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A Study on the Economics of Hypereutectic Al-Si Alloy Cutting
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Abstract

A hypereutectic Aluminum-Silicon Alloy is widely used in the parts of automobile because of
high-resistance and good strength. In this study, the cutting of hypereutectic Al-Si alloy for
economical production was investigated by simulation. Tool life and the extraction rate of Si
particles is inversely proportional to the depth of cut. When decreasing the depth of cut, the
reduction of single crystal diamond tool cost and tool change time is achieved.

gy [m/min] (NV.: V.S F3"A+5)
2 . ¥ A A 7} [min/pc] Ve DE 4 BAALE VY A s
tn P AA A 7E [min/pc] (m/min} (NV,: V% F8A)
b (tn/ TY | BT 2847} [min/pc] Vopt TaEE A A44LEE
D P32 AH3AA (mm] (NVopt : Vopt 3331 24)
L D FAEY 7FEAe] [mm] R D 37147 [mm]
f . ©]4 [mm/rev] Mtn : A Au] & [Won/pc]
vV t A4t {m/min] Mt; : " Atn) & [Won/pc]
tor D29l A7) [min] Mt (t/ T) . BF 3 84)-§ [Won/pc]
C: 7+ 379 744 [Won] Ce(tn/T) : FF¥14 [Won/pc]
Cor Dk Akl R h D 71EEE 2 A A
M DxSeeh ZbAv e FAR 3 Edv V . 44X (m/min]
el n FT4HY A

Ve DHALE VR HH A4EE T 743 [min]

Y, ¥FAVEU AR FU3L Yy ¢ P A

»R8q, aIAAsed ARt a b DA AR 4



DAA cololE e Aol o3t AFA AlLSiFIS AAMAl R A7

LM 2

Aol AFAAA BHoE Asfel, AFA
BINAg FTA AlSig2 (hypereutetic Al-Si
alloy) o] Ap&o] F&3lx ik, #AFA AlLSigE
e Agelzm, Wrekdgel oig #Hod B oh
gh, oA 2 FEst Y afFoll AF A
¢} ol 2 &5 (engine block), ooz a4 A
(air compressor cylinder), VTRY A&ltlg =
(cylinder head) Sol AHE=m3let, 24 $3F
o A4 ARt ARA AART o
FAAAA,® B3R ALSITEY Agel AL
£ 5 AARHel Wg e Aol
Miller®+= 274379 o244 dololE=3 T2
o] §F& 7HE3ld FTo wtEdEA & 23}
oAk, 2ol BAH (W) thololEER e A4
H3¢ B Si4EAUO ¢3 T EAE v
WozM, 333 ALSITE 39 HEZE Wl
A, oA @ Az FpsAdol P A4E
Ao Age AALel AY 24 % A4 4
o] 4uisjolo} @eh, AAYL maAW A7}
#AAA wel AP=lolzich, Amarego®e ¥
27 A AAQ dTE AAx Ao o]EFe F=
of i =l&-zke] 0°] sH& RellA Azctx HX
e, Wu®e o olf A4dE=st 4 HF
uio} Hol AAbgAbololl EASt, FFFele}t A7
o] 43re A wredn Auslgdc, Crookal®
< AAbgulsl A2 sgvle gl dig &
42 A3 stgz7e HFBE Ao,
Fenton §®& HA7gold AA4QE £44 A
A5 - olg - Al B FTYAE Y F
ToaugAds Tk =3, F A #E
A2 JdEFeE AAAE e HF N2
ZAE5A4AE A} Z2adel NG AFO7F Sk
¥ dFolAdE A tolofBeFF+E AEE A
Atgx, ol4, AAZole] Wite| wE 7)A 739
AALE AEIGct FAE Y elHE F
4 7183 Ao Qabge] FEEE AASE,
ol%, AHAtzlole] widte] =& Z1AIFEe AAA
+ Axsgch A7 dHdlHE o] &35t
4 s1Eu g3 o AAgo] HitEe AASE
« AFoz AANY 4% zRads THIIA
E4, 2 AFE 33y ALSIRRY A

O

+

1097

ol Al A2l 43Esk 4 Fagozs, 4
de die we ARzAe ndddch =3,
Aol ol4%E vy FTEIYAAL T
B} o] olg3tel A ALSIYE 729 AA
g AN,

