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Helical milling is known as an innovative method for producing high quality holes. In this method,
milling tool efficiently generates high quality hole by moving along helical path. The hole
diameter can be adjusted through the diameter of this helical path. Regarding accuracy of hole in
industrial parts, it is necessary to compare this method with conventional hole drilling. Therefore,
in this study helical milling and conventional drilling have been compared. Eight experiments
were conducted considering two levels of cutting speed and feed rate on the samples made of AISI 
4340 steel at 45 HRC. Minimum quantity lubricant system with two nozzles was used. 100 ml/h of
Behran-11 mineral oil at air pressure of bar was employed in this system. Machining forces,
surface roughness, nominal diameter, roundness, and cylindricity were output parameters.
According to the obtained results, cutting speed was the only one with positive effect on all
qualitative parameters of the machined holes. On the other hand, independency of cutting
parameters, helical milling lessened machining forces, surface roughness, and geometrical
tolerances in comparison with conventional drilling.

Keywords:
Hole Quality 
Helical Milling 
Drilling 
Geometrical Dimensions and Tolerances 

  

1-   
         1  

  .     
    .

1- High Performance Machining

            
   )  

  (   
 ]1[.  

      
 . 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
93

.1
4.

16
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               1 / 7

https://dorl.net/dor/20.1001.1.10275940.1393.14.16.13.2
https://mme.modares.ac.ir/article-15-3025-fa.html


    

          

 139314 16  333  

  
  . 

    ]2[ .
 

  .  
   

     . ]3[ 
   H13 D2  .

TiAlN  
50   .

  .  
  1 

  . 
  

 .
   

  .   

   
   

 .   ]4[     
           
          

    .  
  .    

        
      . 

 ]5[  ( ) 
 

 
  .   

   
    .    ]6[    

     Ti6Al4V   
        .
  . 

        
   .  ]7[ 

   
            
.     

2 
 . ]8[     

    .  

1- Helical Milling
2- Built-Up-Edge

  
   .   
 .  

     
   .  

 ]9[          
        AISI D2    

 .  
    

3 4  .   
]10[           

          
      

 .           
    .   

   .
   

         .
       

 . 
   5 

 
 ]11[.  

     ]12[   
 MQL    

      
             

           .

MQL  
  

   
  .

 
  .

   
 
 4340AISI 

  .
   .

   

2- 
 

 . 1 

3- Solid
4- Indexable
5- Minimum Quantity Lubrication(MQL) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
93

.1
4.

16
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               2 / 7

https://dorl.net/dor/20.1001.1.10275940.1393.14.16.13.2
https://mme.modares.ac.ir/article-15-3025-fa.html


    

          

  

334   139314 16  

  .

  
   4340 AISI 45

 .   870 
 2 425 
  

 .   42  15
   
     

1 S1354A2 
  8000  . 

3   
  8   

   4 6 
   .

TiAlN  .   
  .

    
  

     MQL   .  
  11  100   
4 .2 MQL3 

4 5 
      

    9255B 
 .  

 .
 .

   
    4    

  
 1    

1- CNC 
2- Mitsubishi
3- Hypermill
4- Dynoware

  
2 MQL    

  
3    

  
 4    

  
 5     

  .    
  5 PS1   .  3 

4    
(Ra)  )6(.   

5- Mahr 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
93

.1
4.

16
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               3 / 7

https://dorl.net/dor/20.1001.1.10275940.1393.14.16.13.2
https://mme.modares.ac.ir/article-15-3025-fa.html


    

          

 139314 16  335  

 1  LH87   1   

3-   
 

 
 . 

]9 10[ . 
 

  .  
   

 .
)Vc)   (fz (

  .8   .1 
 .  

   3 
    .2 

  .
4  ) F)  (Ra ( ) (
  )   (4 

  .
05/0  

4-  
 

   

4-1-    
2120 

  .
   

  
 6    

 1   

 
   

1  2  1  2  

)Vc( 

(m/min) 
8 18 10 70 

) fz(  
 (mm/tooth) 

15/0  25/0  03/0  09/0  

1- Wenzel

 2  
 . 

  .
 .

  
 7 8  .

   
  . 

  .  

 2       
  

Vcfz
F

)N(  
Ra

)µm(
Ø 

)mm(  
c 

)mm(  
b 

)mm(  

 
  

1  8  15/0  3122 127/1 014/8 04/0 063/0 

2 8 25/0  6175 658/1 041/8 057/0 082/0 

3 18 15/0  1751 691/0 008/8 031/0 049/0 

4 18 25/0  2967 239/1 03/8 037/0 05/0 

 
  

1 10 03/0  58/50 586/0 047/8 033/0 043/0 

2 10 09/0  94/54 722/0 084/8 054/0 066/0 

3 70 03/0  37/39 336/0 012/8 019/0 025/0  

4 70 09/0  43/41 564/0 06/8 032/0 043/0 

  
 7    2  

  
 8   3  

2- Material Removal Rate

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
93

.1
4.

16
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               4 / 7

https://dorl.net/dor/20.1001.1.10275940.1393.14.16.13.2
https://mme.modares.ac.ir/article-15-3025-fa.html


    

          

  

336   139314 16  

   .
  

 .
   .  

   
  . 

  .
 

   .
  . 

  .
  

4-2 -   
          

     
]13[ .9   

   .
 

3/0  .  
  . 

  
  . 

 .   
   1   

   ]4[ . 

 
 . 

   
  .     
      .

 
   .

   
  

  3 )
 (

2  .  ( ) 
 

  .
    . 

  
  10  

1- Undeformed Chip Thickness

  . 
 

 . 
11  .11 )

  .
  

11  .  ( )  

4-3-   
  

 .12 
   .8  

  . 
8  1/8   .

