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SMART MIRACLE End Mill Series for Difficult-to-Cut Materials

VQN4/6MVRB =

Featuring the new (Al, Ti, Si)N-based coating which provides
excellent wear resistance combined with the optimal number of
irregular helix flutes to greatly dampen vibration enabling stable,
efficient machining.

Features

Optimal Number of Flutes
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The number of flutes has been
optimized in relation to the outer
diameter to achieve excellent chip
evacuation and increased tool rigidity.

Corner R-geometry with §
Improved Fracture Resistance .- " uptode.

The negative shape of the rake angle
for the R cutting edge allows the
smooth flow of chips, thereby improving
chipping resistance.

VQN4/6MVRB

The flute shape is specifically designed for
. machining of heat resistant super alloys to
Conventional provide excellent chip evacuation and high

wear resistance.

Defect due to high load
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Defect due to lack of strength
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Cutting Performance

Machining Inconel 718 - Comparison of Wear Resistance

Excellent wear resistance when machining heat resistant super alloys.

Conventional C  Conventional B Conventional A
.008

006 —--f--f-o gl

VQN4MVRB <Cutting Conditions>

Workpiece Material : Inconel718

Tool : DC=@6mm, .236 inch,

004 —-4- R1 mm, R.039 inch, 4 flutes
Cutting Speed 1 ve=130 SFM
Revolution :n=2100min”
Table Feed 1 f=9.8 IPM

R | ™ Depth of Cut - ap=.118 inch

ae=.024 inch
Overhang Length :.787 inch
0! Cutting Mode : Wet Cutting (Emulsion)

Machine : Vertical MC

0 16.4 32.8 492 65.6
Cutting Length (feet)

After Cutting 26.2 feet

VQN4MVRB Conventional A

Machining Inconel 718 - Comparison of Fracture Resistance

Due to the optimized number of flutes and the enhanced R corner shape, fracture resistance is improved and tool life is more

than doubled compared to conventional products.

VQN6MVRB

<Cutting Conditions>

L
Conventional A Workpiece Material : Inconel718

Fracture

| |
| |
l l Tool : DC=g12mm, .472 inch
4 Flutes | | | Cutting Speed 1 ve=100 SFM
‘ ‘ ‘ | | | Revolution : n=800min”*
Conventional B | | ! Table Feed :f=5.5 IPM
4 Flutes Fractu re ! ! Depth of Cut :ap=.472 inch
I I I Overhang Length : 1.417 inch
f | | | | | Cutting Mode : Wet Cutting (Emulsion)
Conventional C | | | | | Machine : Vertical MC
Fracture ‘ ‘ ‘
4 Flutes ; ! ! ! !
0 2 4 6 8 10 Cutting Length: 5.9 inch per groove

Number of Grooves
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SMART MIRACLE End Mill Series for Difficult-to-cut Materials

VQN2MB/4AMB/4MBF

(Al, Ti, Si) N-based coating with outstanding wear resistance,
combined with optimized cutting edges, provide high machining
efficiency and a stable cutting performance.

Features

(Al, Ti, Si) N-based Coating

The (Al, Ti, Si)N-based coatings maintain their film hardness and heat resistant properties under the
harshest of conditions making it a highly suitable coating for end mills machining heat resistant super alloys.

New Cutting Edge Geometry

The corner radius cutting edge rake angles have been
optimized for consistent contact. Additionally the structure of
both the 2 and 4 flute end mills have been strengthened.

VQN2MB
Versatile 4 Flute Type

When compared to 2-flute types, end mills with 4 flutes have a longer tool life and provide higher efficiency
machining. In addition the new types have a much improved chip disposal rate to prevent clogging.

Now available is the new VQN4MBF with a full 4-flute end geometry, ideal for 5 axis machining. The new
VQN4MB, with 4 side flutes displays a special end geometry with only 2 flutes, designed with extra space for
excellent chip evacuation during rough machining.

VQN4MBF VQN4MB
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Cutting Performance

Machining Inconel 718 - Comparison of Fracture Resistance

Cutting time has been reduced due to an increased feed rate and an excellent resistance to fracturing during slotting.
Ideal for machining heat resistant alloys typically used in the aerospace industry.

i Cutting coniditions (1.7 tﬁmes higher)i i

Can continue

VQN4MB f -
machining
|
|
l
|
VQN4MB Can continue
| . N
machining
|
|
|
. |
Conventional Fracture
: : : : : : :
0 20 40 60 80 100 120
Number of Machining (slot milling) <Cutting Conditions>
Workpiece Material : Inconel718 (Aging treatment)
Tool : RE = 5.0mm, .197 inch
DC = 10.0mm, .394inch, 4 flutes
Depth of Cut :ap = Max. .134”
Cutting Mode : Slot Machining
After M”“ng 106 Slots External Coolant (Emulsion)

VQN4MB VQN4MB Conventional Fracture
vc =165 SFM, fz=.0010 IPT vc =230 SFM, fz=.0005 IPT vc =230 SFM, fz=.0005 IPT

Machining Inconel 718 - Comparison of Wear Resistance

Both VQN4MBF and VQN4MB have more than four times the wear resistance of conventional products.

