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CUTTING TOOLS MANUFACTURING

We develop products and processes
fo propose advanced solutions

Since 1971 Cerih hus been umony the Itdlian leaders in precision enygineering.
For more than 50 yeurs of uctivity the compuny hus been closely involved in solid
curbide technholoygicul development as well as its muny fields of applicution,
both traditiondl und highly innovative.

Today, Cerin provides its customers with the benefit of u lohg experience by
offering u complete range of high performunce cutters dedicuted to the
machining of uerospuce muaterials.

COMPANY WITH

QUALITY SYSTEM
CERTIFIED BY DNV

1ISO 9001




Straight cylindrical shank - Shape HA

\CHAMFER

bl

g

Shank design (for drilling and milling tools) DIN 6535

CHAMEFER

d'I I 1 d'I I 1 dl I 1
hé | +2/0 hé | +2/0 h6 | +2/0
2 | 28 8 | 36 18 | 48
3 |28 10 | 40 20 | 50
4 | 28 12 | 45 25 | 56
5 | 28 14 | 45 32 | 60
6 | 36 16 | 48

Cylindrical shank - Shape HB

onhe Weldon flat - d1 = 6 fo 20 mm

two Weldon flats - d1 = 25 to 32 mm

WITHOUT CENTER

/%

WITHOUT CENTER

‘ \CHAMFER

Cylindrical shank - Shape HE

onhe slope flut - d1 = 6 fo 20 mm

one slope flat - d1 = 25 to 32 mm

\CHAMFER

dl

h2

dl bl el hl Il |2
hé (+005/0| 0/-1 | h11 | +2/0 | +1/0
6 | 42 ] 18 | 51| 36
8 | 55| 18 | 69 | 36
10 | 7 [ 20| 85| 40
12 | 8 | 225|104 45
14 | 8 | 225|127 45
16 | 10 | 24 | 142 48
18 | 10 | 24 [ 162 48
20 | 11 | 25 | 182 50
25 | 12 | 32 | 23 | 56 | 17
32 | 14 | 3 | 32| 60 | 19

dl (bz) <b3) hz (hs) Il I4 Is I
hé h11 +2/0| 0/ -1 |Nominal| mjn
6 43 5.1 36 25 18 1.2
8 | 55 6,9 36 | 256 | 18 | 12
10 | 7. 8,5 40 | 28 | 20 | 12
12 | 82 10,4 45 | 33 [ 225 12
14 | 8,1 12,7 45 | 33 | 225 12
16 | 10,1 14,2 48 | 36 | 24 | 16
18 | 10,8 16.2 48 36 24 1,6
20 | 114 18.2 50 38 25 1.6
25 | 138 | 93 | 23 | 241 | 56 | 44 | 32 | 16
32 | 155 | 99 30 | 312 | 60 48 35 1.6
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Shank design (for drilling and milling tools) similar to DIN 6535

Cylindrical shank - Shape HEK
ohe slope flat - d1 = 6 to 20 mMm

onhe slope flat - d1 =25 to 32 mm

|5
hé | +2/0 | 0/-1 |Nominall h19 min.

6 36 25 18 | 83 | 1.2 | 13
8 36 25 18 | 7.1 12 | 1.5
10 40 28 20 | 89 | 12 | 1.8
12 45 33 [ 225|109 | 1.2 2

14 45 33 1225124 | 12 | 25
16 48 36 24 | 145 | 16 | 25
18 48 36 24 | 162 | 16 | 28
20 50 38 25 | 182 | 1.6 3

25 56 44 32 23 1.6 | 3.7
32 60 48 35 30 1.6 | 45

Shank with drive tenon DIN 1809

d b | r \'%
from |upto | hl2 |£IT16’

3 35| 16 | 22 | 02 | 005

b je
»I | 35| 4 | 2 | 22|02 |005
N | 4 | 45| 22| 25| 02005

f 45 | 55 | 25 | 25| 02 | 005

55 | 65| 3 | 3 | 02005

Vv 65| 8 | 35| 35| 02 |006

8 | 95| 45| 45 | 04 | 006

95| 11| 5 | 5 | 04 |006

n | 13| 6| 6 |04]006

1315 7| 7 | 04008

15| 18| 8 | 8 | 04008

s 18 | 21| 10| 10| 04 |008
4 21 | 24 | 11 | 11 |06 | 01
24 | 27 | 13 ] 13 | 06| 01

27 | 30 | 14 ] 14 | 06| 01

30 | 34 | 16 | 16 | 06 | 01

34 38 18 18 | 06 | 0.1

38 42 20 19 | 06 | 0,15
42 46 | 22 20 1 0.15
46 50 | 24 | 22 1 0,15




Formulae of calculation

End mills - Tours cutters - Ball nose cutters Trace milling

’ . Ve x 1000
Revolution per minute =
D.x 3,14 D
S T1.c
o [ £
Dc x3,14x N
Cutting speed Ve = 000 {7 D —4
> W < > br <
y Ry Surface roughness
Feed per tooth f= 3 ! b, Line offset
nX N D, Working diumeter
. . De - D - b/’
Feed for revolution f="f,XZ, Roughness Rin = > —
Feed per minute Vi=1f,XZyxn Line offset br =24/ Rin ( De- Rin)
ue . .
Averuge chip thickness hm = f, X 5 Working diumeter Dw =24/ Uy (Dc-wy)

Formulae of calculation

Circular milling - Drill milling - Feed bused on movement of the cutter axis VM (mm/min.)

V D -Dc
Internal profile Vi =%

Vix (D + De
Externul profile Viw = %
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Puy
Endmills for CFRP 6
Endmills for kevlar 10
Endmills for GFRP 12
Endmills for honeycomib mauteridls 15
Dirills for CFRP 18
PCD endmills 21
Endmills for titunium und nickel 24
Endmills for steel 28
Endmills for aluminum 32




HPC CFRP MILLING -

HPC riht helx endmil - —
a

High thickness CVD Diamond \ APMX |
CerDM

68DX

ol L e
heroarn ,., A | 02 | 02 | _he |

68DX.040061660DM 4 +0,01/-0,03 16 60 6

68DX.060062060DM 6 +0,01/-0,03 20 60 6

68DX.060063575DM 6 +0,01/-0,03 35 75 6

68DX.080083275DM 8 +0,005/-0,04 32 75 8

68DX.0800840100DM 8 +0,005/-0,04 40 100 8

68DX.100103272DM 10 +0,005/-0,04 32 72 10

68DX.1001050100DM 10 +0,005/-0,04 50 100 10

68DX.120123283DM 12 0/-0.05 32 83 12

68DX.1201260120DM 12 0/-0.05 60 120 12

HPC CFRP MILLING

HPC left helix endmil T&

High thickness CVD Diamond APMX
Cer-DM ‘

~ |pcon

68SX

|_pbc_ | pcroL. | |_DCON_|
Cod

Mheroarn | 02 | 02 | he |
T 685X.040061680DM 4 +0,01/-0,03 16 80 6
.i 685X.060062080DM 6 +0,01/-0,03 20 80 6
685X.0600635100DM 6 +0,01/-0,03 35 100 6
685X.0800832100DM 8 +0,005/-0,04 32 100 8
B 685X.0800840120DM 8 +0,005/-0,04 40 120 8
-15°/+30° 685X.1001032100DM 10 +0,005/-0,04 32 100 10
685X.1001050120DM 10 +0,005/-0,04 50 120 10
685X.1201232100DM 12 0/-0,05 32 100 12
685X.1201260150DM 12 0/-0,05 60 150 12



