S MITSUBISHI MATERIALS TOOLS NEWS “:.:1c

nardencd steeis  IMPACT MIRACLE

MPACTMIRACE. REVOLUTION

Revolutionary Hardened Steels



For Machining of Hardened Steels

IMPACT MIRACLE end mil series
IMPACT MIRACLE REVOLUTION

IMPACT MIRACLE REVOLUTION Coating

The combination of the (Al, Cr, Si) N coating (newly-developed), which has a high oxidation
temperature and high lubricity, together with the (Al, Ti, Si) N coating, which has better wear
resistance and high adhesion, allows hardened steels with even greater strength to be
maintained.

-~ % High Oxidation Temperature
: % High Lubricity

.- % Better Wear Resistance
"7t High Adhesion

-
L

BUItra Micro-grain
Cemented Carbide

(£

Selection According to Work Materials Hardness
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Revolutionary Hardened Steel

-
VFR288B/VFR28B

2 Flute Ball Nose End Mill
Strong S Curve

New Negative Cutting Edge Shape and
Slow Helix Angle Cutting Edge

New Cutting Edge Shape: Optimization of the cutting edge curve, helix angle, and rake angle
have improved the edge strength at all areas of the ball blades.
Carbide Substrate: High-grade material types ideal for high-hardness materials.

-
VFRZ2SBF

2 Flute Ball Nose End Mill for Mirror Finish Cutting
New ZERO-p Surface

Newly-developed Surface Reforming Technology

New Ball Geometry for Mirror Finish Cutting



For Machining of Hardened Steels

VFR258B &

Ball nose, Short cut length, 2 flute, Short shank
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(<30HRC) (245HRC) (£55HRC) (>55HRC) Stainless Steel |Heat ResistantAlloy|  COPPerAlloy | Aluminum Alloy
O ©) ©)
z ___— 1 BHTA215°
B 4
= ) 3 — |8 Typet
RE  |APMX
L
LF
4
B Qo 2
8 | § Type2
APMX
RE<6 " £
N = LF
+0.005
Hl 4<DCON<6|8<DCON<10| DCON=12
0 0 0
- 0.005 - 0.006 - 0.008
Optimization of the cutting edge curve, helix angle, and rake angle have improved the edge
strength at all areas of the ball blades. (mm)
*

Order Number RE DC APMX LU DN LF DCON | No.F | Stock | Type
VFR2SSBR0050S04 0.5 1 1 2 0.94 40 4 2 (] 1
VFR2SSBR0050 0.5 1 1 2 0.94 40 6 2 (] 1
VFR2SSBR0075S04 0.75 1.5 1.5 3 1.44 40 4 2 (] 1
VFR2SSBR0075 0.75 1.5 1.5 3 1.44 40 6 2 (] 1
VFR2SSBR0100 1 2 2 4 1.9 45 6 2 (] 1
VFR2SSBR0150 1.5 8 3 6 2.9 45 6 2 (] 1
VFR2SSBR0200 2 4 4 8 3.9 45 6 2 (] 1
VFR2SSBR0250 2.5 5 B 10 4.9 50 6 2 (] 1
VFR2SSBR0300 3 6 6 12 5.85 50 6 2 (] 2
VFR2SSBR0400 4 8 8 14 7.85 60 8 2 (] 2
VFR2SSBR0500 5 10 10 18 9.7 70 10 2 (] 2
VFR2SSBR0600 6 12 12 22 11.7 75 12 2 (J 2

* Number of Flutes RE = Radius of Ball Nose LU = NeckLength DCON = Shank Dia.
DC = Dia. DN = Neck Dia.
APMX = Length of Cut LF = Overall Length

@ : Inventory maintained in Japan.



VFRZ2S8B

Ball nose, Short cut length, 2 flute
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Optimization of the cutting edge curve, helix angle, and rake angle have improved the edge
strength at all areas of the ball blades. (mm)
*

