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Mathematical Models of Flash Charging Method for Supercapacitors
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Recently, a lot of mobile equipment has installed “Electrical energy storage devices” that are available in
various markets. It is preferable that all kinds of mobile equipment should be used in the condition of high

efficiency. However, the idle time relating with moving to charging stations and recharging the devices is

inevitable. To save time, supercapacitors, such as “Electrical Double Layer Capacitor (EDLC)” or “Lithium-Ion
Capacitor (LIC)” with huge capacitance, can be employed because of their excellent rapid charging abilities.

In order to charge them, a power supply that can provide a supercapacitor with enough electricity, is required.
Although supercapacitors have such great benefit, it is very difficult to find the power supply whose cost or

weight is satisfactory.

With this in mind, a simple rapid charging system while using a supercapacitor is strongly advised. Flash
Charging Method is a solution that enable charging supercapacitors rapidly.

This paper presents Mathematical Models which can implement to calculate the charging time when Flash
Charging Method is applied to charge supercapacitors, even though both of required “State of Charge (SOC)” and
required charging time are settled prior to the system design. Results of experiments to demonstrate the models

are also presented.
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Fig. 4. Basic Configuration Diagram of Flash Charging
Method.
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. (The number of capacitor cells connected in parallel)
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. (The number of capacitor cells connected in series)
E12 Fx/833 % - NV 7 0% ik
Fig. 12. Single Equivalent-cell from Capacitor Banks.
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Table 1. Experimental Condition.

H H TN A FERGEL
(Item) (Rate/Calculation) | (Specimens)

SC2 #Esd

A 14
(Capacitance of SC 2) (F) 80 8
SC2 WKL (Internal

B 12 11.
Resistance of SC2) (mQ) 7
FE$ (Time Constant) (A XB)

¢ (QF or Sec) 096 0-95
AR EMKIEET

D | (Maximum Termination Voltage 3.8 A
of Charging) (V)
fe/ MR IR TR

E [(Minimum Termination Voltage 2.2 [F 2
of Discharging) (V)
SC2 DML

F itor-cell il i
(Configuration of SC2) Capacitor-ce FIZ
SC1 DR 10 Capacitor-cells _A

G . . [FA
(Configuration of SC1) in parallel

0 (11) KofmKRE (Maximum 917 B
Time Constant of equation (11)) )
(9) Rom/NFEERER T,

I | (Minimum Charging Time (T1) 44 44
of equation (9)) (sec)
75 BR S i -

J (Ambient temperature) Room Temperature Bl
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Table 2. Cells Data of SCI1.

SC1 oiiEH
EVEG iy
(Capacitor Lp2 3 )4)5/6)7)819)10 (Average)
Cell NO.)

Capacitance

) 81.8/81.2|81.3|81.2|81.5/81.7|81.5/81.7|81.7|81.3| 815

Internal
Resistance [11.8{11.6/11.6|/11.4|11.1|/11.9/11.9(12.1|11.8|11.8 117
(mQ)

80 F/Charging Time vs Current & Voltage
== SC1 Closed Circuit SC2 Closed Circuit

Voltage Voltage
= SC2 Open Circuit ~  ===== Charging Current
Voltage

4.0 1 150

g-g E 4140

3.4 1180

3.2 14120

S-g 1110

2:6 4 100
S 24 190 <
o 22 180 &
w 2.0 c
218 170 2
216 160 43

14 450

1.2

1.0 140

0.8 130

06 <20

0.4

0.2 pOTIN 110

0.0 N St 0

0.00 2.00 4.00 6.00 8.00

Time (sec)

13 SC2 — 80F, SC1 — 10 51 o> 78 T JZ il S
Fig. 13. SC2 — 80F, SC1 — 80F x 10 Experimental Result.
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WOFERPE L SC2 DONFBIEILOMA S AV, ZEH LT
SC2 DB EEEF A 55\ THIIE L72SC2 @ OCV ¥k
ZEMLTH S, MIEL72SC2 ®DOCVH 5 B H
7% SOC OB EERK 14 (R T. W14 ©F 570
5SOCH 90% IZFET 2 X 52 BTH b, L
5T, FREDKRKEHFEFERRH 10 B2 L T3,
SOC 90% DM 1 225 44 B0 T 08 B
BENTWw2., CoOBROERLE LT, EHEROEID S
WA v F 25 X, BLOR 7 O L EBEO X
YRV I —DESZF L TLICOBEEIZB W TIZQ=CxV
DEMMEE DRENEZ 2 5N b, REEISY T & RE
T5ER=117TmQ% (5) RITMAL THRAKERI

BO# 5131 %

80F/ SC2 Compensated SOC
90.0

80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

OO | | | J
0.00 2.00 4.00 6.00 8.00
Time (sec)

