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Fabrication and Tensile Behaviors of Plain Woren C/SiC Z-pinned Joint
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Abstract: Two-dimensional continuous carbon fiber toughened silicon carbide composite (2D C/SiC) z-pinned joint was prepared by
a chemical vapor infiltration method. The microstructure features and the tensile behaviors were investigated, and the corresponding
failure mechanism was analyzed. The results show that the joint is porous, non-uniform bonded with non-uniform clearance. The
average joint shear strength reaches 157.77 MPa, which exceeds the 2D C/SiC in-plane shear strength. The main failure mechanisms
involve debonding of the lap interface, bearing between the pin and the hole and fibers shear-off within the pin. Three typical damage
morphologies appear around the hole, i.e., intact morphology, matrix crushing and pin-hole debonding.
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Fig. 2 Force analysis diagram of 2D C/SiC z-pinned joint

14 FTEFHE

K6 BB (H A SR T, OLS3100)A14
P R (H S A ], S-4700)M %2 5341 2D C/SiC
A PPRHARE R B2 5 eI 1Y B A s M AR AU
Pio RABCK X B4 CT(Y. Cheetah, 7 [E)F141 4k
R J5 1 (EchoThem, TWI, USA)X} 2D C/SiC H#.4]
B R T PR e 25 A AR AT A DU
2 HR5#
2.1 2D C/SiC BETHMZ B TRIMLEH
22.1 BT SEMHERZIRE B3 2 15
FEREHEIX 38 CT AT B e . e 3 vf

o BVET S5 IR )T S0 SR 2T Y A7 B 2 T
ik, RSRZIEAH LK.

(b) CT image of the joint
longitudinal section
B

(a) CT image of lap surface 2D C/SiC

rivet
2D C/SiC

§ 1.00 mm joining plate

Bonding interface =4

(c) CT image of the joint
transverse section

(d) SEM image of
longitudinal section

K3 2D C/SiC HET Bl B o il 4ty
Fig. 3 Microstructure of 2D C/SiC z-pinned joint

Micro-CT H gt —D 45 1 2D C/SiC #lET W
EIFLBR A (B 4), W AP B 1 RAMKTE
JEIAFLE, FLAREEK, N 3.13 um, JELF4ERTESm ST
BT EE AN EERTEG 5 2 A HINE I T 55 5
JEAALER, FLARIUN 0.63 pm, & 274k R N BERR £ 4

ANBESE

0.00 mm
Vimm?

RN HTEG

3.13
2.50
{1388

1.25
0.63

0.00
y

2]

—0.05 mm
Vimm?
L4 1
3.13 8813
2.50 2.50
f1s8 f 138
1.25 A 1.25
0.63 0.63
0.00 0.00
Vit z

y . " L X

Yx

Kl 4 2D C/SiC #I5T ) CT i )7
Fig. 4 CT photos of 2D C/SiC rivets

2.1.2 PSR S FEERHE K 3a W4
B R R X, B CVI PTRR SiC
FEARR R, W E 0 43 W R 4 X . mT L4 X
WA L), DGR FATEDRI SiC iR %,
EREFEIT HO SiC FEAED . XIHET CVI IR
FUEN . N T AR E R RN, AL R R
PG, [RIBRR/N, FEHRBASER R, RS
PRARMEZE N TRIRR, FEF S IR SiC Bk st b,
FHEERCRA AR . RIS R, DU B4 40 ) 78
BEAEPNERE b, ANREFEAE B UIR

2,13 ATALATRAES SR BREE & 3 3k n] I
AT SRR RIFEEAT FLIAIRR . IR UEBIET 580
FERAL A BB TR, BT s — e R R 1 [ A4
DRI, 0T SFLRE S B A 2 5, A AEET FLIR B .
Xy CVI P SiC FARE (it 79 #omiE, AR T
FEXIRECE . CVI YIRS AR R AL TR BRI T —



249 B 6 W

FHEE) 5. TGRS C/SIC AT T & S AT N « 1209 -

B SIC HAR, TERLT #r R B AT FLA . 4T
SR 2 M EAER, B @A WU AR
N SIC AR EER . JILBLLE N, CVI
SBSARTT LB ENFL R () B A1 SR TR,
TR SiC ek, MHAT SHIEAR Fh Bz TR RWI4T
R BAT A T B, S R ORI S A B 1 R BR 26
T R RS 2T THT B