Order Number RE DC APMX LU DN LF DCON | No.F | Stock | Type
VFR2SBR0010 0.1 0.2 0.2 0.4 0.17 45 4 2 (] 1
VFR2SBR0010S06 0.1 0.2 0.2 0.4 0.17 50 6 2 (] 2
VFR2SBR0015 0.15 0.3 0.3 0.6 0.27 45 4 2 o 1
VFR2SBR0015S06 0.15 0.3 0.3 0.6 0.27 50 6 2 (] 2
VFR2SBR0020 0.2 0.4 0.4 0.8 0.36 45 4 2 (] 1
VFR2SBR0020S06 0.2 0.4 0.4 0.8 0.36 50 6 2 (] 2
VFR2SBR0030 0.3 0.6 0.6 1.2 0.56 45 4 2 ° 3
VFR2SBR0030S06 0.3 0.6 0.6 1.2 0.56 50 6 2 (] 3
VFR2SBR0040 04 0.8 0.8 1.6 0.76 45 4 2 (] 3
VFR2SBR0040S06 0.4 0.8 0.8 1.6 0.76 50 6 2 (] &
VFR2SBR0050 0.5 1 1 2 0.94 45 4 2 (] 3
VFR2SBR0050S06 0.5 1 1 2 0.94 50 6 2 (] 3
VFR2SBR0060 0.6 1.2 1.2 2.4 1.14 45 4 2 (] 3
VFR2SBR0060S06 0.6 1.2 1.2 24 1.14 50 6 2 (] &
VFR2SBR0070 0.7 14 1.4 2.8 1.34 45 4 2 (] 3
VFR2SBR0070S06 0.7 1.4 14 2.8 1.34 50 6 2 (] 3
VFR2SBR0075 0.75 1.5 1.5 3 1.44 45 4 2 (] 3
VFR2SBR0075S06 0.75 15 1.5 & 1.44 50 6 2 (] &
VFR2SBR0080 0.8 1.6 1.6 3.2 1.54 45 4 2 (] 3
VFR2SBR0080S06 0.8 1.6 1.6 3.2 1.54 50 6 2 (] 3
VFR2SBR0090 0.9 1.8 1.8 3.6 1.74 45 4 2 (] 3
VFR2SBR0090S06 0.9 1.8 1.8 3.6 1.74 50 6 2 o 3
VFR2SBR0100 1 2 2 4 1.9 50 4 2 (] 3
VFR2SBR0100S06 1 2 2 4 1.9 60 6 2 (] 3
VFR2SBR0125S06 1.25 2.5 2.5 5 2.4 60 6 2 ® 3
VFR2SBR0150S03 1.5 & 8 = = 60 8 2 (] 4
VFR2SBR0150 1.5 3 3 6 2.9 70 6 2 (] 3
VFR2SBR0200S04 2 4 4 = = 60 4 2 (] 4
VFR2SBR0200 2 4 4 8 3.9 70 6 2 (] 3
VFR2SBR0250 2.5 5) 5 10 4.9 80 6 2 (] &
VFR2SBR0300 3 6 12 — - 80 6 2 (] 4
VFR2SBR0400 4 8 14 = = 90 8 2 (] 4
VFR2SBR0500 5 10 18 — — 100 10 2 (] 4
VFR2SBR0600 6 12 22 = = 110 12 2 (] 4
VFR2SBR0800 8 16 30 — - 140 16 2 (] 4
VFR2SBR1000 10 20 38 = = 160 20 2 [J 4

* Number of Flutes RE = Radius of Ball Nose LU = NeckLength DCON = Shank Dia.
DC = Dia. DN = Neck Dia.
APMX = Length of Cut LF = Overall Length



For Machining of Hardened Steels

Ball nose, Short cut length, 2 flute, Short shank VFRZ2558B
Ball nose, Short cut length, 2 flute VFRZ25SB

Recommended Cutting Conditions

(mm)
Hardened Steels (45—52HRC) Hardened Steels (55— 62HRC) Hardened Steels (62—70HRC)
Work

Material

AISI H13 AISI D2 AISI W1, AISI M2

a<15° a>15° a<15° a>15° a<15° a>15°
RE n vf n vi | ap | ae n vf n vi | ap | ae n vf n vi | ap | ae

