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Abstract: Traditional extrusion based additive manufacturing (AM) is realized using a 3
degrees of freedom (DOF), translation only, 3D printer. It then follows that the printer must be
larger than the printed part. One way of enabling AM on a larger scale is to combine AM with
robotics. By using a 6 DOF robot manipulator to extrude a fast-curing material, the workspace
of the build would be greatly expanded. In addition, since the structures would no longer have
to be built with the bottom-up or top-down approach which is necessary for most existing forms
of AM, the flexibility of the building process would also increase. This could possibly reduce
the need for support structures to the point of only relying of anchoring and stabilizing. In this
paper, a method for generating a path for AM using robot manipulators that takes advantage of
the robot’s DOF is presented. The path is generated based on simple surfaces in CAD models.
First, the surface is sampled and the samples are gathered in a point cloud. Then, a path is
generated based on the point cloud. Three different approaches for generating a path are tested
where the weighted greedy choice algorithm gave the most promising result. With this algorithm,
printing along curved surfaces and in nonlinear paths are enabled.

Keywords: Additive manufacturing, path planning, robotic manipulators, robot programming,
manufacturing systems, mechatronic systems.

1. INTRODUCTION

In the recent years, the advancements in additive manu-
facturing (AM) has increased rapidly and AM has become
more available to the public. Traditionally, AM is realized
with a layer-by-layer fabrication, where every layer is par-
allel to the x−y plane of the build volume. It then follows
that the 3D printer must be larger than the print. To
enable large scale AM using traditional printers, the part
must be printed in smaller sub-parts before being mounted
together afterwards. Another way of enabling large scale
AM is to combine AM with robotics (Evjemo et al., 2017).
By using a 6 degrees of freedom (DOF) robot manipulator
to extrude a fast-curing material, the workspace of the
build could be greatly expanded. It would also be possible
to increase the flexibility of the building process itself
because the structure would no longer have to be built
layer by layer using the top-down or bottom-up approach
which is necessary for most existing forms of AM. This
could reduce the need for support structures to the point
of only relying on anchoring and stabilizing.

� The work reported in this paper was based on activities within
centre for research based innovation SFI Manufacturing in Norway,
and is partially funded by the Research Council of Norway under
contract number 237900.

There has been a great deal of advancements within AM in
the recent years. Livesu et al. (2017) present an overview
of the AM processing pipeline from 3D model to 3D
print, mostly concerning traditional AM. Evjemo et al.
(2017) present an overview of state-of-the-art of large
scale AM including a proof-of-concept experiment using a
robot manipulator. MX3D (2019) and Stratasys (2019) are
both commercial companies that present novel use of AM
using robot manipulators, MX3D for large scale printing
and Stratasys for removing the need of support struc-
tures. Within the subject of AM with non-planar contours,
Zhang et al. (2016), Alsharhan et al. (2017) and Shembekar
et al. (2019) show promising results. The resulting parts
has improved material properties compared to planar con-
tours. There has also been some recent development with
using arc-welding techniques for AM, so-called WAAM.
This is attracting interest from the manufacturing industry
because of their potential to fabricate large metal com-
ponents with low cost and short production lead time. A
review of WAAM is presented in Pan et al. (2018). Evjemo
et al. (2019) present experiments assessing the feasibility
of large scale AM of metallic materials by arc welding.

Urhal et al. (2019) present a review of robot assisted AM,
including a discussion on the difference in information flow
compared to traditional AM. In Onstein (2017), the author
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degrees of freedom (DOF), translation only, 3D printer. It then follows that the printer must be
larger than the printed part. One way of enabling AM on a larger scale is to combine AM with
robotics. By using a 6 DOF robot manipulator to extrude a fast-curing material, the workspace
of the build would be greatly expanded. In addition, since the structures would no longer have
to be built with the bottom-up or top-down approach which is necessary for most existing forms
of AM, the flexibility of the building process would also increase. This could possibly reduce
the need for support structures to the point of only relying of anchoring and stabilizing. In this
paper, a method for generating a path for AM using robot manipulators that takes advantage of
the robot’s DOF is presented. The path is generated based on simple surfaces in CAD models.
First, the surface is sampled and the samples are gathered in a point cloud. Then, a path is
generated based on the point cloud. Three different approaches for generating a path are tested
where the weighted greedy choice algorithm gave the most promising result. With this algorithm,
printing along curved surfaces and in nonlinear paths are enabled.

