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Abstract

Increase of end mill performance via PVD surface coating

The objective of this research is to study increasing efficiency of cemented carbide end
mill with AICrTiSiN, TiAlSiN, TiN and AICrN coated by cathodic arc physical vapor deposition
methods in comparison with uncoated end mill. A performance of coating was evaluated by
nanoindentation test, scratch test, cutting test and oxidation test in comparison with uncoated end
mill. From the nanoindentation hardness and scratch test, the AICrTiSiN film was helpful to resist
crack and delamination of coating and it showed the highest hardness. From the coefficient of
friction (COF) results, AICrTiSiN, TiAISiN and TiN coating exhibited higher COF than AICrN
coatings. From the cutting test, the maximum flank wear of AICtN film was about two times higher
than that of the AICrTiSiN, TiAlSiN and TiN coated and uncoated end mill resulting in tool life
extension. From the oxidation test, the first oxide of AICrTiSiN, TiAlSiN and TiN film generated
after service life was a titanium dioxide (TiO,) and Cr,O, for AICrN. From all of results, it revealed
that the uncoated, TiN film, TiAlISiN film and AICrTiSiN film end mills exhibited lower wear

resistance than the AICrN coated end mills.
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| BEGIN PGM LONK MM

2 BLK FORMO.1 Z X0 Y0 Z0
3 BLK FORM0.2 X0 Y0 Z0

5 TOOL CALL 2 Z $7000

6 LR F M06

7L X105.0 Y-3.98 R FMAX M
8 L 75.0 R FMAX M13

9L Z1.0 R FMAX M

10 L Z-2.0 R F200 M90

11 L X-5.0 R F140 M90

12 L Z5.0 R FMAX M

13 L X105.0 R FMAX M

14L Z1.0 R FMAX M

15L Z-2.0 R F200 M90

16 L Y-3.96 R F140 M90

17 L X-5.0 R F M90

18 L Z5.0 R FMAX M

19 L X105.0 R FMAX M

20 L Z1.0 R FMAX M

21 L Z-2.0 R F200 M90

22 L Y-3.94 R F140 M90

23 L X-5.0 R F M90
24175.0 R FMAX M

25 L X105.0 R FMAX M

26 L Z1.0 R FMAX M

27 L Z-2.0 R F200 M90

28 L Y-3.92 R F140 M90

29 L X-5.0 R F M90

30 L Z5.0 R FMAX M

31 L X105.0 R FMAX M
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32LZ1.0 RFMAX M
33L Z-2.0 R F200 M90
34 L Y-3.9 RF140 M90
35L X-5.0 RF M90

36 LZ150.0 RO FMAX
37LRFM30

38 END PGM LONK MM
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208 | 207 | 210 | 208 | 1.9 | 174 | 174 | 175 | 174 | 04 | 95. | 96. | 95. | 96. | 0.1 | 128 | 128 | 128 | 128 | 0.3 | 124 | 124 | 124 | 124 | 0.1

* .65 1 .09 | 99 | 91 6 511 .08 | .00 | .53 6 98 12 &9 | 00 2 93 | .61 | 25 | .60 4 56 | 73 | 48 | .59 3

193 | 193 | 194 | 193 | 0.8 | 96. | 97. | 96. | 96. | 0.3 | 135 | 134 | 135 | 135 | 0.4 | 133 | 133 | 133 | 133 | 0.2

+2 A9 | 24 1 71 | 71 6 86 | 23 51 87 6 J3 1092 | .09 | .25 3 70 | 26 | 57 | 51 3

204 | 204 | 205 | 205 | 0.2 | 97. | 97. | 96. | 97. | 0.5 | 143 | 143 | 143 | 143 | 0.3 | 137 | 137 | 137 | 137 | 0.1

: 99 | 81 | 34 | .05 7 77 | 00 | 79 19 2 23 1 .79 | .08 | .37 7 41 1 .05 | .12 | .19 9

115 | 115 | 115 | 115 | 0.3 | 152 | 152 | 152 | 152 | 0.1 | 150 | 150 | 150 | 150 | 0.1

> 43 | .10 | .78 | 44 4 .64 | 76 | 39 | .60 9 .67 | 42 | 78 | .62 8

118 | 119 | 119 | 119 | 0.4 | 158 | 158 | 157 | 158 | 0.0 | 153 | 153 | 153 | 153 | 0.2

