D=

A Theoretical Model for an Inflatable Wrinkle Bending Actuator

MKt Junhwan Choi, Junghoon Park, Jung Kim

(Authors)

=H Journal of the Korean Society for Precision Engineering 37(7), 2020.7, 503-508 (6 pages)
(Source)

2l 1 Korean Society for Precision Engineering

(Publisher)

URL http://www.dbpia.co.kr/journal/articleDetail?nodeld=NODE09361852

APA Style Junhwan Choi, Junghoon Park, Jung Kim (2020). A Theoretical Model for an Inflatable Wrinkle

Bending Actuator. Journal of the Korean Society for Precision Engineering, 37(7), 503-508.

oezds KAIST

(Accessed) 143 %%%.103.66
2021/04/28 10:52 (KST)

MES et
DBpialilA M3&Hes 2= MAES2 MHA2 FHHLUA AW, =2I0I0NHE 2 ME=2 HES

BEIHLE Y
RSUICL. 23 DBpiadiiAl KBS/ XSS DBpiag TSNS ML OlBL% 018N =2 HHE W2 HE 20K
I Sojggoz Lot

O HIZRINO 2B 0188 4
0185t 22 22 € [

— - "o

LICH 12422 0l0l ?/IEH6t0 DBpialilAd MB&H = M&E=S =H, 85
=

Atatol My s H = JASLICH

Copyright Information

Copyright of all literary works provided by DBpia belongs to the copyright holder(s)and Nurimedia does not guarantee
contents of the literary work or assume responsibility for the same. In addition, the literary works provided by DBpia may
only be used by the users affiliated to the institutions which executed a subscription agreement with DBpia or the
individual purchasers of the literary work(s)for non-commercial purposes. Therefore, any person who illegally uses the
literary works provided by DBpia by means of reproduction or transmission shall assume civil and criminal responsibility
according to applicable laws and regulations.


http://www.dbpia.co.kr/journal/publicationDetail?publicationId=PLCT00000995
http://www.dbpia.co.kr/journal/voisDetail?voisId=VOIS00573348
http://www.dbpia.co.kr/journal/iprdDetail?iprdId=IPRD00010378

ol

= -UZet3|X| M 37 @ X 75 pp. 503-508

July 2020 / 503

=1

Korean Soc. Precis. Eng., Vol. 37, No. 7, pp. 503-508

E —
=84 3

43 #1371 HE=

http://doi.org/10.7736/JKSPE.020.014
ISSN 1225-9071 (Print) / 2287-8769 (Online)

915t @l

A Theoretical Model for an Inflatable Wrinkle Bending Actuator

x| =5}H S1 1,#
Zizet, 98=, 4 3

Junhwan Choi', Junghoon Park', and Jung Kim'#

1 KAIST 7|#|=&k} (Department of Mechanical Engineering, KAIST)
# Corresponding Author / E-mail: jungkim@Kkaist.ac.kr, TEL: +82-42-350-5230
ORCID: 0000-0002-1825-6325

KEYWORDS: Soft actuator (AE HF0{|0|E]), Wrinkle inflatable actuator (=5 L&Al HZ04|0|E), Theoretical model (0|22 )

In recent years, many soft wearable robots have been developed to overcome the limitations of conventional rigid wearable
robots. Among the types of soft robots, soft pneumatic actuators (SPA) have been developed because of compliant
characteristics that can guarantee safe human-robot interaction to improve one of the rigid wearable robot limitations.
Especially, among various SPAs, inflatable actuators have been developed because they can be easily manufactured with
various types of structures. However, the theoretical modelings proposed in the inflatable actuators are specific to apply to
other joints, because their purpose is performance analysis. In this paper, we improve the theoretical modeling for the
design of wrinkled inflatable actuators. The actuator’s design parameters such as height and number of layers were
determined by the proposed theoretical model to provide the target torque. The soft actuator was manufactured with
determined design parameters and then measure the torque for the various angles and pressures. The theoretical torque
values acquired through the proposed theoretical model have an error of < 8% from the experimental torque values and
showed higher accuracy than the previously proposed model.
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Fig. 1 (a) Side view of wrinkle inflatable actuator: the height of the
layers (h), the distance between each layer (d), the length of
the actuator (L), the number of the layers (n), the width of
the actuator (w), and radius of hose which connected with
each layer (¢ 6 mm). At the end of the actuator, polyurethane
cubes are combined on the floor, and (b) Wrinkle inflatable
actuator graphical illustration (c, d, e). Deflated state and
inflated state of wrinkle inflatable actuator
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Fig. 2 Graphic illustration of wrinkle actuator inflated state: Each
layer is pushed against each other by the force (F). The
torque assisted by actuator (7). The radius of the actuator
curvature (C), the bending angle (@), the moment arm (MA),
cross-area of each layer (S;.) and the torque assisted by
actuator (7)

Fig. 3 Geometric representation of the inflated layer's cross-section.
The contact areas with each layer are flat, and the other areas
expand in an arc
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Fig. 4 (a) Estimated contact area for the layer height (%) with layer
number (n) from theoretical model, and (b) Estimated a; for
the layer height (h) with layer number (#) from theoretical
model: when layers are not contacted ¢ = inf
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Fig. 5 Estimated torque for the layer height (h) with layer number
(n) from the theoretical model. The dotted line represents the
target torque at 120°, 14 Nm
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Fig. 6 The minimum number of layers to satisfy target torque
(14 Nm) for each height (h). If the height of the layer is
6 cm, the actuator requires a minimum of 19 layers
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Table 1 Mean error (SD) for each leg model angle (°) and the actuator pressure (kPa)

Pressure [%]

Angle [] 10 kPa 20 kPa 30 kPa 40 kPa 50 kPa
80 9.81(0.38) 14.38(0.28) 16.94(0.40) 10.07(0.28) 4.82(0.09)
100 14.63(0.18) 0.41(0.05) 3.11(0.17) 0.02(0.44) 3.87(0.27)
120 2.68(0.16) 8.59(0.09) 9.42(0.08) 11.83(0.18) 8.82(0.23)
140 7.94(0.08) 2.02(0.18) 2.03(0.15) 2.25(0.10) 7.15(0.27)
160 7.86(0.19) 20.55(0.13) 16.64(0.18) 8.15(0.15) 0.34(0.16)

Load cell

Visual & Pressure
feedback

mficial
knee joint

Fig. 7 Experiment setup to measure torque generated by the
actuator. The load cell measures perpendicular force of
actuator and the torque can be calculated by multiplying the
force and the moment arm of the leg model
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I~ —¥—40kPa| |
—B8—50kPa

3

Torque [Nm]
=

80 100 120 140 160
Angle [°]

Fig. 8 Graph of torque provided by the actuator according to the
angle from 0 to 50 kPa. The solid line is the amount of
torque measured through the experiment, and the dashed line
is the amount of torque estimated by the theoretical model
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