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Influence of Fiber Preforms on Structural Strength of C/SiC Composite Rudder Fins
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[ABSTRACT] In order to reveal the different damage mechanisms of the 3D —orthogonal C/SiC composite (3D—C/SiC)
rudder fins and mental bolt combined structure, and of the carbon cloth stitching C/SiC composite (2D—C/SiC) rudder fins
and mental bolt combined structure, interlaminar shear tests and combined bending-torsion loading tests were conducted to
investigate the influence of fiber preform configuration on the interlaminar shear and bending-torsion coupled mechanical
properties of the 2D—C/SiC composites cut from the low stress area of the corresponding failed rudder fins. The results
show that the 2D —C/SiC composites have lower strength property while higher stiffness property compared with the
3D—-C/SiC composites. The material test results were compared with the test results of its rudder fins structure, and the
reason for the very low strength of the combined 3D —C/SiC composite fins and bolt structure were analyzed. It is show that
the applied load on dangerous section of the rudder fins structure is shared by the rudder shaft and the bolt. According to
the basic principle in combined structure that the load is distributed based on the stiffness ratio of the components, the load
borne by 3D—C/SiC composite rudder shaft with lower density and stiffness is inevitably lower, and the bolt yields early
due to its relatively higher load, thus reducing the load-bearing strength of the combined structure.

Keywords: Ceramic matrix composites; Fiber preform; Failure mechanism; Stiffness mismatch; Air rudder

DOI: 10.16080/j.issn1671-833x.2025.08.113

* BEWE : BRE H AR EIEA (12072274 ) 5 BEPTA A IRBLASLRBFIE TR ( 20210M-123 ),
20254E 5568 S8 M) - ML EHEA 113



‘_‘i.‘ »
E{%tﬁi RESEARCH

H AT, 2528 I R AR S 500 % i ) 5 B o sk
B2 SACIRAER S IR S, (H R S e RS2 T A
TR AT A AR RSz RS S i
LB SR T g R B 2 SO AE A i s R rh i S TR a2
£ NSy N R W) = R 1 Sk 1 A R ety /2 S X 87
A 45 1 IR AR 2R B ol A5 61 R ) s B AR A5 E g 1),
C/SiC &AM BHR HA B i i H R BE Sl DL R 4%
P R PERE , IR A TRR A AP R R 4
WU BB S

KA IR IS FT 0, £ 4 i PR A B X S 1 52
G R ECE L R s dee MR . 2
Hu 5 VBRI S TR RS M 5 A AR B A A 15
PRI . — B SCRR A 98 ) 2 B, AS [) 2T 2 i i) 4
SERIRT B IS SRR C/C B A AR BLRI ST 2 1
e JE o7 MEREI A WE R B BR T AR RE, Li
25 UVBIESE TSR AR 4 T (R 254 C/SiC I RE AP BT
fig, LA K C/SiC W2ET bt hr v e Aoy Mk g, 195 h H
Tl 25 2 A RORHIBAT B 21 i 15 ] AR AU T BAR YR M
FURPHTRERE . (HAEMA b BURA BRI C/Sic B A4t
LI ZERE ) 2 MR RE RO S M A AT 520

AN, 5 =W IEAE C/C ML, = IE A8 C/SiC Flfk
4R C/SIC B AME =R R i, ENI
5 U 3 ek P SR A8 S Ak T A AT B T = ) 1E 8
C/C AR bR . XA ARSE 1 3 3 6 A
7% T BUHARZUE S 806 = a1 138 C/C MRS i PERE 1)
0, Kumar %5 " 55 7 = [0 1IE48 C/SIiC AR R
ik BUE S L R BGETERE . ST RR 45 S C/SIC BB,
KEWFFTEFFE 2D F1 3D £l C/SiC AR Hy BEAIHL
PRPEBE A BT R ., X G0d s U XA 42 C/C R A
PR AR AR IR RO 258 5 1 24 P REEAT T 40
BFINR, 2 B AT R 12 G ) BE X 50 A R B % 2%
PERE A R,

