NBNaveINIRgRIHENNTNANDA NN LA

Hannaun3Ivae SKD11 428052 uIUM5 PMEDM

INFLUENCE OF ALUMINIUM POWDER ON SKD11 TOOL STEEL

SURFACE ROUGHNESS USING PMEDM PROCESS

"371211ﬁwuﬁﬁsﬂudmﬁﬁwmmaﬁnmmuﬁé‘fnqm
SIAINIIHMAATNMVUNA VIFIAINTIHMINEA
AMIAINITIUMENS
unInedanal Wl NrNInasYlys

YnsAanu 2557

d
dvansvesuvInenaamalulagNruenasyys

v



NBNaveINIRgRIHENNTNANDA NN LA

Hannaun3Ivae SKD11 428052 uIUM5 PMEDM

a a ddv | | d! = (Y]
37]811!1/‘”451—!!‘1]1«!ﬁ'J‘l«!ﬂuﬂﬂl@ﬁﬂ15ﬂﬂ‘ﬂ1ﬂ1uﬂﬁﬂqmi

a U A

S IIAINTIHANAATNYNUUNA VB IAINTITNNSNAN

v v

AMZIAINITSUTAS

unInedanal Wl NrNInasYLYs

o

Ynsfnu 2557

dvansvearinIngamnalulagsvaenasyys

o



Wl ineniinus onSwaveswsesgiidlouilinadeoanuveuiumdnndunsesiie SKDI11
A28N5¥UIUMS PMEDM

Influence of Aluminium Powder on SKDI11 Tool Steel Surface Roughness

using PMEDM Process
d' a @ Jd [}
¥ - wiNana Wy I 1ngee
V1IN AAINTTUNITHAN
Y ¢ o =1 Y]
asemifinmn 919150%082 Us1anansy, D.Eng.
Umsdnmn 2557

AUENTIUM TTOUINGTINUS

< = U5LHIUNTTUMS

........................................................................

SRS (1| (e ) T L [ i SO ATTUNIT
[} A o [ 4
Aremans19158ndy Junsudl, Ph.D.)
........................................................................ NITUNT
o a 3
(019138na11A JaINeY, PhD.)
AIIUNIT

& o ~ Y]
(®11359%v82 Usraiawanss, D.Eng.)

a 4 a Y =) [ ~ L%
AUSIAINTIUAITAT NW'I'J'VIU']ﬁEJ!“V]ﬂTuIﬁfJT]“NJQﬂﬁ WU 9YU

1 & - =) L4 =
dludmilsvesmsnmaumdngasiSayanumsuda

ST S AnUAnME AN SUAERS
1 da [
((T0mens19158AINg 819neq, PhD.)

Ui 28 @Y NINYIAN WA, 2558



v Y

WateInentinus anSnaveIntozgitleNNINadonNNHIIUHD

IMANNANATENIo SKD11 A18n52UIUMT PMEDM

Fo- uana wedwRy it 1ngge
I AFINTTUMTHAN
o1EnUSnmn 9138588y Usidiananss, D. Eng.
Umsanmn 2557
(%) )
YN

va [ = [ [l [ A A Y v 9 4%‘ 1 ~
aminvesiagimalsulysednenisuieninzauaemslyanunnyu uailgmn
amnnei fenademanlsgdansesinsnahl) Jsdedldnssnatulsgd vuunaeaonssuls
o Y [ Qddyal = v a A I Ya A 42} v Aa 1a I Y
msnaazde Wi nasmnnssuas ddestimadar e 1W 1R suinnu mstarunifuides
Y A Aa s o Y o A 0 q 92 = &
lyaunaianilszaumsaiuazanusinyge Ovarananazi lnyuaaeme luduaen
9 a d,; v a o o qs/l A1 Y o 9)@91 = 1 Y )
gamgvesmsnan uonnnimstar gl uiugeuna 1 i lvaunlassa lsneuazmuaunu
MInan
a o @ dydo/ s A A a A o A A [ 9
mTeuHdegsrasamemuilszanimunda ouveunseInamz laviza g
a a a ac a {2 4
T Teeldmaiamsmadumezaiifiouaslums ladianas niiluveura lalasmsveu Tag
o [ a o < Y A A o as a
Mmsliulgannumeniniaquannaniedls msa SKD 11 11MINaAaed lagIsMIvesmny
pup T Ad ) sauasamInaaod L9 amay lasfinsandmsnszua i szevvinaves
o a yq./ @ { 1 o o a A {
msa1hsa aaeavunanlle uenandidinruauausai 1dun Jedelszansam’lia so
S < 4 adg Aa A o’j adg [ [ adg a
wosisua wnadianlasa 10 Tadwas 1I0@0 IasanIn uazusaay Inanuvesens laianasn
MUAAY
QS/I Y 1 Aa A o Y a = [ Qy
HAMIIINNAABITUALIIIN BYMARDZ NN I ANUMENUH 1R8I T AR F LY
73 o 4 o R4
ana9 16,10 nlosiHua (Ra = 1658 lulnsmas) o imsnaasamamnuduius vosuinaeynnkg
a A [ =) Yy 9 a A 1 Aa A
prgliiouiy Usnmemnudiuduvesmsergiition wuii mezgliionnng 45 Tulaswas aunso
9 a d'd a c; J a A c?/‘ dy =)
af AU lanuveniadnmsezgiitiouvina 150 TuTasmas NelianurngauveslSunm

