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End-mill Modeling and Manufacturing Methodology via Cutting Simulation
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ABSTRACT

This paper describes a design process of end-milling cutters: solid model of the designed cutter is constructed along
with computation of cutter geometry, and the wheel geometry as well as wheel positioning data for fabricating end-mills
with required cutter geometry is calculated. In the process, the main idea is to use the cutting simulation method by
which the machined shape of an end-milling cutter is obtained via Boolean operation between a given grinding wheel
and a cylindrical workpiece (raw stock). Major design parameters of a cuiter such as rake angle, inner radius can be
verified by interrogating the section profile of its solid model. We studied relations between various dimensional
parameters and proposed an iterative approach to obtain the required geometry of a grinding wheel and the CL data for
machining an end-milling cutter satisfying the design parameters. This research has been implemented on a commercial
CAD system by use of the API function programming, and is currently used by a tool maker in Korea. It can eliminate
producing a physical prototype during the design stage, and it can be used for virtual cutting test and analysis as well.
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Fig. 1 Basic geometry of end-milling cutter

Table 1 End-milling cutter parameters

First relief angle %& Radius of inner circle

Rake angle

. | Chamfer length

Second relief angle

Shank Diameter

Cutter Diameter

Helix angle
Cutter length
Overall length
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Fig. 2 Helical groove and neck part of a cutter

Neck part

Dw : Wheel diameter

t1: First Wheel thickness
t2: Wheel thickness

©1: First Wheel angle
©2: Second Wheel angle

Dwl

Wheel Dimension

(a) Wheel dimensions

Do

o

L) X

« Top view Front view

a :Setting Angle Do: Offset value (xw)
Pw : Wheel center point (xw.yw.2w)

(b) Relative positions of wheel and blank
Fig. 3 Wheel geometry and positioning
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Fig. 12 Relations between parameters: (a) Offset value vs.
Inner radius, (b) Setting angle vs. Rake angle, (c)
First wheel thickness vs. Cutter width, (d) First
wheel angle vs. Cutter width

Fig. 12a%t S 2% (Fig. 3b & Do)oll thgh Tyt
Aol BAE Yehdth SAg0] &9 WwEgoz
A4E, 5 d=2 ZA9 FAF5H gAFFE §
b o] 2ol L & & Ju} Fig 12b = A€
(Fig. 3b 9} a)oll Wt BApzte} ®gg Jepdth
gzt A= B dagge F4F] o
F5 o2 FINACAE 498 £ ¥ FA
Zolgk 4gE FE= AL ¢ & AUk Fig 12¢ &
AXALE | AFA(Fig 3a 9 th)o] i d=e
SEAY BsE JepdT d4xE9 1 A FA
b FMESTE A4EHE W3 AAA Hn EF
A Zolde ¢ F Utk miAgez AieEe
1 29 2 (Fig 329 6) tidk SFAE 2ASHA
t}. Fig. 12¢, Fig. 12d & #9] 11, 6, AT E G5 A
BEgE FATL 11 9 7]&r] W Eo] ¢ BT} £
& 5 AUtk

o 919] deEtdlEj(, 6, 0,)E d=Le
R, EFA dFgE FA &= 749_§ XA}
Rt Table 2 ol At E 9] Feldeir}t A=Y
g vAE Pl dis) s
7} cutting simulation & 3% H2EQ Ay
o st AteE 1 AdPZ@O), 1 2AFA(L),
2 AREZO,), AAFAR)N g JFE vAE=
#2& Fig. 133 Zc

=

wlo

oﬂl _'fﬂ. ol

156

First wheel angle(@1)
First wheel thickness(t1)

Fig. 13 Local influence of wheel geometry to the shape
of the sectional profile curve
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Table 4 Input parameters for wheel geometry
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Fig. 18 Rapid Prototyping of the end-milling cutter
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