
Accepted Manuscript

Optical sensor-based measurements of thermal expansion coefficient in additive
manufacturing

Sophia N. Economidou, Dimitris Karalekas

PII: S0142-9418(15)30256-7

DOI: 10.1016/j.polymertesting.2016.03.001

Reference: POTE 4596

To appear in: Polymer Testing

Received Date: 4 December 2015

Accepted Date: 1 March 2016

Please cite this article as: S.N. Economidou, D. Karalekas, Optical sensor-based measurements
of thermal expansion coefficient in additive manufacturing, Polymer Testing (2016), doi: 10.1016/
j.polymertesting.2016.03.001.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.polymertesting.2016.03.001


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 
 

Optical Sensor-Based Measurements of Thermal Expansion 

Coefficient in Additive Manufacturing 

 
Sophia N. Economidou, Dimitris Karalekas* 

Laboratory of Advanced Manufacturing Technologies and Testing, University of Piraeus, 
Karaoli and Dimitriou 80, GR-185 34 Piraeus, Greece 
 

 

Abstract 

The applicability of fiber optic sensors for measuring the coefficient of thermal 

expansion (CTE) of thermoplastic parts fabricated through Additive Manufacturing is 

investigated. Prismatic specimens were fabricated via the Fused Deposition Modeling 

(FDM) technique and Fiber Bragg Grating (FBG) sensors were embedded within the 

structures during the building process. The specimens were manufactured featuring 

various raster orientations and were then subjected to thermal cycling. The 

wavelength measurements recorded from the optical sensors were employed for the 

calculation of the thermally induced strains in the specimens as a function of 

temperature. The obtained curves presented a linear behavior until the Tg, where the 

internal phase change is manifested with a peak and a subsequent decline of the curve. 

The CTE was calculated and the effect of raster orientation on the thermal expansion 

behavior was identified. 
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1. Introduction 

Additive Manufacturing (AM) technology represents a family of distinct 

fabrication techniques which all share a common characteristic: the physical object is 

fabricated through the sequential deposition of layers on the basis of a three-

dimensional computer-aided designed (3D CAD) model. Among the available AM 
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