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Objectives

The journal of industrial technology is an academic publication which devotes to be a medium
to disseminate knowledge, research, invention, and innovation for academics. The article provides and
reports of interest to the field of engineering technology such as mechanical engineering, civil
engineering, electrical and electronic engineering, chemical engineering, materials engineering,
production engineering, industrial engineering, environmental engineering, energy and renewable energy
engineering, computational engineering and etc.

For publication, the submitted articles will be reviewed through a preliminary assessment
process for the quality and scope of the content, duplication, and plagiarism by the editorial board and
then evaluated for an academic quality by the double-blinded peer review from the experts in related
fields. The authors and reviewers will not know each other's contact information. The high quality-
reviewed manuscript will be considered to be accepted for publication. For the last step, the editorial
board will verify and proofread the articles before online publishing and printing out all in the journal for
further publication.

In addition, the research and academic works published in this journal are considered as the
independent opinions of the author. The author is responsible for any legal consequences that may

result from the published articles which editorial members not always necessary to agree.

Publishing Schedule

The journal of industrial technology is published in 3 issues per year. Issue 1 will be published
between January and April of every year. Issue 2 will be published between May and August of every

year. Issue 3 will be published between September and December of every year.

Publisher

Research and Academic Supports Division College of Industrial Technology, King Mongkut's
University of Technology North Bangkok, Building 63, 3rd Floor, 1518, Pracharat 1 Road, Wongsawang,

Bangsue, Bangkok, Thailand, 10800, Tel. +66 2 555-2000 ext. 6615, Email: JIT.journal@gmail.com
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Adsorption of Organic Substance and Dyestuff from Batik Textiles

Wastewater by Rubber Wood Fly Ash

Kamonrat KIiangpradith1, Narumol Thongmakz* and Porntip Sridang1

! Department of Environmental Science, Faculty of Science, Silpakorn University
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Abstract: This research has studied the utilization of rubber wood fly ash for batik textiles wastewater
treatment at 5-8 of pH value, 75-300 um of fly ash size, 2-24 hours of contact time and 5-50 g/L of fly
ash dose which effected on the adsorption efficiency of COD and dyestuff removal. The batch
experiment results showed that the adsorption efficiency of COD and dyestuff removal was about 96 %
and 98 % at the optimum conditions, pH 7, the total size of fly ash (no sieve) with 8.02 nm of average
pore size and 65.03 m?/g of average surface area, 16 hours of contact time and 100 g/L of fly ash dose.
The organic adsorption in term of COD by rubber wood fly ash was analyzed and fitted with Freundlich
isotherm under R? 0.8828. This result correlated with the linear physical adsorption characteristic on the

surface area of fly ash at - value of 1.0365.

Keywords: Fly ash; Adsorption; Batik wastewater; COD; Dyestuff
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Abstract: The case study company was impacted by often late receive raw materials, especially
imported raw materials that has long and high variability purchasing lead time. The company had
decided to increase safety stock level to prevent a raw material shortage, which caused high raw
material holding cost and storage area. After researched, found the most variable part is the company's
internal approval process. The approval process affected 82.4% late behind the standard procedure.
The main reason is complicated working steps, lack of information sharing and linkage between
departments. Therefore, ECRS and management information systems; i.e. Microsoft power Bl program
were applied to simplify working activities and share important information for reducing purchasing lead
time. As a result, the purchasing lead time of raw materials was decreased by 7.04 days from the
original lead time of 95.35 days, the raw materials storage area was decreased by 34.8 m2 from 136

m2, and carrying cost was decreased by 3.4 million baht from 11.5 million baht.

Keywords: Purchasing lead time; Inventory; ECRS; Microsoft power Bl
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Abstract: The case study company had a surplus chemical powder from brake pad manufacturing
processes at 180,000 kilograms per year or 15.84% of all chemical powder in manufacturing processes
and was resulting in high manufacturing cost. The cost of a surplus chemical powder was about 13
million baht per year. The objective of this research was to find the cause and reduced a surplus
chemical powder from brake pad manufacturing processes. Brainstorming of case study company
experts found the cause of a surplus chemical powder in brake pad manufacturing from necessary
tolerance weight of chemical powder in the production so that no problem in production: 1) variation of
thickness in grinding process 2) variation of thickness in hot press process and 3) variation of slotting
process and chamfering process. After that break pad thickness variation problem was analyzed
preliminary affect factor by Why-Why Analysis. And factors were analyzed to decide which factors
affected the problem by 2% Full Factorial Design experiment. The factors that were obtained were then
tested in 3% Full Factorial Design to find the optimal levels of various factors. In conclusion, the optimum
level of each factor from the experiment can be reduced chemical powders by 8.75% in the brake pads

production and can be reduced cost by 2.60% in brake pad manufacturing processes.

Keywords: Brake Pad; Tolerances; 2% Full Factorial Design; 3% Full Factorial Design
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Power and Sample Size

2-Lewvel Factorial Design

o = 0.05 Assumed standard deviation = 0.25

Factors: 4 Base Design: 4, 16

Blocks: none

Canter Total Target Actual

Points Effect Reps Runs Power Powsr
0 0.25 3 45 0.80 0.5150089
0 0.25 4 64 0.92 0.974932

[ 0 D.25 4 64 0.55 0.574932]
0 0.25 5 80 0.88 0.%52740
0 0.25 5 80 0.9% 0.992740
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Rnalysis of Variance

