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Figure 1 Working principle of compliant skins with tunable force threshold and working stroke. The fabricated compliant skin is shown in the
figure. The behavior under deformation of each structure element is correlated to each level of the response.
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Figure 2 Schematic of snap-through element.
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Figure 3 The influence of structural parameters on the force threshold and working stroke. (a) The influence of width W and span length L on the
change of force threshold, when H/L keeps constant. (b) The influence of height and span length H/L and span length L on the change of force
threshold, when W keeps constant. (c) The influence of width W and span length L on the change of working stroke, when H/L keeps constant. (d)
The influence of height and span length H/L and span length L on the change of working stroke, when W keeps constant.
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Table 1 The value of L, W, H/L three-parameter model coefficients

a, a; as a, as ag R’
-3.557  28.312 0.532 0.830 0.417 -4.468 0.9651
bl b2 b3 b4 b5 b(, RZ

-0.378  -20.266 24.778 -59.289 -1.802  7.374  0.9885

R R, i T HATAE SR i A R
i8N TPU, HERAZZI M AR BB 20 H0ORES, A&
SHA AR SER 1 — M AR B AR AR T M ER AL 2
RERBU, 534h, BT ERRRITEE W 5HEE LA
FEABE RIS AT, PRI AE AR T I RE rp s i [ AR ek
AR BT RN AE o 0T 12 45 K40 RO 17 SR g A L 3
2 5 R U B A FRT A

3 YREMBNIRIT SN

=NBRANT EE A 2 e ASE U 77 24 AR AN T A
ITREPIAS S HL I, (BAE SERRAE A R T T SR A4
F 00 &5 1 2 O LA i) 3 B3 2 Y 37 5% 45 4 2
AT AE BT A R R S O - BRILZ AN, A BN

SHGR PR 2 I 2R To R AR b B R AR
W TPU L) R 5T BT

B4 ZiRaitszi

Figure 4 Schematic of constraint structure.
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Figure 5 The influence of structural parameters of constraints on the deformation force and working stroke. (a) The force — deformation curve of
constraint structure (b) The impact of side length S on the working stroke of constraint structure
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Figure 6 Structure-constrained snap-through skin
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Figure 8 The design of multilevel structures with/without constraints
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Table 2  The structural design of multilevel compliant skins
with/without constraints
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Figure 9 The behavior of multilevel responses with/without
constraints.
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Figure 10 The smoothening principle of force-deformation curve with multilevel responses (a)The decomposition of a single-level response that has
multiple snap-through behaviors in series (b)The analysis of snap-through beams and constraint structures which are coupled in parallel.
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Design of structure-constrained programmable compliant skin
based on snap-through elements
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Programmable compliant skin has important application value in the fields of soft robotics, flexible electronics, and
compliant mechanics. The design of many existing skins based on snap-through elements has suffered from limited
parameter design space and coupling of thresholds and strokes, which restrict their further applications in the
aforementioned fields. In this paper, through the proposal of structure-constrained snap-through elements, a
compliant skin with a simultaneously programmable force threshold and working stroke is proposed. By
systematically characterizing the relationship between the structural parameters of the snap-through element and its
force threshold and working stroke, a mathematical relation is derived between them. Furthermore, a constraint
structure is introduced to solely regulate the stroke. Then, a mathematical mapping of its structural parameters and
working stroke is established. Based on the proposed structure-constrained snap-through skin, precise regulation of
the skin’s working stroke can be realized under the condition that the mechanical threshold is nearly unchanged.
Finally, the feasibility of our proposed method for the regulation of multilevel gradient behavior is further verified.
Our proposed method decouples the codesign of the force threshold and working stroke and broadens the design
space of compliant skins, making the snap-through process smoother. Our method is thus beneficial for the broad
application of compliant skins in the field of soft robotics and flexible electronics.

Compliant mechanics, Mechanical compliant skin, Soft robotics
PACS: 62.20.F-, 46.32.+x, 46.70.De, 45.20.dg, 07.10.-h
doi: 10.1360/SSPMA2016-00000
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