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OBJECTIVES: 

Insects and birds use unsteady aerodynamics for their flight. At low Reynolds numbers, unsteady 

aerodynamics offers many advantages over fixed wing flight like high maneuverability, high lift 

at large angles of attack and hovering-flight. With many years of research, principles of steady 

aerodynamics (2-D aerofoil and finite wings) applicable to a fixed wing aircraft are quite well 

understood. In contrast, basic engineering principles needed for an optimum design of small 

mechanical objects (MAVs), which can use unsteady aerodynamics for propulsion and lift, have 

not yet been established. In earlier work we have demonstrated using flow visualization and 2-D 

numerical simulations that asymmetric flapping and controlled wing flexibility could produce 

sustained lift and at times enhance the lift generation in flapping flight. 

 

Objective of the proposal is to measure forces generated by flapping test-ring for rigid and wings 

having controlled flexibility to identify an efficient wing-kinematics. The results also helps in 

quantifying lift and thrust for potential wing-kinematics, so that one could select a suitable wing 

kinematics depending on the requirement. 

 

STATUS: 

Funding from the project has resulted in estimation of forces during flapping flight. A 

test-rig that can execute simple wing kinematics—asymmetric-flapping and can operate at 

different frequencies (Figure 1) is used along with a multi-axis force sensor [Figure-2] for this 

purpose.    

 

 

Figure-1: Schematic diagram of 

flapping test rig that can execute 

asymmetric flapping. 

Figure-2: Multi-axis force sensor that 

can measure three force components 

and three moments. 



ABSTRACT:  

  In recent times, research in the area of flapping flight has attracted renewed interest with 

an endeavor to use this mechanism in Micro Air vehicles (MAVs). For a sustained and high-

endurance flight, for having larger payload carrying capacity, we need to identify a simple and 

efficient flapping-kinematics. Earlier studies in our group, using flow visualization and 2-D 

simulations, have shown that a new mechanism— asymmetric-flapping could generate sustained 

lift [Refer to Figure-3]. This wing kinematics is simple and our studies further indicated that by 

introducing optimal wing flexibility and with a suitable wing-inclination the lift coefficient can 

be doubled and identifying most optimum asymmetry-ratio for which lift produced will be 

maximum [Figure-4] . Our 2-D simulations resulted in charts of estimated lift-force for given 

flapping frequency and wing size during optimum flapping.  

   

 

 

 

 

 
 

Figure 4: Variation of lift force with asymmetric 

ratio AR, for various down-stroke flapping 

frequencies.  Wings are rigid and executing 

flapping motion with φ= —20
o
 and amplitude of 

flapping, 2θ=80
o
. Chord length of the wing is 1cm 

and estimated force is for a wing of 1cm length 

into the plane of the figure.  
 

Figure-3: Streak photograph of flow field generated during symmetric-flapping (left 

panel) and asymmetric-flapping (right-panel). During asymmetric-flapping fluid is 

sucked from the sides and continuously pushed down, which indicates that a net 

upward force must be experienced by the flapping-wings.     



Thus the project was started with an aim to develop a flapping test-rig having capability 

to execute asymmetric-flapping and a multi-axis force balance to measure forces while the test 

rig is mounted on the balance and executing flapping motion. This exercise helps in direct 

verification of adoptability of asymmetric-flapping into MAV design. The challenges were to 

make the test-rig lightweight and have provision to operate with different wings and 

frequencies. On the multi-axis balance side, we have to make the balance strong enough to 

take the dead load of the test-rig and at the same time has sensitivity to measure all 

components of small-forces and moments generated at flapping frequencies. Also, for carrying 

out analysis the data rate should be fast enough to integrate force-time curves to obtain net-

force generated in a cycle.   

                    

 As part of the project six-axis balance was made (Figure-2). Measuring aerodynamic load 

alone is a challenge because the balance always measures total forces produced by the test rig. 

The total force includes inertia of the various links and the wings in the test-rig, reactionary due 

to the motor torque and the aerodynamic forces from the wings. One could try to separate these 

inertial forces from the aerodynamic forces in two ways (a) measure the forces produced by the 

test rig and later carryout another experiment of force measurement in a evacuated enclosure 

difference between them would give aerodynamic load and (b) if the wings are lightweight, and 

their inertial loads are negligible, then one can carryout experiments of force measurement with  

wings in the test-rig and later dismounting the wings and repeating the force measurements; 

difference in magnitude of forces in two cases will give aerodynamic-load. We adopted later 

method for force measurement (Figure-5). 

 
 

Figure-5: Variation of Z-component of force. Top panel indicates time variation of force 

measured with and without wings-flapping frequency is 7Hz. Bottom panel indicates the 

difference between these two cases, which represents time variation of aerodynamics lift-force. 



 It is evident from the results presented in Figure-5, that the aerodynamic lift is a small 

fraction (10-15%) of total dynamic load. Thus it is always better to have lightweight test-rig. 

Preliminary results are tabulated in Table-1 below, indicating average forces (FX ,FY and FZ)  for 

different flapping frequencies. 

 

TABLE-1 
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INVENTION  

 The research proposal is for basic understanding of various lift generation mechanisms 

that could be used for MAV applications. Effort of our group on this topic has helped in 

identifying following basic facts about flapping flight: 

(a) A simple wing-kinematics of asymmetric-flapping can produce sustained lift. We also 

find many birds and insects have adopted this in their flapping, however we do not 

yet know relative importance of that in their lift production. 

(b) While flapping at frequencies above 40 Hz, keeping the asymmetric-ratio (that is ratio 

of down stroke period to up stroke period) around 0.7 will give maximum lift. 

(c)  For a given flapping frequency, flapping amplitude and mean position of the wing 

there is an optimal wing flexibility for which lift produced will be maximum. 

 

Asymmetric-flapping as a lift-generation mechanism is first identified by research in our group. 
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