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Mechanical Properties of SiC/SiIBCN-Si;N, Composite
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Abstract In order to further understand the microstructure and high temperature mechanical behavior of SiC/
SiBCN-Si;N, composite, and establish a scientific and reliable quantitative characterization methodology, this paper
uses a variety of characterization methods to quantitatively observe SiC/SiBCN-Si,N, material. Firstly, the porosity
and density of the material are tested. Then the in—situ mechanical properties of the material at high temperatures
were tested and the damage mechanism of the material was analyzed. Finally, an interpretable deep learning model
was constructed based on the test data to realize the prediction of the nonlinear constitutive relationship of the
material at high temperature. The results show that the average stress prediction error ranges from 0. 27% to 0. 59%,
and the average strain prediction error ranges from 1. 96% to 3. 41%. Through quantitative analysis, it is also clear
that the factors successively affecting the mechanical properties are temperature, off-axis Angle, porosity and
density. In this paper, the macroscopic mechanical properties of SiC/SiIBCN-Si;N, under different ambient
temperature, off-axis angles and external loads are predicted, which provides a new idea for the establishment of
high temperature constitutive model of ceramic matrix composites.
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Fig. 3 Microstructure of fiber bundle
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Tab.1 The porosity ratio and density of tensile specimen

at room temperature

i it A0 B2 FLBA/% g em™
0-1 8.31 2.329
0-2 0 9.61 2.391
0-3 10.56 2.405
15-1 11.72 2313
15-2 15 7.90 2.388
15-3 14.91 2.292
30-1 10.45 2.341
30-2 30 8.06 2.391
30-3 11.10 2.341
45-1 9.34 2.420
45-2 45 10.77 2.361
45-3 10.52 2.436
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Tab. 2 The porosity ratio and density of tensile specimen at
high temperature

ETR= ﬁffﬂlfﬁ&*‘/f) %LI@:%:/% %J}f/g'cm’z
800-1 12.66 2.308
800-2 12.23 2.360
30°
800-3 11.71 2.316
1200-1 12.75 2.299
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Fig.5 Logarithm of mercury injection volume and pore diameter
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Fig. 6 Stress—strain curves of 0° tensile test
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Fig. 7 Stress—strain curves of 15° tensile test
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Fig. 8 Stress—strain curves of 30°tensile test
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Fig. 9  Stress—strain curves of 45° tensile test
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Fig. 11 SEM image of 15° tensile specimen fracture
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Fig. 13 SEM image of 45° tensile specimen fracture
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Fig. 14  Summary of stress—strain curve for 1 200 °C high

temperature tests
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Fig. 18 Tensile damage details of 1 200 °C high temperture
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Fig. 19 Tensile damage details of 800 °C high temperture
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Tab.3 Model hyperparameter values

i — % -
BE—R Embedding H % Drop

W2k R FAJEM RS

DU 575 \ e
WH BRI AT AR MR R owt
1000 50 9 128/64 2 512 16 0.05
2.3.2.3 HBLSCLE

TR E B A A, B R AR R L
A R b BSR4 5ol B8 83 b R 48 LA AT 7843 A 31
S IR A RN 4 s . Hir SAMLP-SA I
SAMLP-AW 43 IR 2B A VAL FR F 1R 2 oK
F 57 2 SAMLP BERY . 43 M7 3 4 HR s vl
Y, 2R T B SR A AL B A AT 55 B Ok 5
W A A R T SAMLP B R A MR REH & A= T 2
Bk FFLLEAN, AT EILL T 458 AR
BLA I AASAN A A TR B AL T ] ff R, o R i
PET& TR (8 T B D T I R 25

4 BT FEITMHIRROMBIRER

Tab.4 Results of ablation experiments based on different evaluation indexes

o 4 5 2% B R 2 BB
J% F1/MPa A5 e J% #1/MPa A e M gy
SAMLP 0.274 14 52.403 54 0.53513 81.368 03 0.999 96 0.999 86
SAMLP-SA 1.207 05 518.870 81 1.822 65 831.831 83 0.999 57 0.985 56
SAMLP-AW 0.424 33 94.378 89 0.723 62 152.123 00 0.999 94 0.999 52
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Tab.5 Comparison of model performance based on different evaluation indexes

o YRR 7 AR X R
N J1/MPa A e i J1/MPa A8 e I} A
SAMLP 0.274 14 52.403 54 0.535 13 81.368 03 0.999 96 0.999 86
MLP 0.783 04 382.739 00 1.184 47 630.701 53 0.999 82 0.991 70
T H W 0.508 9 330.335 46 0.649 34 549.333 5 0.000 14 0.008 16
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Tab. 6 Specimen prediction error
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Fig. 23 Prediction of tensile specimen 45-2 at normal temperature
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Fig. 24 Prediction of tensile specimen 800-1 at high temperature
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Fig. 25 Tensile prediction results at 15° normal temperature
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Tab. 8 Untrained off-axis angle (15° off—axis) error
between predicted value and true value
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