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ABSTRACT  
Personal fabrication is currently a one-way process: once 
an object has been fabricated with a 3D printer, it cannot be 
changed anymore. Any change requires printing a new 
version from scratch. The problem is that this approach 
ignores the nature of design iteration, i.e. that in subse-
quent iterations large parts of an object stay the same and 
only small parts change. This makes fabricating from 
scratch feel unnecessary and wasteful. 
In this paper, we propose a different approach: instead of 
re-printing the entire object from scratch, we suggest patch-
ing the existing object to reflect the next design iteration. 
We built a system on top of a 3D printer that accomplishes 
this: Users mount the existing object into the 3D printer, 
then load both the original and the modified 3D model into 
our software, which in turn calculates how to patch the 
object. After identifying which parts to remove and what to 
add, our system locates the existing object in the printer 
using the system’s built-in 3D scanner. After calibrating the 
orientation, a mill first removes the outdated geometry, 
then a print head prints the new geometry in place. 
Since only a fraction of the entire object is refabricated, our 
approach reduces material consumption and plastic waste 
(for our example objects by 82% and 93% respectively). 
Author Keywords: rapid prototyping; 3D printing; sustain-
ability. 
ACM Classification Keywords: H.5.2 [Information inter-
faces and presentation]: User Interfaces. 
General Terms: Design; Human Factors. 
INTRODUCTION 
Personal fabrication machines, such as 3D printers, are on 
the verge of becoming a mass market [10]. With more 
people owning a 3D printer, more and more objects will be 
printed in the future. Many researchers envision a future in 
which even inexperienced users will create their own de-
signs using software that enables them to create objects 
through a design-fabricate-test-redesign cycle [4]. 

Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for profit or commercial advantage and that copies 
bear this notice and the full citation on the first page. Copyrights for 
components of this work owned by others than ACM must be honored. 
Abstracting with credit is permitted. To copy otherwise, or republish, to 
post on servers or to redistribute to lists, requires prior specific permission 
and/or a fee. Request permissions from Permissions@acm.org. 
UIST '15, November 08-11, 2015, Charlotte, NC, USA 
© 2015 ACM. ISBN 978-1-4503-3779-3/15/11…$15.00 
DOI: http://dx.doi.org/10.1145/2807442.2807467 

Figure 1: To minimize material consumption and to 
reduce waste during design iteration, we propose patch-

ing the existing object rather than reprinting it from 
scratch. (a) First, our software calculates which part 
changed, then (b) a mill removes outdated geometry, 

followed by a print head that prints the new geometry. 

While we share the excitement about this future evolution, 
we are worried about potential implications on sustainabil-
ity: unlike the more “traditional” software-based design 
process, creating and iterating on physical designs requires 
actual physical material and creates actual physical waste. 
Existing angles on sustainability focus on either reducing 
print material (e.g. infill material [27], support material 
[24]) or they try to recycle the already printed material. 
While a few filament types, such as PLA, are biodegrada-
ble, many other materials are not. Filament extruders, such 
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as the Recyclebot [21], reuse the material from old prints, 
however, the process is limited to a few iterations as the 
filament becomes brittle and print quality decreases. In 
addition, with the recent advances in multi-material print-
ing, recycling becomes more difficult as the materials have 
to be separated from each other in the process [11]. 
In this paper, we propose changing the 3D printing work-
flow itself to save material and to reduce waste. Currently 
any mistake, functional or aesthetic adjustment requires the 
entire object to be trashed. We propose making adjustments 
on a more appropriate scale, i.e., removing and reprinting 
only the unsatisfactory parts. 
RELATED  WORK  
The work presented in this paper builds on personal fabri-
cation, sustainability, and 3D printing on existing surfaces. 
Personal Fabrication 
Personal fabrication tools allow users to create one-off 
objects [10]. To allow even inexperienced users to create 
their own designs, researchers developed tools that facili-
tate modeling: SketchChair [23], for instance, allows users 
to create their own chair designs, while other tools can 
design poseable objects with joints [2], or even kinematic 
objects with entire driving mechanisms [4]. 
Reducing the amount of printed material
To make 3D printing more efficient, researchers have tried 
to minimize the amount of material required for printing. 
For instance, to reduce the amount of support material, 
Pandey et al. [19] automatically rotate the object into an 
optimal position. Schmidt et al. [24] optimize the support 
material layout using hierarchical tree structures, and Du-
mas et al. [6] use a combination of bridges and pillars in-
stead of dense support. Other researchers proposed to re-
duce the amount of infill required: Wang et al. [27] print 
skin frame structures underneath the surface and leave the 
interior empty, while Lu et al. [15] print an optimized infill 
pattern to balance strength and material savings. A different 
approach to saving material is to optimize the object itself: 
Galjaard et al. [8], for instance, show how to produce struc-
tural components with minimal material. Finally, low-
fidelity fabrication [16] reduces the required material dur-
ing prototyping by only fabricating the part that is being 
tested, the rest is replaced with a context material. Similar 
problems exist with other fabrication techniques, such as 
laser cutting. For instance, PacCAM [22] and VisiCut [18] 
optimize the layout of 2D parts to reduce waste material. 
Recycling 3D Printed Material
Recently, researchers demonstrated how to recycle 3D 
printed objects by shredding and melting them into new 
filament [3]. However, over time the material becomes 
brittle and printing quality decreases. In addition, as Hiller 
et al. point out recycling becomes more difficult with multi-
material printing, as the materials have to be separated [11]. 
Hybrid Fabrication machines
Industrial hybrid fabrication machines [13] produce 3D 
objects by combining additive and subtractive fabrication. 

