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Abstract: Angular paths and corners are common in toolpath designs in material extrusion 

additive manufacturing. As a nozzle turns on a corner, the shear and material flow could be 

affected[1]. For fibre reinforced composites, it also affects local fibre orientation and may be 

regarded as mechanical weakness points[2]. Here, we studied corner paths with short fibre 

reinforced materials regarding the fibre orientation and mechanical properties. We 3D printed 

corners with different turn angles (0o-150o). 3D fibre orientation tensor was measured, and 

main-axis alignment was low when it departed orthogonally, showing that fibres are highly 

aligned with the printing direction. The out-of-plane orientation increased with the angles, 

showing that sharper turns induced more Z-direction orientation. Tensile tests show decreasing 

specific strength with increasing turn angles and brittle to ductile failure. This study highlights 

the variation of fibre orientation at corners and reveals the variation in shear and flow. It may 

enlighten design strategies to control fibre orientation and avoid mechanical weakness. 

Additionally, a case study of single-wall capsules with different corner angles was conducted 

to further demonstrate the value of structural analysis of corners in 3D printing. 

 

Figure 1. Structural analysis of 3D printed fibre composites at angular corners. (a) Micrographs 

of corners with different turning angles. (b) 3D fibre orientation at corners. (c) tensile properties 

(normalized force and specific strength) of corners. 
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Please select below the 3 topics that best fit your work, and presentation type. When selecting a 

symposium, you don’t need to select any topic.  

This information will be used to set up the conference program. 
 

 
1. Loading Types  2. Environment  

1.1 Static and quasi-static  ☒ 2.1 Corrosion  ☐ 

1.2 Cyclic loading  ☐ 2.2 High operating temperatures  ☐ 

1.3 High and very high cyclic loading ☐ 2.3 Ageing ☐ 

1.4 Vibrations ☐ 2.4 Other temperature effects ☐ 

1.5 Impact and earthquake  ☐ 2.5 Combined effects ☐ 

1.6 Combined loading ☐ 2.6 Hydrogen embrittlement  ☐ 

1.7 Thermal loadings ☐ 2.7 Other ☒ 

1.8 Other ☐   

 
3. Structures  4. Materials   

3.1 Large structures  ☐ 4.1 Metallic materials  ☐ 

3.2 Process equipment  ☐ 4.2 Polymers  ☒ 

3.3 Welded structures ☐ 4.3 Ceramics ☐ 

3.4 Components ☐ 4.4 Composite materials ☒ 

3.5 Transportation ☐ 4.5 Nanomaterials ☐ 

3.6 Other structures ☒ 4.6 Biomaterials ☒ 
  4.7 Concrete rocks ☐ 

 

5. Approach/Method  6. Manufacturing Processes  

5.1 Analytical  ☐ 6.1 Welding ☐ 

5.2 Computational  ☐ 6.2 Additive manufacturing ☒ 

5.3 Experimental ☒ 6.3 Adhesive ☐ 

5.4 Artificial intelligence ☐ 6.4 Machining ☐ 

5.5 NDT & SHM ☐ 6.5 Other ☐ 

5.6 Probabilistic   ☐ 
 

7. Symposium 

A Multiscale analysis of Fatigue Crack Growth in materials and 
structures 

☐ 

B Failure analysis ☐ 
C Damage identification and prediction of structural response ☐ 
D Fatigue and Structural Integrity ☒ 
E Structural Health Monitoring ☐ 
F Structural integrity of 3D printed metal components ☐ 
G Structural Integrity Evaluation of Welded Structures: Damage 

Assessment, Fatigue Analysis, and Non-Destructive Testing 
☐ 

H Hydrogen embritlement ☐ 
 