Aa A d‘ Id’ [y 1A Y a d' dd‘ d'
DN INNIMNSTNBYN 40 NTUADAANT Glﬂﬂﬂ?ﬂﬂﬂ?ﬂﬂﬂlﬂﬁﬂﬂﬂﬁﬂﬂ 1.391 Ullliﬂil,llﬁi

o o w [ 9y [ Y A A A A ) a
AlaIngY: ﬂ"liﬂﬂl%ngaﬂgﬂ')ﬂllWﬁT MannNaUAIoNNe WIDSQUILYY ﬂ']ﬁ‘]Jﬁ‘]J‘]_IE\TW'N']u

3)



Thesis Title Influence of Aluminium Powder on SKD11 Tool Steel Surface

Roughness using PMEDM Process

Name - Surname Mr. Vichayavat Ket-oot
Program Manufacturing Engineering
Thesis Advisor Mr. Chaiya Praneetpongrung, D.Eng.
Academic Year 2014
ABSTRACT

The property of materials has been developed continuously in order to be used more properly in
metal work. As a result, the problem arising from the difficulty in fabrication with machines can be found.
Therefore, a special of electrical discharge process needs to be employed. Later on the discharging process, the
material surfaces need to be ground to get the smooth surfaces. Any mistake during the grinding process can
cause the damage of materials during the final stage of production. Therefore, skilled and experienced
technicians are required. In addition, the disadvantages of time consuming and increasing production costs are
taken into consideration.

The research aimed to improve surface roughness of SKD 11 tool steel by an electrical discharge
process using a technique of aluminum power mixed into the dielectric hydrocarbon fluid. The experiment was
performed by using cross variables based on the Taguchi method design of L9 array experimental table as the
reference. The effects of electric variables, on-time and duration of sparking were considered. Additionally,
stable variables which were 50 percent efficiency, 10 mm positive electrode and dielectric flowing pressure were
controlled.

The results showed that aluminum powder particles affected to the decreasing of surface roughness
of materials with an average of 16.10 % (Ra = 1.658 micrometers). When the relationship of aluminum powder
and aluminum powder concentration was considered, it was found that 45 micrometers aluminum powder can
produce surface roughness which was less than 150 micrometers aluminum powder. The most appropriate

amount of the aluminum powder was 40 grams/liter and the best average surface roughness was 1.391 micrometers.

Keywords: electrical discharge machining, tool steel, aluminum powder, surface modification
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Mmetneddnyaitazmee

EDM Electrical Discharge Machining

PMEDM Powder Mixed Electrical Discharge Machining
SEM Scanning Electron Microscope

EDS Energy Dispersive X-ray Spectrometer

Ra Roughness average

EWR Electrod Wear Ratio

MRR Materials Removal Rate
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Materials EWR MRR Fabrication Cost Application
Copper Low High Easy High On all metals
Brass High High Easy Low On all metals
Tungsten Lowest Low Difficult High Small holes
Tungsten Copper Alloy Low Low Difficult High Higher

accuracy
Cast iron Low Low Easy Low Used for few
material
Steel High Low Easy Low Used for
finishing
Zinc based alloy High High Easy die High On all metals
casted
Copper Graphite Low High Difficult High On all metals
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ANUUTINNDT o 369 MPa
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2.2 nszvaumsnanzalg i laamsifnealan (Powder-mixed EDM : PMEDM)
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= Electrode Pressure indicator

