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Fig.1 Simplified equivalent model of supercapacitor
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Fig.2 Principle of parameters extraction of
supercapacitor based on charging and
discharging hysteresis characteristics
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Fig.3 Experimental results of supercapacitor parameter
extraction under different temperatures with

hysteresis characteristics method
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Table 1 Comparison of extracted supercapacitor

parameters between hysteresis characteristics

method and frequency domain method
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Table 2 Extracted resistances of supercapacitor
under different currents with hysteresis

characteristics method(25 °C)

I/ A R,/ mQ I/ A R,/ mQ
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140 0.3294 350 0.2840
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Parameter extraction of supercapacitor based on charging and
discharging hysteresis characteristics
HUANG He"?,XIAO Fei',YANG Guorun',MAI Zhiqin'
(1. National Key Laboratory for Vessel Integrated Power System Technology,
Naval University of Engineering, Wuhan 430033, China;

2. Shanghai Marine Diesel Engine Research Institute,Shanghai 201108, China)
Abstract: Parameter extraction is important for the safe,reliable and efficient operation of supercapacitor ener-
gy storage system. In order to overcome the problems such as complexity, few effective data and difficult
online extraction, a parameter extraction method of supercapacitor is proposed by compensating the internal
resistance to eliminate the hysteresis difference during balanced charging and discharging process. The
method fully uses the physical characteristics that the curves of supercapacitor capacitance vs. terminal vol-
tage are not coincident due to the internal resistance voltage drop during the charging and discharging pro-
cess, so as to accurately extract the parameters from all the data in charging and discharging process,
which can effectively eliminate the influence of dynamic process on parameter extraction accuracy. Theoreti-
cal analysis and experimental study show that the proposed method can extract the equivalent parameters
of supercapacitor under the conditions of different temperatures and currents, providing the effective support
for system performance test,optimal control,and efficient operation and maintenance.

Key words:supercapacitor; parameter extraction;hysteresis characteristics;charging and discharging process



Misg A

100 T T T T T T T
<
2 o ]
-100 | | | | ! | ;
3r T T T T T T T 7
> 2| !
3
£ 1| A
0 L I
100 300 50P 700 900
t/s

Ca) fE i 78 A
3500

(IR AL HLIAL 90 A, 25°C)

CERAsX

250007 =
3 | Reqih 2
© 1500
—_— Ceq_eSI:f(USC)
_Ceq:f(UC) (%M%Rezﬁo.sg mQ)
500

0 020406 08101214 16 18 2022 2.4 26
u/iv

(b) -tk
Al BREEFTHEFEFME

Fig.A1 Charging and discharging hysteresis characteristics of supercapacitor

ik

WAL (Req ea=0, Ceqp, Tsc) |

-

7o H i A5 - T il 28
(A (5).(6))

"y Usc, Isc
Y
4—<SC>>1D

JoCEE S PR A - it 2%
(X (5).(6))

chlr.stl I:f(U('Icﬂll) Cn:qcsl zzf(U(cg 2)
- R

v
HGIRL Py
(HEFa A FE,, =mean(Ceq ex | — Ceq e 2)

Req_esl =Req_en+ AR eq est
(AReg eu)9Req et D)

TR A5 L% - i 2R 5

E A2 ETHEHENBRBESSHIENSE
Fig.A2 Parameters extraction method of supercapacitor based on changing and discharging

hysteresis characteristics



Misk B

Fz Bl WNBRBIEANHE
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Fig.B3 Experimental results of supercapacitor parameter extraction under dynamic charging and discharging
condition(25 °C)
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