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 · Solid Carbide Milling Cutters
 

Circle Segment End Mills

—
NR N 

ø 8 - 16 mm
a/2 = 20°

ø 8 - 16 mm
r2 = 40 - 60 mm

ø 8 - 16 mm
r2 = 40 - 60 mm

ø 10 mm
r2 = 50 mm

ø 3 - 16 mm
r2 = 50 - 95 mm

ø 10 - 16 mm
r2 = 75 - 85 mm

4 4 4 4 3 - 4 6  Z  [ ]

3556L 3552LZ 3554LZ 3542L 3538L 3539L  

388 390 392 394 396 398   ·  Page

P

1.1

2.1

3.1

4.1

5.1

M
1.1
2.1
3.1
4.1

K

1.1
1.2
2.1
2.2
3.1
3.2
4.1
4.2

N

1.1
1.2
1.3
1.4
1.5
1.6

2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

3.1
3.2

4.1
4.2
4.3
4.4

5.1
5.2
5.3

S

1.1
1.2
1.3

2.1
2.2
2.3
2.4
2.5
2.6

H
1.1
1.2
1.3
1.4
1.5

Product finder
 :

:
  =  
  = 

Please note:
 The suitability is indicated as follows:

   = very suitable 
  = suitable

 446 - 467 International comparison of materials, see pages 446 - 467.

アプリケーション – 
 Applications – material  Tensile strength

-DIN
 Material examples

-JIS
 Material numbers

P

 Steel materials

1.1
Cold-extrusion steels, 
Construction steels, 
Free-cutting steels, etc.

≤ 600 N/mm2
Cq15 SPC, SPH, SS400, STKM, 

SUM22, SWRCH, SWRMS235JR (St37-2)
10SPb20

2.1
Construction steels, 
Case-hardened steels, 
Steel castings, etc.

≤ 800 N/mm2
E360 (St70-2) S35C, S45C, SCr415H,  

SMn438, SUM24L16MnCr5
GS-25CrMo4

3.1
Case-hardened steels, 
Heat-treatable steels, 
Cold work steels, etc.

≤ 1000 N/mm2
20MoCr3 SACM, SCM415H, SCM440H, 

SCMn, SCPH, SCr440H, SUJ242CrMo4
102Cr6

4.1
Heat-treatable steels, 
Cold work steels, 
Nitriding steels, etc.

≤ 1200 N/mm2
50CrMo4

SCM445H, SKH, SKS, SKT, SUPX45NiCrMo4
31CrMo12

5.1
High-alloyed steels, 
Cold work steels, 
Hot work steels, etc.

≤ 1400 N/mm2
X38CrMoV5-3

SKD12, SKD61, SKT, SUH, SKHX100CrMoV8-1-1
X40CrMoV5-1

M
 Stainless steel materials

1.1 Ferritic, martensitic ≤ 950 N/mm2 X2CrTi12 SCS, SUS420J2, SUS403
2.1 Austenitic ≤ 950 N/mm2 X6CrNiMoTi17-12-2 SCS, SUH, SUS304, SUS316L
3.1 Austenitic-ferritic (Duplex) ≤ 1100 N/mm2 X2CrNiMoN22-5-3 SUS329J3L, SUS630
4.1 Austenitic-ferritic heat-resistant (Super Duplex) ≤ 1250 N/mm2 X2CrNiMoN25-7-4 SUS329J4L, SCS14A, 15-5PH

K

 Cast materials
1.1

Cast iron with lamellar graphite (GJL)
100-250 N/mm2 EN-GJL-200 (GG20) FC200

1.2 250-450 N/mm2 EN-GJL-300 (GG30) FC300
2.1

Cast iron with nodular graphite (GJS)
350-500 N/mm2 EN-GJS-400-15 (GGG40) FCD450

2.2 500-900 N/mm2 EN-GJS-700-2 (GGG70) FCD700
3.1

Cast iron with vermicular graphite (GJV)
300-400 N/mm2 GJV 300 FCV300

3.2 400-500 N/mm2 GJV 450 FCV400
4.1

Malleable cast iron (GTMW, GTMB)
250-500 N/mm2 EN-GJMW-350-4 (GTW-35) FCMW330

4.2 500-800 N/mm2 EN-GJMB-450-6 (GTS-45) FCMW370

N

 Non-ferrous materials
 Aluminium alloys

1.1
Wrought aluminium alloys

≤ 200 N/mm2 EN AW-AlMn1 A1050, A3030
1.2 ≤ 350 N/mm2 EN AW-AlMgSi A5052, A6061
1.3 ≤ 550 N/mm2 EN AW-AlZn5Mg3Cu A7075
1.4

Aluminium cast alloys
Si ≤  7% EN AC-AlMg5 ADC5, AC7A

1.5 7% < Si ≤ 12% EN AC-AlSi9Cu3 ADC11, ADC12, AC2A
1.6 12% < Si ≤ 17% GD-AlSi17Cu4FeMg ADC14

 Copper alloys
2.1 Pure copper, low-alloyed copper ≤ 400 N/mm2 E-Cu 57 , C2400
2.2 Copper-zinc alloys (brass, long-chipping) ≤ 550 N/mm2 CuZn37 (Ms63) C2720, C2801
2.3 Copper-zinc alloys (brass, short-chipping) ≤ 550 N/mm2 CuZn36Pb3 (Ms58) C3560, C3710
2.4 Copper-aluminium alloys (alu bronze, long-chipping) ≤ 800 N/mm2 CuAl10Ni5Fe4 C5210, C6280
2.5 Copper-tin alloys (tin bronze, long-chipping) ≤ 700 N/mm2 CuSn8P LBC3
2.6 Copper-tin alloys (tin bronze, short-chipping) ≤ 400 N/mm2 CuSn7 ZnPb (Rg7) BC3
2.7

Special copper alloys
≤ 600 N/mm2 (AMPCO® 8)

2.8 ≤ 1400 N/mm2 (AMPCO® 45)
 Magnesium alloys

3.1 Magnesium wrought alloys ≤ 500 N/mm2 MgAl6Zn
3.2 Magnesium cast alloys ≤ 500 N/mm2 EN-MCMgAl9Zn1 MC2A, MD1A

 Synthetics
4.1 Duroplastics (short-chipping) Bakelit, Pertinax
4.2 Thermoplastics (long-chipping) PMMA, POM, PVC
4.3 ≤ 30% Fibre-reinforced synthetics (fibre content ≤ 30%) GFK, CFK, AFK
4.4 > 30% Fibre-reinforced synthetics (fibre content > 30%) GFK, CFK, AFK

 Special materials
5.1 Graphite C 8000
5.2 Tungsten-copper alloys W-Cu 80/20
5.3 Composite materials Hylite, Alucobond

S

 Special materials
 Titanium alloys

1.1 Pure titanium ≤ 450 N/mm2 Ti1
1.2

Titanium alloys
≤ 900 N/mm2 TiAl6V4 4Ti-6Al-4V

1.3 ≤ 1250 N/mm2 TiAl4Mo4Sn2 TiAl4Mo4Sn2
 Nickel alloys, cobalt alloys and iron alloys

2.1 Pure nickel ≤ 600 N/mm2 Ni 99,6
2.2

Nickel-base alloys
≤ 1000 N/mm2 Monel 400 400,  B

2.3 ≤ 1600 N/mm2 Inconel 718 718
2.4

Cobalt-base alloys
≤ 1000 N/mm2 Udimet 605 Udimet 605

2.5 ≤ 1600 N/mm2 Haynes 25 Haynes 25
2.6 Iron-base alloys ≤ 1500 N/mm2 Incoloy 800 Incoloy 800

H

 Hard materials
1.1

High strength steels, hardened steels, hard castings

44 - 50 HRC Weldox 1100 SKT4, 1100
1.2 50 - 55 HRC Hardox 550 500
1.3 55 - 60 HRC Armox 600T SKD61, 600T
1.4 60 - 63 HRC Ferro-Titanit SKD11
1.5 63 - 66 HRC HSSE HSSE
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Circle Segment End Mills End Mills for Hybrid Additive Manufacturing

