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Table 3 Measured values of off-axis angle for SiC;/TC17 composites
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Fig.5 Experimental and simulation tensile test results at room temperature for SiC;/TC17

composites with different off-axis angles



Cragpgoaa
High Strength and High Toughness Materials ﬁgﬁﬁﬂﬂﬂ

BT T P RE AR AL
23 AEMRHFAER SIC/TC1T £

R IR BRI S 47

&l 6 AN R (il /71 B SiC/TC17
52 R RH R W SR A G B B )l 1)
N5 ARIE . RTLAE Y, B IR EE G
W 1A B S R B Rl N, L
RE A W R LR 7 B 3 2 A ARt
NER A /N 10 B (00 A
0.5° ), I FE 1Y) fi K 1 ¥ 50 40 A F
BAGUPEBN , EREEA LG
BRFA TGO A 8 i B P A
— A e A W S R AR SR AR T 5 224 it il
FAEE AR A 1° L B (101,50,
2°), Fe KN 357 T8 R B 1R R
Uity , BIVZE TR 79 it 2 W 28 () M e o
Ko 3K BT 2 50RE 4 i il £ 2 e ot

— A FHERT , th T B T 3 S

FOAFE IR W B R A

R 43 BT A b £ B X SiC/TC17

i 73/MPa

+2.097e+03
+2.056e+03
+2.014e+03
+1.973e+03
+1.931e+03

+1.766e+03
+1.724e+03
+1.683e+03
+1.641e+03
+1.600e+03
—1.636e+01

i J1/MPa
+2.076e+03
+2.036+03
+1.997e+03
+1.957e+03
+1.917e+03

+1.759e+03
+1.719e+03
+1.679e+03
+1.640e+03
+1.600e+03
—6.222e-11

(¢c)1°

. J1/MPa

+2.089¢+03
+2.048¢+03
+2.007e¢+03
+1.967¢+03
+1.926e+03
+1.885¢+03
+1.844¢+03
+1.804¢+03
+1.763e+03
+1.722¢+03
+1.681e¢+03
+1.641e+03
+1.600e+03
—2.005e+01

E 6

=RV VR SV = o R E A [E R s R
HISE >R SEM X AS [a il £ 3,
FEEA TR TOESES . K17 (a)~(d)
25 T SRR (AR 0°) BT
S, Wit (E7 (a)) R
TE iR O T T RGOSR A A R R
HNERALEE UL AL, A A AR 1 32
B H AN [R) 45 1T HH T T A A
X2 A TR 2 808 2 [ — 90
[i) S ST T A 2 5 2 A L AR
FOESAE 7 (b) s, Wil ok
%%?ﬂﬁk KU ETER AT LK

ARSI, R PR s ST
E@fﬂzﬁ( 7 (¢ ) B, SLAAR M
FCASSEIH , 22 K0T 4k -5 AR e 1
b T[] T A D A A AR
WELS, HIR & AR, T DL gE
ES| S RN N (TP [ RS T
TR BEAA ;s £F W 1 AR I (1R 7
(d)) WoReF Wi 5 2 4 4 A

N J1/MPa

+2.098e+03
+2.056e+03
+2.015¢+03
+1.973e+03
+1.932¢+03

+1.766e+03
+1.724e+03
+1.683e+03
+1.641e+03
+1.600e+03
—4.500e+01

1 71/MPa
+2.078e+03
+2.038e+03
+1.998e+03
+1.958e+03
+1.919¢+03

+1.759¢+03
+1.719¢+03
+1.680e+03
+1.640e+03
+1.600e+03
—1.425e+01

T, R TE R ) SR BT
T (EAF A, SR S0
R iR AR K o 1 —3, 2
IR R R I & BOB AR, eI SE AR
TR, 7 (e) ~ (h) g%
FARE 0.3° IRFEWT TE 5. FIE R
RS, O A A REBT 11 R 24~
e B AN ) A BT e 2L 1 (71 7 (e ), Ab
T EWTE AR R e (B 7(1));
S AR T -3, 2250 T 4k 5
SRR B T — B, LR 4R LI %, B
AN (K7 (g)); SF4EWT
AT 5 i 2 T L, R A 5 G e T Y
(K7 (h))o B2, IEHFEF 0.3°
Pt bR G B 11 A A — 25, B
G AR RE, mEHRR, £
Y B NG F SR LR AL | 1 2 W
HHIEN T F S,

& 8 45t T Dl £ B oA 1.2° A1
1.8° I FE AT T IE A, AN Il RE

+1.890+03 +1.890¢+03
+1.849¢+03 +1.849¢+03
+1.807e+03 +1.807¢+03

(b) 0.5°

+1.878¢+03 +1.879¢+03
+1.838¢+03 +1.839¢+03
+1.798¢+03 +1.799¢+03

(d) 1.5°

(e)2°

TEMRERAET SIC/TC17 E & WK ET R 1A B B B 8 R 1 53

Fig.6 Stress along the fiber axis direction for SiC;/TC17 composites with different off-axis angles at beginning time of fracture

