.

if' |R,6,-6,]20
then T,=K (R0, -0, -0,) (@)
else T,=0

if RO, +rx,—6]>0

then T, =K (RO, +rx, -6, —6) 3
else T, =0
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