Conventional A

.008 i
Conventional B VQN4MBF 4 Tlm?s
Tool Life
VQN4MVIB
HO[0/CHu A A
<Cutting Conditions>
004 AP M Workpiece Material : Inconel718
Tool : RE = 3.0mm, .118 inch,
4 flutes
Cutting Speed :ve =130 SFM
002 g T T T T T T T Tt Feed :fz=.0020 IPT
Depth of Cut rap =.094 inch
ae =.012inch
0 ‘ Cutting Mode : Down Cut
External Coolant (Oil)
65.6 131.2 196.9 262.5

Cutting Length (feet)
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End Mills for Machining Difficult-to-cut Materials

Product Name

Coating or
Substrate

Radius End Mill

End Mills

Size Range

Neck Length

Flutes

Finish / Rough

Work Materials

Upper :

1st Recommendation
Lower :

2nd Recommendation

Slot Milling

Medium (ap-3xDC)

[ e —
VQN4MVRB @ DC 2.2-25 _ 4 FIIIII B O
y ) 3-6 xDC
@ggq % RERRL[
— DC 2.2-24 F IIIII B
vanemvre @ 0 812 |x0C - ©
@ggg % RER(][
Ball End Mill
Medium (ap—3xDC)
am—
o e e | .|, |Fromm| 8 .
<= @30“ @ 05715 RER([
VQN2MB
a|—
@ RE 2-24 _ ) (3 []]] B 0
gl/ - 2.0-6.0 |xDC RIIIDD
o 8
-2, 3 | | [N
VQN4MB ® fo-s0 oo | T | O
S . x RIlEER
- B
RE 1-2.4 F IIIII
vanamer | D ros0 hoc | T | | REEEOD )

o @

%* ap : Depth of Cut
* DC : Cutting Diameter

* RE : Radius of Ball Nose
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VQN4/6MVRB v

Corner Radius, Medium cut length, 4/6 flute

@ 33 34°
&/ 37° 36°
VQN4 VQN6

VQN4 VQN6
Carbon Steel, Alloy Steel, Cast Iron | ToolStel,Prerdened Siel Hacened Steelf - Hardened Steel Hardened Steel Austenitic . .
(<30HRC) (<45HRC) (<55HRC) (>55HRC) Stainless Steel Heat Resistant Alloy Copper Alloy Aluminum Alloy
©
BHTA2 15°
s SJ; E—
RE 3
APMX 8
LF a
VQN4 VQN6 a — | Type2
+0.015 +0.02 z
RE APMX 8
DC=12 LF a
0
- 0.02
DCON=6 |DCON=8,10 | DCON=12
0 0 0
@ - 0.008 - 0.009 - 0.011

@ (Al, Ti, Si) N-based coating exhibits excellent wear and chipping resistance when machining heat resistant super alloys.
® Optimized number of flutes for efficient and stable machining.

(mm)
Order Number DC RE APMX LF DCON No.F | Stock | Type
VQN4MVRBD0300R030 3 0.3 7 45 6 4 () 1
VQN4MVRBD0300R050 3 0.5 7 45 6 4 () 1
VQN4MVRBD0400R030 4 0.3 10 45 6 4 ® 1
VQN4MVRBD0400R050 4 0.5 10 45 6 4 () 1
VQN4MVRBD0500R050 5 0.5 12 50 6 4 ° 1
VQN4MVRBD0600R050 6 0.5 13 50 6 4 () 2
VQN4MVRBD0600R100 6 1 13 50 6 4 () 2
VQN6MVRBD0800R050 8 0.5 19 60 8 6 () 2
VQN6MVRBD0800R100 8 1 19 60 8 6 (] 2
VQN6MVRBD1000R050 10 0.5 22 70 10 6 () 2
VQN6MVRBD1000R100 10 1 22 70 10 6 ° 2
VQN6MVRBD1200R050 12 0.5 26 75 12 6 () 2
VQN6MVRBD1200R100 12 1 26 75 12 6 ® 2
* Number of Flutes

DC = Cutting Dia. DN = Neck Dia.

