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During the processing of thermoplastic composites, surface defects and fiber waviness can occur. In order to measure the surface quality of a
thermoplastic composite part, a methodology is needed which is user independent, reproducible, and quantitative. The custom built Photobox can
be used to record surfaces digitally, assess the amount of surface defects, and measure the fiber waviness across the surface.

Introduction

Summary
The Photobox in combination with OrientationJ allows for quantitative assessment of surfaces of thermoplastic composites based on the standard
deviation of fiber orientation, coherency, and gradient energy. These metrics can be used to further optimize process technologies based on surface
quality and reveal process – structure – property relationships.

Experimental

Features
• A monochrome line scan camera

moves on a rail with a constant speed
• A light strip is attached to the camera
• The part is flattened with non-reflective

glass
• Height of rail adjustable

Achievements

• Constant light conditions across surface
• Highly modular, flexible
• Accepts part up to ~700 x 700 mm
• Reproducible
• ~24 µm resolution
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• Optical setup (shutter speed, distance, light)
• “Lines” of images recorded
• Images stacked together with Python
• Manual cropping of images
• Analysis done by OrientationJ

OrientationJ
• A gradient is calculated between neighbouring pixels
• Local features calculated:

• Orientation: Angle perpendicular to gradient direction
• Coherency: 0 = isotropic, 1 = one dominant direction
• Gradient energy: 0 = homogenic region, higher value

indicates more surface defects

Results

Orientation

Feature Value

StD. Orientation 7.07°

Coherency 0.678

Gradient Energy 0.0909

Coherency Energy

• Coherency is low and energy is high due
to surface defects

• Orientation still assessable with defects

Feature Value

StD. Orientation 5.39°

Coherency 0.7002

Gradient Energy 0.0513

Orientation Coherency Energy

• Consolidating with PEI foil eliminates
surface defects and improves coherency

• Fiber waviness also reduced

Feature Value

StD. Orientation 4.84°

Coherency 0.7568

Gradient Energy 0.109

• Top half of PAEK plate shows lowest fiber
waviness and highest coherency

• Bottom half more wavey, less coherent

Orientation Coherency Energy


