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Development of An Electric Circuit Model
of Vehicle Charging-discharging System for Simulation
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Hanyang University

Abstract - An equivalent circuit model of o RELe A7 FrizlzE 29y "o

vehicle charging-discharging system for A7) Bste 24 23le on/off Aelel Wt Fk9 A
simulation is developed. The vehicle electric gog dgi AA 2dY & 5 . AT dEHY
power system consists of alternator and olelg} Wielelel A$ Aoz EIAW T4 BAE

battery. The alternator must have adequate Bolmg wedd 2y 2 4 gk mEA "a*ﬂﬁl‘j]
capacity for providing electric energy to all g9 wEele xd3gd lolde o By T BHs

loads, and the battery supports the alternator 2 vm3 AP FHE A& F e T/ HE 29
by offering insufficient energy when the £ o)lg3ln AYE Bl Bl R HEnee
alternator output energy is not enough. The £ At

alternator model is simplified for the use of
characteristic curve, which was provided by its Iy

manufacturer, and the battery model is Y Y +
separated in charging mode and discharging

mode because of its complex characteristics. Eloctrical
Developed circuit model 1is validated by Batiery Load Ahernator
comparing the simulation data and real
experimental data.

1.4 B

A3t 4ol FRFY W deploedN Y4 A% 1 WA 28
F A7AUAZL AAYs] Aee FIH, d7o|
F4EA Wg dolE Mol AFE s} ol g®

o RAAEx e 8¢ 20 Axw A ol 2.1.1 gH4UI0H 229
SYE = Q= BA9 AP 23 271 A 239 o
Ba, ASRe] A ©r 44, W BAoz AP
NE 2% £ W7 A E 453 28 A= Sw| e
do) AA% 2% 2FE 4 Y& ABYo)d Xz f -
ol %3%]":]’ o 84 a

gevolE g e e 83L& A ARE] As) i P
AE A%, FYxA, ¥ 231, £z 23, 27119 g ]
o oy z@Eo] maHojol g} Ao F3 2 g . ]
dME %8 Z X RPMS ®Wate] mat Qejuole 9 H ]
Hu YRR o] WA PAANE GHY £ S I A
Zzo wa AMgEE A7) Rsle) gw WA g 0 10 200 30 4000 5000
o AFME ole 98 zAEE B ) premarSpess (e
i) 2-4W 4B Mt AEH)H & 5 Q)
+ ZRIY(VEPS, Vehicle Electric Power ¥ 2 dedioleld & B4 4
Simulator)-& Adsbdn}.

E =FoNE B 399 Aad 7 8o 293 v

I}y R AEH M o] FneFS Jl&stn, Al
Edold Z2ad VEPSY AT HEe F-9A
Nagel £40] ogA ALEE & JeAE AHE F, va 1a_max
iAo 2 Algdold AHAE oj8dld FYPRcY A
%j—jﬁ’—} W7 4 A " 9L viN et &

Charging Discharging

2.2 B
2.1 %‘gﬁ AI&EF_’I Egeo'l L. 2 =2 o [ 2
28 140 @ & 950 30 Aswe 4 vy T8 285U GEd a8 deoigs A9 2

il = olEle] = o] &
(e, GEel, 27 yehew wrelAm, Az ATy S E BT A A e ea

- 570 ~

a9 3 gejleld 29



ol E FULAE ¥ & Yon, Wi A
Eldlojeje] Hd EHo] ¥8f &
LEMlolE & olme] Ho 28-S Ye FARER
F A4

2.1.2 Wig2] =AY

2ol B Wie FHepE e o)
g 3 e o2 wiEgy FA4Y, 4
AR % 398 s2Ee 5o g8 FBT v
Co
{} i
Re >
- K——wW—
Rd Rb
|
+
Voo ”;{f Vb

Voc = BEE{S| DN3[2 BY

Co = Overvolatge Capacitance

Re = ST A} Overvoltage ntemal Resistance
Rd = ¢ A2l Overvoltage ntemal Resistance
Rbs = BRELS] Wiy A&

Vo= HREIR) DHRE P

b= BER)

3% 4 wWge §r18z2 2g

olEl g wielglel BEAE 1Y 49 BEridgg Jed
& Utk ZgAAM Voer wWiEE Had wEd o
golny, FAZvIe 2 AFE Cod 93 vehdr
sielg]el A el gt Fobd AFY ko] €y
Z2 Rc¥ Rde 4 &(State-of-charge: S0OC)Y
g7t "ok

2.1.3 ME3o|M AT2]FE

el e FHdeet Ax RPM, F-ate] o8] uie g
Azt 2xsa vee] AR S ojEd wH &
Ao et @A e A0 2P

/A delolErt Rete X HAE e ARE FE9

FTEEHA £ 0, viHes 5T g BFE Y
AstA €t

g 5 3N Fo8E Alag SR

ib = z.Load - [a_max 1)

welo] dejuolElst Rato] TFE gl 2ET A

FE AAE Yolie A9 H7] YA g &

A€ o 9, FAAFY 4 vHHY FAAY

a2t deivlolele] HEAAFS 2at dRe] A, =

€ e u§ Agd o Fact,

Ra

Jitosa
3 _) W
j

A% 6 THM F-UAE Ma FUEE

-y,
Fe e, v @

iy = m(im”la‘m.

ey AF7E dFHE obg A (3)9) Peukert's

Equationd} 93] 4 (4)24 wiega] A& W¥3E
At

I'ty = K (constant) 3)
L4t L. "1
480C, = ~ 360G (Izo} 1G]

Cy : MEE 20478 23
Iy : WEE 204 HEEE

n  Peukert 4%

49 A4 wele] R Agasd o FHA
F @A e FAE 7] FEE FAEE
£ ndq FH&E A I

L4t

4Co = g ®
7 FHEE
450C, = gf" (1 = S0C,-y) (6)

2.1.4 24 HS

A" Bt 2de AFs) fAstd dA 49 d
ojeigl wimatdtk H¥L F A FHAAE HE=R
Azl AR WS mdE dEetd dAsA €

O EA A FEAYS 26.5VE ARz, HA Al
10A9] Y@tstz @A, ey 27 FHES
ek 74%0°ict. 28 7% 2@ 894, FAE HelH%
Agdeld Aozt & dA YeE & & AT

— measured
- - simulated

Battery Current (A}

0 1000 2000 3000 4000 5000
Time (5)

o9 7 dEHe 4R/

— measured
- - simulated

3
@
§ Ed
>
k-1
<
£
@
s
in
#
&
+ v 9 i Y
o 1000 2000 3000 4000 5000
Time (s)

o9 8 WiEe] eAAs

- 571 -



2.2 Vehicle Electric Power Simulator2] 74t
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