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Calculation of Dynamic Load and Response for a Flexible Launch
Vehicle Ascending through the Atmosphere

By Kiichi TATERA, Masakatsu MINEGISHI and Seiichi ITo

A computation procedure has been developed for the calculation of pitch or yaw
plane motions, bending moments and shearing forces experienced by flexible launch
vehicles with slosh during ascent through atmospheric winds. Utilizing expressions
with minimum acceleration coupling terms and determining the value of all time
and Mach numbers—dependent arameters in the course of simulation, nonlinear
equations of motion are integrated by the Runge-Kutta-Gill’s method. As an illus-
trative example, the computing program is applied to a model vehicle SS-3 for a
detailed wind speed profile, with the responses computed numerically. Another
application of this program examination of the influence of vehicle flexibility and
propellant sloshing on motions and load with the synthetic wind speed profile
providing maximum loads. Maximum flight loads for the model-vehicle were also
examined by simulations of the combined loads.

The computation method does not employ the simplification procedures assumed
in other reports, therefore, solution accuracy is excellant. Consequently, the method
serves as the standard for evaluating the accuracy of the simplified methods. The
shortcoming of this program is that it is time-consuming. However, it is applicable
in determining the design loads using synthetic wind speed profile, to verify the
loads or the control system by pre- and postflight response evaluation. According to
preliminary study, a flexible body with sloshing exhibits the largest response and
load, on the other hand, a rigid body with sloshing shows the least for the model
vehicle. It was recognized that the effect of flexibility and sloshing is considerably
different with vehicles such as the Saturn I and V. Maximum flight load examina-
tions were carried out and they showed the usefulness of unit compression and
tension load indicator simulations.
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Fig.23 Time histories of altitude, axal acceleration, and velocity.
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(At stations 2,6,10,11and 14, some loads were calculated on
both just upper and lower side of joint between bulkhead

and cylinder.)
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