Recirculating dielectric tank Flow control valve

Powder
supply

Workpiece fixture
Workpiece
Dielectric fluid

Machine table
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Electrical Powder

parameters parameters
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time Peak Current
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Performance
Material
Twpe

Non-Electrical Electrode
Ei‘ll'i‘llll?lel’s ];_.m-ameters
s &

‘1.]‘?] 2.15 wwmmaiwugm YNNILUIUNIT PMEDM [8]

2.3 maalszanimnvesnszuiumsnamnzlanzag v
o ] 5 A o Y a o ' & 9
nszvumsnamzale Ilfhuiunszuumsiildinanmsdansou duilumg 194
a = a d £ dgl [ A o 9 @
mansdnusevesdianlasa FesuegiuiNoulyvesnszuiuns Tagnaldudarezia
Y Y
anuansn lumstaanzilonuegluglduyessasimsvdaiiony uaziansdnniouves
adg 1 o = adg o Aa a o A A
aianIasaeglugdyedniinmsdnyseveddran Insa aasaauiallsz@nininnsiinunl
Y
HagaTaaruay oglugiuesnanIniIu (Surface quality) Tagaiulnagszinedlugives
a A dy v 9 A a dgl -] J 9 Qy 2 o 9
ANUUIURUNAY (Ra) UONINLLUAINNNS DUNDATUIIFINAADAIT U FaIa 1da1nnT
$ 1 3 a
wasuuilaavenn NI (Hardness)
Y
2.3.1 9M31N15UIAI991 (MRR : Materials Removal Rate)
dgl Y A v 1 Y [ [ dy ol d' = [
msTugidreisnansoudeldih dasimsviadienuszdnnnileioudy
an A ] % [ =3 Sld' ~ dg} o a 1 9 u’j
ABMIoUY 15U MIda Manasaznsnas lumsldtou lannmsvugdduiulledrsdne wu
o Y o [ dy ¢; vy [ 91&‘ ~ o Y o [ dﬁ o Y
Mlvdasimsviaiionud uaolsulsdeulunindnsinisviameaugieianly
1 a d? [ [ dy =1 [ I~ a dy Y] ~ [
ANNUHETUAIZIVY amwﬂmumm%nwmmﬂuﬂimmmmmmﬁ@mgﬂmmaaﬂ"lﬂ

ABYUINAT AIFNAITN 2.4

2 2 v
fasimsvdamiony (MRR) = 1suasideaundnusalil (g 158 mm) (2.4)
121114 (min)

