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Abstract: A method was proposed for identifying chatters in heavy-duty robotic milling systems
by integrating variational mode filtering with fixed parameters, envelope filtering and an attention
mechanism network identification. Initially, variational mode filtering theory was applied to eliminate
non-chatter signal components in the high-frequency ranges by optimally selecting a quadratic penalty.
Then, to swiftly identify the current machining conditions, the envelope filtering method was em-
ployed, leveraging signal time domain distribution and the frequency domain mapping law to remove
the spindle speed-related signal components in the low-frequency ranges. Subsequently, a network
identification model incorporating an attention mechanism was developed to identify preprocessed
multi-temporal short-term signal segments for machining condition identification, followed by verifi-
cation experiments on heavy-duty robotic milling systems. Experimental analysis results demonstrate
that by eliminating non-chatter signals in the high-frequency ranges and spindle speed-related compo-
nents in the low-frequency ranges, the accuracy of regenerative chatter identification is significantly
enhanced, achieving an identification accuracy of 98.75%. Compared with alternative identification
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methods, the proposed method may effectively identify regenerative chatters during heavy-duty robot-

ic milling processes, thus offering valuable technical support for future online chatter suppression of

heavy-duty robotic milling.
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Fig.1 Schematic diagram of heavy-duty robotic

milling system model
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Fig. 2 Chatter signal characteristics of the heavy-duty

robotic milling system
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Fig.11 Chatter identification model based on

attention mechanism

5 EHAMEARH AL DR R

51 XWigE
R T E B ) A A b O 2 3 R e R IR A i
U S BAROR S A B 5E 7F KUKA KR600 2% T
1R N 3 o N T 71 | 0 e o3 i e R L5
BN 10 mm BYTE A 448870, % B8 T 550k
3HIJAEELK N 61 mm, JJ HLIRHE M 45°, T1F
MR 5A06 84 4, KT R 100 mm X 50 mm X
30 mm, SR BE AR S i AL A (INV9822)
UL R A2 SRR A B T AL A N R ity v R = il
b, FER B 10,355 mV/(m « s 7)) RAES A
F.oWE R 10.24 kHz, INV3062T Y38 B (55 R
LR E T XG5 TR, BB E T

T A T AL, i 12 Fis .,
KUKAHLZE A ‘

mijiﬂh

MATEE LA
B12 EHNFASHRSZMIIE
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Tab.1 Parameter of heavy-duty robotic milling experiment

L | R/ PE4 K/ rm i/ | e/

L (remin" ") | (mm * min~ ") mm mm
1 2400 300 3 3~8
2 2400 600 3 3~8
3 2400 300 4 2~7
4 2400 600 4 2~7
5 3000 600 3 0~5
6 3000 600 4 0~5
7 3600 600 3 3~8
8 3600 300 4 1~6
9 3600 600 4 0~5
10 4800 600 3 1~5
11 4800 300 4 0~5
12 4800 600 4 0~5
13 6000 300 4 0~5
14 6000 600 4 0~5
15 7200 300 4 0~5
16 7200 600 4 0~5
17 8000 600 4 0~5
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Tab.2 Model parameters
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Fig.13 Signal preprocessing effect (case 5)
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Fig.14 Test results of chatter identification model

based on attention mechanism
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