20244E 55674 55810 - R RIS EIA 49



- . .
—— 8¥n o

BB AR LT 138 i 2 AN TR i
B W T 2EL (R 8 (a) (e )), HIE
Al URE A 0.3° i il URE A L, B T
i BE RGN, B2 G 4RI I
W, BLAh, bl AR (1.2°
1.8°), iR Y £ 4 45 H B3 v i
FF S 384 o, v LA T R SRR B A
WmE g (a)(c).(e) M (g)Fim,
B8 (g) W, FR BT A7 F
LR HE Sl ) BN R 280 S H B DL,
A IR A B A 2R B

1 mm
N X ]

' X ol
(e ) Dm%An0. 3o AR 1 4250

(b) IR0 E KK
R I

s

(f) fRthfa0.3°mE KK

2, YN BB G o E) P R,
O\1a) L B R W T R B i
JFRARRE R o (AR, W
LRl I B A B (K8 (d)) FIkt
PIEA (I8 (h)), X J& S 57 1)
WTSLRRAE , e WA £ Lk T 4t 2 51 1 5
DI eI, 8 (d) Rl (h) W
N FEA S B E T, W T B A
SR L2 FEIR AR 5 1, iy SiC £F
Hem k. K8 (b) F () K]
BEMR I EITEWRT R, 250 1,4 Fl

e
TR RSt -

7

Yt 20
\ F

i

/ y,
&y > Fiber pull-out

S Illfepfacia)‘deb011dTQ ]

7

A,

(g) K7 (e) T BB

A7) i 7 8 O 1 A 2 T 1 90 0
A & IMETE R 2 IR, 1 HALE Y
IAVEASIE BE 1 O 8 TR A b
BE X SiC/TC17 E-4A MR LG
KA T 2 A MRLNES B iR f5 Kk
A Y 5 R 6 ST T AR B
5 SihA N T 1° MR
(1l 7) AR LG, 25 il £ Bk — 2018
B, SR A R T TE R T 2
LR A B R R R ] S, i
AT A N S I A PR e

A

(d) &7 () HLrHEX ORI

(h) K7 (g) "PLIHER IR IE

7 {mIAME A 0° 70 0.3° B SiC,/TC17 & &M KRBT O 3R
Fig.7 Fracture morphology of SiC;/TC17 composite specimens with off-axis angles of 0° and 0.3°

1 mm
|

Ce) Drkhff 1. 81 REINT B AR

(F) ffh s 1. 8> LR A

v
. N e

(g) &8 () HLIHERIHOR K

(h) [&18 (g) HPELAE I K I&]

E 8 {miHfAER 1.2° 70 1.8° B SiC,/TC17 £ &# BHXHER BT OS5
Fig.8 Fracture morphology of SiC;/TC17 composite specimens with off-axis angles of 1.2° and 1.8°

50 MisshEEEA - 202445 5 675 5581



High Strength and High Toughness Materials Eﬁ%ﬂuﬂ

o BT DI 2L R ARAE . X B R
UM i £ B2 T AR SiC/TC17
A PR I

MR A TE Dl ) BE T, £ 4l
Ti1] 5 5URF B A 2 Ao 7 ) SR S ) R
O o T a2t I YA sy IR
9371 04y (0 =0sinb, o J 2T 4EUT i
FERE AR 7 R R S 7K ) B9
25 T AT el AR R SRR AE 14900
N A T i 89 10 1 o A 1
LA Y, ISR A B YRy AR
AT LLZ W A 0.2 MPa; 4 il 1
0.5° At JaRE e L A BT LR % (A
10 MPa; 4 mfliff By 1°.1.5°.2°,
5 Y] R S A% (B — 2 3 I E] 19~41
MPa. S50 I, Bl i A LA 35
TRRE B Y1) 18 7 4% (B R AR BT DI v
JKFARAE S . 3% SiC/TC17 &
AR R S A5 LT ~100
% MPa A% " 35 6 o /NT S BT

JNi j/MPa
+2.454e-01
+2.078e-01
+1.702e-01
+1.326e-01
+9.504e-02
+5.744e-02
+1.984e-02
-1.776e-02
-5.535e-02
-9.295e-02
-1.306e-01
-1.682e-01
-2.057e-01
(a) 0°
v J1/MPa
+1.940e+01
+1.909¢+01
+1.878¢+01
+1.847¢+01
+1.816e+01
+1.785¢+01
+1.754e+01
+1.723e+01
+1.692¢+01
+1.661e+01
+1.630e+01
+1.599¢+01
+1.568¢+01
(c)1°

