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Microbat

Micro-mechanical flying insect

Dual 4 bar +

Ocelli and optical differential B MAV: A new class of aerial vehicles smaller than 15 cm

flows sensors

Advantages of Flapping wing micro air vehicles

ﬁr *Flapping wings benefit from unsteady aerodynamics at
. insect scale to generate greater lift than steady-state
\ ‘ aerodynamics.
Piezoelectric ,-a_'“ e *High maneuverability and agility as seen in insects and
uplmerphasiuators \ . hummingbirds.
: power electronics

Base frame «control system

{stainless)

«rate sensors

solar panels

http://robotics.eecs.berkeley.edu/~ronf/mfi.html
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Transverse flexion line

Transverse flexion line

Additional sweep due to
Ventral bending of the wing

“Support and Deformability in insect wings’
Wootton R.J. 1981, J. Zool. 193:447-68

Advantages of transverse bending
Enables higher flap amplitude. Therefore hovering possible at lower wing beat
frequency. This is beneficial for the structural integrity of the flapping mechanism.
Transverse bending reduces shock loads at the wing base. The shock wave
generated when the wing stops is not allowed to penetrate the delicate thorax.
Inertia forces play a vital role. More aerodynamic work done for given input.
Energetically efficient flapping
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Additional sweep

“Insectsin flight” NACHTGALL
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Study of simple four-bar mechanism (base-line) design
— Forward dynamics
— Inverse dynamics
Modifications to the four-bar design based on transverse bending

— Modification |: Addition of torsion spring
— Modification |1: Passive flapping design
Comparison of Designs

— Comparison of wing motion
— Comparison of lifting capability

Conclusions
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Aerodynamic model

Khan, Z. A, Agrawal, S. K., 2005. “Wing force and moment characterization

of flapping wings for Micro air vehicle application”. American control
conference 2005
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Wing
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Micro DC motor

Connecting Rod
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Fly Wheel
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Observations:
1) Steady state crank speed = 80 rad/s.
This is the upper bound on max crank

speed. With the wing attached, the A = Wing removed, no aerodynamic load
crank speed reduces to 62 rad/s. B = Low crank inertia (LCI).
2) Case B shows that for LCI, as the C = High crank inertia (HCI).

wing approaches extreme positions,
the crank speed goes up very sharply
and is greater than the upper bound.
This Indicates impact phenomena due
to sharp deceleration of the wing near
the end of the stroke.

'

In the actual flapping mechanism,
this phenomena is clearly visible
and results in noise. To get rid of
the impacts, we need a flywheel at
the crank

n #

2006 IEEE International Conference on Robotics and Automation



Crank speed maintained at 62 rad/s
and torque computed to maintain
this crank speed.

premise for the design
Instead of stopping the wing using negative torque, we can let the wing swing freely at the extreme

positions analogous to insect wing motion during transverse bending. The aerodynamic torque will
eventually stop the wing but in the process useful aerodynamic lift can be gained.
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Modification |

Extreme cases Modification Il
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Unstretched position:

%
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A: Low crank inertia (LCI)
B: High crank inertia (HCI)

For K=0.01 N-m/rad (not optimized), the maximum flap
amplitude approaches +69.5 — 65 degs. Much greater than
simple four-bar mechanism, i.e, +43, - 41 deg.
Steady-state crank speed of 44 rad/sec. Less compared to
Simple 4-bar mechanism.

Large variation of crank speed for LCI case.

Both cases show high flap amplitude. Greater amplitude for
HCI case.
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A: Hard contact (K = 1000 N-m/rad)
B: Soft contact (K = 0.04 N-m/rad)

For K=0.04 N-m/rad, the maximum flap amplitude
approaches +77, — 76 degs. Much greater than simple 4-bar
mechanism, i.e, +43, - 41 deg. For hard contact case the
flapping amplitude approaches +60, — 48 degs.

Slightly greater crank speed (flapping frequency) compared
to torsion spring case.

LCI not suitable for this mechanism.

Further improvement in performance can be obtained
through optimizing the parameters K, alpha and beta.
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Comparison of lifting capability
Based on flapping speed q42 per cycle

Comparison of wing motion
(time taken to complete one cycle)

A: Simple four-bar case
B: Torsion spring case
C: Hard spring case
D: Soft spring case

A: Simple four-bar case

The sharp variation of flapping speed may result B: Torsion spring case
in beneficial unsteady aerodynamic effects C: Hard spring case
D: Soft spring case

2006 IEEE International Conference on Robotics and Automation



) !

Mechanism Type | Flapping Amplitude Crank Speed Input Power Lifting Capability
q; (deg) @, (rad/sec) [.q, (Watt) 6742 (mean)

Simple four-bar 84 62 0.496 W 1

Torsion Spring 134.5 44 0.352 1.281

Hard contact 108 50 0.4 1.127

Soft contact 153 46 0.368 1.985

Rotating Wing ---- 38.6 0.31 1.4421

Conclusions

We have shown that by slightly modifying the simple four-bar mechanism,

based on the transverse bending phenomena in insects, a substantial
improvement in performance is achieved. The measure of performance is Fa
flapping amplitude and the average squared flapping speed during the cycle.

The passive flapping design with soft contact turned out to be the most
promising design and it is also a simple mechanical analog of complex
biological mechanism.

Rotating wing

The design optimization of soft contact type will result in substantial increase in
performance. In the baseline design (simple 4R), we cannot hope to increase
performance unless link lengths are changed.

Similarly design optimization could result in substantial improvement in
performance compared to the rotating wing. This may make flapping wing
based micro air vehicles superior to micro helicopters.
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