Bulk Density

Regression Eqguation in Uncoded Unit

0

Factorial Regression: AVG versus Bulk Density, Pressure, Time, Weight

Source DF Ady ss 2dj M5 F-Value pP-Value
Model 15 11.€124 0.77416 116.75 0.000
Linear 4 11.0002 2.75005 414.73 0.000
Bulk Density 1 0.0018 0.00181 0.27 0.603
Pressure 1 7.4418 7.44176 1122.28 0.000
Time 1 0.5502 0.55020 82.97 0.000
Weight 1 3.0065 3.00645 453.40 0.000
2-Way Interactions 6 0.1438 0.0239% 3.61 0.003
Bulk Density*Pressure 1 0.0319 0.03189 4.81 0.031
Bulk Density*Time 1 0.0005 0.00047 0.07 0.79%0
Bulk Density*Weight 1 0.01é68 0.01676 2.53 0.115
Pressure*Time 1 0.044 0.04440 6.70 0.011
Pressure*Weight 1 0. 0.00011 0.02 0.899
Time*Weight 1 0.050 0.05015 7.56 0.007
3-Way Interactions 4 0.4633 0.1158 17.47 0.000
Bulk Density*Pressure*Time 1 0.0002 0.00020 0.03 0.862
Bulk Density*Pressure*Weight 1 0.0029 0.00290 0.44 0.510
Bulk Density*Time*Weight 1 0.0012 0.00122 0.18 0.669
Pressure*Time*Weight 1 0.459( 0.4590 69.22 0.000
4-Way Interactions 1 0.0050 0.00502 0.76 0.386
Bulk Density*Pressure*Time*Weight 1 0.0050 0.0050z2 0.76 0.38@
Error 96 0.6366 0.00663
Total 111 12.2489
Model Summary
S R-sgf R-sg(adj) R-sg(pred)
0.0814307 94.80% 93.99% 92.93%
Coded Coefficients
Term Effect Coef SE Coef T-Value P-Value VIF
Constant 17.1629 0.0077 2230.55 0.000
0.00402 .00769 0. 0.
Pressure C 00769 - 0.
0. 76 0.16384 0. 9 21. 0.000 1.00
Bulk Density*Pressure 0.03375 0.01688 0.00769 2. 0.031 1.00
Bulk Density*Time 0.00411 0.00205 0.00769 0. 0.7%0 1.00
Bulk Density*Weight -0.02446 -0.01223 0.00769 -1. 0.115 1.00
Pressure*Time 0.03982 0.0199%1 0.00769 2. 0.011 1.00
Pressure*Weight 0.00196 0.00098 0.00769 0.: 0.899 1.00
Time*Weight 0.04232 0.02116 0.00769 2. 0.007 1.00
Bulk Density*Pressure*Time 0.00268 0.00134 0.00769 0. 0.862 1.00
Bulk Density*Pressure*Weight -0.01018 -0.00509 0.00769 -0.6 0.510 1.00
Bulk Density*Time*Weight 0.00661 0.00330 0.00769 0. 0.669 1.00
Pressure*Time*Weight 0.12804 0.06402 0.00769 8. 0.000 1.00
Bulk Density*Pressure*Time‘Weight -0.01339 -0.00670 0.00769 -0.87 0.386 1.00
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Power and Sample Size

General
o = 0.05

Full Factorial Design

Assumed standard deviation = 0.25
Factors: 3 Number of levels: 3,3,3
Include terms in the model up through
order: 3

Not including blocks in model.

Maximum Total Target Actual
Difference Reps Runs Power Power
[ 1 2 54 0.95 1]

gﬂﬁ 14 Fwrunsyingrdansuniinasss 3¢ Full

Factorial Design
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Abstract: Holy basil is an important ingredient of Thai food. However, it cannot preserve for a long time
since the use of a suitable drying process is necessary to prolong the shelf-life of holy basil. This
research aimed to investigate the drying kinetics, specific energy consumption and quality (in term of
color) of dried holy basil leaves using a microwave-hot air conveyer belt dryer. The holy basil leaves
was dried at temperature range 60 to 80°C and microwave powers range 300 to 500 watt. Air velocity

was set at 0.3 m/s with 80% of recycled air while the belt conveyor velocity (forward-backward) was

0.02 m/s. The results showed that the rate of moisture reduction increased with an increase in drying
temperature and microwave power. For hot air drying, it was found that the lightness (L*) and
yellowness (b*) decreased with an increase in temperature. For microwave-hot air drying, the L* and b*
value increased with and increased in microwave power. The specific energy consumption decreased
with an increase in the microwave power. Based on this experiment, the optimum condition for holy basil
drying using microwave-hot air drying was the use of an air velocity 0.3 m/s, temperature of 80°C and

microwave power of 500 watt (2x250 W).

Keywords: Holy basil leaves; Hot air drying; Microwave-hot air drying; Specific energy consumption
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lasf L* Ao énanuaing (100), da (0) 61 a* Ao
) WAz b* Aa @NH

AT (-a%), ANFLAY (+a*

W% (-b*), ANFRRY (+b*)
2.295N15A I IY
AsaninniIdpndseanidu 3 Tunan Aa

msm‘%swi’wqﬁuﬁaumsmaaa NTOULRAY LAY

MINAFOUA NN lasinuaziduaai
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2.2.1 ii?%maum'%sm"i’mqaufia%miﬂmam
mymeanuwsudulagmsilunawnae
W§19r AN Rz LAz TUinaanliuis wia
¥nstainnindsmtiaasnaalilalunziwnsaa
Uszanm 2 g daudaduduin 9 tarinmsanus
T RTREIL. SYC T o1 @‘f’mg}’auaui’auﬁqmwgﬁ
1032°C 1w 3 Talug muasms AOAC (1990)
maasoulunzwsuielslunseuuis Tas
My lunsN I RANII NN ST RN D AN T
f3maalitla 20 g wdrdsnauEzaaLazT U
NauiINITauLKY
2.2.2 TwABWANTILILEG
Tusiuaaniinmsmanssazutiseaniduaassin
fo auutidisanTouuazansaunnululasaw
Tugruusninlunziwsaaiinin 20 g 7
m'%ﬂwvlfa”mﬁ’lmiaml,ﬁa@hmu%auﬁqm%gﬁ 60

