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 Owing to direct contact with the machined surface, the flank surface can cause unfavorable effects on 
the surface integrity in high speed milling. Thus, in this study, the influences of flank wear width on the 
main characteristics of surface integrity like roughness, topography, microhardness and electrochemical 
corrosion resistance during high speed milling process is investigated. Milling tests were performed 
under constant cutting conditions with three repetitions and using 12 tools with flank wear widths on the 
AISI 4340 hardened steel. It was concluded that using the tool with flank wear width up to 0.4 mm 
increases roughness and microhardness, uniformly (95% for surface roughness and 6.3% for 
microhardness relative to new tool). However, using a tool with the flank wear of 0.6 mm increases 
these outputs up to 484% and 18.6%, respectively. Surface topography images also revealed that using 
the tool with the flank wear width of 0.6 mm can cause irregular forms of material flow on the surface. 
Using the tool with the flank wear of 0.4 mm or less had an insufficient effect on the in-depth 
microhardness distribution. In addition, electrochemical impedance spectroscopy of the milled surfaces 
showed that relative to new tool, using tools with 0.4 and 0.6 mm flank wear, reduces Rcorr up to 22% 
and 83%, respectively. It indicated lower electrochemical corrosion resistance of milled surfaces with 
0.6 mm worn-out tools. 
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Fig. 1 The effect of tool flank wear on surface quality 
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1 4340 
Table 1 Chemical composition of 4340 alloy steel 
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Fig. 2 Experimental setup; tool, workpiece, fixture and MQL nozzles 
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Fig. 3 Measuring setup of tool wear using SZX16 optical microscope 
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Fig. 4 Tool wears on flank face in high speed milling a) VBmax=0.2 mm 
b) VBmax=0.4 mm  
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Table 2 High speed milling parameters used in experiments 

  

(m/min) (Vc) 300 

(mm/tooth) (fz) 0.02 

 )ap( 3 

 )ae( 2 

3 Flat Cell 
4 Zveiw 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
38

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

28
 ]

 

                               4 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.38.5
https://mme.modares.ac.ir/article-15-9484-fa.html


    

                          

1395163  227  

RC   .
Rs 

   .Rcorr 

    
     .

 

 Coxide    .Roxide 
  

  . 
 .Coxide 

 ]21[ .
    .  

3 -   
 12  

 .3 
 

  .  
   

3 -1-   
7   

 .  .
   

      
]22[ .    
  

  
Fig. 5 Measuring method of electrochemical resistance of milled 
surfaces 
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Fig. 6 Equivalent circuit for fitting impedance diagrams 
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Table 3 Output parameters values for each flank wear width 
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Fig. 7 Effect of tool flank wear width on surface roughness 
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Fig. 8 Surface texture of milled surface a) new tool #1 b) tool with 0.6 
mm flank wear width #10 
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Fig. 9 Effect of tool flank wear width on surface microhardness 
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Fig. 10 Microhardness measuring points on the cross section of the 
workpiece 
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Fig. 11 Microhardness distribution and variations in sub-surface of 
milled surface for different flank wear widths 
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Fig. 12 Variations of open circuit potential values versus time for 
milled samples using tools with different flank wear. 

12  
  

420

450

480

510

540

570

0 20 40 60 80 100 120 140 160

H
(H

V
)

distance beneath the surface(µm)

0

0.2

0.4

0.6

VBmax (mm)

-200

-160

-120

-80

-40

0

0 0.6 1.2 1.8 2.4 3 3.6

P
ot

en
tia

l (
m

V
)

Time (ks)

0 0.2

0.4 0.6

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
38

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

28
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.38.5
https://mme.modares.ac.ir/article-15-9484-fa.html


    

                         

  

230  1395163  

 
Fig. 13 Rcorr values obtained from impedance experiment for milled 
samples with different tool flank wears. 
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