The base geometry is built using additive fabrication. Af-
terwards, the superior precision of subtractive fabrication is 
used for additional detail and polishing. Instead of integrat-
ing all tools into one machine, Keating et al. use standard 
fabrication tools and a 6-axis robotic arm that moves the 
work piece between the devices [12]. 
3D Printing on Existing Surfaces
Adams et al. [1] show how to print conductive silver ink 
paths on an existing object of known geometry. By adding 
a laser scanner for shape sensing, researchers demonstrate 
how to 3D print on unknown existing planar and curved 
surfaces using a 5-axis robotic arm [25]. Finally, Krassen-
stein et al. [14] show how to resume a failed 3D print job 
by using a laser to find the layer at which the print stopped. 
In this paper, we built on top of the hardware suggested by 
industrial hybrid fabrication machines and 5-axis printing. 
Our patching system is the first that integrates 5-axis print-
ing, milling, and scanning into one device. In addition, we 
provide a user interface and a set of algorithms for patching 
an existing object. 
PATCHING PHYSICAL OBJECTS: LIFE-LONG DESIGN 
While we focus primarily on design iterations, objects may 
require a patch: 
1. immediately because of failed 3D printing 
2. minutes to hours later because of a new design iteration 
3. days to months later because the object breaks 
4. months to years later because of changing requirements 
Being able to patch an existing object allows for what we 
call life-long design and effectively reduces material con-
sumption and waste. 
Hardware for patching physical objects
Figure 2 shows the hardware setup that we integrated into 
an existing 3D printer (MakerBot Replicator 2X): a mill 
with suction for removing geometry, a 5-axis rotating plat-
form for additional degrees of freedom, and a depth camera 
for 3D scanning and alignment. 

Figure 2: Hardware for patching physical objects. 
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subtractive fabrication: We added a motor with mill bit and 
suction on the side of the MakerBot extruder. We built on 
top of the hardware suggested in the Scotty [17] paper, but 
optimized the component layout to fit onto a single carriage 
so as to maximize the build volume. 
5 axis printing: Off-the-shelve 3D printers only have 3-axis 
and thus can only remove and add geometry from the top of 
an object. This often requires removing more material than 
necessary. To add and remove geometry from the side of an 
object, we added a 5-axis extension in the form of a dual 
axis rotating platform. 
3D scanning: Our system 3D scans the existing object to 
align it with the next iteration of the 3D model. For 3D 
scanning, we mounted a depth camera (model: Creative 
Senz3D) to the frame of the 3D printer and use our dual-
axis rotating platform to turn the object 360°. 
Walkthrough: patching a phone’s charging dock
We illustrate how patching physical objects allows for life-
long design at the example of a phone charging dock that 
fits into the coffee holder of a car. 
#1 patching immediately because of failed 3D printing
While printing the initial version of the phone dock, the 3D 
print fails half way through: the stepper motors accidentally 
leaves out a step, which leads to a layer shift in all follow-
ing layers (Figure 3a). The user stops the print and instead 
of trashing the failed print, patches the object. 

Figure 3: (a) Failed print. (b) The user selects the failed 
part with the repair brush. (c) Patching. 