 
 Cut&Form End Mills

— —
N N W 

a/2 = 12,5 - 42,5°
r2 = 50 - 1500 mm

a/2 = 60 - 70°
r2 = 200 mm

a/2 = 12,5 - 42,5°
r2 = 200 - 1500 mm

a/2 = 60 - 70°
r2 = 200 mm

ø 4 - 12 mm
r2 = 6 - 25 mm

ø 0,6 - 3 mm ø 0,6 - 3 mm ø 3,5 - 5 mm ø 6 - 12 mm ø 6 - 12 mm

Z  [ ] 3 2 6 4 3 2 2 3 3 / 6 3 / 6  Z  [ ]

3540L 3540L 3541L 3541L 3544L 2594L 2509L 3060L 2506 2507  

· Page 400 400 402 402 404 406 408 410 412 412   ·  Page

P P

1.1 1.1

2.1 2.1

3.1 3.1

4.1 4.1

5.1 5.1

M M
1.1 1.1
2.1 2.1
3.1 3.1
4.1 4.1

K K

1.1 1.1
1.2 1.2
2.1 2.1
2.2 2.2
3.1 3.1
3.2 3.2
4.1 4.1
4.2 4.2

N N

1.1 1.1
1.2 1.2
1.3 1.3
1.4 1.4
1.5 1.5
1.6 1.6

2.1 2.1
2.2 2.2
2.3 2.3
2.4 2.4
2.5 2.5
2.6 2.6
2.7 2.7
2.8 2.8

3.1 3.1
3.2 3.2

4.1 4.1
4.2 4.2
4.3 4.3
4.4 4.4

5.1 5.1
5.2 5.2
5.3 5.3

S S

1.1 1.1
1.2 1.2
1.3 1.3

2.1 2.1
2.2 2.2
2.3 2.3
2.4 2.4
2.5 2.5
2.6 2.6

H H
1.1 1.1
1.2 1.2
1.3 1.3
1.4 1.4
1.5 1.5



 · Circle Segment End Mills  · Cutting Conditions

388  389v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

�  
�  
�   
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 4 flutes
�  Variable spacing
�  Low-vibration machining
�  Highly efficient roughing

NR

30°

ø 
d 1

l1

l2

r2r1

r3

�/2

ø 
d 2

 – ER  
Taper Form – ER

 · Coating ALCR

 –  ( )
�  
�  
�  
�  

�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  Also suitable in nickel-base alloys
�  For the machining of titanium alloys
�  Suitable in all turbine materials
�  Optimised for pre-finishing Impellers and Integrated 

Bladed Rotors (IBR) made from aluminium, titanium 

and Inconel

P 1.1-5.1
M 1.1-4.1
N 1.1-1.3
S 1.1-1.3
S 2.2-2.6

3556L
/2 ø d 1 r 1 r 2 r 3 l 2 l 1 ø d 2  

h6

Z   
[ ]

20°
8 1 250 4 9,5 68 8 4 3556L.08250A

10 1,5 250 5 11,5 80 10 4 3556L.10250A
12 1,5 250 6 12,5 93 12 4 3556L.12250A
16 2 500 8 16 108 16 4 3556L.16500A

l2

r1

r2

r3

ø 
d 7

ø 
d 5

ø 
d 6

ø 
d 1

� /
2

a/2 ø d 1 r 1 r 2 r 3 l 2 ø d 5 ø d 6 ø d 7

20°
8 1 250 4 9,5 1,372 3,242 3,372

10 1,5 250 5 11,5 1,441 4,243 4,441
12 1,5 250 6 12,5 2,945 5,744 5,945
16 2 500 8 16 3,740 7,482 7,740

 
Dimensions for tool database

d6 =
Tangent point of r1 and r2

d7 =  d5 + 2 x r1

   –   
Circle segment end mills type NR – taper form-ER

  · Valid for
3556L

a p
 =

 0
,5

 x
 l 2

a p

ae

ø dø d11

aee = 0,5 - 1 mm

a p
a p

 =
 0

,5
 -

 1
 x

 l 2

ae

v c 

 [m/min]

f z 
 [mm]

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 100 0,004 x d1 140 0,005 x d1

2.1 90 0,004 x d1 130 0,004 x d1

3.1 90 0,003 x d1 120 0,004 x d1

4.1 80 0,002 x d1 110 0,003 x d1

5.1 70 0,002 x d1 100 0,003 x d1

M
 · Stainless steel materials

1.1 80 0,004 x d1 100 0,005 x d1
2.1 70 0,003 x d1 80 0,004 x d1
3.1 60 0,002 x d1 70 0,003 x d1
4.1 60 0,002 x d1 70 0,003 x d1

K

 · Cast materials
1.1
1.2
2.1
2.2
3.1
3.2
4.1
4.2

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 280 0,006 x d1 400 0,006 x d1
1.2 200 0,005 x d1 280 0,005 x d1
1.3 140 0,004 x d1 200 0,004 x d1
1.4
1.5
1.6

 · Copper alloys
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

 · Magnesium alloys
3.1
3.2

 · Synthetics
4.1
4.2
4.3
4.4

 · Special materials
5.1
5.2
5.3

S

 · Special materials
 · Titanium alloys

1.1 90 0,002 x d1 120 0,004 x d1
1.2 75 0,002 x d1 100 0,003 x d1
1.3 45 0,002 x d1 60 0,002 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1
2.2 25 0,002 x d1 30 0,002 x d1
2.3 25 0,002 x d1 30 0,002 x d1
2.4 25 0,002 x d1 30 0,002 x d1
2.5 15 0,002 x d1 20 0,002 x d1
2.6 25 0,002 x d1 30 0,002 x d1

H
 · Hard materials

1.1
1.2
1.3
1.4
1.5



 · Circle Segment End Mills  · Cutting Conditions

390  391v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

�  
�  
�   
�  
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 4 flutes
�  Variable spacing
�  Low-vibration machining
�  Internal coolant supply,  

radial exit (ICR)
�  Highly efficient roughing

NR

30°

ø 
d 2

l1

l2

r 1

r2
 

ø 
d 1

 – ER 
Oval Form – ER

 · Coating ALCR

 –  ( )
�  
�  
�  
�  

�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  Also suitable in nickel-base alloys
�  For the machining of titanium alloys
�  Suitable in all turbine materials
�  Optimised for pre-finishing Impellers and  

Integrated Bladed Rotors (IBR) made from  

aluminium, titanium and Inconel

P 1.1-5.1
M 1.1-4.1
N 1.1-1.3
S 1.1-1.3
S 2.2-2.6

3552LZ
ø d 1 r 1 r 2 l 2 l 1 ø d 2  

h6

Z   
[ ]

8 1 40 12 80 8 4 3552LZ.08040A
10 1,5 45 12 95 10 4 3552LZ.10045A
12 2 50 14 100 12 4 3552LZ.12050A
16 2 60 18 128 16 4 3552LZ.16060A

lr

l2

r1

r2

ø 
d 7

ø 
d 5

ø 
d 6

ø 
d 1

ø d 1 r 1 r 2 l 2 l r ø d 5 ø d 6 ø d 7

8 1 40 12 10 3,895 5,841 5,895
10 1,5 45 12 10 5,323 8,265 8,323
12 2 50 14 12 5,894 9,806 9,894
16 2 60 18 16 8,570 12,452 12,570

 
Dimensions for tool database

   –  
Circle segment end mills type NR – oval form-ER

  · Valid for
3552LZ

a p
 =

 0
,5

 x
 l 2

a p

ae

ø dø d11

aee = d1 aee = 0,5 - 1 mm

a p
a p

 =
 0

,5
 -

 1
 x

 l 2

ae

v c 

 [m/min]

f z 
 [mm]