30



2.3.2 §ﬂ§1ﬂ1§§ﬂﬁiﬂﬂlmaﬁﬂ1ﬁiﬂ (EWR : Electrod Wear Ratio)
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‘I.I‘ﬁ 2.17 Wﬁmmammwamﬂmmwmqm [1]
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2) MANUNYIVAIGIGA (Ry : Maximum Peak)
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3) MANUHOUAURABAVYA (Rz : Ten-point mean roughness)
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(2.8)
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msneaedi | a1 (i) | szezdn | Anwdn | EWR | MRR Ra
1 35 0.934 0.200 467.000 0.449 1.937
2 35 1.033 0.408 253.186 0.916 2.537
3 35 0.967 | 0.886 | 109.142 | 1.989 | 3.138
4 35 0.93 0.036 | 2583.333 | 0.081 | 1.691
5 35 -0.091 | 0362 | -25.138 | 0.813 | 3.102
6 35 -0.272 | 2485 | -10.946 | 5.579 | 3.594
7 35 -0.032 | 0.073 | -43.836 | 0.164 | 1.658
8 35 -0.306 | 0.625 | -48.960 | 1.403 | 3.151
9 35 -0.091 | 0.648 | -14.043 | 1455 | 4.554
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msmam‘ﬁ EWR MRR fhmmwsnuﬁam?iﬂ (Ra: um)
1 467.000 0.449 2.194 1.917 1.736 1.902 1.937
2 253.186 0.916 2.592 2.713 2.348 2.496 2.537
3 109.142 1.989 2.804 3.299 3.126 3.326 3.138
4 2583.333 0.081 1.628 1.683 1.634 10801 1.691
5 -25.138 0.813 3.479 2.847 3.092 2.993 3.102
6 -10.946 5.579 3.677 3.352 3.746 3.594 3.594
7 -43.836 0.164 1.690 1.642 1.601 1.700 1.658
8 -48.960 1.403 3.304 3.026 3.263 3.484 3.151
9 -14.043 1.455 4.554 4.580 4.528 - 4.554
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1 35 0.098 | 0204 | -48.039 | 0.458 1.804
2 35 -0.031 0.432 -7.176 0.970 2.393
3 35 -0.008 0.887 -0.902 1.991 2.942
4 35 -0.008 | 0.080 | -10.000 | 0.180 1.65
5 35 0.048 | 0426 | -11.268 | 0.956 | 3.005
6 35 0.047 | 1876 | -2.505 | 4211 3313
7 35 20.011 | 0092 | -11.957 | 0.207 1.622
8 35 0.088 | 0512 | -17.188 | 1.149 | 2.894
9 35 20014 | 0710 | -1.972 | 1594 | 4379
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msnaaeddl | EWR | MRR AANUHGIVANNAY (Ra : um)
1 -48.039 | 0.458 | 1.818 | 1.641 | 1.889 | 1.705 | 1.970
2 <7176 | 0970 | 2411 | 2.183 | 2439 | 2240 | 2.692
3 -0.902 | 1.991 | 2.847 | 3.005 | 3.097 | 2.692 | 3.069
4 -10.000 | 0.180 | 1.755 | 1.544 | 1.692 | 1.685 | 1.562
5 -11.268 | 0956 | 3.064 | 2.952 | 2.998 | 3.050 | 2.961
6 2505 | 4211 | 3.045 | 3380 | 3.471 | 3.287 | 3311
7 -11.957 | 0207 | 1.630 | 1.563 | 1.692 | 1.602 | 1.624
8 -17.188 | 1.149 | 2.889 | 2.833 | 2.865 | 2.950 | 2.937
9 -1.972 | 1.594 | 4206 | 4.177 | 4.602 | 4.452 | 4.459
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10 35 0.072 -0.010 0.162 1.679
20 35 0.081 -0.178 0.182 1.650
30 35 0.089 -0.011 0.200 1.607
40 35 0.049 -0.005 0.110 1.391
50 35 0.038 -0.004 0.085 1.510
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10 -0.010 0.162 1762 | 1.708 | 1.602 | 1.725 | 1.681
20 -0.178 0.182 1630 | 1.563 | 1.692 | 1.602 | 1.624
30 -0.011 0.200 1.577 | 1.680 | 1.607 | 1.576 | 1.597
40 -0.005 0.110 1494 | 1215 | 1415 | 1441 | 1391
50 -0.004 0.085 1.504 | 1.498 | 1.493 | 1.528 | 1.530
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10 35 0.040 -0.052 0.090 1.703
20 35 0.054 -0.021 0.121 1.672
30 35 0.064 -0.014 0.144 1.662
40 35 0.069 -0.012 0.155 1.625
50 35 0.128 -0.017 0.287 1.780
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10 -0.052 0.090 1.676 | 1.775 1.621 1.782 1.742 1.704
20 -0.021 0.121 1.586 | 1.680 1.647 1.679 1.780 1.772
30 -0.014 0.144 1.577 | 1.608 1.724 1.738 1.729 1.674
40 -0.012 0.155 1.722 | 1.667 1.538 1.581 1.634 1.609
50 -0.017 0.287 1.760 | 1.717 | 1.787 | 1.788 | 1.878 | 1.953
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1 35 -0.009 | 0.050 | -18.000 | 0.112 1.308
2 35 -0.017 | 0059 | -28.814 | 0.132 1.391
4 35 -0.016 | 0.192 | -8.333 0.431 2.013
6 35 -0.01 0.632 | -1.582 1.419 4.405
8 35 0.003 | 0.747 | 0.402 1.677 6.044
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1 -18.000 0.112 1.376 | 1.362 1.287 1.219 1.299
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1 35 -0.002 0.027 -7.407 0.061 1.297
2 35 -0.005 0.030 -16.667 0.067 1.658
4 35 0.001 0.238 0.420 0.534 2.952
6 35 0.003 0.591 0.508 1.327 4.542
8 35 0.006 0.720 0.833 1.616 6.421
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