14 SC2/80F P Il it B 1 fifi 1F- 1% @ Bl Il % SOC
Fig. 14. Compensated SOC from Closed Circuit Voltage

S0OC (%)

of SC2/80F.
SC1
!/ Rw1 ISCE
i i sw | i
| ——0O | |
P NxC2 | i i B I i
LT i = ~
| | | Re |
BN =

______________

R1:wiring resistance of supply lines
R2:wiring resistance of ground lines

15 PFCHET 2 & T 70 78 S5 ill 1ol %
Fig. 15. Equivalent Charging Circuit Diagram in case of
including wiring resistance.
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7eWE, BAHEPLE Rw & KX 15 (R34 % ©
(6) MF 12) KBIETE S, 72722 L Rw=Rwl +Rw2
Thb.

— " -(N+1)t
X I 0\ 50 VA
(1) = N X (Emax— Emin) X @ CZX(N+DXRZTNEW .-+ (12)

(N +1)X R2 + NRw

RAEI 98 ADEIR

98 = ((Emax — Emin) )/ ((R2/N) + R2+ Rw)



A—=IN=F NV FIBITLARTTEET IV

EZDRw= 34 mQPEHOLND. KA 10 m QR
Wb LI ITREL CTEREZT>TWHDT 08 BH5o
O A DK FAIEIT 34 mQTA U RSN,

14 75 2 BEDSOCIE 5% 127 > Twb. SOC
M % DOFELE (CxVx075) 1 814x% (3.8-22) x0.75
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RELZHEC2HCTHLERELXRRET 21218
DC 49 A% i ¢ 2 BFEEL #EMT L LENHD. B L
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LEEHAY 10 BHhE, SC1 2 HAET L7200 LELRE
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1/5 FTMUMELABREETI AT LAZHETLI L
MU HEIZ % 5 & & BICEIFRRE D & 15 06 EIRE
DEEALIC DR RPHGFTE 5.

4. 2 HIVEH 40 Farads

BIEH®D 80 FOEBRTIIHKSEE T INAFEIL]EE & H Wr
L72Bla KRk L7z, BT OVDEIATRE & OHRT L 72
BIDEBICATEETH 722 & B EHET 5 DHIKDEE
ODHMTHA. SC1 BLUSC2 KLICZMEHT 5. SC2
WM 40 FO v % BARCTRER L SC1 IZH UER O
VEN= 10 OWHER L - CRELITS. MiEELF
CLLMETHSC2 DSOC%E 0% & LALT AHTx% 10
Bl L-ikitoFE it 2 M+ 5. EBREMEER 3 1R
F.SCL IR L7z 10 ot oFEAE & NEikiio
F=F %K 4 RT.

M 09 DBSIEN DAFHEA0 KA N> - 0'% =9
F£3 FEEBREMH
Table 3. Experimental Condition.
H H FEAE - B FERGEL
(Item) (Rate/Calculation) | (Specimens)

SC2 HrEA &

A (Capacitance of SC2) (F) 10 3
SC2 L (Internal

B Resistance of SC2) (m Q) 150 173
K€% (Time Constant) (A XB)

¢ (QF or Sec) 60 6.7
AT EMILET

D | (Maximum Termination Voltage 38 [AA
of Charging) (V)
/N IR B

E | (Minimum Termination Voltage 2.2 [F) 72
of Discharging) (V)
SC2 DL . -

F (Configuration of SC2) Capacitor-cell Rz
SC1 DR 10 Capacitor-cells .

G . . [
(Configuration of SC1) in parallel

H (11) XoHmKKEE (Maximum 917 B
Time Constant of equation (11)) ’
(9) ROf/NFEEEEMH T,

I | (Minimum Charging Time (T1) 276 30.8
of equation (9)) (sec)
= g = JE ]

I a}lﬂ;fumf;%/ i e
Ambient temperature Room Temperature

ERDN= 10 &Mz LTwd. HZTL2REHAE
FEEREM Txid (11) ROAHBAY 217 1274 ) EECTH
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Table 4. Cells Data of SCI.

SC1 »3E4]
TV EG Ty
(Capacitor (Average)
Cell NO.)

Capacitance

(F) 37.8|38.0(37.7\37.9|37.9/|37.7\376|374\378|37.7|  37.75

Internal
Resistance |185[173|182|185|181|177|201|179|180(215| 1858
(m Q)

40F/SC2 Compensated SOC

S0OC (%)

O | | | | |
0.0 10.0 20.0 30.0 40.0 50.0

Time (sec)

16 SC2/40F PA Inl #&#fi 1% o> Bl [l i SOC
Fig. 16. Compensated SOC from Closed Circuit Voltage
of SC2/80F.
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