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Abstract— In this study, carbonitride and nitride coating 

films were deposited on a cemented carbide ISO K10 using 

two different (Al, Cr, W, Si)-targets, namely the (Al53, Cr23, 

W14, Si10)- and (Al58, Cr24.8, W7.2, Si10)-target. In 

deposition, N2 gas or (N2, CH4) gas was used as the reaction 

gas, and the substrate DC bias voltage was -150 or -300V. 

Then the characteristics of the four types of coating films 

were investigated. ASTM D2 hardened steel was cut with four 

types of coated cemented carbide tools. The tool wear of the 

coated tools was experimentally investigated and the 

following results were obtained: (1) Compared with the wear 

progress of the (Al58, Cr24.8, W7.2, Si10)N coated tool and 

that of the (Al58, Cr24.8, W7.2, Si10)(C, N) coated tool, the 

wear progress of the (Al58, Cr24.8, W7.2, Si10)N coated tool 

was slightly slower than that of the (Al58, Cr24.8, W7.2, 

Si10)(C, N) coated tool. (2) In the case of the (Al58, Cr24.8, 

W7.2, Si10)N coated tools, comparing the two types of the 

substrate DC bias voltages, the wear progress at the substrate 

DC bias voltage of -300 V was slower. (3) In the case of the 

substrate DC bias voltage of the -300V, comparing the wear 

progress with the (Al53, Cr23, W14, Si10)N coated tool and 

the (Al58, Cr24.8, W7.2, Si10)N coated tool, the wear 

progress of the (Al58, Cr24.8, W7.2, Si10)N coated tool was 

slower. Therefore, as a target material, the (Al58, Cr24.8, 

W7.2, Si10)-target has excellent wear resistance.   

 

Index Terms—cutting, physical vapor deposition coating 

method, tool wear, (Al, Cr, W, Si)-target, (Al, Cr, W, Si)-

based coating film, hardened steel  

I. INTRODUCTION 

Hardened steels have high hardness and hard strength. 

Therefore, the hardness steels are often used for parts that 

require wear resistance. In cutting hardened steels with un-

coated cemented carbide tools, the tool wear increases. 

Cubic boron nitride (c-BN) is generally used as the cutting 

tool material in cutting hardened steels. For this reason, c-

BN tools tend to break easily during intermittent cutting 

such as milling. In this case, coated tools are generally 

used in which a hard coating film is deposited on a 

substrate of cemented carbide [1]. For hard coatings, (Cr, 

Al) coatings have become widely used in addition to Ti, 

(Ti, Al) coatings [2]. Varghese et al. [3] reported that the 

AlCrN coating had better wear resistance and machining 
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performance compared to the AlTiN coating in end milling 

of MDN 250 maraging steel. 

Compared to the (Ti, Al)N coating film, the (Al, Cr)N 

coating film is a more effective tool material for the cutting 

of sintered steel [4] and hardened sintered steel [5]. 

Wada et al. reported that the wear resistance of (Al, Cr, 

W)N coated tools with W added to (Al, Cr)N coated tools 

was improved in cutting hardened steel [6] or sintered steel 

[7]. 

Furthermore, when cutting hardened steel, the wear 

resistance of the (Al, Cr, W, Si) N coating was improved 

by adding Si to the (Al, Cr, W) N coating [8]. The same is 

valid for TiAlN coatings [9]. 

The wear progress of the (Al,Cr,W,Si)-carbonitride 

coated tools was measured in cutting  ASTM D2 hardened 

steel. And the wear progress of the (Al58, Cr24.8, W7.2, 

Si10)(C, N) coated tool is slightly slower than that of the 

(Al53, Cr23, W14, Si10)(C, N) coated tool [10]. Therefore, 

the (Al58, Cr24.8, W7.2, Si10) target has better wear 

resistance than the (Al53, Cr23, W14, Si10) target. When 

performing physical vapor deposition with an arc ion 

plating system, the characteristics of the coating film differ 

depending on the type of reaction gas and the substrate DC 

bias voltage. Regarding the reaction gas, for example, 

when using a Ti target, in the case of TiN nitrogen (N2) is 

used, methane (CH4) is added for TiC and a mixture of the 

two is employed for Ti(C,N) [11]. Guu et al. [12] reported 

the stoichiometries of eight types of coating films 

produced by changing the mass flow rate of the N2 and 

C2H2 gases during the coating process.  