Keywords: Additive manufacturing, path planning, robotic manipulators, robot programming,
manufacturing systems, mechatronic systems.

1. INTRODUCTION

In the recent years, the advancements in additive manu-
facturing (AM) has increased rapidly and AM has become
more available to the public. Traditionally, AM is realized
with a layer-by-layer fabrication, where every layer is par-
allel to the x−y plane of the build volume. It then follows
that the 3D printer must be larger than the print. To
enable large scale AM using traditional printers, the part
must be printed in smaller sub-parts before being mounted
together afterwards. Another way of enabling large scale
AM is to combine AM with robotics (Evjemo et al., 2017).
By using a 6 degrees of freedom (DOF) robot manipulator
to extrude a fast-curing material, the workspace of the
build could be greatly expanded. It would also be possible
to increase the flexibility of the building process itself
because the structure would no longer have to be built
layer by layer using the top-down or bottom-up approach
which is necessary for most existing forms of AM. This
could reduce the need for support structures to the point
of only relying on anchoring and stabilizing.

� The work reported in this paper was based on activities within
centre for research based innovation SFI Manufacturing in Norway,
and is partially funded by the Research Council of Norway under
contract number 237900.

There has been a great deal of advancements within AM in
the recent years. Livesu et al. (2017) present an overview
of the AM processing pipeline from 3D model to 3D
print, mostly concerning traditional AM. Evjemo et al.
(2017) present an overview of state-of-the-art of large
scale AM including a proof-of-concept experiment using a
robot manipulator. MX3D (2019) and Stratasys (2019) are
both commercial companies that present novel use of AM
using robot manipulators, MX3D for large scale printing
and Stratasys for removing the need of support struc-
tures. Within the subject of AM with non-planar contours,
Zhang et al. (2016), Alsharhan et al. (2017) and Shembekar
et al. (2019) show promising results. The resulting parts
has improved material properties compared to planar con-
tours. There has also been some recent development with
using arc-welding techniques for AM, so-called WAAM.
This is attracting interest from the manufacturing industry
because of their potential to fabricate large metal com-
ponents with low cost and short production lead time. A
review of WAAM is presented in Pan et al. (2018). Evjemo
et al. (2019) present experiments assessing the feasibility
of large scale AM of metallic materials by arc welding.

Urhal et al. (2019) present a review of robot assisted AM,
including a discussion on the difference in information flow
compared to traditional AM. In Onstein (2017), the author
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Fig. 1. Information flow of AM with 6 DOF robot using
existing software

investigated using existing software for AM with robot
manipulators. The process pipeline, which is similar to
the one presented in Urhal et al. (2019), is represented
in figure 1. For slicing and generation of G-code, Self-
CAD was used. To convert G-code into a robot trajec-
tory, ABB RobotStudio and its Machining PowerPac was
used. Machining PowerPac is an add-in to RobotStudio
that includes a CAM converter (ABB, 2019). The CAM
converter can convert G-code into RAPID which is the
programming language used to program ABB’s industrial
robots. The method was verified using simulations and
a proof-of-concept experiment on a physical robot. The
simulations was realised using RobotStudio. After generat-
ing the trajectories using RobotStudio and the Machining
PowerPac, the trajectories can be simulated within the
same environment. An illustration of the simulation can
be seen in figure 2. An experiment was also performed
on an ABB IRB140 robot manipulator. No extrusion was
tested in the experiment. Pollak et al. (2018) and Ribeiro
et al. (2019) has also investigated using existing software
for AM using robot manipulators.

There are both advantages and disadvantages with using
existing solutions. The clear advantage is that the method
use existing solutions for both traditional AM and robot
control. It only takes a few minutes to generate a complete
robot trajectory based on a CAD model. Furthermore,
slicers and robot control environments both come with
powerful visual tools. This makes it easy to modify pa-
rameters and simulate the process in very intuitive and
interactive environments. The main disadvantage with the
method is that the generated trajectory is intended for a
system with 3 DOFs. The motivation for using a robot
manipulator for AM is to take advantage of its 6 DOFs
to enable paths that is not feasible with only 3 DOFs.
When using existing solutions, AM is realised with a robot
manipulator, but the CAD model might as well have been
printed using a traditional 3D printer.

