H45% 5100 &/ L F O M Vol. 45 No. 10
2024 4F 10 H Chinese Journal of Scientific Instrument Oct. 2024

DOLI: 10. 19650/j. cnki. ¢jsi. J2413080

B T = 812 3 5 1 1Y BT 2 =5 A RO SR 51

MR ERF IR E A Ak
(1AL T R2 A T R 5 ERRl 2 REE 3001305 2. JTb Tl K2 B 17 G ] S R 48 3 2L st )
AlgrRG KE 3001305 3. b Tolk K2 bl TR AT et SR e A R E A L=
REE 3001305 4. VLAY G REIR 26 &l A BR ARl R 221000)

W E . ER s S s Rt 2 T U AR A AR IR R BB, BRSNS 5 20 F | MHLMCIR S (S B 32t —Fh R PR 30
59X 28 (B SRR PEHEA T RAL M T BRI HOIR SRR 1k . & 56, RO A5 5 SR AR % 2 WG S HLA HILIIDIR 25 19 32 3 e ik
SR IR R AAF-AAKR BETU RS G52 B R RS A 5 R , 25T OGRS VE I B = 4E 4R 3015 5 FR s R B WU IE S48, 12 B
AHOC RS R W AR ST R RSO 52 s R R 55 B AR BIXHE 2 Re R AE B8 1 3 19 R AL RFIE R s e e, R Ak
FRIERBAE N A 2 e R e AR VE i i, #EE 1D-CNN 1 BRI fb NS AR RS | LS B A BEHLAG f BRI, S 1) 46 3iF
T, =R BN S T — 4R BN (5 5 0 18 Sh g R R bR 1 LG R B4, [B13 4381 RMSE 24 0. 018 6,MAE 4 0. 011 2, 7] A i
Hi TR T i 2 ) SRR |

SKHEIR : TRE BT A ; ZAERENE 5 25 s SRt s (R BER S TR

hE4S%ES. TM561 THI165.3 XERFRIRAS: A E RirdEF R4 2458 :470. 40

Circuit breaker health state identification based on spatial motion characteristics
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Abstract ; Considering that the difference in spatial motion characteristics is more direct to the mechanical property degradation, and the
vibration signal contains rich mechanical state information, a circuit breaker health state identification method is proposed using vibration
signals to characterize spatial motion properties. First, the displacement signal is used to obtain the motion characteristic parameters that
can reflect the mechanical state of the key mechanism. Secondly, the AFF-AAKR is utilized to construct motion-characteristic health
indicators offline. Then, multi-domain feature parameters are extracted based on the characteristics of the three-dimensional vibration
signal in the key action phase. The features with higher correlation are selected for hierarchical clustering and the mutual information with
the motion characteristics is calculated to achieve the key degradation feature vectors with strong characterization ability of the motion
characteristics. Finally, the degradation feature vectors are used as the input and the health indicator of motion characteristics is used as
the output to construct a 1D-CNN performance degradation regression model. In this way, the health state identification of the energy
storage mechanism is realized. The example validation shows that the three-dimensional vibration signal fits the motion health indicator
better than the one-dimensional vibration signal, and the regression analysis RMSE is 0. 018 6 and MAE is 0.011 2, which can
accurately identify the health status of the circuit breaker.
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Fig. 1 The overall process of health state identification
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Fig.2  Circuit breaker mechanical characteristics test platform
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Table 3 Critical action moments of the square axes

FIERT 21 AR ]/ ms FBE/ ()
f BB IR 2] 622. 1 0. 00
t [hRE S FNI P! 1152.5 176. 69
I3 S 171 [ ] 5 5 R 221 1153.3 175.48
ty [e] 330 235 TR 2] 1155.7 175. 74

HH & 4 7] LR itz shas & A B s n 1 5% 2
T RIS s 0 ) T S
180 ! R
160 - | fi
140 -

057 7, 13
i i /s
(a) Btk
(a) Overall

17 - ‘
1155 4, 1157 1159

P i /s
(b) R
(b) Local

K4 Tz s 8% — i [a] i £

Fig. 4 Displacement-time curve of square-axis motion

3.5 P
1151 411531,

VEHLRENS I Wit RE MLAG) 25 [0)42 S R PR 1Y 4 S RRAiE
S BRSO I i 2 | R SRR R R (e s ) 43
Z,Z, Z,MZ,Fm, MRAPR, HPa, o, a0, K
by by oy oy T2 LA EE o, o DT A e B AR 25
300 ENER o, FIIMHE,

BN FEEA RN 5 TR . 0T DL BB 25 DR 1% 4 o



56 % & L F ¥

R4 fERETERAHIEEYE

Table 4 Motion characteristics of energy storage process
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Table 6 3-D vibration signal key feature set
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