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Abstract

The limited folding resistance of continuous silicon carbide (SiC) fibres hinders their application as flexible,
foldable materials. With this objective in mind, the folding endurance and damage properties of the second
(2nd) and third (3rd) generation continuous SiC fibre tows were investigated through repeated folding tests,
optical microscope observation and tensile tests. These SiC fibre tows were disassembled from two-dimensional
(2D) SiC fibre braided fabrics with varying braiding angles. The braiding process can alleviate the force
on fibre tows during the textile forming process. The investigation of damage mechanisms and analysis of
force conditions are instrumental in optimizing structural parameters. The research findings suggested that, in
comparison to the 3rd generation continuous SiC fibres, the 2nd generation SiC fibre tows demonstrated higher
resistance to repeated folding. In contrast, the 2nd generation fabrics exhibited slightly lower folding endurance
values. After repeated folding, the SiC fibre tows in fabrics showed the highest strength losses near the braiding
angle of 37.8° to 38.3°. In comparison, the SiC fibre fabric demonstrated the lowest folding endurance values
(approximately 760 times) near the braiding angle of 41° to 42°. Considering factors such as folding endurance
value, the strength loss rate of fibre tows and fabric strength loss rate, it can be concluded that SiC fibres in
fabrics with large braiding angles exhibit optimal performance in terms of folding endurance.
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I. Introduction

The atmospheric entry systems of aerospace vehi-

cles primarily focus on inflatable structures and fold-

able mechanisms, with flexible thermal protection ma-

terials used for the outer layers of inflatable structures

and umbrella-like skirt parts of folding mechanisms [1–

8]. In extreme environments such as extreme cold, heat

and space radiation, thermal protection materials must

possess excellent properties, including high and low-

temperature resistance, ageing resistance, oxidation re-

sistance and dimensional stability. Continuous silicon

carbide (SiC) fibres precisely meet these performance

requirements. However, to utilize SiC fibres to fabricate

flexible foldable and deployable thermal protection ma-

terials, it is imperative to investigate their characteris-

tics, such as poor toughness, limited folding endurance

and susceptibility to damage.

The most representative high-temperature resistant
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fibre is Nextel ceramic oxide continuous fibre de-

veloped by the American 3M Company [9,10]. The

heat-resistant layers of the thermal protection system

(TPS) in NASA’s High-Energy Atmospheric Reentry

Test (HEART) vehicle consist of fabrics made from alu-

minium borosilicate fibre (3M™ Nextel™ 440 BF20),

and the fabrics can still maintain high mechanical prop-

erties, flexibility and structural integrity even at 1370 °C

[11,12]. The Deployable Self-Regulating Centrifugally-

Stiffened Decelerator (DESCENT), proposed by the

Harbin Institute of Technology, featured a flexible con-

ical shell constructed from ceramic fabric based on an

origami pattern; compared to NASA’s HEART, DE-

SCENT exhibited a superior lightweight and flexible

size design, eliminating the need for insulation blan-

kets or gas barriers [13–15]. Zhang et al. [16] pre-

pared a high emissivity double-layer coating with SiC

and ZrO2 as emittance agents on the surface of flexi-

ble aluminium silicate fibre fabrics, effectively enhanc-

ing the fibre fabrics’ tensile strength and thermal insu-

lation performance. It can be seen that the current re-
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search predominantly employs aluminium borosilicate

fibre, quartz fibre and high silica fibre for fabricating

flexible ceramic thermal protection materials. In con-

trast, SiC fibres find more appropriate use as coating

materials.

The research on SiC fibres has undergone three gen-

erations of development, and the key is to reduce the

contents of impurity oxygen and free carbon in SiC

fibres while enhancing their operational temperature.

