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Effect of Tool Approaching Path on the Shape of Cylindrical
Hole in a Milling Process

Kwang-Hee Kim”

ABSTRACT

Because of the development in mold industries, the geometrical form accuracy of the milled surface is getting
more and more important. It has been known that the geometrical form accuracy is affected by machine
conditions, cutting conditions, tool conditions and tool path and so on. Among them, the tool approaching path
causes the change in material removal per tooth at the end of each machining cycle. And, this change generates
the geometrical form error around the region where the tool engages the workpiece initially. So, it is impossible
to eliminate the geometrical error caused by the tool approaching path. Thus, characteristics of this geometrical
error are studied analytically and experimentally to minimize this region.

Key Words : Milling Process(2% 7}&), Tool Approaching Path(z7 < 74Z), Geometrical Form
Accuracy(71313t4 ¥4 AYEE)
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Table 1 Experimental conditions

Cutting conditions Value

Feed per tooth(mm/tooth) 0.09
Feed rate (mm/min) 70
Spindle speed (rpm) 381
Axial depth of cut (Ad) (mm) 20

Tool path Down cut milling

Fig. 45 7428 BejFa gled @9 WA
BAEE AR FF7F +XF BFoz HH A
3ted WIAAl WEko g 360° 9EtE T AHO

Aol K48k} REAA
360° 457ty & WHARE wet HEShe HE
7 Zolth

Hreko 2

- 52 -



T Fel vAE 4% FF7AVEEEA A3, A4S

Fig. 5&

=

—

Fig.

o ®A3}
e
Fig. 5914 % 4 Sixol, W3

He5E AQE gol L]

,

= As &

Roundness (um)

Fig.

Workpiece

Tool path

&

(&) Normal

(b) Inscribed circle

Fig. 4 Tool path (Experiment)

[e}
=

62 W YT Aol

it

HoFEa 3l

rr

HAZZEY WHAB =7}
At} Fig. 61

2=
T

>

| W78 =2}

100

80 4
70+
60 4
50 4

40

304

= Normal

20 4 ® Inscribed circle

T T T T T
0.4 0.6 0.8 1.0

Radial depth of cut (mm)

5 Comparison between analytical and experimental
results (Roundness)

1204 ®  Radial depth of cut / Hole radius : 0.01
110 ® Radial depth of cut/ Hole radius : 0.25
750 A Radial depth of cut / Hole radius : 0.05
0] \
E g0
w704
2
c 60
E
5 S50+ -—0————________________.__
Q
[T
30 4
20 -
T T
0 0.25
Normal Inscribed circle

Radius of curvature of tool approaching path / Hole radius

Fig. 6 Effect of radial depth of cut and tool

approaching path on roundness

2
_Oi
T
RuA
T
2

—~ od
=

@

i)

1

N

o

ol

=

N

- B3 -



Q%3

D BEIIATE S A A3, Al4s

75 —=&— Radial depth of cut: 0.2(measured)
70 1 - @ - Radial depth of cut : 0.2(predicted)
65 H{ —*— Radial depth of cut : 0.5(measured)
s0d ~ ¥ - Radial depth of cut : 0.5(predicted)
Radial depth of cut : 1.0({measured)
_ 957 - 4 - Radial depth of cut : 1.0(predicted)
o 50 _
%, 45 ===
5 a0 S
3 55 ¥ -1
25 -
“ '_///’.
15 9
T T
R=0 R =5
Normal Inscribed circle

Tool approaching path

Fig. 7 Comparison between analytical and
experimental results (valley angle)

Fig. 8, Fig. 9914 2 & gz, w3d 842
ols} FyuAol AQSE Welzgo] F7hHL, o}
4 P A2 FEWAo 2] 2ol

2 =
ke A2 AT + Utk ol WAYF B
%

160 ~ #— Radial depth of cut / Hole radius :