70 WAz 80°C ANNLSIAN 0.3 m/s lautiwinan

duilunn 3 min ﬁm"l@i”@hm'm%uqﬂﬁm 6-8% (d.b.)
MBI HANAWS I D0 sLAT a9 LAY
2087083504 waztulasiw anndiaes Inwa
W W lumsdm mmnenwasnuiwae

Tugrufigasinlunzinsigainign 20 g 7
L@%Uuvl,'i’mﬁﬂmiaml,ﬁa@ﬁan‘fauﬁ'qmmgﬁ 60
70 waz 80°C Trunvululasian 2x250, 2x200 way
2x250 W 21813783 0.3 m/s A21NLIIRIE N
0.02 m/s Imﬁ'uﬁnﬁ']ﬁﬁ‘mﬂunﬂ 3 min aule
@hmm%uq@ﬁ’m 6-8% (d.b.) Tood5unmnnud
wldanaunsf (1)

(w-d)
d

(1)

lagl  MC, fa aUTUIUUAT (d.b.), LAaIL

w  fe davaslunzinaaa, kg

d  fa auedlunswTIauuLRe, kg
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AMNBUAIMIIALUN NAWRINUBIAT DI NAN
Paa19a2830% wazlulasn watildlslunns
FIUWIBRIATNAIITHITUNIZVAINITOU LRI b

NLWTIAIFNNITN (2)

Eblcywer + Eheater + Emicrowave, MJ

SECary solia = )

Mass, kg

a & 'Y o o @
1087 SEC4, o f18 WaINM WM MTLaUlUNZW,
v A al ﬂ/
whanitanlansu, Mdkg
Eponer 718 WadIBA 1T lsbi0309188%, MJ

Eroier 0D WASNUA 1T lUBARIAANTEW, M
Eicrowavef® WasUALT W lulasian, M

Mass @8 miNlUNAWIBULAY, Kggy soi)

2.2.3 aﬁmaunmaanqmmw
ﬁﬂmswﬂaa‘uqmnwwﬁﬂuﬁﬁamﬂ%m
Spectrophotometer (Hunter Lab, Color Flex, UK)
TagfRa1smnanen L* a* uae b* luudaziionly
AInaaadltarat1idiuin 3 lu imyiadvas
Tunswsn 2 f uaztunIaswHanIaaa
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3. Wan132u/MAadILarnIsandsgna
3.1 DAUNAAIAAINITOUBAI LUNZLNI
MINARBIRIN oM LS NNTUAR et lag b
= s a = a tgl
WHUNULaT laodsneaztdaaadd
nithgunniianian 60°C saunululasian
8189 2x150, 2x200 LaT 2x250 W 10 ANN T 1
Suduld 506.75% (d.b.) 31n3UN 3 aziAnledn
L aYINMTa LRI LANTO N LIBE9LA 8 ALY b
U3 AIUT % (Moisture Content) 8aa4311737
nsauuisdisaniaudwnululasanlunnnsd
Tagltiianlun1souuisnanua 120 min waztila
avanTawsunululasiang 2x150, 2x200 waz
2x250 W WU USanmanudis (Moisture Content)
aaad S nuina W lasNAutn lagldiian
1un18ULRS 42 30 1Az 19 min ATNAIAU FLLAL
U Qs 1 =) v v v 1 Qs
1dTa31 nIdlauwRIaI8aNTaw 60°C SANNU
lulasiaw 2x250 w lFaanasiga thadain
lulasinazildlaianavesiludaqiia
o ' v a @ ) S %4
n1IFURzanna liAaaNNTandurin lwinssne

o ve &
28NN E‘T@lvl,@] L3IV
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nydtgmnniauian 70°C saunululasian
31849 2x150, 2x200 LAz 2x250 W 1@ a3 %

A189
Sudule 506.75% (d.b.) mngﬂ‘ﬁ' 4 3z Anlain

'
A

WarnmsauuiadIuauaniNeIen9Laen syl
USumAuin (Moisture Content) aaa411n31
nsauuidansaudwiululasawlunnnd
Tagltiaanlunisauusnswua 51 min uaziila
suautaniunululasiand 2x150, 2x200 uaz
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saassraueuinaslulasnAiude Taoldiaan
lunsauuts 21 17 Laz 12.30 min ANUEIAL LAY
ldtad1 nsdlauuRIdrnansan 70°C 3NNy
lulasian 2x250 W I%Laawﬁaﬂﬁqﬂ nidlgunn
ausau 80°C aunululasiandias 2x150,
2x200 WAz 2x250 W Tan11u g uisu dn'le
506.75% (d.b.) mﬂgﬂﬁ' 5 azinladnflavinnng
UWAIMIBANTa MR eI 9E e v lAUSI ™
ﬂ’J’]&J%Wu (Moisture Content) 8@ 84T1NI1N1T
auuhsdisaniauiunululasanlunnnad las
Ta lwnmsauusranua 21 min uasiiioauau
Fausrunvlulasiang 2x150, 2x200 uas 2x250
W WU U5 manadn (Moisture Content) 8@ a4
Srduauninaslulasnniimudn Tasldianln
MIBUUAT 12.30 10 WAz 8.15 min MNAAL tAn e
TAI1 NTHOUURAIAIDaNTOW 80°C SAINUNU
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ANLSIVRIANTOUFINAGANITOUWAILY
nany TasdannuisrvasanowAuduazyinlw
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AINEN TIWAIINARDIATIHLTAINNLSIANLN L
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fana bt lunziwdaineluiasauld

