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Product development based on metal 3D printing has been expanding steadily in the manufacturing industry. Powder bed
fusion (PBF) is currently the most widely used metal 3D printing method, as it produces parts of complex shape with high
precision. Applying PBF to the cutting tool industry could shorten process time relative to conventional sintering routes and
reduce the material waste generated during machining. It also allows internal lattice structures and fluid channels to be
designed within the tool, facilitating light-weighting and improved cutting performance. In this study, nTop software was first
used to design the internal lattice structure of an end mill tool for additive manufacturing and to perform the corresponding
simulation analysis. Three configurations were compared, in which the tool lattice was defined either by thickness
dimension or by thickness range, and the reinforced results confirmed that none of the designs posed problems for actual
additive manufacturing within the software. On this basis, tool bodies were fabricated on PBF metal 3D printing equipment,
and their feasibility for tool applications was evaluated.
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(a) 2D CAD

(b) 3D modeling
Fig. 1 2D and 3D design of endmill tool body
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Fig. 2 Designing lattice structures within tools using nTop software

Fig. 3 Shape according to lattice structure thickness dimensions
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Table 1 Mass of Solid structure tool

Type Tool body mass [g]
Solid 383.31

Table 2 Weight of tools by 3 Lattice structures and lightweight ratio

compared to solid tool 1000N
T Tool body mass [g] Solid to lightweight ratio [%] (a) Force direction (b) Fix face
ype
1.2T 1.4T 16T 12T 14T L.6T Fig. 4 Setting conditions for simulation analysis

BCC  319.08 327.87 337.09 16.76 1447 12.06
FCC  326.58 335.72 344775 1480 1242 10.06
Gyroid 32590 33229 33857 1498 1331 11.67

Units: mm -
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Fig. 5 Simulation analysis of the nTop program
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FolH, Z+ Az 9 Az A FAE mE 3] o Maximum displacement [mm]
vig) 9 Ao g2ol el Yerf gk, Table 32 71 A<l Type 127 14T 16T
Solid 7+ 2] o W] 9 o 3¢ k& vehd Zojct. BCC 0.62 0.60 0.57
Solid 7z &+ Bit| o] 2o W] g5 0.45 mm, Xt 32 gk FCC 0.58 0.56 0.53
2 24432 MPa® =A% Qit). Table 4= 371X AR} A FHA 9l Gyroid 0.57 0.55 0.53
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Table 6 Static stiffness analysis results for tool bodies of each
Lattice structure with a 1.2 mm grid line thickness

Type Displacement [mm)] Static stiffness [N/mm]
Solid 0.45 2,240
BCC 0.62 1,613
FCC 0.58 1,719
Gyroid 0.57 1,768
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Fig. 6 Natural frequencies of tool bodies by lattice structure

Table 7 Results of modal stiffness analysis for tool bodies of each
Lattice structure with a 1.2 mm grid line thickness

Type Natural frequency [Hz] Modal stiffness [N/m]
Solid 975.12 1.44E+07
BCC 886.25 0.99E+07
FCC 906.14 1.06E+07
Gyroid 917.05 1.08E+07

(

o BT 2 AR dlege) At 7k & 3Ast
o AFsh=s dol A AR ALRETH13].

kModal = (275f)2 xm (2)
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EOS M 290
EOS M 290

Fig. 7 3D printing equipment

Table 8 Specification of 3D printing equipment

Build volume 250 x 250 x 325 mm

Laser type YD fiber laser: 1 x 400 W
Precision optics F theta lens: High speed scanner
Scan speed Up to 7.0 m/s
Focus diameter 100 pm
Power supply 1x32A
Power consumption Max 8.5 kW / Typical 2.4 kW
Compressed air supply 7 Bar: 20 m*/h