As can be seen in Figure 3b, the user loads the correspond-
ing 3D model into our software, then uses the “repair” 
brush to select the part that did not print correctly (selection 
is done based on a raster grid, the raster resolution can be 
changed by the user). No alignment with 3D scanning is 
necessary in this case since the failed print is still on the 
printing platform. After the user hits the “patch” button, 
our system instructs the mill to remove the failed upper 

layers, and then continues the regular print. Note that 
patching this failed print is different from [14] in that our 
system is able to not only resume a print job, but also to 
remove falsely printed geometry. Fixing the print required 
34.43cm3 material (with 10% infill), saving 39% compared 
to reprinting it from scratch, and preventing 29.67cm3 of 
waste from trashing the object. During milling, we had to 
remove 7.54cm3 . 
#2 minutes to hours later because of a new design iteration
After printing the initial version of the phone dock, the user 
notices that the home button is half-way covered and thus 
hard to operate (Figure 1). To fix the problem, the user 
adds a cut out for the home button to the 3D model, then 
loads it into our software together with the original 3D 
model. The user mounts the existing phone dock into the 
3D printer (using double-sided tape) and hits the “patch” 
button. To locate the existing phone dock in the 3D printer, 
our system 3D scans it. After alignment, our system in-
structs the mill to remove the outdated geometry around the 
mount, and then instructs the 3D print head to create the 
new mount directly on the remaining geometry. This patch 
required only 2.39cm3, saving 96% material compared to 
reprinting from scratch, preventing 56.56cm3 of waste. 
During milling, we removed 2.54cm3 material. 
After testing the phone dock in the car, the user decides to 
use the remaining space in front of the phone mount to 
store a coin for unlocking shopping carts that he otherwise 
always loses. In Figure 4, the user adds the coin slot to the 
phone dock 3D model, then hits the “patch” button. 

Figure 4: (a,b) Our system finds the optimal orientation 
to minimize printing material and waste. (d) Milling. 

This time, the system uses its dual-axis rotating platform to 
minimize material consumption by rotating the phone dock 
so that only a small part needs to be removed and reprinted. 
Adding the coin slot required only 1.46cm3 material, saving 

85



 

        
       

     
    

          
          

         
           
         

      
        

       
         

 
       

          
         

         
            

   

 
        

          

       
       

      
      
      

     
      

       
        

       
     

          
    

        
       

 

 
         

      

          
          

         
  

 
        

    

           
       

        
       
       

            
        

         
         
          

            
        

         
 

 

97% material compared to reprinting it from scratch, and 
preventing 56.40cm3 waste. During milling, we had to 
remove 1.43cm3 material. 
#3 patching days to months later because the object breaks
One day, the user accidentally breaks the phone dock when 
putting his bag onto the side seat. The user decides to fix it 
(Figure 5). The user first loads the corresponding 3D model 
and using the “repair” brush marks the part that broke off. 
Our system patches the phone dock by milling off protrud-
ing geometry and then reprinting all missing parts. Repair-
ing the phone dock took 2.86cm3 material, saving 95% 
compared to reprinting from scratch, preventing 56.44cm3 

of waste. During milling, we removed 2.15cm3 of material. 

Figure 5: (a) The user accidentally broke the object. (b) 
The user marks the parts that need repair. (c) Our sys-
tem then repairs the object using mill and print head. 

#4 months to years later because of changing requirements
A year later, the user buys a new phone that is too large for 
the mount (Figure 6a). 

Figure 6: (a) The user’s new phone is too large, thus the 
user changes the model. (b) Changes. (c) Patched object. 

Since the charging dock still works, the user decides to 
patch it. Patching the phone dock required only 10.56cm3 

of material, effectively saving 81% compared to reprinting 
it from scratch, and preventing 56.44cm3 waste. During 
milling, we had to remove 9.56cm3 . 
MINIMIZING MATERIAL CONSUMPTION AND WASTE 
In the digital world, determining how much volume has 
changed is merely subtracting one model from the other, 
but implementing these changes in the physical world often 
requires additional volume (and thus material) to be re-
moved. The reason for this are physical constraints: 
size of print/mill head: the print head and mill head define a 
volume that can collide with existing geometry (Figure 
7)—making it necessary to remove more material than 
actually changed. The smaller the print and mill head, the 
less additional material needs to be removed. 

Figure 7: (a) The print head causes a collision. (b) The 
system removes additional geometry, to (c) then reprint. 

alignment of mill bit and extruder: As shown in Figure 8a, 
if the extruder nozzle and the mill bit operate on the same 
layer, this can cause a collision of the mill bit with already 
printed material. 

Figure 8: (a) In this setup, the mill bit causes a collision. 
(b) Correct alignment of mill and print head. 