600 |

8
T 50 HA 70°C
& —8— HA 70°C + MW 300 W
g 400 HA 70°C + MW 400 W
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311 4 Y331mAM3TU (Moisture Content) 17igy

AuanIdigunndanian 70°C unululasiaw
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3.2 ANV IINZINTIUUAS lulasiandas 2x250 w ﬁau%auaqmﬂnuﬁ 70°C

lunzimmouuRsnldanmInasasdisanion  waz 80°C azdAnad1uaI19(LY) G 1 g0 A
Lﬁm_lﬁ'uau%auimﬁ'ﬂu‘[mnﬂunnL'ﬁ"auvlm 9y 27.51+0.26 U8y 27.53+0.36 anud1aU luymefl
gﬂﬂﬂﬂﬂ@]aauqmmwﬁmﬁﬁ'ss_lmﬁwhﬁ rrar deuluildlaulasianings 2x200 W lausou
waz b*vaslunsmmeuwiaSsudisunulunannga amnn AN wazlid1Fuad (a” a1 g0 Ao
TAUNANINARIUAIWTVDI NN IWRIEINAE  0.4020.62 Uaz 0.3740.48 fUAIAL FIAILAFIARDY

MURAILFAINITNTIN 1 IdenFazymMTAenzy (0% vasmsavuridalslalasnnsunuansawn

Mo3in9aiia ANOVA gaunnd 70°C uaz 80°C Wuin asaslulasaw
Wanansanlunsiwsauuwsdoaufoun 2 x 250 W gauwnilanian 80°C fdnassdaniay
NNATUABT WRZATUWARINLINGN L* ez b* 9zl ﬁqﬂ e ansanduaslunziwsns L a* uaz b*
LLmTﬁwa@aaLﬁaquQﬁauuﬁogai‘fu f#msums  wudimsauuies iy lulasnings 2x250 W was
auuwridslulasniunuansenvalunsins ausaugmngil 80°C lidrFvadlunzinanfidnd
wiindomnaslulaswiAndudn L* uas b* asd ﬁqmﬁmﬂ'%mmﬁyuﬁ'ﬂuﬂ:l,wmm

1 QI lg dl o v U
AR NYB tlarinniveuuslunziwlayls

Adl A v v v o v = = et
M139N 1 AF L* a* b* "Ua\‘l@]']%‘ﬁ%']LLGZ@]']%‘VHE‘]\‘]’Ua\‘ll‘]JﬂzL‘Wi’]a‘]_lLm\‘iL‘L]ii]‘]JL‘Y]EI‘.LIﬂ‘]JI‘LIﬂZLWT]E‘T@]

L* a* b*
Condition
Front Back Front Back Front Back
Fresh Basil 24.82+0.58° 28.49+1.18°  -6.97+0.34¢ -6.71£0.19" 19.13+1.18° 19.34+0.37°
HA 60°C 20.13+0.65° 20.49+1.66 1.74+0.26° 1.73+1.14%°  15.00+2.88"  13.53+1.93%

HA-MW 60°C, 2x150 W 20.68+2.47%  22.98+1.53% 2.150.34%®  1.82+0.51%° 12.06+1.48%  13.96+1.76™

HA-MW 60°C, 2x200 W 20.25+2.87%"  21.77+0.63%"  2.56+0.67° 2.23+0.52° 12.57+0.89%  12.62+1.09%

HA-MW 60°C, 2x250 W~ 22.06£0.35°%°  22.28+1.85%"  1.60£0.23°  1.72+0.37°* 11.90£0.34°  12.86%1.13%

HA 70°C 20.43+1.93%"  20.87+1.44°  0.62+0.25° 1.17£0.56%°%  12.80+1.19%"  12.17+0.96%

HA-MW 70°C, 2x150 W 23.6421.16°°  23.76£1.05®  1.71:0.77°  1.46£1.21%°  13.29+1.47°%  13.25+0.89%

HA-MW 70°C, 2x200 W 24.47+1.66°  26.19+0.42®®  0.40+0.62° 0.85+0.78°°%  15.38+0.57°°  16.41+2.76™

HA-MW 70°C, 2x250 W 27.5120.26°  27.34x1.17%°  0.51+0.34° -0.02+0.18° 16.82+0.39° 16.61£1.90°

HA 80°C 17.78+1.41° 20.41£1.91"  0.73+0.66° 0.98+0.17°°®  10.69+0.19"  12.46+0.53%

HA-MW 80°C, 2x150 W 20.93+1.25%  21.31+1.03°"  0.69+0.26°  0.78+0.43°  11.28+0.48°' 11.214£1.24°

HA-MW 80°C, 2x200 W~ 22.99+1.25°  2562+1.41°°  0.37:0.48°  0.59:0.38°°  15.57+0.47°°  14.60£1.31°®

HA-MW 80°C, 2x250 W 27.53+0.36° 28.25+0.29° 0.72+0.27° 0.41+0.62% 15.48+1.95% 16.63+1.31°

o

o o ] . o v & a 1% = R ) , A e o aad 4 o
@I’Jaﬂjﬂ'iﬂﬂ’ﬂLL@]ﬂ@jdﬂ%‘L%ﬂaaN%L@ U’muLLﬁ@Nﬂdﬂ’J’]SJLL(ﬂﬂ@]’NﬂuE]il’ldu%ilﬁ’lﬂty‘ﬂ’ldaﬂGl“(lit@]‘llﬂ’ﬂu“ﬁau% 95% (p < 005)
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NEINIIDUWIY

nInasasnazldwaseulunszuiwnisauniy
NINNUA 3 §IUAD 1AT9NRY UARIAANNTD Las

o A o o A A A
wasunlEnuuyniasansadlulasiaw Gzl
N3EaNTounauN T IA NN 80% tWaaan TlT
WRIINW WA TOULRS