JNi Jj/MPa

+4.127e+01

+4.031e+01

+3.935¢+01

+3.839¢+01

+3.743¢+01

+3.647¢+01

+3.551e+01

+3.455¢+01

+3.359¢+01

+3.263¢+01

+3.167e+01

+3.071e+01

+2.975¢+01

-8.519¢+00
—8.784¢+00
-9.050e+00
-9.315¢+00
-9.581e+00
-9.846e+00
-1.011et+01
+3.102e+01
+3.009e+01
+2.916e+01
+2.823e+01
+2.730e+01
+2.637e+01
+2.543e+01
+2.450e+01

VI BT, S0 2835 SiC 2 4Egh s
oI FE 0° B/ BE A b iR
HF AN 0y, 3K 0y VE /N,
RFEZ B b &L R IEN %
LT AEWT 4 I35, 55— 1T h T S
SR g, L T AN LT 4R I
ANBHIE 2 oy 8 3 A T BY D5 3 (B
RN BT o e = I
MR, 4k T ) PRLT 44k IR, B imi
VISR LRt F sRo N S S
R Yy AL, RVE &4 RHE
PIETF A VER T B & AR A LA
MR ARR PRI, 24 (ki B 16 K
i, SiC/TC17 &AM Bk & Ak
T PR T AL 4k i P
HLH T BYIR F AEAE B4 £F e 1
PSR A E R TR BT 5541
T2, 33X B AR T 4R 4k 0 12 e Y
ASCH Y SiC/TC1T A MR AE7E
— A S A B O SRR R Al

7 J1/MPa
—7.723e+00
—7.988e+00
—8.254e+00

—-1.038e+01
—-1.064e+01
-1.091e+01

v J1/MPa
+3.289¢+01
+3.196¢+01

+2.357e+01
+2.264e+01
+2.171e+01

(e)2°

AN TG FHER , & AR L
PR AE R Sy S5 2l O Al A 2
KT FHERT b B R A AR R K
rp L ) TR £ 4R R A
TG W N BH R, £F 2 T 4R B
Bk, S35 SiC/TC17 &4k
12 E R I D £ 2 1 in Pk
. MRIELEA T2 PERE b B S
IV o3 AR S5, wT LA 5 O £
B 0, 7€ 1° fffix., BBk, Jn T Sicy/
TC17 & & M il ) 52 I3, 7
V8 sl £ B A I AE I B LA DY, AR
TE BT DU ESCHR 1A R

SiC/TC17 & & # &L nl DL
1E 800 CLUT M MRALFREE T, =il T
AR M BR AT R N F) T B, £F
Yk / FUTET (R 45 B R A A A Y ax
FEASFr BT RS A 1R T B A 24 A
SRR MBI O, AN, R
B SiC £F 4t BB 1A HH W REAIR, gk

(b) 0.5°

(d) 1.5°

9 AERMAET SIiC/TC17 E &5+ FHXFETE 14900 N i FHREH 2SI VIN /1437
Fig.9 Shear stress distribution in gauge section for SiC;/TC17 composites with different off-axis angles at load of 14900 N
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Study on Tensile Behavior of Continuous SiC Fiber Reinforced Titanium
Matrix Composites Under off-Axis Loading

WANG Minjuan"?, CHEN Yonggang’, QI Jinlei"’, SUN Guangyao"’, WANG Bao"”,
HUANG Xu', HUANG Hao"?
(1. AECC Beijing Institute of Aeronautical Material, Beijing 100095, China;

2. Aviation Key Laboratory on Advanced Titanium Alloys of AECC, Beijing 100095, China;
3. Techsim (Beijing) Technology Limited Company, Beijing 100085, China)

[ABSTRACT]

high-performance power devices. To address the problem that the axial loading of fibers and specimens in SiC,/Ti composites

Continuous SiC fiber-reinforced titanium-based (SiC,/Ti) composites are one of the key materials for future

often exists at a certain off-axis angle, the influence of the off-axis angle on the mechanical properties and failure
mechanism of SiC;/TC17 composites was investigated using room temperature tensile, finite element simulation and
fracture characterization. The results show that a critical off-axis angle can be defined based on the mechanical properties,
fracture morphology and stress distribution of SiC;/TC17 composites, and its value is about 1°. The tensile strength of
the composite specimens decreased with the increase of the deflection angle, and the decreasing rate of tensile strength
increased when the deflection angle exceeded the critical value. The failure mechanism of the composite material is related
to the off-axis angle. When the off-axis angle is smaller than the critical value, the specimen fracture consists of several
flat sections, the degree of fiber pullout and interfacial cracking is low, and the fiber section is basically perpendicular to
the axis, which is a typical positive stress fracture; when the off-axis angle is larger than the critical value, the degree of
undulation of the fracture increases, and the phenomena of fiber pullout and interfacial cracking become more obvious, and
some of the fibers start to appear shear fracture, indicating that tension-shear coupling plays an important role in fracture.
Therefore, for the axial specimens of SiC;/TC17 composites, the off-axis angle between the fibers and the specimen as a
whole should be controlled within the critical value in order to obtain effective performance test data.
Keywords: Titanium matrix composites; SiC fiber; Off-axis tensile; Fracture morphology; Critical off-axis angle
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