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Table 1 Information on test sample

A MR FRFRHL R /V e s A SIS GELREVON i FH X 35
L b TR kAT 3.2 K SEUT 300 HX
1.2 {UF|/WEE

K R = DR S5 A s e A PR 2 7] 22 77 1 nanoVoxe 14000 22 F Mm% Tk CT (& 2), 4
FANT 5y HERE ) 500 nm, A HER 2 pm,  HR
HL 300KV, KA HE SRR AR ER I35, 525
K 3072 x 3072, F% AL 427 mm x 427 mm, 1]
KA R~ 600 mm x 550 mm (E AR x =) »
1.3 RWEHFE

w3 pran, HRIEFE W E T R A
EEW%X%%% A ERIES, S Ak

WA, BRI N ANSZ X 8%, X 4
%M%%ﬁk%,%ﬁﬁ%ﬁmEmFM%¢m — —
G RTCH, I THE N RO S A 2 SRR Y 2 i
%@1%0 Fig.1 Test sample

K ZACVHER A4, X SRR i R B A 290k, HLULA 140 pA, BSR4 #8% 61. 4pum, SOD Ky
443.87mm, SDD 4 722.92mm, ARMHIAN 443 mm x 722mm, EARFIEMARSAEWE 2 s,

2 mHER Tk CT 3 WEAE AR

Fig.2 High-resolution industrial CT Fig.3 Sample scanning test
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Table 2 Scanning test conditions

75 Rk LR /kV R/ TWATTY RGN A /s EUR R/ um (W50 HE%/ um
1 W FLBR 290 140 1 61.4 61.4
2 DGR El 290 140 1 61.4 61.4
3 W x5 5 290 140 1 61.4 61.4
4 EEMIEEZ ] 290 140 1 61.4 61.4
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Jr 2Z T FLBR R & A B AR Ak o A e it (R A LB 2 1) 20 AT 5 F AR, P AR VAE TE AR 2 e 25 s
BT TR S IERN, IERIE I, FLBRI AR R 52w FE A 1) A, HE & S Al
Ut AR B PRI
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Fig.4 Internal pore detection in lithium batteries
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Fig.5 Electrode-fold detection in lithium batteries
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Fig.6 Pole-plate alignment detection of lithium battery
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Fig.7 Foreign-body detection in lithium batteries
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Fig.8 Changes in battery charging and
discharging currents before and

after water ingress
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Fig.9 Battery voltage changes before
and after water ingress
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Fig. 10 Changes in battery SOC before
and after water ingress
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Table 3 Battery capacitance changes before and after water ingress
hac] S0C 2214/ % HEAK T A1 B /s 7K H L HLE /A MK G I /s HE7K S5 TR L /A

1 80 14:15:05 76. 5 11:30:18 58.5

2 79 14:15:56 5.7 11:30:59 61.1

3 78 14:16:34 75.4 11:31:43 59. 4

4 7 14:16:59 75.5 11:32:05 57.9

5 76 14:17:26 75.3 11:32:33 58.7

6 75 14:17:49 75.7 11:33:21 60. 6

7 74 14:18:13 74.6 11:33:50 60. 9

8 73 14:18:35 76. 3 11:34:55 59.1

9 72 14:19:09 76. 1 11:35:17 59. 6

10 71 14:19:24 75.3 11:35:41 60. 4

11 70 14:20:15 75.7 11:36:09 60. 6
A7AE L RS o

(3) I = 2R Tl CT $94, v DA [ 1 i i b P s (X N S 54, A7 B T8 P 22 4 1Pk i

Iy HT RV o
S Rk
(1] e, XEH, Bk, % SRR XERRIVR LRI T]. TREIWS4EME, 2020, 27(4): 10-15.

[2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

HOU J B, LIU Z Y, YANG Z, et al. Research on the development status and performance of lithium
battery forklift[J]. Engineering Machinery and Maintenance, 2020, 27(4): 10-15. (in Chinese).

B oGHE. BERRECE e A X E LR A [J]. LRENLIE, 2020, 57(7): 4-7.

SHI Y F. The application of lithium iron phosphate battery in electric forklift[J]. Engineering
Machinery, 2020, 57(7): 4-7. (in Chinese).

o, R, P EAXESuE GRS ST ] WiRER, 2016, 36(12): 85-92.

SUN H, WANG C L. Analysis and study of stability of modified counterbalanced forklift[J]. Logistics
Technology, 2016, 36(12): 85-92. (in Chinese).

