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Abstract; To develop electrothermal fabrics with both shear resistance and electrothermal
performance, three types of electrothermal fabrics with different parallel arrangement densities of
nickel-chromium alloy ( Cr20Ni80) wires were fabricated based on the tailored fiber placement
(TFP) process. Using the universal testing machine, the frame shear tests were performed on

electrothermal fabrics, and using digital image correlation and infrared thermography, the in-plane
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shear properties and electrothermal performance of the electrothermal fabrics were analyzed. The
results showed that after introducing the parallel-arranged Cr20Ni80 wires, the in-plane shear
deformation performance of the electrothermal fabrics was significantly improved, with the shear
force increasing from 1. 45 N for the substrate glass fiber satin fabrics to more than 2. 50 N for the
electrothermal fabrics, an increase exceeding 72.41%. When the parallel arrangement density of
Cr20Ni80 wires was 50 wires/( 10 ¢m ), the electrothermal fabric exhibited the optimal shear
deformation resistance. During the in-plane shear deformation process of the electrothermal fabrics,
the substrate glass fiber satin fabrics gradually transformed from the initial square to a rhombus
shape, with yarn gaps compacted, and the sinusoidal waveforms of the aramid stitches and the
Cr20Ni80 wires were gradually straightened. When the shear angle continued to increase to the
locking state, wrinkles appeared on the surface of the electrothermal fabric. Under a constant power
of 20 W, all three types of electrothermal fabrics in the undeformed state were heated to above 86 “C
within 30 s, with a heating rate not less than 2. 88 °C/s. After in-plane shear deformation, the
maximum equilibrium temperatures of the three electrothermal fabrics within 30 s reached 87.1,
102. 0 and 109.6 °C, respectively. The study provides effective process schemes and important
experimental references for the design and development of high-performance electrothermal
composites.

Keywords: electrothermal fabric; tailored fiber placement process; nickel-chromium alloy wire; in-

plane shear property; electrothermal performance
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Fig. 1 Schematic of electrothermal fabric preparation
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Fig.2 Physical photos of electrothermal fabrics
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Tab.2 Structural parameters of substrate and electrothermal fabric samples

WBE Cr20Ni80 £ IR IkHF I i/ LR/ LW 221 B/ YY) 1) e/ YUY I
i [#R-(10 em)™ ] mm [#R-(10 em)™ ] [ (10 em)™ ] (g'm™)
S0 0 0.22:0. 02 180 140 240
El 50 0.55:0. 02 220 150 416
E2 26 0.430. 02 190 145 381
E3 17 0.39:0. 02 180 130 348
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Fig.4 Schematic of shear deformation in frame shear test
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Fig.5 Shear force-shear angle curves
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Fig. 6 Mesoscopic structure of substrate glass fiber satin fabric in specimen E1 under in-plane shear
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Fig.7 Deformation behavior of specimens E1 and E3 in frame shear test
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Fig. 8 Strain distribution in central shear region of specimen E1 in frame shear test
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Tab.3 Electrothermal performance of non-deformed electrothermal fabrics
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Fig. 9 Temperature-time curves of three types of electrothermal fabrics before and after deformation
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Tab.4 Electrothermal performance of electrothermal

fabrics after in-plane shear deformation
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Fig. 10  Electrothermal performance of three kinds of electrothermal fabrics during in-plane shear deformation
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