JTE~

Myasnalulaguazimnssuinmt U9 1 atduil 1 nsngiau - Suieu 2566) Journal of Technology and Engineering Progress

nMsnfimanzauvasnsnzgsaululasmanndl3adu 3160
aren1sUapeUssyli i uwisBianinsawiin Cuzn
Optimization of Micro EDM Drilling Parameters for 316L Stainless Steel
Using CuZn Electrode
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aneiauuslaun srezlanziinugesy (Overcut: DOC) Wa¥AIILTEIVBI3LATE (Taper Angle: TR) N13AANTOY
AUEIAYURIRILUTIEISN 19N 9a0A fraction 2 factorial design wagldinaAlin Box-Behnken Design Tuns
onuUUNIMARDsdmi U TmeTvInzay FudsnsianggiiAnuUsenause nszualiiih (Peak current)

syeg1enisalnda (Gap) Auialunisiang (Drilling speed) 1ianla (Pulse on time) waztia1la (Pulse off

time) wan1s@nwInud1 nszualiii szaglunisauise wasandafinansgnusion DOC waz TR fiszdu Of =
0.05 dwiusuusiuzaunsd DOC fie nszualaliihd 1 (steps) sraevirdlunisauniad 6 (steps) wazinandail
1 (steps) Tuvauzdidauusiimunzaudmsu TR e nszualniind 3 (steps) szozwslunisaursad 6 (steps) waz
aUnTl 1 (steps) nan1smfuUsiunzaudmsurnanevauawidas (DOC waz TR) freflsrdunufimelald
Anfiianzay Ao nsvualniiifisedu 3 (steps) szavwislunisauisail 4 (steps) waziiandndi 1 (steps) linanis
naasiledufiunauarAnA 1A LRAs 1858 8EIEAUTBIVUIAGIINAY 23.78 % UATANLISEIVDITENAY

1.2436 deg.

Ardnfey: nsangsluseaululas, madwesimugan, wannalSaiiy 3160

Abstract
This paper aims to identify the optimal parameters for drilling 316L stainless steel using micro
drilling. The response optimization of experimental parameters is Overcut (DOC) and Taper Angle. (TR). The
study applied the fraction 2" factorial design for specifying the significant parameters and Box-Behnken

Design for experimental design. The focused drilling parameters are peak current, gap, drilling speed, and

JTEP : Journal of Technology and Engineering Progress, Vol 1, No. 1, 2023 (July - December) 15



JER

Myasnalulaguazimnssuinmt U9 1 atduil 1 nsngiau - Suieu 2566) Journal of Technology and Engineering Progress

pulse on-off time. As a result, pulse peak current, gap, and pulse on time affect DOC and TR values at O
= 0.05. The optimal parameter for DOC is at the pulse peak current 1 (steps), the sixth-step gap, and on-
time 1 (steps), while the optimal parameter of TR is at the current 3 (steps), the sixth-step gap, and on-time
1 (steps). In sum, the optimal parameter for both DOC and TR is at the current 3 (steps), the fourth-step
gap, and on-time 1 (steps). As a result, the experiment showed that the average DOC is 23.78% and the
average TR is 1.2436 deg.

Keyword: Micro EDM drilling, Optimization parameters, 316L stainless steel, CuZn electrode
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nszUIuMsIEIBdenuuimvesianlifinadenunmuesgians uinsanzlanssenisudesuseqlulihiifuusi
dwaroRmuAMYBINIszIiaIefuUstuiy Ussnaume nszualiih szezvidlumsatnia anudilunmsane
nenda uaziandn Wudu Flunsdinmslisuusilimnzaniardsnaronmunmuesgiane sanmsdadetunu
(MRR) 8n31n3dnusevesdidnivan (EWR) szavanziuvesuuing (DOC) way AuEeIwee3ianz (TR) [1-16] s
iluldan Wy shie asvilifdahoulduoulddaussavsnmuasauddoadomas uonanilumuidsves
Parthiban Wag Harinath [15] Anwiteulefimnzaslunisaizslussivlulasveslmmiousaassse Micro
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Usenaume noduas wnshild lanenauvemeawnaiin CuZn37 wasnawasadaudun wull n1stenssualwilii
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2. /NI NEUIIY
Jaanaaodduiunanndildaiu 3161 aurn 20x20x0.5 mm 1481anTnsavila CuzZn vuraidunu
AUINaNY 300 um autRvresBianingawanifwisned 1 dmiunisnizgandunsaisimeesetanzslanesiens

Uaeeuszqliiiin (Micro EDM drilling) 8% KOTON §u KTH-200A Tagld8idnnsa 1 wisdensians 1

AN5197 1 auiRvesdianing [17]

Electrode Melting Point (°C) Electric Conductivity [%IACS] Density (g/cm?)

