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Abstract

In recent years, the demand for lithium-ion batteries has surged rapidly with the development of
new energy vehicles. However, there are some consistency challenges in the production process of
lithium batteries. Among them, the consistency of battery wetting is one of the key factors affect-
ing battery life and performance. Uneven distribution of electrolyte may cause dangerous inci-
dents like battery fires and explosions. Ultrasonic detection technology is an efficient and non-
destructive method used to evaluate the consistency of battery electrolyte wetting. Traditional ul-
trasonic techniques for detecting battery wetting consistency usually combine ultrasonic C-scan
imaging with empirical analysis. However, relying on manual image analysis can lead to significant
errors. To overcome the limitations of traditional techniques, this paper proposes waveform analy-
sis through ultrasonic A-scan waveforms. Using lithium iron phosphate soft pack batteries as the
research subject, the paper analyzes the waveform differences in the wetting areas of batteries
with different electrolyte volumes. The paper introduces the specific process of automatic identi-
fication of different wetting degrees based on the random forest model. The results show that this
model has high recognition accuracy, achieving a classification accuracy of 100% for unwetted and
poorly wetted batteries, 97.8% for well-wetted batteries, and 95% for over-wetted batteries. This
paper provides some theoretical guidance for identifying the different degrees of battery wetting.
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Figure 1. Battery manufacturing process with different electrolyte filling volumes
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Figure 2. Actual photos of the devices used in the battery man-
ufacturing process (1) Vacuum drying oven; (2) Vacuum sealing

machine
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Figure 3. Schematic diagram of the ultrasonic nondestructive test-
ing device (1) Diagram of the transmission method; (2) Schematic
diagram of ultrasonic scanning of the battery; (3) Image of the flaw
detector
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Figure 4. Schematic diagram of ultrasonic transmission path in
porous electrodes. (1) Without electrolyte; (2) With electrolyte

B 4. BEAEZFLERDIEMBERER. (1) TEER; ()
AHRER

ARENBURE, HRXEFLEERA R E RN, R RN JoiE A ROt AT, AT S H i R
AERCR, 3l TAR R & B A . X T 24T A sRIR e i, ACSEIG /Nl DU N2 0.4 g 24 I H
PR e U SRR B I B SEAR A H R, AT DASE S e A Sk DA s AR . 0.4 g YRR
FL It T DU 5 38 P R S PR A AR R IR X 35, 0.5 g 1 0.6 g vV = 1A P it FRLES X 3 — Bk A, (R
ToiEIE L P HREEAT 20 e R WU (0.5 ) AN v it (0.6 @)«

0.4g

Figure 5. Ultrasonic inspection images of batteries with different
electrolyte filling volumes
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Figure 6. Organized ultrasonic waveforms of batteries with different electrolyte filling volumes
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Table 1. Ultrasound characteristics and meanings
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Figure 7. Compilation of multiple features for batteries with different
electrolyte filling volumes
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Figure 8. Confusion matrix of the random forest model’s predictions versus
actual electrolyte volumes
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