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This work investigates a hybrid manufacturing route of flexible components from 

thermoplastic polyurethane (TPU) that combines extruder-driven injection with molds 

printed via Stereolithography (SLA), enabling rapid and low-cost material analysis and 

prototype production [1].  

Two experimental studies were conducted to link processing parameters to material 

performance. The influence of the manufacturing parameter on crack initiation and 

growth under DeMattia flex cracking was investigated. Additionally, these parameters 

were linked to the tensile strength of produced samples. The results show that the 

hybrid process can achieve strengths comparable to or exceeding conventional 

injection molding. 

 

 
 

To evaluate how material behavior translates to functional soft robotic systems, TPU 

samples and pneumatic soft gripper were fabricated using the optimized settings. 

Uniaxial hysteresis measurements were investigated as predictors of long-term gripper 

fatigue. Additional tests on two silicone rubbers, combined with millions of pneumatic 

cycling experiments, revealed correlations between material hysteresis and soft 

gripper angle drift across materials and processing routes.  

Overall, the study demonstrates that extrusion-injection into SLA-printed molds is a 

viable method for producing customized components and that simple material tests 

can support early prediction of long-term performance in soft robotics. 
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