In this paper, a method for generating paths for AM
based on STEP models that takes advantage of the robot
manipulators 6 DOF is presented. The method enables
printing along non-linear paths and in overhang, i.e. a part
of a structure that stick out over the lower level of the
build without direct vertical support. The method consists
of generating a point cloud based on a STEP model and
generating a path based on the generated point cloud.
Three different approaches for generating the path based

Fig. 2. Result of simulation of printing a cylinder in
RobotStudio

on the point cloud is evaluated. The work presented in
this paper is part of a project that seeks to enable large
scale AM using robot manipulators. The presented method
is based on the assumption of depositing a fast curing
material that enable mid-air printing. Since this is a novel
method, only surfaces of CAD models are considered to
simplify the task. Further work will include expanding the
method into handling more complex 3D models.

This paper consists of 4 sections. After this introduction,
section 2 present a method for generating paths for AM
that seeks to exploit the 6 DOF a traditional robot
manipulator holds. Section 3 presents the results and
discuss the proposed method that is tested on two different
CAD models. Finally, there is a closing section with some
concluding remarks in section 4.

2. AM PATH GENERATION

Input to the path generation system is a CAD model in
the STEP format. STEP is a data exchange file format
defined in ISO (2002) that can represent a 3D object and
related information. As opposed to the commonly used
Stereolithography (STL) format in 3D printing which is an
approximation of the surfaces of the model, STEP contains
an accurate description of the surfaces. More specifically,
it is a face on the CAD model that is used as input. A
face is a surface that is bounded by a set of edges (Stroud,
2006). Since this is a novel approach, only the faces of the
CAD model is considered. Further research will look into
converting this method into considering 3D solids.

The system for generating a path for AM consists of two
main parts; sampling the desired object and generating
the path based on the samples. The system is implemented
using Python and is run as a macro in FreeCAD. FreeCAD
is an open-source CAD software that is highly customiz-
able. Its functionality can be accessed and extended using
Python (The FreeCAD Team, 2019). Macros are a con-
venient way to reproduce complex actions in FreeCAD.
Actions recorded in a macro constitutes a list of Python
function calls of the FreeCAD API. They can be further
extended with custom Python logic to create complex
scripts.

2.1 Generating point cloud

The surface S ∈ R3 is parametrized by a system on
curvilinear coordinates given as

r(u, v) = (x(u, v), y(u, v), z(u, v)) (1)

with u and v being real variables. The normal to S is by
definition a normal to a tangent plane, given by the cross
product of the partial derivatives given as

n =
∂r

∂u
× ∂r

∂v
(2)

The first step in the path generation system is to sample
the face and generate a point cloud. Each sample is
stored in a custom Sample object. This object contains
reference to the FreeCAD sub object the sample belongs
to, the curvilinear coordinates (u, v) and its corresponding
Cartesian coordinates (x, y, z) as well as the normal vector
n. The sampling is realised by iterating through the
curvilinear coordinates with a given step length in both
u and v direction, namely αu and αv. All valid samples
are stored and added to the point cloud. The sampling is
given in algorithm 1.

Algorithm 1 Sampling sub object

Input: Desired distance between samples in each
direction, d∗u and d∗v

Output: Point cloud

1: αu = d∗u, αv = d∗v
2: Set u and v max and min

(umin, umax) = (pRange(0), pRange(1))
(vmin, vmax) = (pRange(2), pRange(3))

3: Choose starting point
(uc, vc) = (umin, vmin)

4: while uc < umax do
5: while vc < vmax do
6: Algorithm 2: Calibrate step length αv given d∗v
7: vc = vc + αv

8: pcxyz
= valueAt(uc, vc)

9: if pcxyz
isInside face then

10: Add sample to point Cloud
11: end if
12: end while
13: vc = vmin

14: Algorithm 2: Calibrate step length αu given d∗u
15: uc = uc + αu

16: pcxyz = valueAt(uc, vc)
17: if pcxyz isInside face then
18: Add sample to point cloud
19: end if
20: end while

To sample the sub object, the user sets the desired distance
(in millimetres) between each sample in both u and v
direction, d∗u and d∗v. The actual distance between two
samples can be calculated using the following equation

dk =
√
(x2 − x1)2 + (y2 − y1)2 + (z2 − z1)2 (3)

where (x, y, z) is the Cartesian coordinate. The sub object
is sampled with step length αu and αv given in the
curvilinear coordinate system and the desired distance
between samples d∗u and d∗v is given in the Cartesian
coordinate system. It was therefore necessary to calculate

