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End Mill Training


Presenter
Presentation Notes
Make sure to have
Nachi Catalog
Nachi Drills for Example
Microscope
White board if Possible



NACH ——————————————
Three Key Elements of a Cutting Tool

@ 3 Elements Needed In

a Good Cutting Tool
 Well Balanced For
Best Performance
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NACHI :
End Mill Terms

A - Mill Size or Cutting Diameter
B - Shank Diameter

C - Length of Cut or Flute Length
D - Overall Length
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NACHI

End Mill Terms Continued
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NACHI —
End Mill Side Clearance

e Primary (1st angle, 5° -9° )
— Relief Adjacent to Cutting Edge

« Secondary (2nd angle, 14° -17° )
— Relief Adjacent to Primary Angle

e Tertiary (3rd)

— Additional Relief Provided Adjacent to the Secondary
— High Performance End Mills

Primary Y
| +

Hook Secondary
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NACHI :
End Mill End Clearance

e Dish Angle
— Angle Between End of Cutting Edge
ANGLE and Perpendicular to the Cutter Axis
/:i ma: — Dish Ensures a flat Surface is
Produced

e Gash (Notch)

— Secondary Cuts to Provide Chip
Space at Corners and Ends

— Forming the End Cutting Edge when
Feeding Axially

PRIMARY LAND WIDTH ° GaSh Angle
— Relief Angle of the Gash Feature
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NACHI :
End Mill Flutes

« Evacuate Chips

- (NDU:"XJard fanpny * LOW Helix 10-20°
— NotUpward fike a LTl _ Harder Material 35 HRC +
e Two or More Flutes m
« Usually Spiral Helix . Normal (GP) Helix 28-
Shape 30°

* High Helix 40° +
— Stringy Chips

HELIX
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NACHI :
Chip Pocket and # Teeth

#10 Three flutes #10° Four flutes

Core diameter and
size of chip pocket

44 mm? 48 mm?

Cross section of tooth

56% 61%

Section rate

Four flutes end mill
is not suitable for
spot facing

Less No. of tooth=better chip ejection,less rigidity

o

More No. of tooth=worse chip ejection,high rigidity
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NACHI

End Cutting Edge Types

Square type

Radius type

Rounded corner

/ Corner radius

Ball nosed type

Radius of ball nose

Chamfer type

Chamfer
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“NACHI

Cutting Edge Type

Center cut tooth

P PR

Two Flutes Two Flutes{Long & Short Teeth) Three Flutes

Center hole tooth

P

Two Flutes Three Flutes Four Flutes

Four Flutes

Six Flutes

Four Flutes{Long & Short Teeth)  Six Flutes
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Presenter
Presentation Notes
Cannot plunge Cut with a Center Hole Tooth End Mill (because the center does not Cut)


“NACHI
End Mill Web Thlnnlng

e The Web Is NOn-CUtting h;;Veb Thickness
Secondary "N |

. Consume Power and
Torque to PLow Through
the Work

e Thinning Reduces These
e Thinned Using Gash

Clearance '
Prlmary Clearance

Gash Too Far
Behind Center

d Gash Too Far
Ahead of Center
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Presenter
Presentation Notes
Web like Knife backbone 


NACHI
Back Taper

e @ 1s Tapered Towards the Shank
e Alds In Plunging/Drilling
o Compensate for Deflection
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NACHI

