
A Modular Artificial Muscle Ring Oscillator for 
Testing New Materials 

Background 
Artificial muscles are currently being 
used in an assortment of sensor, 
actuator, and energy generating 
applications. [1] Currently, these 
systems are coupled to hard and rigid 
electronics. The Dielectric Elastomer 
Switch (DES), a soft carbon-based 
piezo-resistor addresses this issue and 
strives to create a comprehensive 
robotic device which utilises strain on a 
soft rubbery surface to control 
resistance or logic. [2] 

 

To explore new DES materials, we have 
built a modular ring oscillator. 
Modularity has been emphasised to 
easily interchange materials for testing. 
Our oscillator consists of three inverters 
which toggle between LOW (Ground) 
and HIGH (Supply Voltage) states. Each 
inverter is comprised of a single DEA 
(Dielectric Elastomer Actuator) and DES 
unit and a known fixed resistor.  

Method 
The ring oscillators were constructed by adhering pre-stretched VHB 4905 elastomer film, 
which act as the dielectric onto an acrylic frame. There are two pre-stretches that occur 
during manufacturing, one which governs the pre-stretch of the DES and one for the final 
global thickness of the film. Different oscillators with varying global thicknesses (59μm, 
43μm, 33μm) were used and tested. Secondly, the DES elements were stamped on the 
surface of the VHB using a 5:1 carbon grease mixture. The actuating elements are 
constructed similarly, where the film is stretched and a carbon grease is painted onto both 
sides. These units are then put together in the configuration shown below.    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results 
The frequency of each ring oscillator varied between 0.17Hz – 2.8Hz with supply voltage 
ranging from 2.3kV – 4.0kV. There was a developing linear trend between voltage and 
frequency, which was to be expected as an increased supply voltage correlated to larger 
strains of the DES, allowing them to switch more quickly. The oscillators ran until failure 
from the degradation of the switches, likely through ablation from high voltage.  
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Conclusions 
• A modular system has been 

designed to cater for easy 
interchanging and testing of new 
switching materials 

• An accompanying model is being 
created to further understand 
relationships with material properties 

• Refining the switching material 
unlocks the potential to design truly 
soft devices with embedded control. 
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Figure 2: Three Stage Modular Ring Oscillator (Each Inverter consists of 2 DEA and a switch)  

Figure 4: Output oscillating voltage (two 
of three channels probed) 

Figure 1: Sigmoidal function of switching 
behaviour 