On the other hand, regarding the substrate DC bias 

voltage, Skordaris et al. [13] reported that coatings 

produced at elevated substrate DC bias voltage possess 

comparably increased mechanical properties and fatigue 

endurance. However, their adhesion deteriorates, thus 

reducing the coated inserts cutting performance especially 

when a good adhesion during a material removal process 

as in milling hardened steel is required. Liu et al. [14] 

reported that four groups of (Ti, Al, Zr)N coatings were 

produced with different bias voltages (50, 100, 150, and 

200 V) but the same target current. The results of turning 

tests indicated that the dominant wear mechanism for the 

cutting tool prepared at the bias of 50 V was abrasive and 
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fatigue wear. The mechanisms were a combination of 

adhesive wear and abrasive wear when the bias was 

increased from 100 to 200 V. It is recognized that the 

quality and performance of PVD coatings on tungsten 

carbide based cutting tools are strongly affected by the 

level of residual stress as it may cause the coatings to 

delaminate from the substrate and affect the tool life [15]. 

However, there is no study on the investigation of the 

properties of coating films deposited on cemented carbide 

ISO K10 by using the (Al58, Cr24.8, W7.2, Si10) target at 

varying coating conditions (reactant gases and substrate 

DC bias voltages). In addition, there is no study on 

examining tool wear in cutting hardened steel with these 

coated tools. 

In this study, two types of different (Al, Cr, W, Si)-

target cathode materials were used. Four types of coating 

films were deposited on a substrate of cemented carbide 

ISO K10 using these two targets. The ion plating method, 

one of physical vapor deposition, was used for coating 

treatment. For the coating treatment, the reaction gases 

used were N2 and (N2, CH4) gas, and the substrate DC bias 

voltages used were -150 and -300 V. 

ASTM D2 hardened steel was cut with four types of 

coated tools, and the wear of the tools was investigated.  

II. EXPERIMENTAL PROCEDURE 

Coating deposition was performed by an arc ion plating 

system (KOBE STEEL, LTD. AIP-S40). Two types of 

target (cathode) material were used as shown in Table I.  

The component ratios for targets T3 and T4 were 

determined as follows: 

(1) T3 target:  

For the target (Al60, Cr25, W15), the ratio of (Al70, 

Cr30) and W was set to 85:15. For the T3 target, the ratio 

of (Al60, Cr25, W15) and Si was set to 90:10. Therefore, 

the composition ratio of the T3 target is (Al53, Cr23, W14, 

Si10). 

 (2) T4 target:   

For the target (Al64, Cr28, W8), the ratio of (Al70, Cr30) 

and W was set to 92:8. For the T4 target, the ratio of (Al64, 

Cr28, W8) and Si was set to 90:10. Therefore, the 

composition ratio of the T4 target is (Al58, Cr24.8, W7.2, 

Si10). 

The reaction gases used were N2 gas and CH4 gas. In 

this study, the coating films used were T3-N, T4-N and T4-

CN, namely (Al53, Cr23, W14, Si10)N, (Al58, Cr24.8, 

W7.2, Si10)N and (Al58, Cr24.8, W7.2, Si10)(C, N), 

respectively. The substrate DC bias voltage of -300 V was 

used to deposit the T3-N, the T4-N and the T4-CN coating 

films. In addition, the substrate DC bias voltage of -150 V 

was used to deposit the T4-N coating film. The substrate 

of the coated tool was cemented carbide ISO K10. 