@13197 2 WRAINITHINUIIANNEULY A
WRIITUITNIZVBILATDIRN VARIAANNTOU
TaTasan wazaNEWLU Ao INRINUITUNIZIIN 92
VARIATAIIAIMNRULY ABINRIINUINNIZVD I

% A o o a X

mﬁaumeza@aaLuammvlﬂmnmwmulunﬂ
gangiauuiansitilosanszozianlunisauuns

A4 o o a & = a =
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AU FULU A DINAIITHINNIZVDINITOU LW
lunzmwsdvanseunulalasinswnuanion
WU ANUFWURINASINUS N TBINMTAL U
melulasniunuanseniaiesnitnsauuns
@Tﬁmu%auaaiwﬁmlunnaqm%nﬂﬁauuﬁd NIt
m_lLLﬁd@Tﬁﬂvlwimnvxls'wﬁ'uau%auﬁqm%nuﬁ 60°C
Aaslulasian 2x250 W azfiananuauilios
wasHI Iz TINTBETigade 515.76 Mikg 1o
wWisusuiunIdimssuuissInauTang gl
60°C 1 1981918 7 B 9928 finenu R A a9na 3910
§1W2 1,503.19 M/kg Fawudnsauutsdae
Tulasnsiutusudoumunsnannnuiwias
WaIIUI AL L6 987.43 MJ/kg

] ' o o o 1%
MN139N 2 ATWRIIIBIUNELURELD a’miﬁun’nauumlummsﬂ

Time Blower Heater Mw SEC
Condition

(min) (MJ/kg) (MJ/kg) (MJ/kg) (MJ/kg)
HA 60°C 120 76.60 1426.60 - 1503.19
HA-MW 60°C, 2x150 W 42 52.79 504.58 232.88 790.25
HA-MW 60°C, 2x200 W 30 48.52 390.62 316.72 755.85
HA-MW 60°C, 2x250 W 19 20.63 237.25 257.88 515.76
HA 70°C 51 60.67 889.89 - 950.56
HA-MW 70°C, 2x150 W 21 20.23 394.38 121.35 535.96
HA-MW 70°C, 2x200 W 17 20.23 313.48 161.80 495.51
HA-MW 70°C, 2x250 W 12 20.11 261.45 170.95 452.51
HA 80°C 21 20.40 530.00 - 550.40
HA-MW 80°C, 2x150 W 12 20.23 293.26 70.79 384.27
HA-MW 80°C, 2x200 W 10 20.06 260.72 90.25 371.03
HA-MW 80°C, 2x250 W 8 20.00 234.56 101.98 356.55
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ém%’umtﬁauLLVT&@T?UGN%ﬂ%QMMQﬁ 70°C
Hunululasiindias 2x250 W wuin deranu
éumﬁaqwé'qmuﬁuwwzswﬁaﬂﬁq@ 45251
MJkg lalSsuifisuiunsdimsauuwsdeas
Jauganni 70°C ptaLdpndananuswydos
WASTUININZINTL 950.56 MU/kg Tawudn m3
auuisdslulasnsinnuausausIuTnaa
anuFwLassnasnusmng e 498.05 Mikg
nitlauurIsuanTang mnail 80°C Saunu
Tulasiandnas 2x250 W wudn §d1aq1w
éuMﬁaawé’ammﬁwaziauﬁaﬂﬁq@ﬁa 356.55
MJkg lawlSsuifisuiunsdimsauuwsdeas
Jaugmnd 80°C LW IaE19LAEN G99:8dn
WAINUS N2 550.40 MUkg FWLinms
auuIae lulasns A uaNTa uaIN1T0aa
ANUERLIUEaInas9ms 1wz le 193.85 MUkg
Duiviasnedin NYthaULAIGILANTEUG AN
80°C $runululasinhiias 2x250 w fnnsled
wé“omuaimww:ﬁﬁaﬂﬁqmvhﬁ'u 356.55 MJ/kg
Togldwasouasie3ontan 5.61% Wasausas
YARIAAINUTOW 65.79% LATWAIINHBUD I
Tulasn 28.60% v lAEINNIDAANRINUVBIVA
mannufauldds 55.74% WawSeudisuiums
auLKIBaNTaWA LR L7
FInuNsaUURIIImnafiaauTauiauny
lulasiinazdroaanasaulugiuveiza
smaanusanlaadlivadan lasldwason
anlulasnninduludsumisasunn 44
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4. unasil
Warnseuudslunziwsdrsanianuas
ausaudinnvlalasnlunnnydl azduledin
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(60 70 waz 80°C) sawnululananiiriaseng g
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grursnaaad1udnlulunsiwsian aa
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Drying Force 284N13818LNANUTOUUAZNNT
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Abstract: This research has studied the combustion characteristics of a compression ignition (Cl)
engine or diesel engine when using ethanol-blended diesel and biodiesel as the co-solvent when the
engine is running at varying speeds. The objective of this study is to bridge the gap between the
research and application. Therefore, the ratios of ethanol-diesel-biodiesel are limited by the biodiesel
concentration, currently blended in diesel and sold in the market (3, 7 and 10%) because they are the
prospective fuels in the near future. The amounts of ethanol are constrained by the phase separation
problem. Tri-blend fuels should be homogeneous liquid phase even though the ambient temperature is
low as 10 °C. In addition, they should be stored as long as 3 months with phase stability. The four-
cylinder commercial diesel engine without any modification and recalibration was used throughout the
experiment. Four fuels including 3 ratios of ethanol-diesel-biodiesel (DB3E5, DB7E5 and B10E10) blend
and one commercial diesel with 7% of biodiesel (DB7) were used to test. To understand its effect on the
influence of each fuel on combustion behaviors, the engine speed has been varied from 1400-2800 rpm.
The results found that the combustion characteristics have been changed the same for all test fuels
when engine speed was varied. The form of combustion feature is dependent on engine speed and
does not rely on test fuels. However, at each engine speed ethanol tends to delay the ignition while
adding biodiesel as the additive could advance combustion. The retarded combustion results in a higher

rate of heat release and shorter combustion duration.