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 100 0,004 x d1 140 0,005 x d1

2.1 90 0,004 x d1 130 0,004 x d1

3.1 90 0,003 x d1 120 0,004 x d1

4.1 80 0,002 x d1 110 0,003 x d1

5.1 70 0,002 x d1 100 0,003 x d1

M
 · Stainless steel materials

1.1 80 0,004 x d1 100 0,005 x d1
2.1 70 0,003 x d1 80 0,004 x d1
3.1 60 0,002 x d1 70 0,003 x d1
4.1 60 0,002 x d1 70 0,003 x d1

K

 · Cast materials
1.1
1.2
2.1
2.2
3.1
3.2
4.1
4.2

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 280 0,006 x d1 400 0,006 x d1
1.2 200 0,005 x d1 280 0,005 x d1
1.3 140 0,004 x d1 200 0,004 x d1
1.4
1.5
1.6

 · Copper alloys
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

 · Magnesium alloys
3.1
3.2

 · Synthetics
4.1
4.2
4.3
4.4

 · Special materials
5.1
5.2
5.3

S

 · Special materials
 · Titanium alloys

1.1 90 0,002 x d1 120 0,004 x d1
1.2 75 0,002 x d1 100 0,003 x d1
1.3 45 0,002 x d1 60 0,002 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1
2.2 25 0,002 x d1 30 0,002 x d1
2.3 25 0,002 x d1 30 0,002 x d1
2.4 25 0,002 x d1 30 0,002 x d1
2.5 15 0,002 x d1 20 0,002 x d1
2.6 25 0,002 x d1 30 0,002 x d1

H
 · Hard materials

1.1
1.2
1.3
1.4
1.5

lr =   
r2 is tangential to d1

d6 =   
Tangent point of r1 and r2

d7 =  d5 + 2 x r1



 · Circle Segment End Mills  · Cutting Conditions

392  393v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

�  
�  
�   
�  
�  
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 4 flutes
�  Variable spacing
�  Low-vibration machining
�  Internal coolant supply,  

radial exit (ICR)
�  Highly efficient finishing
�  Form tolerance ±0.01 mm

N

30°

± 0,01
ø 

d 2

ø 
d 3

l1

l2

l3

l4

r 1

r2
 

ø 
d 1

 – ER 
Oval Form – ER

 · Coating ALCR

 –  ( )
�  
�  
�  
�  

�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  Also suitable in nickel-base alloys
�  For the machining of titanium alloys
�  Suitable in all turbine materials
�  Optimised for finishing Impellers and Integrated  

Bladed Rotors (IBR) made from aluminium,  

titanium and Inconel

P 1.1-5.1
M 1.1-4.1
N 1.1-1.3
S 1.1-1.3
S 2.2-2.6

3554LZ
ø d 1 r 1 r 2 l 2 l 1 l 3 l 4 ø d 3 ø d 2  

h6

Z   
[ ]

8 1 40 12 80 42 44 7 8 4 3554LZ.08040A
10 1,5 45 12 95 52 55 8,5 10 4 3554LZ.10045A
12 2 50 14 100 61 65 10 12 4 3554LZ.12050A
16 2 60 18 128 76 80 14 16 4 3554LZ.16060A

   –  
Circle segment end mills type N –  oval form-ER

  · Valid for
3554LZ

aee = 0,1 - 0,3 mm

a p
a p

 =
 0

,5
 -

 3
 m

m

ae

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 200 0,005 x d1

2.1 180 0,004 x d1

3.1 160 0,004 x d1

4.1 140 0,003 x d1

5.1 120 0,003 x d1

M
 · Stainless steel materials

1.1 120 0,005 x d1
2.1 100 0,004 x d1
3.1 80 0,003 x d1
4.1 80 0,003 x d1

K

 · Cast materials
1.1
1.2
2.1
2.2
3.1
3.2
4.1
4.2

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 400 0,006 x d1
1.2 280 0,005 x d1
1.3 200 0,004 x d1
1.4
1.5
1.6

 · Copper alloys
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

 · Magnesium alloys
3.1
3.2

 · Synthetics
4.1
4.2
4.3
4.4

 · Special materials
5.1
5.2
5.3

S

 · Special materials
 · Titanium alloys

1.1 120 0,005 x d1
1.2 100 0,004 x d1
1.3 60 0,003 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1
2.2 30 0,003 x d1
2.3 30 0,002 x d1
2.4 30 0,003 x d1
2.5 20 0,002 x d1
2.6 30 0,002 x d1

H
 · Hard materials

1.1
1.2
1.3
1.4
1.5



 · Circle Segment End Mills  · Cutting Conditions

394  395v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

�  
�  
�   
�  
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 4 flutes
�  Low-vibration machining
�  Highly efficient finishing
�  Form tolerance ±0.01 mm

N

30°

± 0,01

ø 
d 2

ø 
d 3

l3

l2

l4

l1

r 1

r2
 

ø 
d 1

 – ER 
Barrel Form – ER

 · Coating ALCR

 –  ( )
�  
�  
�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  For almost all materials
�  Suitable for HSC finishing

P 1.1-5.1
M 3.1-4.11.1-2.1
K 2.21.1-2.1
K 4.23.1-4.1
N 1.1-1.4
N 4.1-4.2, 5.22.1-3.2
S 2.31.1-2.2
S 2.5-2.62.4
H 1.1-1.2

3542L
ø d 1 r 1 r 2 l 2 l 3 l 1 ø d 3 l 4 ø d 2  

h6

Z   
[ ]

10 2 50 21 28 80 8 30 10 4 3542L.10050A

lr

r2

l2

r1

ø 
d 5 ø 

d 7

ø 
d 6

ø 
d 1

ø d 1 r 1 r 2 l 2 l r ø d 5 ø d 6 ø d 7

10 2 50 21 11,747 4 7,917 8

 
Dimensions for tool database

   –  
Circle segment end mills type N – barrel form-ER

  · Valid for
3542L

 

 In order to calculate the rotational 
speed n, the diameter d1 has to 
be used.

v c 

 [m/min]

f z 
 [mm]

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 420 0,004 x d1 420 0,003 x d1

2.1 375 0,004 x d1 375 0,003 x d1

3.1 315 0,003 x d1 315 0,003 x d1

4.1 300 0,003 x d1 300 0,002 x d1

5.1 270 0,003 x d1 270 0,002 x d1

M
 · Stainless steel materials

1.1 150 0,005 x d1 150 0,003 x d1
2.1 120 0,005 x d1 120 0,003 x d1
3.1 90 0,004 x d1 90 0,002 x d1
4.1 60 0,004 x d1 60 0,002 x d1

K

 · Cast materials
1.1 280 0,005 x d1 280 0,004 x d1
1.2 280 0,005 x d1 280 0,004 x d1
2.1 250 0,004 x d1 250 0,003 x d1
2.2 250 0,004 x d1 250 0,003 x d1
3.1 210 0,004 x d1 210 0,003 x d1
3.2 210 0,004 x d1 210 0,003 x d1
4.1 180 0,003 x d1 180 0,002 x d1
4.2 140 0,003 x d1 140 0,002 x d1

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 600 0,004 x d1 600 0,003 x d1
1.2 600 0,004 x d1 600 0,003 x d1
1.3 600 0,003 x d1 600 0,002 x d1
1.4 410 0,004 x d1 410 0,003 x d1
1.5
1.6

 · Copper alloys
2.1 270 0,005 x d1 270 0,004 x d1
2.2 270 0,005 x d1 270 0,004 x d1
2.3 270 0,005 x d1 270 0,004 x d1
2.4 255 0,004 x d1 255 0,003 x d1
2.5 255 0,004 x d1 255 0,003 x d1
2.6 255 0,004 x d1 255 0,003 x d1
2.7 150 0,003 x d1 150 0,002 x d1
2.8 150 0,003 x d1 150 0,002 x d1