2.0 E

21 HaiZo| UoiM ZAHA o2

A7 Eol Yold FF4EL A4sd A4 7
Bulol At Je oA, Ybdez AL
=% aAsd ALEE FolAu, FFUA o}
dd o] &A o] FT4el BaSA Ak v
A dd AT BEslel A, ol e
AARHNH FEEFL AAEES FERA
A, olelg Y4BAE Tayler: thest 2ol
LD

!
3

VT'fedb=C (2)

AE 1AE A3 A 29 AaAzdele 2
A AL AL TR 5 30
A Qrez TEHL 2 geoz IS, AA4
AR 44"l FFeEddE FEe e
Zro] ¥ A,

tr=ti+tmttee (tn/ T)

_ DL aDL [ fd® 1M un
=t 100077 T 10007 C ] 4

B AT ek 4AAe BAddes
AASEE FolA ek el Qg AF 1
Al 1, olg A Hmd A4d

e ARARL 4 Uk e gL 274
Ak g, ARAE, TFILNE BTV F
14 42e Foz olFolch Hed, w4 A
RREN{BESE RS LY

Cpr=Mti+th+Mtct (tm/ T) + Ct(tm/ T)
zDL nDL [fadb]"”vl/n
10005V 000/VL C
xDL [ fed® 1" um
el A

+ Mt I

+Ct

4



1098

Ag7A, 7 9L AF 1IAE Aasted &
25 v4S vehde A4 Qi EE VFL
2 g A% AASEE Havd AAEsE
3=, & AF 1AE AAdsted AR HA =<
A4S Jebdch, H4vig ANE=E T3
AslA w9 Aabulgo] AASEA EA HaY]
< A7 A e

—aacx’}'=0 )
& WEHok Bo,
o el Havlge 71T AASEE ViF o
3, A6)E AR e e 4L 9 4
At

V=TT C.70) (/n=DT7°a" )

Ad 4AE AASEE AF IS AR A%
A Ageel A4Ee FAE e A4EEE U
g}, AASES Adz AT BT
Hez o Gk wed, B QA7 AE A
4452 ul3g el 1 EY4E 028 Fong
A el A4E A4SEE AE 4 U B9 A4
A kol Aatd ol Aald Hast 7] ARAE

atpr = (7)

Lol WY Ha GRS VE
Veba & g Ze] 3¥H

Vo= piam ) ®

22 HAIEA FE=U

A7 g glolde HERAE AAdd AFE
< gasted JFHF TR Ut £ o
Foll e FF4 ALSIFEF 7H3A ADHE A
ofAut AZg HZol Hx, AE AHHEL A
F9o] HrlrFe) oz oo v HAZ ], olF
g, ZAAA7] 5o] F&zAeol d F Yok A
2% ALY oEARHY F2dAACE JEH
AE 4% =& s1Fde THAAE F
stoof det. FTS AAWH R(mm)al wiel
A3t o)43e f(mm/rev)Z HAbsie
oj4utdke] 7)sletA el Ewir| A e A

ot fm ap e
ol

—|o rulm

o] &4} .

AA%
Aoz
L
th="15 (9)
oz Heh olgdol A FEEAL A(O)e 7]

£3 Ao DAL o153 dEiE 4oz
Adslo N, A Am TAAAL AesE
Aol ool AAsield 4 ok & AF
AAE Ao olsde Sidzel Ade Wi 5z,

Az olge Aol AL WA Bk of &
& Aol 97 AEae Ao gk =4,
A4 A7 AN Qe Ad, A4 o4
A AAAE neetofof m2, A Fol

