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Abstract

In this research, the importance of accurately calculating launch vehicle velocity
losses and the factors influencing them is discussed. Input data from 15 launch
vehicles from various countries, encompassing different numbers of stages,
orbital altitudes, and payload masses, were collected. The optimal pitch
programs were extracted, and velocity losses due to Earth's gravity, propulsion,
and drag were calculated and presented using precise path simulation software.
Subsequently, three analytical equations to estimate velocity losses were derived
using non-linear regression methods, offering a viable alternative to path
simulation during the conceptual design phase of launch vehicles. These
equations were validated using data from two launch vehicles including, Safir
and Epsilon, which were not used as dataset in non-linear regression model. The
accuracy of the algorithm was confirmed, with a maximum error of 12% and an
average error of less than 6%.
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