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Active Origami Structure Design and Characterization 
  

Overview 
 “Origami Engineering” is a joint project between Penn State and Rowan University to 
develop and characterize a magneto-active elastomer that can achieve unidirectional 
locomotion in the future. Rowan is developing and manufacturing the elastomer and 
Penn State is creating three experimental designs that analyse the material mainly 
for force output and energy stored in each of the bends. Both teams are conferring 
regularly to develop better procedures so that a final program model can be used to 
predict motion. 
  

Objectives 
1. Develop magneto-active elastomer (MAE) capable of repeatable folding and unfolding 
2. Create seamless and contiguous MAE sheet 
3. Develop model for predicting deformed shape vs. applied field 
4. Measure linear force, shape (angle, contour), work stored of MAE 
5. Develop unidirectional locomotion under oscillating magnetic field 
  

Approach 
 Reading Journal articles on active materials, elastomers, and testing procedures from sponsor 

 Conferring with sponsor on a regular basis through emails and Skype calls to achieve same goals 

 Weekly meetings with the Rowan team to discuss new procedures, problems, and next steps 

 Meeting with PSU engineering professors to obtain equipment for constructing the test procedures 

 Creating test procedures based on feedback from professors and journal articles 

 Trial and error on the first batch of MAEs with the test procedures and ultimately changing the test setup 
after spending many days in the laboratory 

 Taking the data and using Matlab, Excel, and SolidWorks to analyse the results and create various 
graphs to show the linear force and energy stored in the MAE 

 With each new batch of MAE, we  improved the testing quality and data analysis 

 Saw an opportunity to vary the dimensions of the MAE samples to see if the size has any correlation to 
the force output and energy stored 

  

Outcomes 
 The MAE’s force increases almost linearly as the field 

increases until ~0.225 T then plateaus for every sample 

 The MAE’s work increases as field increases which 
means it is holding energy in the silicon base layer and 
the bends of the material  

 As more weight is attached to the MAE sample the less 
energy is stored in the sample 

 All of the test results (force output and work) compliment 
exactly what was anticipated from the initial scientific 
journal research 

 From varying the dimensions of the material, it was 
determined that the MAE sample with dimensions of 
blocks (1.9 cm x 1.1 cm x 0.31 cm) with a spacing 
between blocks of 2.1 cm and a silicon base layer  
(11.1 cm x 1.1 cm x 0.3 cm) had the greatest force output 


