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Abstract

Among the Additive Manufacturing (AM) technologies, the Binder—Jetting printing technology is a
method of spraying an adhesive on the surface of powder and laminate layer by layer. Recently, this
technique has become a major issue in the production of large casting products such as ship—building,
custom vehicles and so on. In this study, we performed research to make actual mold castings and increase
mechanical property by using special sand and water—based binders. For use as a mold, it has a strength
of more than 3MPa and permeability. Various experiments were carried out to obtain suitable them.

The major process parameters were binder jetting volume, binder types, layer thickness and heat
treatment condition. As a result of this study, the binder drop quantity was measured to be about 60
pico—liter, layer thickness was 100 zm and the heat treatment condition was measured about 1,000C and
compressive strength were measured to be more than bMPa. The optimum condition of this experiment
was established through actual casting of aluminum. The equipment used in this study was a Freeforms
T400 model (SFS Co., Ltd.), and the printing area of 420 * 300 * 250mm and resolution of 600dpi can be
realized.
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[Figure 1] Thermal Bubble jet type 3D Printer (A) BJ 3D
Printer, (B) Powder roller (Re—coater) and Print head moving
system (Y axis), (C) Roller and Print head moving system
(X axis), (D) Z—axes of the powder feed and part build areas.

<Table 1> Relationship of Diaphragm & Spring Force

Items Specification
Build Volume 300x420x250 mm
Layer thickness 100~150 #m
Build speed 3.6 liter/h
Weight 500 Kg
Dimension 1915 x 942 x 1640 mm
Resolution 600x600 dpi
Head type Thermal Bubble Jet
No. of nozzles 300%3 (900 ea)
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Point data C) Bitmap file
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[Figure 2] The flow chart of Bitmap file generation
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<Table 2> Relationship of Diaphragm & Spring Force

Items Special casting sand
Aggregate refractoriness 41 SK

Thermal expansion coefficient 0.6 %

(at 100000C)

Thermal conductivity 0.6 W/mK

Thermal diffusivity 900 J/(m2s1/K)
Average particle size 50 gm
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<Table 3> The binder injection quantity and dimensional error
rate according to the fire pulse length

. Fire pulse Discharging | Error rate
Reselution Length (#s) | amount (Avg.) (XY)
1 104 pl No (Weak)
300 dpi 2 105 pl Nog(\(?)V;ak)
. (9
3 107 pl (Weak)
1.3%
600 o L 39 pl (Weak)
Pl 2 41 pl 1.0%
3 44 pl 1.3%

[Figure 3] Contour accuracy according to the fire pulse
length, (A) 1.0us, (B) 2.0us
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[Figure 4] Compare with heat treatment before and after

<Table 4> Compressive strength according to impregnation
time and heat treatment temperature

Impregnation Teat treatment Compressive
time (min) temperature (C) strength (MPa)
600 1.76
3 800 1.94
1000 3.41
600 1.60
4 800 2.06
1000 3.18
600 1.68
5 800 1.84
1000 3.5
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[Figure 5] Process flow of the Binder jet 3D Printing

[Figure 9] The photo of printing status
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[Figure 11] Aluminum casting process (A) Molds made with
the BJ 3D Printer, (B) The process of attaching using the bond
so that the molten metal is not visible, (C) The process of
heating the mold to reduce the temperature difference with
the molten metal, (D) The process of pouring molten metal
into a mold, (E) The time for the metal to solidify and the
mold to cool down, (F) Smooth the surface of aluminum castings
with mold removed by sandblaster
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[Figure 12] Various productions (A) Korean Heritage “Stone

Pagoda”, (B) Korean Heritage “Buddha statue”, (C) Crawfish

mold and metal products, (D) and (E) Korean Heritage “Seal
of King”
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