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Ride Comfort for Promoting the Use of Power Assisted Wheelchairs

ASADA Haruka', OHTSUYAMA Sumiaki’

Abstract

In recent years, Japan has become the world's most rapidly aging society. There is

urgent need to develop and research welfare equipment to support daily life of the elderly.

Especially for short distance travel, it is important to develop vehicles that cover the

last-one-mile (about 1.6 km) . Here, we focus on wheelchairs and find the use of electric

wheelchairs and power assisted wheelchairs is effective as a means of short distance

travel. “Power-assist-wheelchairs” have the advantage of being able to support movement

while fully using the user's upper limb functions. However, their recognition is lower

than that of electric wheelchairs, and the number of shipments has not been investigated

in detail. In this study, we calculated the ride comfort level values for different types of

wheelchairs by measuring vibration acceleration when the wheelchair was running, and

compared their performance.

Key Words: power assist wheel chair, electric wheelchair, vibration, ride comfort,
last one mile, QOL, welfare
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Fig.1 The types of wheelchairs in Japan are broadly classified into manual type and electric
type, which are classified into attendant-propelled, self-propelled type, and self-operated
type, respectively. In this paper, since only self-propelled and self-operated types are
assumed, the types of attendant-propelled are not described in the figure.
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Fig.2 In the experiment, we use a handle type electric wheelchair, and a power assist wheelchair.
(a) is a Suzuki handle type electric wheelchair “ET 4 D” made by Suzuki. (b) is an power
assist wheelchair "e-motion" made by ALBER.

Table 1  Principal specifications

Ttem Dimension
Handle type electric wheelchair Power assist wheelchair
Driving wheel (diameter) 256 mm (10 in) 609.6 mm (24 in)
Caster wheel (diameter) 2032 mm ( 8 in)
Wheelchair (WxHXL) 650 mm X 1070 mm X 1195 mm 620 mm X 930 mm X 1000 mm
Mass 100 kg 34.0 kg
2.2 EBHE
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Fig.3 Experimental course. Assuming movement at a short distance, we will conduct an experiment
in which a lap distance of about 480m is used for two laps using a handle type electric

wheelchair and power assist wheelchair Section 1 of the experimental course is a downhill

with a slope of 8°, section 2 is a sloping slope inclined to the left, section 3 is an uphill
with a slope of 5°, section 4 is a flat road, and section 5 is a downhill with a slope of 4°.

2.3 tHEBRE

AWFZE T, 20102 53018 5 B OB L WERE DI L ) FEBRE B o7z (F£2). F72,
WEBRE VAL FRNCARERCTHEA L2 =7 7 —REH 7 ¥ A MLICEEICENLS L oY 25
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T HFEALZES LY AREH TS (2019-A1#-005).

Table2 Subiject list. Informed consent was also obtained from subjects before the experiment.

Subject Height (m) Weight (kg)
A 1.72 55.0
1.85 64.0
C 1.75 75.0
D 1.80 85.0
E 1.65 53.0
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AHVS. R (1) F0EBTELF) LI L VL (AB) IZEERIE % L 7R hn e & i
PIEEELZ £ 0 AAYUE L 2 BRI 1 E W 2 dBIE L 72 O TH 2. ) LML ~NVL,
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DIRBYINAE T — & 2T A5 LI2X D), FDOMLUNVLEZFHL, FMizBI%9).
L,= 20logy, (a,/a,) (1)

Table3 Ride quality level. The ride comfort level value was evaluated in 5 stages.

Classification Ride quality level (dB) Evaluation
@ L; <83 Very good
@ 83 <L; <88 Good
® 88 < L; <93 Medium
@ 93 < L; <98 Bad
® 98 < L; Very bad

4 FEEAEER
4.1 IZThH—FU LML NI

FEATEBRCIMENTIX M % 5 DF%E Latill L7 IREIIEE L 0, FEh LML ~OVRITZ B2
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LARVH6TdBE R, [XIH 5 TIE87TdBE mWw iR & o7z (%4). £/, ETHED.LHL AN
WORBERZTIL, SXHZ T2 XM 1, XH 3, XH412B8WT1LTOREE %) #
HEEPTOEN RN R o7z (K4d).

FIFRTE D L L~V TUE, BRI LH L AOVEFRIZIXH 1128 W, “F5%66dB &K <
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FICL o TOFEDLHL A)VIZHEIT AR L, KM 2 T338, XM 4 Tidb71 ETFHED .LHTIERA
SN o 7S L OEPRKEVERE o7 (E5).

LAY LH L NV TORRIL, K2 0EICEROH 5 FHETORKRICIBNT, FHT
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(24 ~%6).
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4.2

Table4 Handle type electric wheelchair vertical ride quality level results

sectionl section2 section3 | section4d | sectionb
Subject A (dB) 63 86 86 85 89
Subject B (dB) 67 85 85 84 90
Subject C (dB) 67 88 86 85 88
Subject D (dB) 67 87 85 85 87
Subject E (dB) 67 85 85 83 87
average (dB) 67 86 85 84 87
standard deviation 040 117 0.49 0.80 117

Table5 Handle type electric wheelchair longitudinal ride quality level results

sectionl sectionZ | section3 | sectiond | sectionb
Subject A (dB) 67 86 90 80 90
Subject B (dB) 66 94 90 95 88
Subject C (dB) 66 91 90 81 88
Subject D (dB) 66 94 90 83 91
Subject E (dB) 66 87 90 80 86
average (dB) 66 90 90 84 89
standard deviation 040 3.38 0.00 5.71 1.74