 The thickness, micro-hardness (micro-hardness 

measured by a “PICODENTOR HM500 (FISCHER 

INSTRUMENTS K.K.)) and scratch strength (critical 

scratch load measured by a “RST3 Revetest Scratch Tester” 

(Anton Paar GmbH)) of the coating films formed on the 

surface of the cemented carbide ISO K10 by the arc ion 

plating process were measured.  

The configurations of the tool inserts were ISO 

TNGA160408. The insert was attached to a tool holder 

MTGNR2525M16. In this case, the tool geometry was (-6, 

-6, 6, 6, 30, 0, 0.8 mm). 

The work material used was hardened steel (ASTM D2, 

60 HRC). The chemical composition and mechanical 

properties of the hardened sintered steel are shown in 

Table II. 

The turning tests were conducted on a precision lathe 

(Type ST5, SHOUN MACHINE TOOL Co., Ltd.) by 

adding a variable-speed drive. The driving power of this 

lathe is 7.5/11 kW with a maximum rotational speed of 

2500 min-1. Hardened steel was turned under the cutting 

conditions shown in Table III, and the tool wear was 

investigated. The maximum value of the flank wear width 

was measured with a microscope. 

TABLE I.   CONDITION OF COATING 

Target 

type 

Component of target 

material [at%] 

Reaction 

gas 

Substrate DC 

bias voltage [V] 

T3 Al53, Cr23, W14, Si10  N2 -300 

T4 Al58, Cr24.8, W7.2, 

Si10  

N2, 

(N2, CH4) 

-150, -300 

Deposition parameters 

Temperature of (T4-N) and (T4-CN) coatings: 673 K. Deposition time of 

(T4-N) and (T4-CN) coatings: 100 ± 5 minute. Chamber pressure of 

(T4-N) and (T4-CN) coating: 3.5 Pa and 4.0 Pa. 

TABLE II.  CHEMICAL COMPOSITION OF THE HARDENED STEEL 

(ASTM D2, 60 HRC) [MASS%]   

C Cr Mo Mn Ni Si V 

1.48 11.62 0.81 0.42 0.13 0.30 0.20 

TABLE III.  CUTTING CONDITIONS 

Cutting speed Vc=60 m/min 

Feed speed f=0.1 mm/rev 

Depth of cut ap=0.1 mm 

Cutting method Dry 

 

III. RESULTS AND DISCUSSION 

A. Characteristics of Coating Films   

With respect to the four types of coating films, SEM 

micrographs of the coating film (the droplet), the cross 

section of the coating film and the scratch tracks were 

observed Fig. 1 shows the case of the T3-N coating film 

and T4-N coating film. Both the T3-N and the T4-N 

coating films were deposited at a substrate DC bias voltage 

of -300V. Figure (i) (left half of Fig. 1) shows the case of 

the T3-N coating film, and Fig. (ii) (right half of Fig. 1) 

shows the case of the T4-N coating film. Although not 

shown in Fig. 1, the characteristics of the other two types 

of coating films were observed. Table IV shows the 

characteristics of coating films. Figure (a) shows a 

micrograph of the coating surface. Figure (i) shows the T3-

N coating film. Figure (ii) shows the surface of the T4-N 

coating film. Droplets adhere to the T3-N and T4-N 

coating films. Comparing the droplet diameters of the T3-
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N and T4-N coating films, the droplet diameter of the T4-

N coating film is smaller than that of the T4-N coating film. 

The particle size of the droplet of the coating film may 

affect the surface roughness of the finished surface. 

Therefore, it is considered that the smaller the particle 

diameter of the droplet, the smaller the surface roughness 

of the finished surface.  

To clarify the formation of the coating on the cemented 

carbide substrate, a section of the coated cemented carbide 

was observed under a microscope. Figure (b) shows a 

cross-sectional micrograph of a cemented carbide coated 

with T3-N and T4-N. 

