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Abstract - In order to identify an effective PCD tool for the high-speed cutting of WC-16 mass% Co cemented carbide, the 
influences of diamond content and diamond particle size on the tool wear were experimentally investigated. As the WC-16 
mass% Co cemented carbide was turned with high-pressure coolant supplied, the tool wear was experimentally investigated. 
The following results were obtained: (1) In turning WC-16 mass% Co cemented carbide with the PCD tool, the wear 

progress slowed down considerably by using the high-pressure coolant supplied method. (2) In the case of the cutting of 
high-pressure coolant supplied by the PCD tool, the tool wear of the PCD tool decreased with the increase in the diamond 
particle size. (3) In the case of the cutting of the high-pressure coolant supplied by the PCD tool, which has a large diamond 
particle size, WC-16 mass% Co cemented carbide could be cut at the higher cutting speed of 1.167 m/s. 
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I. INTRODUCTION 

 

WC-Co hard metals or cemented carbides are used in 
applications where wear resistance is important [1]. 

For example, they are widely used for a variety of 

machining, cutting, drilling, and other applications 

[2] due to their very high hardness and excellent 

resistance to shock and wear [3].Sintered WC-Co-

components have to be machined in order to meet the 

demands of good surface quality and precision [4].  

 

To achieve hard metal parts finishing, replacement of 

electro-discharge machining (EDM) and diamond 

wheel grinding is required. In fact, both are time-
consuming techniques, the former being very 

expensive due to the electrode cost, while the latter 

suffers from reduced lifespan of the tools, and the 

wheels requiring frequent dressing and sharpening 

[5].   

 

Polycrystalline diamond (PCD) cutting WC-Co 

cemented carbide is described in the catalog of 

several cutting tool makers [6]. KatsukoHarano et al. 

[7] reported that in turning WC-7% mass Co 

cemented carbide (grain size: 2 µm) with the PCD 

tool, whose average grain size was 5 µm, under the 
condition of a cutting speed of 0.33 m/s, a depth of 

cut of 0.05 mm and a feed rate of 0.1 mm/rev, the 

flank wear width is about 0.22 mm after cutting to 

280 m.   

 

Therefore, when cutting cemented carbide at a high 

cutting speed, due to elevation of the cutting 

temperature, the tool life is remarkably shortened. For 

this reason, the recommended cutting speed is 0.17-

0.33 m/s in cutting cemented carbide with a PCD tool 

[6]. On the other hand, a high-pressure coolant 

cutting which supplies cutting fluid to the rake face 

and the flank face is an effective way to lower the 

cutting temperature [8]-[12]. However, the influences 
of the cutting speed on the tool wear in higher speed 

cutting of WC-Co cemented carbide with high-

pressure coolant supplied have not been reported. 

 

 In order to identify an effective PCD tool for the 

high-speed cutting of WC-16 mass% Co cemented 

carbide, the influences of the diamond content and 

the diamond particle size on the tool wear were 

experimentally investigated. As the WC-16 mass% 

Co cemented carbide was turned with high-pressure 

coolant supplied, the tool wear was experimentally 
investigated. 

 

II. EXPERIMENTAL PROCEDURES 

 

The work material used was WC-16 mass% Co 

cemented carbide (87.0 HRA).  

The cutting materials used were four types of poly 

crystalline diamond (PCD) shown in Table 1. As 

shown in Table 1, the four types of PCD combine 

different diamond contents and different particle 

sizes. The main element of the binding phase of the 

four types of PCD is the Co-based phase. The 
configuration of the tool insert was ISO 

CNGA120408. The insert was attached to the tool 

holder PCLNL2525M12-CHP (Tungaloy 

Corporation). In this case, this cutting tool had a 

signature formation of -6, -6, 6, 6, 5, -5 and 0.8 as per 

the American Standards Association. The four types 

of the PCD insert had no chamfered and honed 

cutting edge. 

Turning tests were conducted on a universal lathe 

(Type SL-25, DMG MORI COMPANY LIMITED) 

by adding a variable-speed drive. The driving power 
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of this lathe was 11/15 kW and the maximum 

rotational speed was 4200 min-1. 

