ﬁ polymers

Article

A Design for Additive Manufacturing Strategy for
Dimensional and Geometrical Quality Improvement of
PolyJet-Manufactured Glossy Cylindrical Features

Natalia Beltran

check for

updates
Citation: Beltran, N.; Alvarez, BJ.;
Blanco, D.; Pefia, F;; Fernandez, P. A
Design for Additive Manufacturing
Strategy for Dimensional and
Geometrical Quality Improvement of
PolyJet-Manufactured Glossy
Cylindrical Features. Polymers 2021,
13,1132. https://doi.org/10.3390/
polym13071132

Academic Editor: Rafig Ahmad

Received: 19 February 2021
Accepted: 28 March 2021
Published: 2 April 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Braulio J. Alvarez

, David Blanco , Fernando Pefia ' and Pedro Fernandez *

IPF Research/ ARAMO Group, University of Oviedo, 33203 Gijon, Spain; nataliabeltran@uniovi.es (N.B.);
braulio@uniovi.es (B.J.A.); dbf@uniovi.es (D.B.); penafernando@uniovi.es (EP.)
* Correspondence: pedrofa@uniovi.es

Abstract: The dimensional and geometrical quality of additively manufactured parts must be in-
creased to match industrial requirements before they can be incorporated to mass production. Such
an objective has a great relevance in the case of features of linear size that are affected by dimensional
or geometrical tolerances. This work proposes a design for additive manufacturing strategy that uses
the re-parameterization of part design to minimize shape deviations from cylindrical geometries. An
analysis of shape deviations in the frequency domain is used to define a re-parameterization strategy,
imposing a bi-univocal correspondence between verification parameters and design parameters.
Then, the significance of variations in the process and design factors upon part quality is analyzed
using design of experiments to determine the appropriate extension for modelling form deviation.
Finally, local deviations are mapped for design parameters, and a new part design including local
compensations is obtained. This strategy has been evaluated upon glossy surfaces manufactured
in a Vero™ material by polymer jetting. The results of the proposed example showed a relevant
improvement in dimensional quality, as well as a reduction of geometrical deviations, outperforming
the results obtained with a conventional scaling compensation.
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1. Introduction

Additive manufacturing (AM) processes make parts from 3D model data, usually
layer upon layer [1]. The theoretical geometry of a three-dimensional object is sliced into bi-
dimensional shapes that are later manufactured and stacked vertically. Industrial adoption
of AM is still hampered by an insufficient mass production capacity, a limited range of pro-
cessable materials, and a lower manufacturing quality than achievable through alternative
conventional processes [2]. There is a gap between AM specification standards and indus-
trial requirements [3] that demands greater efforts in the fields of standardization, offline
verification, on-machine measurement, and process control. In this sense, the evaluation of
dimensional and geometrical quality in additive manufacturing of polymeric parts has been
the subject of extensive research.

Some research studies [4-6] were focused on characterizing the process capability
from a metrological point of view. Different approaches range from using a gage repeata-
bility and reproducibility (G&R) methodology for the capacity evaluation of a polymer
jetting system [5], to benchmarking comparisons of dimensional and geometrical accuracy
between different polymer AM processes [6]. Other studies [7-15] analyzed the influence of
design, process, and production factors on part quality. Part size, location, and orientation
are among the most frequent factors [8,9,12,13], whereas inner design factors and process
factors also have an influence upon quality results [10,14,15]. These works described part
quality in metrological terms by means of the differences between nominal and actual
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