 · Magnesium alloys
3.1 410 0,005 x d1 410 0,004 x d1
3.2 410 0,005 x d1 410 0,004 x d1

 · Synthetics
4.1 410 0,005 x d1 410 0,004 x d1
4.2 600 0,005 x d1 600 0,004 x d1
4.3
4.4

 · Special materials
5.1
5.2 150 0,005 x d1 150 0,003 x d1
5.3

S

 · Special materials
 · Titanium alloys

1.1 100 0,006 x d1 100 0,004 x d1
1.2 80 0,005 x d1 80 0,003 x d1
1.3 60 0,005 x d1 60 0,003 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 80 0,004 x d1 80 0,002 x d1
2.2 30 0,004 x d1 30 0,002 x d1
2.3 30 0,004 x d1 30 0,002 x d1
2.4 30 0,004 x d1 30 0,002 x d1
2.5 30 0,004 x d1 30 0,002 x d1
2.6 30 0,004 x d1 30 0,002 x d1

H
 · Hard materials

1.1 130 0,005 x d1 130 0,003 x d1
1.2 100 0,005 x d1 100 0,003 x d1
1.3
1.4
1.5

lr =    
r2 is (theoretically) tangential to d1

d6 =   
Tangent point of r1 and r2

d7 =  d5 + 2 x r1



 · Circle Segment End Mills  · Cutting Conditions

396  397v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

�  
�  
�   
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 3 or 4 flutes
�  Low-vibration machining
�  Highly efficient finishing
�  Form tolerance ±0.01 mm

N

30°

± 0,01

l1

l2

ø 
d 2

ø 
d 1

r 1

r2 

ø 
d 1

ø 
d 3l2

ø 
d 2

l3

r 1

l4

l1

r2 

 – VR 
Oval Form – VR

 · Coating ALCR

 –  ( )
� 
�  
�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  For almost all materials
�  Suitable for HSC finishing

P 1.1-5.1
M 3.1-4.11.1-2.1
K 2.21.1-2.1
K 4.23.1-4.1
N 1.1-1.4
N 4.1-4.2, 5.22.1-3.2
S 2.31.1-2.2
S 2.5-2.62.4
H 1.1-1.2

3538L
ø d 1 r 1 r 2 l 2 l 3 l 1 ø d 3 l 4 ø d 2  

h6

Z   
[ ]

3 0,75 50 11 14 62 3 25 6 3 3538L.03050A
4 0,75 60 14 18 62 4 25 6 3 3538L.04060A
5 1 75 17 22 62 5 25 6 3 3538L.05075A
6 1 95 22 – 62 – – 6 3 3538L.06095A
8 1 90 25 – 68 – – 8 3 3538L.08090A

10 2 85 26 – 72 – – 10 4 3538L.10085A
12 2 80 28 – 83 – – 12 4 3538L.12080A
16 3 75 31 – 92 – – 16 4 3538L.16075A

   –  
Circle segment end mills type N – oval form-VR

  · Valid for
3538L

  · Allowance

0,05 - 0,1 mm
  · Allowance

0,1 - 0,2 mm
  · Allowance

0,2 - 0,3 mm

 

 In order to calculate the rotational 
speed n, the diameter d1 has to 
be used.

v c 

 [m/min]

f z 
 [mm]

v c 

 [m/min]

f z 
 [mm]

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 420 0,004 x d1 420 0,003 x d1 420 0,003 x d1

2.1 375 0,004 x d1 375 0,003 x d1 375 0,003 x d1

3.1 315 0,003 x d1 315 0,003 x d1 315 0,002 x d1

4.1 300 0,003 x d1 300 0,002 x d1 300 0,002 x d1

5.1 270 0,003 x d1 270 0,002 x d1 270 0,002 x d1

M
 · Stainless steel materials

1.1 150 0,005 x d1 150 0,004 x d1 150 0,003 x d1
2.1 120 0,005 x d1 120 0,004 x d1 120 0,003 x d1
3.1 90 0,004 x d1 90 0,003 x d1 90 0,002 x d1
4.1 60 0,004 x d1 60 0,003 x d1 60 0,002 x d1

K

 · Cast materials
1.1 280 0,005 x d1 280 0,004 x d1 280 0,003 x d1
1.2 280 0,005 x d1 280 0,004 x d1 280 0,003 x d1
2.1 250 0,004 x d1 250 0,003 x d1 250 0,003 x d1
2.2 250 0,004 x d1 250 0,003 x d1 250 0,003 x d1
3.1 210 0,004 x d1 210 0,003 x d1 210 0,003 x d1
3.2 210 0,004 x d1 210 0,003 x d1 210 0,003 x d1
4.1 180 0,003 x d1 180 0,002 x d1 180 0,002 x d1
4.2 140 0,003 x d1 140 0,002 x d1 140 0,002 x d1

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 600 0,004 x d1 600 0,003 x d1 600 0,003 x d1 )

1.2 600 0,004 x d1 600 0,003 x d1 600 0,003 x d1
1.3 600 0,003 x d1 600 0,002 x d1 600 0,002 x d1
1.4 410 0,004 x d1 410 0,003 x d1 410 0,003 x d1
1.5
1.6

 · Copper alloys
2.1 270 0,005 x d1 270 0,004 x d1 270 0,003 x d1
2.2 270 0,005 x d1 270 0,004 x d1 270 0,003 x d1
2.3 270 0,005 x d1 270 0,004 x d1 270 0,003 x d1
2.4 255 0,004 x d1 255 0,003 x d1 255 0,003 x d1
2.5 255 0,004 x d1 255 0,003 x d1 255 0,003 x d1
2.6 255 0,004 x d1 255 0,003 x d1 255 0,003 x d1
2.7 150 0,003 x d1 150 0,002 x d1 150 0,002 x d1
2.8 150 0,003 x d1 150 0,002 x d1 150 0,002 x d1

 · Magnesium alloys
3.1 410 0,005 x d1 410 0,004 x d1 410 0,003 x d1
3.2 410 0,005 x d1 410 0,004 x d1 410 0,003 x d1

 · Synthetics
4.1 410 0,005 x d1 410 0,004 x d1 410 0,003 x d1
4.2 600 0,005 x d1 600 0,004 x d1 600 0,003 x d1
4.3
4.4

 · Special materials
5.1
5.2 150 0,005 x d1 150 0,004 x d1 150 0,003 x d1
5.3

S

Spezialwerkstoffe · Special materials
Titan-Legierungen · Titanium alloys

1.1 100 0,006 x d1 100 0,005 x d1 100 0,004 x d1
1.2 80 0,005 x d1 80 0,004 x d1 80 0,003 x d1
1.3 60 0,005 x d1 60 0,004 x d1 60 0,003 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 80 0,004 x d1 80 0,003 x d1 80 0,002 x d1
2.2 30 0,004 x d1 30 0,003 x d1 30 0,002 x d1
2.3 30 0,004 x d1 30 0,003 x d1 30 0,002 x d1
2.4 30 0,004 x d1 30 0,003 x d1 30 0,002 x d1
2.5 30 0,004 x d1 30 0,003 x d1 30 0,002 x d1
2.6 30 0,004 x d1 30 0,003 x d1 30 0,002 x d1

H
 · Hard materials

1.1 130 0,005 x d1 130 0,004 x d1 130 0,003 x d1
1.2 100 0,005 x d1 100 0,004 x d1 100 0,003 x d1
1.3
1.4
1.5

: 　　　    
:  

Machining example
Component:  Flange of a fuel pipe  

from the aviation industry

Application:  Finishing of the round inner contour  

and parts of the outer contour



 · Circle Segment End Mills  · Cutting Conditions

398  399v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

�  
�  
�   
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 6 flutes
�  Low-vibration machining
�  Highly efficient finishing
�  Form tolerance ±0.01 mm

N

30°

± 0,01

l1

l2

ø 
d 2

r 1
r2

ø 
d 1

 – VR 
Oval Form – VR

 · Coating ALCR

 –  ( )
�  
�  
� 
�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  For almost all materials
�  Hard machining of up to 60 HRC
�  Suitable for HSC finishing

