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Preparation and torsion test of all-carbon fiber composite drive shaft with flange and shaft tube
integrated molding
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(1. AECC Hunan Aviation Powerplant Research Institute, Zhuzhou 412002, China;
2. School of Mechanical and Electronic Engineering, Wuhan University of Technology , Wuhan 430070, China)

Abstract : The existing carbon fiber composite drive shaft is usually composed of metal flange and carbon fiber composite
shaft tube. The metal flange has heavy weight and needs to be connected to the shaft tube by adhesive bonding or riveting, so it can
increase the inertia during starting or braking and affect the overall performance. Therefore, the preparation and torsion test research
of all-carbon fiber composite drive shaft with flange and shaft tube integrated molding were presented. The all-carbon fiber compos-
ite drive shaft was prepared using the tube coiling and flange flanging and wrapping process, the total length of the drive shaft was
1 980 mm, and the layering scheme was [(£45°),,/45°]. At last, the static torsion and torsional fatigue tests were conducted. Accord-
ing to the test results, the all-carbon fiber composite drive shaft has no damage under 12 000 N-m static torsion test, and its torsional
stiffness is 1.93%10° N-m/rad. No damage occurs in the torsional fatigue tests with 200 000 times, which met the normal working
requirements. The maximum residual torsional stiffness in the torsional fatigue test is 2.02x10° N-m/rad, and the minimum residual
torsional stiffness is 1.89x10° N+m/rad.

Keywords : carbon fiber composite ; drive shaft ; flange and shaft tube integrated molding ; torsional stiffness ; torsional

fatigue characteristic
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Fig. 1 Engineering drawing of all-carbon fiber composite drive shaft
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Tab.1 Performance parameters of C100R3724S carbon fiber

prepreg cloth
Parameters Value Parameters Value
E /MPa 140 000 G, /(N-mm") 0.25
E,/MPa 9000 GTC/(N-mm") 0.75
E,/MPa 9 000 X/MPa 1760
Vi 0.24 Y/MPa 51
Vi 0.24 Z/MPa 51
Vyy 0.28 X /MPa 1100
G,,/MPa 4600 Y /MPa 130
G,,/MPa 4600 Z/MPa 130
G,,/MPa 3080 S/MPa 60
G, /(N-mm") 50 pl(kg-m™) 1 600
G, /J(N*mm™") 75

Notes: E|, E,, E, is tensile modulus of carbon fiber composite in
three main directions; v,,, v,,, v,5 is Poisson ratio in 1-2, 2-3, 1-3 direc-
tions; G,,, G,;, G5 is shear modulus within three planes of 1-2, 1-3, and
2-3; G, G, is longitudinal tensile and compressive fracture toughness
of fibers; G, G is transverse tensile and compressive fracture tough-
ness of fibers; X, X, is tensile and compressive strength in 1 direction; Y,
Y, is tensile and compressive strength in 2 direction; Z,, Z_ is tensile and
compressive strength in 3 direction; S is material in-plane shear strength;

p is material density.
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Fig.2 Schematic diagram of drive shaft tube laying
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pretreatment
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Fig. 3 Process roadmap of all-carbon fiber composite drive shaft
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Fig. 4 Metal core mould and flange mould for all-carbon fiber

composite drive shaft
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Fig. 5 Diagram of flange flanging and ring wrapping process
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Fig. 10 Torque-torsion angle curve of drive shaft
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Fig. 11  Field diagram of torsional fatigue test
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Fig. 12 Torsion angle-number of cycles curve in torsional fatigue test
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