Algorithm 2 Calibrate step length αv

Input: (uc, vc), d
∗
v

Output: αv

1: Set desired tolerance t
2: αv = d∗v
3: Calibrated is false
4: while not calibrated do
5: p1xyz

= (x1, y1, z1) = valueAt(uc, vc)
6: p2xyz

= (x2, y2, z2) = valueAt(uc, vc + αv)

7: dk =
√
(x2 − x1)2 + (y2 − y1)2 + (z2 − z1)2

8: if d∗v > dk + dk

t OR d∗v < dk + dk

t then

9: αv = αv
d∗
v

dk

10: else
11: Calibrated is true
12: end if
13: end while

the step lengths, αu and αv, that results in the desired
distance d∗u and d∗v. The method used for calculating the
step lengths, from here on referred to as calibration, is
inspired by line search which is a basic iterative approach
to find a local minimum of an objective function which
is described in Nocedal and Wright (2006). The method
for calibrating αv is given in algorithm 2. Calibrating
αu is realised using the same algorithm by switching v
and u in step 6. t is the tolerance given by the user to
adjust the accuracy of the calibration. There are three
FreeCAD commands used in the sampling algorithm;
pRange, valueAt and isInside:

• pRange is the parameter range of the selected face
containing the minimum and maximum value of u and
v, and is given as an array with the four elements.

• valueAt takes the curvilinear coordinates (u, v)
and returns the corresponding Cartesian coordinate
(x, y, z).

• isInside checks if a given point lies on the sub object
with a given tolerance. All samples that are found to
lie on the face is added to the point cloud.

2.2 Path Algorithms

Given the point cloud, the next main step is to generate
the path. Due to the fact that it is difficult to start and
stop material extrusion, two requirements for the path are
outlined. Firstly, the path should visit a point only once.
Secondly, the path should not be self-intersecting. This
problem shows resemblance to the Travelling Salesman
Problem (TSP). TSP is described as a salesman wishing
to make a tour visiting each city exactly once and finishing
at the city he starts from with the total cost of the tour
being minimal. It was therefore decided to test a TSP-
solver for generating a path. Two more algorithms was
tested, namely greedy choice and weighted greedy choice.
The greedy algorithm was chosen because it is quick and
easy to implement. The weighted greedy algorithm was
implemented as an extension to the non-weighted greedy
algorithm. The greedy algorithm makes the locally optimal
choice in the hope that this choice will lead to a globally
optimal solution. The weighted greedy algorithm differs
in the way that a weight is added to the alternatives
to influence the local optimal choice. Both algorithms
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2.1 Generating point cloud

The surface S ∈ R3 is parametrized by a system on
curvilinear coordinates given as

r(u, v) = (x(u, v), y(u, v), z(u, v)) (1)

with u and v being real variables. The normal to S is by
definition a normal to a tangent plane, given by the cross
product of the partial derivatives given as

n =
∂r

∂u
× ∂r

∂v
(2)

The first step in the path generation system is to sample
the face and generate a point cloud. Each sample is
stored in a custom Sample object. This object contains
reference to the FreeCAD sub object the sample belongs
to, the curvilinear coordinates (u, v) and its corresponding
Cartesian coordinates (x, y, z) as well as the normal vector
n. The sampling is realised by iterating through the
curvilinear coordinates with a given step length in both
u and v direction, namely αu and αv. All valid samples
are stored and added to the point cloud. The sampling is
given in algorithm 1.

Algorithm 1 Sampling sub object

Input: Desired distance between samples in each
direction, d∗u and d∗v

Output: Point cloud

1: αu = d∗u, αv = d∗v
2: Set u and v max and min

(umin, umax) = (pRange(0), pRange(1))
(vmin, vmax) = (pRange(2), pRange(3))

3: Choose starting point
(uc, vc) = (umin, vmin)

4: while uc < umax do
5: while vc < vmax do
6: Algorithm 2: Calibrate step length αv given d∗v
7: vc = vc + αv

8: pcxyz
= valueAt(uc, vc)

9: if pcxyz
isInside face then

10: Add sample to point Cloud
11: end if
12: end while
13: vc = vmin

14: Algorithm 2: Calibrate step length αu given d∗u
15: uc = uc + αu

16: pcxyz = valueAt(uc, vc)
17: if pcxyz isInside face then
18: Add sample to point cloud
19: end if
20: end while