P 1.1-5.1
M 3.1-4.11.1-2.1
K 2.21.1-2.1
K 4.23.1-4.1
N 1.1-1.4
N 4.1-4.2, 5.22.1-3.2
S 2.31.1-2.2
S 2.5-2.62.4
H 1.1-1.3

3539L
ø d 1 r 1 r 2 l 2 l 1 ø d 2  

h6

Z   
[ ]

10 2 85 26 72 10 6 3539L.10085A
12 2 80 28 83 12 6 3539L.12080A
16 3 75 31 92 16 6 3539L.16075A

:  　　　   

:  

Machining example
Component:  Bearing block from mechanical engineering

Application:  Complete finishing of the the outer contour,  

inner contour and the pockets

   –  
Circle segment end mills type N – oval form-VR

  · Valid for
3539L

  · Allowance

0,05 - 0,1 mm
  · Allowance

0,1 - 0,2 mm

 

 In order to calculate the rotational 
speed n, the diameter d1 has to 
be used.

v c 

 [m/min]

f z 
 [mm]

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 420 0,003 x d1 420 0,002 x d1

2.1 375 0,003 x d1 375 0,002 x d1

3.1 315 0,002 x d1 315 0,002 x d1

4.1 300 0,002 x d1 300 0,001 x d1

5.1 270 0,002 x d1 270 0,001 x d1

M
 · Stainless steel materials

1.1 150 0,003 x d1 150 0,002 x d1
2.1 120 0,003 x d1 120 0,002 x d1
3.1 90 0,002 x d1 90 0,001 x d1
4.1 60 0,002 x d1 60 0,001 x d1

K

 · Cast materials
1.1 280 0,004 x d1 280 0,003 x d1
1.2 280 0,004 x d1 280 0,003 x d1
2.1 250 0,003 x d1 250 0,002 x d1
2.2 250 0,003 x d1 250 0,002 x d1
3.1 210 0,003 x d1 210 0,002 x d1
3.2 210 0,003 x d1 210 0,002 x d1
4.1 180 0,002 x d1 180 0,001 x d1
4.2 140 0,002 x d1 140 0,001 x d1

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 600 0,003 x d1 600 0,002 x d1
1.2 600 0,003 x d1 600 0,002 x d1
1.3 600 0,002 x d1 600 0,001 x d1
1.4 410 0,003 x d1 410 0,002 x d1
1.5
1.6

 · Copper alloys
2.1 270 0,004 x d1 270 0,003 x d1
2.2 270 0,004 x d1 270 0,003 x d1
2.3 270 0,004 x d1 270 0,003 x d1
2.4 255 0,003 x d1 255 0,002 x d1
2.5 255 0,003 x d1 255 0,002 x d1
2.6 255 0,003 x d1 255 0,002 x d1
2.7 150 0,002 x d1 150 0,001 x d1
2.8 150 0,002 x d1 150 0,001 x d1

 · Magnesium alloys
3.1 410 0,004 x d1 410 0,003 x d1
3.2 410 0,004 x d1 410 0,003 x d1

 · Synthetics
4.1 410 0,004 x d1 410 0,003 x d1
4.2 600 0,004 x d1 600 0,003 x d1
4.3
4.4

 · Special materials
5.1
5.2 150 0,003 x d1 150 0,002 x d1
5.3

S

 · Special materials
 · Titanium alloys

1.1 100 0,005 x d1 100 0,004 x d1
1.2 80 0,004 x d1 80 0,003 x d1
1.3 60 0,004 x d1 60 0,003 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 80 0,003 x d1 80 0,002 x d1
2.2 30 0,003 x d1 30 0,002 x d1
2.3 30 0,003 x d1 30 0,002 x d1
2.4 30 0,003 x d1 30 0,002 x d1
2.5 30 0,003 x d1 30 0,002 x d1
2.6 30 0,003 x d1 30 0,002 x d1

H
 · Hard materials

1.1 130 0,004 x d1 130 0,003 x d1
1.2 100 0,004 x d1 100 0,003 x d1
1.3 80 0,003 x d1 80 0,002 x d1
1.4
1.5



 · Circle Segment End Mills  · Cutting Conditions

400  401v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

�  
�  
�   
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 2 or 3 flutes
�  Low-vibration machining
�  Highly efficient finishing
�  Form tolerance ±0.01 mm

N

20-30°
± 0,01

ø 
d 1

l1
l2

r2

r1

r3

�/2

ø 
d 2

ø 
d 1 r1

r2

r3

l2 ø 
d 3

�/2

l3

l4

l1

ø 
d 2

 – VR 
Taper Form – VR

< 45° ≥ 45°

 · Coating ALCR

 –  ( )
�  
�  
�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  For almost all materials
�  Suitable for HSC finishing

P 1.1-5.1
M 3.1-4.11.1-2.1
K 2.21.1-2.1
K 4.23.1-4.1
N 1.1-1.4
N 4.1-4.2, 5.22.1-3.2
S 2.31.1-2.2
S 2.5-2.62.4
H 1.1-1.2

3540L
/2 ø d 1 r 1 r 2 r 3 l 2 l 3 l 1 ø d 3 l 4 ø d 2  

h6

Z   
[ ]

12,5° 16 2 1000 5 31 – 108 – – 16 3 3540L.1610AA
16 4 1000 5 24 – 108 – – 16 3 3540L.1610AB

17,5°
3 0,75 50 1,5 4 7 62 3 14 6 3 3540L.03050A
4 0,75 125 2 5,5 9,5 62 4 18 6 3 3540L.04125A
5 1 150 2,5 7,5 12,5 62 5 18 6 3 3540L.05150A
6 1 250 3 9,5 – 62 – – 6 3 3540L.06250A

20°

8 1,5 250 4 10,5 – 68 – – 8 3 3540L.08250A
10 2 250 5 12,5 – 80 – – 10 3 3540L.10250A
12 3 250 6 13,5 – 93 – – 12 3 3540L.12250A
16 4 500 8 18,5 – 108 – – 16 3 3540L.16500A
16 4 1500 8 18,5 – 108 – – 16 3 3540L.1615AA

42,5° 12 1 200 1 8 – 93 – – 12 3 3540L.12200A

60° 10 1 200 1,5 6 – 80 – – 10 2 3540L.10200A

70° 10 1 200 2 6 – 80 – – 10 2 3540L.10200B

   –  
Circle segment end mills type N – taper form-VR

  · Valid for
3540L

  · Allowance

0,05 - 0,1 mm
  · Allowance

0,1 - 0,2 mm

< 45° ≥ 45° < 45° ≥ 45°

 

 In order to calculate the rotational 
speed n, the diameter d1 has to 
be used.

v c 

 [m/min]

f z 
 [mm]

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 420 0,004 x d1 420 0,003 x d1

2.1 375 0,004 x d1 375 0,003 x d1

3.1 315 0,003 x d1 315 0,003 x d1

4.1 300 0,003 x d1 300 0,002 x d1

5.1 270 0,003 x d1 270 0,002 x d1

M
 · Stainless steel materials

1.1 150 0,004 x d1 150 0,003 x d1
2.1 120 0,004 x d1 120 0,003 x d1
3.1 90 0,003 x d1 90 0,002 x d1
4.1 60 0,003 x d1 60 0,002 x d1

K

 · Cast materials
1.1 280 0,007 x d1 280 0,004 x d1
1.2 280 0,007 x d1 280 0,004 x d1
2.1 250 0,006 x d1 250 0,003 x d1
2.2 250 0,006 x d1 250 0,003 x d1
3.1 210 0,006 x d1 210 0,003 x d1
3.2 210 0,006 x d1 210 0,003 x d1
4.1 180 0,004 x d1 180 0,002 x d1
4.2 140 0,003 x d1 140 0,002 x d1

