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Modeling and Deformation Analysis of Dual Actuator Lung-like Soft Robots
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Abstract: To address the problems of extra radiation dose caused by image-guided radiotherapy, a
dual-actuator lung-like soft robot inspired by the muscle hydrostatic structure of annelids was designed to
simulate the respiratory deformation of human lungs in vitro. The 3D modeling and finite element simula-
tion of the lung-like soft robots were carried out. The simulation results show that the axial actuator may in-
crease the degree of deformability of the lung-like soft robots and makes it more inclined to the real lung de-
formability. The deformation characteristics of the lung-like soft robots were analyzed by means of confor-
mal geometry. The deformation performance of the robots was tested by experiments. The results show
that when the radial actuator pressure is as 1 kPa and 2 kPa and the axial actuator pressure is as 7 kPa, the
z-axis elongation of the radial actuator is as 10. 95% and 8. 87% » respectively. The designed lung-like soft
robots may meet the requirements of imitating lung deformation. Finally, the relationship between the de-
formation extent and the inflation pressure was obtained by linear fitting s which may be applied to the defor-
mation control of the lung-like soft robots.
Key words: lung-like soft robot; dual actuator; conformal geometry; deformation analysis
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Fig.1 Structure of lung-like soft robot with

dual ctuators
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Fig.2 3D modeling of the right lung
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Tab.1 Comparison of the average human lung size

with the size of the lung-like soft robot cm
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Fig.3 Structure of axial actuators
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Tab.2 Material parameters of the two

superelastic models

o | S e | ez | s | e
o C,, | 0.2761 | 0.2585 | 0.2791 | 0.2712
Mooney-Rivlin
Cy | —0.4288 | —0.3874 | —0.4324 | —0.4162
Cy, | 0.0106 | 0.0124 | 0.0117 | 0.0116
Yeoh
Cy, | 0.0312 | 0.0341 | 0.0335 | 0.0329
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Fig.4 Coordinate definition of the radial actuator
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Fig.5 Feature points selection of the radial actuator
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Fig.6 Deformation comparison of the radial actuator
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Fig.10 The ring from conformal parameterization
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Fig.12 The upper mould of the left actuator
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5 fMHLE AT AR R

T AR HAUR R TR 16 BrR <8
B 5 X WK ) & 7 fili 4 < 3h Bl s A 24T

1A% 20 iR 3. PR 4. W AR ST b i
5. ¥l 6. RURELEL 7. BB RER
8. LAl 9. f Ml R AARMLER A
E16 S#HmiXBFEAE
Fig.16 Pneumatic test platform
K 5 il B AR AL g N B T AN Y R
b HE G T T A bR AR X = 1) i AR RS E
A7 o o A /DN 58 s AR A A28 1) BIK Bl g S ) b A
+ 2386 -

JITVE S B AR AIE 5 LR A S5 R B o S DS [] R0 £ R
ST IR . B ROG 55 AR A5 51 40 F
AT 1250, 78 A B 48 I 45 Bl SR AR ML 28 AR AS )
SR TNRARTERBEE ., 4072 Ik sl &8 N
1 kPa 5 2 kPa B 44 %l o] 9K 2y 25 19 TR M\ 4 kPa 3
JnE] 7 kPa, ¥ 5 56 00 A5 19 = Bl 1) A R B diE D
B AJ; B 25 BB LA s 4 B 22 4 A TR — A br 3R i
ATXFHe 17 firs .

246 1

244 +

242+

240 b

2383

;;i ://jﬁ(l;l kPa )
) —o {H 2L (p=2kPa)

22 — B (p=1kPa)

z/mm

20 —v— % (p=2kPa)
-~ NN R . Lk
40 45 50 55 60 65 70

A4l 17 BB 25 S po/kPa
E17 MIEFNF[ARENFN AR T
Fig.17 Size change in the z-axis direction of the dual-

actuator lung-like soft robot
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Tab.3 Size changes in x and y axes of the dual-actuator

lung-like robot
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