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Robot bat wing gives 
lessons in flight 

This  robot bat wing can match the 

basic flight parameters of bats, 

producing enough thrust to 

overcome drag and enough lift to 

carry the weight of the model 

species. 

The faux flapper generates data that 

could never be collected directly 

from live animals, says graduate 

student Joseph Bahlman, who led the 

project. Bats can’t fly when 

connected to instruments that record 

aerodynamic forces directly, so that 

isn’t an option—and bats don’t take 

requests. 

“We can’t ask a bat to flap at a 

frequency of eight hertz then raise it 

to nine hertz so we can see what 

difference that makes. They don’t 

really cooperate that way.”  

 “We can answer questions like, 

‘Does increasing wing beat frequency 

improve lift and what’s the energetic 

cost of doing that?’” Bahlman says. 

“We can directly measure the 

relationship between these kinematic 

parameters, aerodynamic forces, and 

energetics.” 

It’s all about lift 
 Bats and some birds fold their 
wings back during the upstroke. 

Previous research has found that 

folding helps bats save energy, but 

how folding affects aerodynamic 

forces wasn’t clear. Testing with the 

robot wing shows that folding is all 

about lift. 

In a flapping animal, positive lift is 

generated by the downstroke, but 

some of that lift is undone by the 

subsequent upstroke, which 

generates negative lift., the robot 

showed that folding the wing on the 

upstroke dramatically decreases that 

negative lift, increasing net lift by 50 

percent. 

The eight-inch robot 

mimics that anatomy with 

plastic bones carefully 

fabricated on a 3D printer 

to match proportions of a 

real bat. The skin is made of 

a silicone elastomer.  

Flapping fundamentals 

Part of why the model is 

useful is that it distills bat 

flapping down to five fundamental 

parameters: flapping frequency, 

flapping amplitude, the angle of the 

flap relative to the ground, the 

amount of time used for the 

downstroke, and the extent to which 

the wings can fold back. 

Experimental data aside, Bahlman 

says there were many lessons 

learned just in building the robot and 

getting it to work properly. “We 

learned a lot about how bats work 

from trying to duplicate them and 

having things go wrong,” he says. 

During testing, for example, the 

tongue and groove joint used for the 

robot’s elbow broke repeatedly. The 

forces on the wing would spread 

open the groove, and eventually 

break it open. Bahlman eventually 

wrapped steel cable around the joint 

to keep it intact, similar to the way 

ligaments hold joints together in real 

animals. 

Bat elbows 

The fact that the elbow was a 

characteristic weak point in the robot 

might help to explain the 

musculature of elbows in real bats. 

Bats have a large set of muscles at the 

elbow that are not positioned to flex 

the joint. In humans, these muscles 

are used in the motion that helps us 

turn our palms up or down. Bats 

can’t make that motion, however, so 

the fact that these muscles are so 

large was something of a mystery. 

Bahlman’s experience with the robot 

suggests these muscles may be 

adapted to resist bending in a 

direction that would break the joint 

open. 

The wing membrane provided more 

lessons. It often tore at the leading 

edge, prompting Bahlman to 

reinforce that spot with elastic 

threads. The fix ended up looking a 

lot like the tendon and muscle that 

reinforce leading edges in bats, 

underscoring how important those 

structures are. 

 “The next step is to start playing 

with the materials,” he says. “We’d 

like to try different wing materials, 

different amounts of flexibility on the 

bones, looking to see if there are 

beneficial tradeoffs in these material 

properties.” 

The research was funded by the US 

Air Force Office of Scientific 

Research and the National Science 

Foundation. 

- See more at: 

http://www.futurity.org/science-

technology/robot-bat-wing-gives-

lessons-in-flight/#more-317992 
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