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Abstract: Aiming at the challenges of internal power supply and electrical signal transmission in

rolling bearings. the intelligent sensing technology for bearings was studied based on acoustic emis-

sion. Firstly, based on the rotational vibration characteristics of the faulty bearings, a temporal phase

difference vortex transmission model of acoustic signals was constructed. Then, a circular hollow

acoustic metasurface structure was designed, and the acoustic vortex focusing mechanism and meta-

surface transmission performance were studied. The correlation between fault types and acoustic vor-

tex topological charges was simulated and analyzed. Finally, the vortex focusing transmission method

of bearing fault acoustic emission signals was verified through simulation and experimental setup of

faulty bearings.

Key words: acoustic vortex focusing; phase-difference model of time series; circular meta-sur-

face; intelligent bearing; acoustic emission signal
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Fig.1 Schematic diagram of self-excited acoustic

emission from bearings
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Fig.2 Schematic diagram of fault acoustic

emission focusing
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Fig.3 Schematic diagram of circular focusing acoustic
vortex model
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Fig.4 Schematic diagram of bearing faults
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Fig.5 Roller defect timing difference model
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Fig.6 Schematic diagram of acoustic meta-surface

structural units
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Fig.7 Simulation curve of transmission capability and

phase of acoustic meta-surface
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Tab.1 Selection of simulation phase parameters
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Fig.8 Transmission capability curves at different

transmission frequencies
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Fig.9 Circular hollow meta-surface structure
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Fig.10 Vortex meta-surface model and focused

vortex simulation
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Fig.11 Simulation of bearing outer ring fault and fixed

defect acoustic deflection
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Fig.12 Simulation of double vortex focusing for

bearing roller faults and dynamic defects
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Fig.13 Simplified circuit diagram of acoustic

emission device
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Fig.14 Physical image of acoustic emission device
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Fig.15 Cross section of meta-surface structure
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Fig.16 The superposition process of meta-surface sections
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Fig.17 Integral experimental setup
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Fig.18 Vortex acoustic field without meta-surface
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Fig.19 Focused vortex acoustic field under a meta-surface
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Fig.20 Sound pressure verification test of acoustic
emission device
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Fig.21 Vortex focusing test device for bearing fault

acoustic emission signal
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Fig.22 Schematic diagram of bearing failure

XoF 1E b R K 3 Al S il AR AR T T I
P A [E1 B e SR B DLW G R
TOCAHTED T 7 A SE 5 5 0 A e S 4
23 iR (A AL bR L U 19 BB A7 Z1 B2 R R 10
mV), 1 DL B SRR SR R G T AR W]
BRI S, % MALLAB %if2 FET i3
SIHT L EUBL 25 kHz i T D SORAE S o i dE

X R - B — R RO Y P I A R AT D
1Mo A I 37 SN 24 FT R Ch I M,
IR AL B 1 5 S S ) L 2 SRSk Z 1A Y Sk
9 90°, IR INBIE N 24b BroR .2 A E
F 7 TR G DL AH S5 AH 2 AH 22 8w 5 S R e
FHE .

PR AT B AN & 25a Frz . i hn i 3% 16 45 4
S5 s S 7 CBE €0 i 220 B S0 R, DY BT T
(o i 8O 75 B, an &l 25b 7R , BT 00 R A
TR Bl BLAT T e P R P O A P R AR T 45 H R )

e 84

O =214

T T s T I R =R

= — i 3 i
() IF il A&

YU IYIYRTTTTT POTYETEY YYTTTTTYCTITINIY, , ATPYPrLIT LTI T LTI RT I

(b S Bl I Al 7R

ST IR TT Ty TP SRR L T I i1

[ — = —=—1

() PN P il o il 7

T TYPRITT PYOTREL. o, oo CERYYFEEYPYIYY]

s i = I
() VR ¥ 4 B Al 7K
B 23 IEEMARBEMASESES ORISR E

Fig.23 Time domain waveform diagram of acoustic

emission signals from normal and faulty bearing
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Fig.24 Orthogonal sound field phase shift test under

roller fault sound field
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Fig.25 Experiment on meta-surface focusing test for

rollerfault acousticfield
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