In other words, the primary distinctions among var-

ious generations of SiC fibres lie in their composi-

tional structure and temperature resistance. The near-

stoichiometric composition and high crystalline struc-

ture result in exceptional properties, including elas-

tic modulus, high-temperature resistance, creep resis-

tance, and oxidation resistance of SiC fibres. The sec-

ond (2nd) generation SiC fibre exhibits high carbon con-

tent and low oxygen content, while the third (3rd) gen-

eration SiC fibre features low carbon and oxygen lev-

els. Currently, researchers primarily investigate the mi-

crostructure, mechanical properties, high-temperature

resistance, oxidation resistance, dimensional stability,

wet oxidation behaviour, microwave absorption proper-

ties and other aspects of SiC fibres under diverse envi-

ronmental conditions [17–30]. The National University

of Defense Technology has successfully developed var-

ious categories of continuous SiC fibres, including KD-

I, KD-II, KD-S and KD-SA types, with comprehensive

performance that either meets or approaches the level of

similar international products [31–35]. Xiamen Univer-

sity has achieved the 2nd and 3rd generation continuous

SiC fibres through electron beam radiation crosslinking

and hydrogenation decarburization [36–38].

The application researches of SiC fibres primarily fo-

cuses on ceramic composite materials, while their use

in flexible and foldable materials research is limited.

Due to technical confidentiality, only a few reports have

mentioned utilizing SiC fibre fabrics as flexible thermal

protection materials. According to the standard GB/T

457-8 [39], “folding endurance” refers to the logarithm

(base 10) of the number of sample fractures occurring

under standardized tension conditions. The term “fold-

ing endurance” in this study specifically refers to the

material’s capacity to endure repeated folding. Previ-

ously, we studied the folding endurance of the 3rd gen-

eration SiC fibres and their fabrics [42]. However, on

the basis of our previous research, this paper paid spe-

cial attention to the 2nd and 3rd generation SiC fibres

and their fabrics, and deeply explored the differences in

folding endurance of different SiC fibres to inform and

enhance the optimization of fabric design and perfor-

mance. This study investigated the folding endurance

and damage characteristics of the 2nd and 3rd genera-

tion continuous SiC fibre tows and their fabrics through

repeated folding tests, optical microscope observation

and tensile tests. By manipulating factors such as braid-

ing angle, number of folds and folding angle, the rela-

tionships between SiC fibres’ folding damage and these

factors during the braided forming process and repeated

folding process were examined.

In this article, various types of continuous SiC fibres

were utilized to prepare two-dimensional (2D) biaxial

braided fabrics with different braiding angles, and the

geometric parameters of these fabrics were measured.

Subsequently, the repeated folding tests and folding life

tests were conducted under various folding conditions

on the SiC fibre fabrics, and the damage morpholo-

gies at the fabric folding lines were characterized using

a high-definition charge-coupled device (CCD) optical

microscope. Furthermore, the tensile properties of SiC

fibre tows and their fabrics were investigated through

tensile tests, and the strength loss rates were calculated

to assess the folding damage extent of SiC fibre tows

and their textiles. This study should establish a founda-

tion for future applications of SiC fibres in space flexible

deployable and foldable structures.

II. Experimental

2.1. Preparation of SiC fibre fabrics

The 2nd generation SiC fibres used in this article are

ShinColon-II continuous SiC ceramic fibres (linear den-

sity is 310 tex, volume density is 2.7 g/cm3, tow is 1000

pieces/bundle) produced by Ningbo Zhongxing New

Material Technology Co. Ltd. The 3rd generation SiC

fibres are Cansas-3303 continuous SiC fibres [42] (line

density is 182 tex, volume density is 3.1 g/cm3, tow is

500 pieces/bundle) produced by Fujian Leadasia New

Material Co. Ltd. Based on the regular braid (2/2 repeat)

structure, a self-built 32-spindles vertical 2D braiding

machine [42] was used to prepare 2D biaxial SiC fibre

braided fabrics (Fig. 1). SiC fibre fabrics with different

Figure 1. Fabricated SiC fibre fabric and regular braid
pattern with a 2/2 repetition configuration

Table 1. Braiding process parameters of SiC fibre fabrics

Number of Braiding Drafting

Plan yarns i the speed speed

bobbin [r/min] [mm/min]

1 1 6.5 200

2 1 7.5 200

3 1 8.5 200
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Table 2. Measured geometric parameters of SiC fibre fabrics

Parameter The 2nd generation SiC fibre fabric The 3rd generation SiC fibre fabric [42]

Braiding speed [r/min] 6.5 7.5 8.5 6.5 7.5 8.5

Braiding angle [°] 38.3 40.4 41.9 37.8 41.2 43.1

Thickness [mm] 0.365 0.357 0.382 0.388 0.385 0.399

Mass per unit area [g/m2] 181.25 183.90 188.37 268.40 279.36 291.18

Figure 2. SiC fibre fabrics with different braiding angles
obtained by using different braiding speeds

braiding angles were designed by changing the braid-

ing and drafting speeds. The braiding process parame-

ters are shown in Table 1.

