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Tensile property of composites with Ni—Cr alloy wire weft knitted
electrothermal layer
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Abstract: In order to develop a kind of electrothermal composites which can be used for aircraft anti ice, six kinds of
electric heating fabrics made of nickel chromium alloy wire were preferred and prepared based on three kinds of
weft knitted structures: plain, rib and interlock. The glass/epoxy electrothermal composite was prepared using
Ni—Cr alloy wire weft knitted as the electrothermal layer. The effects of the fineness of Ni Cr alloy wire and weft
knitted structure on the electrothermal properties and tensile properties of electric heating fabrics and
electrothermal composites were studied by experiments. The results show that with the same weft knitted
structure, the fineness of Ni Cr alloy wire is larger, the electrothermal conversion efficiency of the fabric is
lower, the maximum equilibrium temperature of the surface of the electric heating fabric and its composite is
higher, and the tensile strength of the electrothermal composite is lower. With the same fineness of Ni—Cr alloy
wire, the surface of the composite with plain structure increased from room temperature to 74.1 °C at 11 VDC for
30 s, and the heating rate reached 1.63 °C/s, which was 154.69% and 33.61% higher than that of the composite
with rib and interlock structure, respectively; the tensile strength of plain structure composite is 450.2 MPa,
which is 3.68% and 4.53% higher than that of rib and interlock structure composite respectively. The preliminary
work shows that composites with Ni—Cr alloy wire weft knitted electrothermal layer is expected to meet the needs
of the electrothermal composite for aircraft anti icing.
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Fig.1 Schematic diagram of structure of electric heating

fabric
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Tab.1 Structural parameters of electric heating weft

knitted fabrics with Ni—Cr alloy wires

WA RS2 A8 Mwm/(Y T NEm/(BY)- WL R/

IS Y /mm  LEK) (5em)) (5em)™?)  (grm?) mm
P8 0.08 RE 26 68 1225 044
P6 0.06 e 26 66 939  0.34
P4 0.04 A 30 64 668 031
RS 0.08 B 27 42 99.1  0.55
R6 0.06 B 27 40 741 035
R4 0.04 £ 228 30 39 541 025
18 008 WL 26 44 197.6  0.70
16 0.06 W L 26 39 1489 055
14 004  WHL 26 34 1021 039

W WEEG S, P ORTE R AT ST A E B, 8 N $0.08 mm, 6
$0.06 mm, 4 4 $0.04 mm,

FET Wiz CATER BT K A B MR B 2R,
PEEEEE /T 0.5 mm FOIREE , f045 3 Fh-P4141
P8.P6 . P4, i AT 2 P B4 R6 R4, DL S A B 21
Y14, 2831 6 PR & 2 S dm i INEAE W) . LUK
G g ALY L IZ RS 0.2 mm (1)
RSG5 L I 2 IR AR 4 )2 (R
JZIR R 0.25 mm)1/1 -S4 2135 35/ A 02 ), 4
JE TR E A BN 00,450 .00 .45, B IR RES &
W T2 45 R RE H(2.3 £0.2) mm B SR
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Fig.2 Schematic diagram of structure of electrothermal

composite
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Fig.3 Test for electrothermal performance
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Fig.4 Test tensile property
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Fig.5 Temperature—time curves of fabric samples under 4 V
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RBETMR A G 22 20 BEHE RN ARG, P4 35U B L BV B
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Tab.2 Electrothermal parameters of 6 types of fabric

samples under 4 V

Sy 3 EL 25 3]/, fi < e sl 522
P8 5.90 0.69 24.4 70.1 0.52
P6 5.05 0.81 22.5 67.9 0.44
P4 2.16 1.87 24.7 455 0.42
R6 2.35 1.71 24.4 43.7 0.49
R4 1.05 3.82 24.1 328 0.48
14 2.34 1.72 25.5 54.7 0.32
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Fig.6 Temperature—time curves of composite samples

under 11 V
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Tab.3 Electrothermal parameters of 6 types of composite

samples under 11 V

— Y R e
sy v wwe S S Ten)
PS8 1926 057 25.7 108.8 277
P6 1560 071 250 102.1 257
P4 674 163 252 74.1 1.63
R6 644 172 257 62.0 114
R4 302 364 25.4 446 0.64
M 636 173 25.1 61.7 1.22

TRLEE 5 AR W PR RE LR OR A — 2, rU AR

YA INEE R 2 | LA A A ARl 2 T 5 v T A L R
T AR o P8 R A 3 T A v S A R A
108.8 °C, FHE S %K 2.77 Cls, k¢ P4 iAREF M 5t i °F-
HFIR R 46.83%. FHIFIERAS A & 22415, B 84!
TNFREUH A Y PR B AR, XoF B H 3 B bR o o
7 R R T SRR AR 5 U S 2 4 i AL
BT 20 2 AR SR B K FEXT I FL R G bR fE
L R TR TR R e BURE AR G A R L R T 3
A MR R R AR, P4 R4 F 14 IR Y
Tt 2 AR B 43 ) R 74.1.44.6.61.7 °C; P4 KRR T
LRI 1.63 C/s, #¢ R4 Al 14 J80FE FH IR 2R 43 5
154.69%7H1 33.61%.
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XF 6 LI A A BHARE HE TR R BRI, 2%
A SRR AR - RS iR AP 8 Fim . P 8 ik
g5 e B Fon i T 5 . I 8 WT L, AH IR 45 4
SERG R A 2L AN R R SR RN, T A i R
TRIGIN s FH R4 B A 22 A B, P-4 N e 4L e i
SR Ay H B2 1 R 2 0 g Rl R R R TR
B B2 2 JINARE ) Sy A R

SN2 A MORNARE LA GR BE  Fir (AL 2 R 7 2 i
KR EAMEWNR 4 PR, TR A S g4 8
TNFRE Uy i S A A Bl T £ A PR S B v, R,
WREEER AP R rh, B LT 4 IR W G e 3240, i
ING WG . 3R 4 T UL, AR IR S gm 2 i) B
G 22 0 BN LIRS RN A T £ 4
VRSB T) 32 v A IO FH 23 8 R bt o e i
. PA ARG R fHER FE IR 450.2 MPa, # P8 iR FEH
SRR 9.11% AHFVERSR G S 2220, F-ETH U ERL
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Fig.7 Three dimensional of surface temperature of electrothermal composites
500 * 4 SEMRISER MRS
400 1 Tab.4 Tensile parameters of composite samples
S P A5 BE/MPa PR E/GPa Wi 3%
£ 300r —=—Pg-1
= —e— P63 P8 412.6 £ 0.047 28.59 +0.039 2.36 +£0.016
= 200r A hael P6 439.9 +0.124 30.16 + 0.025 250 +0.019
—vR6-3
100 F —* R4-1 P4 450.2 £ 0.058 30.99 = 0.017 2.38 £0.016
——14-3
R6 406.1 +0.109 28.09 = 0.045 2.31+0.023
0 s . . . s
0 0.5 1.0 1.5 2.0 25 R4 434.2 +0.036 30.64 + 0.036 2.29+0.014
Ri2E/% 14 4307+0077 28310031  2.51+0.021
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Fig.8 Stress—strain curves
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Fig.9 Damage morphology of composite after tensile test
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(2) 7E 11V HIHB T, G G PR R i
SR ETE 30 s NTHELIE 108.8 °C, 5 & 4 2240
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