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Theme

T HE work here provides the expressions for the inertia
loadings pX2, py2, and pZ2 and the inertia rotational

loadings #V2, qy2, and qZ2 for nonuniform rotor blades that
initially are not perpendicular to the rotating axis, which is
actually the case for many practical problems. In addition, the
elastic axis is permitted to have abrupt discontinuities here
with the inclusion of appropriate transformation equations
that can facilitate the analysis of this blade configuration.
Special attention is given to coupling-type terms associated
with the centrifugal forces.
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In Fig. 1, the x, axis is coincident with the undeformed

position of the elastic axis. The x,y,z and x^y^z, systems of
axes move with the blade around the axis of rotation at the
given rotational velocity fi. The angles Xy and \l/j are as in-
dicated in the figure. The coordinates X0,y0,z0 define the
position 0 where an imaginary plane perpendicular to the
elastic axis intersects this axis. Such a point 0 is shown in Fig.
2. This figure also shows the fixed coordinate system, X, y,Z,
the x,y,z and X2,y2,z2 systems as used in the derivations, and
the axes system X3,y3,z3 that is parallel to the x,y,z system.
Note also that t h e x l t y l t z i andx2,y2,z2 systems are parallel.

The coordinate transformation equation from the system
X2,y2,z2 to the system X3,y3,z3 is
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and the one from x3, y3, z3 to x2, y2, z2 is

cosX, COST/', s inX/ cosX/ sm\l//

— sinX/ cos\l/i cosX/ — s i n X y sin^y

0 cos\l//

*.?

X?

(2)
The inertia loadings are determined by considering the

position of a fiber / in the deformed configuration of the
blade and determining the displacements and accelerations in
the x2, y2, and z2 directions and by making use of Eq. (2).
With known expressions for the accelerations ax2, ay2, and aZ2
inthe*2, y2> and Z2 directions, respectively, the inertia
loadings px2, py2, and pz2 in the x2, y2, and z2 directions,
respectively, and the inertia rotational loadings qX2, qy2, qz2
about the same directions are as follows
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/ Fig. I Rotational configuration of a
nonuniform rotor blade.

The details of the derivations are shown in the full paper. In
the above equations, w, v, and w are the displacements in the
A-/, yly and Zy axes, respectively, m is the mass of blade per
unit length, ft is the blade angle prior to any deformation, rj
and fare coordinates along the major axis and perpendicular
to it, 7j,e and iyfe are values of y for trailing edge and leading
edge of cross section, p is mass density, 0 is the angle of twist,
km is the polar radius of gyration of the cross-sectional mass
about the elastic axes, and kmlt km2 are mass radii of gyration
about major neutral axis and about an axis perpendicular to
chord through the elastic axis.

Fig. 2 Fixed and moving coordinate
systems of axes as used in transformation
equations and in the derivations.

If the axial deformation u and the higher order terms are
small, the above equations can be simplified by neglecting
these terms. If also X7 = \fr, =y0=Q, the above equations
reduce to those by Houbolt and Brooks in Ref. 2. The
equations of motion for the rotor blade, which include the
above expressions for the inertia loadings, as well as ad-
ditional information, are included in the full paper.
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