2.2. Measurement of braiding geometric parameters

The braiding angle is the angle between the yarn di-

rection and the axial braiding direction, and the surfaces

of braided fabrics were observed with an optical micro-

scope to calculate the average braiding angles. The SiC

fibre fabric thicknesses were measured by a YG141LA

digital fabric thickness gauge. The fabric qualities were

measured by a LE104E electronic balance to calculate

the masses per unit area. Samples with three different

braiding angles were obtained by using different braid-

ing speeds as shown in Fig. 2 and corresponding geo-

metric parameters are given in Table 2.

2.3. Characterization

SiC fibres’ folding endurance is related to the ser-

vice life and mechanical properties of the flexible, fold-

able material made from them. This section mainly in-

troduces the repeated folding test, optical microscope

damage characterization of different kinds of SiC fibre

braided fabrics and the tensile test of SiC fibre tows and

fabrics before and after folding.

Folding test

Repeated folding tests and folding life tests (Fig. 3)

of the SiC fibre braided fabrics were carried out with

Figure 3. Folding test process: a) reverse bend tester utilized
in the folding test, b) an overview of the test device employed

for assessing folding characteristics

an HXQ-FPC reverse bend tester according to GB/T

457-2008 standard [39]. During the test, the lower fix-

ture was rotated in a reciprocating motion, and the R-

angle diameter of the folding fixture was 1.0 mm. All

fabric samples were 50 mm long, the folding line was

along the axial braiding direction and the folding speed

was 50 times/min. Since the fabric sample lengths were

shorter than the distance between the upper and lower

fixtures, the fabrics were pasted with cardboard to ex-

tend the samples. The test parameters are summarized in

Table 3. If the folding motions were continued until the

fabric samples were broken (marked by the automatic

stop of the tester), the operating interface of the folding

tester would display the folding endurance value.

Tensile test

Fibre tows tensile test - The tensile properties of

the 2nd and 3rd generation SiC fibre tows were tested

according to GB/T 34520.4-2017 standard [40] by

XS(08)F2 series electronic fabric strength machine [42].

The load was applied along the axial direction of the fi-

bre tows with the tensile speed of 20 mm/min while the

Table 3. Folding test parameters of SiC fibre fabrics

Plan Number of folds Folding angle [°] Distance between fixtures [mm] Tension [N]

1 0 No folding Nothing Nothing

2 100 +135°, −0° 60 4.91

3 25 +180°, −0° 60 4.91

4 50 +180°, −0° 60 4.91

5 100 +180°, −0° 60 4.91

6 Folding until fracture +180°, −0° 60 4.91

7 Folding until fracture +180°, −180° 60 4.91
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Figure 4. Fabric tensile test: a) fabric sample, b) visual
representation of the tensile test in progress and c) close-up

view of the fabric at the point of tensile fracture

tensile samples had the test gauge length of 40 mm [42].

The average values of 8 groups of effective test results

were taken. The tensile forces of the original SiC fibre

tows were obtained, and that of the tows disassembled

from SiC fibre braided fabrics before and after folding.

To evaluate the damage degree of SiC fibre tows during

braiding and folding, the yarn force loss rate (FLR) was

calculated by the following formula:

FLR =
FO − FA

FO
× 100 (1)

where FO is the breaking force of the original SiC fi-

bre tows and FA is the breaking force of the fibre tows

disassembled from SiC fabrics.

Fabric tensile test - XS(08)F2 series electronic fab-

ric strength machine was used to carry out tensile tests

on the braided fabrics before and after folding, including

the 2nd and 3rd generation SiC fibre fabrics, according to

GB/T 33613-2017 standard [41]. The load was applied

along the radial braiding direction, the tensile speed was

20 mm/min and the test gauge length was 30 mm (Fig.