HPC CFRP MILLING
HPC strauight flute endmill

High thickness CVD Diamond
Cer-DM

g
g
68TD
HM Cod. | DC_ | DCTOL | APMX | OAL | DCON _

oo ___-I-

6

6

6

8

8

10

10

12

12

™ o 68TD.040061680DM +0,01/-0,03 16 80
i 68TD.060062080DM +0,01/-0.03 20 80
. N 68TD.0600635100DM +0,01/-0.03 35 100
681D.0800832100DM +0,005/-0,04 32 100

B 68TD.0800840120DM +0,005/-0,04 40 120
0°/-30° 68TD.1001032100DM 10 +0,005/-0,04 32 100

681D.1001050120DM 10 +0,005/-0,04 50 120
681D.1201232100DM 12 0/-0,05 32 100
681D.1201260150DM 12 0/-0,05 60 150

@ o O O M

HPC CFRP MILLING

"
HPC bull hose right helix endmil 8TE§
x a
| OAL ‘

High thickness CVD Diamond APMX
Cer-DM |

68RDX
AN mmm“
sl HA | 0/+2 | 0/+2 | __h6 10015001
6
6
8
10
12

T 68RDX.040061960DM 4 +0,01/-0,03 19 60 2
.i 68RDX.060062360DM 6 +0,01/-0,03 23 60
68RDX.080083675DM 8 +0,005/-0,04 36 75
[ ] 68RDX.100103772DM 10 +0,005/-0.04 37 72
68RDX.120123883DM 12 0/-0,05 38 83
/1= 15°/-30°

o O W




STANDARD CFRP MILLING

Right helix endmill

CVD Diamond Cer-D
Also available without diamond coating

HM l
K20-K40
Microgruin HA

. ,
-

LN
B

68SU

685U.050061660D
685U.050062875D
685U.060062060D
685U.060063575D
685U.080082263D
685U.0800840100D
685U.100102572D
685U.1001050100D
685U.120123083D
685U.1201250100D
685U.160163592D
685U.1601660125D

68SU.050061660
68SU.050062875
685U.060062060
68SU.060063575
685U.080082263
685U.0800840100
685U.100102572
685U.1001050100
685U.120123083
685U.1201250100
68SU.160163592
685U.1601660125

TE

- APMX

-0,01/-0,04
-0,01/-0,04
-0,01/-0.04
-0,01/-0,04
-0.015/-0.05
-0,015/-0,05
-0,015/-0,05
-0,015/-0,05
-0,02/-0,07
-0,02/-0,07
-0,02/-0,07
-0,02/-0,07

16
28
20
35

~ |pcon

| Cod. [ DbC_ [ DCTOL | APMX | OAL | DCON
| Coated | Uncoated | | | 0/+2 | 0/+2 | h6 _
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HPC CFRP MILLING
HPC Up&Down Cutter

l

High thickness CVD Diamond
CerDM OAL

2
K05-K10
Micrograin HA

104PH
| DC_|DCTOL | APMX | LH | OAL | DCON |

|| 0/+2 | 0/+2 | 0/+2 | _hé |

104PH.060061575DM 6 +0,01/-0,03 4 15 75 6
104PH.080082075DM 8 +0,005/-0,04 6 20 75 8
104PH.1001025100DM 10 +0,005/-0.04 7 25 100 10
104PH.1201230100DM 12 0/-0,05 8 30 100 12
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HPC KEVLAR MILLING -

HPC 4 flutes cutter Up&Down chip breuker nga
Jh [a)

4191D
. “mmmmm
0 [ 0.2 | 042 ]| _he |

K20-K40

Microyruin
4197D.060062060 6 h10 20 60 6
4191D.060063575 6 h10 35 75 6
4191D.080083275 8 h10 32 75 8
4197D.0800840100 8 h10 40 100 8
4191D.100103272 10 h10 32 72 10
4191D.1001050100 10 h10 50 100 10
4191D.120123283 12 h10 32 83 12
4191D.1201255120 12 h10 55 120 12
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STANDARD KEVLAR MILLING
2 flutes cutter Up&Down chip bredker

oy

119P

HM cod. _oc | |_DCON
oo I __0/+2 | 0/+2 | _h6 |
™ e 119P.030031250 3 h10 12 50 3

i i — 119P.030061875 3 h10 18 75 6
. [ 119P.040041450 4 h10 14 50 4
B 119P.040062075 4 h10 20 75 6

‘(& 119P.050051650 5 h10 16 50 5
5 119P.050062575 5 h10 25 75 6
119P.060062060 6 h10 20 60 6
119P.0600635100 6 h10 35 100 6
119P.080082263 8 h10 22 63 8
119P.0800840100 8 h10 40 100 8
119P.100102572 10 h10 25 72 10
119P.1001050125 10 h10 50 125 10
119P.120123083 12 h10 30 83 12
119P.1201260125 12 h10 60 125 12
119P.160163592 16 h10 35 92 16
119P.1601675150 16 h10 75 150 16
119P.2002045104 20 h10 45 104 20
119P.2002075150 20 h10 75 150 20




106 F, M, G

GLASS FIBER MILLING

No front cut endmill

HM
K20-K40
Micrograin

106F.020060750
106F.030061250
106F.040062050
106F.060061850
106F.060063575
106F.080082563
106F.0800840100
106F.100103072
106F.120123283
106M.020060750
106M.030061250
106M.040062050
106M.060061850
106M.060063575
106M.080082563
106M.0800840100
106M.100103072
106M.120123283
106G.020060750
106G.030061250
106G.040062050
106G.060061850
106G.060063575
106G.080082563
106G.0800840100
106G.100103072
106G.120123283
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108 F, M, G

GLASS FIBER MILLING
/=2 front cut endmill

108 F M, G

K20-K40 Cod.
Micrograin
108F.020060750 2 e9 7 50 6
108F.030061250 S e9 12 50 6
108F.040062050 4 e9 20 50 6
108F.060061850 6 e9 18 50 6
108F.060063575 6 e9 35 75 6
108F.080082563 8 e9 25 63 8
108F.0800840100 8 e9 40 100 8
108F.100103072 10 e9 30 72 10
108F.120123283 12 e9 32 83 12
108M.020060750 2 e9 7 50 6
108M.030061250 3 e9 12 50 6
108M.040062050 4 e9 20 50 6
108M.060061850 6 e9 18 50 6
108M.060063575 6 e9 35 75 6
108M.080082563 8 e9 25 63 8
108M.0800840100 8 e9 40 100 8
108M.100103072 10 e9 30 72 10
108M.120123283 12 e9 32 83 12
108G.020060750 2 e9 7 50 6
108G.030061250 S e9 12 50 6
108G.040062050 4 e9 20 50 6
108G.060061850 6 e9 18 50 6
108G.060063575 6 e9 35 75 6
108G.080082563 8 e9 25 63 8
108G.0800840100 8 e9 40 100 8
108G.100103072 10 e9 30 72 10
108G.120123283 12 e9 32 83 12




109 F M, G

GLASS FIBER MILLING
Z=2 drilling front cut endmil

HM
K20-K40
Micrograin

109F.020060750
109F.030061250
109F.040062050
109F.060061850
109F.060063575
109F.080082563
109F.0800840100
109F.100103072
109F.120123283
109M.020060750
109M.030061250
109M.040062050
109M.060061850
109M.060063575
109M.080082563
109M.0800840100
109M.100103072
109M.120123283
109G.020060750
109G.030061250
109G.040062050
109G.060061850
109G.060063575
109G.080082563
109G.0800840100
109G.100103072
109G.120123283