Cuzn 920 >28 8.4
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v 1 . _ . . o PP v a a '
n1InaaesAiY - fraction 2%V factorial design fuUsAAnwUsznauniy A Aonseudalni, B As szaguigluy

nsaunde, C Aa Anusilunisiang, D Ae 1atla was E As 1iata lneusazdiwdslaiinuasesulunisdne 2
SEAU TNIMUA 16 NISNAFDI LAAIAILUTIUNISANBIAINNT N 2 B1952AUVRIRIUSTLTIUNSANEIASITHLALN21N

Auuzihvesgiionsianzslanssensudesuszqlulinde KOTON fu KTH-200A [18]
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§ o 1Y) ° o Y} o 1% 1 . _ . .
A15199 2 Mudsuazsyaulunmeaesdmiunsannsesianlsnae = fraction 2°7 factorial design
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1| A nszualwiin (steps) 2 q
2 | B: szuzuslunisauisa (steps) 5 7
3 | G Aanudilunsiang (steps) 4 6
4 | D: v38LUn (steps) 2 4
5 E: 13a1Un (steps) 1 3
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2.2.1 MyInszeznzinuYesrng (Overcut: DOC)
nstuiinAnszezeiivvesuing andumsiaglindesanssaiuuudosiassinemaseiy 100 Wi 3a

YUINFHIWAUUU WaztinuAwInman DOC taasaunisi 1

-D

top tool

D

tool

SYELBINUYRIVUING (%DOC) = 100

108 Dy, VUIMEUNIUALINANYBIFAUUN 4 Doy fie U uAUENaIedidnivan [6]

2.2.2 M3INANUTYIVDI3I1% (Taper angel: TR)
mstuiinAANuEeIvesate aliunulagldndeanssaluuvdewawnemdweny 100 w1 Javnn

JRWAWUULAEIAUEN wazdmAIwIAT TR la9naunisi 2
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AauUshidanasio %DOC s - fraction 2 factorial design WU31 N19AITIVABUANNRFIUVBILUUTIABIVDY
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YoIuAarAILUTIINNTIN Pareto chart aswiuldinfisuusman nssualnil (A) T8vEnasevunvesgianzaniian
599091 Ao Sunsiseserinanszualnihiuiande (AD) Sunsisensewitsanusilunisianzduiiaila (CE)
Junsisesenineauslunisianziuiante (CD) szezsislunisauisa (B) dunsizensznineszezigluy

AsaursatuIala (BD) 11a1Ua (F) was sumsnsenseninaszezislunisalrsaduanusrlunisiane (8O
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Pareto Chart of the Standardized Effects
(response is DOC, o = 0.05)
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Main Effects Plot for DOC Interaction Plot for DOC
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A1519% 3 fudsuazseaulunisnaass Bok Behnken Design

. y STAU

o waus MED | nee©@ | ge()
1| A nszudlii (steps) 1 2 3
2 | B: szuzvhslunisaunsa (steps) 4 5 6
3 C: awla (steps) 1 2 3

° o

3.1.1 wami‘iLﬂsﬂsﬁﬁagaMﬂqaﬁﬁaqwsU DOC
1NNTUINANTANYITEEELAUVBIVUIATUIIATIZAIY ANOVA Tagldlusunsu Minitab Tuisns
DONLUUNITNAADY Box-Behnken Design WAAIHARINITINT 4 2IANANITNAABINUIT ALUTUANTRENFILUS (A,

B way O) kardunsnsensiusenInanseuwabiiidunseualniin (A A), iandanuianda (C,0), nsewabriniu

segyvindlunisaliia (AB) wagsvezidlunsaursaiunale (B,0) dnaseszesianziiuvewinaisedu O =
0.05 (P-value < 0.05) lagildn R-sq = 85.50% Wag R-sq (ad)) = 82.76% WazlilonTI9d0UAINYNABIVRITRYA
WU Toyaiinsuanuatuund ANULUTUTIUA Uazn1snseatedivesteyaliiisuuuuvewwildulavieiinns
nszaedidasedoiufauansluzuil 4 daudaiunsoasuladn sUwuuvesaunisiildainnisinsieiiieniali

Y < YUYy a 1% ' 1Y) Ao i %
winnzauvesinUsiunIsiegmannailiaily 3161 menisudesuseyliiilusedululasiiinasie DOC lngld

ABN159NLUUNITVIAABILUY Box-Behnken Design dAutnsngay

A15197 4 FuUszansveeslkusdmsu DOC

Term Coef SE Coef T-Value P-Value
Constant 27.990 0.907 30.87 <0.001
A 1.458 0.555 2.63 0.013
B -1.901 0.555 -3.42 0.002
C 5514 0.555 9.93 <0.001
A* A 3.658 0.817 4.48 <0.001
crC 2.970 0.817 3.63 0.001
A*B 4.703 0.785 5.99 <0.001
B* C -4.467 0.785 -5.69 <0.001
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Residual Plots for DOC
Normal Probability Plot Versus Fits
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o a £ ]