A olgde 94 Ax, Ao ol5Fe BFe:
BoAolH AAslolok deh g ALz A

2o ALFAANAA AL Qe A5 DAt
Si 42450 HE T42ALE A4 AA4EEY
4417} Aehed ek,

3. 48 % Algdold

ZF4RUAALE FE37] A Aol A%
% AL 43A ALSigF A0t o] A&
o] shalAel =4 (ASTM STD E716) 2 1A # 4l
54 Table 13 b, o] AlSig3e] A4
A7t ARA @3 Zdel 4oz o I
EAL Agdez 48 4 ot Fig 12 A4
AHg8 AAdgee) AA chejolErFTo ¥4
% uEhd Zlold, Fig 2t AHUAIZE 489 @
z3 swashplate Abgte] sjg o=t A-87]AE CNC
Aul(Model KD-6)& Al&3lgdct, 3749 A
713 AddANA AFe Au H= AZA
ALSigE9 Az H42=2 dged, AT
Al-&-o] 7?—22} Hie 29 % 50%2 A3
o] 33EE ofzAe R sHF3le 50%0l3te A
2] & o] ‘-‘1?5]"4 ZT79 49 Ed Aoz 74
stgich, Fig. 3o Agj&o] ¢ 50% H&=+v 71&
< veblE sFEee Fatde] A (X400) AHToE
® Zolt, Table2: 4¥ol A§3 A4z
50% AZ&e FT749 TE ZAsg= 249 7}
227 A3 FF499 B4 A4 4¥e
53 delzAY delHE sxn HaAeH
(least-square method) @il 2]3led wi WS #, a,
b, cE AAsA, AALL L4937 HE Fro



A volop e Abel & A3A AlSigFe A B} AT 1099

Table 1 Chemical composition of hypereutectic R5
Al-Si alloy (A390: ASTM STD. E716)
Contents Compositions(%) 45°40.1° _(
Silicon 16.0~18.0 1.0

Copper 4.0~5.0 )\,p
45°+0.1°

5y
Magnesium 0.45~0.65 R5 \L 1 \\ \[ 05

Manganese 0.1 Max
Iron 0.5 Max I——- 1.0 ———4 \
Zinc 0.1 Max
Titanium 0.2 Max
Other 02M 0-2
S ax
Aluminum Remainder T
Mechanical properties of A390
Young’s molulus(KPa) 8.2x107
Thermal conductivity(W/m-K) 126.4
Th 1 i ° 1.8%x10-%
ermal expansion(perC) ‘l l_ sep
Hardness- 10 mm 100
Fig. 1 Geometry of
BHN 500 kg 125 g metry of tool
Density (kg/m® 0.28
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LCumng area for silicon extraction
Fig. 2 Experimental workpiece of forged swashplate (A390)
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Fig. 3 Microphotograph of surface Si extraction
(50%)

Table 2 The cutting conditions ans the results in

experiment
Cutting speed| Feed |Depth of cut| Tool life
(m/min) (mm/rev) {mm) (min)
500 0.1 0.3 387
600 0.1 0.35 26.9
650 0.07 0.25 46.4
700 0.07 0.4 29.1
650 0.06 0.2 65.4
750 0.05 0.2 65.9
590 0.06 0.2 74.2
650 0.04 0.12 151.4
670 0.02 0.2 203.6
V680 0.009 0.25 3929
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Fig. 5 Relationship of the cost and cutting speed
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Table 3 Output of economical cutting simulation

Cutting conditions & result
Precision machining & machine tool lab. KAIST

Machine and operator rate M(Won/min) 435.00
Cost of tool C{Won) 180000.00
Tool changing time t.(min) 3.00
Nonproductive time(min) 1.00
Workpiece diameter D(mm) 81.00
Workpiece length L{mm) 22.00
Depth of cut d(mm) 0.20
Feed f(mm) 0.06
Tool nose radius r{mm) 10000.00
Allowable maximum surface roughness h{mm) 0.0002
Tool life index n{mm) 0.766
Cutting constant w.r.t. depth of cut a 0.608
Cutting constant w.r.t. feed b 0.819
Cutting constant C 600.200
Cutting speed for minimum cost V(m/min) 389.97
Cutting spéed for minimum time Vy(m/min) 890.64
Possible optimum cutting speed for thes lathe
with several constants Vopt(m/min) 636.17
Tool life T(min) Minimum cost Minimum time Optimum condition
V,.=389.97 V,=890.64 Vopt=636.17(m/min)
NV,.=1532.59 NV,=3500.00 NVopt=2500.00{rpm)
127.54 43.37 67.31
Tool ability(EA) 533.04 414.01 45891
Production cost per component C,(Won/each) 87921 918.50 893.88
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