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Development of a Adjustable fastening Mechanism for Wearable Robots
Utilizing the Poisson's Ratio Properties of Braided Sleeves
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This study introduces a novel adjustable fastening mechanism for wearable robots, aimed at alleviating user discomfort
associated with traditional fixed attachment methods. By utilizing the unique scissoring effect of braided sleeves, we
demonstrated that axial manipulation can effectively translate into radial size control, allowing for precise regulation of
fastening force. To address the size limitations of commercial braided sleeves, we developed a large-area fastening
structure by combining multiple braided sleeve sheets. Additionally, we incorporated a wire tendon system to enable active
operation in both Daily Mode (fastening-release) and Exercise Mode (fastening-tightening). Experimental results on an
anthropomorphic model revealed that this adjustable fastening structure offers variable fastening forces, achieving a 4.8-fold
difference between the exercise and daily modes. This research presents a new approach by leveraging the Poisson's ratio
properties of braided sleeves for dynamic fastening, tackling fabrication challenges for large-area structures, and improving
user comfort and compliance in wearable robot applications.

NOMENCLATURE
L, = Initial Vertical Length
L, = Final Vertical Length
W, = Initial Horizontal Width
W, = Final Horizontal Width
AL = Change in Vertical Length
AW = Change in Horizontal Length
€ = Vertical Strain
¢’ = Horizontal Strain
v = Poisson's Ratio
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Table 1 Parameters for small-scale adjustable fastening structure

Specification (Unit) Value
Material PET

Wire diameter [mm] 0.24
Braiding angle [°] 22

Initial vertical length (L, ) [mm] 100
Final vertical length (L f) [mm] 40
Initial horizontal width (W, ) [mm] 13
Final horizontal width ( Wf) [mm] 27
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Fig. 1 Small-scale adjustable fastening structure characteristics and
deformation mechanism. (a) Small-scale braided sleeve and
its braiding angle, (b) Initial length of braided sleeve, (c)
Compressed length of braided sleeve, (d) Arrangement and
working mechanism of the wire tendon structure for diameter
control, and (e) Zigzag installation of the wire, showing the
fixed point and pull point
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Fig. 2 Attachment process of small-scale adjustable fastening
structure. (a) Initial state with expanded diameter, (b) Finger
insertion, (c) Attached state with contracted diameter, and (d)
Increased attachment force under axial load

©

Fig. 3 Detachment process of small-scale adjustable fastening
structure. (a) Attached state on finger, (b) Diameter expanded
for detachment by pulling wire tendon, and (c) Easy finger
removal

ShIgic. Fig. 20 7keto] 228 a7t o] Mo
52 AN o Wy glo] B
wre] 28 QgHo AT & dee molET),

Fig. 38 4% 27 29) &3 B2 HolErh. Figs. 3a)
£ et WAl gl &eHo] SERE S, db)
HE W oo} HIRLE A eHs} E Yo BE 4
g% HolEth Fig 30l SE Selng Qs Lol
A7 WAL A S 4 ek 9] B PR 52
=3 7pge] golguut ofjel, 1y B

O:

3. N 7 2%t o] 7|, MR 2 M B}

3.1 CHE4R 7|4 2% Tzmo| A7 2 RIRt
golel 2io] the), 8], T 5 charg A Helo] 4
971 SiAE 2 QA R9le) We Be WelE £8F 4

(b)

Fig. 4 Flexibility of small-scale adjustable fastening structure. (a)
Closely fitted to the finger and (b) Maintaining close fit
during finger bending.
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FrayjPreventionjlreatment
: Mode

Transition Switch
y 2 (Daily mode <>
Exercise mode)

) Switch Fixing Part
Customizable Cut (Velcro Structure)
(a) (b)

148 mm

=115 mm
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Fig. 5 Fabrication process of large-area adjustable fastening
structure and mode classification. (a) Zigzag stitching for
fray prevention of sheets, (b) Fabrication of cylindrical
adjustable fastening structure by overlapping two sheets, (c)
Exercise mode and (d) Daily mode

Table 2 Parameters for large-scale adjustable fastening structure

Specification Value (Unit)
Material PET
Wire diameter [mm)] 0.24
Braiding angle [*°] 30
Initial vertical length (L, ) [mm] 148
Final vertical length (L,) [mm] 115
Initial horizontal width (W, ) [mm] 115
Final horizontal width (#) [mm] 164
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Fig. 6 Measurement of fundamental parameters for the fabrication

of a large-area adjustable fastening structure. (a) Shore
hardness measurement result (Shore 00 20), and (b) Skin
friction force measurement result.
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(b)

Fig. 7 Comparison of large-area adjustable fastening structure
before and after tension in low surface friction environment.
(a) Daily mode and (b) Exercise mode
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Fig. 8 Measured holding force graph of large-area adjustable
fastening structure by working mode in low surface friction
environment
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Fig. 9 Comparison of large-area attachment structure before and
after tension in high surface friction environment. (a) Daily
mode and (b) Exercise mode
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Fig. 10 Measured holding force graph of large-area adjustable
fastening structure by working mode in high surface friction
environment
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