4a). The average values of the effective test results of 4

groups were taken. Similarly, to evaluate the damage de-

gree of SiC fibre braided fabrics, the average strengths

of the fabrics before and after folding were used to cal-

culate the fabric force loss rate.

III. Results and discussion

In order to optimize the structural parameters and re-

sistance to bending and folding of SiC fibre braided fab-

rics, the folding endurance and damage mechanisms of

the 2nd and 3rd generation SiC fibres and their fabrics

were compared and analysed under the conditions of

different braiding angles, number of folds and folding

angles.

3.1. Folding test results and analysis

Figure 5 indicates the surface morphologies of the 2nd

and 3rd generation SiC fibre braided fabrics under dif-

ferent folding conditions observed by the optical micro-

scope. The surfaces of fabrics were relatively flat and

the arrangements of fibre tows were relatively orderly

before folding. After folding, the surfaces of fabrics

showed apparent abrasion phenomena such as fuzzing

and snagging, accompanied by some local filament-

breaking signs. Moreover, the phenomenon of disor-

dered arrangements of these fibre tows became increas-

ingly prominent with the increase in the number of folds

and folding angles, leading to deformation and wear in

the fabrics and ultimately resulting in damage propaga-

tion. Compared with the 3rd generation SiC fibre fabrics,

the surface abrasions of the 2nd generation SiC fabrics

were generally more subtle. Because the linear density

of the 2nd generation SiC fibre tows (310 tex) was higher

than that of the 3rd generation SiC fibre tows (182 tex),

the 2nd generation fabrics were more compact, and the

cover factors were higher than that of the 3rd generation

fabrics. However, these morphologies can only superfi-

cially analyse the external folding damage of SiC fibre

braided fabrics, and more in-depth tests are needed to

compare and explore the folding endurance of SiC fi-

bres.

Figure 6 shows the folding endurance values of

SiC fibre braided fabrics with different folding angles

recorded by the reverse bend tester. The folding angle

Figure 5. Surface morphologies of a) 2nd generation and b) 3rd generation [42] SiC fibre braided fabrics under varied folding
conditions for comparative analysis
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Figure 6. Folding endurance analyses for 2nd generation of
SiC fibre braided fabrics, enabling a comparative

assessment of their performance

(+180°, −0°) indicated that the fabric sample was folded

in half, and the folding angle (+180°, −180°) suggested

that the fabric sample was doubly folded. Apparently,

the damage caused by the reciprocating folding was

greater than the single folding movement. Indeed, the

folding endurance values measured under the condition

of double fold were less than that under the condition

of single fold, and all SiC fibre fabrics followed this be-

haviour. Under the condition of double fold, the outer

appearances of the 2nd generation SiC fibre fabrics af-

ter the different number of folds were photographed, as

seen in Fig. 7. It can be seen from Figs. 6 and 7 that the

folding endurance values of the 2nd generation SiC fab-

rics with three braiding angles (38.3°, 40.4°, and 41.9°)

decrease with the increase of the braiding angle. In the

double fold process, the 2nd generation SiC fabrics with

braiding angle 38.3° became visibly narrower after fold-

ing 300 times, the edge began to unglue after folding

400 times, the fabric edges on both sides were com-

pletely unglued and loosed after folding 700 times, and

the fabrics were broken after folding 1317 times. The

fabrics with a braiding angle 40.4°became visibly nar-

rower and the edge began to unglue after folding 280

times; the fabric edges on both sides were completely

unglued and loosed after folding 450 times, and the fab-

rics were broken after folding 847 times. The fabrics

with braiding angle 41.9° became visibly narrower and

the edge began to unglue after folding 200 times; the

fabric edges on both sides were completely unglued and

loosed after folding 370 times, and the fabrics were bro-

ken after folding 757 times. In the previous study [42],

we obtained the folding endurance values of the 3rd gen-

eration SiC fabrics, as seen in Fig. 8. The 2nd gener-

ation SiC fabrics had lower folding endurance values

than the 3rd generation in general. Analysis of the fold-

ing life test results for both 2nd and 3rd generation SiC

fibre fabrics reveal an interesting trend. As the braiding

angle for the 3rd generation SiC fibre fabrics increases

Figure 7. Visual assessment of 2nd generation SiC fibre braided fabrics under double fold condition
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Figure 8. Folding endurance analyses for 3rd generation of
SiC fibre braided fabrics [42]

