Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2024.25.6.1

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 25, No. 6 pp. 1-9, 2024

StolBEE A7|ARFAE o83t AF EAo9
Qo] &g AF

= - *
ML, ooy, Ol AXY, XEE, iy
SRylsuKeta M71Sen

Implementation of the Electric Wheelchair using Hybrid
Energy Storage Devices

Se-Jin Kim, Ye-Bin Lee, Min-Haeng Lee, Ji-Myung Kim,
Sung-Moon Choi, Dae-Seok Rho

Korea University of Technology and Education

o QiAo A% WAL AXAXE AgsH] o] 7] /1% At HAH ol A
23 39, A% AW 59 A7t BAste] A% BA] o] g4 kA A% 9] e
QIck. kA, olefat BAIE sias] 9istel, £ =RoML stoluel= A7 4 YN
TElES A o714, AFAAY L B 4L Bl 2RA %t HHANAEHE Bl AAAIL, S5
BY AL S0 QIR HS TF AT HEoledAE Bl Bt 284S ANV K, sho|ns
HANNPGAR, AZ D Aol%, BUEY @ A, SR 749 slo|nes A% BAlolg Fdsty, AN
USRI ol Aol e B4 % Aol AT 47104 AT £8 FNISL WO stolues 7|4
ARAE ol 8% AT WAl £8 B BT A7), 1EAL Waw s 49 /& PAuth 4500 AR 2AL
Z7H1Z 5 A3, A% AW B 52 WAT 5 o], ANAPRA 9 L Bee AT S 4SS & 5 Atk
E3, A A% Bl MEY SOCH 44 28 WS 2B 49, B2 HEs Agstel 7 S

EgYOR £8Y & AL ¥ & U

2 1

> 1S O e FO

-

[¢)

Abstract  Electric wheelchairs typically use lead-acid batteries. Hence, the shutdown of electric
wheelchairs can occur when a high output is required, such as in the initial start-up stage and moving
on steep slopes, which can affect the safety of users and the lifespan of the battery. Therefore, this
paper proposes an operation algorithm for electric wheelchairs using hybrid energy storage devices to
overcome these issues. The operation method can improve the low output characteristics of lead-acid
batteries by combining Li-ion batteries and supercapacitors. The Li-ion batteries compensate for the
short operating time because of the small capacity of supercapacitors. This paper implements a hybrid
electric wheelchair composed of a hybrid energy storage devices section, measurement and control
section, monitoring and processing section, and load device section to perform real-time monitoring and
control abnormal operation conditions. The test results based on the proposed operation algorithm
showed that the output of an electric wheelchair can increase by more than 45% compared to the
conventional method when a high output is required, and the lifespan and efficiency of the energy
storage devices can be improved by preventing phenomena such as shutdown. Furthermore, the
proposed electric wheelchair can operate energy storage devices efficiently by switching to other
batteries when the SOC of the battery exceeds the proper operation range.

Keywords : Hybrid Energy Storage Devices, Lead-acid Battery, Li-ion Battery, Super Capacitor, Operation
Algorithm, C-rate
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Fig. 1. Configuration of electric wheelchair using
hybrid energy storage devices
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Fig. 2. Operation algorithm of electric wheelchair
using hybrid energy storage devices
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Fig. 3. Circuit diagram of electric wheelchair using
hybrid energy storage devices
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Table 1. Test conditions

item contents
nominal voltage[V] 12
cut-off voltage[V] 10.5
lead-acid battery
rated capacity[Ah] 50
rated power[Wh] 600
nominal voltage[V] 3.7
specification cut-off voltage[V] 2.5

Li-ion battery

s of battery rated capacity[Ah] 2.85

rated power[Wh] 10.55
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0.5
discharging cut-off 3.0
voltage[V] ’
discharging | j-jon battery 0.5
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2
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Fig. 7. Discharging characteristics by C-rate in

lead-acid battery

Table 2. Discharging power efficiency in lead-acid
battery by C-rate

Corate discharging discharging power
capacity[Ah] power[Wh] efficiency[%]
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Table 3. Discharging power efficiency in Li-ion
battery by C-rate
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Corate discharging discharging power
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