 

(i) T3-N (ii) T4-N 

  
(a) SEM micrographs of coating film 

 
 

(b) Cross section of coating film 

 
S. L.: 114 N 

 
S. L.: 120 N 

(c) Microscopic photographs of the scratch track by a scratch tester 

(S.L.: Scratch load) 

Figure 1.  SEM micrographs of the coating film (the droplet), cross 

section of the coating film and scratch tracks were observed in the case 
of the T3-N coating film and T4-N coating film at a substrate DC bias 

voltage of -300 V. 

As shown in Fig. (i), a cross-sectional micrograph of 

the coating shows that the T3-N coating film penetrated 

the substrate irregularities at the interface between the 

coating and the substrate. Thereby, the coating film and the 

substrate are sufficiently close to each other at the interface 

between the coating film and the substrate, and the 

thickness of the coating film becomes constant. T3-N 

coated cemented carbide has a 6.5 µm thick T3-N coating 

film on the substrate. On the other hand, in the case of the 

T4-N coated cemented carbide shown in Fig. (ii), the T4-

N coating film permeates the unevenness of the substrate 

at the interface between the T4-N coating film and the 

substrate. The cross-sectional observation results of the 

cemented carbide coated with T3-N and T4-N indicate that 

both the T3-N and the T4-N coating film are in close 

contact with the substrate material and the thickness of the 

coating film is constant. The thickness of the T4-N coating 

film is 3.4 µm. 

In order to evaluate the adhesion between the substrate 

and the T3-N and T4-N coating film, a scratch test, which 

is typically used to evaluate the adhesion force of thin 

films, was conducted for two types of coated cemented 

carbide tools. Figure (c) shows microscopic photographs 

of the wear track in the scratch test. The critical load of 

both the T3-N coated cemented carbide shown in Fig. (i) 

and the T4-N coated cemented carbide shown in Fig. (ii) 

exceeds 100 N. 

Table IV shows the characteristics of the four types of 

coating films. The T3-N coating film is the thickest at 6.5 

μm. The T4-N coating film deposited using the substrate 

DC bias voltage of -300 V is 3.4 μm, which is the thinnest. 

The hardness of the three types of coating films 

deposited using the T4 target is 2900 HV0.025 or more, 

whereas the hardness of the T3-N film deposited using the 

T3 target is 2500 HV0.025. 

The critical scratch load was 100 N or more for each of 

the coating films, and all the coating films had adhesive 

strength for use as a coating film for cutting tools.  

TABLE IV.  CHARACTERISTICS OF COATING FILMS 

Tool type Thickness 

of film 

[µm] 

Micro-

hardness 

[HV0.025] 

Critical 

scratch 

load* [N] 

Type T3-N, -300 V** 6.5 2500 108 

Type T4-N, -150 V**  6.3 2950 >130 

Type T4-N, -300 V** 3.4 2960 120 

Type T4-CN, -300 V**  4.0 2920 125 

 *: Measured value by scratch test 

**: Substrate DC bias voltage 

 

B. Results of Cutting Test 

Fig. 2 shows the tool wear of the T4-N coated tool at a 

substrate DC bias voltage of -300 V. In this figure, the 

cutting distance is 4.7 km. In the case of the Type T4-N 

coated cemented carbide tool, there is a crater on the rake 

face, and there is no significant adhesion on both the rake 

face and the flank face. There is no significant flaking of 

the coating layer. As a result of examining the tool wear 

other than the Type T4-N coated tool, whose figures are 

not shown here, the tool wear of all coated tool types was 

almost the same as that of the Type T4-N coated tool.   

Therefore, the main tool failure for all coated cemented 

carbide tools was flank wear within the maximum value of 

the flank wear width of about 0.2 mm.  

