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An energy equalization method for airborne lithium battery power supply
based on adaptive selection of active and passive equalization topology

Liu Wei, Wang Youren,Xu Yuchen,Chen Zewang

(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics ,Nanjing 210016, China)

Abstract : The inconsistency in airborne 28 V series battery group will reduce their energy utilization and life, which even leads to flight
accident. In this article, an energy equalization method based on a new equalization topology is proposed to improve the inconsistency of
airborne lithium series battery group. The equalization topology uses the isolated DC-DC converter with simple structure and resistor to

‘

realize “peak clipping” or “valley filling” of any single cell in the battery group. Compared with the non-centralized equalization
topology, the number of equalization components and system volume are reduced. By using state of charge as the equalization variable,
the energy transfer between cells in the airborne 28 V battery power supply is realized quickly. Compared with the centralized DC-DC
topology, simulation and experimental results show that the proposed new equalization method can improve the equalization speed by
13.3% , reduce the voltage range to 32 mV and SOC range to less than 0. 4% , and have faster and better equalization effect.

Keywords : airborne battery; adaptive selection; active and passive equalization; equilibrium control method; peak cutting; valley filling
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Fig. 1 New balancing circuit
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balancing element
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Fig.3 Resistor R, as energy equalizing element equivalent

circuit and equalizing process
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Fig.4 Active and passive equalization circuit
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Table 1 The set initial value before balancing simulation

ERIINS SOC/% HLE/V
1 50 3. 606

2 60 3.670

3 57 3.650

4 53 3.628

5 55.5 3. 641

6 55 3. 640

7 54.8 3.638
Wz 10 0. 064
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Table 2 Battery model and parameters

ks ICR18650-22F
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Fig. 9  Current capacity and OCV-SOC curve of each battery
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Table 3 OCV-SOC fitting curve of each battery

0CV-S0C & ik

Fe Y=P1%5TDo%4 tp3a3+pa Ry psxtpe
pl p2 p3 p4 pS p6
1 -0.92 0. 05 3.72 -3.40 1.47 3.37
2 3.78  12.10 14. 41 =7.09 1.79 3.40
3 -1.04 0. 80 2.09 -2.14 1.05 3.42
4 -1.44 1.72 1.39 -1.99 1.07 3.41
5 0.513 -3.82 7.27 -4.81 1. 68 3.36
6 -1.43 1. 64 1.55 -2.11 1.15 3.39
7 0.20 -2.40 5.27 -3.70 1. 44 3.37

HEBR AR 2 T3, 90 b A 228K, 349 4 T I A
FHAEIIM 1% SOC i 5 IS 1 W0 B A S0 340 i 3k B |
e X

1% SOC fig e Rt =

¥t (s) 2)
HIlh SOC M2 (% ) — 455 SOC )2 (%)

Herfr W1hs SOC ik 2 Sy 349 4 ¥ i 1T — 21 i =i PR A
SOC JHE T AL AR SOC, £5 5 SOC M 24 Ay 34 15 45 SR —
Z B i FALR SOC I < B Ik LA socC,

4.2 BETFHFHERIPNHEIEERRSHT

FEFARSCEIT BT TR TR R 3 R
T I T RIS, SCRGHT S B It AL SOC W2 4%
PR R AR 22 K B FH B gk 4 PR

F4 ETHHERIMNISE] SOCHRE BERER
HERAMER
Table 4 Results of SOC range, voltage range and
equalization time of each battery based on the
new equalization topology

e2E M A Fo 2 iy L GEREk )

L) ' 4R R 4 i 4
SOC /%  23.9 0.4 8.6 0.4 7.1 0.4

HEMZ/mV - 283 41 120 32 112 67
FL/s 5 980 2 240 1810

(&1 10 Sy it ' 349 £l 52 96 55k 7 b 45 B4R SOC A8 b il
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W/NBT 0. 4% , R ZE/NE] T 41 mV AR5 (2) 7T
TREEI M 1% SOC FERT 254 s, A SCHE H 114 45 i Hi ¢ A
BT AR A
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Fig. 10 Battery voltage and SOC change of lithium battery

under static equalization control
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Fig. 11  Battery voltage and SOC change of lithium battery
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under static equalization control
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topology experiment
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Fig. 13 Change curves of voltage and SOC under static

equalization control based on DC-DC
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Fig. 14 Change curves of voltage and SOC under charge
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Fig. 15 Change curves of lithium battery voltage and SOC under

discharge equalization control based on DC-DC equalization topology
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Table 6 Balancing speed comparison based on different

balancing topologies
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