Table6 Handle type electric wheelchair lateral ride quality level results

sectionl section? section3 section4 sectiond
Subject A (dB) 67 91 86 86 93
Subject B (dB) 68 92 85 84 89
Subject C (dB) 65 92 94 84 90
Subject D (dB) 65 93 85 84 89
Subject E (dB) 66 91 84 84 87
average (dB) 66 92 87 84 90
standard deviation 1.17 0.75 3.66 0.80 1.96
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Table7 Power assist wheelchair vertical ride quality level results

sectionl section2 section3 | section4 | sectionb
Subject A (dB) 76 98 98 92 96
Subject B (dB) 72 73 93 97 96
Subject C (dB) 73 72 92 93 93
Subject D (dB) 70 88 90 89 88
Subject E (dB) 73 92 90 92 88
average (dB) 73 85 93 93 92
standard deviation 1.94 104 294 2.58 3.60

Table8 Power assist wheelchair longitudinal ride quality level results

sectionl section2 section3 | section4 | sectionb
Subject A (dB) 75 78 99 99 90
Subject B (dB) 100 98 98 96 96
Subject C (dB) 74 79 98 95 93
Subject D (dB) 75 97 95 95 91
Subject E (dB) 78 97 98 92 97
average (dB) 80 90 98 95 93
standard deviation 9.89 9.24 1.36 2.24 273
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Table9 Power assist wheelchair lateral ride quality level results

sectionl section2 section3 | section4d | sectionb
Subject A (dB) 82 91 90 89 92
Subject B (dB) 72 74 88 93 89
Subject C (dB) 70 74 90 90 91
Subject D (dB) 69 90 86 86 87
Subject E (dB) 74 94 88 91 89
average (dB) 73 85 88 90 90
standard deviation 463 8.75 1.50 2.32 174
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Table10 The average speed of each subject was calculated from the lap time of 2 laps of the test
course. Five of the subjects resulted in a speed faster than the speed of the handle type

electric wheelchair of 4 km/h. Subject D alone was 3.29 km/h, and the running speed
was about 1 km/h slower than the other subjects and the handle type electric wheelchair.

Subject First lap (s) Second lap (s) average (s) Speed (km/h)
A 359 392 376 4.60
B 363 369 366 472
C 388 400 394 4.39
D 483 568 526 3.29
E 370 390 380 455
5 ZE
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JRIZE ) Akm/hx Tl 722605, LaL, MomEE Ly =7 7 —FA%S0#EE Tk
TR 720, FEREEZ 20 T A MI L) AL = XETTHIRIZES 2 5.
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Table 11 Comparison of vertical ride quality level and standard deviation.

sectionl | section? | section3 | section4 | sectionb

' | average  (dB) 67 86 85 84 87
Handle type electric wheelchair —
standard deviation 0.40 1.17 0.49 0.80 117
‘ 4 average  (dB) 73 85 93 93 92
Power assist wheelchair
standard deviation 194 104 294 258 3.60

6 #E

KRR T, EATIC X DIREIIEE L D ) LML VT2 b LIS =7 — L BB 7 >
A MO LHFEME B RV L7, 208E, =7 - LB BT A MUIIETED
DL NOUEIZ BV TS L 0I5 D VNS L BEAS ORBEEAR-Z T b L L
72, FOLTIEDLHLANRVOERLI) =T —LEBT7 A MORE) LI E I L 72, %E
BRCHEH L7z AR Y a U ERENT =T h— AR a VOB CEET VA M
BT, EFEDLHLAVTIIRHFICKRERAZIRONT, BEIT A MIBEWERTH -
el BERAAH. Tz, BEIT VA MONY B AR L DD LHANOEZBIR SN 0o
72, £oT, FEHLHMOERWGLRMIHL L CRMZEER LY, BRI L 2IRECla s < B
SORBIVHELIZLEERS.

WE) T VA ME, BMLEBREE R CGREOFMT LRI Y Y A& insE5 2 & T
HEHNEHROND., V=T h— IR BB o 724 EI2 2 525, REEREZFIHT A 2 L
T, MAEOHVICEDS D, F72, [5. 3] HioERTLBRz@Y), FEREEY o7z
NV ZEVEATRE D OHETAM & L CRE LB E L RIS o/ BELEABI2) )T
BHEDPEGIEETELZELEETH LHH, WALOIRIE L % 5QOL%E S 5 (2 I
BLUMN D BBIICFHECE A2 OPREES 2D, LoT, AMRETHLERT7 VA FOFED
L L~V B B RERECUE "Wl DL ORHECh 572720, EDLHIIERVWESZ, 612
IR RIS T 2B OQOLIAI EIZ B8N, —~JRIETH 5 LIRET S,

DEoZrib, BET7 YA ML, =7 h—ICHAGRAERFHERD D v &) BLIR
ZH 25, MOHFETHLHEVICKECHMKTE2LE 25, HIL LB L ETH AN @
0, BRI 7R 2 ER D2 ZERAHT LI ETH LD, BEHT7 VA e HEATED
BETFEICHEHT A2 813, ZOFHEOBR/MEEROM FIZEEAT) R I21ZQOLIA
FIZDEMTE A, E512, FOLHO)ZTEI—MNIZ v ary2WOMFIFLZETLY
BWIED.LHICHE T2 2 LD TREE 25720, FAIHEDHECLHOBWEHIZHRAI YA X
THIENESTHL., T2, NUFYABEICE ) ETRER T L —F L EROICHSH &
DEAFIZE VI TE, T—Ny TN R EDRD - HEICL TFHTERTTE L7720, HH
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Thsb.

Lotk e LHEHIAEOSMEMRR, #H T 5EATOECHRE NEr 32 & T,
IV EBWEREREY OHUEDSTREE 25 — FOIREICL T, BET VA M OF AL
KIZEIT S,

B, ZOWMEIAEMEFEAIRMAARD A LASHE 2SO E 2T CnE T
(17R036) .
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