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@A S11801A4, & AZFR()7F HARgh(E=)o] old Aoz AAHY & AFRRPOEZ F/AN F(HA
S120), @A S106e.2 W =wista, & AIZFR()7F Agh(=:)< Ao g AaxEd Fa3),

S W S14olA ASE A% FAole] RaldF (&t )7} slolnY = AYA G MBI FAF( heealt)
B} 2 Aoz AW, 7HANAE (114)2] SOC(S9C:=t))S AZ=stch(ThA $122).
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7 S1160.2 I =wEic),
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[E& 2]
item contents
nominal voltage[V]] 12
. - 5
lead-acid battery |Sot off Volt_age[V] 10.5
specifications ™ | rated_capacity[Ah]| 24
i rated power] Wh] | 288
i g nominal voltage[V]|32.4
device e AL cut-off voltage[V] | 0.8
2 P rated capacity[Ah][1.124
rated power] Wh] | 36.5
discharging cut-off 10.5
di lead-acid battery voltage[V] )
feat T.:on lm_ms discharginge-rate 0—5
of discharging g ; ct
y discharging cut-off
in storage i 0.8
- ) voltage[ V]
devices super capacitor 0.5
dischargingc-rate 1
2
switching
test conditions |reference cumrent 4.8
of operation in|of hybrid device '
electric [A]
wheelchair configuration of lead-acid battery |3slp
storage device super capacitor |l1slp
% 25 FxoH, AlFoA AR AFHA(112)9] FAHSGS 12[V], BAEZFS 24[An]o]aL, FFHATAIE
(114)9] AAZE 32.4[V], HAEHFS 1.124[Ah] 13} ?4_%1, AggA] BH 54 AES 114011*1 A&k
TAALNA WEEE BAATIE, AFHA(112)+= 0.5[c-rate], A= /\IH( 4) 1, 2[c-
rate]?] 2AoE WA AlgS sy, A, SPO]HE]‘Ztﬂ As A9 A% VEAFE ]“‘1 A%
A (112) 2 FHANAE (114)= 27 3slp, 1slpZ AA 3o}
A28 AR 2AE aE e R AFAA(112)9 W 548 #AsW & fa 9 = 5bit
% 5a B % 5bE AFHAY cratedl wWE WA EA4S AWsr] g a#zelrt. 53], & far AFHA
(112) (= 19 =A18) 9] c-rate ¥ W3 A7 548 AWsy] 93 a2@Zolal, = 5bi= c-rate d Py
E4(&Y 949 E Adystr] 98 aezoltt
AA, 0.2[crate]l2 AFAX(112)E FAT A$-, wd &35 2 wddy %k% Z}7} 18.52[Ah], 218.56[Wh]o]
3 0.5[c-rate]Z WA A, ¥ §%F E HAdHFS 242 16.10[Ah], 186.9[Whld& & + Urt.

= ¥ 37 o] d&=AX(112)9] E&L c-rate?} 0.2914 0.52 Z7}sto] wieb 77.3[%]1NA 66.1[%]= Zri
ko] | c-rate’} F7FESE AE5AX(112)2] &0 F45H #2dde & 4 At
¥ 32 AF5HAX(112)9] c-rate™ W4 &% 2 §88 yehdY
[% 3]

I discharging discharging power

capacity[Ah] power[Wh] efficiency[%]

0.2 18.52 218.56 77.3

0.5 16.10 186.9 66.1
shE FHANAE (1149 B 548 HEUW = 6a 2 = 6b9} 2Tt
= 6a % E 6 73 ANAE crated] WE WA 54 AYe) A% ezl 53, £ Gt 4
ANAE (114) (= 19 =AE) ] crate H WA A/ 54& AEshy] g 2@ e]i, & 6b crate 2 W

x{x{eﬂ Ex—l(%

aA,

%

ge)S Adyslr] g e o},
0.2[c-rate]l2 FHAWAAIE(114)E

Gl

Z¥zy  1.125[Ah],



[0087]

[0088]

[0089]

[0090]
[0091]

[0092]
[0093]

[0094]

[0095]

[0096]
[0097]

[0098]

[0099]

[0100]

[0101]
[0102]

[0103]

[0104]

[0105]

[0106]

