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Fig.1 Morphologies of as-sintered Ta/TaosHfosC laminated composite: (a) OM image, (b) low magnification image of the cross-section, (c) high

magnification image of the cross-section, and (d) enlargement of the areas marked in Fig.1c
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Table 1 Material parameters of Ta and TagsHfosC 2!

: . . 1 . 1 215406 K1 Elastic Shear « Tensile
Material e KIW {m K) Co {9 K) @07 K modulus*/GPa  modulus*/GPa strength*/MPa
20 575 0.144 6.559 200 74 0.35 186
900 0.155 7.759
Ta

1700 0.172 8.959

2500 0.204 10.159
20 29.291 0.219 6.807 354 145 0.22 233
900 40.571 0.285 6.967

Tao_5Hfo_5C
1700 51.851 0.323 7.127
2500 63.131 0.358 7.287

Note: * value obtained from reference; * value measured by experiment
f(xy,2t)=C, ﬂ_ﬁ(kﬂj_ﬂ s
ot ox\ ox) oyl oy (3)
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Fig.3 Load-time curve of Ta/TagsHfosC laminated composites under

loading cyclic stress
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Fig.4 Surface and back temperature curves of Ta/TaypsHfosC laminated

composite during thermal shock test for 120 cycles
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Fig.5 OM images of Ta/TaosHfosC laminated composites after thermal shock test: (a) 30 cycles, (b) 60 cycles, and (c) 120 cycles
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Fig.6  Cross-section morphologies and EDS analysis results of Ta/TagsHfosC laminated composites after thermal shock test: (a-c) low

magnification images of the cross-section; (d-f) high magnification images of the interfacial region; (g-i) enlargement of the areas marked

in Fig.6d-6f, respectively; the inset shows EDS results of the spot 1 marked in Fig.6h

KT TaCy RpPEIRIE> 2, LI AT Ta Al TagsHfosC
ST SSEAT A (B 5 4 SR, SN L L ORI AT A
Ta,Cs M, H B R R 3 2 2 S MORHE ik 25 1L
FErp Z AR, Ta F TagsHfgsC AHIE—2B R T
PR, I TagsHfosC A TaC & 20 it Bk A
o WkFh BB, S DR AR .
HFRD S B2 IR )RR, BRI A Y TauCs A2, AR
K
2.3 ANNBRTIRER

P 7 AL 8 3 3l A RE i A ok o285 A R P IR B
MR A s B 3 2 VEARBIZE TR E A% FE Y
IR S AR

XL AT L 53R, R BN TR S8 R A i 5 S 7 7]

EAETRERR S M E ARG, FEGTE BT 0 R
TSR ERA R, AR E L) 988 C, 5 3Lpr
THEOUEEAR— B B S TE R0 R v B K AN R BLTE D
bR (1s) , HEMEZA 217 MPa. fEFFAR N
FAHNEE SRS, FE 5 P B K #3576 100 MPa /2
Fio L EHANEUE I KIBICT Ta/TagsHfsC JERE &4
BEAE 2 U A1 1000 °C B 1 25 il 9 (SR 2 0 A
365423 MPa £l 315+18 MPa) , XJ&HE &M B L KFEK
TREE SR N 2 —
2.4 RMHEIFMERBLER

Kl 9 AR AR BHESRZ NG INER 120 JA )G =
U R R ) 1 B INAS R e - A i 2k . 0T LT
GEERE, B AMRIZ BRI NG B B B iRl R



» 1682 -

Wiy @A RS TR

53 3%

01z

9020

00 m
]

K7 TalTaosHfosC JZIRE SAPR I T AL PR 07 H A5 R

Fig.7 Temperature field distributions of Ta/TagsHfosC laminated composite during thermal shock test for 1 s (a) and 3 s (b)
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Fig.8 Thermal stress field distributions of Ta/TagsHfosC laminated composite during thermal shock test: (a) 0.15s, (b) 1.10 s, and (c) 3 s
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Table 2 Temperature and thermal stress simulation results of Ta/TagsHfosC laminated composite during thermal shock test

Temperature/’C Maximum thermal stress Minimum thermal stress
Time/s
Surface Back Value/MPa  Corresponding layer Value/kPa  Corresponding layer
0.0 988 1020 91 12th 382 18th
0.5 1300 1089 105 11th 305 4th
1.0 1700 1200 217 14th 138 2nd
15 1243 1143 172 12th 382 17th
2.0 1144 1093 151 13th 941 6th
25 1080 1042 136 12th 688 2nd
3.0 988 1000 117 9th 850 1st
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Fig.9 Load-displacement curves of Ta/TaosHfosC laminated composites during three-point bending (a) and single edge pre-cracked beam

(SEPB) (b) tests after loading cyclic stress
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Thermal Shock Behavior and Mechanism of Ta/Tay sHf,5C Laminated Composite Under
Plasma Flame

Xiao Peng®?, Yang Kai', Yu Yiping?, Wang Song?, Liu Haibo®
(1. Hunan Vanguard Group Co., Ltd, Changsha 410073, China)
(2. Science and Technology on Advanced Ceramic Fibers and Composites Laboratory, College of Aerospace Science and Engineering, National
University of Defense Technology, Changsha 410073, China)
(3. Hunan Provincial Key Laboratory of Health Maintenance for Mechanical Equipment, School of Mechanical Engineering, Hunan University of

Science and Technology, Xiangtan 411201, China)

Abstract: Ta/TagsHfosC laminated composite shows great potential to be used as wing leading edges and nose caps due to its good mechanical
properties and ablation resistance. However, the thermal shock behavior of the composite is rarely reported, as such, it is hard to evaluate whether
the composite can serve as a structural material stably. The plasma flame and finite element method (FEM) were employed to investigate the
thermal shock behavior of Ta/TagsHfosC laminated composite. By analyzing the morphologies and microstructure of the tested sample, it is found
that Ta/TaosHfosC laminated composite possesses great thermal shock resistance since no cracks are observed on the internal and external surfaces
of the composites after 120 cycles of plasma flame pulse assessment. Based on the measured temperature during thermal shock testing, the thermal
stress distribution field inside the testing sample was built successfully. Result reveals that the maximum thermal stress (207 MPa) caused by
plasma flame occurs at the moment of cooling. After 120 cycles of stress cycling, the retention rates of strength and toughness of the composites
are 70.1% and 73.9%, respectively. High strength and excellent crack propagation resistance are the main reasons for the excellent thermal shock
resistance of Ta/ TagsHfosC laminated composite.

Key words: Ta; TaosHfosC; laminated composites; thermal shock resistance; plasma flame
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