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Optimal Design of Ultracentrifuge Composite Rotor
by Structral Analysis
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Jong Kweon Park*, Young Ho Kim**, Sung Kyu Ha

ABSTRACT

A procedure of stress and strength analysis has been proposed for the centrifuge rotor of composite mate-
rials of quasi-isotropic laminates. The goal in this study is to maximize the allowable rotating speed, that
is, to minimize maximum strength ratio with the given path length by changing the geometric parameter-
outer radius and ply angles in quasi-isotropic laminates. Optimum values of the geometric parameter-outer
radius and ply angles are obtained by multilevel optimization. All the geometric dimensions and stresses
are normalized such that the result can be extended to a general case. Two dimensional analysis at each
cross section with an elliptic tube hole subjected to internal hydrostatic pressures by samples as well as the
centrifugal body forces has been performed along the height to calculate the stress distribution with the
plane stress assumption, and Tsai-Wu failure criterion is used to calculate the strength ratio. The maxi-
mum allowable rotating speed can be increased by changing the radii of the outer surface along the height
with the maximum strength ratio under the unit value: The optimal number of ply angles maximizing the
allowable rotating speed in quasi-isotropic laminates is found to be the half number of tube hole, and the
optimal laminate rotation angle is the half of [®/m]. A [®/3]laminate, for instance, is stronger than a
[7/4] laminate for the centrifuge rotor of 6 tube hole number even though they have the same stiffness.
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Fig. 1 Geometries and coordinate systems for a fixed angle
rotor with a tube angle ¢, ; Determination of the
maximum length of the semi-axes of the elliptic tube
hole for a repeating portion of angle 7 /n (the top
figure)
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Fig.2 Geometry of layup sequency of quasi-isotropic lami-
nates in a composite centrifuge rotor; 7z/m is a ply
angle and f3 is a laminate rotation angle
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F g.4 Boundary conditions for the stress analysis of a cen-
trifuge rotor subjected to internal pressures and cen-
trifugal body forces
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Fig. 5 Flowchart for multilevel optimization of centrifuge rotor
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Table 1 Material properties of centrifuge composite rotor for
numerical calculation

Material Property (AS4/PK) Values
Longitudinal Young's Modulus, E 134 GPa
Transverse Young's Modulus, Ey 89 GPa

Shear Modulus, E, 5.1 GPa
Longitudinal Poisson’s Ratio, v 028
Longitudinal Tensile Strength, X 2130 MPa
Longitudinal Compressive Strength, X’ 1100 MPa
Transverse Tensile Strength, Y 80 MPa
Transverse Compressive Strength, Y’ 200 MPa
B §1f{ear Strength, S 160 MPa
Density, ec 1600 Kg/m®
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