Fig. 3 shows the wear progress of coated tools using 

nitride or carbonitride of the T4 target at a substrate DC 

bias voltage of -300 V. Compared with the wear progress 

of the T4-N and that of the T4-CN [10], the wear progress 

of the T4-N coated tool is slightly slower than that of the 

T4-CN coated tool. Therefore, the T4-N film using N2 gas 

80 µm 

10 µm 

10 µm 

Substrate 

Thickness of 

coating film 
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as a reactive gas exhibits excellent wear resistance in the 

physical vapor deposition by the arc ion plating system 

using the target T4. Compared with the properties of the 

coating as shown in Table IV, the 3.4 µm film of the Type 

T4-N coated tool is thinner than that of the type T4-CN 

coated tool. Furthermore, the critical scratch load of the 

Type T4-N coated tool is lower than that of the type T4-

CN coated tool. However, the micro-hardness and critical 

scratch load of the Type T4-N coated tool are slightly 

higher than that of the T4-CN coated tool. So, the wear 

progress of the Type T4-N coated tool is slow. 
 

 
 

Figure 2.  Tool wear of the T4-N coated tool at a substrate DC bias 
voltage of -300 V and cutting distance of 4.7 km. 

As described above, in the case of the T4 target, as a 

reaction gas nitrogen gas is effective for wear resistance. 

However, the substrate DC bias voltage affects the 

properties of the coating film. Therefore, the effect of the 

substrate DC bias voltage on the characteristics of the 

coating film is observed. 

Fig. 4 shows the effect of the substrate DC bias voltage 

on the wear progress of the T4-N coated tool. Comparing 

the two types of substrate DC bias voltages, the wear 

progress at the substrate DC bias voltage of -300 V is the 

slowest. Therefore, for T4-N coated tools, a substrate DC 

bias voltage of -300V is the most effective for wear 

resistance. Thus, the substrate DC bias voltage of the -

300V coating film has excellent wear resistance.  

Fig. 3 and Fig. 4 indicate that in order to improve the 

wear resistance, it is effective to use nitrogen gas as a 

reaction gas and to use a substrate DC bias voltage of -

300V. 

For this reason, the wear progress of coated tools using 

two types of targets was investigated. Fig. 5 shows the 

wear progress of coated tools using nitrogen as the reaction 

gas for two types of targets (T3 and T4) at a substrate DC 

bias voltage of -300 V. Comparing the wear progress of 

the two types of coated tools, the Type T4-N coated tool 

has the slowest wear progress. Therefore, the target T4, 

namely the (Al58, Cr24.8, W7.2, Si10)-target, has 

excellent wear resistance. 

 
S. B. V.: Substrate DC Bias Voltage 

Figure 3.  Wear progress of coated tools using nitride or carbonitride of 
the T4 target at a substrate DC bias voltage of -300 V. 

 
Figure 4.  Effect of the substrate DC bias voltage on the wear 

progress of the T4-N coated tool. 

 
S. B. V.: Substrate DC Bias Voltage  

Figure 5.  Wear progress of coated tools using nitrogen as the 

reaction gas for two types of targets (T3 and T4) at a substrate DC bias 

voltage of -300 V. 

From the characteristics of the coating films as shown 

in Table IV, comparing the thickness of the film of the two 

types of coated tools, the 3.4 µm film of the Type T4-N 

coated tool is thinner. However, both the micro-hardness 

and critical scratch load of the Type T4-N coated tool are 

higher. So, the wear progress of the Type T4-N coated tool 

is slower. 
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IV.  CONCLUSION 

In this study, carbonitride and nitride coating films were 
deposited on a cemented carbide ISO K10 using two 
different (Al, Cr, W, Si)- targets, namely the (Al53, Cr23, 
W14, Si10)- and (Al58, Cr24.8, W7.2, Si10)-target.  

In deposition, N2 gas or (N2, CH4) gas was used as the 
reaction gas, and the substrate DC bias voltage was -150 
or -300V. Then the characteristics of the four types of 
coating films were investigated.  