The mill bit thus needs to operate one layer above the ex-
truder. This however, comes with the physical constraint 
that the print head always has to operate in the “shadow” of 
the mill, i.e. the mill has to first remove material, and then 
the print head can follow. In Figure 7, for instance, we 
rotate the object by 180° to be able to remove the colliding 
geometry with the mill. Afterwards, we rotate the object 
back for printing. One solution to avoid this problem is to 
add a mechanism to the carriage that can lift up the mill bit 
and the extruder, i.e. when the system mills the extruder is 
moved up and vice versa. A second option is to only add a 
mechanism to either the mill head or the print head, how-
ever this requires moving one of the heads the double dis-
tance. 
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degrees of freedom of the print/mill head: While 3-axis 3D 
printers are the most common, they can only remove and 
print geometry from the top of an object. If an object’s 
geometry changes close to its bottom, all upper geometry 
needs to be removed (Figure 9a). This creates a lot of waste 
and requires large amounts of printing material. In contrast, 
printers with higher degrees of freedom, such as 5-axis 
machines, can print and remove geometry from the side of 
an object (Figure 9b). 

Figure 9: 3-axis vs. 5 axis for adding a handle to this 
watering can. 

size of build plate: If the bottom of an object is patched 
using 5-axis milling/printing, the size of the build plate 
determines how much volume is accessible (Figure 10). 

Figure 10: (a) The larger the build plate, the less volume 
is accessible. (b) One voxel build plate. 

While making the base plate smaller allows for increasingly 
more volume to become accessible, the only way to reach 
the entire volume is to work with a one-voxel build plate 
(conceptual drawing in Figure 10b). The basic idea is to 
place the first voxel on the vertically aligned build plate 
and then through rotation of the build plate build up the 
object voxel by voxel from the side. However, due to the 
limited capabilities of today’s 3D printers, we were not able 
to implement the one-voxel build plate. 
support material: Current 3D printing technology requires 
printing support material underneath structures with over-
hangs >45°. While for this paper, we did not explore the 
issue of support material, we think it is a challenge worth 
further research, especially when printing above gaps. 
CONTRIBUTION, BENEFITS, AND LIMITATIONS 
The main contribution of this paper is a system that allows 
patching the geometry of an existing object rather than 
printing it from scratch. The system combines subtractive 
and additive fabrication in a single integrated process to 
remove and add geometry to an object, and uses 3D scan-
ning for alignment. In addition, our dual-axis rotating plat-
form can patch geometry from both the top of an object and 
the side. Our approach not only saves material, but also 

reduces plastic waste—making 3D printing more sustaina-
ble. 
On the flipside, patching an object’s geometry is subject to 
the following limitations: (1) physical constraints: due to 
the size of the print head and its limited degrees of free-
dom, regions that surround the to be modified area some-
times also need to be partially removed. (2) high precision 
necessary: print head, mill, and 3D scanning need to be 
calibrated to each other in the sub-millimeter range (see 
section “3D scanning”). (3) stress-resistance: by rotating 
the object, not all layers are printed in the same orientation, 
making the object potentially less stress resistant (see [26] 
for a discussion). (4) suction: we had good results with our 
suction, but not 100% of the chips were removed. 
IMPLEMENTATION 
To help readers replicate our results, we use the following 
section to explain the details of our hardware extension and 
the software implementation. 
Rotating platform for 5 axis printing
We designed the dual axis rotating platform so as to max-
imize the build volume in the 3D printer. Our design re-
places the standard Makerbot platform. Key to our design is 
the use of a slewing ring searing from Igus (PRT-02-30-
AL) for the Y axis. This bearing is designed to accept both 
radial and axial load and creates a rigid connection between 
the rotating platform and its support. Both axes are driven 
by a stepper motor attached (a NEMA 17 stepper motor, 
200 steps per 360°). The Y axis has a transmission ratio of 
17.7:1, while the transmission ratio for the Z axis is 8.13:1. 
Both motors are controlled by an Arduino Uno. 
The carriage with the mill, camera, and suction is based on 
the hardware from the Scotty [23] project. However, to 
maximize the build volume, we fit both the print head and 
the mill head onto the same carriage and removed the 
down-facing RGB camera. For 3D scanning, we mounted a 
depth camera (model: Creative Senz3D) to the casing of the 
MakerBot, which faces sideward onto the object. 
Software 
In the next section, we describe the algorithm that our sys-
tem uses to determine which parts need to be removed by 
the mill and which need to be reprinted. 
Determining what changed in the model
Our system identifies geometry that needs to be removed 
by uniting the existing object and the next iteration, and 
then subtracting the next iteration (Figure 11a). 