Visual Index

Pg.8 &9

IFiake Fsfief & XF-type Thinning

3 Flutes Drils & 3F-type Thinning

N Mes Explanatian Ptk Explanmtion
nl
B G [TiN} Coating - E] Mormad Helie Flutes ~ 30°
E UG {TiCH rmusti layer] Coating g [ﬂ High Hislix Flutes 40° _ 45°
2
S [TiCH mult layer) Coafing . E Low Helx Flies 15° - 20°
@ &G [TialM mudti lmyer) Coating Q Plint #ingle of Drills
E m A [TialM mudti lmyer) Coating oy, | Drill Length is from Cemer Point
2 g B
f‘s X's (TUAIN el layer) Coasing 5 I.h Drill Length is #om Comer Point
&
@ G5 [TialM mudti lmyer) Conting 8 ﬁ Oi-hole Drils
m OLC Conting E Thress Flutes Drils
m Dinmrond Cionting [ Ehi Shaps of Lip Rsdief iz Conical
]
z
High Speed Sieels L3 E Shape of Lip Fdief is Two Aoke
%
2
Cobalt High Speed Sieels = Shaps of Lip Rdief is Three Raks
m Fine: Mehing HES E S-typa Thinning
=
E m High Grnde Powder HES E Natch Thinning
=
¥
-1 3 Vanadium HES :
" 3 K-type Thirming
o [T
d
"}
E CobahVansdium HS3 = E:i XH-type Thinning
r
ﬁ Tungsien Carbide Eri 2Rake Febef & X-type Thinning
¥
d

Mark Explanation Maorik Explanation
z ]
!E m Tolzranoe of Drills Diameser is. js6 i I 4 Flutes Radius. End mills {Cemier Cut)
; 2
;ﬂ m Toleranoe of Drills Diameder is. h7 ﬁ @ 2 Flutes Ball Mose End mills: {Camier Cu]
L= o
o m Tokzranos of Drills Diamessr is hd g ..E*,‘,‘ 4 Flute= Ball Mose End mills (Camter Cur)
= 15
- “ F_‘.J. ;
Sharp comer Type End mills .‘.r.:' & Futes Ball Nose End mills {Cenler Cuf)
ik
I"-‘_l 2 Flutes Square End mills (Center Cut) :E' Cutting Taps
=4
3 Fhites Square End mills (Center Cut) E Fomning Taps
Fain
4 Flutes Squars End mills (Centsr Cut) E-"r Strnight Flutes Taps
4 Flutes Square for X's-mill Hard - . i
{Center Cut) - E Spiral Poinied Taps
B Fhutes Square End mills (Censer Cut) E__ ﬂ Mormal Helix Flutes Taps
2 ¥
E & Fhites Square End mills (Centesr Cut) ﬂ High Helix Flutes Taps
%
m
& Fhites Square for X's-mill Hard & .
E X'z-mill Muti Flutes (Carier Cut) ﬁ Lo Helix Flutes Tapa
"
E Flules are for X's-mill Hard & HE .
¥s-mil Mulf Flutes {Cerer Cut] L-_n:i Chamier Length is 2.5F ta 37
s Chamier Length is 4F to 5P
4 Fhites Square End mills {with Cenber Hale) IQ flcr thraugh hole)
o .
E Fhutes Square End mills (with Center Hale) g | u:':i Chamizr Length is 1.5P (for blind hole)
g
a2 .
& Flutes Square End mills {with Cenber Hole) ‘E' =l |chamis Length is 2.5F

Mudtiple Flules (over 8) Square End mills
[with Center Hals)

Chamier Length is 3.6F

2 Flutes Radius End mills (Center Cut)

Cutting Taps for Taper Pipe
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NACHI

Endmills / Visual Index

AG- MILL ROUGHING LONG

EEE

# Flutes/Center
Cutting or Non
v Center Cutting

Type of
Material

v

Type of
Coating

H=High Helix (40° )
N= Normal Helix (30° )
L= Low Helix (15° )

P160
N 5192
Specs Speeds &
/Sizes Feeds
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NACHI

End Mill Diameter Tolerance

Pg. 210

NACHI CNC TOLERANCE (Cutting Diameter)

List No. Tool No. List No. Tool No. List No. Tool No.
6201 PF 6233 PGE 6230 MPG
6203 PFL 6367 PK 6290 MPR
6210 HPF 6367 X PKX
6211M PFC 7221P PHP 6303 PQ
6211X PFCX 6303P PQP
6213 PFLC 6303X PQX
6231 PG 6304 MPQ
6231X PGX 6261 PC 6305 PQA

