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ABSTRACT

The purpose of this study was to determine the influence of machining parameters and
tool geometry which are consisted of seven parameters; feed per tooth, cutting speed, radial depth of
cut, axial depth of cut, rake angle, helix angle and number of teeth on surface roughness and tool
flank wear in CNC end milling process of aluminum semi-solid A356. The workpieces were sized
48x48 millimeters cross section and 100 millimeters in length. These workpieces were produced by
Gas Induced Semi-Solid Squeezed Casting (GISS-SC) and T6 heat treatment process. The settings of
machining parameters in this experiment were conducted through the one eight fraction factorial
experimental design. In addition, CNC machining center and uncoated carbide end milling cutter
with a diameter of 12 millimeter were used under dry cutting condition. The surface roughness of
face end-milled was measured by the surface roughness tester and the tool flank wear was measured
by microscopes. It was found that the strongest main factor influence to surface roughness was feed
per tooth, followed by number of teeth, rake angle, radial rake angle and cutting speed respectively.
On the tool flank wear, number of teeth, feed per tooth, radial depth of cut and axial depth of cut

were found to have significant influence.

Keywords: end milling process, aluminum semi-solid A356, fractional factorial design, surface

roughness, tool flank wear
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Rotafing [Tool path type One-way]

-
Cutting tool /

Table feed Py

Axial depth of cut

Radial depth of cut

U 3 aszvumsiathawihmeaoniduiia
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msen 2 Taglumsdnifeunazszauvesilatenlslumsnaana

Levels
Cutting parameters Unit Symbol
Low High
Feed per tooth mm/z Fz 0.02 0.04
Cutting Speed m/min Ve 215 245
Axial Depth of cut mm Ap 0.4 0.8
Radial depth of cut mm Ae 3 6
Helix Angle degree Helix 35 45
Rake Angle degree Rake 10 14
Number of Teeth flute Z 2 3
Gl’li’lsi‘ﬁ 3 MINMIVDNUVUMINARDILASHANTNAADN
Std . Ra VBmax
G Fz Ve Ap Ae Z Helix Rake (um) (um)
12 0.04 245 0.4 6 2 35 10 0.311 47.95
14 0.04 215 0.8 6 2 35 14 0.576 37.44
9 0.02 215 0.4 6 2 45 14 0.209 55.44
10 0.04 215 0.4 6 3 45 10 0.621 32.31
15 0.02 245 0.8 6 2 45 10 0.167 44.72
7 0.02 245 0.8 3 2 35 14 0.237 58.09
2 0.04 215 0.4 3 3 35 14 0.564 46.94
13 0.02 215 0.8 6 3 35 10 0.316 40.25
6 0.04 215 0.8 3 2 45 10 0.344 35.73
3 0.02 245 0.4 3 3 45 10 0.262 51.05
4 0.04 245 0.4 3 2 45 14 0.429 52.565
8 0.04 245 0.8 3 3 35 10 0.415 43.89
16 0.04 245 0.8 6 3 45 14 0.673 22.75
1 0.02 215 0.4 3 2 35 10 0.151 70.13
11 0.02 245 0.4 6 3 35 14 0.337 39.73
D) 0.02 215 0.8 3 3 45 14 0.208 41.91
HAaN1INAaaN

NARAMINAADY IAhNIMMIIATZHlaen5191e512HA1N LY 5U5UveIMANNUEIU A7
=1 A A A v v .« . 2 a L4 v v o
wagnsdnusefynravediasesiiedadmelisunss Minitab Fnmaddasgianuulsisiulasli
NansENUWan naznansgnusmvesihivlaiendinadenaneunszduioddg 0.05
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msinzinanssnuvesilassiidanademanamenuin

NAMNEH 4 Mdansianuulstsin (ANOVA) dwduaanumoialdsliifud
nanssmmanvesihioiidinansznudemanuveingssneudie sanileudeily anwidida anudn
mafaluwniedl Suouanda uazmmeiay Tasfien P-value vesihisdinaniaiosnd 0.05 luvaz
finansemusnvensiazihividinademanumofiniszaoudis nansznusamszinsanieudeiiu
uazyumeiey sanileudeiiunazanuiiiin sanfleudeihunazymaos anuididanazanudnmsia
Tunnsad sasnileuderlunazanuanmsialunuinay simawanioudeusasuiuandamuaay
Tnofivniveanansznusmvesilaiodananiia P-value ounh 0.05 uennaiimsd 4 naashe R-
square(adj) @Ay 99.97% mnsanunuuuhassiianuneiisdunsiiadoya nazidunuviae
fmnzanizhhladusumainnomuaneudell Faaumsanassdmivmanuvoilddaaunsi
(1)

Ra = 0.36375 + 0.12787 Fz - 0.00989 Vc + 0.03750 Ae + 0.06075 Z+ 0.0038 Helix
+ 0.04038 Rake - 0.02475 Fz*Vc + 0.01612 Fz*Ae + 0.01587 Fz*Z
+ 0.02475 Fz*Helix + 0.02850 Fz*Rake - 0.01937 Vc*Ae (1)

M5 4 Mmenzianuulslsu (ANOVA) AMsUMANUHRUA?

