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Effect of Cusp on the Cutting Characteristics and Tool Wear
of Semi-finishing in Ball End Milling

Chul-Yong Cho*, Sang-Don Mun’, Shi-Hyoung Ryu"

IL Abstract ji

In modem manufacturing, many products that have geometrically complicated features, including three-dimensional
sculptured surfaces, are designed and produced. In the production of these complex-shaped mechanical components, €.g.
automobile dies, molds, and various engineering applications, the ball-end milling process is one of the most widely used
NC machining processes that consists of roughing, semi-finishing and finishing. In semi-finishing, cusps remained after
roughing according to the used tools that have two patterns of stairs and wave shapes. These cusp shapes have air-cut
in cutting and instability caused by high cutting speed that affects the cutting characteristics such as cutting force and
tool wear. Cutting characteristics are measured and analyzed through cutting force, FFT analysis of cutting force and
tool wear along cutting length according to four tool paths with same metal removal rate. As a results of the experiments,
this study suggests the optimal conditions of tool path and éutﬁng direction. This approach for the cutting characteristics
of semi-finishing provides a useful aid for the productivity and efficiency improvements of NC machining processes.

Key Words : Semi-finishing(5=A}7H), Cusp(#<5), Ball end mill(E<1 =9), Tool path(&7 £), Tool wear(Zu}R),
Cutting force(dA}e])
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(a) Flat-end milling (b) Ball-end milling

Fig. 1 Milling tools for die and mold manufacture
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(a) Roughing

bail end mill
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(b) Semi-finishing

l ball end mill

(c) finishing

Fig. 2 NC machining process
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Cutting direction

4—————— Feed direction

—————— Radial direction|

Fig. 4 Cutting direction according to tool path on
inclined plane

(a) Upward direction (b) Downward direction

Fig. 5 Comparison of cutting area and cutting speed in
the cusp



CNC Milling machine

Fig. 6 Schematic diagram of the experimental device
setup
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Fig. 7 Shape and dimension of specimen

Table 1 Mechanical properties of STD11 specimen

Yielding Tensile Elongation | Hardness

strength strength 0

(N/mmz) e /mmz) (%) (HrC)
74 33.7 2 60

Table 2 Chemical compositions of STD11 specimen

WTI%)

C |(Mn| P S Si | Cr | Mo | V

150 1 055|002 002|040 120 1.0 | 025
2 EAELS Agst] FA7HE ST

3.2 A3

321 A4 244Y

BAE F AL A B A2 Ak B4
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VD)9 4%}??94 TTARR 7HEoY, BE 1474§°ﬂ o
stol 3749 olx Aol A AelE shapasol
F= 2 st £ & HAA| AL (metal removal rate)S
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Table 3 Machining conditions

Tool path Horizontal Vertical
Direction |Upward|Downward Upward[ Downward
Feed rate 80mm/min 80mm/min
Spindle speed 1800rpm 1800rpm
Feed for tooth| 0.022mm/tooth 0.022mm/tooth
dep?;d;?cut 2.0mm 2.0mm
Pick feed 2.0mm 2.0mm
AAA A3 Hste] Table 33 o] E ol &
dt Yarow Al
Aae 2RAUS ANGE ALEA i AYAdy
cutting) &2 3J31%] 0 1, Piezo 358 A|(Kistler, 9257A
type)2 54 HAE AT E FE7|(Kistler, 5001A type)
R 32 3 AD ANEE AR FREA AR

3.22 ZEobE AY

%’—?—D}-E ZZ4A161 L. 7]-%’- _%
o AU ALL VE AYAL BE FTAR0IA 3
kel HES sglm, $-4, st
o 44| 2FARE FHEs] 2 hgadnt
2jeE 7F3E F ONC 332 W41 CCD 74
o 379 o4 vlnE 2Fseich F74H 2L
9 SLE(VB)7H 03mm7} 2 wrbel 22

5, 015 CCD 7H|etet 3134 & *}%0}04 S7stanh
4, Zm Y T

4.1 7134kl [[E i EY

Fig. 82 47135 & H2 AW ASE FA7H A 4
AR Fd A4S BE93T Qi +H¥3HHD, HU)
FollA shaere) Aitgo] Ak A4 R 34 e
WAL, #AHEHVD, VU) FolMT spigke] Aate o] A
Fo] AAYud 3A vephgth 58] 37 SHHZYY)
o] 7ol shukak 7hgo] Ak 7hgof wis) A 24f o] 4
A=Y 77 ARE & & Yok ol M gHo] &
A=W FHRE o)Fole] Ao Hojste gy 2
o7t A uwy H FAZ 27] fRoE Ao

Fig. 9= $4715 & ujo] HAte 29 (cutting force
signal) & FFF 20| whet B2 AFARZ A, $H3f



=&% Vol.15 No.5 2006. 10.

A
o>
=2
i
)
£e,
2
o

oZ
o2
1o
oN,
Ho
é
rir
Mook
Tll>

2719 A4 aty
EHOﬂ ohEkA A
S ShaVD)el A4 Ay A4
Jsjol F7ubn 9 BRAL7)0| G
o} S=gubako] Aake AAkH oyl of
X*smur FRuapel 3ot A
JFBel ololE 39 oot
o] W] ulRo] Hg AAHo|

£ ol
T o

e
S
=
1 ot

=
o
g_:‘
)
B )
ol

o 2
ey
N
lo g
i ol
o
5o
i

oX

[¢]

D

oft
R

2 o ag
O offt oft
Rloox o
ag 10
ol oy

Buj

o

rir

Py

o of

o £
i S mo

OXE

D o_,o>: rCooxt wo JH 1> mo 1o

b

>
oﬁﬁ
i
£

oh‘, l‘m

Fig. 10& 47}7) 27
Hojgth agzo 5+

of o 31 ey MEe
2ol et b4 Aol g 1t

X-force
4.0- B Y-farce
= Z-force

%]
A

7%
S

s
Pa%!
RIS
te% %%

RS
%%

%

0%
bor
X

g5

XXX
X

N
%%

R
%%

X3
oo

%
ot

RS
o2’

5%

Cutting Force [kg]
LK
AT

%
o0%20%!

SRS

ofetete%ee%
3
oo

X
o20!

SINNNINNNIRNRRN

2R
<

.

X2

>
9.

X
5!

3
e’

Tool Path (cutting method 1)

Fig. 8 Comparison of mean cutting force due to tool
path
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Fig. 9 Comparison of cutting force signal due to tool
path
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