A o Aa ! a ° a °
WeAdulsedvdreaneusing q Nlnadesvezianziiuvesuingiaty (DOC) luvins@euaunisinuneg
a1unsndeuladeannisn 3 1e Yoo Ap Sreziaiinvesvuing avarmuusnsasluaunisunuiieiiulsgn

W59 (Code unit) Ad

Yooc =27.821 + 1.458 A- 1.901 B + 5514 C + 3.679 A*A + 2.992 C*C
+ 4.703 A*B - 4.468 B*C (3)

IN3UN 5 Main effects plot uae Interaction plot awnsaLdenafidsuasio %DOC Afe nszwabniiif

-1 (1) syezvislunisaunsad 1 (6) wazandait -1 (1)

Main Effects Plot for DOC Interaction Plot for DOC
(a) Fitted Means (b) Fitted Means
A I 8 € A's 3
375 —_—
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35 “Rage
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2751 R _
P /
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3‘1]‘17'; 5 (a) Main effects plot tag (b) Interaction plot @115u DOC
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3.1.2 uan1siaszidayaneaindmiu TR
1NNTUIHANITANYIAIINTEIVR34% (TR) 1131A51891 ANOVA Taeldlusunsu Minitab Tuisnas
DOALUUNITNAADY Box-Behnken Design LaAINAAINITINN 5 WU ALUTHANTIEIUALUT (A, B wag C) uay

gunsnsensiuseminanseualiiidunseualndn (AA), antaduiada (C,0), nseualniniuszezunglu

nsaUde (AB) waznszualiinduiandn (ACQ) finasosnsneavesgianziiszdu O = 0.05 (P-value < 0.05)

P

lnedlen R-sq = 91.19% wag R-sq (ad)) = 89.53% uazlilonTidoumugnfesvesdoyanud Yayain1shanuas

Y
v

WUUUnd ANuKUsUTINASH wazn1snseatedvesteyalilisvuuuvseuuilibiladawandlugu 6 Auiudsannsa
ayUladn guuuuvesaunsfildnnmsinssiifiemanfivianzauvesiiuusiunisianzgmanndiliadu 316L fae
n1staesdsyaliihlusedululasiiinase TR lagldisn1seenuuun1smaasauuy Box-Behnken Design fiAau

bANNEEU

A1519% 5 duUsyansvesakUsdnsu TR

Term Coef SE Coef T-Value P-Value
Constant 2.2742 0.0450 50.50 <0.001
A -0.2529 0.0331 -7.63 <0.001
B -0.3127 0.0331 -9.44 <0.001
C 0.0692 0.0331 2.09 0.044
A* A -0.1810 0.0486 -3.72 0.001
c*C -0.6887 0.0486 -14.16 <0.001
A*B 0.1057 0.0469 2.26 0.030
A* C 0.2020 0.0469 4.31 <0.001
Residual Plots for TR
Normal Probability Plot Versus Fits
% 3 04
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Histogram Versus Order
100 .
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E‘Uﬁ 6 NIMULAAIAIUANAINAINAITNAADIEINSU TR
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WodAduUsyansueanendie q Ninasednsnieivesgiany lvhnsWisuaunisying anansadeuls

AIENN1TN 4 1D Yo AD §M3 158790931378 wazAdwUsnsadluaunisunungdiulsgnidnsia (Code unit) Ao

YR = 22742 - 0.2529A - 0.3127B + 0.0692C - 0.1810A*A - 0.6887C*C

+ 0.1057A*B + 0.2020A*C (4)

31n3U7 7 Main effects plot wag Interaction plot ansaidenefidawasion TR a1de nszualuiiii 1

(3) szevsinslunsalniadi 1 (6) waztiadadi -1 (1)

Main Effects Plot for TR Interaction Plot for TR
(a) Fitted Means (b) Fitted Means

A B C

]

— -1

Y P S =
3 201 _mmmmmmm——- i

e

Mean of TR
g &
//
A
Mean of TR
>
\

175 / \ B

gﬂﬁ 7 (a) Main effects plot Wag (b) Interaction plot @ w3y TR

nMsmemnzandmsunsaggunanndliatiy 3161 menssanzslavemenisUdesyselnin

P a

%o KOTON U KTH-200A Lila431nAnn1mvasiiatzlunsdnwiassilinanauausdaaidife seeviatziiunes

