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A Study on the Cutting Characteristics of Al in End Milling
for Various Hardnesses

Seong-11 Kim*, Sang-Jin, Lee®, Min-Ho, Kim’, Tae-Young, Kim"™, Wi-Ro, Lee™"

{ Abstract J

The cutting tests of aluminum alloy for various hardnesses were carried out using CNC milling machine.
The surface roughness(Ra, Rmax) of cut surface and cutting forces are measured at various cutting conditions
such as spindle speed, feed speed and hardness. In the CNC end-milling, the surface roughness increases as
feed speed increases and decreases as spindie speed increases. However, the bulit-up edge has occurred on
in case of low hardness and low feed speed. In experimental conditions, as the hardness of aluminum alloy
increases, the surface roughness(Ra, Rmax) decreases
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Photo. 1 The experimental apparatus
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- HiSUPER-4(HWACHEON)
- Controller : FANUC Series O-MD

S\I:cchhr‘“e’”‘"g - Table size 1350x450 mm
- X/Y/Z Axis 950/430/500 mm
2. ARAA 4 A - Spindle speed 40~4000 RPM

- Model : KISTLER 9257 A
Tool - Maximum range : + 5000 N
dynamometer | - Resolution : 0.01 N

- Resonant frequency : = 4kHz

Fig. 12 AH9 F4& BoFa 728, 7HEud
$mm, 7Fr R £& 10mmz 7HEaten, AjHe 7
=L Bay ATAZ 62, 95, 120¢] 3Z2EE A&t
718 23 10mm 23 A=YHSS, YG-1 20RS)0|H,

AXAALS AA S TrEe G Ao} wol 7R AT Toolmakers' | - Mitutoyo TM101

TS 7HR T Akt microscope * Objective magnification : 2x
and CCD * Total magnification : 30x
camara - Total magnification : 50x
Portable - Mitutoyo surftest 301
surface - Measuring range
roughness * Ra, Rq(RMS) : 0.05 ~ 40 ym

' 8 10 8 ‘ y ) tester * Rmax, Rz, Rt : 0.3 ~ 160 /m

- Spindle speed : 280, 520, 990 rpm
Cutting - Feed speed : 87, 187, 342 mm/min
conditions - Depth of cut : 0.5mm

- Center-milling

Fig. 1. The dimension and shape of specimen
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Fig. 2 Cutting force vs. Hardness
(280 rpm, feed speed 342 mm/min)
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Fig. 3 Cutting force vs. spindle speed
(HB 95, feed speed 187 mm/min)
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Fig. 4 Cutting force vs. spindle speed for various
hardness (feed speed 187 mm/min)
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Fig. 5 Surface roughness vs. hardness for various
spindle speed (Hardness :HB 120)

Fig. 5& 2% 1203 Al¥¥E ££3|449 Wl ot
2 F44 29 AWVI(Ra), g0l BB AAU7I(Rmax)
s} o4& mote) BAZ RAZE Told, ol4bEs} 2
7tgo] whet F44 2 A7} Hdixo] A7} St
L RejET 3. Fig 49 FPelod AE 1209 A9
Avipe, AR Be AYYE 258050 S
wet 24 3 04459 Z7lo) BANE BE o
Aol A £53]|A57F F71e] arebA] Y A7 a4
B 2005, B4 49, B e w Zwm
o] Wizt UIZ3tA] gou =7t F& e FF 2
o 2719l wet Aot

Fig. 6 ol$4=9] H3jo o2 F4HA4 U AV
(Ra), o] ¥ AZ7I(Rmax)2t FEote| ¥AE B
qFe 2¥oltk (a)e FEEHL7 280 rpm, (b)= F5
3| -7} 520 rpm, (c)= F53757}F 990 pmed FL-2

100 s —————
© —F& (A ‘
&0 ——F3P (R ||
g M ---l--F87 (R} |
5 @l- o DN~ o X F187 (Ra)
2 o ~--0--F34’2(Ra)
£
g 0]
e —
T
8 B ——
S 0|l
w 0 1‘-=:::::n;:=;;“i
& 2 &) 12
Hardness (HB)
(a) 280 rpm

_.37...

100
© —e—F 87 (Rmex)
—u—F 187 (Rrrex)
N —a—F 342 (Rmex)
L) m-FE (Ra)
2 o %~ F 187 (Ra) H
4]
g 0 o ... F 342 (Ra) I
3 ==
8 2
8
5 20
(]
10
0
Hardness (HB)
(b) 520 rpm
100
©
o] —e—F 87 (Rmax)—
55 —a——F 187 (Rmex) |__|
@ & —&—F3RAMm®) | |
2 ---m--F8 (Ra)
‘é %0 -%--F187 (Ra) ||
3w e F (Ra) |
fg 0
5
w
10
0

Hardness (HB)

(c) 990 rpm

Fig. 6 Surface roughness vs. hardness for various feed
speed
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Photo. 2 The Built-up edge of endmill
(990rpm, feed speed:342mm/min, Hardness :62)
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(a) Hardness : 62 (b) Hardness : 95

(c) Hardness : 120

Photo. 3 The cut surface for various hardness
(990rpm, feed speed : 87 mm/min)
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