Keywords: Holy basil leaves; Hot air drying; Microwave-hot air drying; Specific energy consumption
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Properties Diesel Biodiesel Ethanol DB7 DB3E5 DB7E5 DB10E10

Density (g/cm3) 0.814 0.864 0.782 0.829 0.829 0.830 0.828
Viscosity (cSt) 3.07 4.5 1.2 3.2 3.0 3.0 2.8
Heating Value (kJ/kg) 45.86 40.1 27.6 44.8 43.9 42.9 41.7
Cetane Number - 67.9 - - 56.5 56.7 53.6
Lubricity ([im) 532 172 - 201 245 282 240
Heat of Vaporization (kJ/kg) 254 [24] 254 [24] 904 [24]
Enthalpy of Vaporization (kJ/g)  0.250 [25]  0.245 [25] 0.846 [26]
Specific Heat Capacity

1.87-1.92 [26] 2.12 [27] 2.44 [28]
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Abstract: The burnishing process was developed and designed for the finishing of the workpiece to
reduce the production time. This research was to study the burnishing on AA5052 aluminum alloy which
affects the surface roughness. The Taguchi method was used to determine the appropriate factors
(speed, feed and burnishing Force) for optimization of production processes. From the experiment, the
results showed that the condition of the burnishing process was the speeds 200 rev/min, the feeds 0.5
mm/rev and burnishing force 200 N, which had the average surface roughness as low as 0.47 ym and
the S/N ratio was found to be 6.53. In the repeated trials, it was found that the values were closed to
the first experiment by calculating via the Taguchi method, which was considered acceptable by
estimated model coefficients of 98.14%. Therefore, the Taguchi method could be used to design an

efficient burnishing process for AA5052 aluminum alloy.

Keywords: Taguchi method; Burnishing process; Aluminum alloy
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Chemical composition

Mechanical Properties

Al Si Cu Mn Mg Cr Zn Fe o, (MPa) o, (MPa) Hardness, BHN
Bal. 048 0.24 0.12 0.95 0.21 0.23 0.45 89.6 195 47
[ 1
Turret
Accuway
Roller Burnishing

CAD/CAM
Tool Path

CNC FANUC-OTC

Workpiece AAS0S2

Controller

Investigation speciment

a

Surface roughness test
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Experimental Level

Experimental Factors

Surface Roughness (um); Ra

-1 0 1
Speeds (rev/min) 200 500 800 -
Feeds (mm/ rev) 0.1 0.3 0.5 -
Burnishing Force (N) 100 150 200 -
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19191 3 8aT a1 S/N-Ratio 289e1ANUTHLAINNNINARRING 9 Run lasvinmInaaasdn 3 ase

Speeds Feeds Burnishing Test-1 Test-2 Test-3
Run SN-Ratio Mean
(rev/imin)  (mm/rev) Force (N) (um) (um) (um)
1 200 0.1 100 1.05 1.12 1.08 -0.70 1.08
2 200 0.3 150 0.75 0.82 0.74 2.26 0.77
3 200 0.5 200 0.42 0.52 0.47 6.53 0.47
4 500 0.1 150 1.26 1.18 1.22 -1.73 1.22
5 500 0.3 200 0.51 0.46 0.48 6.31 0.48
6 500 0.5 150 1.91 1.86 1.95 -5.61 1.91
7 800 0.1 200 0.74 0.66 0.72 3.01 0.71
8 800 0.3 100 2.40 2.52 2.38 -7.73 243
9 800 0.5 150 2.35 2.40 2.38 -7.52 2.38
Average = -0.58 1.27
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Average of S/N-Ratio

Factors Max Min  Max-Min % Main effect
Level-1 Level-2 Level-3
Speeds (rev/min) 2.70 -0.34 -4.08 27 -4.08 6.78 35.28
Feeds (mm/rev) 0.19 0.28 -2.20 0.28 -2.20 2.48 12.90
Burnishing Force (N) -4.68 -2.33 5.28 528 -4.68 9.96 51.82
Average = 19.22 100.00
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a'laAin 0.05 a;ﬂdwﬁwa@ia@hgﬂuuumiﬂizmmﬁw aaaulatonaz 98.14 ugasldfsenuindofioves
fulTAN S SUALaaY DI RR)) gdasedn  nITuIwITRE MusunsENlszAninInanay
AfiduAuszauipiay 0.05 syUinlifinadadn  §nIudaIaIu S/N-Ratio nInatafseuiie
U wuUMIUTE e FN U sE AN SR UA e @mﬁ]aaummL’%'amﬁaﬁaaqma@m"’aaumiﬁ 2
(lafiodan) warn1IUsUd1gNYIzANINAT

SIN = -0.58 +3.27(S200) + 0.23(S500) + 0.77(F0.1) - 0.86(F0.3) - 4.10(f100) - 1.75(f150) @)

{ a & o ' .
A19190 5 ‘Qumaaamﬂ‘s:aﬂﬁmmuam’]mu S/N-Ratio

Term Coef SE Coef T P
Constant -0.58 0.25 -2.29 0.15
Speeds ( 200 rev/min) 3.27 0.36 9.21 0.01
Speeds ( 500 rev/min) 0.23 0.36 0.65 0.58
Feeds ( 0.1 mm/rev) 0.77 0.36 2.16 0.16
Feeds ( 0.3 mm/rev) 0.86 0.36 2.41 0.14
Burnishing force (100 N) -4.10 0.36 -11.55 0.01
Burnishing force (150 N) -1.75 0.36 -4.94 0.04