% N

W03 karATFewegany fiuievmsdwesfnsaudmiunaneuaussisaesd (iedudenlditeidu
Arwiianela (Desirability function) lun1smmsifimesfunya lasdmuadmngvesnanouaussisanian
(Goa) lusntiosdign (Minimum) fams1sii 6 iiesandosnistildszeziaziuuasauiBvesganslidaos
fign Amnsdimesfmnzauanmsmieilsiduainuiiswsladniunansuaus swuvassiudsly Response

Optimizer L&AIRIAITNN 7

A1519% 6 LN URINanBUANDY

Response Goal Lower Target Upper Weight Importance
TR Minimum 1.0174 3.0024 1 1
DOC Minimum 22.7700 43.6800 1 1
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AN5197 7 wanisyueavinzandsu DOC way TR

TR DOC Composite
Solution A B C
Fit Fit Desirability
1 1 -1 -1 1.08739 23.1666 0.972852
95% PI (0.7044, 1.4704) (16.77, 29.57)

3.1.3 Msvaasailadudunanisitung
NnMIATTnoiTvsnzauvesisTiinaronuFevesg kAL ST UL AuYRIYLIAINY
nszuIunsEgmanndiliaiu 316l fenisudesuszylninluseivlales Tagldleiduauiianelaly
Response Optimizer 415 UNARDUALBILUUADIFIMUTHATEINISYUE Ao nszualufinfisedu 1 svezvnsly
nsaunsafisys -1 wazadafisedu -1 Idmnuiseivesganswiiiu 1.0874 deg. szazianzifiuresuagviiy

23.17% waglaranufiswalawiniu 0.97 uaziedudunanisiuie §idedsldhAmsiwesvaiilunaasss

TAgYINEITIUIU 5 ASI NATNNNITNARBILARNININNTIIT 8

A1519% 8 NSNAFBULNBEUTUNAIINNITVINUNEY

Gl DOC (%) | TR (deg.)
1 23.98 1.1838
2 23.73 1.2702
3 23.98 1.2525
4 23.49 1.2265
5 23.73 1.2848

\ade 23.78 1.2436

INHANTNAABINIA15197 8 wan1TMAABaLAFnsualniifisefu 1 szvinslunisaurind
52U -1 wazandafiszdu -1 Sy 5 fedruaztihindunuriedslissozinziiuvommagademiiy 23.78
% WarAIIEIMBI3LIRBEIINTY 1.2436 deg. Beriadasrniioglurag 95% PI fidsinfu 16.77 fa 29.57 %
dm¥u DOC uax 0.7044 &1 1.4704 deg. d¥u TR FaagUldmansvuenanouaussninnsinwadsiannso
eftold uansguiununaaesiilimmanfivesfimnyandizui 8 uasgull 9 wanstununaassiilidmisdines

Y

Aladwnzay
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[

JUN 8 I NFAENEIve1y 100 i1 YeAMIENeINRNER (a) 31eAuUY (b) langAua

[

JUN 9 A ngiangfiideny 100 Wi vesdmsdivesnlivanzan @) gangiuuu (b) $91A1ua19

4. a3

nuATelAnvInsrgmEnndlaty 3161 deindouazglavesionisudesusygluihlussdulalas
(Micro EDM diilling) 858 KOTON §u KTH-200A Ingmaniimsngauseflsiduniuiienelaluguuuunanauauss
anedanls wansAnwanansaagUldiad

a ' '

1. Wan1sAnN®1 ANOVA nseualniln szeglunisauise wazialaidvnsnasear DOC way TR fiszau

a =005

2. Adaudsfiuunzaudndu DOC Ao nszualndind 1 (steps) svazsindlunisausail 6 (steps) way
nadadi 1 (steps)

3. Aulsfivangandmiu TR fie nszualniinfl 3 (steps) szogaindlunisatisadi 6 (steps) uaziian
il 1 (steps)

4. msmmnsfiweifivneavdniunanouaueuuuaaiiuls (DOC uag TR) deflidduanufanela
Afloanzaufio nszualnilni 3 (steps) szavwslunisatnindl 4 (steps) waziandadi 1 (steps)
IdnanismaaeailefudunauazAnduineladsyesozianz AusearuIngviniu 23.78 % uay

ATV 1.2436 deg.
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5. ARnssuUsEnd

Yovaunn NnTinedeinalulagssumainulnduns wazauduInTinnsaunsHanLazN1TIgey

¥
=1

dmsugnamnssudmsunisativayuniadouazgunsallun1side

6. YoLaumuL
\esaniaieanzlangienisudesusalifindiio KOTON fu KTH-200A wusuuglildnsiinesves
uazfuUsIusEiu (steps) lunismaassdneiu udlsildssyiuiossld lusunanaisinismsrasudeyauaze
museiuiigiofiuuzihly Meindesdefimnzan wu 1Hh3neaseatlaalay Hudu
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