(min"y |(mm/min)| (min-") |(mm/min) (min"y |(mm/min)| (min-") |(mm/min) (min") |(mm/min)| (min-") |(mm/min)
R 0.1 |40000| 320[{40000| 240 |0.003( 0.02 [40000| 320 (40000 160 [0.003| 0.02 |40000| 320 |40000| 160 |0.002 | 0.02
R 0.15 |40000| 640({40000| 560 | 0.01 [ 0.03 [40000| 640 [40000| 400 [0.007| 0.03 |40000| 640 |40000| 400 |0.005( 0.03
R 0.2 |40000| 1600(40000| 1200 | 0.02 | 0.04 [40000| 1400 [40000| 1000 [ 0.015| 0.04 |40000| 1200 |40000| 1000 | 0.01 | 0.04
R 0.3 |40000| 3200{40000| 1600 | 0.03 | 0.06 [40000| 2800 [40000| 1200 | 0.025| 0.06 |40000| 2000 |40000| 1200 |0.02 | 0.06
R 0.4 |40000, 6400|40000| 2400 | 0.05 | 0.08 |40000| 4000 (40000| 1600 | 0.04 | 0.08 |40000 | 2800 (40000| 1600 |0.03 | 0.08
R 0.5 |40000| 8000(40000| 3200 | 0.06 | 0.10 [40000| 5600 [40000| 2400 | 0.05 | 0.10 |40000| 3600 |32000| 1300 | 0.04 | 0.10
R 0.75 |40000| 9600|40000| 4000 | 0.09 | 0.15 [40000| 7200 [32000| 2500 [ 0.075| 0.15 |32000| 4500 |21000| 1200 | 0.05 | 0.15
R 1 40000| 9600|39000| 4700 | 0.11 | 0.20 [40000| 8000 [24000| 2400 | 0.1 0.20 (24000 3800 | 16000 1000 | 0.07 | 0.20
R 1.25 | 40000 1040032000 | 4500 | 0.12 | 0.25 |37000| 8100 [ 19000| 2300 | 0.11 | 0.25 | 19000 | 3400 [13000| 1000 | 0.08 | 0.25
R 1.5 |40000  12000|27000| 4300 | 0.13 | 0.30 |32000| 7700 (16000| 2200 | 0.12 | 0.30 | 16000 | 3200 | 11000| 880 |0.09 | 0.30
R 2 32000 | 10880 (20000 | 3600 [ 0.15 | 0.40 [24000| 6200 | 12000| 1900 | 0.13 | 0.40 |12000| 2400 | 8000| 800 | 0.1 0.40
R 2.5 |25000| 9000{16000| 2900 | 0.20 | 0.50 [19000| 5300 [ 9600| 1700 ( 0.15 | 0.50 | 9600| 2100 | 6000| 600 |0.1 0.50
R 3 21000| 8400(13000| 2600 [ 0.25 | 0.60 [16000| 4800 | 8000| 1600 | 0.2 0.60 [ 8000( 1700 | 5000| 600 |0.11 0.60
R 4 16000| 6400]10000| 2000 | 0.30 | 0.80 [12000| 3600 [ 6000| 1200 (0.2 0.80 | 6000| 1400 | 4000, 480 (0.11 0.80
RS 13000| 5200( 8000| 1700 | 0.50 | 1.00 [10000| 3200 | 4800| 960 | 0.2 1.00 | 4800| 1100 [ 3000| 420 |0.12 | 1.00
R 6 9000| 3600| 6000| 1300 | 0.50 | 1.20 | 7000| 2200 | 3600| 720 |0.3 1.20 | 3600| 860 [ 2200| 310 ({0.12 | 1.20
R 8 6000| 2400| 4000 1000 | 0.50 | 1.60 | 5000| 1600 | 2500| 500 | 0.3 1.60 | 2500| 650 [ 1500| 240 (0.15 | 1.60

"R10 | 4500| 1800| 3000| 780 |0.50 | 2.00 | 4000| 1300 | 1800| 360 | 0.3 2.00 | 1800 470 | 1000, 160 |0.15 | 2.00
<ae
Depth of
Cut <ap
7.

(Note 1) a is the inclination angle of the machined surface.
(Note 2) If the depth of cut is smaller, the revolution and the feed rate can be increased. Please reduce the feed rate when the surface finish is important.
(Note 3) If the rigidity of the machine or the work materials installation is very low, or chattering and noise are generated, reduce the revolution
and the feed rate proportionately.

ae =Pick Feed



VFRZ2SBF

Ball nose, Short cut length, 2 flute, For Mirror finish cutting

D@

@ : Inventory maintained in Japan.

