
 



 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

 



1 Abstract 



2 Introduction  



3 Steerability Evaluation  

3.1 Theoretical Background 







𝜀𝑒 𝑤 𝑅𝑐

𝜀𝑒 = ±
𝑤

2𝑅𝑐

𝜀𝑎 𝜀𝑎 ≥ 𝑤/(2𝑅𝑐)

𝜀𝑖 ≥ 0

𝜀𝑜 = 𝜀𝑎 + 𝑤/(2𝑅𝑐)



  



3.2 Experimental Methods 

3.2.1 Material 

3.2.2 System and Process Control 



𝜀𝑎

𝑉2 𝑉1

𝜀𝑎 =
𝑉2 − 𝑉1

𝑉1



3.2.3 Strain Measurement Method and Digital Image Correlation  



𝜺𝒂 

  



3.3 Steerability Evaluation 

 

 

 

 

 

𝜀𝑎



3.3.1 Movement analysis of tape placement head  





3.3.2 In-situ stretching on straight paths 

𝜀 = 0.996𝜀𝑎 − 0.304



3.3.3  Path Deviation due to TCP off-set 

𝑅𝑐

𝑥𝑛𝑖𝑝

∆𝑃



∆P =  −√𝑅𝑐
2 − 𝑥𝑛𝑖𝑝

2 + 𝑅𝑐

𝑥𝑛𝑖𝑝 = 𝐿𝑐/2 𝐿𝑐





∆𝑷 = 𝟎 



3.3.4 Strain gradient across the width during steering 

𝜺𝒂 

𝜀𝑖 

𝜀𝑐 𝜀𝑜

𝜀(𝑦) = 𝜀𝑎 +
𝑦

2𝑅𝑐
  ,       − 𝑤/2 ≤ 𝑦 ≤ 𝑤/2



𝜺𝒊 𝜺𝒐

𝜺𝒄 𝜺𝒂 = 

3.3.5 Minimum Steering Radius  





𝜺𝒂 

3.4 Conclusions 



  



4 Wrinkle Prediction 

4.1 Theoretical Background 







𝑓(𝑥) = max (0, 𝑥)

𝑓(𝑥) =
1

1 + 𝑒−𝑥



4.2 Experimental Method 

µ







4.3 Results  

4.4 Conclusions  
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