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In recent years, the demand for lightweight parts has been gradually increasing, particularly in the E-mobility industry.
Among lightweight materials, aluminum alloys are highly beneficial for improving the fuel efficiency of automobile engines
due to their lighter weight compared to iron-based materials. As electric vehicles become more prevalent, aluminum alloys
are also extensively used in components such as battery housings and EV platform frames. To enhance productivity,
aluminum parts processing companies require Polycrystalline Diamond (PCD) cutting tools for high-speed and ultra-
precision processing. PCD cutting tools are known for their excellent cutting performance and wear resistance in high-
speed aluminum machining, and they are anticipated to have significant growth potential in the global cutting tool market.
In this study, we manufactured three types of PCD cutting tools (Drill, Endmill, and Reamer) using a self-developed
brazing device and analyzed the machining surface quality through experiments. The results showed that the brazing joint
quality of the PCD cutting tools was high, and the differences in surface roughness values under various machining
conditions were minimal, confirming no issues with machining performance. Future research will focus on evaluating
machining precision and tool life through comparative experiments with advanced PCD cutting tools from overseas.
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Table 1 Specifications of brazed generator

Product name HF-6K
Appearance 380 H <230 W x 385 L
Weight 30 kg
Power consumption 6 KW
Power Single-phase, 220VAC, 50/60 HZ
Oscillation frequency 100-600 KHz
Power consumption FET, IGBT

Cooling methods Cooling water circulation

| SCHEMATIC OF BRAZING DEVICE|

WATER OUT
220V POWER
WATER IN
— GENERATOR: CHILLER

WORKING TABLE o G

Fig. 1 Schematic of brazing device

{

Fig. 2 Brazing device: (a) 3D modeling of the brazing device and
(b) Image of the brazing device
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Fig. 3 Image of existing fabricated coil
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Fig. 4 Image of the improved coil

[: : Heating area

=—

(a) (b)

Fig. 5 Schematic images of before and after changing coils: (a)
before change and (b) after change
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Table 2 CNC Erosion grinder specifications

ANCA motion AMC5 CNC with intel 17
processor, 64 GB SSD, 8 GB DDR3 RAM ether
CAT and USB connectivity

Model name

Machine structure Single column

. 9 kW peak
Spindle power 37 kW SI
Wheel packs 2
p (1 x erosion and grinding, 1 x grinding)
Tool length (Max) 275 mm
Loader type Fast load
Max. tool capacity 156 x (36 mm,
(with loader) 68 X P12 mm
Drive system Ball screw

Dimensions 2,160 W x 1,530 D x 1,990 H

BT:0.05/100mm
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Fig. 7 CAD design and brazing images of PCD tip drill: (a) 2D
CAD of PCD tip drill and (b) Image of the brazed drill
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Fig. 8 CAD design and brazing images of PCD tip endmill: (a) 2D
CAD of PCD tip endmill and (b) Image of the brazed
endmill
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Fig. 9 CAD design and brazing images of PCD tip reamer: (a) 2D
CAD of PCD tip reamer and (b) Image of the brazed
reamer
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(a): 06, 2F PCD tip Dirill

mﬁ, -

(b): 6, 2F PCD tip Endmill

(c): 06, 2F PCD tip Reamer

Fig. 10 Final completed PCD tip tools

Fig. 11 MCT setup for AL machining

Table 3 Machining conditions for PCD tip drill

Machining condition for PCD tip drill

Cutting velocity [m/min] 100, 150, 200

Feed rate [mm/rev] 0.1, 0.14, 0.18

Cutting depth [mm] Feed depth: 30

Table 4 Machining conditions for PCD tip endmill

Machining condition for PCD tip endmill

Cutting velocity [m/min] 175, 200, 225

Feed rate [mm/teeth] 0.05,0.1,0.15

Cutting depth [mm] Feed depth: 6, Feed radius: 1.5

Table 5 Machining conditions for PCD tip reamer

Machining condition for PCD tip reamer

Cutting velocity [m/min] 100, 150, 200

Feed rate [mm/teeth] 0.05,0.1,0.15

Cutting depth [mm] Feed depth: 30
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Fig. 12 Graph of surface roughness as a function of feed rate for
PCD tip drill
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Fig. 13 Graph of surface roughness as a function of feed rate for
PCD tip endmill

PCD tip Reamer
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Fig. 14 Graph of surface roughness as a function of feed rate for
PCD tip reamer
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