Source DF Adj SS Adj MS F-Value P-Value
Model 14 0418604 0.0299 332225 0.014
Linear 7 0.370995 0.052999 5888.81 0.01

Fz 1 0.261632 0.261632 2907025 0.004
Ve 1 0.00156 0.00156 173.36 0.048
Ap 1 0.000169 0.000169 18.78 0.144
Ae 1 0.0225 0.0225 2500 0.013
Z 1 0.059049 0.059049 6561 0.008
Helix 1 0.000002 0.000002 0.25 0.705
Rake 1 0.026082 0.026082 2898.03 0.012

2-Way Interactions 7 0.047609 0.006801 755.7 0.028
Fz+Vc 1 0.009801 0.009801 1089 0.019
Fz+Ap 1 0.000812 0.000812 90.25 0.067
Fz+Ae 1 0.00416 0.00416 462.25 0.03
Fz+Z 1 0.004032 0.004032 448.03 0.03
Fz+Helix 1 0.009801 0.009801 1089 0.019
Fz+Rake 1 0.012996 0.012996 1444 0.017
VexAe 1 0.006006 0.006006 667.36 0.025

Error 1 0.000009 0.000009

Total 15 0418613

R-sq =100% R-sq(adj) =99.97% R-sq(pred) = 99.45%
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Main Effects Plot for Ra
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msanzinansznuvesilidshdinadenisdnnseiiynvavvesaoniduiia
1NN 5 NINIANHEANNulsIu (ANOVA) dmdunisdnrsenyunauvednsn
wulia wuhmansgnuvanvesiliendinansznudenisdnnseliyuranvesneniduiialsznoudiodns
foudeily ANNANMINATHLUITAR ANNANMTAATULIILAY 1AZIUANGA JasNaA1 P-value D4
fhigaananiianiosnd 0.06 Tuvazibifinansznusmveudasilaiendinadensdnvsefyuvanves
g a 3&' :i 1 1 . =l % 1 o =}
aonlduiia uonAlMINT 5 ndasiiar R-square (adj) HA1shay 99.00% vaganuuuuiaeed
=~ a v I o :i r:i o 3 o 1 1 :s!
anuwetiisalunsfiadoya uaziunuuassimanzannzihllainwaumsineananoudell &

aumsanaesdmsumsdnnsefyurauvesneniduiialadeaumsi (2)

VB = 45.055 - 5.110 Fz - 4.460 Ap - 4.980 Ae - 5.200 Z 2)

@590 5 MAanziaNuulsls (ANOVA) dwiumsanvsefigurauvesnsniduiia

Source DF Adj SS Adj MS F-Value P-Value
Model 14 1877.01 134.072 106.88 0.076
Linear 7 1717.15 245.307 195.56 0.055

Fz 1 417.79 417.794 333.06 0.035
Ve 1 0.02 0.021 0.02 0918
Ap 1 31791 317.909 253.44 0.04
Ae 1 397.01 397.006 316.49 0.036
Z 1 432.85 432.848 345.06 0.034
Helix 1 143.76 143.76 114.6 0.059
Rake 1 781 7.812 6.23 0243

2-Way Interactions 7 159.86 22.837 1821 0.179
Fz+Vc 1 52.06 52.056 415 0.098
Fz+Ap 1 458 458 3.65 0.307
Fz+Ae 1 0.35 0.354 0.28 0.689
Fz+Z 1 47.82 47.817 38.12 0.102
Fz+Helix 1 19.8 19.803 15.79 0.157
Fz+Rake 1 7.26 7.263 5.79 0251
VcxAe 1 27.98 27.984 22.31 0.133

Error 1 125 1.254

Total ill5 1878.26

R-sq = 99.93% R-sqadj) = 99.00% R-sq(pred = 82.90%
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dada wenmnilgn 9 waasliifiudmanssnundnvesdanileudeily anudnmsdaluuiuny anudn
msfaluunTaid InnuaNda yumeley azsyndeslanuduiusizaauiumsdnusenyunavvensn
g A < g v A v W & A (-4 =2 < 2 A o t4
wulia lwvazhanumdaianuduiusidanniumsdnvsefiyuvavvesnsniduiia jUn 10 uaadlw
S 1 2 ! o A, ' =2 P 4 a A v o o o
wuhbifinansznuinvestliivlandinadensdnnsenyuvavvesneniduiianssauiaddn 0.05

Pareto Chart of the Standardized Effects
(response is Vb, Alpha = 0.05)
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Interaction Plot for VBmax

Data Means
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