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 600 0,004 x d1 600 0,003 x d1
1.2 600 0,004 x d1 600 0,003 x d1
1.3 600 0,003 x d1 600 0,002 x d1
1.4 410 0,004 x d1 410 0,003 x d1
1.5
1.6

 · Copper alloys
2.1 270 0,005 x d1 270 0,004 x d1
2.2 270 0,005 x d1 270 0,004 x d1
2.3 270 0,005 x d1 270 0,004 x d1
2.4 255 0,004 x d1 255 0,003 x d1
2.5 255 0,004 x d1 255 0,003 x d1
2.6 255 0,004 x d1 255 0,003 x d1
2.7 150 0,003 x d1 150 0,002 x d1
2.8 150 0,003 x d1 150 0,002 x d1

 · Magnesium alloys
3.1 410 0,005 x d1 410 0,004 x d1
3.2 410 0,005 x d1 410 0,004 x d1

 · Synthetics
4.1 410 0,005 x d1 410 0,004 x d1
4.2 600 0,005 x d1 600 0,004 x d1
4.3
4.4

 · Special materials
5.1
5.2 150 0,004 x d1 150 0,003 x d1
5.3

S

 · Special materials
 · Titanium alloys

1.1 100 0,005 x d1 100 0,004 x d1
1.2 80 0,004 x d1 80 0,003 x d1
1.3 60 0,004 x d1 60 0,003 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 80 0,003 x d1 80 0,002 x d1
2.2 30 0,003 x d1 30 0,002 x d1
2.3 30 0,003 x d1 30 0,002 x d1
2.4 30 0,003 x d1 30 0,002 x d1
2.5 30 0,003 x d1 30 0,002 x d1
2.6 30 0,003 x d1 30 0,002 x d1

H
 · Hard materials

1.1 130 0,005 x d1 130 0,003 x d1
1.2 100 0,005 x d1 100 0,003 x d1
1.3
1.4
1.5

�/2
<45°

�
/2≥45°

 /2  
Only use with tilt angle /2!



 · Circle Segment End Mills  · Cutting Conditions

402  403v c  =  · Cutting speed
f z  =  · Feed per tooth

 =  · very suitable
 =  · suitable

�  
�  
�   
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 4 or 6 flutes
�  Low-vibration machining
�  Highly efficient finishing
�  Form tolerance ±0.01 mm

N

20-30°

± 0,01

ø 
d 2

ø 
d 1

l1

l2

r2

r1

r3

�/2

 – VR 
Taper Form – VR

< 45° ≥ 45°

 · Coating ALCR

 –  ( )
� 
�  
� 
�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  For almost all materials
�  Hard machining of up to 60 HRC
�  Suitable for HSC finishing

P 1.1-5.1
M 3.1-4.11.1-2.1
K 2.21.1-2.1
K 4.23.1-4.1
N 1.1-1.4
N 4.1-4.2, 5.22.1-3.2
S 2.31.1-2.2
S 2.5-2.62.4
H 1.1-1.3

3541L
/2 ø d 1 r 1 r 2 r 3 l 2 l 1 ø d 2  

h6
Z   

[ ]

12,5° 16 2 1000 5 31 108 16 6 3541L.1610AA
16 4 1000 5 24 108 16 6 3541L.1610AB

20°
10 2 250 5 12,5 80 10 6 3541L.10250A
12 3 250 6 13,5 93 12 6 3541L.12250A
16 4 500 8 18,5 108 16 6 3541L.16500A
16 4 1500 8 18,5 108 16 6 3541L.1615AA

42,5° 12 1 200 1 8 93 12 6 3541L.12200A

60° 10 1 200 1,5 6 80 10 4 3541L.10200A

70° 10 1 200 2 6 80 10 4 3541L.10200B

   –  
Circle segment end mills type N – taper form-VR

  · Valid for
3541L

  · Allowance
0,05 - 0,1 mm

  · Allowance
0,1 - 0,2 mm

< 45° ≥ 45° < 45° ≥ 45°

 

 In order to calculate the rotational 
speed n, the diameter d1 has to 
be used.

v c 
 [m/min]

f z 
 [mm]

v c 
 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 420 0,003 x d1 420 0,002 x d1

2.1 375 0,003 x d1 375 0,002 x d1

3.1 315 0,002 x d1 315 0,002 x d1

4.1 300 0,002 x d1 300 0,001 x d1

5.1 270 0,002 x d1 270 0,001 x d1

M
 · Stainless steel materials

1.1 150 0,003 x d1 150 0,002 x d1
2.1 120 0,003 x d1 120 0,002 x d1
3.1 90 0,002 x d1 90 0,001 x d1
4.1 60 0,002 x d1 60 0,001 x d1

K

 · Cast materials
1.1 280 0,004 x d1 280 0,003 x d1
1.2 280 0,004 x d1 280 0,003 x d1
2.1 250 0,003 x d1 250 0,002 x d1
2.2 250 0,003 x d1 250 0,002 x d1
3.1 210 0,003 x d1 210 0,002 x d1
3.2 210 0,003 x d1 210 0,002 x d1
4.1 180 0,002 x d1 180 0,001 x d1
4.2 140 0,002 x d1 140 0,001 x d1

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 600 0,003 x d1 600 0,002 x d1
1.2 600 0,003 x d1 600 0,002 x d1
1.3 600 0,002 x d1 600 0,001 x d1
1.4 410 0,003 x d1 410 0,002 x d1
1.5
1.6

 · Copper alloys
2.1 270 0,004 x d1 270 0,003 x d1
2.2 270 0,004 x d1 270 0,003 x d1
2.3 270 0,004 x d1 270 0,003 x d1
2.4 255 0,003 x d1 255 0,002 x d1
2.5 255 0,003 x d1 255 0,002 x d1
2.6 255 0,003 x d1 255 0,002 x d1
2.7 150 0,002 x d1 150 0,001 x d1
2.8 150 0,002 x d1 150 0,001 x d1

 · Magnesium alloys
3.1 410 0,004 x d1 410 0,003 x d1
3.2 410 0,004 x d1 410 0,003 x d1

 · Synthetics
4.1 410 0,004 x d1 410 0,003 x d1
4.2 600 0,004 x d1 600 0,003 x d1
4.3
4.4

 · Special materials
5.1
5.2 150 0,003 x d1 150 0,002 x d1
5.3

S

 · Special materials
 · Titanium alloys

1.1 100 0,005 x d1 100 0,004 x d1
1.2 80 0,004 x d1 80 0,003 x d1
1.3 60 0,004 x d1 60 0,003 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 80 0,003 x d1 80 0,002 x d1
2.2 30 0,003 x d1 30 0,002 x d1
2.3 30 0,003 x d1 30 0,002 x d1
2.4 30 0,003 x d1 30 0,002 x d1
2.5 30 0,003 x d1 30 0,002 x d1
2.6 30 0,003 x d1 30 0,002 x d1

H
 · Hard materials

1.1 130 0,004 x d1 130 0,003 x d1
1.2 100 0,004 x d1 100 0,003 x d1
1.3 80 0,003 x d1 80 0,002 x d1
1.4
1.5

�/2
<45°

�
/2≥45°

 /2  
Only use with tilt angle /2!