Figure 11: Calculating (a) what to add, (b) to remove. 
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Similarly, our system identifies geometry that needs to be 
added by uniting the existing object and the next iteration 
and then subtracting the existing object (Figure 11b). 
Calculating the volume which collides with mill or print head
As discussed in section “Minimizing material usage”, the 
size of the mill and print head can make it necessary to 
remove more material than actually changed to avoid colli-
sions. Figure 12 illustrates our algorithm with an example 
of the geometry that needs to be added from the previous 
figure: (a,b) First, our system identifies the volume that 
needs to be empty so that the print head can reach all loca-
tions required to add the part. To do this, our software takes 
the 3D geometry of the print head and moves it along the 
surface of the part that should be added. All of the volumes 
are added up (minkowski sum). 

Figure 12: Checking collision volume for the geometry 
that should be added (from the previous figure). 

(c) In the next step, our software determines if there are any 
collisions. For this, our software intersects the volume that 
should be empty with the existing geometry of the object. If 
the resulting volume is empty, no collision exists and the 
system can perform the patch without removing any addi-
tional geometry. If the volume is not empty as in the exam-
ple shown in Figure 12c), a part of the new geometry can-
not be added due to a collision. Thus, the part of the exist-
ing object that causes the collision has to be removed too. 
The question remains if the additional part that needs to be 
removed causes collisions itself. The algorithm thus repeats 
all steps until no additional collisions exist anymore. (d) It 
then adds up all collision volumes, (e) removes them, and 
then (f) recreates them together with the geometry that 
needs to be added. 
Minimizing collision volume with 5-axis printing
In 3-axis printing only one option exists to change the ge-
ometry in a certain location, but 5-axis printing can achieve 
the same result in several ways, i.e. by rotating the object at 
different angles, resulting in different collision volumes, 
and thus requiring different amounts of geometry to be 
milled away and reprinted. Our system therefore finds the 
angles that create least waste and consume least material. 
For this, our system iteratively builds a tree structure of all 
potential solutions and applies a breadth first search, i.e. we 

stop pursuing a branch as soon as it creates more waste and 
requires more material than the current best solution 
(Figure 13). 

Figure 13: In the example shown, the optimal solution
 
to minimize waste and material consumption is to rotate
 

the object 90°.
 

Our algorithm starts by (a) calculating the difference be-
tween the existing object and the next iteration (as de-
scribed in Figure 11). (b) It then calculates the collision 
volume for each potential angle (as described in Figure 
12c). If the object contains several patches in different 
locations, the algorithm builds the next layer in the tree by 
repeating steps (a) and (b), i.e. testing all potential rotation 
angles for the second part that needs to be changed and 
again calculating the collision volume. 
After traversing the valid options, our algorithm picks the 
solution that consumes least material and produces least 
waste. In the case shown in Figure 13, rotating the object 
by 90° produces zero waste and only requires a fraction of 
the material than changing it in a 0° position—making the 
90° angle the optimal solution. 
As testing all potential rotation angles is computationally 
expensive, we only test a set of discrete angles rather than a 
continuous space. The number of angles tested is a trade-
off between accuracy and computation time (we currently 
test in 1° distances). 
Order of executing changes
Our system first removes all collision geometries and ge-
ometries that no longer exist in the next iteration. After 
that, the system prints the geometry that needs to be added. 
Calculating the tool paths for the mill and print head
Milling: For each part that needs to be removed, our system 
calculates the mill path. For this, our system slices the part 
that should be removed in layers (we use a two wing flute 
mill bit for milling plastic, and mill layers with 0.6mm 
height). Our system implements the slicing by intersecting 
the 3D model of the part that should be removed with hori-
zontal planes at increasing heights. For each slice, our 
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system then calculates the bounding box. From the bound-
ing box, our system generates the tool path for the mill in 
the form of g-code commands. Moving the mill exactly 
along the contour of the layer could further optimize our 
current implementation. 
3D printing: Our system generates the 3D print tool path 
for each part by sending the geometry in .stl file format to 
the MakerBot slicer miraclegrue, which in turn generates a 
g-code file that we automatically read back into our system. 
Collision prevention during travel
By default, the 3D printer moves the shortest path between 
two print locations, which can lead to collisions with exist-
ing geometry (Figure 14). To avoid collisions, our system 
first detects the highest point of existing geometry on the 
path (based on the initial 3D scan of the object). It then 
lowers the base plate to move the point below the print 
head. Finally, the system instructs the print head to move to 
the other location, and afterwards brings the base plate back 
up. 

