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Research on Design Method of Short Take-off Performance of Tilt-rotor

Aircraft during Preliminary Design Stage
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Abstract: Tilt-rotor aircraft has both vertical take-off and high-speed cruise capability, and has been widely ap-
plied in many fields. It is of great significance to study the take-off performance design of the tilt-rotor aircraft in
the short take-off mode. A series of approaches have been developed to identify the short take-off performance
of tilt-rotor aircraft which tilt their nacelles to implement short take-off. The approaches include how to identify
the minimum tilt angle of the nacelle, and the formulas suitable to calculate lift-off speed and take-off length are
also developed. These methods are adopted in the design of a certain tilt-rotor aircraft during the preliminary de-
sign stage, moreover, the effects of airport altitude and weather conditions on short take-off performance are al-
so researched. The results are reasonable, which indicate that these approaches are useful and of great value in
practice.
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Fig. 1 Geometry limitation of tilt angle
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Fig. 2 The influence of Conning angle on

ground clearance
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Table 1 Tilt angles of nacelle with the variation of

ground clearance and conning angle

A ¥ /m B/ yr/C%)

0.18 0 58.7
0.18X120% 0 58.9
0.18X120% 6 63.7
0.18X120% 12 68.5
0.18X150% 0 59.2
0.18X150% 6 63.9
0.18X150% 12 69.0
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Table 2 Thrust to weight ratio in different altitudes and

weather conditions

e L
R B/ m
ISA-15 C ISA ISA+15 °C ISA+30 C
0 1.55 1. 20 1.17 1.13
1 000 1.25 1. 06 0.95 0.93
2 000 1.12 0. 96 0.91 0. 88
3 000 0.98 0.91 0. 84 0.78
4 000 0.91 0. 83 0.79 0.75
4 500 0. 84 0.78 0.72 0. 69
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Fig. 3 Take-off distance of different nacelle tilt angles
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Fig. 4 Lift-off speed of different altitudes and

thrust to weight ratio
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Fig. 5 Take-off distance of different altitudes and

thrust to weight ratio
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