S$=0753 R-Sq=99.54 % R-Sq(adj) = 98.14 %

A13191 6 MINATNLAANULUTUTINEINTU S/N-Ratio 289aNUETIUR

Source DF Seq SS Adj SS Adj MS F P
Speeds (rev/min) 2 69.12 69.12 34.56 60.85 0.02
Feeds (mm/rev) 2 11.89 11.89 5.94 10.47 0.09
Burnishing force (N) 2 162.55 162.55 81.27 143.11 0.01
Residual Error 2 1.14 1.14 0.57
Total 8 244.69
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Abstract: This paper focused on the effect of process parameters on material removal rate (MRR), feed
rate (FR) and surface roughness (SR) of machining titanium by wire electrical discharge machine
(WEDM). The Taguchi method had been used based on L9 orthogonal array to find out the optimal
process parameters. This work also investigated the influences of machining parameters including peak
current, wire-speed, wire tension and voltage. The experiment was analyzed by Minitab 16 which
observed that the peak current was the most influential factor for MRR, FR and SR. However, the wire
speed was significant to the feed rate. The optimum parameters of obtained MRR, FR and SR were
20.57 mm®/min, 22.43 mm/min and 1.74 um, respectively. Thereafter, the scanning electron microscope
(SEM) was used to identify the microstructure of the workpiece. It could be seen that craters had more
by the high discharge of thermal energy that caused the formation of larger cracks and craters, leading

to an increase in surface roughness.

Keywords: Material removal rate (MRR); Feed rate (FR); Surface roughness (SR); Taguchi method;
Wire electrical discharge machining (WEDM)
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1. Introduction

Wire electrical discharge machining (WEDM)
is a non-traditional process that is widely used for
machining a variety of difficult-to-use materials,
including titanium alloys with complex shapes.
This article characterizes the surface produced by
thermal processes. From observations, a more
consistent surface was achieved using coated
wire electrodes. Among various parameters
affecting the surface characteristics such as time
between pulses, duration of pulses, injection
pressure, wire speed and wire tension, the time
between pulses was determined as the most
suitable [1].

Technological developments of high hardness
materials in manufacturing processes proceed at
a rapid pace. WEDM utilizes the principle of an
electric current passing through a wire electrode
to cut high hardness materials that are difficult to
machine with high accuracy [2]. WEDM causes
the metal to evaporate, leaving debris while
following a very accurate route [3]. Machining
process parameters such as voltage (Vo),
discharge current (), wire speed (Ws), pulse on-
off time (T-on, T-off), nozzle distance and wire
tension were correlated with performance
characteristics of surface roughness and material
rate [1-5].

high

removal Each discharge factor

generates heat transfer resulting in

evaporation and melting in nearby material from

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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the surface roughness finish [6]. The cutting
mechanism of WEDM depends on the electrical
conductivity of the wire and the material used in
the process. The electrical spark, as a spark gap
between the wire electrode and the material
under its influence, occurs as a short duration
discharge that generates melting, while particles
are removed from the workpiece by flushing with
deionized water [7-8]. The surface response
method technique was used in the development
of mathematical models as well as WEDM
parameter optimization. Variance analysis was
conducted to test the accuracy of the proposed
model. Increasing the pulse on time (T-on) can
reduce surface roughness [6].

The Taguchi method is the greatest for the
design of the experiment. Taguchi method used
widely in engineering system is one of the
greatest tools for the design of experiment. This
method focuses more on the effective application
of engineering advanced statistics. Moreover, the
Taguchi method investigates the effect of process
parameters. This research used this method to
determine the optimal value setting in wire
electrical discharge machine in addition to original
response values transferred to the S/N ratio.
Further analysis is performed according to this
S/N ratio and assessed by analysis of variance
(ANOVA) to determine the significant machining

parameter [9-11]. Therefore the optimal value of
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machining parameter to obtain the optimal
combination levels of machining parameters for
material removal rate (MRR), feed rate (FR),
surface roughness (SR).

In order to increases the efficiency of wire
electrical discharge machining process, this paper
focuses on analyzing the process parameters
affecting the material removal rate surface
characteristics and feed rates such as peak
current, wire speed, wire tension and open
voltage were determined as the most suitable for
wire electrical discharge process. The influence
of process parameters by the Taguchi method
was used to determine the optimal value of the
parameters affecting material removal rate, feed

rate and surface roughness.

2. Materials and Methods

2.1 Titanium Alloy

Titanium alloys are recently developed

advanced materials. Titanium grade 2 has
numerous applications such as engine parts, heat
exchangers, and orthopedic uses in the medical
industry [7-10]. Titanium has high strength, with
oxidation resistance and high melting temperature
and is difficult to machine. A simulation of the
The

machining process is shown in Fig. 1.

chemical composition of titanium grade 2 is

shown in Table 1.
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2.2 Design of the Experiments

The titanium workpiece with a size of
13.97 x 13.97 x 6.35 cm is prepared by wire
electrical discharge machine JSEDM series
W-B430. In this experimental work, the brass wire
with a diameter of 0.25 mm is used as an
electrode. The deionized water is used as a
dielectric fluid. This work aims to thoroughly
investigate the impact of the machine according to
observe the effect of various process parameters
such as peak current, wire speed, wire tension and

open voltage which have been investigated.

