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Characterization of a Misaligned Supercritical Shaft of Flexible Matrix Composite
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ABSTRACT

This research is to investigate the performance of a flexible matrix composite driveshaft with respect to shaft
design parameters such as the number of layers, ply orientations, and material propertics. A finite element
formulation is utilized to estimate the allowable misalignment under given driving torque, the maximum temperature
at steady states, and external damping for ensuring whirling stability under supercritical speed. Results indicate that
the system performance can be greatly affected by the shaft laminate parameters, especially the ply orientations.
Several sets of shaft parameters that will provide satisfactory overall system performance are derived.
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Table 1 System properties

Component Properties Remark
Quter diameter: 0.11 m Tube
Length: 7.26 m
FMC Shaft | Offset from the beam Fixed end
-Longitudinal: 0.79 m
-Vertical: 0.63 m
Outer diameter
-Vertical: 0.58 m Elliptic tube
Support -Horizontal: 0.45 m Tapered: 2.2°
beam -Thickness: 1 mm
Length: 8.05 m
Material: aluminum
Mass: 187.8kg
Concentrated Oﬂ'set'frm.n the beam
mass -Lon_gltudmal: -435m Free end
-Vertical: 1.03 m
-Horizontal: 0.12 m
Table 2 Drivetrain loadings
Type Magnitude Remark
Torque 489.4 N-m
Vertical
o -Displacement: 0.09 m Thermal
Misalignment | -Slope: 2.1° .
. : analysis
(Beam tip) Horizontal only
-Displacement: 0.05 m
-Slope: -1.1°
Mass: 0.01% of shaft Thermal
Imbala.nce Eccentricity: analysis
(Shaft middle) 10% of shaft OD only
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Table 3 Material properties

et etA Hed,

Material
Properties A B C D
Longitudinal 153 153 115 115
Modulus Traiverse 10.5 2 0.7 | 0.359
(GPa)
Shear 6.9 1 0.5 1§ 0.250
Poisson ratio 0.3 0.3 0.31 | 0.315
Loss Longitudinal | 0.008 | 0.009 | 0.011 | 0.011
factor Transverse 0.018 | 0.070 | 0.090 | 0.114
Shear 0.024 | 0.070 | 0.090 | 0.112
Tensile * 1275 | 1275 958 958
Yield | Compression® | 892 | 764 | 526 | 479
strength | Tensile 19 7 6 4
(MPa) | Compression” | 19 7 4
Shear 16 10 7

a: fiber direction
b: perpendicular to fiber direction
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