Table 9 Properties of Maraging steel powder material

Part density 8.0-8.1 g/cm?
Part Accuracy (Small) Approx. +50 um
Part Accuracy (Large) Approx. £0.1%
Layer thickness 40 pm
Hardness rockwell C 50-57 HRC
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Fig. 8 Endmill tool body manufactured using PBF additive
manufacturing
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(c) FCC tool body: 326 g (d) Gyroid tool body: 326 g

Fig. 10 Weight measurement of the manufactured Endmill tool
bodies

Fig. 11 Dimension measurement set up

Table 10 Dimension information for endmill tool bodies

Type Run-out [mm] Diameter [mm)]
Solid 0.067 19.042
BCC 0.042 19.049
FCC 0.038 19.012
Gyroid 0.009 19.038

Solid BCC
027 - - 1 027

y = 0.000459x + 0.001390 y = 0.000624x + 0.001950
R*=0.9968 R*=0.9981

0.15} { 0.15}
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Fig. 12 Static stiffness graph for each tool bodies
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Fig. 13 Comparison of static stiffness data

Fig. 14 Photos of the fabricated endmill tool

(b) Endmill set up

(a) Ti-6Al-4V workpiece

Fig. 15 Machining experiment set up

Table 11 Machining conditions

Parameter Value
Cutting velocity [m/min] 50
Feed rate [mm/tooth] 0.05
Axis depth [mm] 2
Radius depth [mm] 4
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Table 12 Surface roughness of endmill

Type Surface roughness [pm, Ra]
Solid 0.337
BCC 0.651
FCC 0.483
Gyroid 0.482

5. d&

2 Aol Aud It vby YR o] 37EA] ARtz
(BCC, FCC, Gyroid)g 4¢3sle] Ax} A FAER A5 &
AlEglolA siAS AAIBEGT. o], §4S Hlal B8} X
o] Aukg vpgo = PBF W49 |4 3D ZRIgE Faf <l
o 3t viY S AlRste] Fo 38 7 Ag W S
ZAsto] B4t

37k4] AAExel BCC, FCC, Gyroid -0 thsll 2z} A &=
(12, 14, 1.6mm)E F vhe] wiof 49i5te] nTop Z2 1
2 dollA FAE A6t 1 A, FAVE ARSEE 39
Fgol A vehd Solid -2 3 thu] AFEo] A Aok
© AL & 5 Qo 123 7] AAAER F BCC 29 3+
HIE)7F Solid 1% tjv] H#Eo| 7F 27| yephgton, 1 ohg
Gyroid +2:9] 3= vit]7} AegFEo] A Vet

ESH nTop Z2 WL F3ll 24 AX} A T8 37+ vid]of
gt A AlEdoldS AAgE dat, AA A £ 1.2 mm7t

£ Al vla AFEo]l oHAE Hd FEgko] A U
EfL} @) glo] BAto] & Wbl E]o] A gt 7oA E&4
o] 7F4 £ #Ho = gy}

ARl o vir]ol] Hahdg Hdste] A2k °¢1
St HlaL 7Ry AEE AAske] 7HeE W AV E
A, AAE vi o] AlEgolA A 9 A2k vir 9] '«‘SH
A7t 7191EE ER1E 4= 3l

A Mgl Ak o g Ax A A4 1.2 mmE A%
sho] AR F oS ARkeEe o, AR 3t v of
sl 7 ARS ST L At nTop 2 THoA] A
g7 A Aaket 7%91 FTYHA UEhd 2E & 4 9

2 AolA AF 71ES o83l - vy Uil oY J 7
Atz 9 Az A FAE BEAE 5= ol 7Hy s el B
FE 7)1A A o0R BRIt 325, el o] v Rek
gt o 243k AR Sllof gt A =gk Al g ot

ACKNOWLEDGEMENT

B AT FANAIRY S4TSR ATUY A
A7 A4 (R&D), (S3451625)°A112] 2|2 o} 4
A4,

12
1209

ftoe g

3

e



1128 / October 2026

REFERENCES

10.

11.

12.

13.

Son, Y., (2020), Design for additive manufacturing processes for
metal 3D printing using the PBF method, Journal of the KSME,
60(2), 34-37.

