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A research on correlation analysis of health indicators and state of helath
for each voltage section of lithium-ion batteries
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Table 1 Battery specifications using for the experiment

Battery Spec. Value
Model Samsung SDI INR18650-35E

Nominal Voltage 36V

Charge Cutoff Voltage 42V

Charge Cutoff Current 67 mA

Discharge Cutoff Voltage 265 V
Nominal Capacity 3,350 mAh

Internal Resistance 35 mQ

Samsung SDI INR18650-35E
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Fig. 1 Schematic diagram of charging/discharging
system for lithium-ion battery

- R Bt Eed

Lithium-Ion Battery SOH Graph

98
9%
94

SOH(%)

92
90
88

86

0 20 40 60 80
Cycle

a3 2 2|F o2 Hiezl g3t J=
Fig. 2 Lithium-lon battery degradation graph
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Table 2 List of lithium-ion battery health indicators

E 4 0.3V 7ol M A Al$ djWE
Table 4 Comparison table of grey relational coefficient for 0.3V
voltage interval

E 3 0.2V 72| =M M Alf dH|1E
Table 3 Comparison table of grey relational coefficient for 0.2V
voltage interval

Values (Voltage Range)

Name 3.07 K2~ 34~ 3.6” 3.8 4.0
3.2V 3.4V 3.6V 3.8V 4.0V 4.2V
HI_1 0.576 0.284 0.551 0.603 0.622 0.550
HI_2 0.608 0.428 0.652 0.646 0.656 0.647
HI_3 0.544 0.205 0.652 0.646 0.658 0.647
HI_4 0.460 0.538 0.538 0.538 0.538 0538
HI_5 0.583 0579 0572 0.568 0574 0570
HI_6 0.603 0.538 0.332 0.558 0.586 0585
HI_7 0.601 0.609 0.589 0.581 0.575 0570
0.173 0514 0514 0514 0514 -
0.556 0.548 0491 0.579 0.558 0537
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Status Name Description
HL 1 | &4 Az Bote] A9k ko] #H+t # Name Values (Voltage Range)
Agt 73re] Az At 3 =2 o) F 10% B 30733V | 33736V | 3639V | 39742V
HL2 | go gsa HI_1 0.520 0.505 0615 0.500
Charge A ke Az At 3k B9 ol F 10% & HI_2 0.626 0510 0.646 0.654
HL3 | e HL3 0554 0511 0646 0652
M4 | IC =49 H% 7 HI_4 0551 0538 0538 0538
HL5 | WA A7 5ot9) A9 gte] A+ it HL5 0.601 0.608 0561 0491
At 7k Ha A 3 =Y o]F 10x Fo HI 6 0.581 0.332 0.521 0.585
S g s HL7 0619 0589 0519 0570
Dis A 7ke] Hal A9 7k B9 o % 10% I HI_8 0.520 0514 0514 0514
charge | HL7 | 4o o HIL9 0574 0550 0598 0564
HI8 | IC 349 HF 3k
HLS | #st 72 v OC Wl A7 E 5 0.4V T2l A A A% HDE

Table 5 Comparison table of grey relational coefficient for 0.4V
voltage interval

Values (Voltage Range)

W 3.073.4V 34738V 3.8742V

HI_1 0.501 0.549 0513

HI_2 0.637 0.652 0.656

HL3 0523 0.652 0.658

HL 4 0,538 0,538 0,537

HL5 0.601 0533 0572

HL6 0.538 0,568 05%

HL7 0.609 0,531 0570

HL 8 0518 0514 0514

HL9 0529 053 0.557
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