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Abstract

In this paper, we aim to improve the output quality of a food 3D printer through optimized component
design and implementation. Existing 3D printers produce customized outputs according to consumer needs,
but have problems with output speed and poor quality. In this paper, we aim to solve this problem through
optimized design of unit parts such as the extruder, nozzle, guide, and external case. Fusion 360 was used
for element design, and in the performance evaluation of the implemented system, the average precision
was 0.06mm, which is higher than the non—repeatable precision of =0.1mn of other products, and the feed
speed of the existing system was evaluated to be more than twice as fast, from 70mm/s to 140mm/s. In
the future, we plan to continuously research output elements that can produce texture and color and device
control methods for convenience.
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Filament is led
to the extruder

Filament spool

The extruder uses torque
and a pinch system to feed
and retract the filament
precise amounts.

A heater block melts the
filament to a useable
temperature.

The heated filament is forced
out the heated nozzle at a The extruded material is laid down

smaller diameter . on the model where itis needed.

The print head and/or bed is moved
to the correct X/Y/Z position for placing
the material

[Figure 1] Operating Method Of FDM Print
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[Figure 2] Operating Method of SLS Printer
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<Table 1> 3D printer development environment

Hardware Function / Role
Arduino e 8 Bit Micro Controller based on ATmega
Board 2560
Power e Provides voltage and current to operate
Supply the system
Temperature |® Resistance value varies depending on
Sensor temperature

Kapton Film |e High heat resistance
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Heaters e Chemical resistance
. e Printing environment control
Display
e Temperature control
e Delivers material to nozzle
= Extruder

e Temperature control
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<{Table 2> Software development environment

SIW Function / Role

¢ 3D modeling creation
e Modeling modification and
optimization, simulation

Fusion
360

e Slicing function
Cura |® Modify modeling file
e Set layer height and output speed

Arduino |® Write and edit code to upload to Arduino board
IDE | Debugging (fix error code)
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[Figure 4] 3D Printer Configuration
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[Figure 5] Head part design and rendering
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[Figure 6] 3D Printer operation process
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<Table 3> Firmware Modification Code

#defind BAUDERATE 115200
#define HEATER_O_MINTEMP 5
#define HEATER_O_MAXTEMP 100
#define INVERT_X_DIR true
#define INVERT_Y_DIR true
#define INVERT_Z_DIR false

28l sR= /42 3D CADE A|2Het the Cura
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<Table 4> GUI Change Development Code

# TODO: wxWidgets 2.9.4 has a bug when
NSView does not register for dragged types when
wx drop target is set if
sys.platform.startswith(’darwin’):

try:

import objc

nswindow

objc.objc_object(c_void_p=self. MacGetTopLevelWind
owRef())

view nswindow.contentView ()
view.registerForDragged Types_([u’NSFilenamesPbo
ardType'])

except:

pass

self normalModeOnlyItems = []

mruFile os.path.join(profile.getBasePath(),
"mru_filelist.ini")

self.config wx. FileConfig(appName="Cura”,
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<Table 5> Performance evaluation items and results

Evaluation items Target standard Result
. Position Repeatability
1R tabilit P
epeatabiity Accuracy Less than 0.1mm ass
9 Movement X—axis, Y—axis movement Pass
Speed speed of 135mm/s or more
Nozzle Extruder nozzle hole size of
3 . Pass
Precision 1 mm or less

A A A5 H719 Step Motoroll 4% Extruder
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<Table 6> Repeatability accuracy test results

No X Axis (um | Y Axis (i) | Z Axis (um)
1 62.9 43.3 73.1
2 65.3 50.2 70.5
3 63.5 46.5 71.1
4 67.6 48.2 69.5
5 64.1 47.6 70.2
6 65.0 49.1 72.5
7 66.2 474 67.5
8 66.8 48.8 68.3
9 64.2 44.2 71.5
10 67.3 49.8 66.9
Result 67.6 50.2 73.1
5 4% H7R 3D ZRIE] o5 4R 2RI}
7] $18l Home 1A (X:0, Y:0, Z:0)°l 1 A9 91A
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<Table 7> Printing speed measurement results

No X Axis (mm/s) Y Axis (mm/s)
1 146.6 139.2
2 146.0 139.5
3 145.8 140.8
4 146.2 138.9
5 144.7 140.3
6 145.0 141.0
7 144.9 139.7
8 145.5 139.0
9 146.1 141.2
10 144.4 140.6
Result 146.6 141.2
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[Figure 7] 3D Printer Stress, Heat, and Temperature
Analysis
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