within the range of 37.8° to 43.1°, the folding endurance

values initially decrease before exhibiting an upward

trend. Notably, for the 2nd generation SiC fibre fabrics,

this trend is predominantly characterized by a decrease,

ranging from 38.3° to 41.9°. Remarkably, within the

specific braiding angle range of 41° to 42°, the SiC fibre

fabrics exhibit their lowest folding endurance values,

signifying their reduced resistance to repetitive bending

and folding stresses.

In combination with Table 1 and Table 2 in Sec-

tion 2, it can be seen that when the drafting speed has

remained constant, the faster the braiding speed, the

greater the braiding angle and tightness of the corre-

sponding braided fabric. The folding line followed the

axial braiding direction, so in the range of braiding an-

gle from 37.8° to 43.1°, the larger the braiding angle,

the less the folded parts of each fibre tow in fabric and

the more the fibre tow interlaced parts in the unit area.

For the fabric with smaller braiding angles, the inter-

laced friction actions between fibre tows were lower

and mainly affected by the folding behaviours. When

the number of folds was small, the functions of folding

load were dominant, and the comprehensive effects of

internal interlaced abrasion and external folding dam-

age were growing. For the fabrics with medium range

braiding angles, the influences of interlaced abrasion

behaviours between fibre tows were more pronounced

than that of fabrics with smaller angles, and the conse-

quences of folding actions were greater than that of fab-

rics with larger angles, so they had the lowest folding

endurance values and the fastest folding damage pro-

cess.

3.2. Folding endurance and damage characteristics

In order to deeply characterize and analyse the fold-

ing damage mechanisms of SiC fibres, the mechanical

properties of the 2nd and 3rd generation SiC fibre tows

and their fabrics before and after folding were further

studied.

Mechanical properties of SiC fibre tows

The strength-strain curves were calculated and plot-

ted using the displacement, load and other experimen-

tal data obtained from the tensile test of fibre tows, as

shown in Fig. 9. The average tensile breaking force,

breaking strength and elongation at break of the orig-

inal 2nd generation SiC fibre tows were 183.42 N,

0.5917 N/tex and 2.670%, respectively. The average ten-

sile breaking force, breaking strength, and elongation at

break of the original 3rd generation SiC fibre tows were

65.85 N, 0.3618 N/tex, and 1.443%, respectively [42].

All curves’ trends were consistent and aligned with the

original brittle fracture characteristics of SiC fibre tows.

The breaking strengths of the 2nd generation SiC fibre

tows were generally greater than that of the 3rd gen-

eration because the oxygen contents of the 3rd genera-

tion SiC were low. Figures 9b,c show the strength-strain

curves of the original SiC fibre tows and the tows in fab-

ric with different braiding angles before folding. This

is equivalent to discussing the effects of the braiding

process on the tensile properties of SiC fibre tows. The

tensile strengths of SiC tows after braiding and before

folding decreased compared with that of original fibre

tows, and both the 2nd and 3rd generation SiC followed

the trend. Figures 10 and 11 show the tensile breaking

forces and force loss rates of SiC fibre tows disassem-

bled from fabrics with different braiding angles under

different folding conditions.

It can be seen from Figs. 9, 10 and 11 that the tensile

breaking forces of the 2nd and 3rd generation SiC fibre

tows decrease with the increasing number of folds and

Figure 9. Comparison of the strength-strain curves between 2nd and 3rd generation SiC fibre tows (a), the strength-strain curve
for 2nd generation (b) and 3rd generation [42] SiC fibre tows (c)
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Figure 10. Tensile breaking forces and force loss rates of the 2nd generation SiC fibre tows

Figure 11. Tensile breaking forces and force loss rates of the 3nd generation SiC fibres tows [42]

folding angles. In other words, the greater the number of

folds and folding angles, the greater the force loss rates

of fibre tows. The force loss rates of the 2nd generation

SiC fibre tows were slightly lower than that of the 3rd

generation SiC in general, corresponding to the optical

microscope surface morphology results in Section 3.1.

