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The Machinability of 2011 P/M Al Alloys Extruded Rapidly Solidified by Rotating Disc Atomization
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Abstract The machinability properties of P/M 2011 Al alloys extruded rapidly solidified by rotating disc atomization
were investigated in this study. The Pb-Bi particles were very uniformly and finely dispersed in the P/M 2011 Al
alloys extruded rapidly solidified. According to the increase of cutting speed, the short discontinuous chips were
produceed and continuous chips were formed from the lower feed values of 0.lmm/rev. The surface roughness is de-
pend on the feed values, not cutting depth and cutting speed. The short discontinuous chips were formed due to dis-

persed ALO; particles and Pb- Bi inclusion.
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Table 1. Chemical composition of 2011 Al alloy(wt%).
Alloy element Cu Pb Bi Fe Si Al
% 4.98 0.28 0.29 0.215 0.127 Bal.
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Fig. 1. Schematic diagram of the rotating disc atomizer.

Table 2. Operating parameters during rotating disc atomi-

zation.
Disc Diameter(mm) 39
Angular Velocity(rad/sec) 3500
Pouring Rate(g/sec) 14
Pouring Temp.(T) 680
Atmosphere Air
Nozzle Diameter(mm) 3

Table 3. Operating parameters of extrusion.
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Table 4. Tool angle and material.

Tool material Sintered hard metal insert tip

back rake angle 0°
side rake angle 0°
end relief angle 15°
side relief angle 5°
end cutting angle 10°
side cutting edge angle 5°
nose radius 0°
2 el A

JAr T, o)k 9l Al ZolE WEAA A
sl ony 3o okabat sl 2| AabHe] ARYE A
soict. 71Ew el AArs Y& o] 2.5um, 53 ul

£ 20, A oi& 2000 & sl B AR FA7]=
R.T.H (Talysurf 5M-120, S/M:112/1604) & A8+
om HF AAVGE SAsAG. J A Ay 22
o AdAF 3L 0.2¢ Hste] NS Jeblidct. 37 A
At o) Aells F4 du)A 9 FAbAA folA S o) 43k
ol Az 3o Feid e Hashe]ct.

P/M 2011 Al 35 A]"He
AR ol e, ApRlel A 2 e} zo)



A A F R A 292 AxE P/M 2011 AIZF &9 HAN 643

i (D)

Photo. 1. Optical microstructure of extruded P/M 2011 Al alloys.
(a) Cross-section of P/M extruded at 390°C (b) Cross-section of P/M extruded at 365C
(c) Longitudinal section of 390°C (d) Longitudinal section of 365C

Photo. 2. Identification of alloying elements in extruded P/M 2011 Al alloys by EPMA.
{(a) SEM microstructure (b) Al mapping (c) Pb mapping (d) Bi mapping



644 PFAETEHA AgA ATE

s ol As FAsHA EEE USE & F Sk 4=F
2 wisiA 7 e o) ALOs B4 gizke] £ E Alole P-°1

) ekopeh. olet ol ALOs 4k %31}7} A5t olfe
Al F5¢ dNFolA 94 EF5HE 7 AF 2 E_“‘
o] Al AH3HE (ALD) F2o2 YolAl 5]“4, ol2lg £¢&
Agsr) A8 2 2498% sk ALO:E S HEH
AW 2 AR BFASHA EAEY) VR Abg o
21 gtE Lx o Ao|rk 25T E AA A 47] AE
zx4ke] spol BolA| gtk AR 19 ¢), d) & B
zx o2 ot WL Ro|7le HAT u|HF 2L K

2 9 A= P/M 2011 Al &
F gEAY 4 Y4t £E AHE EPMAE %—ﬁﬂ
mapping& Zeolch. Z+z+ Al Pb, Bi 947t 4% ¥
A S AT T e & 4 st Al A w4 e ﬂt}
2 qlake AEA] AR ALOs dAteld, AR dake
Pb-Bi 7|AEE ¢ 0.3um 2712 71X|Hel wjHetA S
sh=o) glAlelA Boks el gol 2ATE ¢ & St

A e AR, 9 YA, FTFY £, AA4F
S oajA] TPt LTy FF HAAM I
o, Ay e TFEAg g e Hdses
2 odgkg u]x]x| 2aixm, TH AAVM dFAske] 7}
3% 2ods o) gAo] F2 g7k B A A
Ate: 9} o]geek, Hatzlo] A A7) wiskE: B

78 2= AALEE WAz 2H AR Ragt
7 45 el ot AL s} FNEFE A 5
= golals AL & F deor ARV A& 2% Y
&5o)A AasE AL & 5 e ol bild-up age®
AR} BANE A2 AaH.

28 32 HAMEE 84.7m/min, A4tZeles 0.lmmE I
A7) ol5He WA Pk AANYNE AT Ao
t}. o]&eko] 0.014mm/revd = Fw #A7] Ragte 0.
151, Rmax 3t 3.4099) z-& vehdisich. 3o Aele vl
A7 Aol A o]gaFo] Frhitel et 2133 Fo] Abo]

800 10 E
Br00 - 1
]
2 1¢ =
% 600 - )
ap
e 5
0 500 18 o
>
o <
400 ~ 7]
~ 47 @
2 o
£ 300 - =
= 7]
Z. 16 2
2 o
00 &
100 1 1 1 L 1 1

0 25 50 75 100 125 150 °
Cutting Speed, v(m/min)

Fig. 2. Variation of surface roughness and number of chips with
cutting speed. (O:cutting speed versus roughness, [:cutting
speed versus number of chips, feed f =0.1mm/rev, cut thickness
d=0.1mm)
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Fig. 3. Variation of surface roughness and number of chips with
feed. (O-feed versus number of chips, [1:feed versus rough-
ness, roughness cutting speed v=84.7m/min, cut thickness d=
0.1mm)
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Fig. 4. Variation of surface roughness and number of chips with
cut thickness. (O:cut thickness versus number of chips, [:cut
thickness versus roughness, feed f=0.025mm/rev, cutting speed
y=84.7m/min)
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Photo. 3. Typical chips morphologies in the P/M 2011 Al alloys.
(a) f=0.1,d=0.1,v=121 (b)f=0.1,d=0.1,v=85 (c)f=0.1,d=0C3,v=85 (d) f=0.014, d=0.1, v=85
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Photo. 4. Typical chips morphologies and fracture surface in the P/M 2011 Al alloys by SEM. (f=0.014, d=0.1, v=84.7)
(a) Chips morphologies of continuous (b) Chips morphologies of discontinuous
(¢) Fracture surface of continuous (d) Fracture surface of discontinuous
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Photo. 5. Microstructure of cutting surface.
(a) {=0.014, d=0.1, v=84.7

(b) £=0.025, d=0.1, v=84.7

(c) £=0.1, d=0.1, v=847
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