Choi, B. J., Yang, J. Y., Lee, M. G, Jeon, Y. H., (2021), Defect
analysis of metal 3d printing process, Journal of the Korean
Society of Manufacturing Technology Engineers, 30(1), 92-98.

Oh, D. J.,, Kang, Y. J,, Kim, G D., Park, S. Y., Song, S. W, (2020),
Effect of HIP process on fatigue performance for SS 316L
manufactured by PBF, Journal of Welding and Joining, 38(1), 41-46.

Lee, B., Kim, D. K., Kim, Y. I., Kim, D. H., Son, Y., Park, K. T.,
Kim, T. S., (2020), Review on characterization method and
recent research trend about metal powder for powder bed fusion
(PBF) process, Journal of Powder Materials, 27(6), 508-519.

Yoon, J. C., Lee, M. G, Choi, C. Y., Kim, D. H., Jeong, M. S.,
Choi, Y. J., Kim, D. H., (2018), Evaluation of microstructure and
mechanical properties in 17-4PH stainless steels fabricated by
PBF and DED processes, Journal of the Korean Society of
Manufacturing Process Engineers, 17(2), 83-88.

Yeo, U. S., (2021), A study on the manufacture of bite holder
using 3D additive manufacturing technology, M.Sc. Thesis,
Ulsan University.

Jeong, M. H., Kong, J. R., Kim, D. H., Kim, H. J., Kim, H. J.,
(2023), Metal additive manufacturing of canoe paddle grip using
lattice structure, Journal of the Korean Society of Manufacturing
Process Engineers, 22(6), 47-54.

Song, J. K., Park, K. S., Kim, M. S., Kwon, T. Y., Hong, M. H.,
(2018), Accuracy comparison between subtractive and additive
methods in fabricating working model, Korean Journal of Dental
Materials, 45(1), 89-96.

Chang, Y., (2007), Evaluation of the productivity and
environmental effects of laser aided direct metal deposition
process for remanufacturing, Clean Technology, 13(3), 228-234.

Lee, H. B., Lee, H. J., Kim, K. H., Kim, K. M., Ryu, S. S., Han,
Y. S., (2019), A Study on the mechanical properties of Al,O3
cutting tools by DLP-based 3D printing, Journal of Powder
Materials, 26(6), 508-514.

Lee, J, Yoo, G D. Oh, S. Y, Kwon, T. K., (2026), A
Comparative analysis of structural performance and life cycle
cost by stadium seat installation method: focusing on domestic
sports stadiums, Journal of Korea Academia-Industrial
Cooperation Society, 27(2), 125-135.

Choi, J. G, Kim, H. S., Kim, S. C., (2004), A study on the
optimum finish allowance for machining accuracy improvement
in the end milling processes, Journal of the Korean Society of
Manufacturing Technology Engineers, 13(3), 8-15.

Tian, H., Pang, B., Liu, J., Meng, D., Dang, X., (2024), Influence
of different position modal parameters on milling chatter stability
of orthopedic surgery robots, Scientific Reports, 14, 10581.

Ho Min Son

Received his bachelor’s degree in 2021 from
the Department of Mechanical Engineering,
Keimyung University, Daegu, Korea. He is
currently an assistant researcher in R&D
Center, SINTEC company, Daegu, Korea.
His research interest is cutting tool.

E-mail: shm0091@naver.com

Dong Gyu Kim

Principal Researcher, Daegu Mechatronics
& Materials Institute (DMI), Daegu, Korea.
His research interest is advanced manufac-
turing technology.

E-mail: kdg0830@dmi.re.kr

Min-Woo Sa

Received his Ph.D. degree in 2018 from the
Department of Mechanical Engineering,
Andong National University, Andong,
Korea. He is currently a director in R&D
Center, SINTEC company, Daegu, Korea.
His current research interests are special
cutting tools and additive manufacturing
technology.

E-mail: 79smw42(@gmail.com



