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A Study on the Micro Turning Machinability of
Al-Mg Alloy Using Polycrystalline Diamond Tool

Joon Hwang*, Suk Namgung**

ABSTRACT

In this study, machinability of some aluminum-magnesium alloy are experimentally investigated using
polycrystalline diamond tool with turning, and evaluated some independent cutting variables affected micro
metal cutting characteristics as cutting force, specific cutting resistance, shear angles.

To know the effect of cutting parameters of single point diamond machining, experiments were performed
to measure cutting forces for high speed turning of aluminum alloy 6061-T6, SM45C and FC20 with poly-
crystalline diamond and coated cemented carbide tool.

Independent cutting variables were changed to a variety of cutting speed, feed rate, rake angles, material
properties of workpiece and tool. Futhermore, Some useful informations are obtained in this study can
guide micro metal cutting of aluminum alloy with diamond tool.

Key Words : Micro turning machinability ( #142447}1254 ), Polycrystalline diamond tool (tt2% thelo}
Bz Z7), Specific cutting resistance(¥2tA3), shear angle(d22})

.M £ TR A% 2 NS, EE MTHEY AR

3} 1 £4%0 2 2242 dsstaic. 0@ A

HZE0 AR, BT, AT 4F SunEEe oA 714 70 2ed £ g 24 MTHMmS) Bge 1

3 A FEM 2 3Ry Ad g T A2 8 Dolutle A38 Aot ¥ EaA AT 9
SINT FiEERe] mA4E e eda glon, nojazn .

H(m) Ee Yxre(nm)9 AFFLEE 873 MTHFHET S BX02 ks 7|771850] AT

i R
o Fddga sATS

122



Fx3Y 383 A #1348 A5%E (1996 5¥)

1 JoniomiEEy] £3 F8 23T 79
2N S Rom o, add, YIITR A&
YHIMTe e8¢ 7 Bustd 71371€39 sl
A, A2 L 2L AEdde £d e AN TR
%2 1 mechanismd] & A2HE Q2 3k glon,
g, F2 AFZ FALE FEFHE 7FF know-
how$} Hlo]E} Wlo] oA Bloju} B} theddt Ao F
F, FHE gz 712 A AP el Aneler T R
o2 #ddd. 53], 49 /AR H Ex9 =E S
fal TeFd AAAAS AAEAY] B Botslid
of 88, £ I} AFES T3 v AAg A
ANAEL dubdase g 43 A4S Yehle
A¢ET, FPEE W, Y HE5 s FAd
Az Ad 2 "MLH] MRAEEYE 83949 ¢
o g oIt vl &9 A4 EF FAE 4 Qi

wEhA, A HEdMe 27t BAle] thate] Ha 9l
T HAFEY ke S o, ddF d
tloloj2E ZTE o] &3 IAF HFIFLY 3
Al-MgA ¥39] #UIIERE 2EE EHoZ YIHLE
B, BR%E, TEGRA, Uide], 3348 2 3744
59 g B tIER T WAAYC BE Yiglh,
Lglelvl, WlrAse] RBUHNRTAS AL F
doz 23 2 AL £y on. o|F 53 4F
7V AREe] 7% 7HFARE AA 2R g

2. AYEA

tolol2E FFE o] &3 Ifle F8 FEmITEe
ghtolw], 94¢ Ax 2 UG e QHNA
Ao 7heste] mAE] € AHAMY] EEid. E
g, 5 QA=A YfiE B0 Fon oldAL
7F ol Chipfrgol 483 Aoz 42iAxn gl a8
U, gololRs F3E 1244 2 Edsle F3ety
A AAZEe dadde) Aoz Qg vFF
& #3557 2 A5 FLskEl A Ha i

A HRAA MEiES E3S 4HE TE#HNHE
AHgatd e, iAle A7 50mm, Zo] 250mm¢
AL6061-T6, SM45C, FC20/489 &L ALE3I% o
o, 8% tho|oH2=FF( polycrystalline diamond,
PCD)E °l§3te] dFnlg §39 44s F2 £33}
Atk £, FHEAD ©E IS L HAIEIERS
A5 223 ga7el SM45Cs FAFC20S 244