To sample the sub object, the user sets the desired distance
(in millimetres) between each sample in both u and v
direction, d∗u and d∗v. The actual distance between two
samples can be calculated using the following equation

dk =
√
(x2 − x1)2 + (y2 − y1)2 + (z2 − z1)2 (3)

where (x, y, z) is the Cartesian coordinate. The sub object
is sampled with step length αu and αv given in the
curvilinear coordinate system and the desired distance
between samples d∗u and d∗v is given in the Cartesian
coordinate system. It was therefore necessary to calculate

Algorithm 2 Calibrate step length αv

Input: (uc, vc), d
∗
v

Output: αv

1: Set desired tolerance t
2: αv = d∗v
3: Calibrated is false
4: while not calibrated do
5: p1xyz

= (x1, y1, z1) = valueAt(uc, vc)
6: p2xyz

= (x2, y2, z2) = valueAt(uc, vc + αv)

7: dk =
√
(x2 − x1)2 + (y2 − y1)2 + (z2 − z1)2

8: if d∗v > dk + dk

t OR d∗v < dk + dk

t then

9: αv = αv
d∗
v

dk

10: else
11: Calibrated is true
12: end if
13: end while

the step lengths, αu and αv, that results in the desired
distance d∗u and d∗v. The method used for calculating the
step lengths, from here on referred to as calibration, is
inspired by line search which is a basic iterative approach
to find a local minimum of an objective function which
is described in Nocedal and Wright (2006). The method
for calibrating αv is given in algorithm 2. Calibrating
αu is realised using the same algorithm by switching v
and u in step 6. t is the tolerance given by the user to
adjust the accuracy of the calibration. There are three
FreeCAD commands used in the sampling algorithm;
pRange, valueAt and isInside:

• pRange is the parameter range of the selected face
containing the minimum and maximum value of u and
v, and is given as an array with the four elements.

• valueAt takes the curvilinear coordinates (u, v)
and returns the corresponding Cartesian coordinate
(x, y, z).

• isInside checks if a given point lies on the sub object
with a given tolerance. All samples that are found to
lie on the face is added to the point cloud.

2.2 Path Algorithms

Given the point cloud, the next main step is to generate
the path. Due to the fact that it is difficult to start and
stop material extrusion, two requirements for the path are
outlined. Firstly, the path should visit a point only once.
Secondly, the path should not be self-intersecting. This
problem shows resemblance to the Travelling Salesman
Problem (TSP). TSP is described as a salesman wishing
to make a tour visiting each city exactly once and finishing
at the city he starts from with the total cost of the tour
being minimal. It was therefore decided to test a TSP-
solver for generating a path. Two more algorithms was
tested, namely greedy choice and weighted greedy choice.
The greedy algorithm was chosen because it is quick and
easy to implement. The weighted greedy algorithm was
implemented as an extension to the non-weighted greedy
algorithm. The greedy algorithm makes the locally optimal
choice in the hope that this choice will lead to a globally
optimal solution. The weighted greedy algorithm differs
in the way that a weight is added to the alternatives
to influence the local optimal choice. Both algorithms
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and TSP are described in Cormen (2009). TSP is NP-
hard, meaning no polynomial-time algorithm has yet been
discovered nor proven to exist to solve the problem. It
is therefore expected that generating a path using TSP
will require more time compared to the greedy choice
algorithms.

Greedy choice
For the greedy algorithm, the locally optimal choice was
set to be the nearest sample to the current one. The
distance was calculated using equation 3. The algorithm
is presented below.

Algorithm 3 Greedy choice algorithm

1: Choose starting sample
2: while there are unvisited samples do
3: Calculate distance to the other samples
4: Make greedy choice
5: Update current sample
6: Add sample to path
7: end while

Weighted greedy choice
As mentioned earlier, the weighted greedy choice is
strongly related to the greedy choice. The difference is that
a weight is added on samples satisfying a given weighting
criteria. In this case, it was desired that the path followed
a given direction to the end before changing direction.
Direction here is referring to a direction in parameter
coordinates. This was implemented by adding weights to
v if u was the desired direction and the other way around.
The algorithm is presented below.

