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Experimental section
Finite element analysis of the Ecoflex/Aerogel/Spacer fabric sensor

The size of the compression test is 45 mmx15.0 mmx=10.0 mm, and the size
of the impact test is 45.0 mmx45.0 mmx10.0 mm. The quasi-static axial
compression test was carried out at room temperature using an EZ-L universal

testing machine at a compression speed of 10 mm min-'.
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Figure S1. Size of a) compression samples and b) impact samples of ecoflex/aerogel/spacer

fabric

The dynamic impact mechanical performance test is carried out with a ball
impact test device, which mainly includes a small ball, a sample stage, a
mechanical sensor, and a height control rod (as shown in Figure S2). The
specimen is placed on the sample stage, and the specimen with specific size is

shown in Figure S1(b). A ball (with a mass of 115.04 g) is placed at a fixed height



of 25.0 cm. When the ball touches the surface of the sample, the sensor get the

corresponding signal. The impact velocity is calculated to be 2236 mm s..
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Figure S2. Schematic diagram of the impact experiment

Material model and constitutive model

After discarding the 12-related items on the basis of Rivlin, Yeoh retained
the first three items to obtain a reduced polynomial constitutive model[1, 2]. In
the case of large strains, the calculation results of this model are consistent with
the experimental results. The specific form is as follows:

W = Cyo(; — 3) + Coo(ly — 3)% + Cap (I, — 3)3 (S1)

The Yeoh model can accurately predict uniaxial and planar tensile
experiments. Therefore for compression of matrix Yeoh model is used.

In this work, the aerogel/ecoflex matrix is assumed to be a simple isotropic
hyperelastic material, and the spacer fabric is assumed to be a transversely
isotropic material. Assuming that the composite is a fiber-reinforced composite
material, for the hyperelastic constitutive of this composite, a macroscopic
hyperelastic constitutive model is adopted. In the established constitutive
model, it is assumed that the fibers are uniformly distributed in the
aerogel/ecoflex matrix in the direction of reinforcement, and the perfect
combination between the matrix and the fibers does not occur slippage.

Assume that the strain energy function W is a scalar function[3] of the right
Cauchy-Green strain tensor C = F'F and the initial fiber orientation vector aoi.e.,
W =W(C, ao), where F is the deformation gradient tensor. The elastic response
of the composite is assumed to come from the matrix and fibers. The
corresponding strain energy function W can be divided into two parts:

W=W (C, a0) =WM+ WF (52)

In Equation (52), WM refers to the strain energy from the matrix and W¥



refers to the strain energy from fiber compression.

The strain energy function of the fiber can be expressed by the right
Cauchy-Green strain tensor invariant:

W (C, a0) =W(h, Iz, I3, L) (S3)

ao refers to the fiber initial orientation.

The strain tensor invariants are: I; = trC; I, = %[(trC)2 — trC?]; I3 = detC;

14:a0'C'a0:Aé
The strain energy function of the fiber section comes from fiber
compression. The formula that defines a simple nonlinear model WF¥ is as

follows:

CA—1)2+C(1-1)* I,<1
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w _{0 P (S4)

According to the constitutive model of the composite material constructed
in this paper, the compression and impact finite element models (as shown in
Figure S3) were respectively established, and the mechanical properties of the

composite material were studied by the finite element method.

Figure S3. Models of compression and impact sample

The compression model is shown in Figure S4a. The matrix and fibers are
simplified as a homogeneous composite material. The length, width and height
are: LxWxH, L=45.0 mm, W=15.0 mm, H=10.0 mm. Discrete rigid bodies were
established on the upper and lower surfaces of the homogenized composite
material, with a length and width of 50.0 mm and 20.0 mm, respectively. The
lower plate is used to simulate the sample platform to constrain the axial
displacement of the sample, and the upper plate is used to simulate the
pressure plate to compress the sample. The quasi-static compression time was
set to 0.02 s. The compression displacement is 3.0 mm along the negative
direction of the y-axis.

The impact model is shown in Figure S4b. The matrix and fibers are also



simplified as homogeneous composite materials, whose length, width and
height are: LxWxH, L=45.0 mm, W=45.0 mm, H=10.0 mm. The metal plate and
ball are respectively established as a three-dimensional discrete rigid body ball
and a two-dimensional discrete rigid body. The diameter of the ball is 25.0 mm.
The length and width of the two-dimensional discrete rigid body are both 50.0
mm and 50.0 mm. During the simulation, the ball and the sample were in direct
contact, but an initial impact velocity was given to the ball based on the actual
height until the ball was bounced away from the sample to complete a complete

impact. The initial impact velocity is 2236 mm s along the negative z-axis.
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Figure S4. Schematics of compression and impact model
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Figure S5. Reproducible temperature-discrimination capacity of the sensor during the
approach of cold and heat sources. (a) Temperature range of 60°C to 90°C, (b) Temperature

range of 90C to 120°C.