Carbon Steel, Alloy Steel, Cast Iron | ToolSeel, Prehardened Seel Hardened Sl | - Hardened Steel Hardened Steel Austenitic Titanium Alloy, .
(<30HRC) (245HRC) (£55HRC) (>55HRC) Stainless Steel |Heat ResistantAlloy|  COPPerAlloy | Aluminum Alloy
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New ball geometry for mirror finish cutting.
(mm)
*

Order Number RE DC APMX LU DN LF DCON | No.F | Stock | Type
VFR2SBFR0050 0.5 1 1 2 0.94 45 4 2 [ ] 1
VFR2SBFR0075 0.75 1.5 1.5 3 1.44 45 4 2 ° 1
VFR2SBFR0100 1 2 2 4 1.9 60 6 2 [ ] 1
VFR2SBFR0125 1.25 2.5 2.5 5 2.4 60 6 2 (] 1
VFR2SBFR0150 1.5 3 3 6 2.9 70 6 2 [ ] 1
VFR2SBFR0200 2 4 4 8 3.9 70 6 2 ° 1
VFR2SBFR0250 2.5 5 5 10 4.9 80 6 2 [ 1
VFR2SBFR0300 3 6 6 — — 80 6 2 (] 2

* Number of Flutes RE = RadiusofBallNose LU = Neck Length DCON = Shank Dia.
DC = Dia. DN = Neck Dia.
APMX = Length of Cut LF = Overall Length



For Machining of Hardened Steels

VFRZ2SBF

Ball nose, Short cut length, 2 flute, For Mirror finish cutting

Recommended Cutting Conditions

(mm)
Carbon Steels, Alloy Steels (180—280HB) Hardened Steels (62—70HRC)
Alloy Tool Steels (£350HB), Pre-hardened Steels (35—45HRC)
Work | Hardened Steels (45—52HRC), Hardened Steels (55— 62HRC)
Material
AISI 1045, AISI 4140, AISI P21, AISI P20, SKD, SKT, AISI H13, AISI L6, AISI W1, AISI M2
AISI D2
RE a<15° a>15° a<15° a>15°
(mm) n vf n vf ap ae n vf n vf ap ae
(min") | (mm/min) | (min") | (mm/min) (min") | (mm/min) [ (min") | (mm/min)
R 0.5 40000 800 40000 800 0.007 0.007 40000 560 40000 560 0.005 0.005
R 0.75 | 40000 800 40000 800 0.009 0.009 40000 560 40000 560 0.007 0.007
R 1.0 35000 1050 35000 1050 0.011 0.011 35000 700 35000 700 0.009 0.009
R 1.25 | 35000 1050 35000 1050 0.013 0.013 35000 700 35000 700 0.011 0.0M1
R 1.5 35000 1050 35000 1050 0.015 0.015 35000 700 35000 700 0.013 0.013
R 2.0 25000 1000 25000 1000 0.017 0.017 25000 750 25000 750 0.015 0.015
R 2.5 25000 1000 25000 1000 0.020 0.020 25000 750 25000 750 0.015 0.015
R 3.0 25000 1000 25000 1000 0.020 0.020 25000 750 25000 750 0.015 0.015
<ae
Depth of
Cut

(Note 1) The tools are recommended for use only in finish machining.
(Note 2) Air blowing or oil mist is recommended as coolants.

(Note 3)

Note the following points when using the tools.

« Avoid using equipment abruptly without proper preparation. After sufficiently energizing equipment, ensure that there will be no

changes to the depth of cut such as due to elongation of the main axis during machining.

« If the tools are used immediately after rough machining of a surface, large uneven areas (cusp heights) will cause deflection of the
tools and waviness of the machined surface. Therefore, it is recommended to add a medium finish machining process which uses

the same value of ae as indicated in the table above.

(Note 4) a is the inclination angle of the machined surface.

ae=Pick Feed



Application Example

VFR25B
WA

<Cutting Conditions>
Workpiece : High Speed Steel

ASP23 AISI M2 HAP72 e VRS0
Cutting Mode : Air Blow
(62HRC) (64HRC) (68HRC) Machine  :Vertical MC

Rough Machining Shape Medium Finish and Finish (Tilt Angle 30°)

Cutting Time : 234 min
Tools Used : 4

(mm)

Rough Machining .01 -
witth e L R 3.0 12000 1600 0.35 1.0 0.2 1:01:45 2

Medium Finish Machining .40
o G e R 3.0 8000 500 0.3 0.1 0.05 0:49:15 1
Finish Machining R 3.0 12000 700 0.1 0.035 — 2:03:19 1

with Scan Line




For Machining of Hardened Steels

Application Example

VFRZ2SBF

Workpiece : Pre-hardened Steel

Indexed 5-axis machining can prevent
machining at the tips of ball nose end
mills.