—e— Radial depth of cut / Hole radius : 0.004
1409 A Radial depth of cut / Hole radius : 0.01
¥ Radial depth of cut / Hole radius : 0.04

1201 —#— Radial depth of cut / Hole radius : 0.1 .
= 100
2 > v
=] 4 -
= 80 _—*
o _‘___...-4 ,
T 60+ B
—] L —
g * ~— v 5
40 4 e—
—yr—" 7 _a
N .
20 b —— A .
A—h—h
- =, e —
: : : - - "
0 T T T T T 1
0.0 0.1 0.2 03 04 0.5
Normal Inscribed circle ——

Radius of curvature of tool approaching path / Hole radius

Fig. 8 Effect of radial
angle (Simulation)

depth of cut on valley

90+ = Radius of tool / Hole radius : 0.1 &
# - Radius of tool / Hole radius : 0.2
80 1 4 - Radius of tool / Hole radius : 0.3
704 ¥ Radius of tool / Hole radius : 0.4 K
4 - Radius of tool / Hole radius : 0.5 .
o 60 :
T -
E.I i e e
g 50 . -
q s i
- i
ub.f 40 e . e A
= e g v--Y P
S{ Y - MSET .
v PREEE L . o
PR S . .- ]
20 4 e . — " —n—
.- —e— =" I—'_-___.._
_a—
10 4 —
T g T g T T T .8 1
0.0 0.1 0.2 0.3 0.4 0.5
Normal Inscribed circle ——————

Radius of curvature of tool approaching path / Hole radius

Fig. 9 Effect of tool radius on valley angle
(Simulation)

= 3A e AL v o gHs T A

R HES vejstn WA o] A wEE ot

20¢ AHFT e B9 helA) wFol e 3

TE AHae Aol FHEn

rh

B2 d7Me B dE"S ol&sto sty
(down cut milling)oll &gt WZA7FE Al, 7FEH 27}
AR E vAle TS HAPF S Foko
E4stdt & A7 F3E o] =2 2

e 2.

L 953 €157kl M FeH vt 2ol Welk F
Ag3) gFAbele] ww, WA BAze] 0
Hedze FENgY 9P we

2 9% 7Y 29 JhF A ALE ¢S oF
e e WREF Aol gol He
424 Adste] AgaE Aol ot

3 AUE @ aTE ABANE WART 1B
Bzrt WY 3% HERRE Agse Aol
#e st

- 54 -



= 7| AI7FE 3 A A3, A4E

of
-
i)
rd
o
fu
N
=]
ot
)
of
it
o,
oft
-
o
oftt
oy
=2
=)
Rr'
of
o
(b

AR, HrE A, o8 A, dEEH o3 AETHE
Al Aatzde mE Jdxe AP A4 k=
FA7A 3 A, A8H, A4z, pp. 52-60, 1999.
858 MY, 018, ALY EY 1& A5
oA LASE XAt} A= JTF 1F” T
S T2 7AIE S =, A109, A55, pp. 17-24,
2001.
. Budak, E. and Altintas, Y., “Peripheral Milling
Conditions for Improved Dimensional Accuracy,”
Int. J. Mach. Tools Manufact.,, Vol. 34, No. 7, pp.
907-39, 1994,
. Budak, E. and Altintas, Y., “Modeling and Avoidance
of Static Form Errors in Peripheral Milling of Plates,”
Int. J. Mach. Tools Manufact., Vol. 35, No. 3, pp.
459-476, 1995.
L EZARAE, ANE HAHPERAAE A FFA
B 2D &F7Ee] FTHE SHeR ¥4

28],
B2, 4%, FFEAE} 993l A5
Hol AL 9% FRAAFAA, A5,

pp. 45-51, 2003.

CFAE, Y, SE dEY Aol 3 Wd
= 283 FAeA 957 d=8UEeI A, Al
219, A63., pp. 43-51, 2004.

. Machining Data Handbook, 3rd edition, Section 2- I,
2-1I, pp. 131, 1980.

- B5 -





