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Figure 1 (Color online) Research framework of this review.
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Figure 3 (Color online) The main aging mechanisms of lithium-ion batteries [34].
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Figure 4 (Color online) The changes in the SEI during the aging process of lithium-ion batteries. (a) Schematic open-circuit energy diagram of an
electrolyte [46]. Copyright©2010, American Chemical Society. @, and @ are the anode and cathode work functions, E, is the electrolyte’s
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Figure 7 (Color online) The mechanical abuse tests of lithium-ion batteries at multiple scales.
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Table 2 The performance characteristics comparison of separators with different manufacturing processes

A [F i iE T2 B AR FaE §rgendis HA R
TAES
B R LR, e R 7 R, J R
FELF I )y R RE EilsRihEnRL T e FLBR AL
FEAR AR A A R, S AP LA T PR HH,
i S S e SEAF R R T RE TEEHR

B PG4, Kalnaus® N ZIHF 58 7 PP/PE/PP = 2 kR i 14
AR S R 2 RN ZR, R TR P e A 73 R
AR B B R A O, HR kS, NARER
SR AR PR 25 R 55

322 &KW M AR MR BT T 8 R Kk BURAE An
S AR E

HAiT iz S AR E A B T it 3 2
FEA4H HE (cylindrical cell)s f0 4 Hijth (prismatic
cel) 17 TEAR Bt (pouch  cell), 48 &7 Htb PN B &
BEEE R R TS AR G, =MAR TR
BT R S IR PR, ENUREST T,
H T 2 2R e A A/ 5 R o) HL s B AR I R S SR AR
WaA S,

AT AR it 2 H AT R EhV R 2 A I — 230
JJHth, A i SR AR AR AN AR A A FRB A S IR KL,
LR AL 1 Bl A e LA R R, T HAEHLARE
FAEFR,  HL AR T 9 R A vh A e A H S T
Ay 3L EE R 45 5. Zhang I Wierzbicki' ' %f 18650
FETEAR B 25 7. B R FRV R AR AR I T FE T L
it PG, A I RV 7 A AT DA 52 4 v Ha v B A
FENUMRER T T IR T M BE /. Zhuss A" VBE5 1 8
AR TV A RV ol o) B A 5 e T AR TR 2R UG L, W%
B H A5 R A KA TE FE it — BB R B it A, 3 A

1086

F b PR S LA T 5] P % % Sahraei®i Ao R A
TEAR AT T 2 5 1 7125 N E6R5e, 45 1R M, 78
FBRSZRAR AT FIE SR, E B SR AL AR L
B RS2 TR A AT BYPL AR R 46 B2 A B F 5 AR B
FELE W] B AN 7). Wang?28 NP2 0f (54T J 4 s it AT 17
AR A ARG, Xt i v P 3508 52 3 anT B A REZH 43 7
SVEREEAT 7RAE, M T BREE AERR T A P AT
HIBEARTY R J 252 8 S 2 55 - P itk S R 255 T 3
T E TR,

77 T W th EL A A [ A T A R SR AL ) e A
g, G IR (1) i gt A7 37 ] %o JH P S R SR B R E .
Wang2 AUV P 7] B4 B AN RS 7 T4 v Yt 3 4T
TORER SR B RS, SR kAR A S
TN ERLEAT, I T TF 5 REAS H A A T 1 Rt
Wi 25 MR > B E i, BT K5 TR
R L PR RS AR T AR T R R I 8 TR

G e b ) g 2 58 A N N 5 ) A R S H
WATE, DR A UBR 2R A7 T Pt 56 B A SR AN [A).
Hill" ' HSahraeiss A5 xR 22 B A 22 IR 41 5 1)
AL H I EEAT T ASF 7 M R0 5 R B, e
T THT B[] 455 1 28k g AR 3R Sk oy 04655 e ek fmr B, A L H
LA SE B () P DT MR TCT- Ee . ARG b, AR T
TeL RN = S dhamr MHAE,  AhFe PR AR AR5
TR, BRI, B E AT R S R



PEBE: FARRYE 20254 H55% 7

F 3 MR RS T R PR S5 4

Table 3 The characteristics and structures of three different forms of lithium-ion batteries
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Figure 8 (Color online) The extrusion test method and the deformation and failure of the cross-section of the prismatic lithium battery inner core.

(a) Double-ball transverse extrusion test; (b) cross-section of battery inner core under double-ball extrusion test with a diameter of 0.25 mm [148],
Copyright©2015, Elsevier B.V.
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Figure 9 (Color online) The internal structure of lithium-ion battery modules and the main forms of mechanical abuse test. (a) The internal structure
of lithium-ion battery modules; (b) the main forms of mechanical abuse tests of lithium-ion battery modules [164].
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Figure 10 (Color online) The main damaged forms of electric vehicle
battery packs in real road traffic accidents. (a) Vibration; (b) side
impact; (c) bottom-scraping impact; (d) underside puncture.
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Figure 11 (Color online) The heat-generating reactions of the internal
materials of lithium-ion battery at various stages under high
temperatures.
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With the rapid advancement of new energy vehicles, as the “core” component of pure electric vehicles (EVs), the safety of the entire
lifecycle of lithium-ion batteries (LIBs) has drawn enormous research interest. The safety evaluation and design of LIBs are one of the
technologies in the development process of EVs. During the driving process of EVs, battery aging is not only reflected in
electrochemistry, such as the loss of materials inside the battery, but also includes changes in mechanical properties. These changes
may cause the battery to be more prone to internal short circuit (ISC) and thermal runaway (TR) in the event of mechanical abuse,
such as a collision. Even worse, it may cause serious hazards such as fire or explosion. These consequences not only pose a serious
threat to the vehicle and occupants but also increase the difficulty of emergency management. Therefore, this review is intended to
systematically analyze the safety issues of aged LIBs under mechanical abuse conditions, clarify the aging mechanism of LIBs,
explore the variations in the electrochemical and mechanical properties of LIBs during the aging process, and elucidate the influence
mechanism of different cycle aging conditions on the safety performance of LIBs under mechanical abuse conditions. This review
also indicates the existing research limitations in this field at present, such as the incomplete theoretical system, the complexity of
abuse conditions, and the deficiency of data-driven methods. Therefore, future research needs to further develop multi-physical field
coupling models, conduct in-depth studies on the aging mechanism of batteries, and optimize the battery system design to enhance the
safety and reliability of power batteries.

lithium-ion battery, aging battery, mechanical abuse, aging approach, battery safety
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