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A Study on Fabrication of PCD Boring Tool Body based on Metal 3D
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The future mobility industry is increasingly utilizing advanced tools for cutting and machining lightweight parts to enhance
the fuel efficiency of automotive engines. Machining companies are turning to polycrystalline diamond (PCD) tools to boost
productivity in the production of these lightweight components. PCD tools provide exceptional machining performance and a
long service life, making them ideal for high-mix, low-volume production, which often involves customized requirements for
various materials. To further improve efficiency, this study explores the application of metal 3D printing technology in the
manufacturing of PCD tools. This technology allows for the creation of PCD tools with superior cutting performance and
weatr resistance, tailored for high-speed machining of lightweight materials, including complex shapes. Thus, research into
this area is essential. In this study, we manufactured boring tools by brazing PCD tips onto three different laminated
structures created using Fused Deposition Modeling (FDM), a method within metal 3D printing technologies. We then
evaluated the fabricated boring tools through comparative machining experiments against existing sintered PCD boring
tools. The results indicated that the 3D-printed solid tools demonstrated no significant differences in machining accuracy or
surface quality compared to the conventional tools.
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Figs. 2= ¥ PCD H&] 3L 2t A2l AM-H Zu|o|r, 2(a)=
3D =g AH|(Metal X System, Markforged, USA)0|11, 2(b)y=
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USA)E HojZc}.

& PCD 27 3 Hit] AZtoll=
Sict. Table 12 Metal X SystemZ]Z ZH|E 0|83t HI3
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Design Print Wash Sinter Use

Fig. 1 3D printing processing using Metal X system [9] (Adapted
from Ref. 9 on the basis of OA)

e
SINTER-2

(a) Metal X system

(b) Sinter-2

Fig. 2 3D printing equipment [9,10] (Adapted from Refs. 9,10 on
the basis of OA)
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Table 1 Physical properties of H13 tool steel material

Sintered Heat  Forgingheat
state treatment  treatment

Ultimate tensile strength [MPa] 1,420 1,500 1,580

0.2% Yield strength [MPa] 800 1,250 1,360
Elongation at break [%)] 5 5 14
Hardness [HRC] 40 45 46
Relative density [%] 94.5 94.5 100

*Red mark is PCD.
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(a) 2D CAD

(b) 3D modeling
Fig. 3 2D and 3D design of PCD boring tool
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(a) Solid

Fig. 4 Design of inner lattice pattern

(b) Triangle (c) Grid
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(c) Grid

Fig. 5 Tool body fabricated by Markforged’s Metal X equipment

Table 2 Fabrication time for additive tool body

Type Print Wash Dry
Solid 16h 34 min 29 min 4h
Triangle 13h 16 min 14h 4h
Grid 15h 4 min 15h 4h
3041%k0] Ak e 2 uhY) 4% Az ¥ PCD Tip 47
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(a) Steelr body for PCD tool (b) 3DP-Solid PCD tool

(c) 3DP-Triangle PCD tool (d) 3DP-Grid PCD tool

Fig. 6 Photos of the fabricated PCD boring tool = T —
(a) AL6061 workpiece

(c) PCD boring set up (d) Machined workpiece
Fig. 8 Experiment set up

Table 4 Processing conditions for machining

Parameter Value
Cutting velocity [m/min] 100
Feed rate [mm/rev] 0.2,0.3,04
Cutting depth [mm] 21

= ol 24le Bol vl 71g A4S el Fig &
Fig. 7 Dimension measurement set up HAIY AlE](Machining Center, MCT) #H](DST-36D, Daesung
HITEC, Korea)2] A3 Mg ALAS HojZ&t}. Figs. 8(a)= 71

Table 3 Dimension information for PCD boring tools Aol ARG LFulEIE(ALO06) FAAY, 8(by= PCD R

Lip height Runout  Diameter =~ Weight ST 7kl s 71 & ER 7Ree] i 8(ehs MCT o]

Tool type [mm] [mm]  [mm] le] A2E HZ PCD W 3 71ee] iy, 121 8y 7

Steel body 0.002 0.005 26.006 266 A o] mEE vehdlith FAby ThAle Ad] ARgE

3DP-solid 0.001 0.003 26.002 254 PCD H& ¥+ L7 2 Fo] 9lo] LH—‘?’— o 7S Al

3DP-triangle 0.005 0.004 25994 161 T Table 4= S AP 7g2dS el Ao i}
3DP-grid 0.004 0.005 25997 158 S5 100 m/mine]| tfste] 18130 o] FFoR Ty 2315 5t
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(b) Alicona measurement set up

Fig. 10 Surface roughness measurement set up
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Fig. 11 Measured frequency response functions (FRFs) in the X-
direction
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Displacement
measurement Q)

Displacement

measurement (2) <« Input load

(0~500) [N]

Deflection, AD
=Displacement measurement (1)-Displacement measurement (2)

Fig. 12 Measuring method for deflection of tool

50 . ‘ . : -
= = =Conventioan| } ,/"
——3DP Solid L
40 F  ceeveeeens 3DP Triangle //' §
----- 3DP Grid -~
=)
=30
=
R
S
= 20
o)
a
10+
0 L L L
0 100 200 300 400 500
Load [N]

Fig. 13 Static stiffness measurement data
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Fig. 14 Result graph of inner diameter dimensional accuracy
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Fig. 15 Result graph of surface roughness

(a) Steel body (b) 3DP-Solid

(c) 3DP-Triangle
Fig. 16 3D geometry of machined AL6061 surface (At Fr = 0.3 mm/rev)

(d) 3DP-Grid
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