 · Circle Segment End Mills  · Cutting Conditions

404  405v c  =  · Cutting speed
f z  =  · Feed per tooth

 =  · very suitable
 =  · suitable

�  
�  
�   
�  
�  
�  

�  High performance tool
�  Centre cutting
�  With 3 flutes
�  Low-vibration machining
�  Highly efficient finishing
�  Form tolerance ±0.01 mm

N

30°

± 0,01

ø 
d 2

l1

l2

ø 
d 1

r 1

r2

ø 
d 2

ø 
d 3

ø 
d 1

r 1

r2

l3

l2

l4

l1

 – ER 
Lens Form – ER

 · Coating ALCR

 –  ( )
� 
�  
�  

Applications – material (see page 384)
�  Especially suitable for high-strength materials
�  For almost all materials
�  Suitable for HSC finishing

P 1.1-5.1
M 3.1-4.11.1-2.1
K 2.21.1-2.1
K 4.23.1-4.1
N 1.1-1.4
N 5.22.1-3.2
S 1.1-2.1

3544L
ø d 1 r 1 r 2 l 2 l 3 l 1 ø d 3 l 4 ø d 2  

h6
Z   

[ ]

4 0,25 6 4 18 62 4 20 6 3 3544L.04006A
6 0,5 10 6 – 62 – – 6 3 3544L.06010A
8 0,75 15 8 – 68 – – 8 3 3544L.08015A

10 1 20 10 – 80 – – 10 3 3544L.10020A
12 1,25 25 12 – 93 – – 12 3 3544L.12025A

:  　　　   

:  

Machining example
Component:  Integral component from  

the aviation industry

Application:  Finishing of the deep pockets  
and the bottom surfaces

   –  
Circle segment end mills type N – lens form-ER

  · Valid for
3544L

  · Allowance
0,05 - 0,1 mm

  · Allowance
0,1 - 0,2 mm

 

 In order to calculate the rotational 
speed n, the diameter d1 has to 
be used.

v c 
 [m/min]

f z 
 [mm]

v c 
 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 420 0,004 x d1 420 0,003 x d1

2.1 375 0,004 x d1 375 0,003 x d1

3.1 315 0,003 x d1 315 0,003 x d1

4.1 300 0,003 x d1 300 0,002 x d1

5.1 270 0,003 x d1 270 0,002 x d1

M
 · Stainless steel materials

1.1 150 0,005 x d1 150 0,003 x d1
2.1 120 0,005 x d1 120 0,003 x d1
3.1 90 0,004 x d1 90 0,002 x d1
4.1 60 0,004 x d1 60 0,002 x d1

K

 · Cast materials
1.1 300 0,005 x d1 300 0,004 x d1
1.2 300 0,005 x d1 300 0,004 x d1
2.1 270 0,004 x d1 270 0,003 x d1
2.2 270 0,004 x d1 270 0,003 x d1
3.1 220 0,004 x d1 220 0,003 x d1
3.2 220 0,004 x d1 220 0,003 x d1
4.1 200 0,003 x d1 200 0,002 x d1
4.2 150 0,003 x d1 150 0,002 x d1

N

 · Non-ferrous materials
 · Aluminium alloys

1.1 900 0,004 x d1 900 0,003 x d1
1.2 900 0,004 x d1 900 0,003 x d1
1.3 900 0,003 x d1 900 0,002 x d1
1.4 600 0,004 x d1 600 0,003 x d1
1.5
1.6

 · Copper alloys
2.1 270 0,004 x d1 270 0,003 x d1
2.2 270 0,004 x d1 270 0,003 x d1
2.3 270 0,004 x d1 270 0,003 x d1
2.4 255 0,003 x d1 255 0,002 x d1
2.5 255 0,003 x d1 255 0,002 x d1
2.6 255 0,003 x d1 255 0,002 x d1
2.7 150 0,003 x d1 150 0,002 x d1
2.8 150 0,003 x d1 150 0,002 x d1

 · Magnesium alloys
3.1 600 0,004 x d1 600 0,003 x d1
3.2 600 0,004 x d1 600 0,003 x d1

 · Synthetics
4.1
4.2
4.3
4.4

 · Special materials
5.1
5.2 150 0,005 x d1 150 0,003 x d1
5.3

S

 · Special materials
 · Titanium alloys

1.1 150 0,006 x d1 150 0,004 x d1
1.2 120 0,005 x d1 120 0,003 x d1
1.3 90 0,005 x d1 90 0,003 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 120 0,004 x d1 120 0,002 x d1
2.2
2.3
2.4
2.5
2.6

H
 · Hard materials

1.1
1.2
1.3
1.4
1.5



 · Cutting Conditions

406  407v c  =  · Cutting speed
f z  =  · Feed per tooth

 =  · very suitable
 =  · suitable

 · Ball Nose End Mills

�  

�  
�  
�  

�  Pre-finishing end mill for additive  
manufactured components 

�  Optimised chisel edge
�  Special neck designs
�  High performance coating

N

30°

切刃エリア
cutting area of tool

ø 
d 2

l1

l2

l3

l4

r

ø 
d 3

ø 
d 1

 
Pre-finishing end mill

 · Coating ALCR

 –  ( )
�   :  

�  

Applications – material (see page 384)
�  Hybrid Additve Manufacturing:  

Combination of selective laser melting in a  
powder bed with high-speed 3-axis milling

�  Use in tool and die making, rapid prototyping  
and small-batch production

P 1.1-5.1
M 1.1-4.1
S 1.1-2.6
H 1.1-1.2

  · Short design 2594L
ø d 1  
-0,02

r   
-0,01

l 2 l 3 l 1 ø d 3 l 4 ø d 2  
h5

Z   
[ ]

0,6 0,3 0,45 2 50 0,55 14 6 2 2594L.0006
0,8 0,4 0,6 3 50 0,75 14 6 2 2594L.0008
1 0,5 0,8 3 50 0,95 14 6 2 2594L.001
2 1 1,6 6 50 1,9 14 6 2 2594L.002
3 1,5 2,4 9 50 2,8 14 6 2 2594L.003

   –  
Ball nose end mills type N – short design

  · Valid for
2594L

 
Pre-finishing end mill

a p

ae

ø d1

a

aeee = 0,2 x d1

a p
 =

 0
,1

 x
 d

1

v c 
 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 260 0,013 x d1

2.1 240 0,012 x d1

3.1 220 0,011 x d1

4.1 200 0,010 x d1

5.1 180 0,009 x d1

M
 · Stainless steel materials

1.1 140 0,008 x d1
2.1 120 0,008 x d1
3.1 100 0,006 x d1
4.1 80 0,006 x d1

K

 · Cast materials
1.1
1.2
2.1
2.2
3.1
3.2
4.1
4.2

N

 · Non-ferrous materials
 · Aluminium alloys

1.1
1.2
1.3
1.4
1.5
1.6

 · Copper alloys
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

 · Magnesium alloys
3.1
3.2

 · Synthetics
4.1
4.2
4.3
4.4

 · Special materials
5.1
5.2
5.3

S

 · Special materials
 · Titanium alloys

1.1 120 0,009 x d1
1.2 90 0,007 x d1
1.3 50 0,006 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 80 0,007 x d1
2.2 30 0,005 x d1
2.3 30 0,005 x d1
2.4 30 0,005 x d1
2.5 20 0,005 x d1
2.6 30 0,005 x d1

H
 · Hard materials

1.1 160 0,008 x d1
1.2 120 0,007 x d1
1.3
1.4
1.5

Cold-air nozzle and accessories 
see chapter Info, pages 432 - 434



 · Cutting Conditions

408  409v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

Kugelfräser · Ball Nose End Mills

�  

�  
�  
�  

�  Finishing end mill for additive  

manufactured components 
�  Optimised chisel edge
�  Special neck designs
�  High performance coating

N

30°

切刃エリア
cutting area of tool

ø 
d 2

l1

l2

l3

l4

r

ø 
d 3

ø 
d 1

  
Finishing end mill

 · Coating ALCR

 –  ( )
�   :  

�  

�  

Applications – material (see page 384)
�  Hybrid Additve Manufacturing:  

Combination of selective laser melting in a  

powder bed with high-speed 3-axis milling
�  Use in tool and die making, rapid prototyping  

and small-batch production
�  2D machining of undercuts possible

P 1.1-5.1
M 1.1-4.1
S 1.1-2.6
H 1.1-1.2

  · Short design 2509L
ø d 1  

-0,02
r   

-0,01
l 2 l 3 l 1 ø d 3 l 4 ø d 2  

h5

Z   
[ ]