Figure 14: To avoid collision of the print head with 
existing geometry, we lower the base plate accordingly. 

Closing open surfaces / covering infill
To save time in 3D printing, objects are often printed with a 
solid surface and a sparse infill pattern. 

v1 v2 layer n open infill 
a 

b layer n-1 layer n closed infill 

Figure 15: Closing open infill areas. 

During a change, the existing surface of an object can be 
removed and parts of the infill form the new outside surface 
(Figure 15). To cover the infill pattern, our system removes 
the top infill layer in addition and reprints it as solid to 
close the surface. 
3D scanning and alignment
We take multiple snapshots with the camera while rotating 
the object. Each snapshot contains the depth value in mm 
for each pixel. We combine all snapshots into a single point 
cloud, taking into account the position of the camera, the 
rotational center of the platform, and the 3D printer coordi-

nate system. We then call the command line interface of 
CloudCompare [4] to register the object geometry with the 
point cloud (Figure 16). 

Figure 16: 3D scanning for alignment. 

Unfortunately, current depth cameras, such as the Crea-
tiveSenz3D we use, are not accurate enough to achieve a 
seamless patch as this requires a resolution below the 200 
microns of current consumer FDM printers. This is why the 
objects in our example walkthrough show small defects at 
the interface of the patch. 
In our setup, scanning accuracy is a trade-off between time 
and precision. By scanning the object from additional an-
gles, we can collect more data and thereby increase the 
scanning resolution. In addition, since our algorithm com-
bines all data from the point cloud (using the standard 
POSIT algorithm), not every point needs to be perfectly 
accurate. 
DISCUSSION 
In the next section, we discuss insights we gained while 
patching a range of different objects. 
Material savings for different types of changes
The material saved between two design iterations highly 
depends on the type of change. For local patches, i.e. 
changes that only affect a small part of the object in a spe-
cific area, material savings are typically high. For global 
patches, such as scaling the entire object, material savings 
tend to be small. In addition, they are technically more 
difficult to achieve. 
Time saving during design iteration
Patching physical objects does not only lead to material 
savings, but in most cases also to time savings. However, 
the time saved depends on the type of patch as patching 
requires both time for printing and time for milling. One 
option to further reduce fabrication time is to use a saw for 
cutting off outdated parts in a single piece rather than using 
a mill to remove material layer-by-layer. However, a saw 
limits the type of removals that can be achieved. 
5 axis vs. 3+2 axis printing
While our hardware is capable of full 5-axis printing, our 
algorithm currently implements 3+2 axis printing, i.e. we 
first rotate the object, then apply the patch rather than rotat-
ing and fabricating at the same time, which would allow for 
additional material savings. The benefit of 3+2 axis print-
ing is that it allows us to re-use the default MakerBot slicer 
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as we only print in the x-y plane and do not print 3D 
curves. Using industrial 5-axis printing software, our sys-
tem could be extended to full 5-axis patching. 
Taping the object into the printer vs. using a mount
While double-sided tape is sufficient to mount objects with 
a large bottom area (such as the phone dock in the 
walkthrough), it is not sufficient for objects with a small 
bottom area. For smaller objects, we developed a mount 
that can be opened and closed with a screw (Figure 17). 
One limitation of an additional mount is that it reduces the 
reachable area by the print head. To avoid the problem, the 
user can orient the object in the mount in different ways 
according to the part that is being patched. The efficacy of 
the tape bond also depends on the shearing forces during 
milling. 

Figure 17: While double-sided tape is strong enough to 
hold objects with a large surface area, we use this 

mount for objects with a small surface area. 

CONCLUSION  
In this paper, we presented a system that can patch an exist-
ing physical object rather than reprinting it from scratch. 
We showed how combining subtractive and additive fabri-
cation in 5-axis allows efficient patching of an object to 
minimize material consumption and plastic waste—making 
3D printing more sustainable. 
For future work, we want to explore how to patch more 
complex physical objects, such as those that are not only 
based on shape, but also exhibit behavior (e.g. kinematic 
mechanisms [4]). In addition, it would be interesting to 
apply the patching concept to different types of 3D printing 
techniques. Our current setup focuses on FDM 3D printing, 
but other technologies such as SLA/SLS exist. 
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