2
3
4
6
6
8
8
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HONEYCOMB MATERIALS MILLING
Multiflute endmill with chipbraker

775U
_m | APMX | LH | OAL | DCON | DN |
J.i?gi‘é‘.’n H A | | 0/+2 ] 0/+2 | 0/+2 | h6 |0/-0,05]

7 775U.060061650 6 e9 16 16 50 6 6

I-» 775U.060061650E 6 e9 16 16 50 6 6
[ 775U.080081963 8 e9 19 26 63 8 7.9
775U.080081963E 8 e9 19 26 63 8 7.9

B 775U.100102272 10 e9 22 32 72 10 9.8
50°/-45° 775U.100102272E 10 e9 22 32 72 10 9.8
775U.120122683 12 e9 26 37 83 12 11.8
775U.120122683E 12 e9 26 37 83 12 11,8

77SU.1401217100 14 e9 17 17 100 12 12

77SU.1401217100E 14 e9 17 17 100 12 12

775U.1601217100 16 e9 17 24 100 12 14

775U.1601217100E 16 e9 17 24 100 12 14
775U.2001217100 20 e9 17 24 100 12 16,5
775U.2001217100E 20 e9 17 24 100 12 16,5
775U.2401210100 24 e9 10 17 100 12 17.5
775U.2401210100E 24 e9 10 17 100 12 17.5
775U.2401217100 24 e9 17 24 100 12 17.5
775U.2401217100E 24 e9 17 24 100 12 17.5

775U.4401217100 44 e9 17 28 100 12 20

775U.4401217100E 44 e9 17 28 100 12 20

* Verticul machining not dllowed
R z
HONEYCOMB MATERIALS MILLING N 8

Ball hose Mmulfiflute endmill with chipbraker Bng
'a

77RSU
HM mmmm
o HA _0/+2 | 0/+2 | 0/+2 | _h6_|0/-0,05/+/-0,05|

77RSU.100102272 o 22 32 72 10 98 5
VI_» " 77RSU.120122683 12 © 26 37 8 12 18 6
/= 77RSU.1601217100 16 e 17 24 100 12 14 8

I4°
L
50°/-45°




HONEYCOMB MATERIALS MILLING _
Assembled multiflute endmill with cutting plate 8T E@

. .120122683 0GD130390°L 0C12078023M4 77SUP.1226
g .2001220100 OGDCON103120°L  0C12089717M4 77SUP.2020
R .2401217100 OGDCONbS03120°L  0C12089714M4 77SUP.2417
= .4401217100 0GD4703120°L 0C12089714M4 775UP.4417
| fem | Pate | Shamk | Cufter
. .120122683 0GD130390°D 0C12078023M4 77SUP.1226
g .2001220100 OGDCON103120°D  0C12089717M4 77SUP.2020
£ .2401217100 OGDCONbS03120°D  0C12089714M4 77SUP.2417
™ .4401217100 0GD4703120°D 0C12089714M4 77SUP.4417
| fem | Pate | Shamk | Cufter
o 120122683 0GD130390°P 0C12078023M4 775UP.1226
S .2001220100 OGDCONT103120°P  0C12089717M4 77SUP.2020
L2 2401217100 OGDCONbS03120°P  0C12089714M4 77SUP.2417
™ 4401217100 0GD4703120°P 0C12089714M4 77SUP.4417

__-Z-

K20-K40

cod __Dbc__ | pcroL | APMX | OAL | DCON |

Micrograin HA
.120122683 26 83 26
. .2001220100 20 e9 20 100 20
.2401217100 24 e9 17 100 17

4401217100 44 e9 17 100 17
50/45
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STANDARD CFRP DRILLING
Straight flute Z=4 for manual und CNC drilling

Also available with DLC coating OI :
[a] —

OAL !

217

w1 | ""bc_ | DCTOL | APMX | OAL | DCON |
Gl ) T e S R
- HM 217.020DL 217.020 50 100 2
§>- Ko0LKAD 217.0248DL  217.0248 2,48 H7 50 100 2,48
Microgruin 217.030DL 217.030 3 H7 50 100 S
217.0317DL 217.0317 3,17 H7 50 100 3.17
217.040DL 217.040 4 H7 50 100 4
217.0421DL 217.0421 4,21 H7 50 100 4,21
217.0482DL 217.0482 4,82 H7 50 100 4,82
217.0505DL 217.0505 5,05 H7 50 100 5,05
217.0553DL 217.0553 5,53 H7 50 100 5158
217.060DL 217.060 6 H7 50 100 6
217.0635DL 217.0635 6,35 H7 50 100 6,35
217.660DL 217.660 6,6 H7 50 100 6,6
217.070DL 217.070 7 H7 50 100 7
217.0792DL 217.0792 7.92 H7 50 100 7.92
217.080DL 217.080 8 H7 50 100 8
217.0863DL 217.0863 8.63 H7 50 100 8.63
217.090DL 217.090 9 H7 50 100 9
217.100DL 217.100 10 H7 50 100 10
217.120DL 217.120 12 H7 50 100 12




KEVLAR DRILLING

Twist drill for munual and CNC upplicution

HM
K20-K40
Micrograin

30°

118

118.030
118.0317
118.040
118.050
118.060
118.0635
118.065
118.070
118.0793
118.080
118.085
118.090
118.100
118.120

Cod.

APMX

12 40
12 40
18 55
26 62
28 66
31 70
31 70
34 74
37 79
37 79
37 79
40 84
48 89
50 102




HPC CFRP DRILLING
HPC twist drill g

CVD Diamond Cer-DA ] APMX ]
Internal cooling OAL

i
T e

165C

| DCON _

90° 165C.0248062366DA 2,48 hé 23 66 28 6
{>- 165C.030062366DA 3 hé 23 66 28 6
165C.03175062366DA 3.175 hé 23 66 28 6

165C.040062974DA 4 hé 29 74 36 6

165C.04826063682DA 4,826 hé 36 82 44 6

165C.060063582DA 6 hé 35 82 44 6

165C.0635084391DA 6.35 hé 43 91 53 8

165C.0793084391DA 7.93 hé 43 91 53 8

165C.080084391DA 8 hé 43 91 53 8

165C.09521049103DA 9,52 hé 49 103 61 10

165C.1001049103DA 10 hé 49 103 61 10

HPC CFRP DRILLING
HPC twist drill for CFRP + Ti or CFRP + Al punels OT“@
CVD Diamond Cer-DA APMX e

LH

Internal cooling

OAL

165ST

el 8 e
S 1655T.0248062366DA 2,48 hé 23 66 28 6
{>- 1655T1.030062366DA 3 hé 23 66 28 6
1655T1.03175062366DA 3,175 hé 23 66 28 6
1655T1.040062974DA 4 hé 29 74 36 6
165ST.04826063682DA 4,826 hé 36 82 44 6
165ST.060063582DA 6 hé 35 82 44 6
165ST.0635084391DA 6,35 hé 43 91 53 8
165ST1.0793084391DA 7.93 hé 43 91 53 8
165ST.080084391DA 8 hé 43 91 53 8
165ST.09521049103DA 9.52 hé 49 103 61 10
165ST.1001049103DA 10 hé 49 103 61 10
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PCD MILLING

N
Straight flute PCD endmill with torus radius 8T_§
L S = : D
! ! OAL ‘

APMX

PK62TDT
Lo mm | OAL | DCON | RE |
Wil HA | 0/+2 | 0/+2 | _h6 | +/-0,03]
6
6
8

- PK62TDT.060060660 6 h10 6 60 0.5
.. PK62TDT.0600612100 6 h10 12 100 0.5
A PK62TDT.080080863 8 h10 8 63 0.5
PK62TDT.0800816100 8 h10 16 100 8 0.5