° 96 | .12 | .80 | .29 5 .10 | .01 | 98 | .03 6 44 | 80 | .23 | 49 9

129 | 128 | 128 | 129 | 0.3 | 168 | 169 | 169 | 169 | 04 | 161 | 161 | 161 | 161 | 0.4

o2 43 | 92 | 78 | .04 4 97 | 42 | 90 | 43 7 91 | 12 | 38 | 47 0

136 | 136 | 136 | 136 | 0.2 | 191 | 190 | 190 | 190 | 0.4 | 181 | 180 | 181 | 181 | 0.0

! 87 | 54 | 42 | .61 3 10 1 .99 | 33 | .81 2 .01 | .99 | .03 | .01 2

142 | 142 | 143 | 142 | 04 | 205 | 205 | 205 | 205 | 0.2 | 187 | 187 | 187 | 187 | 0.1

& 33 ] .18 | .01 | .51 4 A2 | .60 | 32 | 35 4 56 | 31 | .60 | 49 6

150 | 150 | 150 | 150 | 0.0 201 | 201 | 201 | 201 | 0.3

° 21 | 13 | 11 | .15 5 .09 | 67 | .13 | 30 2
8.5 156 | 156 | 155 | 156 | 0.5
8 | .51 | 78 | .36 2
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M3 9.1 MMsannsevesaenianmsnadeulFaugai 1 (ae)

184 | 184 | 184 | 184 | 0.0
9

39 | 27| 33| .33 6

199 | 199 | 199 | 199 | 0.3
9.5

A7 | 63 | 92 | 57 8

213 | 213 | 213 | 213 | 0.2
10

520 11 | 37 | .33 1
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M350 1.2 MMsanrsevesaennannmsnageuldaugain 2

I8

3 Uncoat TiN AICrTiSiN
Apn | AIMIANKI AMIANHITO AMIANHITO AMIANTTO AMIANTTO
fin (Wm.) (Wm.) (Wm.) (Wm.) (Wm.)
Lﬂgﬂ v 2 4 avg v 2 4 avg v 24 avg v ¥4 avg v Z a4 avg
. AnTIN D AnTIN D AnT N D AnTIN D AnTIN D
Ui
m) | 1 | 2| 3 1| 2] 3 1 | 2] 3 1| 23 1| 2] 3
83. | 83 | 83 | 8. |0 | 17.]17.]17.]17. |0 | 86| 84 | 87 | 86 | 0. | 40. | 40. | 41. [ 40. [ 0. | 20. | 21. | 20. | 20. | o.
02 30 | 45 | 51| 42 | 11| 29 | 34 | 99 | 54 39| 2 | 5 | 9 | 2 [17] 10 ] 00| 02|37 |56] 10| 09| 97 | 72 |54
100 | 100 | 100 | 100 | 0. | 67. 67. 67. 67. | 0. | 2I. 21. 21. 21. | 0. | 67. 67. 67. 67. | 0. | 59. 59. 59. 59. | 0.
: 52 37 .60 S0 [ 12| 32 81 95 69 | 33| 00 32 89 40 | 45 | 90 11 45 49 | 40 | 22 81 17 40 | 36
119 | 119 | 120 | 119 | 0. | 8e6. 86. 86. 86. | 0. | 43. 44, 43, 43, | 0. | 78. 78. 78. 78. | 0. | 70. 70. 70. 70. | 0.
- 12 | 78 | 29 | 73 | 6 | 09 | 12 | 08 | 10 02| 29 [ 07 | 15 [ 50 [50| 27 | 54 | 81 | 54 |27 | 34 | 11 | 98 | 48 | 45
130 | 131 [ 130 [ 130 | 0. | 112 | 112 | 112 | 112} 0. | 60. | 60. | 60. | 60. | 0. 89. | 89. | 89. | 89. | 0. | 79. | 79. | 79. | 79. | 0.
? 00 | .08 | 87 | 65| 6| .76 | 31 | 69 | 59 [ 24| 79 | 87 | 23 | 63 [35| 32 | 10 | 99 | 47 |46 | 36 | 81 | 42 | 53 | 24
164 | 164 | 164 | 164 | 0. | 128 | 128 | 128 | 128 | 0. | 78. 78. 78. 78. | 0. | 9e6. 96. 96. 96. | 0. | 84. 84. 84. 84. | 0.
- 32 21 57 37 | 18 | .54 .76 .09 46 | 34 | 90 54 13 52 | 39 | 41 52 79 57 | 20 | 90 27 08 42 | 43
180 | 180 | 181 | 180 | 0. | 159 | 159 | 159 | 159 | 0. | 82. | 82. | 82. | 82. | 0. | 104 | 104 | 104 | 104 | 0. | 92. | 92. | 92. | 92. | 0.
’ 21 .55 .08 .61 | 44 | 21 .09 44 25 | 18 10 52 00 21 28 | .86 92 21 .66 | 39 | 04 33 68 35 | 32
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M350 1.2 MMIanrsevsInennanInmMsnageulFaugai 2 (o)