Algorithm 4 Weighted greedy choice algorithm

1: Choose starting sample
2: while there are unvisited samples do
3: Calculate distance to the other samples
4: if weighting criteria is satisfied then
5: Add weight on distance
6: end if
7: Make greedy choice
8: Update current sample
9: Add sample to path

10: end while

TSP
Like the two aforementioned algorithms, distance between
the samples is used for picking the next sample for TSP
as well. For generating the path based on TSP, a TSP
solver was used. The solver used was inspired by Pedroso
et al. (2020) and the source code is taken from Pedroso
and Kubo (2018). The solver was modified to calculating
distances in 3D instead of 2D using equation 3. The solver
was tested and verified in Onstein (2018). The overall TSP-
based algorithm using the TSP-solver is presented below.

Algorithm 5 TSP-based algorithm

1: Calculate distance matrix
2: Create greedy tour
3: Calculate length of tour
4: Local search starting from greedy tour

(a) Point cloud With CAD model.

(b) Point cloud without CAD model.

Fig. 3. Resulting point cloud from sampling a curved
rectangular surface with d∗u = d∗v = 10 mm.

3. RESULTS AND DISCUSSION

The path generation method was tested on two different
CAD models; a curved rectangular surface and a propeller
blade. The models were chosen to demonstrate paths for
AM that would not be possible with only 3 DOF. The
curved surface was chosen to demonstrate how a path for
printing in overhang can be achieved and the propeller
blade was chosen to demonstrate printing along non-linear
paths.

3.1 Sampling

Both models were sampled with a distance between the
samples equal to d∗u = d∗v = 10.0 mm in both u and v
direction. The results of sampling the curved surface can
be seen in figure 3, and of the propeller blade in figure 4.

The sampling works well for both the curved surface and
the propeller blade. The shape of the surfaces is well
captured. In the point cloud of the propeller blade, there
are two samples sticking out on the left side of figure 4b,
highlighted with the red circle. These two points are a
result of the chosen step length and will likely affect the
path generation that is to come.

3.2 Path generation

The first algorithm that was tested was the greedy choice.
The result from testing the algorithm on the curved surface
can be seen in figure 5. In figure 5b it can be seen that
the path is self-intersecting. To avoid a thick layer of
material in the intersection, the material extrusion will
have to be stopped and started again. This is a challenge
with material extrusion and an intersecting path should

(a) Point cloud With CAD model.

(b) Point cloud without CAD model.

Fig. 4. Resulting point cloud from sampling a propeller
blade with d∗u = d∗v = 10 mm.

therefore be avoided. Results of running the greedy choice
algorithm on the propeller blade can be seen in figure 5.9
in the previous work by the author (Onstein, 2018). Like
the results of using the algorithm on the curved surface,
the generated path is self-intersecting.

The next algorithm to be tested was the weighted greedy
choice algorithm. The weights was added on the u-
parameter to guide the path along the v-direction, re-
sulting in movements from side to side. Results of the
weighted greedy choice on the curves surface can be seen
in figure 6. This path is moving from side to side and is
without any self-intersections. The resulting path is also
enabling printing in overhang. Figure 7 shows the weighted
greedy choice on the propeller blade. In section 3.1, two
samples sticking out on the left side was highlighted and it
was pointed out that this was likely to influence the path
generation. The result of those two samples can be seen
in figure 7b. The path takes a longer turn on the left side
before continuing on to the right. Despite this, the path
for the propeller blade enable printing along non-linear
curves. Both paths generated for the curved surface and
for the propeller blades using the weighted greedy choice
algorithm are paths that can be realised using a 6 DOF
robot manipulator, but not with a traditional 3 DOF 3D
printer.

Figure 8 shows the result of the TSP-based algorithm on
the propeller blade. This path is moving from side to side
and up and down in a pattern that looks more like a maze
than a path for AM. It is worth mentioning that the path
is not self-intersecting. With an ideal, fast curing, material
this path might have been plausible, but in all practical

(a) With CAD model.

(b) Without CAD model.

Fig. 5. Path generated using greedy choice algorithm on
curved surface.

aspects it is not. Testing the TSP-based algorithm on the
curved surface gave similar results as for the propeller
blade. Another remark of using the TSP-based algorithm
is that it took a long time to generate the path compared
to the two greedy choice algorithms. This was expected as
TSP is NP-hard.

In the authors previous work (Onstein, 2018), sampling
and running the different algorithms was also tested on
more than one surface at the time with a CAD model
resembling a shoehorn. This revealed some issues regarding
the sampling in the seam between surfaces that had
implications on the path generation. More results and
discussion around this can be found in the aforementioned
work.