PK62TDT.100101072 10 h10 10 72 10 1

PK62TDT.1001020100 10 h10 20 100 10 1

PK62TDT.120121283 12 h10 12 83 12 1

PK62TDT.1201224100 12 h10 24 100 12 1




PCD MILLING "\

Straight flute PCD ball nose endmill ngg
» O

PK62TDR
Jv 1| Cod. | DC [ DCTOL | APMX | OAL | DCON | R |
vicowon]  HA I " he |

PK62TDR.0600606100 6 h10 6 100 6 3

00
i - PK62TDR.0800808100 8 h10 8 100 8 4
PK62TDR.1001010100 10 h10 10 100 10 5
6

’-‘ PK62TDR.1201212100 12 h10 12 100 12
7=

PCD MILLING . _
Straight multiflute PCD endmil I g

DC

PK66TD.080081063 8 h10 10 63 8
PK66TD.100101272 10 h10 12 72 10
PK66TD.120121583 12 h10 15 83 12






TITANIUM MILLING

4 flutes torus radius endmill

PVD Zirconium CerNi

' \
= K&

WA 38°/40°

122 B v 4 \\
N\ 4

641

HM T pIN Cod.
K20-K40 6527-L
Micrograin

641.030060857R030N
641.040061157R030N
641.050061357R030N
641.060061357R050N
641.060061357R100N
641.060061357R150N
641.080081963R050N
641.080081963R100N
641.080081963R150N
641.100102272R050N
641.100102272R100N
641.100102272R150N
641.120122683R100N
641.120122683R200N
641.120122683R300N
641.160163292R100N
641.160163292R200N
641.160163292R400N

u i

641.2002038104R200N
641.2002038104R300N
641.2002038104R500N

meooommmooombwla

N N — — —
o o oo O

20

h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
h10
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11.3
11.3
11.3
15,3
15.3
15,3
19.5
19.5
19.5
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TITANIUM MILLING

4 flutes torus radius endmill with internal coolant

PVD Zirconium CerNi

641F

_bc_borou apwx | 1 | oaL pcon| Re | ON_

o o T n Taia
641F.060061357R050N 6 h10 21 57 6 0.5 58
. 641F.060061357R100N 6 h10 13 21 57 6 1 58
HA [ 641F.060061357R150N 6 h10 13 21 57 6 1.5 58
641F.080081963R050N 8 h10 19 27 63 8 0.5 7.6
m . 641F.080081963R100N 8 h10 19 27 63 8 1 7.6
NA 38°/40° 641F.080081963R150N 8 h10 19 27 63 8 1.5 7.6
641F.100102272R050N 10 h10 22 32 72 10 0,5 9.3
641F.100102272R100N 10 h10 22 32 72 10 1 9.3
641F.100102272R150N 10 h10 22 32 72 10 1.5 9.3
641F.120122683R100N 12 h10 26 38 83 12 1 11.3
641F.120122683R200N 12 h10 26 38 83 12 2 11,3
641F.120122683R300N 12 h10 26 38 83 12 8 11,3
641F.160163292R100N 16 h10 32 44 92 16 1 15,3
641F.160163292R200N 16 h10 32 44 92 16 2 15,3
641F.160163292R400N 16 h10 32 44 92 16 4 183
641F.2002038104R200N 20 h10 38 54 104 20 2 19.5
641F.2002038104R300N 20 h10 38 54 104 20 3 19.5
641F.2002038104R500N 20 h10 38 54 104 20 5 19.5




Ni & HIGH TEMPERATURE ALLOYS MILLING

4 flutes torus radius endmill

PVD Zirconium CerNi

HM
K20-K40

' \
= &
WA 38°/40°

o [ N\

5 \ \\
a \ 4

642

Micrograin 6527-1

642.030060857R030N
642.040061157R030N
642.050061357R030N
642.060061357R050N
642.060061357R100N
642.060061357R150N
642.080081963R050N
642.080081963R100N
642.080081963R150N
642.100102272R050N
642.100102272R100N
642.100102272R150N
642.120122683R100N
642.120122683R200N
642.120122683R300N
642.160163292R100N
642.160163292R200N
642.160163292R400N
642.2002038104R200N
642.2002038104R300N
642.2002038104R500N
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Ni & HIGH TEMPERATURE ALLOYS MILLING N § o
4 fiutes torus rudius endmill with internal coolant gI E@
T APMX | * e
PVD Zirconium Cer-Ni LH
OAL |

642F

SR .. oo Porousel ulou bocovl i lov
| [ o012 [ 0s2 | 02| he |0/-0,04]0/005

v 642F.060061357R050N 6 h10 13 19 57 6 0.5 5,7
642F.060061357R100N 6 h10 13 19 57 6 1 5,7
HA [ 642F.060061357R150N 6 h10 13 19 57 6 1.5 5,7
642F.080081963R050N 8 h10 19 25 63 8 0.5 7.7

642F.080081963R100N 8 h10 19 25 63 8 1 7.7
NA 38°/40° 642F.080081963R200N 8 h10 19 25 63 8 1.5 7.7

f/ o 642F.100102272R050N 10 h10 22 30 72 10 0.5 9.7
a 8 642F.100102272R100N 10 h10 22 30 72 10 1 9.7
A 642F.100102272R250N 10 h10 22 30 72 10 1.5 9.7
642F.120122683R100N 12 h10 26 34 83 12 1 11.5

642F.120122683R200N 12 h10 26 34 83 12 2 115

642F.120122683R300N 12 h10 26 34 83 12 8 11,5

642F.160163292R100N 16 h10 32 47 92 16 1 15,5

642F.160163292R200N 16 h10 32 47 92 16 2 186

642F.160163292R400N 16 h10 32 47 92 16 4 185

642F.2002038104R200N 20 h10 38 53 104 20 2 19.5

642F.2002038104R300N 20 h10 38 53 104 20 S 19.5

642F.2002038104R500N 20 h10 38 58] 104 20 5 19.5




PVD TiAICIN Cer-Y

o) |

B
[IAY

B

35°/38°

2 e

6527
K/L/EL

HPC STEEL MILLING
HPC 4 flutes endmill

640.030060550Y
640.030060857Y
640.030060870Y
640.040060854Y
640.040061157Y
640.040061170Y
640.050060954Y
640.050061357Y
640.050061370Y
640.060061054Y
640.060061357Y
640.060061370Y
640.080081258Y
640.080081963Y
640.080081980Y
640.100101466Y
640.100102272Y
640.100102294Y
640.120121673Y
640.120122683Y
640.1201226109Y
640.160162282Y
640.160163292Y
640.1601632132Y
640.200202692Y
640.2002038104Y
640.2002038154Y

640W.030060550Y
640W.030060857Y
640W.030060870Y
640W.040060854Y
640W.040061157Y
640W.040061170Y
640W.050060954Y
640W.050061357Y
640W.050061370Y
640W.060061054Y
640W.060061357Y
640W.060061370Y
640W.080081258Y
640W.080081963Y
640W.080081980Y
640W.100101466Y
640W.100102272Y
640W.100102294Y
640W.120121673Y
640W.120122683Y
640W.1201226109Y
640W.160162282Y
640W.160163292Y
640W.1601632132Y
640W.200202692Y
640W.2002038104Y
640W.2002038154Y

CHW x 452 |~

T@—gl

APMX

OAL

mmmmmmmm
|_HAshank | _HBshank | h10 | 0/+2 | 0/+2 | 0/+2 | h6_[0/-0,051+/-0.05
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HPC STEEL MILLING
HPC budll hose 4 flutes endmill

