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ABSTRACT

This paper presents an experimental investigation of high speed machining of dies and molds. Several critical
issues involved with the high speed machining of QRO90 tool steel of hardness up to HRc¢62, have been studied
and explained from a detail analysis of experimental observations. The experiments were performed using ball end
mills. The effect of different process parameters on tool life and surface finish produced was also investigated. The
cutting parameters involved were; cutting speeds in the range of 100 to 400 m/min, axial depth of cut from 0.1

to 0.5mm, pick feed of 0.1 to 0.5mm. Run out and acceleration signals were observed during the experiment to

investigate cutting states. Compressed air and flood coolant were used and the effect of coolant on tool life was

also determined.
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Table 1 Chemical properties of QRO90 material

) C Si Mn Cr Mo \"

.wt% 0.40 | 0.30 | 0.75 | 2.60 | 2.25 | 0.80
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Table 2 Experimental setup and cutting conditions

Machining Center MAKINO V55
Acceleration Sensor Accelerometer 4393
Gap Sensor AEC-5505
Tool ¢8 Ball Endmill
Workpiece QRO90 (HRc62)
RPM 4000, 8000, 12000, 16000
Feed Rate(mm/min) 800, 1600, 2400, 3200
Feed/Tooth(mm) 0.1
Pick Feed(mm) 0.1, 0.3, 0.3
Axial Depth(mm) 0.1, 0.3, 0.5
Coolant . Com;?ressed air,
Cutting fluid(water soluble)
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Fig. 5 Shapes of chip generated at a different cutting
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Fig. 10 Run out and acceleration signals according to
the variation of axial depth

M) Frho] we
o] Abu} g o] wo A E el o™
Qlal AL v Bdstda Wiz

vt e v slew b

e R R
olel¢ o) dobde
ol A

a) 0 lmm

b) 0.3mm
11 Flank wear and surface shape according to

<) ().Smm
Fig.
the variation of axial depth

Fig. 123 ¥aumel dgizloele] wgme
#FHzE] Wstolr},
FRS I Rty
i o
£ s
EN o
L o
., 4
L < O — o
lz @ o5

f A 2y o
Pick Feed & Axial Depth (mm}

Fig. 12 Surface roughness according to the variation

of pick feed and axial depth



R L E

SRR

AL FEER Al9d AM3%

3.4 Coref o 7130l 282

Fig. 132 7} W39 /T2 A, UnigraphicsE
ol &3to] FojHol i3l 33 BAYS FYI F
THE JIMAE S vt o g AR A n&TL
ol H3e NCHolEE &¥au) aeln ng
HENR AFsA 7MEFS AU FAEA
= FFuPES HAsEAA FEALE EEA
45 JAEE HYL A7) sEA gav=s A
atodal Fakalel= 7hFae F4E& F3A7171 9

A4 931 MANEE 4A sl SHFarsiT

Core Part

High Speed Machining

Fig. 13 Machining of Core part through high speed

machining
4. 22
NEE FaAQd QRO I&VMFAL Az
29 Wate] WE AEBEHL setete} b 2
2 AEE dUu

1) QROY0AA Q] F147tFA] Habd ol Wl
E42 #rbsE A3 100m/min Ko} w2
oA FF9] oldniHoel YA FPFHE
100m/min®]

AELE B
AHERE Wl v

F79 whde] 20% = FAsHUTH

1

106

3) WA es AYAolst Frehde] vHE
dee At 4% AIIES FMIAS We
F7 o) vhge] FAsA FHAA T Y
Holg Z7AA AS FTo| ABol WAHE B
ol 4l @go) hebgrt.

4) QROVAMNY TE7HFE F3l moIVE
FHOEMN STDOIFS o) &8 WE7HE s
olfel £ug so% 7HAA S AL

AA

7t
=2 =
./‘r:

% 7|

B AFE 20003 FA719HY Asd 257
s AdA LD BAUEty ALYy 2D F
HrtE AF4 9] A7 e o) FIF o
ojo ZFALE ik

daozd
1. Shulz. H and Hock. S., "High Speed Milling of
Dies and Moulds-Cutting  Conditions  and

Technology,” Journal of the CIRP, Vol. 44, pp.
35-38, 1995.

2. M. A. Elbestawi, L. Chen, C. E. Becze, T. L
El-Wardany., "High Speed Machining of Dies and
Molds in Their Hardened State,” Journal of CIRP,
Vol. 46, pp. 57-62, 1997.

3. Y. N. Huy, W. C. Tse, Y. H. Chen and Z. D.
Zhou., " Tool path Planning for Rough Machining
of a Cavity by Layer-Shape Analysis,” Int. J. Adv.
Manufacturing Technology, Vol. 14. pp. 321-329,
1998.

4, E. G. Ng, D. W. Lee, A. R. C. Sharman.,"High
speed ball nose end milling of Inconel 718"
Journal of CIRP, Vol. 49, pp. 41-46, 2000.

5. AWA, o159, 434, AAE, BAd=US
@ AHIY) nEAZAA APYG) w
ey Bk dRARIANA, A8, A
%, pp- 84-89, 2001.

®
)
=

i

[