Excellent tool conditions after 31 hours of
finish machining.

20 Times
Magnification

A surface roughness of Rz: 0.8uym or lower can be
) achieved.

VAT <00 MNATE xR

- 5@Feed|§z::0.541:pm: I

— Wt

Cutting Conditions Holder : HSK-AG3

(mm)

Rough Machining . 3000 150 1800 | 0.15 32 1 0.2 .
Side Finish Machining VQMHVRBD1600R500 | Air Blow 2000 100 240 | 003 _ _ 0 0:24
Chamfer and Medium Alona the Surface

Finish Machining on MP2SBR0300 AirBlow | 13000 | 245 2600 | 0.1 o 00.1 0.03 0:46
the Top )
. - Along the Surface .
Top Finish Machining VFR2SBFR0300 MQL 20000 | 375 600 | 0.015 00.015 0 31:10




Cutting Performance

AISI H13 (52HRC)
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<Cutting Conditions>

Work Material 1 AISI H13 (52HRC)
Tool : VFR2SBR0300
Revolution :n=17000 min"

Table Feed : vf=1700 mm/min

Feed per Tooth : fz=0.05 mm/t.

Depth of Cut :ap=2 mm, ae=0.3 mm
Overhang Length  : 22 mm

Cutting Mode 2 Air blow

Machine : Vertical MC (HSK-A63)

0.3 mm

22 mm

7}
2.0 mm
v

<Cutting Conditions>

Work Material : AISI D2 (60HRC)

Tool : VFR2SBR0300
Revolution : n=5400 min™

Table Feed : vf=540 mm/min

Feed per Tooth : fz=0.05 mm/t.

Depth of Cut :ap=2 mm, ae=0.2 mm
Overhang Length  : 22 mm

Cutting Mode : Air Blow

Machine : Vertical MC (HSK-A63)

0.2 mm
22 mm 4"
A
2.0 mm
A 4
<Cutting Conditions>
Work Material : ASP23 (62HRC)
Tool : VFR2SBR0300
Revolution : n=5400 min”
Table Feed : vf=540 mm/min
Feed per Tooth : fz=0.05 mm/t.
Depth of Cut :ap=2 mm, ae=0.2 mm
Overhang Length  : 22 mm
Cutting Mode : Air Blow
Machine : Vertical MC (HSK-A63)

0.2 mm
22 mm 4"
R Y
2.0 mm
A 4
<Cutting Conditions>
Work Material : AISI M2 (64HRC)
Tool : VFR2SBR0300
Revolution :n=5400 min™
Table Feed : vf=540 mm/min
Feed per Tooth : f2z=0.05 mml/t.
Depth of Cut :ap=2 mm, ae=0.2 mm
Overhang Length  : 22 mm
Cutting Mode : Air Blow
Machine : Vertical MC (HSK-AG3)

0.2 mm

22 mm 4"

7Y
2.0 mm
v

10



AISI H13 (52 HRC) Comparison of Cutting Surface

Photo X50

Model Shape

(s

VFR2SBF

- >
Good Surface

Conventional

Bad Surface

<Cutting Conditions>

Workpiece 1 AISI H13 (52HRC) Feed per Tooth : fz=0.02 mm/t.

Tool : VFR2SBFR0300 Depth of Cut 1 ap=0.02 mm, ae=0.02 mm
Revolution :n=32000 min"' Overhang Length : 15 mm

Cutting Speed 1 ve=603 m/min Cutting Mode : Air Blow

Table Feed : vf=1280 mm/min Machine : Vertical MC (HSK-E25)
For Your Safety

@Don't handle inserts and chips without gloves. @Please machine within the recommended application range and exchange expired tools with new ones in advance of breakage. @Please use safety covers
and wear safety glasses. @When using compounded cutting oils, please take fire precautions. @When using rotating tools, please make a trial run to check run-out, vibration and abnormal sounds etc.

s« MITSUBISHI MATERIALS CORPORATION

MITSUBISHI MATERIALS CORPORATION

Overseas Sales Dept, Asian Region

KFC bldg., 8F, 1-6-1 Yokoami, Sumida-ku, Tokyo 130-0015, Japan
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Overseas Sales Dept, European & American Region

KFC bldg., 8F, 1-6-1 Yokoami, Sumida-ku, Tokyo 130-0015, Japan
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http://www.mitsubishicarbide.com/en/

(Tools specifications subject to change without notice.)
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