RE = Corner Radius LF = Overall Length

APMX = Length of Cut DCON = Shank Dia.

LU = Neck Length

@ : USA Stock
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End Mills for Machining Difficult-to-cut Materials

VQN4/6MVRB VQN2MB

000"

Corner Radius, Medium cut length, 4/6 flute Ball nose, Medium cut length, 2 flute — =
Carbon Steel, Alloy Steel, Cast Iron | Tool Stel, Preardened Siel Hacened Steel | Hardened Steel Hardened Steel Austenitic . .
. . (<30HRC) (<45HRC) (<55HRC) (>55HRC) Stainless Steel |63t ResistantAlloy| — Copper Alloy | Aluminum Alloy
Recommended Cutting Conditions o
- - - z
M Side milling (inch) ‘ Q \_BHTA215°
. . 8 H : | Typer
Nickel-based Heat Resistant Super Alloy E RE APMX g
, } LU g
Workpiece Material LF
Inconel718, Inconel713C, WASPALOQY etc. _\ BHTA215°
oe g - - | Type2
Number of| Revolution | Feed Rate |Depth of Cut|Depth of Cut APMX P
(mm) (inch) Flutes (SFM) (IPM) ap ae RE LF §
3 .118 4 4200 134 A77 .012 RE<6
4 | 457 | 4 | 3200 | 102 | 236 | .016 0,010 a - - 1= | Type3
5 197 4 2500 11.8 .295 .020 DCON=6 |8<DCON<10| DCON=12 g LAPMX z
6 | .236 | 4 2100 9.8 354 024 0 0 0 LE a
8 | 315 | 6 1600 | 11.4 472 031 - 0.005 - 0.008 - 0.008
10 -394 6 1300 12.2 591 .039 @ (Al, Ti, Si) N-based coating exhibits excellent wear and chipping resistance when machining heat resistant super alloys.
12 472 6 1100 10.2 709 047 @ The R cutting edge rake angle and ball nose geometry have been optimised to improve strength.
ae (mm)
Depth of cut ap *
Order Number RE DC APMX LU DN LF DCON | No.F | Stock | Type
l Slot milling (inch) VQN2MBRO0050 0.5 1 1 4 0.94 60 6 2 ° 1
VQN2MBR0100 1.0 2 2 6 1.9 60 6 2 ° 1
Nickel-based Heat Resistant Super Alloy VQN2MBR0150 1.5 3 3 8 2.9 60 6 2 [ ) 1
Worknioce Material VQN2MBR0200 2.0 4 8 - - 60 6 2 ® 2
orkpiece Iviateria
? VQN2MBR0250 2.5 5 12 - - 60 6 2 ® 2
Inconel718, Inconel713C, WASPALOY etc. VQN2MBR0300 3.0 6 12 = = 60 6 2 [ 3
- VQN2MBR0400 4.0 8 14 - - 70 8 2 ® 3
Number off Revolution Feed Rate Depth of Cut VQN2MBR0500 50 10 18 _ _ 80 10 2 ° 3
) Flutes (SFM) (IPM) ap .
(mm) (inch) VQN2MBR0600 6.0 12 22 - - 80 12 2 ® 3
3 118 4 3200 10.2 .059 * Number of Flutes
4 157 4 2400 7.5 .079
5 197 4 1900 9.1 .098
6 .236 4 1600 7.5 118
8 .315 6 1200 55 157
10 .394 6 1000 47 197
12 472 6 800 5.5 .236
DC
DC = Cutting Dia. DN = Neck Dia.
Depth of cut ap RE = Radius of Ball Nose LF = Overall Length
/) APMX = Length of Cut DCON = Shank Dia.

LU

) ] . Neck Length
Note 1) For heat resistant super alloy, the use of water-soluble coolant is effective.

Note 2) Chattering can still occur if the machine rigidity and clamping method are insufficient.
In these cases the feed and speed should be reduced proportionately.
Note 3) If the depth of cut is shallow, the revolution and feed rate can be increased. @ : USA Stock
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End Mills for Machining Difficult-to-cut Materials