   
   

  .  

  
 9     

  
 10  1   

) )  
  11   (  

 (  

0

0.3

0.6

0.9

1.2

1.5

1.8

1 2 3 4

 
 

)
m

(

Series1

Series2

 

-0.8
-0.3

0.2
0.7

1.2
1.7

2.2

0 0.5 1 1.5 2 2.5 3

 
 

(µ
m

)

)mm(

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
93

.1
4.

16
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               5 / 7

https://dorl.net/dor/20.1001.1.10275940.1393.14.16.13.2
https://mme.modares.ac.ir/article-15-3025-fa.html


    

          

 139314 16  337  

  ]414[ . 
       

   .

  ]15 16[ .  
  3 

    .

  .
  

  .3 

  
  .

  
]6[.  

4-4 -   
 

  .13  
  .

 .
   

 .           
     .   

4-5-  1

   
 2   .

14   
 . 

  .14 
 

  .  
            

    .        

  
 12     

1- Cylindricity
2- Straightness

           .    
   .         

             
      .   

   
  

  .

  .  3 
  .  

5-  
 

  4340 AISI 
  .

  
1 - 

45   . 

2 -    

3 - 
   

  
 13     

  
 14       

3- Holder

8

8.02

8.04

8.06

8.08

8.1

1 2 3 4

 
 

)
m

m
(

drill

helical

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

1 2 3 4

 
 

)
m

m
(

drill

helical

0

0.015

0.03

0.045

0.06

0.075

0.09

1 2 3 4

 
 

 
 )

m
m

(

drill

helical

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
93

.1
4.

16
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                               6 / 7

https://dorl.net/dor/20.1001.1.10275940.1393.14.16.13.2
https://mme.modares.ac.ir/article-15-3025-fa.html


    

          

  

338   139314 16  

4 -  
  

   

6 - 
[1] W. Grzesik, Advanced machining processes of metallic materials: theory, 

modelling and applications: Elsevier, 2008.  
[2] H. Tönshoff, W. Spintig, W. König, A. Neises, Machining of holes 

developments in drilling technology, CIRP Annals-Manufacturing 
Technology, Vol. 43, No. 2, pp. 551-561, 1994.  

[3] H. Coldwell, R. Woods, M. Paul, P. Koshy, R. Dewes, D. Aspinwall, 
Rapid machining of hardened AISI H13 and D2 moulds, dies and press 
tools, Journal of Materials Processing Technology, Vol. 135, No. 2, pp. 
301-311, 2003.  

[4] B. Denkena, D. Boehnke, J. Dege, Helical milling of CFRP–titanium 
layer compounds, CIRP Journal of manufacturing Science and 
Technology, Vol. 1, No. 2, pp. 64-69, 2008.  

[5] Y. Shan, N. He, L. Li, W. Zhao, X. Qin, Orbital milling hole of aerospace 
Al-alloy with big pitch, Transactions of Tianjin University, Vol. 17, pp. 
329-335, 2011.  

[6] H. Li, G. He, X. Qin, G. Wang, C. Lu, L. Gui, Tool wear and hole quality 
investigation in dry helical milling of Ti-6Al-4V alloy, The International 
Journal of Advanced Manufacturing Technology, pp. 1-13, 2014.  

[7] E. Brinksmeier, S. Fangmann, I. Meyer, Orbital drilling kinematics, 
Production engineering, Vol. 2, No. 3, pp. 277-283, 2008. 

  
[8] H. Wang, X. Qin, C. Ren, Q. Wang, Prediction of cutting forces in helical 

milling process, The International Journal of Advanced Manufacturing 
Technology, Vol. 58, No. 9-12, pp. 849-859, 2012.  

[9] R. Iyer, P. Koshy, E. Ng, Helical milling: an enabling technology for hard 
machining precision holes in AISI D2 tool steel, International Journal of 
Machine Tools and Manufacture, Vol. 47, No. 2, pp. 205-210, 2007.  

[10] D. Olvera, L. N. L. de Lacalle, G. Urbikain, A. Lamikiz, P. Rodal, I. 
Zamakona, Hole making using ball helical milling on titanium alloys, 
Machining Science and Technology, Vol. 16, No. 2, pp. 173-188, 2012.  

[11] M. Sadeghi, M. Haddad, T. Tawakoli, M. Emami, Minimal quantity 
lubrication-MQL in grinding of Ti–6Al–4V titanium alloy, The 
International Journal of Advanced Manufacturing Technology, Vol. 44, 
No. 5-6, pp. 487-500, 2009.  

[12] H. Sasahara, M. Kawasaki, M. Tsutsumi, Helical feed milling with MQL 
for boring of aluminum alloy, Journal of Advanced Mechanical Design, 
Systems, and Manufacturing, Vol. 2, pp. 1030-1040, 2008.  

[13] J. P. Davim, Machining of hard materials: Springer, 2011.  
[14] H. Tonshoff, T. Friemuth, P. Andrae, M. Groppe, Circular Milling 

Replacing Drilling and Reaming, in Proceeding of.  
 

[15]     M.Vahebi, M.Habibi, B.Arezoo, Bias resulting from the deformation of 
the geometric errors of machine tools in the milling tools by changing the 
direction of three-axis machining, Eleventh National Conference on 
Manufacturing Engineering, Tabriz, Iran, 1389. (In persian) 

[16] A.Vahdati, M.Hamedi, Identification and separation of all components
of three-dimensional machining errors, the second International
Conference of Manufacturing Engineering Tehran, Iran, 1386. (In
persian) 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
93

.1
4.

16
.1

3.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://dorl.net/dor/20.1001.1.10275940.1393.14.16.13.2
https://mme.modares.ac.ir/article-15-3025-fa.html
http://www.tcpdf.org

