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High speed machining of cavity pattern in prehardened mold using the
small size tool

Pyo Lim*, Dong Kyu Jang*, Hi Koan Lee**, and Gyun Eui Yang

ABSTRACT

High speed machining (HSM) can reduce machining time with the high metal removal rate by high speed

spindle and feedrate. This paper supports HSM technology using the small size tool with the optimal tool path
generation and modification of tool change. The optimum tool path is generated to reduce cutting length of cavity
pattern and change the cutting tool for preventing the tool breakage by wear. The tool path is modified with the
experiment data of tool wear and breakage to support tool change on reasonable time. The result can contribute
to HSM technology of high hardness materials using the small size end-mill.
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(b) Primary pattern

(a) The pattern cavity

Fig. 1 The pattern cavity of injection mold
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Table 1 Cutting results of primary pattern

Tool . .
Tool retract Actual cutting | Total cutting
size time (min time (min

{number) (min) (min)

B43 303 108 173

Method

Conventional

Optimum Bg4 160 63 105
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(b) Optimum method

Fig. 4 Tool path of pattern
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Fig. 6 Schematic diagram for experimental apparatus

Table 2 Specifications of experimental apparatus

Machining Vertical type

Center Spindle speed(max) : 8000rpm

Kistler 9257A

Tool dynamometer Range : £5kN
Resolution : 0.01N
. Kistler 5001
Charge amplifer . R
Resolution : 12 bit
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Table 4 Machining conditions and cutting forces

Max cutting| Mean cutting | Depth of Feed
Method force (N) force (N) cut (mm) |(mmi/tooth)

X -326 X  0.704
Conventional | Y 425 | Y 1564
Z 1978 | Z 8.088

0.1 0.03
X 214 X 0.603
Optimum Y 3.63 Y 1130
Z 1721 Z 7643
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Table 5 Experimental condition

Cemented carbide tool Ball end mill @1

Spindie speed (rpm) 5000, 6000, 7000, 8000

Feed rate (mm/min) 100,200,300,400,500,600,700
Depth of cut (mm) 0.1
180 Speedie rate(RFM)

S 5000

E 140
120 A S 6000
100 ¢ <$ 7000

¢S 8000

Tool breakage time (min)
8

100 200 300 a0 500 800 700 800
Feadrate (mm/min)

Fig. 9 Tool breakage time of @)1 tool in the finishing
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Table 6 Cutting condition in the conventional tool path
Cutti
Machining Depth of | Feed | Spindie :m‘:g
Operati Tool
peration method 00 cut(mm) (mm/min) | (rpm) (hour)
Roughing Z-level | B @3 0.3 250 5000 16
Semi-finishing| Z-level | F @3 0.3 300 5000 2
Flat
machining B @5 0.2 200 4000 3
Clean up Flat
machining F @5 0.2 200 4000 3
Finishing Z-level | B @1 0.1 100 5000 8

Table 7 Cutting condition in the

optimum tool path

L Cutting
Overati Machining ool Depth of | Feed Spindle | .o o
n
peratio method ool 1 cut(mm) mmvminy| (rpm) (hour)
Roughing Z-level |B @4 0.4 300 5000 115
Semi-finishing | Z-level | F 94 04 400 5000 8
Flat
machining F @5 0.2 200 4000 25
Clean up Flat
machining F @5 02 200 4000 2.5
Finishing Z-leve! B @1 0.1 300 8000 4.5
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Fig. 13 Machining results
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