SIHS31 10-2024-0080488

38.48[Wh]elaL 2[c-rate]= WAE A5, W &5 L wAA"EZFe 77 1.12[An], 38.3[WhidE &

ATt

=, i 49 Zo TI’J]ﬂ"'H}‘] B (114)9 &< 99.73[%]1N1A4 99.13[%] 2 ZAde], WAAFY c-rate’t 57130
L 589 WErt A9 gl AEs ¢ dvk
% 4= 79 AHAEY crate’ WA &5 2 &S YERAT
[ 4]
rats discharging discharging power
capacity[ Ah] power[Wh] efficiency[%
0.5 1.125 38.48 99.63
1 1.123 38.4 99.30
2 .12 38.3 99.13
webs, AFHA(112) (% 1o =A1E)E crated] W3l fﬂr% AGGA wa&e] Wl & S & T o],
stolBElE AAAERY AIAV|EHFE A5HAA012)9 AFE 7IFo2 BF A&l 0.2[cratel 2 3H
ste], AFHA(112)9] HAF/7F 4.8[A] ol A5, 4?3174341’\13(114)& Agste] s EAlE &gt

3 7)Ee AFAA(112) 3 A3 dE A

ki
o
9

A5AAE o3 A% AAOlS BAEHS Asty] 9)g aeTeln,
=
[¢)

T 78 Fx3HH, Section AR 27] 7lE Al AFE AST AR VFAFE 6.2[A]9S & 4 3L, Section
B &Y Al AFE AST Ao Ht 5.2[A19 AF7F A= AS &

85 FxetW, Section AE AF AA|o ekl Aoz 6.7[A19] 7sdF7E SATS &

= = =
R, FHAAHNAE(114) (& 1o EAIE)E FallA ds A7} £85H= A& & + AUt

B3, Section Bi= s FEAofolA aEHe] WA F9-5 dEhiH, FHARAIE (114)0 4 Hd 7.6[A]<]
AF7E BAst , ds Ao stelBal= AAAZH(110)7F AFAA (112)o A 7o AHAIE (114) &= S5
= 3

}_
AL & 5 Sl

Webd, £ B0 $548 #AAMNNHIG AFAADE AGF olnel=y A% BAAE 83
= A%, AFAADANA FE crated] AR PAHAE AL PAT F do], AFAAUY FHS F
AR 5 a, A% BAele] wEle WA 2718 A9AD F 4SS % & drh,

£ U A5 QAo AEAEe AN HUYT TV Sl AxAAd AARAHE ol
@ =g A% BAele #8 AnIFS ANRT, oF MPOR olnelsy A% BAl 2§ 5

TFAFoR, AHHAY &L crate?} 0.2914 0.52 F7hstol wel 77.3[%]ol A 66.1[%]= FFAshe],

rate’} S7FEFE AFHAA S mEo] HASH xS & A, FAANAEH] 582 99.73[%] W
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EH3

woid lacgl)

L}
Jr AN BUNM NBIS
volragevaluel = analogRead(Ad)
float woutl = (woltageveluel * 5.0) / 1024.0;
floar winl = (veutl [/ (R2/(RI<R2)))“40/2%;
sl = winl;
Serial.prime ["LS 01 V= *);
Serfal.printin{mml, 2);

/i AEHMEMNEIY BN NBIE

voltagevalued = analogRead(A2);

floan weurd = (veltagevalus2 * 5.0) / 1024.0¢
float wind = woutd / (R2/(RLeM2))*40/25;
sun2 = win3d ;

Serlal.psins ("3c_02 V= *);
Sorlal.pransin(awn?, 2) ;

re &N 438 BRMA MERE

currentvalusl = analcgRead(R€);

ezmpl = ({{fcuzzentvaluel - 511)°5/0.4)/2024) “0.04) *10;
Serial.prine("La_01 o= ");

Serlal.prine (ampl)

Serial.printinl"A™):

ft AEAHAENE &8 HRNM NBIS

currentvalue? = analogRead(AT);

Amp2 = (({{everentvalosd = S11)5/0.4)/2024) -0,04) *10;
Serial.prins ("8e_02 o= ®});