The 2nd generation SiC fabrics were arranged neatly,

and the displacements and deformations of their tows

during folding were less than that of the 3rd generation

fabrics. Hence, the force losses were slightly lower. For

the 2nd generation SiC fabrics with three braiding angles

(38.3°, 40.4° and 41.9°), the force loss rates of SiC fi-

bre tows decreased with the increase of braiding angle.

For the 3rd generation SiC fabrics with three braiding

angles (37.8°, 41.2° and 43.1°), the force loss rates of

SiC fibre tows increased at first and then decreased with

the increased braiding angle. Combined with the ten-

sile properties results of the 2nd and 3rd generation SiC

fibre tows, it is found that the force loss rates of SiC fi-

bre tows increased at first and then decreased when the

braiding angle was raised from 37.8° to 43.1°. There

should be a critical point roughly in the interval near the

braiding angle of 37.8° to 38.3°, where the tensile break-

ing force loss rates of SiC fibre tows are the greatest. It

had been stated in Section 3.1 that a fabric with a larger

braiding angle had a larger tightness. The folded parts of

each fibre tow depended on the braiding angle, and the

interlaced abrasion parts of fibre tows in the unit area

depended on the areal density. The fibre tows in fabric

with a small braiding angle had more folded parts and

less interlaced parts. The fibre tows in fabric with a large

braiding angle had less folded parts and more interlaced

parts. For the inner fibre tows of fabric with a medium

braiding angle, the interlaced abrasions were more than

that of the fabric with a small braiding angle, and the

folding damages were more than that of the fabric with
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a large braiding angle. When the number of folds was

small, the fibre tows were mainly affected by folding

load and the effects of interlaced abrasions were low.

The comprehensive results of interlaced abrasion and

folding force became increasingly apparent with the in-

creasing number of folds. At the same time, interleaved

wear would also imperceptibly act on and accelerate

the damage evolution process of fabrics. Therefore, the

folding lives of the fabrics with medium braiding an-

gles were shorter, and the force losses of their fibre tows

were higher.

Mechanical properties of SiC fabrics

The stress-strain curves were calculated and plotted

by using the displacement, load and other experimen-

tal data obtained from the fabric tensile test, as shown

in Fig. 12. Figure 12b indicates the typical stress-strain

curves of the 2nd generation SiC fabrics with three braid-

ing angles before folding. Since the fibre tows in fab-

rics had different fracture times caused by uneven forces

during stretching, all curves showed drastic fluctuations.

The tensile breaking forces and force loss rates of SiC

fabrics with different braiding angles under different

folding conditions are shown in Figs. 13 and 14. The

average tensile breaking forces, breaking strengths and

elongations at break of the 2nd generation SiC fibre fab-

rics before folding were listed in Table 4, and the tensile

property data of the 3rd generation SiC fabrics obtained

in the previous study [42] were also included.

As it can be seen from Figs. 12, 13 and 14 as well

as in Table 4, the breaking strengths of the 2nd gener-

ation SiC fibre fabrics were generally lower than that

of the 3rd generation fabrics because the fineness of the

2nd generation SiC was thicker and the number of fi-

bre tows per unit area of fabrics were lower. Clearly,

with the increased number of folds and folding angles,

the tensile breaking strengths of the 2nd and 3rd genera-

tion SiC fabrics became lower and the fabric strength

losses became greater. The tensile breaking forces of

the same SiC fibre fabrics increased with the increase

of braiding angle, because the load of the fabric tensile

test was along the radial braiding direction, and the di-

rection of fibre tows in fabric with the small braiding

angle was farther away from the radial direction. The

force loss rates of the same SiC fabrics decreased at first

and then increased with the increase of braiding angle,

Figure 12. Comparison of the stress-strain curves between 2nd and 3rd generation SiC fibre fabrics (a) and the stress-strain
curve for 2nd generation SiC fibre fabrics before undergoing folding tests (b)

Figure 13. The tensile breaking forces (a) and the force loss rates (b) of the 2nd generation SiC fabrics
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Figure 14. The tensile breaking forces (a) and the force loss rates (b) of the 3nd generation SiC fabrics [42]

