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Investigation of RUL prediction of lithium-ion battery equivalent cycle battery pack
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ABSTRACT The depletion and environmental pollution associated with traditional fossil energy sources has generated great interest in
the development of new energy. Among the kinds of new-energy batteries, lithium-ion batteries have the advantages of small size, high
energy density, a long life cycle, zero emissions, and no pollution. These batteries are widely used in many industries and fields,
including vehicles. Currently, assessments of the health status of lithium-ion batteries have become a hot research topic. The lithium-ion
battery has complex electrochemical characteristics and its capacity tends to degrade with cyclic charges and discharges. When its
capacity degrades to the failure threshold (usually 70%—-80% of rated capacity), the life of lithium ion battery is considered to have
reached an end. Therefore, investigations to better predict the remaining useful life of a lithium-ion battery can help to improve system
reliability and prevent accidents. Battery-system health evaluations have important research and application value. In this study, the
voltage change curves of the lithium-ion battery were investigated with discharge time under equivalent cycle conditions and different
cycle times. By analyzing the slope change rule of the derivative function at an equivalent characteristic point for different cycle times,
the life degradation curves of the lithium-ion battery under equivalent cycle conditions were established. Using the NASA and self-test
JZ equivalent cycle batteries, the intersection point of the specific-slope straight line and curve at early and late stages of discharge was
taken as the equivalent feature points for predicting the equivalent cycle life. Based on these two groups of feature points, Mini and Mlat
degradation models were established, respectively. To verify this method, other batteries in the equivalent-cycle battery pack were tested.
The results of the test data set validate the prediction accuracy and stability, which has strong application value.
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Table 1 Verification of life predictions with degradation models Mini and Mlat(B6)
Model number Nyer e Nore AN 6/% Model number Nyer e Nore AN 6/%
40 0.816 44 4 2.85 40 0.465 41 1 0.71
Mini 85 0.790 92 7 5.00 Mlat 85 0.440 61 24 17.10
115 0.782 108 =7 —5.00 115 0.405 95 20 14.30
2 IAFB AR Mini Al Mlat A G2 (BS)
Table 2 Verification of the life predictions with degradation models Mini and Mlat(B5)
Model number Nyer e Noe AN 6/% Model number Nyer e Nore AN 6/%
40 0.815 45 5 3.33 40 0.4525 49 9 6.00
Mini 65 0.798 73 8 5.33 Mlat 65 0.4111 88 23 8.00
95 0.785 102 7 4.67 95 0.3966 105 10 6.67
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Table 3 Verification of the life predictions with degradation models Mini and Mlat(B7)

Model number Nyer e Nore AN 6/% Model number Nyer e Nore AN 0/%
21 0.825 30 9 5.81 21 0.445 56 35 22.60
60 0.799 73 13 8.38 60 0.4338 66 6 3.87
Mini Mlat
101 0.780 111 10 6.45 101 0.415 85 -16 -10.32
141 0.770 130 -11 =7.09 141 0.362 146 5 3.22
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Table 4 Verification of the life predictions with degradation models Mini and Mlat(JZ-1)
Model number Nyer e Nore AN 0/% Model number Nyer e Nore AN 0/%
80 0.855 70 -10 —2.86 80 0.315 61 -19 —5.43
Mini 190 0810 194 4 114 Milat 190 0285 202 12 3.43
250 0.790 267 17 4.86 250 0.280 236 14 4.00
F5 KRULBAE! Mini Al Mlat 4y BN (JZ-2, JZ-3)
Table 5 Verification of the life predictions with degradation models Mini and Mlat(JZ-2, JZ-3)
Model number  Battery model Ny e Nore AN 6/% | Model number Battery model Ny e Nore AN 0/%
75 0.850 81 6 1.71 75 0.320 45 -30 —8.57
122 150 0820 161 11  3.14 122 150 0310 80  —70 —20.00
300 0.785 286 -14  —4.00 300 0.290 175 -125 357
Mini 75 0856 68 -7  2.00 Miat 75 0330 18 57 -—114
150  0.821 149 -1 -0.28 150  0.320 45 —-105 —21.00
JZ-3 JZ-3
300 0.775 328 28 8.00 300  0.280 236 —-64 —12.80
380 0.780 307 =73 -20.80 380 0.285 204 —176 -35.20
i FH B AL A 280 Mlat BEF7 75 A 000 59 350 00 3% 22 2K temperature stress based on different degradation paths. Trans
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