6295 PRR 6307 PQF

*Some items, present stock until depleted.
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NACHI _ _ .
Nachi End mill Materials

« HSS = High Speed Steel

e General Purpose .
EX’s — 231, L261,

e Symbol= @
L211, L215, & L271

« HSSCo = Cobalt High Speed Steel
e HSS With Added Cobalt for Wear Resistance

» Symbol= 55 ﬁ

EX’s — L6231HD, L6450, L6485, L6406, L6484, L6486, L6488,

L6403, L6402, L6404, L6231X, L6211X, L6367X, L6303X, L6231,
L6233, L6230, L6213, L6210, L6211M, 6367, L6303, & L6307
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NACH————————————
Nachi Materials

e Carbide = Tungsten Carbide
e Compacted & Sintered 3 X Stiffer than Steel

e Symbol=

EX’s — L9382, L9384, L9386, L9398,
19422, L9399, L9423, L9408, L9321, L9322,
1.9324, L9338, L9366, L9368, L9340, L9332, L9330,
L9378, L9302, L9390, L9360, L9261X, L9265X, L9271X,
L9275X, L9263X, L9267X, L9273X, L9277X, L9251X, & L9221X
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Presenter
Presentation Notes
Equal parts Tungsten and Carbon


NACHI :
Coatings Advantages

o Better Wear Resistance
e Better Toughness
o Better Heat Resistance
o Better Lubrication
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“NACHI ——
Coatings Development and Approx.

Temperature Max

Hardaned Stogls
S0HRC-- CBM
Hybrid
TialN Mulilaysred Coating TialM Mutifunctional
AG Coat Muftikryer Composite Fim  Surface
rﬂa;u;gm Stesls 9000 C Anqua Coat naodification
TiC Dual Coat +
G5 Hara Coat o htulti-slement
TINATC TiCN Multiayersd  TIGN Multiaysred 12-1300° C & nuititaysr
Coating Coating Hytirid Filrm
[ TICN Platina Coat UG Coat E’fﬁ'?;;ﬂmmm +
N Stesls 5G Coat ° id
Cast Irons 7000 C
Tnecer 600° C
"20 ‘85 ‘a0 a5 ‘00 05
Ganeration
Coating Technology Craation Compound -Multilayar - Increase of Film Hybrid
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Presenter
Presentation Notes
Explain Multilayer vs. One Single Layer same thickness (like coats of paint) 3-4 Microns one Micron at a Time


“NACH - _
Nachi Coatings
o SG-Coating = TIN + TICN (Multi Layer Coating)
 Service Temperature= 700° C .

——_

e Color= Gold YelLow ? =
» Symbol= \

EX - 19261X, L9265X, L9271X, L9275X, L9263X, L9267 X,
L9273X, L9277X, L9251X, L9221X, L6231X, L6211X, L6367X, & L6303X

o AG-Coating = TIALN (Multi Layer Coating)
 Service Temperature= 900" C
o Color=Violet-Gray

e Symbol= @

e

EX - L6485, L6406, L6484,
L6486, L6488, L6403, L6402, & L6404
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Presenter
Presentation Notes
Explain Service Temperature = Max Temperature Usage


NACHI . :
Nachi Coatings

e X’s-Coating = TIALN (Multi Layer Coating) for End Mills

 Service Temperature= 900° C

e Color= Violet-Gray =

* Symbol= ,F/.//  EX— L9408, L9321, L9322,
19324, L9338, L9366, L9368, L9340, & L9332

e (GS-Coating = TIALN + Al-Ti-Cr (Multi Layer Coating)

 Service Temperature= 1100° C

e Color= Violet-gray
o Symbol=[t5

g

EX - 19382, L9384, L9386,
L9398, L9422, L9399, & L9423
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NACHI ; ;
Nachi Coatings

« DLC-Coating = Diamond Like Carbon
 Service Temperature= 600° C
Color= Black
SymboI:

EX -19330, L9378, L9302,
L9390, L9360, L6231HD, & L6450
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