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 Cemented carbides are the most common cutting tool materials. To improve machining process, the 
surface of the cutting tools must be wear resitance with high hardness and chemical inertness. In recent 
years, several coatings have been developed for tungsten carbide. In this paper, the effect of TiN/TiCN/
Al O  multicoatings on the performance of drilling process of spherodized cast iron was studied. The 
external layer is Al2O3 which has high wear rsistance and TiN was chosen as internal layer because of 
its excellent adhesion to the tungsten carbide surface. The intermediate layer was TiCN because of its 
compatibility with the other layers.  At first, drills were prepared by machining process and then the 
triple layer coating was applied on the surface of tungsten carbide drills by chemical vapor deposition 
method. The coating process was performed under usual industrial condition. The thickness of the 
coatings was 10 micrometers. The wear of drills, the surface roughness and the hole diameter tolerance 
were investigated. The structure of coating and wear surface was studied by scanning electron 
microscopy.  It was found that the multiple coating significantly improved the wear resistance of the 
drill compared to uncoated tolls. In addition, it was found that the surface roughness and hole diameter 
tolerances improved by drilling with coated tools. The reason of this would be the lower wear rate and 
resulting dimension stability of the coated tools. In addition, based on  wear surface structure, it was 
concluded that the mechanism of wear was abrasion. 
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1 -   

 .

  
  .    
         

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.4

9.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
4-

03
 ]

 

                               1 / 7

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.49.7
https://mme.modares.ac.ir/article-15-10425-en.html


    

 / /       

  

444  13941512  

           
            

   ]1[.     
        

(Al O ) 
]2[ .) (TiN 

]2[.  (TiCN)    
            

                  
           

]3[ .      
 

 .     
        

]2[ .  
          

          
]4[ .     2  12    
       .   

      
         

 .    . 
 .

  
1    CVD    2    PVD 

           
 ]5[.  

   CVD      
   .          

        1000     .
              

    . CVD       
            
         
CVD     .     CVD  

         
 ]1[. 

  ]2-15[.  
 .

AISI 304  .
TiC/TiCN/TiN TiN/TiCN/Al O 

 .
TiN 

1- Chemical Vapour Deposition 
2- Physical Vapour Deposition 

 .TiN   
Al O ]2[.  

 .
718 

]3[ .TiCN/Al O /TiN 
  

 .TiAlN 
 .

]4[.  
 .  .       

   TiCN     TiC  TiN  ]6[.  

 .  .          
      .      
 TiAlN         

    ]7[ .
TiN/TaN TiN/NbN 

]8[ .
TiAlON 

]9[ . 

TiN/TiAlN ]10[ TiAlN 

]11[ .  
]12[ 

]13[ .

 .

 .

   .

]14[ .TiN/TiCN/

Al O 
 .      

              
 A       .     

             
  .           

            
        .  

 TiN 
]15[ TiCN 

 .Al2O3 
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.4

9.
7 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
4-

03
 ]

 

                               2 / 7

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.49.7
https://mme.modares.ac.ir/article-15-10425-en.html


    

 / /       

13941512  445  

2 -   
2 -1-   

            
TiN/TiCN/Al O  .1 K40   

          :  
1(   :)TiN(  
2(   :   )TiCN(  
3(   :  )Al O(  

 1           
K40        .  

     
  .

]1[ .  
             

]16[.   TiCN    .  
           

    .    )Al O (  
 .

 .
]1[. 

   CVD       
   .2      CVD  

 .  
1   

  

  
Fig. 1 Drill sketch with three layer coating TiN/TiCN/Al O   
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Fig. 2 Sketch of CVD coating process [1] 
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Table 1 Coating process parameters 
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Fig. 3 Samand brake caliper 3D model [17]  
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Table 2 Composition of spheroidal graphite cast iron [18] 
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Fig. 4 Section of hole 12.3 mm of brake caliper drawing [19] 
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Fig. 5 Multi spindle machine for drilling Samand brake caliper  
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Table 3 Cutting data of drilling process 
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Fig. 6 Assembly of uncoated (U) and coated drills (P) on machine 
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1- Vision Measuring Machine (V.M.M) 
2- Roughness Tester 
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Fig. 7 Comparing flank wear of drills, right uncoated drill and left drill 
with three layer coating 
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1- Flank Angle Wear 
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Fig. 8 Comparing flank wear of two drills according to drilled 
workpiece 
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Fig. 9 Comparing diameter of holes with two drills according to drilled 
workpiece 
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Fig. 10 Comparing hole roughness with two drills according to drilled 
workpiece 
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Fig. 12 SEM result of three layer coating TiN/TiCN/Al O  
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