The high-pressure coolant was directed via two 

nozzles on the tool holder and the coolant was 

injected at high pressure into both the rake face and 

flank face by nozzle "A" and "B" as shown Fig.1, 

respectively. The high-pressure coolant unit used was 

HIPRECO185-20 (TOKUPI Corporation). The 
maximum pressure was 20 MPa and the maximum 

pump water suction was 45 L/min. Table 2shows the 

coolant supply conditions. In the case of the high-

pressure coolant supplied, the coolant pressure was 

20 MPa and the pump water suction was 28 L/min. In 

the case of the conventional-pressure coolant 

supplied, the coolant pressure was 0.2 MPa and the 

pump water suction was 35 L/min. 

 

WC-16 mass% Co cemented carbide was turned with 

high-pressure coolant supplied under the cutting 
conditions shown in Table 3. The tool wear was 

experimentally investigated. 

 

Tool 

type 

Diamon

d 

content 

[vol. 

%] 

Particle 

size of  

diamon

d 

[μm] 

Hardne

ss 

[HV] 

T. R. S. 

[GPa] 

 

PCD A 

PCD B 

PCD C 

PCD D 

88.0 

91.0 

94.0 

96.5 

4.5 

12.5 

28.0 

45.0 

9000 

10000 

11000 

12000 

1.8 

1.7 

1.6 

1.5 

Table1: Properties of Poly Crystalline Diamond 

T. R. S.: Transverse rupture strength 

 

 
Fig.1. Method of injection of coolant. 

 

Coolant Water-soluble 

coolant 

(YUSHIROKEN 

FGS650)  

Coolant concentration 
dilution 

10 % ± 3 % 

Coolant supply pressure 0.2*, 20 MPa 

Table2: Coolant Supply Condition in High-Pressure Cutting 

*:Conventional-pressure coolant supplied 

Cutting speed Vc=0.33, 0.833, 1.167 m/s 

Feed rate f=0.05 mm/rev 

Cutting depth ap=0.1 mm 

Cutting method C. P. C. S.,  

High-pressure coolant 

supplied 

Table3: Cutting Conditions 

C. P. C. S.: Conventional-pressure coolant supplied 

 

III. RESULTS AND DISCUSSION 

 

The tool wear was observed when turning WC-16 

mass% Co cemented carbide with various tools. Fig. 2 

shows the tool wear when turning the WC-16 mass% 

Co cemented carbide using the PCD A and the PCD D 

tool at a cutting speed of 0.333 m/s, feed rate of 0.05 

mm/rev and cutting depth of 0.1 mm with 

conventional-pressure coolant supplied. This figure 
shows the tool wear in the case of the maximum value 

of the flank wear width being about 0.2 mm. Fig. 2 (a) 

and 2 (b) show the case of the PCD A tool and the 

PCD D tool, respectively. In the case of both PCD 

tools, there is no significant tool damage. And, 

characteristic wear, such as chipping or boundary 

wear, is not observed. 

 

The main tool failure of PCD tools in cutting WC-16 

mass% Co cemented carbide is considered to be flank 

wear within the maximum value of the flank wear 
width of about 0.20 mm. Therefore, the maximum 

value of flank wear width “VBmax” was measured 

with a laser scanning microscope. 

 

Fig.2. Tool wear when turning WC-16 mass% Co cemented 

carbide using the PCD tool at a cutting speed of 0.333 m/s, feed 

rate of 0.05 mm/rev and cutting depth of 0.1 mm with 

conventional-pressure coolant supplied. 

 

Fig. 3 shows the relation between the cutting distance 

“L” and the maximum flank wear width “VBmax” in 
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conventional-pressure coolant supplied cutting of 

WC-16 mass% Co cemented carbide at a coolant 

pressure of 0.2 MPa. Due to the increase in the 

hardness of the PCD tool with the increase in the 

diamond particle size shown in Table II, the wear 

progress of PCD B, which has a large diamond 

particle size, is considerably slower than that of PCD 

A. The wear progress of the PCD D tool is slower 
than that of the PCD A tool.    

Next, turning WC-16 mass% Co cemented carbide 

using the PCD D tool was conducted at a higher 

cutting speed of 0.833 m/s. Fig. 4 shows the tool wear 

when turning WC-16 mass% Co cemented carbide 

using the PCD D tool at a cutting speed of 0.833 m/s, 

feed rate of 0.05 mm/rev and cutting depth of 0.1 mm 

with conventional-pressure coolant and high-pressure 

coolant supplied. Fig. 4 (a) and 4 (b) show the case of 

the conventional-pressure coolant supplied and high-

pressure coolant supplied cutting, respectively. 
Compared with the cutting speed of 0.333 m/s, shown 