I, BB, @R, & SRE RIS X E RSSO A ]. BHETR, 2017, 33(12): 96-98.
SUN H, WANG C L, GAO YN, et al. Research on the transformed battery module on the electric forklift used
lead-acid storage battery[J]. Bulletin of Science and Technology, 2017, 33(12): 96-98. (in Chinese).
YI W, SAURABH S, YIN J X. Analysis of manufacturing—induced defects and structural deformations in
lithium-ion batteries using computed tomography[J]. Energies, 2018, 23(11): 1-22.

VresE, WEZE, BIME % SESEBBEANTAIRE BB k5 HER, 2013, 24):
331-341.

XU XX, QIU Z J, GUAN Y B, et al. All-solid-state lithium—ion batteries: State—of-the—art development
and perspectivel[J]. Energy Storage Science and Technology, 2013, 2(4): 331-341. (in Chinese).

LR#E, Ex, KR, & HEUE SR S s R AT (], R TR (HA
B, 2022, 34(2): 133-139.

MATY, SUS, ZHNAG Z, et al. Application of computed tomography in lithium-ion battery detection[J].
Journal of Chongqing University of Technology (Natural Science), 2022, 34(2): 133-139. (in Chinese).
XA, ol CT B4R B 7 H it R A AR I A g R LT, M R 2830 (BARRLEERRD,, 2021, 33(1): 15-19
LIU J. Application of industrial computed tomography on the failure analysis of lithium ion batteries[J].
Journal of Changzhou University (Natural Science Edition), 2021, 33(1): 15-19. (in Chinese).

HE, HEY, T4 % HEFRbZEENRSTNESUTL MeefREsEAR, 2018 706):
1128-1134.

TIAN J, TIAN C J, WANG Y T, et al. Safety test and evaluation method of lithium ion battery[J].
Energy Storage Science and Technology, 2018, 7(6): 1128-1134. (in Chinese).

JSC Y. PR EORAE X BRI 24 [T]. FUbk Tl ArAEfL 5 BT, 2014, 39(7): 39-42.

GU W J. Application analysis of lithium battery technology on forklift[J]. Standardization and



166 CT Hit H5NAWIR (hs0) 33 &

Quality in the Mechanical Industry, 2014, 39(7): 39-42. (in Chinese).

[11] YUFIFIT V, SHEARING P, HAMILTON R W. Investigation of lithium—ion polymer battery cell failure using
X-ray computed tomography[J]. Electrochemistry Communications, 2011, 13(2): 608—610.

[12] CARTER R, HUHMAN B, LOVE C T. X-ray computed tomography comparison of individual and parallel-
assembled commercial lithium iron phosphate batteries at end of life after high rate cycling[J].
Journal of Power Sources, 2018, 381(1): 46-55.

(13] FJv, BIoNfk, =&, 5. 2T XS4 CT A DVC BRI B /= a1 [J]. R 53EE, 2019, 47(2):
49-56. DOI:10.19447/j. cnki. 11-1773/v. 2019. 01. 008.

WANG L, JIA Z X, LI Z Q, et al. Mechanical measurements of electronic components by using X-ray CT
and DVC method[J]. Structure & Environment Engineering, 2019, 47(2): 49-56. DOI:10.19447/j. cnki. 11-
1773/v.2019.01. 008. (in Chinese).

Research on Water Ingress Lithium Battery for Forklift
Based on High Resolution Industrial CT

YANG Hanxiang"?, ZHENG Xiaoteng*™, CHEN Yangbo', SONG Yun'

1. Shaoxing Special Equipment Testing Institute, Shaoxing 312071, China
2. Shaoxing Key Laboratory of Special Equipment Intelligent Testing and Evaluation,
Shaoxing 312071, China

Abstract: In recent years, with the development of power battery technology, an increasing number of manufacturers have
favored lithium batteries as forklift power sources. However, there has been a lack of relevant research on the safety
performance of lithium batteries for forklifts, especially on the nondestructive inspection of faulty batteries, which is rarely
performed. Therefore, this study adopted high-resolution industrial computed tomography (CT) to study faulty lithium batteries
for forklifts, scanning the internal structure and analyzing the relationship between the performance attenuation of the lithium
battery and the internal structure, thereby combining with the charging and discharging conditions, to provide a solution for the
nondestructive inspection of lithium batteries in forklifts.

Keywords: high-resolution industrial CT; non-destructive inspection; forklift; lithium battery
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