4. CONCLUSION

The advancements in AM has increased rapidly in recent
years, especially using traditional 3D printers. There has
been some research regarding AM using robot manipula-
tors. Most of them use existing software for traditional 3
DOF printers and convert it into robot code. This paper
present a method for generating paths for AM that takes
advantage of the freedom in both position and orientation
that a 6 DOF robot manipulator offers. Paths generated
on a point cloud using a weighted greedy algorithm gave
the most promising result. Through the presented method,
both printing in overhang and along non-linear paths are
realised.

In this paper, the paths have been generated, but not
simulated or tested on a physical robot. Future work con-
sists of verifying the generated paths through simulations
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(a) Point cloud With CAD model.

(b) Point cloud without CAD model.

Fig. 4. Resulting point cloud from sampling a propeller
blade with d∗u = d∗v = 10 mm.

therefore be avoided. Results of running the greedy choice
algorithm on the propeller blade can be seen in figure 5.9
in the previous work by the author (Onstein, 2018). Like
the results of using the algorithm on the curved surface,
the generated path is self-intersecting.

The next algorithm to be tested was the weighted greedy
choice algorithm. The weights was added on the u-
parameter to guide the path along the v-direction, re-
sulting in movements from side to side. Results of the
weighted greedy choice on the curves surface can be seen
in figure 6. This path is moving from side to side and is
without any self-intersections. The resulting path is also
enabling printing in overhang. Figure 7 shows the weighted
greedy choice on the propeller blade. In section 3.1, two
samples sticking out on the left side was highlighted and it
was pointed out that this was likely to influence the path
generation. The result of those two samples can be seen
in figure 7b. The path takes a longer turn on the left side
before continuing on to the right. Despite this, the path
for the propeller blade enable printing along non-linear
curves. Both paths generated for the curved surface and
for the propeller blades using the weighted greedy choice
algorithm are paths that can be realised using a 6 DOF
robot manipulator, but not with a traditional 3 DOF 3D
printer.

Figure 8 shows the result of the TSP-based algorithm on
the propeller blade. This path is moving from side to side
and up and down in a pattern that looks more like a maze
than a path for AM. It is worth mentioning that the path
is not self-intersecting. With an ideal, fast curing, material
this path might have been plausible, but in all practical

(a) With CAD model.

(b) Without CAD model.

Fig. 5. Path generated using greedy choice algorithm on
curved surface.

aspects it is not. Testing the TSP-based algorithm on the
curved surface gave similar results as for the propeller
blade. Another remark of using the TSP-based algorithm
is that it took a long time to generate the path compared
to the two greedy choice algorithms. This was expected as
TSP is NP-hard.

In the authors previous work (Onstein, 2018), sampling
and running the different algorithms was also tested on
more than one surface at the time with a CAD model
resembling a shoehorn. This revealed some issues regarding
the sampling in the seam between surfaces that had
implications on the path generation. More results and
discussion around this can be found in the aforementioned
work.

4. CONCLUSION

The advancements in AM has increased rapidly in recent
years, especially using traditional 3D printers. There has
been some research regarding AM using robot manipula-
tors. Most of them use existing software for traditional 3
DOF printers and convert it into robot code. This paper
present a method for generating paths for AM that takes
advantage of the freedom in both position and orientation
that a 6 DOF robot manipulator offers. Paths generated
on a point cloud using a weighted greedy algorithm gave
the most promising result. Through the presented method,
both printing in overhang and along non-linear paths are
realised.

In this paper, the paths have been generated, but not
simulated or tested on a physical robot. Future work con-
sists of verifying the generated paths through simulations
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(a) With CAD model.

(b) Without CAD model.

Fig. 6. Path generated using weighted greedy choice algo-
rithm with u-weighting on curved rectangular surface.

(a) With CAD model.

(b) Without CAD model.

Fig. 7. Path generated using weighted greedy choice algo-
rithm with u-weighting on propeller blade.

(a) With CAD model.

(b) Without CAD model.

Fig. 8. Path generated using TSP on propeller blade.

and experiments. The presented method only considers the
faces in the CAD model and not 3D solids. Further work
will be to investigate how this method can be adapted to
handle solids as well as faces. Furthermore, the problem of
tool control and controlling material extrusion has not yet
been addressed which is also a prospect of future work.
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