VQN2MVB VQN4MB

200 @

Medium cut length, 2 flute Ball nose, Medium cut length, 4 flute
Carbon Steel, Alloy Steel, Cast Iron | ToolStel,Preterdened Stee Hardened Sl | Hardened Steel Hardened Steel Austenitic ) .
. . (<30HRC) (<45HRC) (<55HRC) (>55HRC) Stainless Steel Heat Resistant Alloy|  Copper Alloy Aluminum Alloy
Recommended Cutting Conditions (inch) o
Nickel-based Heat Resistant Super Alloy E \ BHTA215°
g / - - Type1
RE APMX §
Inconel718, Inconel713C, WASPALOQY etc. = LF e
RE a=15" > 15" Depth of Cut | Depth of Cut
- - epth of Cut| Depth of Cu N\ BHTA2 15°
. Revolution | Feed Rate | Revolution | Feed Rate —
(mm) | Gneh) | semy | gpMy | (SFM) | (PM) o o g 1 - § | Type2
0.5 | .020 65 25.2 65 29.9 .004 .010 RE APMX L §
1.0 .039 65 12.6 65 15.0 .008 .020 o
1.5 .059 65 9.8 65 9.8 .012 .030 RE<6 C
20 | .079 | 65 75 65 87 | 016 | .039 +0.010 8 @) Type3
2.5 .098 65 71 65 7.9 .020 .049 DCON=6 [8<DCON<10 DCON=12 RE APMX g
3.0 | 118 | 65 6.7 65 8.3 024 .059 @ 0 o5 0 o5 0 o8 LE 8
4.0 157 60 5.1 60 6.3 .031 .079 - ; -
5.0 197 60 5.1 60 55 039 .098 @ (Al, Ti, Si) N-based coating exhibits excellent wear and chipping resistance when machining heat resistant super alloys.
6.0 236 60 43 60 47 047 118 @ The 2-flute end cutting edge provides excellent chip evacuation and is ideal for rough machining.
<ae (mm)
7% Order Number RE DC APMX LU DN LF DCON | No.F | Stock | Type
Note 1) For heat resistant super alloy, the use of water-soluble coolant is effective.
Note 2) If the depth of cut is shallow, the revolution and feed rate can be increased. VQN4MBRO0100 1.0 2 2 6 1.9 60 6 4 ® 1
Note 3) Vibration may occur if the rigidity of machine or workpiece is low. In this case, please reduce the revolution and feed rate VQN4MBR0150 1.5 3 3 8 2.9 60 6 4 ) 1
proportionately. _ _
Note 4) a is the inclination angle of the machined surface. VQNAMBR0200 2.0 4 8 60 6 4 ® 2
VQN4MBR0250 2.5 5 12 - - 60 6 4 (] 2
VQN4MBR0300 3.0 6 12 - - 60 6 4 (] 3
VQN4MBR0400 4.0 8 14 — — 70 8 4 (] 8
End mill VQN4MBR0500 5.0 10 18 - - 80 10 4 (] 3
VQN4MBR0600 6.0 12 22 = = 80 12 4 (] 8
RE * Number of Flutes
Q g
ae:Pick Feed
DC = Cutting Dia. DN = Neck Dia.
RE = Radius of Ball Nose LF = Overall Length
APMX = Length of Cut DCON = Shank Dia.
@ : USA Stock LU = Neck Length
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End Mills for Machining Difficult-to-cut Materials

VQN4MB VQN4MBF

00

Medium cut length, 4 flute Ball nose, Medium cut length, 4 flute
Carbon Steel, Alloy Steel, Cast Iron | ToolSteel, Preterdened Steel Hardened Skel | Hardened Steel Hardened Steel Austenitic . .
. . (<30HRC) (<45HRC) (<55HRC) (>55HRC) Stainless Steel | /163t ResistantAlloy| — Copper Alloy | Aluminum Alloy
Recommended Cutting Conditions (inch) o
Nickel-based Heat Resistant Super Alloy E \ BHTA2 15°
Q / - - Type1
RE APMX g
Inconel718, Inconel713C, WASPALOY etc. Lu L 8
RE a=15" a>15" Depth of Cut | Depth of Cut
ey Revolution | Feed Rate | Revolution | Feed Rate P as o ag ! o )} BHTA2 157
(mm) | (inch) " gpp) (IPM) (SFM) (IPM) n% - B[ Type2
1.0 .039 65 15.0 65 20.1 .008 .020 RE APMX LF §
1.5 .059 65 13.4 65 16.5 .012 .030 Q
2.0 .079 65 12.6 65 15.0 .016 .039 @ RE<6 2
O
25 | .098 | 65 9.8 65 122 | 020 | .049 £0.010 8 D Type3
3.0 118 65 8.3 65 9.8 .024 .059 DCON=6 |8<DCON<10 DCON=12 RE APMX 3
40 | 157 | 60 6.3 60 75 031 079 @ 0 o5 0 o5 0 o8 LE 8
5.0 197 60 5.9 60 7.9 .039 .098 - - -
6.0 236 60 59 60 6.7 047 118 @ (Al, Ti, Si) N-based coating exhibits excellent wear and chipping resistance when machining heat resistant super alloys.
@ The 4-flute end cutting edge is also ideal for 5-axis machining.
<ae
Depth of cut (mm)
<ap
% *
Note 1) For heat resistant super alloy, the use of water-soluble coolant is effective. LG LI MLl iz o LA = ol L REONRIRNOTL [ocky(Riks
Note 2) If the depth of cut is shallow, the revolution and feed rate can be increased.
Note 3) Vibration may occur if the rigidity of machine or workpiece is low. In this case, please reduce the revolution and feed rate VQN4MBFRO0100 1.0 2 2 6 1.9 60 6 4 ® 1
Note 4) EFQSD&YZ}IQ:;t_iZ_on angle of the machined surface ENCONERRIASE 15 3 3 8 29 60 6 4 ¢ !
I I I | | u .
g VQN4MBFR0200 2.0 4 8 - - 60 6 4 (] 2
VQN4MBFR0250 2.5 5 12 - — 60 6 4 [} 2
End mill VQN4MBFR0300 3.0 6 12 - - 60 6 4 (] 3
VQN4MBFR0400 4.0 8 14 - - 70 8 4 (] 8
RE VQN4MBFR0500 5.0 10 18 - - 80 10 4 (] 3
VQN4MBFR0600 6.0 12 22 - - 80 12 4 () 8
Q ,’;,‘« * Number of Flutes
ae:Pick Feed
® : USA Stock DC = Cutting Dia. DN = Neck Dia.
: oc RE = RadiusofBallNose  LF = Overall Length
APMX = Length of Cut DCON = Shank Dia.
LU = Neck Length
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End Mills for Machining Difficult-to-cut Materials