in Fig. 2(b) and that of 0.833 m/s, shown in Fig. 4(a) 

in the case of the conventional-pressure coolant 

supplied cutting, the following can be observed. That 

is, by comparing the cutting distance at which VBmax 

reaches approximately 0.2 mm, the cutting distance of 

281 m in the case of a cutting speed of 0.833 m/s is 

1/3 that of the cutting distance of 843 m in the case of 

the cutting speed of 0.333 m/s. Furthermore, by 

comparing the cutting distance at which VBmax 

reaches approximately 0.2 mm, the cutting distance of 

1124 m in the high-pressure coolant supplied cutting, 
shown in Fig. 4(b), is four times that of the cutting 

distance of 281 m in the case of the conventional-

pressure coolant supplied cutting, shown in Fig. 4(a). 

As a result, the high-pressure coolant supplied cutting 

method is considerably superior to the effect of 

suppressing tool wear in turning WC-16 mass% Co 

cemented carbide using the PCD tool.Using the high-

pressure coolant supplied method when cutting WC-

16 mass% Co cemented carbide, it is possible to 

improve the tool wear. 

 
Fig.3. Relation between cutting distance and flank wear width 

in conventional-pressure coolant supplied cutting of WC-16 

mass% Co cemented carbide at a coolant pressure of 0.2 MPa. 

 

Fig. 5 shows the wear progress of high-pressure 

coolant cutting of WC-16 mass% Co cemented 

carbide by the four types of PCD tools at a cutting 

speed of 0.833 m/s, feed rate of 0.05 mm/rev, cutting 

depth of 0.1 mm and coolant pressure of 20.0 MPa. 

The wear progress of the PCD A is fastest and the 

wear progress of the PCD D is slowest. Namely, as 

the diamond particle size increases, the wear progress 

slows. Thus, due to the increase in the hardness of the 

PCD tool with the increase in the diamond particle 
size shown in Table I, the wear progress of PCD D, 

which has the largest diamond particle size, is 

considerably the slowest among the four types of PCD 

tools. 

Fig. 6 shows the wear progress of high-pressure 

coolant cutting of WC-16 mass% Co cemented 

carbide by the PCD D tool at a feed rate of 0.05 

mm/rev, cutting depth of 0.1 mm and coolant pressure 

of 20.0 MPa. Using the high-pressure coolant supplied 

method when cutting WC-16 mass% Co cemented 

carbide, it is possible to improve the high cutting 
speed of 1.167 m/s (100 m/min). 

Fig.4. Tool wear when turning WC-16 mass% Co cemented 

carbide using the PCD D tool at a cutting speed of 0.833 m/s, 

feed rate of 0.05 mm/rev and cutting depth of 0.1 mm with 

conventional-pressure coolant supplied and high-pressure 

coolant supplied. 

 

 
Fig.5. Relation between cutting distance and flank wear width 

in high-pressure coolant cutting of WC-16 mass% Co 

cemented carbide by the four types of PCD tools at a cutting 

speed of 0.833 m/s, feed rate of 0.05 mm/rev, cutting depth of 

0.1 mm and coolant pressure of 20.0 MPa. 
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Fig.6. Relation between cutting distance and flank wear width 

in high- pressure cutting of WC-16 mass% Co cemented 

carbide at a coolant pressure of 20 MPa. 

 

IV. CONCLUSIONS 

 

To identify an effective PCD tool for the high-speed 

cutting of WC-16 mass% Co cemented carbide, the 

influences of the diamond content and the diamond 

particle size on the tool wear were experimentally 

investigated. As the WC-16 mass% Co cemented 

carbide was turned with high-pressure coolant 

supplied, the tool wear was experimentally 

investigated. 

 
The following results were obtained: 

1. In turning WC-16 mass% Co cemented carbide 

with the PCD tool, the wear progress slowed 

down considerably by using the high-pressure 

coolant supplied method. 

2. In the case of the cutting of high-pressure coolant 

supplied by the PCD tool, the tool wear of the 

PCD tool decreased with the increase in the 

diamond particle size. 

3. In the case of the cutting of the high-pressure 

coolant supplied by the PCD tool, which has a 

large diamond particle size, WC-16 mass% Co 
cemented carbide could be cut at the higher 

cutting speed of 1.167 m/s. 
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