PVD TIAICIN Cer-Y

K20-K40
Micrograin HA HB
'I.. /)
/1=
00

35°/38°

640R

640R.030060550Y
640R.030060857Y
640R.040060854Y
640R.040061157Y
640R.050060954Y
640R.050061357Y
640R.060061054Y
640R.060061357Y
640R.080081258Y
640R.080081963Y
640R.100101466Y
640R.100102272Y
640R.120121673Y
640R.120122683Y
640R.160162282Y
640R.160163292Y
640R.200202692Y
640R.2002038104Y

640WR 030060550Y
640WR 030060857Y
640WR.040060854Y
640WR.040061157Y
640WR.050060954Y
640WR.050061357Y
640WR.060061054Y
640WR 060061357Y
640WR 080081258Y
640WR.080081963Y
640WR.100101466Y
640WR.100102272Y
640WR.120121673Y
640WR.120122683Y
640WR.160162282Y
640WR.160163292Y
640WR.200202692Y
640WR.2002038104Y
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HPC STEEL MILLING
HPC 4 flutes roughing endmill

PVD TIAICIN Cer-Y

K20- K40
Micrograin
'I ~ B
00
35"/38
L/ DIN
J/ 6527
K/L/EL
=

640SP

640SP.030060550Y
640SP.030060857Y
6405P.030060870Y
6405P.040060854Y
6405P.040061157Y
6405P.040061170Y
640SP.050060954Y
640SP.050061357Y
640SP.050061370Y
6405P.060061054Y
6405P.060061357Y
6405P.060061370Y
6405P.080081258Y
640SP.080081963Y
640SP.080081980Y
640SP.100101466Y
6405P.100102272Y
6405P.100102294Y
6405P.120121673Y
640SP.120122683Y
6405P.1201226109Y
640SP.160162282Y
6405P.160163292Y
6405P.1601632132Y
6405P.200202692Y
6405P.2002038104Y
6405P.2002038154Y

640WSP.030060550Y
640WSP.030060857Y
640WSP.030060870Y
640WSP.040060854Y
640WSP.040061157Y
640WSP.040061170Y
640WSP.050060954Y
640WSP.050061357Y
640WSP.050061370Y
640WSP.060061054Y
640WSP.060061357Y
640WSP.060061370Y
640WSP.080081258Y
640WSP.080081963Y
640WSP.080081980Y
640WSP.100101466Y
640WSP.100102272Y
640WSP.100102294Y
640WSP.120121673Y
640WSP.120122683Y
640WSP.1201226109Y
640WSP.160162282Y
640WSP.160163292Y
640WSP.1601632132Y
640WSP.200202692Y
640WSP.2002038104Y
640WSP.2002038154Y
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102TC/TCL

ALUMINUM FINISHING N 3, _
2 flutes torus radius endmil gTé’_a

PVD TiB2 Cer-Al APMX A ‘
Also available without coating

102TC/TCL

™E Coa "Dc [APMX| LH | OAL |DCON| RE | DN |
ol B I cociod | uncoata | o8 | 072 | 0/+2 | 0752 | he 003/:00/0.05
v 1021C.020-40°G  102TC.020-40° 2 4 6 57 6 0.5 1.8
i 1021C.030-40°G  102TC.030-40° 3 5 9 57 6 0.5 2.8
[ 102TCL.030-40°G 102TCL.030-40° 3 6 50 100 6 0.5 2.8
m 102TC.040-40°G  102TC.040-40° 4 6 12 57 6 0.5 3.7
- K& 102TCL.040-40°G 102TCL.040-40° 4 8 50 100 6 05 3.7
A U 1021C.050-40°G  102TC.050-40° 5 7 15 57 6 05 4,6
102TCL.050-40°G 102TCL.050-40° 5 10 50 100 6 05 4,6
1021C.060-40°G  102TC.060-40° 6 8 20 57 6 1 55
102TCL.060-40°G 102TCL.060-40° 6 12 50 100 6 1 55
1021C.080-40°G  102TC.080-40° 8 10 26 63 8 1 7.4
102TCL.080-40°G 102TCL.080-40° 8 16 50 100 8 1 7.4
1021C.100-40°G  102TC.100-40° 10 12 31 72 10 1.5 9,2
102TCL.100-40°G 102TCL.100-40° 10 20 70 120 10 15 9,2
1021C.120-40°G  102TC.120-40° 12 14 37 83 12 1.5 11
102TCL.120-40°G 102TCL.120-40° 12 24 100 150 12 1.5 11
102TC.140-40°G  102TC.140-40° 14 16 41 83 14 2 13
102TCL.140-40°G 102TCL.140-40° 14 28 100 150 14 2 13
102TC.160-40°G  102TC.160-40° 16 18 43 92 16 2 15
102TCL.160-40°G 102TCL.160-40° 16 32 100 150 16 2 15
1021C.200-40°G  102TC.200-40° 20 22 53 104 20 25 19
102TCL.200-40°G 102TCL.200-40° 20 40 100 150 20 25 19




102RC/RCL

ALUMINUM FINISHING

2 flutes bull nose endmill

PVD TiB2 Cer-Al

Also available without coating

HM
K20-K40
Micrograin

102RC/RCL

Cod.

102RC.020-40°G
102RC.030-40°G
102RCL.030-40°G
102RC.040-40°G
102RCL.040-40°G
102RC.050-40°G
102RCL.050-40°G
102RC.060-40°G
102RCL.060-40°G
102RC.080-40°G
102RCL.080-40°G
102RC.100-40°G
102RCL.100-40°G
102RC.120-40°G
102RCL.120-40°G
102RC.140-40°G
102RCL.140-40°G
102RC.160-40°G
102RCL.160-40°G
102RC.200-40°G
102RCL.200-40°G

102RC.020-40°
102RC.030-40°
102RCL.030-40°
102RC.040-40°
102RCL.040-40°
102RC.050-40°
102RCL.050-40°
102RC.060-40°
102RCL.060-40°
102RC.080-40°
102RCL.080-40°
102RC.100-40°
102RCL.100-40°
102RC.120-40°
102RCL.120-40°
102RC.140-40°
102RCL.140-40°
102RC.160-40°
102RCL.160-40°
102RC.200-40°
102RCL.200-40°

(=
~
+
N
2
O Ol
N

-0,012/-0040
-0012/-0040
-0012/-0040
-0012/-0040
-0,012/-0040
-0012/-0,040
-0012/-0,040
-0012/-0040
-0012/-0040
-0.020/-0,056
-0020/-0,056
-0020/-0.0%6
-0020/-0,056
-0.020/-0.0%6
-0.020/-0056
-0026/-0070
0026/-0070
-0026/-0070
-0.026/-0070
-0,026/-0070
-0.026/-0070
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ALUMINUM HIGH REMOVAL MILLING

3 flutes forus radius endmill

CVD DLC CerDL

K20- K40
Microyrain H A

303.040060657R02DL
303.040060670R02DL
303.060060957R03DL
303.060060970R03DL
303.080081263R04DL
303.080081280R04DL
303.100101572R0SDL
303.100101590R05DL
303.120121883R06DL
303.1201218100R06DL
303.160162493R08DL
303.1601624120R08DL
303.2002030104R10DL
303.2002030150R10DL