Serial.prin: (smpl] 2

Seclal.pzintinl“A");

anmp3 = ampl + amp2;

writeToFile ()

i

E(omp2 < 4.8 L& ampl < 4.8)

digitalWrise (relayoutPinl,
digitalWrite {relayOutPin3,
delay (200) 7
digisalWwrise {relayoutPin2,
digitalWrite (relayOutPind,
delay (200) ;

iflamp3 > 4.8 && ampl > 4.8)

digitalwrice (relayoutPinl,
digitalWrite {relayOutPin3,
delay (200} 3
digitalWrite (relayoutPinz,
digitalWrize {roelayOutPind,
delay (200) 2
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t1 5120

3108

aeral 1)) and (Vigggl 1]

NO

= (v, (1))7

operating electrlc wheelchalr
usIng Iead—;u\_cld battery

——3110

L]
measur Ing load current of

1

elecitic weelchair(l4t)) e 5180 t=t+ |

8122

YES

measur Ing 80C of super

capac | tor (S0 (1))

5118 NO

)

operating electirc wheelchalr
using leadac!d battery In

Vel 1) 2 (V0 £))7

YES

o124
)

5128
}

cont inUoUs way

oparat (ng elect Ire wheelchalr
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r

YES

=

YES

o128
-

END
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EH6b
200
" 180 i
160 |
140 || 38.48[Wh]
120 |y
100 114
80 |1
60 | 1
38.4
i R\, [Wh]
20 |-VN\Srouge— 38.3[Wh]
0 ~ — """--pu-.--.c-----uo-----------.......
0 7 ) 3
AlZt[h]
= +0.5C 1c - 2C
EH7
Section A Section B
(initial starting-up) (high output power)
—_ 8
<
= 7
5 o 6[s]
-
3 5 i +
4 7[s]
3
2
1
0
1 5 10 15 20 25 30 35 40 45
time[s]
EH8
Section A Section B
-8 (initial starting-up) (high output power)
=
£ 7
£
S e
5 [ X
4 9[5] ”_’\—l
]
3 \
ol “
2 \’4‘- N = !.
1 i 1
. _ ! \ i [

1 5 10 15 20 25 30 35 40 45 50 55 60 65

time[s]
- —lead-acid battery ——super capacitor
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2.1 At AR SR 24

SHEAH|XHIO] 2015H0| ZALSH HE EX|0f2
At AtZ|E LIEHHD Table 12+ ZTH5-6]. O17|A,
Table 19| (a)= & MO 28 Al L&t At

AfzfoInf €|, Fop2 SO ozt HY ALt 41.2%
2 1% B2 S Y 4 YLK £, Table 19] (b=

X[® HEHOI| [HE AtL10[D, BALEO| 41.2[%]2 7t
Y 2 As &+ AULh WEtM, HS R 0je] Ak
= 48, ZAIED 12X Xot XY, St 20| 1=
HO| Each 0N TYsl= AS & + A2,
0|2 QI8 s &M 2TIAtS| ool EH|0f mt,
SO| L{B7t LYt

Table 1. Accident cases of electric wheelchair

(a) cases while driving

item respondents percentage[%]
stucking 42 41.2
collision with 37 163
external obstacles
stop_while driving 33 324
vehicle crash 25 24.5
pedestrian_collision 23 22.5
loss of balance 13 12.7
jammed 11 10.8
malfunction and fire 9 8.8
etc. 4 39
total 102 -

(b) cases due to ground conditions

item respondents percentage[%]
incline 70 41.2
slippery terrain 36 21.2
rough terrain 32 18.8
height 27 15.9
ete. 5 29
total 170 -
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(b) motor B
Fig. 1. Current profiles of motor in electric wheelchair
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Fig. 2. Configuration of hybrid electric wheelchair
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Fig. 3. Hybrid estimation algorithm of SOC with OCV
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Fig. 6. Implementation of hybrid electric wheelchair
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Table 2. Test conditions

item contents

nominal voltage[V]| 12
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specifications lead-acid Dattery rated capacity[Ah]| 24
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Table 3. Discharging capacity and efficiency of lead-acid
battery by c-rate

corate discharging discharging power
capacitv[Ah] power[Wh] efficiencv[%]
0.2 18.52 218.56 77.3
0.5 16.10 186.9 66.1
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Table 4. Discharging capacity and efficiency of super
capacitor by c-rate

X discharging discharging power
crate capacity[Ah] power[Wh] efficiency[%]

0.5 1.125 38.48 99.63

1 1.123 38.4 99.30

2 112 383 99.13
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