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Fig.2 Coordinate system of elastic blade before and
after deformation
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Fig.3 Transient dynamic analysis process of rotor with variable speed
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Transient Load Overshoot of Rotor During Varying Speed Process in Forward
Flight

Song Bin, Zhou Yun
China Helicopter Research and Development Institute, Jingdezhen 333001, China

Abstract: Variable speed rotor has great application prospects in the fields of high-speed helicopter and long
endurance helicopter. The transient dynamic response and load characteristics of rotor during varying speed process
are very important for helicopter flight control and component structure design. In this paper, a lagrangian recursive
multibody dynamics method based on relative coordinate description is presented, and constructs a set of transient
dynamics model of rotor during varying speed process, which can reflect the influence of time-varying rotor speed and
rotational angular acceleration on rotor dynamics. Based on this, the transient dynamic behavior of rotor is numerically
simulated and analyzed. The results show that the transient process of rotor varying speed has significant impact on
the rotor lag dynamics, which will cause rotor shaft torque overshoot. The variable speed strategy of smooth start and
end is helpful to reduce transient loads. Rotor acceleration and deceleration process will cause different dynamic
effects. The transition time is the most important factor affecting the transient dynamic characteristics. With the
increase of angular acceleration, the over-shoot of rotor shaft torque will increase sharply. The flight conditions such
as rotor thrust and forward flight speed mainly affect the load reference value in the steady state and have a certain
influence on the overshoot amplitude of the transient load.

Key Words: variable speed rotor; varying speed transition process; transient dynamics; multibody dynamics;
recursive algorithm
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