0.2
0.2
0.3
0.3
04
04
0.5
0.5
0.6
0.6
0.8
0.8

1

1

3.9
3.9
5.8
5.8
7.8
7.8
9.8
9.8
11.8
11.8
15,8
15,8
19.8
19.8

DC | APMX | LH | OAL | DCON |
mm
4 12 57 6
4 6 20 70 6
6 9 18 57 6
6 9 30 70 6
8 12 24 63 8
8 12 40 80 8
10 15 30 72 10
10 15 50 %0 10
12 18 36 83 12
12 18 60 100 12
16 24 48 93 16
16 24 80 120 16
20 30 60 104 20
20 30 100 150 20






Composites Milling - Working Parameters

5 5 o DC=2mm DC=3mm DC=4mm DC=5mm DC=6mm
b o [s) o o o 1%} 1%} 1%} I8} o I8} o o o o o
> > > o o o o [a) o [a) [a) [a) [a) a a [a) o
+ > > o o [y o oz o3 o oZ o35 o3 oz o3 o3 o
o) & o) S S 32 5 53 52 5 53 S22 5y 53 > B 53
& S £ S| 3| &| S| 3| &| 3| 3| &| S| 3| &| 3| 3
3
Tool ISO Muateridl V¢ [m/min] * [mm] * [mm] * [mm] f* [mm] * [mm]
68DX/685X
68TD/68RDX™ Thermosets 150 120 10 0,167 | 0,125 | 0,050 | 0,208 | 0,156 | 0,063 | 0,250 | 0,188
685U/104PH
PK62TDT
PE?(Z(,T@?B“ Curbon fiber CFRP/ CFC 120 100 10 0,167 | 0,125 | 0,050 | 0,208 | 0,156 | 0,063 | 0,250 | 0,188
119P 150 120 10 0,158 | 0,095 | 0,047 | 0210 | 0,126 | 0,063 | 0,263 | 0,158 | 0,079 | 0,315 | 0,189
Aramid fiber/Keviar
4191D N 300 200 10 0220 | 0,132
TR Honeycomb/Nomex 1000 10 0002 | 0002
Thermosets 150 120 10 0,067 | 0,050 | 0,020 | 0,100 | 0,075 | 0,030 | 0,133 | 0,100 | 0,040 0,200 | 0,150
106/108/109
FM.G
¢ ) Glass fiber GFRP / GFK 250 200 10 0,067 | 0,050 | 0,020 | 0,100 | 0,075 | 0,030 | 0,133 | 0,100 | 0,040 0,200 | 0,150

*fin mm per turn
** Ball nose end Mills: calculate Nrpm] us per Tab.K

Tool 1SO Muterial Strenght [MPd] N. Designation Ve [m/min]
Thermoplustics Delrin, Hostalen 200
165C Duroplustic Ferrozelf, Bukelit 200
217 Curbon fiber CFC - CFK 120
Fiber reinforced plustics GFK* 200
18 Thermoplustics Delrin, Hostalen 150
Arumid fiber / Keviar 150
Aluminum (unulloyed, low ulloy) <350 3,0255 A199,5 200
Aluminum dlloy Si<0,5% <500 3,0615 AlMni 160
N Aluminum dlloy 0,5%<Si<10% <400 32152 GD-AIS16Cud 160
Aluminum ulloy 10%<Si<15% <400 32381 G-AlSiIOMy 150
Aluminum dlloy Si>15% <400 G-AlSi17Cud 150
Copper (undlloyed, low dlloy) <350 2,0060 E-Cub7 90
Cust coppoer ulloys <700 2,0240 CuZn15 90
1658T Speciul copper dlloys <200 HE 2,0916 CuAl5 70
Speciul copper dlloys <300 HB 2,0978 CuAIT1Ni6Feb 70
Speciul copper ulloys > 300 HE 21247 Cul3e2F1 25 70
Short chipping bruss, bronze, cust bronze <600 2,0360 CuZn40 (Ms60) 70
Lony chihpping brass <600 2,0335 CuZn36 (Ms63) 70
Pure titunium <900 3,7025 Ti99.8 25
S| Titanium dlloys <700 37114 TIA155n2 20
Titanium dlloys <1200 37164 TIAIBVA 15

*fin mm per turn

Tdb. K
up  |DCx0,05) DCx0.1 [DCx0,15] DCx0.2 |DCx0.25{ DCx0.3 | DCx04 | DCx 0.5
K 23 1.7 14 1.3 1.2 1.1 1.0 1.0

nrem] = K x Ve[m/min] x 1000 / (Dc[mm] x 3,14)
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Milling Working Parameters