Table 4. Tensile properties of SiC fibre braided fabrics before folding

Fabric
Braiding angle Breaking force Breaking strength Elongation at break

[°] [N] [MPa] [%]

The 2nd generation SiC

fibre fabric

38.3 15.42 1.590 44.78

40.4 16.56 1.721 42.13

41.9 25.04 2.510 40.38

The 3rd generation SiC

fibre fabric [42]

37.8 35.69 3.911 43.72

41.2 43.50 4.874 26.15

43.1 56.12 5.876 35.99

which were the trends for both the 2nd and 3rd genera-

tion fabrics. When the number of folds was small, the

folding force mainly damaged the fabrics and the inter-

laced abrasion actions on the fabric level were low. In

addition, the strength losses of the 2nd generation SiC

fabrics were generally lower than those of the 3rd gen-

eration fabrics. It should be taken into account that the

small fabric sample sizes may produce the edge effects

and affect the references of fabric mechanical properties

test results.

IV. Conclusions

This study used the 2nd and 3rd generation continu-

ous SiC fibres to fabricate 2D biaxial braided fabrics

with varying braiding angles. Subsequently, a series of

tests, including repeated folding tests, optical micro-

scope measurements and tensile tests, were carried out.

Finally, the effects of the braiding process, braiding an-

gle, number of folds and folding angle on the folding

endurance and damage mechanisms of SiC fibres were

compared and discussed.

Repeated folding tests showed that the surfaces of

SiC fabrics after folding exhibited phenomena such as

fuzzing, snagging and local filament breakage. More-

over, with an increasing number of folds, the arrange-

ment of fibre tows became more disordered. Addition-

ally, when the number of folds was less than 100 times,

the surface abrasion conditions were more subtle in the

2nd generation SiC fabrics than those in the 3rd genera-

tion. Furthermore, although the folding lives of the 2nd

generation SiC fabrics were slightly lower than those of

the 3rd generation fabrics, within a braiding angle range

from 37.8° to 43.1°, it was determined that SiC fibre

fabrics with a braiding angle between 41° and 42° ex-

hibited the lowest resistance to repeated folding.

According to the tensile test results of fibre tows, the

2nd generation SiC exhibited higher breaking strengths

and lower force loss rates compared to the 3rd genera-

tion SiC. The mechanical properties of SiC fibre tows

decreased due to the braiding process, increased num-

ber of folds and larger folding angles causing the great-

est strength losses in within a braiding angle range from

37.8° to 43.1°. Beyond an angle of 38.3°, there was a

gradual decrease in force loss rates for SiC fibre tows

with increasing braiding angle.

According to the tensile test results of fabrics, in com-

parison with the 3rd generation SiC fabrics, the 2nd gen-

eration SiC fabrics exhibited lower breaking strengths

and force loss rates. The tensile breaking forces of SiC

fibre fabrics were found to be influenced by both the

number of folds and the folding angle. The SiC fabrics

with larger braiding angles demonstrated higher tensile

breaking forces. The strength losses of the 2nd and 3rd

generation fabrics initially decreased and then increased

with an increase in braiding angle. However, it should be

noted that edge effects may impact the referable signifi-

cance of mechanical results for smaller-sized fabrics.
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From the perspective of fibre tows, the 2nd genera-

tion SiC fibre tows exhibited superior resistance to the

repeated folding compared to the 3rd generation. Re-

garding folding life, the 3rd generation SiC fibre fabrics

demonstrated a higher number of folding endurance val-

ues than their 2nd generation counterparts. Based on var-

ious experimental results, it was observed that the SiC

fibres in fabrics with large braiding angles displayed ex-

ceptional folding endurance. The present findings sug-

gest that the mechanical properties of SiC fibres are in-

fluenced by both the textile forming process and the us-

age process (repeated folding process), resulting in con-

sequential damage. Therefore, optimizing structural pa-

rameters and coating fibre tows can enhance the folding

endurance of SiC fibres and their fabrics, respectively,

addressing both processing and utilization perspectives

to enable their application in flexible, foldable thermal

protection materials. Regarding the work presented in

this article, our investigation is limited to a slightly nar-

row range of braiding angles. Future research will pri-

marily examine internal damage and simulating force

conditions experienced by fibre tows during folding.
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