213 | 213 | 213 | 213 169 | 169 | 169 | 169 | 0.1 | 88. | 89. | 89. | &9. | 0.1 | 116 | 116 | 116 | 116 | 0.1 | 104 | 104 | 104 | 104 | 0.3

- 78 | .21 | 98 | .66 04 .66 | 48 | 83 | .66 8 97 | 09 | 32 13 8 40 | 17 | 52 | 36 8 81 | .65 | 12 | .53 6
178 | 179 | 179 | 179 | 0.1 | 92. | 92. | 92. | 92. | 0.2 | 125 | 125 | 125 | 125 | 0.2 | 117 | 117 | 117 | 117 | 0.2

* 91 | .14 | .13 | .06 3 50 | 61 95 | 69 3 g9 | 32| 41| 5l 5 47 | 80 | .32 | .53 5
191 | 191 | 191 | 191 | 03 | 96. | 97. | 96. | 96. | 0.3 | 139 | 139 | 139 | 139 | 0.3 | 121 | 121 | 121 | 121 | 0.5

+2 29 | 76 | 21 | 42 0 80 | 23 51 85 6 91 | 26 | .77 | .65 4 91 | 87 | .02 | .60 0
201 | 200 | 200 | 201 | 0.7 | 101 | 101 | 102 | 101 | 0.4 | 145 | 145 | 145 | 145 | 0.0 | 127 | 127 | 127 | 127 | 0.2

’ 91 | 98 | 43 | .11 5 45 | .21 | .09 | .58 5 23 | .10 | .09 | .14 8 521 .01 | .26 | .26 6
115 | 115 | 115 | 115 | 0.4 | 158 | 158 | 157 | 158 | 0.0 | 132 | 132 | 132 | 132 | 0.2

> .80 | .10 | .78 | .56 0 .10 | .01 | .98 | .03 6 A1 | 45 | .01 | .19 3
119 | 119 | 119 | 119 | 0.5 | 168 | 169 | 169 | 169 | 0.4 | 139 | 140 | 140 | 140 | 0.1

° 98 | .00 | .80 | .59 2 97 | 42 | 90 | 43 7 92 | .11 | .09 | .04 0
129 | 128 | 128 | 128 | 0.1 | 179 | 179 | 179 | 179 | 0.2 | 158 | 158 | 158 | 158 | 0.1

o2 A1 192 | .78 | 94 7 24 | 52 1 .09 | 28 2 .03 | .19 | 24 | .15 1
136 | 136 | 136 | 136 | 0.1 | 184 | 184 | 184 | 184 | 0.1 | 161 | 161 | 161 | 161 | 0.5

! 80 | 54 | 42 | .59 9 30 | 56 | 22 | .36 8 .00 | 98 | 22 | 40 1
142 | 142 | 143 | 142 | 04 | 193 | 193 | 193 | 193 | 0.0 | 168 | 168 | 168 | 168 | 0.3

7 37 1 .18 | .01 | .52 3 JO (75 ) 72 T2 3 371 .09 | .79 | 42 5
8 150 | 150 | 150 | 150 | 0.3 | 209 | 209 | 209 | 209 | 0.1 | 177 | 177 | 177 | 177 | 0.3
45 | 87 | .11 | 48 8 91 | 89 | .68 | .83 3 25 | 73 | .83 | .60 1
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M350 1.2 MMIanrsevsInennanInmMsnageulFaugai 2 (o)

156 | 156 | 155 | 156 | 0.6 189 | 189 | 189 | 189 | 0.4
- 98 | 90 | .78 | .55 7 .65 | .02 | 90 | .52 5
161 | 161 | 161 | 161 | 0.3 192 | 192 | 192 | 192 | 0.1
’ 39 | 22 | .80 | .47 0 34 | 46 | .12 | 31 7
173 | 173 | 173 | 173 | 0.4 219 | 219 | 219 | 219 | 0.1
- .60 | .04 | 91 | 52 4 52 47 | 73| 5T 4
184 | 184 | 184 | 184 | 0.0
1 39 | 27 | 33| 33 6
10. 189 | 189 | 187 | 189 | 1.5
5 91 | .87 | .23 | .00 4
196 | 196 | 197 | 196 | 0.4
! 20 | .55 | .02 | .59 1
11. 204 | 204 | 204 | 204 | 0.2
5 10 | 39 | 53 | 34 2
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