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Dynamic Synchronous Accuracy of Translational Axes and Rotational Axes in 5-axis Machining Center

Ryuta SATO, Yuya YOKOBORI and Masaomi TSUTSUMI

This paper describes the dynamic synchronous accuracy between the axes of translational and rotational in a 5-axis machining
center. The 5-axis machining centers are applied to machining complex shapes, such as turbine blades and impellers. When the
S-axis machining centers are used to machine complex shapes, the velocity of each axis varies greatly. Therefore, the synchronous
accuracy of each axis is an important factor to generate high accuracy shapes. In this study, non-uniform 3-axis synchronous motion
was investigated in order to estimate the dynamic synchronous accuracy. A dynamic model of the each axis including a rotary axis
was developed, and the synchronous motion was simulated. As the results of experiment and simulation, it is verified the developed
model can express the experimental results accurately. In addition, a method that can improve the synchronous accuracy is proposed,

and its effectiveness is clarified by the developed dynamic model.

Key words: 5-axis machining center, multi-axis motion, synchronous accuracy, mathematical model, simulation
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Fig.1 5-axis machining center with a tilting rotary table
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Fig2 Block diagrams of feed drive systems
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Fig3 Motor torque curves of translational axes under sine wave motion
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Fig.4 Motor torque curve of C-axis under sine wave motion

L7, MEENL XY FE & ZX F\mE TITY, N T oA
VHEID S Y v Fxra—Fl kb ESOBERERIE L.
7y Fzra—FdneE Y =7 A7y —/Lk 2 RTICHEEL
b DOTHY, FEELEBEOME COERELRETE 5.

3.2 HEEBOETIL

TEEEy (C &) OETFT/MLIZBWTS, HEE—A M,
FEMAREL ¢, BSLOVEEEE ML f1E, C BhOAE % ERERIC
TSV EEDE—F MIEFMLRE L. FHESHD
RIEZ 15°8 LIBEIcisiT 5 C#oE—4 b EHER 4
R, M4tk B e, EEETHLEZOT—F My IEEER
DOHLOLRABOWH LD L5,

PEBEN—THBIZ A v Kb, BEAE XY $h & JEE C #oFE
3 EEIANES AT, R—A—lo L D RS ELRET S 2
ECRELRE. B5ITRT L DI, CEomEERdLb-X FH
~ 50mm OEIBIZR—NR—DV 7y VEEBL, XYBEIIC
BHEEE O HAY FRIC 50mm OMEEEZSOLE L, ¥R
50mm OMESETTH. FEFC XY #hic X 2 HiESH & F UARE
ETCHMPEESYE, CEfloYry b Eio Yy ME
OAERIEEERRIET S V. MIERR A MIEERE L TRRLT
ZORELEERRONT, EHEEE CHi: OMICH BMENL—T
FA D DEERRDB LB TED.

CHfDEIER A I E % 1800deg/min & L7zH&DORIERL R EZE 6
R, B 6 itk Bk, BElEFHOBWVICLSROEDET
22um Thot, b XY#e CEMOMBL—T 7V 3E
FHELEL A, TOEIZ000I%UT THo71H, CED
EFNDOABN—T 5 A PEEROTNERCICRE L 51T,
PLBN—T LM A v Ky DFERRE LT

NI | -El ectronic Library Service



The Japan Society for Precision Engineering

- To spindle
.

XY

\§0mm C

(b) Detailed diagram

Ball bar

(a) Measurement set-up
Fig.5 Measurement method of synchronous accuracy of C and XY axes

Fig.6 Measured synchronous trajectories of C and XY axes
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Table 1 Parameters of dynamic model of feed drive systems

Value
* Parameter Unit

X-axis Y-axis Z-axis C-axis
Equivalent inertia of 2
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Velocity proportional
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Velocity integrator
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Position proportional | rad/ms 16500 16500 16500 420
gain, Ky or l/s rad/ms | rad/ms | rad/ms s
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Load torque of _ _ —
gravity, G Nm 4.19
Total reduction gear _ _ _ —
ratio, Ry 150
Number of teeth of — _ _ — 7
worm wheel, N
Fluctuation angle of _ - . 5
worm gear, W (CW) rad 3.5X10
Fluctuation angle of _ _ _ 5
worm gear, W (CCW) rad L7X10
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Fig.16 Simulation results of synchronous accuracy at non-uniform
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