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Analysis of Orthotropic Carbon/Carbon Composite Rudder Shaft with
Different Properties in Tension and Compression

YANG Xinxin, HUANG Jiandong, YANG Hao, QIAO Yifei, WANG Shuyu
(Science and Technology on Space Physics Laboratory, Beijing, 100076)

Abstract: Composite materials used in engineering design often exhibit different properties in tension and compression in
addition to anisotropy. The tensile and compressive anisotropy of constitutive behavior can affect the stress and strain distribution of
composite structures under operating conditions, further consideration of the difference between tension strength and compression
strength may have an impact on the strength analysis results of the structure. This article takes the carbon-carbon composite material
air rudder shaft as the research object, implements secondary development through ABAQUS' USDFLD interface, compares and
analyzes the changes in rudder shaft stress before and after considering tensile and compressive anisotropy. Then, considering the
tensile, compressive and in-plane shear strength of the material, corresponding stiffness reduction models are introduced to analyze the
failure process of the rudder shaft under bending and shear loads. The analysis results indicate that different properties in tension and
compression will have a significant impact on the stress distribution of composite structures, and this analysis method can achieve
more accurate simulation of the failure process of the rudder shaft.
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Fig.1 Schematic diagram of rudder axis model
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Tab.1 Elastic constants table of C/C composite material

Ei | E;l | E,/ G/ | Gryl | Gryl
GPa | GPa | GPa Far | Pz | P GPa | GPa | GPa
Hifd | 45 110 | 110 | 0.32]032]025]| 2.3 2.3 6.5

JE45 | 26 80 80 1032]032]025| 23 2.3 6.5
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Tab.2 Strength limit table of C/C composite material

Z B/ MPa Z [ E 45/MPa TZ 77 W34 1)/MPa
327 183 30
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Tab.3 Maximum stress of rudder shaft (shear force 38 000 N,

considering tensile and compressive anisotropy)

Hfi7 . MPa
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Tab.4 Comparison of analysis results before and after

considering tensile and compressive anisotropy

Rt RS | SRR gy | o R
A
o,/ MPa |7,,/MPa| ¢,/MPa |t,,/MPa| c,/% T7,/%
EvAN)| 213.6 21.1 201.9 21.0 5.8 0.5
JERN S | -187.2 | -21.1 | 2019 | -21.0 | -73 0.5

b PR R, h N R, R
LA TIB A, fE s R R T AR IR S Frs . iz
N ATEE LR RN I B TR S R 4R R PR LR
PR ZWE S Fion. TR S AE S arsn, R4k &
B fIK 45.5% IF . 0 B 77 36 K 11.9%, & B A7 987
13.2%. JEARRERPEAK 63.6%, i f1i K 22.6%, JE
N 39815 20.5% o

x5 H—PRREGREER SR (138000 N, FERERM)

Tab.5 Analysis results after further reducing the compression modulus (shear force 38 000 N, considering tensile compressive anisotropy)

P A A [+ FEAEBLEAE /N 45.5% NS ARAGLE 2/ % FEAE RGN 63.6% ISR AR
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Fig.5 Graph of normal stress variation with compressive modulus
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Tab.6  Reduction results of stiffness for different failure modes

Pfj . GPa
ER ET EZ GRT GRZ GTZ
Frf 0.1 0.1 0.1 0.11]0.11]0.1
VAGEVAL TN

\ FE 45 0.1 0.1 32 0.1 10.110.1
AL 36 16 22 0.1 10110.1

Z 1] i3 v
FE 45 5.2 88 0.1 0.1 0.11]0.1
o Hifi 0.1 0.1 0.1 0.1 0.110.1

TH 4 B DR AR —
JE 4 0.1 0.1 0.1 0.1 10.110.1
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Tab.7 Comparison of failure load obtained from rudder shaft test

and analysis

FERhoMES | ekl PR/ A5 IHTER
mm mm | BJ/N | AR/ (N'm) | B JI/N | A/ (N-m)
90 50 47046 | 14114 [ 43000 | 12900
80 30 27949 | 9363 | 28000 | 9380
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