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This paper presents a newly developed step-climbing mechanism and its application to a mobility aid for

the elderly. It comprises a gear pair and two links. The gearing motion can transform the user’s pushing force into

lifting and supporting forces for step climbing. Existing mobility aids usually cannot mount a step higher than half

of the front wheel’s radius. In contrast, this mechanism can mount a step higher than the radius of the front wheel

using less user’s pushing force and with less shock. This paper first describes the component and principle of the

step-climbing mechanism and then clarifies its performance through theoretical analysis and experiments with a

mobility aid having the step-climbing mechanism. Finally, another application example to a power-assisted oxygen

cart for patients on long-term domiciliary oxygen therapy is introduced: it can surmount a 110 mm step with

64-mm wheel radius!
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Fig. 1 The proposed step-climbing mechanism consists of a
gear pair, two links, and two wheels as shown in (a)
and (b), and the gearing motion can transform the

user’s pushing force into the lifting and supporting
forces for step climbing as shown in (b) and (c).

Fig. 1 ICHE5E 9 2 B3R D A R ORERL ((a), (b)),
FORJFHL (b), EEZE3R O BAEE (o) ZRd . AR
B FEOMA B DI 7 ORizZFIFL, &
O Nz HlaZiEb B2 cEHdT 3G L 5o
TW3. BF 73 Fig. 1 (a DX STV 7L,
U 27 ORI E Z N T NERZINO 1 Tns.
DO HHiE O F /7 O HLE 2 i, %77 O Hiln 2 HiBhin &
5.

BREROMAFEHEIUTOLEED THS. Fig. 1
(b1), (cl)~(c3) DX D ICHTTEMMEA L i L T3
RETHEISHT IAMASNZ &, BENMDDK
TE)IWKKOFTDEMEET . TOF 7 DEiEE, VU
>0 728 UM 2 PRSI (f) T &1 & D A
ZHH LT 2824 AL, BEZREDBZS. [H
BRICHiBER S Fig. 1 (b2), (c4) ~ (c6) K DEAEZRD
A BT ENRETH .

3. YIbLIN—H—\D:H

Fig. 2 ICHR%E 9 % B 723k 0 B2 BRE D PERE 2 F1AH 9
2 1o ISR L Ie Bk 2R g . dilRD 2 )b/ N—F1—
D FEATHTERORD D ICHEEE T 5 B3 O B M 2 1
DT Tz, BRI D BUABERE (b) (&, P 50 mm O
fig & fiBhR, 7IVIEOV VT, BEOFT H SRR
INTVD. YCERTO Y IVN— I —DEEZ 4.2 ke,
FERHEIL 539 kg TH D, T, FHEBRBEOBERD M
ZHEMEIZ, K955 mm DERFEDRD BA D AR
Lo TV (f182). Fig. 2 (c) I 4 50 mm
DT7ay 7RO A BT ZRT.
(1) EBEEY HWARER

right side view
(b) step-climbing mechanism

Sh... |

(c) step-climbing motion

Fig. 2 A mobility aid with the proposed step-climbing
mechanism (prototype).
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Table 1 Results of comparative experiments between a
conventional mobilty aid and our prototype. The
maximum step heights were checked in two cases.
One is when the user pushes with usual force” and
the other is with full force".

Wheel Max. step height | Max. step height

radius | (with usual force) | (with full force)
Conventional | 66 mm 18 mm 22 mm
Prototype 50 mm 30 mm 44 mm

a) the user’s horizontal force of about 60 N.
b) the user’s horizontal force of about 110 N.
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Fig. 3 Trajectories of the front and supplementary wheels
when going up the maximum step height (the
reference frame is attached at the contact point
between the rear wheel and the floor).
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Fig. 4 Feasible and infeasible situations.
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Fig. 5 Necessary forces for step climbing.
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Fig. 6 Results of shock tests.
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Fig. 7 Another application example: a power-assisted
oxygen cart having the step-climbing mechanism.
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Fig. 8 Dimensions of the step-climbing mechanisms attached
to the prototype and the oxygen cart.
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