2 o |2 |2, DC=2mm DC=3mm
S o|lc9o|Lo[c o [8) O o 8] o ) o
S8|28|50|28| sa| 92| 35| sa| 92| 325 | s
STE7&7|8| 2| " "2 2] 2| "2 | 8
Tool ISO Materidl Strenght [MPa] | N. Designation Ve [m/min] |ap max x DC fz [mm] fz [mm]
Generdl construction steel <800 1,0037 St37-2 200 | 160 10 05 0024 | 0019 | 0014 | 0,029
Automatic steel <800 10719 9SMnPb28 210 | 170 10 05 0,024 | 0019 | 0014 | 0,029
Unulloyed cuse hurdened steel <800 1,0401 C15 180 | 140 10 05 0017 | 0013 | 0010 | 0,029
Alloyed cuse hurdened steel <1000 1,7331 16MnCrb (EC80) 160 | 130 10 05 0012 | 0,009 | 0,007 | 0,029
Undlloyed unnedled steel <850 1,0503 C45 170 | 135 10 05 0017 | 0013 | 0010 | 0,029
Undlloyed unneuled steel <1000 1,0601 C60 160 | 130 10 05 0,018 | 0,014 | 0010 | 0,029
p Alloyed unneuled steel <800 15131 50MnS14 160 | 130 10 05 0,018 | 0,014 | 0010 | 0,029
Alloyed unneuled steel <1300 1,5755 31INiCr14 140 | 115 10 05 0,012 | 0,009 | 0,007 | 0029
Cust steel <850 0,9650 G-X260Cr27 140 | 110 10 05 0,018 | 0014 | 0010 | 0,029
o%(r)e Nitriding steel <1000 1,8504 34CrAl6 160 | 130 | 10 | 05 0018 | 0014 | 0010 | 0029
640SP Nitriding steel <1200 1,8515 31CrMo12 140 | 115 10 05 0,012 | 0,009 | 0007 | 0022
Beuring steel <1200 1,3505 100Cr6 (W3) 160 | 130 10 05 0,018 | 0014 | 0010 | 0,029
Tool steel (cold working) <1300 12312 40CrMnMoS8 6 150 | 120 10 05 0,017 | 0013 | 0010 | 0,029
Tool steel (hot working) <1300 1,2343 X38CrMoV 51 130 | 100 10 05 0,017 | 0,013 | 0,010 | 0,029
Sulphured stuinless steel <850 1,4305 X8CrNiS18-9 110 90 10 05 0012 | 0,009 | 0,007 | 0,018
Ferrific stainless steel <750 14510 X3CrTil7 100 80 10 05 0012 | 0,009 | 0,007 | 0018
M Martensitic stuinless steel <900 1,4034 X46Cr13 85 70 10 05 0012 | 0,009 | 0,007 | 0,018
Ferritic martensitic stainless steel <1100 14313 X3CiN113.4 100 80 10 05 0012 | 0,009 | 0,007 | 0,018
Austenitic/fenitic martensitic stuinless steel <850 14460 X8CMNiMo27 5 100 80 10 05 0,012 | 0,009 | 0,007 | 0018
Austenitic stuinless steel <750 14301 X5CrNi18-10 100 80 10 05 0,012 | 0,009 | 0,007 | 0018
642(F) M Hedut resistunt steel <1100 14747 X80CriS120 26 20 10 000915987 0,007 | 0,005 (0015266451
Lamellar graphite cast iron 100-350 0,6010 GG10 170 | 135 10 05 0024 | 0019 | 0014 | 0,036
Grey yruphite cust iron 300-1000 0,6030 GG30 140 | 110 10 05 0,018 | 0014 | 0,010 | 0,036
Spheroidul cust iron 300-500 0,7040 GGG40 160 | 130 10 05 0,018 | 0,014 | 0010 | 0,029
éjég, K Spheroidal cust iron 550-800 0,7060 GGG60 130 | 100 10 05 0018 | 0,014 | 0010 | 0,029
6405P Tempered white cust iron 350-450 0,8035 GTW35 150 | 120 10 05 0,018 | 0014 | 0010 | 0,029
Tempered white cust iron 500-650 0,8055 GTW55 140 | 110 10 05 0,018 | 0,014 | 0010 | 0,029
Tempered black cust iron 350-450 08135 1835 150 | 120 10 05 0018 | 0,014 | 0,010 | 0,029
Tempered bluck cust iron 500-700 08155 [SIN) 135 | 110 10 05 0,018 | 0,014 | 0010 | 0,029
Aluminum (unalloyed, low dlloy) <350 3,0255 A199.5 300 | 240 | 05 0097 | 0073 | 0,029 | 0,117 | 0,088 | 0035 | 0,140
1021C Aluminum alloy $i<0,5% <500 30515 AlMni 300 | 240 | 05 0097 | 0073 | 0029 | 0,117 | 0088 | 0035 | 0,140
} gggg; N Aluminum alloy 0,5%<Si<10% <400 3,2152 GD-AIS16Cud 300 | 240 05 0,097 | 0073 | 0,029 | 0,117 | 0,088 | 0035 | 0,140
102RCL* Aluminum dlloy 10%<Si<15% <400 3,2381 G-AlSIOMy 150 | 120 | 05 0,049 | 0,036 | 0,015 | 0,058 | 0,044 | 0018 | 0,070
Aluminum dlloy Si>15% <400 G-AlSi17Cu4
Aluminum (unulloyed, low dlloy) <350 3,0255 A199.5 500 | 400 10 0,140
Aluminum alloy Si<0,5% <500 3,0515 AlMni 500 | 400 10 0,140
303 N Aluminum alloy 0,5%<Si<10% <400 32152 GD-AIS16Cud 500 | 400 10 0,140
Aluminum dlloy 10%<Si<15% <400 3,2381 G-AlSiIOMy 300 | 240 10 0,070
Aluminum dlloy Si>15% <400 G-AlSi17Cud
Pure nickel 13911 RNi24 0011 | 0,008 | 0,006 | 0015
Nickel dlloy 1,3912 Ni36 (Invar) 0011 | 0008 | 0,006 | 0,015
Nickel ulloy <850 2,4360 S-NiCu 30 Fe 25 20 05 0011 | 0,008 | 0006 | 0015
8420) Nickel-chromium dlloys 24886 SG-NiMo16Cr16W 25 20 05 0011 | 0,008 | 0,006 | 0015
Nickel-cobult ulloys <1300 24632 NiCr20Co18Ti 25 20 05 0,011 | 0,008 | 0,006 | 0015
S Nickel-cobult dlloys <1300 24634 | NiCo20Cr15, MoAlTi 25 20 0] 0011 | 0,008 [ 0,006 | 0015
Heut resistunt dlloys <1300 Hardox 400 25 20 05 0011 | 0,008 | 0,006 | 0015
Nickel-chromium-cobult dlloys <1400 24806 [SG-NICr20Nb, Inconel 82| 25 20 05 0011 | 0,008 | 0,006 | 0015
Pure titunium <900 3,7025 Ti99.8 135 | 110 10 0021 | 0017 | 0012 | 0,031
641(F) Titanium dlloys <700 3,7114 TIA155n2 45 45 10 0,007 | 0,009 | 0,023 | 0,009
Titanium dlloys <1200 37164 TIAIBV4 45 45 10 0,007 | 0,009 | 0,023 | 0,009