ASTM D2 hardened steel was cut with four types of 
coated cemented carbide tools. The tool wear of the coated 

tools was experimentally investigated and the following 
results were obtained:  

(1) The (Al53, Cr23, W14, Si10)N coating film 
deposited using a substrate DC bias voltage of -300 V was 
the thickest at 6.5 μm. The (Al58, Cr24.8, W7.2, Si10)N 
coating film deposited using a substrate DC bias voltage of 

-300 V was 3.4 μm, which was the thinnest. 
(2) The hardness of the three types of coating films 

deposited using the (Al58, Cr24.8, W7.2, Si10)-target was 
2900 HV0.025 or more, whereas the hardness of the (Al53, 
Cr23, W14, Si10)N film deposited using the (Al53, Cr23, 
W14, Si10)-target was 2500 HV0.025.  

(3) The critical scratch load was 100 N or more for each 
of the coating films, and all the coating films had adhesive 
strength for use as a coating film for cutting tools.  

(4) Compared with the wear progress of the (Al58, 
Cr24.8, W7.2, Si10)N coated tool and that of the (Al58, 
Cr24.8, W7.2, Si10)(C, N) coated tool, the wear progress 

of the (Al58, Cr24.8, W7.2, Si10)N coated tool was 
slightly slower than that of the (Al58, Cr24.8, W7.2, 
Si10)(C, N) coated tool.  

(5) In the case of the (Al58, Cr24.8, W7.2, Si10)N 

coated tools, comparing the two types of substrate DC bias 

voltages, the wear progress at the substrate DC bias 

voltage of -300 V was slower.  

(6) In the case of the substrate DC bias voltage of the -

300V, comparing the wear progress with the (Al53, Cr23, 

W14, Si10)N coated tool and the (Al58, Cr24.8, W7.2, 

Si10)N coated tool, the wear progress of the (Al58, Cr24.8, 

W7.2, Si10)N coated tool was slower. 

Therefore, as a target material, the (Al58, Cr24.8, W7.2, 

Si10)-target has excellent wear resistance.  

CONFLICT OF INTEREST 

The author declares no conflict of interest. 

ACKNOWLEDGMENT 

This work was supported by JSPS KAKENHI Grant 

Number JP17K06102 (Grant-in-Aid for Scientific 

Research (C)). I am grateful to Mr. Natsuki Hasegawa, 

who is a student of National Institute of Technology (Nara 

College), for his help in the execution of the turning 

experiment. 

REFERENCES 

[1] T. Wada and H. Hanyu, “Tool wear of 

aluminum/chromium/tungsten-based-coated cemented carbide in 
cutting hardened sintered steel,” Applied Mechanics and Materials, 

vol. 772, pp. 72-76, 2015. 

[2] E. Spain, J. C. Avelar-Batista, M. Letch, J. Housden, and B. Lerga, 

“Characterization and applications of Cr-Al-N coatings,” Surface & 

Coatings Technology, vol. 200, pp. 1507-1513, 2005.  
[3] V. Varghese, K. Akhil, M. R. Ramesh, and D. Chakradhar, 

“Investigation on the performance of AlCrN and AlTiN coated 

cemented carbide inserts during end milling of maraging steel under 
dry, wet and cryogenic environments,” Journal of Manufacturing 

Processes, vol. 43, pp. 136-144, 2019. 

[4] T. Wada, K. Iwamoto, H. Hanyu, and K. Kawase, “Tool wear of 
(Al,Cr)N coated cemented carbide in cutting sintered steel,” 

Journal of the Japan Society of Powder and Powder Metallurgy, 

vol. 58, pp. 459-462, 2011(in Japanese). 
[5] T. Wada, M. Ozaki, H. Hanyu, and K. Kawase, “Tool wear of 

aluminum-chromium based coated cemented carbide in cutting 

hardened sintered steel,” IACSIT International Journal of 
Engineering and Technology, vol. 6, no. 3, pp. 223-226, 2014.  

[6] T. Wada and H. Hanyu, “Tool wear of 

aluminum/chromium/tungsten-based-coated cemented carbide in 
cutting hardened steel,” Applied Mechanics and Materials, vol. 798, 

pp. 377-383, 2015. 

