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1.0 INTRODUCTION

The model support system has been analyzed for divergence via a computer
program, This report provides a brief description of the analysis
technique, a review of the data required for the divergence analysis, and a
tabulation of the summary and results.

Reduced copies of the computer data, output results, and relevant drawings
of the model support systems have been included at the end of this report
for reference.
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2.0 DESCRIPTION OF ANALYSIS

For the model support systems, divergence pressure refers to the test
dynamic pressure at which the aerodynamie loads aeting on the model exceed
the elastie restoring forces of the model support system. To provide a safe
operating test pressure, a minimum safety factor of 2.0 is required by the
"Wind Tunnel Model Systems Criteria,” NASA report LHB8850.1. This factor
requires that the maximum allowed test dynamie pressure for a particular
configuration of model and model support system not exceed one-half the
computed divergence pressure. The specific safety factor with respect to
divergence of the model support system analyzed is included in the Summary
and Results section.

The method employed in this report to determine the divergence pressure is
an in-house computer program developed by the Systems Engineering Division
at NASA, LaRC. Given the stiffness properties and constraints of the model
support system, the program generates and solves a two-point boundary value
problem by applying a second-order Runge-Kutta integration technique. For
additional information about the divergence analysis program contact the
Systems Engineering Division, NASA, LaRe. The current version of the
program has been operational since 1978, and the results have been verified
by comparison to known solutions.

The input to the program includes the stiffness properties in the form of
area moments of inertia at selected stations along the model support system,
the boundary conditions, and the aerodynamie loads. A listing of the data
provided and the results obtained is included in the Computer Data section
of this report.

The stations along the model support system are selected either at
discontinuities or in relation to the degree of taper. At discontinuities
multiple stations are required to define irregularities to the program. For
the highly tapered portions of the model support system, a greater number of
stations are required to avoid adversely affecting the computed divergence
pressure. There is a limit however, beyond whiech additional stations
produce no substantial improvement in the results. The determination of
station selections for the tapered portions are included in the Caleulations
section of this report, and the total number of stations used in this
analysis is given in the Summary and Results section.
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To include as much flexibility of the model support system as is practical,
the analysis has included the stiffness of components between the center of
the model attachment and the roll mechanism within the arc sector of the
NTF. The stiffness of the balance is determined from physical measurements
of deformations due to known loads. The calculation for the development of
the stiffness properties of the balance are included in the Calculations
seetion. For the stiffness of the sting, the area moments of inertia are
computed at the selected stations previously discussed. The results of the
computations are listed in the Computer Data section. Similar computations
are performed for the center spindle of the roll mechanism and are included
in the report. The center spindle is relatively stiff when compared to the
other components in the model support system, but the main advantage of
including it in the divergence analysis is with respeet to the boundary
conditions. The actual center spindle is supported on roller bearings
within the are sector, and for the analysis equivalent supports have been
provided at the same locations. Since the computer program only allows
supports to be defined at the extreme ends, a stiff spring is used to define
the intermediate bearing. An advantage to using the spring is that its
stiffness can be distributed and better represents the roller bearing.

Generally the aerodynamic loads for a model are given about some reference
point in the form of forces and moments. For the divergence analysis, the
loads must be defined at the center of the model attachment and must be
expressed in terms of to angles-of-attack. To obtain these loads, the given
forces and moments must be transposed to the center of the model attachment
and linearized over the range of angles-of-attack that are representative of
the test conditions. The transposed loads produce the same forces and
moments in the model support system as those that act on the model. The
linearization of the loads. provide loads that are functions of the angles-of-
attack. The development of these equivalent aerodynamic loads can be found
in the Caleculations section.
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3.0 SUMMARY AND RESULTS

For model support systems with several configurations and/or loading
conditions, an individual divergence analysis is performed for each
configuration and/or loading condition. Also, an individual Summary and
Results sheet is compiled for each analysis. The sheet identifies the input
data used and materials referenced for each analysis, as well as the
resulting divergence pressure. This report covers the following
configuration(s) and/or conditions:
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