A&l Bl

2023411 H

i

954 % 511

doi:10.6041/]. issn. 1000-1298.2023. 11. 043

ETRMERTAEFIEEE AVHE R A RS

A E

CHE PR R L A

FEE AL 57 Mk LS 78 HILK 22 il b 2 25 % 22 19 7 51

Z?"%‘%)ll

= 2= Fouill

3
T K 400054)

PR AL, 2% 1] 2k BE b ) U 22 I YRR A A TR AR G

B A 1) 350, 42 Y — b il & YR 1 26 78 ( Chaotic representation, CR) FI 4% £iF 1 2 1 #L il ( Feature attention mechanism,FA)

B IR B A PR 22 TN AL R o ¥ 56, 75 1R B 22 70 8 285 5% 22 I 748 38 A FL AT TR il A e 1) B il L, ) JHG R A 4 25 1) T AR, o
SN ASTR2E S RO ] e 5 5 5 B A 15 S TR AR 25 ) AT 3k o ARJE , A R AE T 20 LA AR I ) 4 8 Sl 3 e i

AH AR AR A R 14 [R] B [0 A1 o5 4 Vi b AH 2 TR {5 B 0T Ay, i
il B AR v Ak EL A R AR A S, R A OBLIR) K 45 3 12 42 ( Bi-directional long short-term memory , Bi —
TR YR 25 ) P9 004 30 7 2 4 |, 2 B0 Bl 25 05 22 T Tl k1) ) 1 8L 9 A R T
M5 FI R M8 T CRFA — LSTM B8 | L J B — G AL A CR — Bi —
24 BIREAR Y 35% 16% Fi1 43%

JE— EMERE NS I FRE RSN, RE, %R HE
LSTM ) [ 2% 15 #1 3@ 37
i ot XK — L3540 78 % fa B8 R 52 I 45
LSTM .FA — Bi — LSTM , 7% SC 5 vk 4 24 7 HR i

EHENE
SR LI S BN s I AFUESE RTALR s SR I % E
FhE4ES: THIIS XHEEARIRAD : A X E4 S 1000-1298(2023)11-0451-08 OSID:; % &}

Dynamic Error Prediction of Machine Tool Two-axis Based on
Chaotic Representation and Feature Attention Mechanism

DU Liuging LI Baochuan YU Yongwei
(School of Mechanical Engineering, Chongging University of Technology, Chongqing 400054, China)

Abstract; To address the problem that traditional methods are difficult to reveal the sequence generation
mechanism of dynamic error in machine tool multi-axis interpolation and the error time series features in
each time dimension are interrelated, a cascaded dynamic error prediction model integrating chaotic
representation ( CR) and feature attention mechanism ( FA) was proposed. Firstly, on the basis of
proving that the time-varying evolution of multivariate dynamic error had chaotic characteristics, the phase
space was reconstructed to represent the hidden information behind the time series of dynamic error
parameters in the phase space. Then the fused feature attention mechanism further reshaped the
dynamical state vector space of the original system by dynamically assigning phase point feature weights in
the time dimension while reducing the redundancy of information in the high-dimensional evolution phase
the bi-directional

LSTM) network model was used to approximate the dynamics in the chaotic

space. Finally, considering the long-range correlation of chaotic time-varying evolution,
long short-term memory ( Bi —
phase space to achieve the effective prediction of dynamic error chaotic time series information. Compared
with the Bi — LSTM model and the single cascade models CR — Bi — LSTM and FA — Bi— LSTM,
mean square error of this algorithm was reduced by about 35% , 16% and 43% , respectively, as shown

by the example of XK —L540 CNC milling machine with real data. The algorithm realized the phase space

the root

expression of dynamic error sequence generation mechanism in time dimension, and constantly played the

main role of key phase point feature, with high prediction accuracy.

Key words: machine tool; dynamic error prediction; chaotic representation; feature attention
mechanism ; bi-directional long and short-term memory network
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Structure of CRFA — Bi — LSTM dynamic error prediction model
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