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Abstract  Additive Manufacturing ( AM, namely 3D printing) technology enables people to
customize and fabricate physical models easily. This technique has been proved to be an essential
supplement that can overcome many disadvantages of traditional manufacturing and significantly
promote the developments of design and manufacturing in a variety of industries. Although it
claims the ability to fabricate highly complex objects such as models with a high-genus number, the
tool-paths used in conventional AM are still in a 2. 5D manner— that is, materials are accumulated
on the top of previously printed planar layers. A multilayer composite gives the result of a physically
printed model. This reduction produces many problems that should be considered in the processes
of designing and slicing, for instance, overhanging regions and the significant structural anisotropy.
Obviously, it is not easy for novice users to take care of all these problems in the absence of
expert knowledge. To ensure the success of printing, researchers have contributed their efforts to
the development of pre-processing software. However, many parameters are closely connected to

3D printers, and these parameters need to be determined by tedious trail-and-errors. Due to this
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reason, how to integrate advanced robots with more degrees-of-freedom (DOF) into 3D printing
becomes a popular topic as an interdisciplinary research area of robotics and advanced manufacturing.
As a highly interdisciplinary research area, robotics is gradually reshaping the paradigm of traditional
AM. In the past few years, the prompt developments on fabricating processes and computational
techniques have expanded the capability of AM in many aspects. The future of AM lies in robotics,
which will provide more flexible motions of material accumulation, integrate human-involved
interactions into the process of fabrication, and also make large-scale fabrication possible. A variety
of recent works has already made progress towards these goals by designing intelligent robotic
devices and algorithms. In this survey, we provide an overview of the recent progress on multi-
DOF AM. We firstly introduce the working principles of traditional AM and multi-DOF AM. We
also compare these two techniques from the perspectives of printing trajectories, difficulty, flexi-
bility, stair-effect, and support structures. Then we elaborate the recently published works
regarding multi-DOF 3D printing from the aspects of mechanical designs, principles and distinct
advantages comparing to traditional AM technologies. Specifically, these works are classified into
four categories including (1) support-free printing for eliminating additional support structures
near the overhanging regions of slices, (2) fast and wireframe printing for rapid prototyping and
efficient design iterations, (3) building-around-inserts that can repair or modify existing objects,
(4) fabrication methods for large-scale objects to solve the scalability problem and robot-assisted
AM in architecture to overcome the problems in contemporary construction (i. e. , slow, labor-intensive,
dangerous and expensive). This survey also analyzes the disadvantages of current multi-DOF
printing in robot calibrations, motion planning, and the design of working spaces. Finally, several

challenging research problems for multi-DOF printing are given, with discussions on potential

future works.
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@ D-shape. https://www. d-shape. com 2017, 1, 20
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@ Irb 360 data sheet a4. http://new. abb. com/products/
robotics/industria l-robots/irb-360 2018, 1, 20
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@ Closed-loop control for low-cost 3d printers. https://www.
element14. com/community/ thread/30891/1/ closed-loop-control-
for-low-cost-3d 2018, 7, 3

@  Smart extruder+. https://www. makerbot. com/3d-printers/
smart-extruder/2018,7, 3
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Background

Additive Manufacturing (namely 3D printing) has been
used in many aspects of our daily life including engineering
design, architecture construction, engineering proofing.
biomedical treatment, etc. 3D printing technology has many
advantages comparing to traditional manufacturing methods.
For instance, it lowers the cost, speeds up the manufacturing
process. Most importantly, 3D printing can fabricate complicated
objects which are difficult for others. In recent years, the
prosperous developments of robotics offer many possibilities
for 3D printing. Due to that, the problem of intergrading
advanced robotics into 3D printing becomes a hot research
topic of the intersection of robotics and manufacturing

disciplines. Many efforts have been devoted to this topic.
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Much interesting hardware and software have been designed
which strongly expanded the range of applications of 3D
printing. In this paper, we offer a detailed survey with regards
to the multi-DOF 3D printing. We classify the novel approaches
and techniques into four categories from different angles of
view including support-free printing, fast wireframe printing,
building-around-inserts, large-scale printing, which expects to
provide a full view for researchers and engineers. There still
have many challenging problems that are awaiting further
explorations, as well as potential research topics, which have
been discussed at the end of this paper.
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