M T C/SIiC A M RkE H T it =i 2544 , R i el
T GE R (R A PR RERF 78 Al B E 2. He™ Atz g 1
LI T 2D—C/SIC KA ML BB FE TR J2 1 i 1 i) g
50K R, KB C/SIC A MR AR T F R e X
SRR 1) B 25 O AT R I, R A 4 LB B B IR N
Fo FRHRA P S BRI 2D - C/SiC Z AR
W T R A R AT T 5 R R AT SR AT, e B PN B 1)
S8R B X 4 R T SRR AR IR R BRI B A R
O BFSE T RN ST C/SIiC B AR 52 B B 20
)BT C/SiC K 11 422 () B 3t g vk s K g 141 1 oz
[EIf

WFFE 2 B, H wi xS Ah 45 & C/SiC &2 & 4k
(2D-C/SiC) 5 = [ 1E3E C/SiC B4 # K (3D—C/SiC )

114 WissBl&EE A - 20254F 55 6842 55 810)

PRI D | X PSS R AR G F b R HL A O FH T
1o BEAM, MBI GRS 42 8 TO 4L B 2 1) B
AR IREE K S LR AR FE R e A% . FERiEBE
4 W oR ,3D-C/SIiC ML & o M BRI T 2D-C/SiC
(1) (ER PRI B B2 SAERE -, W e
i A B N A 3 5 4 TR T RIS A LR 4L
T 2 235 RR B, R A N 25 S 3R B, il 3D - C/SiC
AR R RLRIRE B, A A 25 R 3 BE ) i AR
1%, HR N5 ZIR AT

YT, A SRR RS SAEHE A 1Y 5228 T 00 S H AR AL
RS, TR 22 (8] 5 Ul A S — FHZH A 2Rl 5, 24
2D-C/SiC 5 3D-C/SiC &AM eHY 2 [H 85 D)5s g 54
R A MRS R S5 B e A A A L5 T - A%
2, BT S5 R s R 2 L] , 38 78 2D - C/SiC
A MRHIE i B RS AR R B i I R AL, 2 S
fit B s N RS %

1 #HES5RE
1.1 RS

I 2D—C/SiC 5 3D-C/SiC M # & & 4 81 1y
AL TRE AN IR AL iR N EL & A i S 3R 1Y
PG RS, 7 X KR B9 1 ok , R 2k A T s mfie
MR SR PR, Horb, 2D - C/SiC & AR RHE R
4G T8 T300 bk £ 4k 1KZD 28 - 20 4 245 T R
7 4 5T B R B2 AR S R RS S A S T
OB AL S AR ) 28 T B, IR £F R4 5 IR ZR 1 5 | Al
HZ 45 G EReA Frdt i, 1M 3D-C/SiC &AM kR
FIRZ T300 Sl £F 4k 1KZP 2k = [n] 1 A 45 4 11 77 A
B A A AL 7, He B A eSS AT T 45 4 2
MfE. 5 2D-C/SiC & AFHRAH L, Hof N2 AR Z AL
LR BUIIR , ELA A 1o 1) 2 () B 1) 5 3 2 (] W 24 4)
PR 12320 KRS, 3D—C/SIC FE £ [ 2k 1] | 2F
A FHEA T BN AT 22 57, M 2 B 1 PN 4% 1 Sk
U, PR A S5 1) B AT T HORE . BRI R
FAY R e R R A A B S B AN 1 TR

% SR B e IR A% o R v 32 R A7 A i 2T A
St , ELAPRH 2 B BB 0T BB X 25 LW B Fnoie i A 5
G35 NP 15 | RS e o | =Y |51 = 1 o 4 7 L

F1 T C/SIC HRIAERMERE
Table 1 Basic properties of two kinds of C/SiC materials
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3D-C/SiC 1.61 425 55.4 220 75.0
2D-C/SiC 1.86 256 76.0 180 95.0
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Table 2 Interlaminar shear strength data
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Table 3 Test data of combined bending-torsion

Uk B | B REAT/N AR/ (N - m)
2D-B-1 1 1681.5 65.6
3D-B-1 1 1952.5 76.1
2D-B-2 2 3009.3 15.0
3D-B-2 2 2804.3 14.0

/(N - m) KA B F1/MPa I KA B F1/MPa
16.8 197.8 30.0
19.5 2216 327
60.2 724 122.6
56.1 65.3 110.6
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