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Machining of Titanium and its Alloy (Ist Report)

Masaki TANIGUCHI and Takeo FujiiTa

Abstract

Titanium and its alloy to have excellent heat resisting and anti-corrosion properties are used for

aerospace industry and many parts of chemical equipments, but they are hard to machine.

Machining property of them is studied by the observation of tool failure, cutting resistance and

tool life through hot-machining and normal machining.

1) Titanium alloy shows lower cutting resistance through hot-machining than normal machining,

while titanium shows higher.

2) The faijlure of ceramics tool through hot-machining is larger than normal machining.

3) Sintered carbide (K-type), not contained TiC and TaC, is the best to machine the titanium

and its alloy.
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Table 1 Mechanical properties and chemical
composition of workpieces

(a) Titanium

zlrzlf th Tensile Elongation | Contraction
0 25 strength | percentage | percentage
Rg/mmz | ke/mm? % %
- |
30 6| 3 | 61
Fe _‘ N ‘ 0 ‘ H 5 Ti

0.062 5 0.041 ‘ 0.116 1 0.0026 \ Balance

(b) Titanium alloy

sYti'er()igth Tensile Elongation | Contraction
0.2% strength | percentage | percentage
k’g /I:lm:" kg/mm?2 % %
\
91 { 103 14 \ 20
‘ \
Fe | N o | H | C
1.07 { O.OOAL' 0.197 ] 0.0072 ‘ 0.009

|

Al Cr l Ti

5 65 2.22 ' Balance
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Fig. 1 Relationship between heating current

and cutting resistance

Work : Titanium alloy Symbol :

. O 0.03mm/rev
Tool : Ceramics ® 0045 7

: © 0.09 7
Depth of cut : 0.5mm % 015
Cutting Speed : 38m/min ® 03 7
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Fig. 2 Relationship between heating current

and cutting resistance

Work : Titanium alloy Symbol :

Tool : Ceramics Eg 8:82?1m/£rev
: . 0.09 7

Depth of cut : 0.5mm D 015

Cutting speed : 54m/min ® 0.3 7
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Fig. 3 Relationship between heating current

and cutting resistance

Work : Titanium alloy Symbol :

Tool : Ceramics % 882?1 m,//rev

Depth t:0. 0.09 ~
epth of cut : 0.5mm D 015 ~

Cutting speed : 75m/min ® 0.3 74
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Fig. 4 Relationship between heating current

and cutting resistance

Work : Titanium alloy Symbol :

Tool : Ceramics 8
Depth of cut : 0.5mm 8
Cutting speed : 152m/min ®©
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Fig. 5 Relationship between heating current

and cutting resistance

Symbol :

Work : Titanium alloy
Tool : Ceramics

Depth of cut : C.5mm
Cutting speed : 38m/min

©e200

Tangential force

Longitudinal force

Radial force

0.03mm/rev

0.045
0.09
0.15
0.3

174
7
174
174



FEYBIOF 2V ELOTEI GE1H)

3
I
%
R
'G
=
o
G
8
I3
3
3 8
E s
- <
5 2
- =
3 3
) 3
®
5
]
3
3,
3
S
e
4
0 200 250 300
][eatiug current A
Fig. 6 Relationship between heating current
and cutting resistance
Work : Titanium alloy Symbol :
. . O 0.03mm/rev
Tool : Ceramics ® 0045
Depth of cut: 0,5mm © 005 ~
p s ) @ 0.15 »
Cutting speed : 152m/min ® 0.3 7
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Fig. 7 Relationship between heating current

and cutting resistance

Work : Titanium Symbol :

Tool : Ceramics g 8:83,?“14”‘/
it O 00 ~»

Depth of cut : 0.5mm D 015

Cutting speed : 38m/min ® 03 4

AR TR



106 (106)

40

30

[
(=}

—
(=]

Cuttin-g'reristance (resultant force) kg

|
0 200 230 300

Heating current A
Fig. 8 Relationship between heating current

and cutting resistance

Work : Titanium Symbol :
Tool : Ceramics 8 8:82211m/£rev
Depth of cut : 0.5mm © 009 ~»
epth of cut: 0.5 B 015
Cutting cpeed : 54m/min ® 0.3 Vs
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Fig. 9 Relationship between heating curvent

and cutting resistance

Work = Titanium Symbol :

Tool : Ceramics ?D gtgzxsnmlﬁrev
. 0.09 »

Depth of cut : O,Smm. D 015

Cutting speed : 75m/min @ 0.3 2
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Fig.10 Relationship between heating current

and cutting resistance

Work : Titanium Symbol :
Tool : Ceramics g 8:8‘3‘?m4rev
© 009

Depth of cut : 0.5mm

® 0.15 7
Cutting Speed : 152m/min ®

0.3 4
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Fig.11 Relationship between cutting speed

and cutting resistance

Work : Titanium alloy Symbol :

. O 0.03mm/rev
Tool : Ceramics ® 0045 -

. : O 0.09 »
Depth of cut: 0.5mm D 015 7
Heating current : 0 A ® 0.3 4
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Fig.12 Relationship between Cutting speed
and cutting resistance

Work : Titanium alloy Symbol :

O 0.03mm/rev

Tool : Ceramics ® 0.045
Depth of cut : 0.5mm 'D 0.09 7~
P f 0.5 P 0.15 »

Heating current : 300A @® 0.3 ”
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Fig.13 Relationship between cutting speed

and cutting resistance

Work : Titanium Symbol :
. . O 0.03mm/rev
Tool : Ceramics 'B 0.045 ~
Depth of cut : 0.5mm © 0.0
P ® 015 7
Heating current : OA ® 0.3 7
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Fig.14 Relationship between butting speed
and cutting resistance
Work : Titanium Symbol :

/- , O 0.03mm/rev
Tool : Ceramics ® 0045 -
Depth of cut: 0.5mm 8 0.09 ~»
®

0.15 7
Heating current : 300A 0.3 7
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Fig 17 Photographs of tool wear

Work : Titanium alloy

Tool : Ceramics

VxdX f=75m/minx0.5mmX0.045mm/rev Cutting time T=25sec
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Fig.15 Relationship between cutting speed and tool life
Work : Titanium alloy Depth of cut: 1mm Feed : 0.03mm/rev
Symbol : @ K—10 O P—30 ® P—20 ®» P—01
@ P—10 O Cermet © Ceramics

Cermet
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Fig 16 Reiationship between cutting speed and tool life
Work - Titanium Depth of cut : 1 mm Feed : 0.03mm/rev
Symbol : @ K—10 O P—30 @ P—20 (p P—01
@ P—I10 @O Cermet & Ceramics
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Fig.18 Photographs of tool wear
Work = Titanium alloy
Vxdxf=100m/minX 1 mmXx0,03mm/rev Cutting time T= 2 min
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Fig.19 Photographs of tool wear

Work : Titanium
V' XdX f==290m/minx 1 mmXx0.03mm/rev Cutting time T= 5min

Fig.20 Profile of crater wear
Work : Titanium alloy
V'xdX f=100m/minX 1 mm Xx0.03mm/rev

Cutting time T= 2 min
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