[7] T. Wada and H. Hanyu, “Tool wear of 
aluminum/chromium/tungsten-based-coated cemented carbide 

tools in cutting sintered steel,” World Academy of Science, 

Engineering and Technology International Journal of Chemical, 
Molecular, Nuclear, Materials and Metallurgical Engineering, vol. 

9, no. 8, pp. 826-829, 2015. 

[8] T. Wada and H. Hanyu, “Tool wear of 
aluminum/chromium/tungsten/silicon-based-coated cemented 

carbide tools in cutting of hardened steel,” International Journal of 

Engineering and Technology, vol. 8, no. 6, pp. 406-409, 2016.  
[9] V. F. C. Sousa, F. J. G. Da Silva, G. F. Pinto, A. Baptista, and R. 

Alexandre, “Characteristics and wear mechanisms of TiAlN-based 

coatings for machining applications: a comprehensive review,” 
Metals, vol. 11, no. 2, p. 260, 2021. 

[10] T. Wada, A. Nitta, and J. Fujiwara, “Tool wear of 

(Al,Cr,W)/(Al,Cr,W,Si)-based-coated cemented carbide tools in 
cutting of hardened steel,” International Journal of Materials, 

Mechanics and Manufacturing, vol. 8, no. 3, pp. 64-68, 2020. 
[11] K. T. Rie, A. Gebauer, J. Wöhle, H. K. Tönshoff, and C. Blawit, 

“Synthesis of TiN/TiCN/TiC layer systems on steel and cermet 

substrates by PACVD,” Surface and Coatings Technology, vol. 74-
75, pp. 375-381, 1995. 

[12] Y. Y. Guu, J. F. Lin, and C. F. Ai, “The tribological characteristics 

of titanium nitride, titanium carbonitride and titanium carbide 
coatings,” Thin Solid Films, vol. 302, no. 1-220, pp. 193-200, 1997. 

[13] G. Skordaris, K. D. Bouzakis, P. Charalampous, T. Kotsanis, E. 

Bouzakis, and R. Bejjani, “Bias voltage effect on the mechanical 
properties, adhesion and milling performance of PVD films on 

cemented carbide inserts,” Wear, vol. 404-405, pp. 50-61, 2018. 

[14] W. Liu, A. Q. Li, H. D. Wu, R. X. He, J. W. Huang, Y. Long, X. 
Deng, Q. M. Wang, C. Y. Wang, and S. H. Wu, “Effects of bias 

voltage on microstructure, mechanical properties, and wear 

mechanism of novel quaternary (Ti, Al, Zr)N coating on the surface 
of silicon nitride ceramic cutting tool,” Ceramics International, vol. 

42, pp. 17693-17697, 2016. 

[15] M. Ahlgren and H. Blomqvist, “Influence of bias variation on 
residual stress and texture in TiAlN PVD coatings,” Surface and 

Coatings Technology, vol. 200, no. 1-41, pp.  157-160, 2005. 

 

Copyright © 2022

 

by the authors. This is an open access article 

distributed under the Creative Commons Attribution License (CC BY-

NC-ND 4.0), which permits use, distribution and reproduction in any 
medium, provided that the article is properly cited, the use is non-

commercial and no modifications or adaptations are made.

 

 

Tadahiro

 

Wada

 

received the B.S. degree in 

engineering in 1978 from Kanazawa University and 

the M.A. degree in engineering in 1980 from Osaka 
University in Japan. He got the Ph.D.

 

in 

engineering in 1986 from Osaka University.

 

He is now a specially appointed professor at Osaka 
Sangyo University.

 

Field of his research is the 

Manufacturing Engineering, Surface Modification 

and Machining Performance.

 

330

International Journal of Mechanical Engineering and Robotics Research Vol. 11, No. 5, May 2022

© 2022 Int. J. Mech. Eng. Rob. Res

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

