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Table 1  Parameters of variable feed milling 

Milling 

speed, 

v/m·min

-1

 

Axial 

depth, 

a

p

/mm 

Radial 

depth, 

a

e

/mm 

Feed for each 

revolution, 

f

z

/mm·z

-1

 

Material 

removal rate/ 

mm

3

·min

-1

 

30 1.5 25 0.06~0.14 1500 
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Fig.1  Variable feed modes of linear feed (a) and 

sinusoidal feed (b) 
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Fig.2  Tool wear curves for different feed modes 
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Table 2  Level and factors of response surface method for 

sinusoidal variable feed milling 

Factors of sinusoidal variable feed 

Level 

Amplitude, a/% Period, p/s Step duration, τ/s 

1 0 40 3 

2 10 60 5 

3 25 90 7.5 

4 40 120 10 

5 50 140 12 
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Table 3  Design and results of response surface method 

for sinusoidal variable feed milling 

Test serial 

number 

Amplitude, 

a/% 

Step 

duration, τ/s 

Period, 

p/s 

Tool life, 

T/min 

1 40 10 120 8 

2 25 12 120 13 

3 25 3 90 16 

4 25 7.5 140 15 

5 25 7.5 90 15 

6 0 7.5 90 12 

7 10 10 60 14 

8 10 10 120 14.5 

9 40 10 60 7 

10 40 5 120 9 

11 10 5 60 15 

12 50 7.5 90 6 

13 40 5 60 10 

14 25 7.5 40 14 

15 10 5 120 18 

16 25 7.5 90 15.5 
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Table 4  F test table of regression model for tool life 

Source 

Sum of 

squares 

Degree 

of 

freedom 

Mean 

squares 

F 

ratio 

P 

value 

Significance 

Regressions 188.18 9 20.91 5.43 <0.0001 Significance 

Error 19.26 5 3.49    

Total errors 207.43 14     

 

;FGHDE τ A 5 s D�+D�����I�A 18 

min�JKLM=NIO�PQ 27 000 mm

3

�:;<

,7=6>?@ aA 40%D������R�ST.

UA 7V8V9V10 minW�SXYZ,7	�����

12 min�./[\�]^:X6>?@��D�:;

<,7=I�A 0.14 mm/z D_`a�O�_`b�

�����cdefghijklmn� 

opqr(3)s\t	u#vw)*cx�6>?

@ a ������	u#IO�yz�;FGHDE

τ�6>BC p������	u#��I{�| 3A

6,7su#\t}�����~E	#$%&�3|

3a )9����{	6>?@0�{	;FGHDE

��X��������3| 3b)9����{	6

>?@0��	6>BC��X��������3|

3c)9�6>BC	O{�X�����	u#�{� 

3r(5)�| 3)*��������}6>?@V

;FGHDEV6>BC�����v������

��z�w�v��!�������:��I�@�

���A��IO	�����@�y�$	456

,7\t�w����	w��,-I�>�I�

>w����� 

���wA� 

2 2 2

Max( ) 6 56 0 371 0 227

0 00

0 138

0 002 0 004

0 009 0 033 0 00 3

8

0

.

. ap .

            

T . . a . p

                .

    . a

a

. p

p

.

τ

τ τ

τ

+

− − −

− −

= + + +

    T6W 

 

 

 

 

 

 

 

 

 

� 3  �	
������ !"#$%&�"'() 

Fig.3  Response surface of tool life and variable factors: (a) between tool life and amplitude, step duration, (b) between tool life and step 

duration, period, and (c) between tool life and amplitude, period 
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Fig.4  Crater wear morphologies and depth with three- 

dimensional video microscopy 
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Fig.5  Comparison of crater wear measurement between variable 

feed (a) and traditional feed (b) 
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Fig.6  Comparison of rake face wear morphologies between traditional feed (a, c, e, g) and variable feed (b, d, f, h) with different milling 

time: (a, b) 4 min, (c, d) 8 min, (e, f) 10 min, and (g, h) 12 min 
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Fig.7  Maximum crater wear depth versus milling time 
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Fig.8  Crater wear rate versus milling time 
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Fig.9  Tool-chip contact area versus milling time 
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Fig.10  Change of crater wear position with variable feed: (a) f

z

= 

0.11 mm/z, (b) f

z

=0.10 mm/z, and (c) f

z

=0.09 mm/z 
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Fig.11  Maximum flank wear versus milling time 
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Tool Wear Characteristics in High Performance Milling 

of Ti40 Alloy Through Variable Feed Method 
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Abstract: A method was presented for improving the cutting tool life by varying the feed throughout the milling process of Ti40 burn 

resistant titanium alloy. The model between tool life and the feed variation amplitude, period and step duration of the milling was 

constructed and the optimal feed variation parameters were selected. Experimental results show that the optimal sinusoidal feed milling 

parameters are 11.72% sinusoidal feed variation amplitude, with 120 s one period and 5 s incremental steps, which increase the cutting 

tool life by a maximum of 33%. In comparison with constant feed processes, variable feed milling changes the mechanism of the tool rake 

face by increasing the tool-chip contact area, changes the crater position and decreases the crater wear depth, thus strengthening the tool 

edge and increasing tool life.  

Key words: Ti40 burn resistant titanium alloy; variable feed; milling; tool wear 
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