B 5 2GR BCREER 6 4> 2D C/SiC HAeT 4z
TCIRFETE [ — I I 2L /NS . AT AM A 7 51
A9 AR S EET . 6 AN RE A b K B
t, 2 & 6 SO EAR B Ai LL B 5T,
BIX 2 AMRFE MBI AR (1 i o 5 e L i3 A . 3. 4
S RE BNAT AT DA BT SR B0 ET ) AR (e A R, 2
DR TE Il 2 FE I, AEEAT FLIRIBR TS, FE 1
OB AR, U R
8, RSEREK, % BB R

From left to right are No. 1 to No. 6 samples.

Bl'5 2D C/SiC HATHIHE S ITIAFFAE L5 B R
Fig. 5 Infrared images of the 2D C/SiC z-pinned joints

2.2 2D C/SiC BET9ME R TRIRRITA
Bl 6 Jy BT 80 B iRE (0 R A 8 A - 67 4%
2k, I WFE 1, WURE 2, WFE 3, KR 4, Wl
6 (AT B il LR R B B KB 2 S5 2k T %
HEAEE, EWEUTR. W S MR TEE B 5
KAz fa, Mz 2oN8 FREEH . it T
B A X B E O M2 5 AR A Rl R 2R PR
FHIRE . X 6 MRS BTG, WG
T 0.99 K R :N:
y=a-bln(x+c) 3)
e y AEAFEITZ 8T x AR a. by
c SHVET RN EAR BT F (1) 2D C/SiC B &M B XK.
BN 6 MNMARE M RS M AEE 2 7, AL
WAk 2= TR, SRR . by ¢

HAHRAA

4 SRR BT ) 5 T e ey 18 F1) 220.03 MPa,
HEg ARk, &3 0.416 mm. 5 587
ST IR, ¥ 108.59 MPa, Hig Kfi#f/h, R
0.151 mm. HEEETY)5RE-V-351E N 157.77 MPa, J7
ZN 4491, BELRBCN 28.5%. KRB KIE T
FET IR 50 R I R Y 5 AR S A RRAE

2000 -

1600

1200 |

Tensile load/N

800 [

400

0.00 0.10 0.20 0.30 0.40
Displacement/mm

6 2D C/SiC HAET I oo lbe BT -2 4% ih 2k
Fig. 6 Load—displacement curves of 2D C/SiC z-pinned joints

2.3 2D C/SiC BETHMZ B TTRY KM H
231 #EAmEE B 7 NIRRT E R T
B AR B IR . B 7a ATEOK 300 £ (%%
Frim, DA A BT SiC BA R A
E—Ab, EBIEEER . ER XN Sic 5
PRSURL KSR, I HUBURL 5 MOk (815 T8 %
SR FTHAR, AR ARELMMERRE— (B Tb), B
PERECES . MiAFE R S I e, PGS
T %58 /1% T 2D C/SiC 2 1A BT 1155 (£ 30 MPa)
B, $EEEOEIRN, C 4h4E SR~ EMAIR, W
K 7c BN

WEE 1, R 2, kR 3, WFE4, W 6183
BKEAT G FREaA—, (HRRFE 1 R 2 1
MR TEIA B B KB 2 /T, B2 FIREIT. X2
BHFRE 1, 3RFE 2 TPENET S 2 A AT FL A
PR T SiC 24k, P2 Ry, H5T 545
PR BB X I R AR . W R AT SR
T Wi R VE R AN SRAR, RS2 A 84 A T 3
BATIR B — B BUA R, F54 S 3 DX e S
W, I LR AE f7. OIS 380 4% B o o A 3
SIC, BVET K2 2 1A, JE R gk R,
L ANET i KRB BE I, IR R RIR, R
AT SRR B



< 1210 - CREFR Eh22 4D

J Chin Ceram Soc, 2021, 49(6): 1206-1212

2021 4F

(a) Bonding region

(b) Enlarged view of bonding

(c) Debonded region
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Fig. 7 SEM micrographs of the lapped area of sample 1
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