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(1%It was revealed that the peak value of downwash and its position were
affected by the damage level of rotor. The method estimating downwash has been newly proposed.(2)
Vertical autorotation was proposed as an emergency landing technique for a multirotor drone
suffering a total loss of one motor. The vertical autorotation consists of two phases. In phase 1,
all rotors operate in windmill mode. In phase 2, two rotors, including a damaged one, operate in
windmill mode while the other two operate in propeller mode.(3)It was revealed that the ground
effect of the quadrotor drone shows different trend compared to the conventional single-rotor
helicopter. The outwash from each rotor mainly flows along the ground and decays proportional to the

individual rotor size, while the outwash from the gap of the rotor is strong up to a higher
altitude. This outwash feature should be paid attention to keep the personals or objectives on the
ground safe.
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