123

AAAHo 2 AHEI T

AHEH e 7F2A FAEY] AA o3t 4FS WA
7] 915t Afe] UM AHAzZ)E 0.5mm= st &
ARGl ojsf 23 FTE ol &3] A JH3E AN
%, PCDE o]&3ld 0.2mm AMEE ¥, oM EF ¢2
$ o] &35l 7HETERE HS H, AFE ANHAG. &
3, FFAA GE FAEHE 287 A8 gololE=
9l COMPAXS 37 2733+ PEFE AR AAMY
T AAstg

2R BYHERe HdXE Fot7] st AAAGA
%9 1.5 Hzel8} Low-Pass Filtering 58 942 F
22 (Fz or Fe),°]$28 (Fx or Ft), ¥ (Fy)& &
A&t e, Spectrum AnalyzerE ©| &% Fu¢ B4
T y3aigit. & AN ZFd FEY 4 o|$EY
& 58 A= 2 AH4bsl] glete) d1le] A& o]
£3lo AL, vlmEPe} @

Table 1 Chemical composition of workpiece ( W,. % )

c ¥o si Mg Mn P 8 Fe

S445C 0.45 0.24 - 10.74 | 0.01 | 0,016] Bal.
FC20 3.20 ({0.24 | 1.98 0.52 - - |Bal,

Cu 8i Mg in ¥n Cr | Fo | Al

ALB061-T6 | 0.15{0.10 | 0.80 | 0.25/0.15 { 0.30 { 0.70] Bal.

Table 2 Mechanical properties of workpiece

Tensilo Strength ( Kg/mn® ) | Hardness ( Hp )
SM45C 78 220
FC20 25 168
AL6061-T6 20 95

Table 3 Designation of cutting tool and chuck system

Back rake angle : 0°

Side rake angle : 0°, 3°, 10°

End relief angle : 6

Side relief angle : 6°

End cutting Edge angle : 6°

Side Cutting Edge Angle : (°

Nose radius : 0.4 mm

Height : 25 mm

Width : 25 mm

Length : 160 mm

Type : Polycrystalline Diamond
27 P10
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Fig.1 Variation of cutting force with respect to cutting speed.
(t = 0.20 mm, Tool: PCD, Workpiece : ALG061-T6 )
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Fig. 2 Variation of specific cutting resistance with respect
to cutting speed.
(t = 0.20 mm, Tool: PCD, Workpiece : AL6061-T6 )

S48 Aerdsgol ¥1, £ utdA s Wsie
aA gorpg AANFL AAAHY Wil T2 FF
£ W gEURLE ALRE T

Fig.3ole Adz& A4EE 3 o[58R A
Ron, B AddA A9 AFzddAe Adge
¢ = 35"~ 40" FAdel € ¢ F A,



=W FE3| A A13Y A55 (1996 549)

50
40 : -
-
o
& 3
°
s
B
g 20
H
2 —— {a0.1%
o ———  1a0.21
104 —— o3
o T T -
1 2 3 4 5

Cutting speed ( m/s )

Fig. 3 Variation of shear angle with respect to cutting
speed and feed rate.
(t = 0.20 mm, Tool: PCD, Workpiece : AL6061-T6)
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Fig. 4 Variation of cutting force with respect to feed
rate and tool rake angle
(t = 0.20 mm, Tool: PCD, Workpiece : AL6061-T6)
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Fig. 5 Variation of specific cutting resistance with respect
to feed rate and tool rake angle.
{t = 0.20 mm, Tool: PCD, Workpiece : AL6061-T6)
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Fig. 6 Variation of cutting force with respect to depth of cut
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Fig. 7 Variation of cutting force with respect to depth of cut.
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Fig. 8 Variation of specific cutting resistance with respect
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(f = 0.21 mm/rev, t = 0.20 mm, V=4m/s, Tool: PCD,
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Fig. 9 Variation of shear angle with respect to depth of cut.

(f=0.21 mm/rev, t = 0.20 mm, V=4m/s,Tool: PCD,
Workpiece : AL6061-T6, a= (")
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