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1. Concept 
The proposed actuator is inspired by fly flapping wings. A so-called rotary comb drive 
based on a Silicon substrate is introduced to represent for fly wings. When sinusoidal 
voltage is applied to the actuators, the top cantilevers and the bottom ones will be 
pulled and come closer by induced electrostatic force and then return reversely by itself 
continuously. Subsequently, observers will see that the virtual fly is flapping its wings.    

 

Fig.1 Fly wing Actuator 
2. Design 
We can simplify a rotary comb drive actuator by considering a cantilever on only one 
side. Magnifying the cantilever, we will find an array of combs arranged systematically, 
which each comb set has similar parameters. The gap g, and the width of comb fingers  

are 5μm and 5μm as shown in Fig.2. The overlapping  
region of comb fingers should be minimized to prevent  
fingers from sticking together by horizontal attractive 
force, so the overlapping fingers were design to be less  
than 1０μm when the stroke reaches the maximum  
point.     

Fig.2 a comb teeth   
 



According to the model of the cantilever (Fig.3), the forces exerted on each finger can be 
represented by vectors of the force F. There are 10 F vectors distributing on the beam 
locating next to each other with gap of 20 μm.  

 
 
 
 

Fig.3 a model of the cantileverここに数式を入力します。 
3. Calculation 
Table 1. Related parameters of the cantilever  

Parameter Symbol value 
Width w 20 [μｍ] 

Thickness t 5 [μｍ] 
Length L 270 [μｍ] 

Gap between adjacent fingers g 5 [μｍ] 
Silicon Young’s Modulus E 130×109 [Pa] 
Dielectric constant of Air ε 8.85×1012 [F/m] 

Density of Silicon ρ 2.33×103 [kg/m3] 

 

Moment of Inertia of the cantilever I = wt  

Distance of surface from neutral surface  

Δ  = Area of Bending moment diagram X  

= ∑ distance of the centroid from Base length of diagram  

    =  77 180  77  97 160 97

                117 140 117 137 120 137 157 100 157 177 80

                177  197 60 197  217 40 217 237 20 237

                257  
Thus, Δ  = 1.1 F   
     



From the definition, a force of one movable comb finger F =     

Therefore, Δ  = 
. .  = 1.93 10 V   

             Table 2. Relation of an applied voltage to changed distance 
Applied voltage[V] Δ  [nｍ] 

40 30.9 
80 123 

120 278 

Also, fundamental resonant frequency is given by  2πf   

Where a spring constant of cantilever k =  =   

= 4.1279 [N/m] 
mass of cantilever m is given by 
m = ρ wtL ∑ volume of each inger   

  = 2.33 10 10 20 5 270 20 5 π 100 120 140. . 300  

  = 2.15 10  [kg] 

Thus, a resonant frequency .
.

 = 22.05 kHz  

 
 
   


