MFI – http://robotics.eecs.berkeley.edu/~ronf/mfi.html
Srinath Avadhanula (http://robotics.eecs.berkeley.edu/~srinath/) (srinath@me.berkeley.edu) gave the tour

A few videos: http://www.berkeley.edu/news/media/releases/2002/06/fearing/fearing.html
Size: 25 mm wingspan ~ bee

Machines in lab:

Laser machine (Class IIIb) 

used to cut steel and carbon fiber

3D Systems ThermoJet machine


used to make mold positives for creating parts such as the bodies of the “insects”


50 micron feature size


HS2 silicone rubber is used to make the mold for casting the polyurethane bodies

First MFI prototype used voice-coil actuators

Next prototype 
steel foil folded into triangular channels


piezoelectric actuator
Beat frequency ~ 150 Hz (same as bee)

Began to use carbon fiber

-had to fold manually under microscope

Wing mechanism


Two fourbars


When they are in phase, the wing flaps


When they are out of phase, the wing rotates


6-micron polyester flexures lap-bonded onto carbon

-carbon impregnated with epoxy

-uni-directional carbon (4 layers, 40-micron thick)


-fibers run along link (thus perpendicular to bend axis)


Supplier for 6-micron polyester



SPI supplies

Wing construction:


2 micron polyester sheet


10 micron polyamide tubes

Wing


Lift force per wing: 510 uN


Weight of fly: ~1000 uN

Actuator


Used to use PZT



Supplier: Piezo Systems


Now use PZN-PT


Supplier: TRS Ceramics



Expensive, very delicate



Major benefit is 3x contraction of PZT for same EM field

Sensors


Low-level



Wing-position




Strain gages (old)




Optical (new)





Measure the amount of reflected light as mechanism moves





Calculate resultant wing angle


High-level



Haltere (bio-inspired)




Detects Coriolis forces




Two of them per MFI ==> roll, pitch, yaw



Ocelli (bio-inspired)




3 light sensors pointing up from head




Detects movement of light sources (sun) to measure




orientation changes

Control


No on-board control


Off-board control using XPC

**************************
Ron Fearing joined us at this point in the tour
“Automated assembly of sub-centimeter millirobot structures”

Have created a set of tweezers – 5 DoF total (XYZ table and 2 1-DoF fingers)


Uses piezo actuators

Touches side of each block to find orientation before attempting to pick it up
No z-axis position sensor; taps substrate at each step 

Blocks that tweezers moves are ~50-100 micron wide

****************************
Synthetic Gecko Setae

http://robotics.eecs.berkeley.edu/~ronf/GECKO/index.html
HS2 silicon currently used


E ~ 5E5 Pa (quite a bit softer than real gecko setae)


Supplier: KR Andersen in Santa Clara

Changes being considered:

-use a different material (maybe polyurethane from TAP Plastics, or something else)
-make hairs shorter, 50-micron instead of current 100-micron
Highest estimate of adhesion ~ 10 atm

Scotch tape ~ 10-100 atm

Currently looking at increasing surface roughness capability

-going to start with 0.1-micron roughness

-a painted wall is probably > 100-micron roughness, Ron said that this capability is a few years away

-a flexible backing is required for adhering to a rough surface

setae like to be at an angle < 30 deg.

The pre-load of 0.5 atm for engaging the synthetic hairs is 2 times that of the pre-load for gecko setae

Force discussion:

109 hairs/cm2 * 10% hair engagement = 108 hairs/cm2
108 hairs/cm2 * 10-8 N/hair = 1 N/cm2 (current discs used for manufacture are 1.4 cm2)

Tangential force is 3 times this ==> 500 kg robot is probably feasible (several discs per foot)