VQN4MBF

Medium cut length, 4 flute

Recommended Cutting Conditions (inch)

Nickel-based Heat Resistant Super Alloy

Workpiece Material
Inconel718, Inconel713C, WASPALOQY etc.
RE a=<15° a>15°
- - Depth of Cut
(mm) (inch) Revolution | Feed Rate |Depth of Cut| Revolution | Feed Rate | Depth of Cut ap
(SFM) (IPM) ae (SFM) (IPM) ae
1.0 .039 65 71 .016 65 12.2 .020 .008
1.5 .059 65 6.7 .024 65 13.4 .030 .012
2.0 .079 65 7.5 .031 65 12.6 .039 .016
2.5 .098 65 6.8 .039 65 9.8 .049 .020
3.0 118 65 6.7 .047 65 9.8 .059 .024
4.0 157 60 5.1 .063 60 7.5 .079 .031
5.0 197 60 3.9 .079 60 7.9 .098 .039
6.0 .236 60 5.1 .094 60 6.7 118 .047
<ae

Depth of cut

%//////7/// 2 Z =

Note 1) For heat resistant super alloy, the use of water-soluble coolant is effective.

Note 2) If the depth of cut is shallow, the revolution and feed rate can be increased.
Note 3) Vibration may occur if the rigidity of machine or workpiece is low. In this case, please reduce the revolution and feed rate
proportionately.
Note 4) a is the inclination angle of the machined surface.

@ : USA Stock
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ae:Pick Feed
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MITSUBISHI MATERIALS U.S.A. CORPORATION

California Office
(Headquarters)

3535 Hyland Avenue, Suite 200
Costa Mesa, CA 92626
Customer Service: 800.523.0800
Technical Service: 800.486.2341

Chicago Office
(Engineering)

300 N. Martingale Road, Suite 500
Schaumburg, IL 60173

Main: 847.252.6300

Fax: 847.519.1732

MMC Metal de Mexico, S.A. DE C.V.

Av. La Canada No.16,

Parque Industrial Bernardo
Quintana, El Marques,
Queretaro C.P. 76246 MEXICO
Main: +52.442.221.61.36

Fax: +52.442.221.61.34

www.mmc-carbide.com/us

Tools specifications subject to change without notice.

North Carolina-MTEC
(Marketing & Technical Center)

105 Corporate Center Drive, Suite A
Mooresville, NC 28117

Main: 980.312.3100

Fax: 704.746.9292

Toronto Office
(Canada Branch)

600 Matheson Blvd. Unit 5 (Office)
Mississauga, ON L5R 4C1

Main: 905.814.0240

Fax: 905.814.0245

Detroit Office
(Moldino CS)

41700 Gardenbrook Road, Suite 120
Novi, M| 48375

Main: 248.308.2620

Fax: 248.308.2627

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 attaching inserts or spare
parts, please use only the correct
wrench or driver.

¢ \When using rotating tools, please
make a trial run to check run-out,
vibration and abnormal sounds etc.
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