
 

 
 
 

 
 

Aerodynamics & Flight Mechanics 
Research Group 

 
 
 
 

 
 
 
 
 
 
 

Behaviour of a Jump Start 
Autogyro 2D 

 

S. J. Newman 

 

Technical Report AFM-11/15 

 

January 2011 



 

 

 
 

 

1

 

 

UNIVERSITY OF SOUTHAMPTON 
 
 

SCHOOL OF ENGINEERING SCIENCES 
 
 

AERODYNAMICS AND FLIGHT MECHANICS RESEARCH GROUP 
 
 
 

Behaviour of a Jump Start Autogyro 
 
 
 
 

by 
 
 
 
 

S. J. Newman 
 
 
 
 

AFM Report No. AFM 11/15 
 
 
 
 
 

January 2011 
 
 
 
 
 
 

© School of Engineering Sciences, Aerodynamics and Flight Mechanics Research Group



 

 

 
 

 

2

 

 

 

 
COPYRIGHT NOTICE 
(c) SES University of Southampton All rights reserved. 
SES authorises you to view and download this document for your personal, non-commercial 
use. This authorization is not a transfer of title in the document and copies of the document 
and is subject to the following restrictions: 1) you must retain, on all copies of the document 
downloaded, all copyright and other proprietary notices contained in the Materials; 2) you 
may not modify the document in any way or reproduce or publicly display, perform, or 
distribute or otherwise use it for any public or commercial purpose; and 3) you must not 
transfer the document to any other person unless you give them notice of, and they agree to 
accept, the obligations arising under these terms and conditions of use. This document, is 
protected by worldwide copyright laws and treaty provisions. 

 



 

 

 
 

 

3

 

 

 

Preamble 
The  requirement  for  an  autogyro  to make  a  successful  vertical  take  off  is  to  apply  an 

overspeed to the rotor. This enables the aircraft to lift off the ground when collective pitch 

is applied. As the rotor receives no power  input the rotor will  immediately decelerate and 

the vertical ascent will halt. The concept  is to attain sufficient height to enable the aircraft 

to  convert  to  forward, horizontal,  flight before  the  rotor  speed  falls below an acceptable 

value. 

The  helicopter  is  on  the  ground  when  the  collective  pitch  is  applied.  The  equations  of 

motion are derived below enabling the rotor speed variation and the aircraft vertical motion 

to be ascertained.  

The assumption is made that the rotor thrust and torque consumption vary with the square 

of  the  rotor  speed.  This  requires  that  the  collective  pitch  remain  fixed  throughout  the 

motion. It also means that any changes in downwash are ignored.  
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Nomenclature 

Variable  Description 

T  Rotor Thrust 

W  Helicopter Weight 

z  Vertical Height from the Ground 

g  Acceleration due to Gravity 

J  Polar Moment of Inertia of the Main Rotor 

Ω  Rotor Speed 

QA  Aerodynamic Torque 

Ω0 
Rotor  Speed  at  which  the  Thrust  equals  the  Aircraft 
Weight (effectively in hover) 

Q0  Aerodynamic Torque at Ω0 (effectively in hover) 

k, α  Parameters used in the analysis 

ΩS  Starting Rotor Speed 
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Method 
 

Z

 

Figure 1 

 

The assumption in the preamble can be expressed: 

 

The equation of vertical motion is‐ 
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 (2.)

Rotor rotation equation:‐ 
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If we define the rotor speed ratio as: 

We have the following: 

Whence: 

And: 

Where: 
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This equation has the solution: 
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Therefore, (2), (5) & (9) give: 

From which: 

And: 
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Example 
 

Variable  Value 

AUM  450 kg  

Ω0  20 rads/sec 

MBLADE  20 kg  

N  2 

C  0.3 m 

R  5 m 

ρ  1.2256 kg/m3 

g  9.81 m/s2 

dCL/dα  5.8 /rad 

ΩSTART  24 rads/s 

 

An example using these results is presented in Figure 2. 
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Figure 2 
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