* Bull hose end mills: calculate nrpm] as per Tab K puy. 36
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AEIOSPACE
DC=4mm DC=5mm DC=6mm DC=8mm DC=10mm DC=12mm DC=16mm DC =20mm
2| 8 g1 8 8 8| 8| 8| 8| 8| 8] 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8| 8
83 [ 82 | 83| 82| ¢S | 83| 33| %2 | %S| 83| S| 83| 83| ¢S | 85| 83| %2 | 82| s3] s | S| ¢35 | ¢
fz [mm] z [mm] fz [mm] fz [mm] fz [mm] fz [mm] fz [mm] fz [mm]
0,022 | 0016 | 0043 [ 0,032 | 0022 | 0053 [ 0039 | 0026 | 0064 | 0,048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 | 0,108 | 0,083 | 0064 | 0,126 | 0,103 | 0,080
0022 | 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0,032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 [ 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0,126 | 0,103 | 0080
0,022 | 0016 | 0043 [ 0032 | 0022 | 0053 [ 0039 | 0026 | 0064 | 0048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 [ 0,08 | 0083 | 0064 [ 0,126 | 0,103 | 0,080
0022 | 0016 | 0043 | 0032 | 0022 | 0053 | 0,039 | 0026 | 0,064 | 0,048 | 0032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 | 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0,032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 | 0016 | 0043 [ 0032 | 0022 | 0053 [ 0039 | 0026 | 0064 | 0048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 [ 0,08 | 0083 | 0064 [ 0,126 | 0,103 | 0,080
0,022 | 0016 | 0043 [ 0,032 | 0022 | 0053 [ 0,039 | 0026 | 0064 | 0,048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 | 0,108 | 0,083 | 0064 | 0,126 | 0,103 | 0,080
0022 | 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0,032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 [ 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0,126 | 0,103 | 0080
0017 1 0012 | 0032 [ 0,024 | 0016 | 0040 [ 0,030 | 0020 | 0048 | 0036 | 0,024 | 0,064 | 0,048 | 0,032 | 0,080 | 0,060 | 0,040 [ 0,081 | 0062 | 0048 [ 0,101 | 0,083 | 0,064
0022 | 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0,032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 | 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0,032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 | 0016 | 0043 | 0032 | 0022 | 0053 [ 0039 | 0026 | 0064 | 0048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 [ 0,08 | 0083 | 0064 [ 0,126 | 0,103 | 0,080
0,014 |1 0010 | 0027 | 0,020 | 0014 | 0036 | 0027 | 0018 | 0043 | 0032 | 0,021 | 0054 | 0041 | 0027 | 0,068 | 0,051 | 0,034 | 0,072 | 0055 | 0,043 | 0094 | 0077 | 0,060
0014 | 0010 | 0027 | 0020 | 0014 | 0036 | 0027 | 0018 | 0,043 | 0032 | 0021 | 0054 | 0041 | 0027 | 0068 | 0051 | 0034 | 0072 | 0,055 | 0,043 | 0094 | 0077 | 0060
0014 1 0010 | 0027 [ 0,020 | 0014 [ 0036 | 0027 | 0018 | 0043 | 0032 | 0021 | 0,054 | 0,041 | 0,027 | 0,068 | 0,051 | 0,034 [ 0072 | 0055 | 0,043 | 0094 | 0077 | 0,060
0,014 |1 0010 | 0027 | 0,020 | 0014 | 0,036 | 0027 | 0018 | 0043 | 0032 | 0,021 | 0,054 | 0041 | 0027 | 0,068 | 0,051 | 0,034 | 0,072 | 0,055 | 0,043 | 0094 | 0077 | 0,060
0014 [ 0010 | 0027 [ 0020 | 0014 | 0036 | 0027 | 0018 | 0043 | 0032 | 0021 | 0054 | 0041 | 0027 | 0068 | 0051 | 0034 | 0072 | 0055 | 0,043 | 0094 | 0077 | 0,060
0014 [ 0010 | 0027 | 0020 | 0014 | 0036 | 0027 | 0018 | 0043 | 0032 | 0021 | 0054 | 0041 | 0027 | 0068 | 0051 | 0034 | 0072 | 0055 | 0,043 | 0094 | 0077 | 0,060
0,012 | 0009 | 0,0221{ 0016 | 0011 [ 00289 [ 0022 | 0014 | 0034 | 0025 | 0017 | 00425 | 0,032 | 0,021 | 0,051 | 0,038 | 0,026 (0067470489 0,044 | 0,034 [00671984] 0,055 | 0,043
0,028 | 0020 | 0051 [ 0,038 [ 0026 | 0061 [ 0045 | 0030 | 0072 | 0,054 | 0,036 | 0,093 | 0069 | 0,046 | 0,112 | 0,083 | 0,056 | 0,135 | 0,103 | 0,080 | 0,152 | 0,124 | 0,096
0028 | 0020 | 0051 | 0038 | 002 | 0061 | 0045 | 0030 | 0,072 | 0,054 | 0036 | 0093 | 0069 | 0046 | 0112 | 0083 | 0056 | 0,135 | 0,03 | 0,080 | 0.152 | 0,124 | 009
0022 [ 0016 | 0043 | 0032 | 0,022 | 0,053 | 0039 | 0026 | 0064 | 0,048 | 0032 | 0080 | 0,060 | 0,040 | 009 | 0072 | 0,048 | 0,108 | 0,083 | 0064 | 0,126 | 0,103 | 0,080
0,022 | 0016 | 0043 | 0,032 | 0022 | 0053 [ 0,039 | 0026 | 0064 | 0,048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 | 0,108 | 0,083 | 0064 | 0,126 | 0,103 | 0,080
0022 | 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0,032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 [ 0016 | 0043 | 0032 | 0022 | 0053 | 0039 | 0026 | 0,064 | 0,048 | 0032 | 0080 | 0060 | 0040 | 0096 | 0072 | 0048 | 0,108 | 0,083 | 0,064 | 0.126 | 0,103 | 0080
0022 | 0016 | 0043 [ 0032 | 0022 | 0053 [ 0039 | 0026 | 0064 | 0,048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 [ 0,08 | 0083 | 0064 [ 0,26 | 0,103 | 0,080
0,022 | 0016 | 0043 [ 0,032 | 0022 | 0053 | 0,039 | 0026 | 0064 | 0,048 | 0,032 | 0,080 | 0,060 | 0,040 | 0,09 | 0072 | 0,048 | 0,108 | 0,083 | 0064 | 0,126 | 0,103 | 0,080
0105 | 0042 | 0175 | 0131 | 0053 | 0210 | 0158 | 0,063 | 0280 | 0210 | 0,084 | 0350 | 0263 | 0105 | 0420 | 0315 | 0126 | 0560 | 0,420 | 0,168 | 0.700 | 0525 | 0210
0,05 | 0042 | 0,175 | 0,131 | 0,053 [ 0210 [ 0,158 | 0,063 | 0280 | 0,210 | 0,084 | 0,350 | 0263 | 0,105 | 0420 | 0315 | 0,126 [ 0560 | 0420 | 0,068 [ 0,700 | 0,525 | 0.210
0,105 | 0042 | 0175 | 0,131 | 0,053 | 0,210 | 0,158 | 0,063 | 0280 | 0,210 | 0,084 | 0,350 | 0263 | 0,105 | 0420 | 0315 | 0,126 | 0,560 | 0420 | 0,168 [ 0,700 | 0,525 | 0.210
0053 | 0021 | 0088 | 0066 | 002 | 0105 | 0079 | 0032 | 0,140 | 0,05 | 0,042 | 0.175 | 0131 | 0053 | 0210 | 0158 | 0,063 | 0.280 | 0210 | 0,084 | 0.350 | 0263 | 0105
0,105 | 0,042 0210 | 0,158 | 0,063 | 0280 | 0210 | 0,084 | 0,350 | 0263 | 0,105 | 0420 | 0315 | 0,126 | 0560 | 0420 | 0,068 | 0,700 | 0,525 | 0.210
0,105 | 0042 0210 | 0,158 | 0063 | 0280 | 0210 | 0084 | 0350 | 0263 | 0,105 | 0420 | 0315 | 0,126 | 0560 | 0420 | 0,168 | 0700 | 0525 | 0.210
0,105 | 0042 0210 | 0,158 | 0063 | 0280 | 0210 | 0084 | 0350 | 0263 | 0105 | 0420 | 0,315 | 0,126 | 0560 | 0420 | 0,168 | 0700 | 0525 | 0,210
0,083 | 0,021 0,05 [ 0079 | 0032 | 0,140 | 0,105 | 0,042 | 0,175 | 0,131 | 0,083 | 0210 | 0,158 | 0,063 | 0280 | 0,210 | 0,084 | 0,350 | 0.263 | 0,105
0012 [ 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0034 | 0025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0044 | 0030 | 0065 | 0049 | 0,038 | 0,074 | 0060 | 0,047
0012 [ 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0034 | 0025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0044 | 0030 | 0065 | 0049 | 0,038 | 0,074 | 0,060 | 0,047
0012 | 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0,034 | 0,025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0044 | 0030 | 0065 | 0,049 | 0,038 | 0074 | 0060 | 0,047
0012 | 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0034 | 0025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0044 | 0030 | 0065 | 0049 | 0038 | 0,074 | 0,060 | 0,047
0012 [ 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0034 | 0025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0024 | 0030 | 0065 | 0049 | 0,038 | 0,074 | 0,060 | 0,047
0012 [ 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0034 | 0025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0044 | 0030 | 0065 | 0049 | 0,038 | 0,074 | 0,060 | 0,047
0012 | 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0034 | 0025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0044 | 0030 | 0065 | 0049 | 0,038 | 0,074 | 0060 | 0,047
0012 | 0009 | 0022 | 0016 | 0011 | 0029 | 0022 | 0014 | 0034 | 0025 | 0017 | 0,043 | 0,032 | 0021 | 0060 | 0044 | 0030 | 0065 | 0049 | 0,038 | 0,074 | 0,060 | 0,047
0024 | 0017 | 0046 | 0034 | 0023 | 0056 | 0042 | 0028 | 0,068 | 0,051 | 0,034 | 0,085 | 0063 | 0043 | 0119 | 0089 | 0060 | 0129 | 0099 | 0,077 | 0,148 | 0.121 | 0094
0,012 | 0,031 0,012 | 0016 | 0039 | 0014 | 0019 | 0047 | 0019 | 0,025 | 0,062 | 0,033 | 0,045 [ 0,112 | 0,028 | 0,037 | 0093 | 0037 | 0050 | 0,124 | 0,047 | 0062 | 0,155
0012 | 0031 | 0012 | 0016 | 0039 | 0014 | 0019 | 0047 | 0019 | 0025 | 0,062 | 0,033 | 0,045 | 0,112 | 0028 | 0037 | 0093 | 0037 | 0050 | 0,124 | 0,047 | 0062 | 0,155
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