0,6 0,3 0,4 2 50 0,54 14 6 2 2509L.0006
0,8 0,4 0,52 2,6 50 0,72 14 6 2 2509L.0008
1 0,5 0,65 3,2 50 0,9 14 6 2 2509L.001
2 1 1,2 6 50 1,8 14 6 2 2509L.002
3 1,5 1,8 9 50 2,8 14 6 2 2509L.003

   –  
Ball nose end mills type N – short design

  · Valid for
2509L

 
Finishing end mill

ap

ø d1

a p
 =

 0
,0

2 
x 

d 1

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 300 0,013 x d1

2.1 280 0,012 x d1

3.1 260 0,011 x d1

4.1 240 0,010 x d1

5.1 220 0,009 x d1

M
 · Stainless steel materials

1.1 180 0,010 x d1
2.1 160 0,010 x d1
3.1 120 0,008 x d1
4.1 100 0,008 x d1

K

 · Cast materials
1.1
1.2
2.1
2.2
3.1
3.2
4.1
4.2

N

 · Non-ferrous materials
 · Aluminium alloys

1.1
1.2
1.3
1.4
1.5
1.6

 · Copper alloys
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

 · Magnesium alloys
3.1
3.2

 · Synthetics
4.1
4.2
4.3
4.4

 · Special materials
5.1
5.2
5.3

S

 · Special materials
 · Titanium alloys

1.1 150 0,007 x d1
1.2 120 0,006 x d1
1.3 90 0,005 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 110 0,006 x d1
2.2 50 0,004 x d1
2.3 50 0,004 x d1
2.4 40 0,004 x d1
2.5 40 0,004 x d1
2.6 40 0,004 x d1

H
 · Hard materials

1.1 200 0,010 x d1
1.2 170 0,009 x d1
1.3
1.4
1.5



 · Cutting Conditions

410  411v c  =  · Cutting speed

f z  =  · Feed per tooth

 =  · very suitable

 =  · suitable

 · End Mills

�  

�  

�  
�  

�  Finishing end mill for additive  

manufactured components 
�  Back Taper: T-slot form with radius
�  2D machining of undercuts
�  High performance coating

N

0°

切刃エリア
cutting area of tool

ø 
d 2

l1

l3

l4

r

ø 
d 3

l2

ø 
d 1

 
Machining of undercuts

 · Coating ALCR

 –  ( )
�   :  

�  

�  

Applications – material (see page 384)
�  Hybrid Additve Manufacturing:  

Combination of selective laser melting in a  

powder bed with high-speed 3-axis milling
�  Use in tool and die making, rapid prototyping  

and small-batch production
�  2D machining of undercuts possible

P 1.1-5.1
M 1.1-4.1
S 1.1-2.6
H 1.1-1.2

3060L
ø d 1  

-0,02
r   

-0,02
l 2 l 3 l 1 ø d 3 l 4 ø d 2  

h6

Z   
[ ]

3,5 0,5 1 4 42 2 8 6 3 3060L.035050
5 0,5 1 4,4 42 2 8,4 6 3 3060L.050050

   
End Mills type N

  · Valid for
3060L

 
Machining of undercuts

a p

ae

ø d1

aeee = 0,1 x d1

a p
 =

 0
,1

 x
 d

1

v c 

 [m/min]

f z 
 [mm]

P

 · Steel materials

1.1 130 0,013 x d1

2.1 120 0,012 x d1

3.1 110 0,011 x d1

4.1 100 0,010 x d1

5.1 90 0,009 x d1

M
 · Stainless steel materials

1.1 70 0,008 x d1
2.1 60 0,008 x d1
3.1 50 0,006 x d1
4.1 40 0,006 x d1

K

 · Cast materials
1.1
1.2
2.1
2.2
3.1
3.2
4.1
4.2

N

 · Non-ferrous materials
 · Aluminium alloys

1.1
1.2
1.3
1.4
1.5
1.6

 · Copper alloys
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8

 · Magnesium alloys
3.1
3.2

 · Synthetics
4.1
4.2
4.3
4.4

 · Special materials
5.1
5.2
5.3

S

 · Special materials
 · Titanium alloys

1.1 60 0,009 x d1
1.2 45 0,007 x d1
1.3 25 0,006 x d1

 · Nickel alloys, cobalt alloys and iron alloys
2.1 40 0,007 x d1
2.2 15 0,005 x d1
2.3 15 0,005 x d1
2.4 15 0,005 x d1
2.5 10 0,005 x d1
2.6 15 0,005 x d1

H
 · Hard materials

1.1 80 0,008 x d1
1.2 60 0,007 x d1
1.3
1.4
1.5



 · Cut&Form End Mills  · Cutting Conditions

412  413v c  =  · Cutting speed

f z  =  · Feed per tooth

N

 Non-ferrous materials
 Aluminium alloys

1.1
 Aluminium wrought alloys

≤ 200 N/mm2 EN AW-AlMn1 EN AW-3103
1.2 ≤ 350 N/mm2 EN AW-AlMgSi EN AW-6060
1.3 ≤ 550 N/mm2 EN AW-AlZn5Mg3Cu EN AW-7022

 Copper alloys
2.1  Pure copper, low-alloyed copper ≤ 400 N/mm2 E-Cu 57 EN CW 004 A
2.2  Copper-zinc alloys (brass, long-chipping) ≤ 550 N/mm2 CuZn37 (Ms63) EN CW 508 L
2.3  Copper-zinc alloys (brass, short-chipping) ≤ 550 N/mm2 CuZn36Pb3 (Ms58) EN CW 603 N
2.4  Copper-aluminium alloys (alu bronze, long-chipping) ≤ 800 N/mm2 CuAl10Ni5Fe4 EN CW 307 G
2.5  Copper-tin alloys (tin bronze, long-chipping) ≤ 700 N/mm2 CuSn8P EN CW 459 K
2.6  Copper-tin alloys (tin bronze, short-chipping) ≤ 400 N/mm2 CuSn7 ZnPb (Rg7) 2.1090

�  

�  
�  

�  
�  

�  

�  High performance tool for finishing
�  Patented tool geometry
�  3 cutting edges and  

3 pressure ridges
�  Production of polished and  

compacted surfaces
�  Production of surfaces with  

surface roughness grades N1-N3
�  2 lengths available

W

40°

45°

ø 
d 3l2

l3

l1

ø 
d 1

ø 
d 2

 · Coating

 –  ( )
� 
�  
� 
�  

Applications – material (see page 384)
�  Suitable for trimming 2D contours
�  For wrought aluminium alloys
�  For copper and copper alloys
�  Only suitable for finishing

N 1.1-1.3
N 2.1-2.6

N 1.1-1.3
N 2.1-2.6

DIN 6527 –   · Short design 2506
ø d 1  

h5
l 2 l 3 l 1 ø d 3 ø d 2  

h5

KB Z   
[ ]

6 10 16 54 5,8 6 0,12 3 / 6 2506.006
8 12 20 58 7,7 8 0,12 3 / 6 2506.008

10 14 24 66 9,5 10 0,2 3 / 6 2506.010
12 16 26 73 11,5 12 0,2 3 / 6 2506.012

DIN 6527 –   · Long design 2507
ø d 1  

h5
l 2 l 3 l 1 ø d 3 ø d 2  

h5

KB Z   
[ ]  

6 13 20 57 5,8 6 0,12 3 / 6 2507.006
8 19 25 63 7,7 8 0,12 3 / 6 2507.008

10 22 30 72 9,5 10 0,2 3 / 6 2507.010
12 26 35 83 11,5 12 0,2 3 / 6 2507.012

 

  The cutting data must be adapted to the material to be machined taking into consideration the clamping of tool and workpiece as well as the natural vibration frequency of  
component and spindle. Please address your responsible FRANKEN contact for more information.

Patented tool geometry Cutting edges to remove material 

Pressure ridges to compact and  
smoothen the material and to  
produce polished surfaces

 =  · very suitable

 =  · suitable
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 · Solid Carbide Milling Cutters


