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Abstract: Lithium-ion battery is an electro-thermo-
mechanical coupling system. It is of great significance to
study the mechanical properties during the charging and
discharging processes.
Differential Transformer (LVDT) |,

properties at different states and the dynamic stress

According to Linear Variable
the static stress

properties under different charging and discharging
currents of single-cell Lithium-ion pouch battery are
measured and analyzed. The effects of current, state of
charge, historical operating conditions and other factors
on the stress change of the battery are studied. Through
goodness analysis of fit test and significance validation, a

reliable multivariate regression model of stress properties
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is established. The research shows that there is a
monotonous relationship between static stress and state
of charge; dynamic stress is generated during the charging
and discharging process, and as the charging current
becomes larger, the dynamic stress will increase
accordingly. The established battery stress model can well
describe the stress changes of the battery at different

charging phases and under different currents.

Key words: lithium-ion pouch battery; static stress;

dynamic stress; modeling
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Tab.1 Lithium-ion pouch battery parameters
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Fig.1 Stress measurement system of lithium-ion

battery
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Tab.2 Test procedure of static stress
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Tab.3 Test procedure of stress at various charging

and discharging currents
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Fig.2 Charging and discharging stress curve of

lithium-ion battery
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Fig.3 Stress curve under different charging and discharging currents
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Fig.4 Relationship between SOC and difference of

stress between charge and discharge
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Tab.4 Dynamic stress test procedure under

different charging currents
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Tab.5 Dynamic stress test procedures at different
historical operating conditions
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Fig.5 Dynamic stress at 8A charging currents
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Fig.6 Relationship between growth rate of dynamic

stress at 90% SOC and charging current

M6 AT LA, Bl a5 0 778 AR Bl HL I
AR R MG K, L 2 Te] S B R PR B R

R A A ] B4 £ FER S I R A )
U R = o N il RS B s SR A S E EN NS A
HI8 SOC KIS o o4 T HFEAIR SOC X 6] % T 5h
AN B 2 4 S R L SA HURTEAN ] SOC
I B AL 7 7 L A 44 8 2 R ) (LB B 5 23
WEL7 s o

M7 IR, B 1 EE SOC B2 I BeA W
AR AR . PRI RT LA i ST o3 B R R T 1%
KB SOC X SN T BYFEME . LL10%% Jyfa] fads

360 [
300
S 240t

0
0.1 02 03 04 05 06 0.7 08 09 1.0
SOC /%

B7 AESOCAHEhER A
Fig.7 Dynamic stress at different SOC
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Fig.8 Dynamic stress under different historical

operating conditions
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Fig.9 Relationship between dynamic stress growth

rate and initial dynamic stress
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Tab.6 Fitting formula of AS,, during charging
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Tab.7 Test procedure of dynamic stress during

discharging
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Fig.10 Relationship between growth rate of dynam-

ic stress and discharging current

®8 MEEREPFAS,, —IHERNX

Tab.8 Fitting formula of A\S,,— I during discharging
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0~10 AS,,=0.5041 + 0.444
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40~50 AS,,=0.190I -+ 0.411
50~60 AS,,=0.208] +0.375
60~70 AS,,=0.2131 +1.395
70~80 AS,,, = 0.3161 + 0.909
80~90 AS,,=0.3581 +1.186
90~100 AS,., = 0.3581 + 1.047
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Fig.13 Pulse charging condition verification result chart
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Fig.14 Continuous constant current charging condition verification result graph
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