Table 1 Chemical composition of titanium grade 2

Element Ti Si Fe Sn
Weight%  99.84 0.10 0.03 0.02
_—Wire feed (from top to bottom)
Cund.uctivity B carrying electricity
piece I ‘/Nuzzle

<4+—Wire guide

ischarge spark

Workpiece Thickness

Wire guide —p

A
Conductivity —p. I I .

piece

Wire tank;-l

Wire electrode

Fig. 1 Simulation of the machining process
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The employ of the experimentation base on

the machine capacity refers to workpiece
capacity, four parameters are considered as
minimum levels. The machining experiments
were processed for determining the performance
of WEDM machines, process parameters and
their range of parameters. The experiment was
performed using the Taguchi testing method with
3 levels, 4-factor. The experiment was carried out
as per the design of experiment approach L9 (3?)
orthogonal array each of the combinations shown
in Table 2. The signal-to-noise ratio (S/N) method
is used to measure quality characteristics that
deviate from the desired value by the Taguchi
technique. The method is also used to represent
the mean to convert the experimental results into
values for evaluation of characteristics to obtain
the analyzing the appropriate parameters. The
experimental result can be observed of the
experiment value was impacted on material
removal rate (MRR), feed rate (FR) and surface
roughness (SR).

The Taguchi method was suggested signal to
noise ratio (S/N) objective function for the matrix
experiment. The optimum level for factors that
result in MRR and FR were evaluated as “higher
in the inverse

is better’, while SR focused

direction as “lower is better". The observed
values were calculated following Equations (1)

and (2) [11].
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nMRR, rr~ ~10log E z:In=1 yi-z] ™

! 2
Neg= -10log [; PIIRY ]

Where n is the number of experiments is the

)

repeated num of each experiment and vy, is the
observed data.

The S/N ratios have been computed the
optimal values were analyzed by ANOVA. The
higher S/N ratios value to identify the effect of
peak current-voltage and wire speed on MRR, FR
and SR 0.05 (95% of

confidence) level

significance were selected for this research.

2.3 Experimental setup

In this paper, the experiment was carried out
with the parameters were selected from the
machining handbook such as peak current, wire-
speed, wire tension, and open voltage each
parameter has three levels namely low, medium
and high, denoted by Levell, Level2 and Level3,
respectively. The factors and their respective
levels have been selected based on trial

experiments. The parameter settings are shown

in Table 2.

Table 2 : Process parameters

Parameter Unit Level1 Level2 Level3
Peak current (IP) A 4 6 8
Wire speed (WS) m/min 4 8 10

Wire tension (WT) kgf 8 10 12
Open voltage (Vo) Volt 12 14 16
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The wire feed rate depends on the machining
process. The wire feed rate was investigated to
evaluate the material removal rate, which was

calculated using Equation (3) [12].

MRR = FRx b x h 3)

Where FR = Feed rate (mm/min)
b = Width of cut (mm) = 2Kw + d
Kw = Kerf width (mm)
d = Diameter (mm)

h = Thickness workpiece (mm)

The possibility of fracturing the wiring involves
selecting the parameters resulting in higher
cutting speed or good surface [13]. Fig. 2 shows
a wire EDM machine of the experimental setup
that deals with the equipment used for the

experiment.

Fig. 2 The JSEDM series W-B430 machine
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3. Result and Discussion

The designs of Taguchi method utilized four
parameters L9 orthogonal array to obtain the
results of MRR, FR and SR. The experimental

result was shown in Table 3.

Table 3 Experimental Results

No. IP WS WI Vo FR MRR SR
(mm/min) (mm’lmin) (um)
1 4 8 12 23.59 18.03 1.74
2 4 8 10 14 23.92 18.91 2.1
3 4 10 12 16 24 .43 19.96 2.16
4 6 4 10 16 23.58 18.86 2.54
5 6 8 12 12 23.63 19.77 2.57
6 6 10 8 14 23.92 20.42 2.79
7 8 4 12 14 23.26 19.18 3.33
8 8 8 8 16 23.39 19.33 3.25
9 8 10 10 12 23.62 20.57 3.12

NOTE: No. = Experimental Number

3.1 Effect of parameter on MRR

The MRR was determined by the mass of
workpiece, hence result-focused highest of MRR.
The effect of process parameters on MRR was
shown in Fig. 3. The results showed that MRR
increased with peak current, while voltage also
increased because a high peak current led to a
voltage increase [13]. This high energy resulted in

melted material, causing rising MRR [12].

3.2 Analysis of MRR

The main effects plot for S/N ratio of process
as shown in Fig. 3. The main effects plot for S/N
ratio of the parameters gave a high level at 8 A in

peak current, 10 m/min in wire speed, 12 kgf in

The Journal of Industrial Technology (2021) volume 17, issue 1.
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wire tension, and 14 V in voltage, Hence MRR

increased with peak current, wire tension,

voltage, and wire speed increased.

3.3 Effect of parameter on feed rate (FR)

Fig. 4 showed an increase in MRR as the
feed rate of the machine also increased. Smaller
feeds produced fewer MRR results. This was due
to the fact that greater feed estimation created a
close gap between the wire and the workpiece.
Corrosion of the material was affected by sparks.
As the feed rate increases similarly, the MRR
increases until the appropriate level was reached.

The MRR decreases as the feed rate decreases.

3.4 Analysis of feed rate (FR)
Fig. 4 showed the effect of wire feed rate.
The main effected plot for S/N ratio of the

parameters gave a high level at 4 A in peak current,
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10 m/min in wire speed, 12 kgf in wire tension,
and 16 V in voltage. Larger is better, with a feed
rate was 24.43 mm/min. The MRR increased as

the feed rate increased [13-15].
3.5 Effect of parameter on surface roughness (SR)

The effect of the parameters on surface
roughness using lower was better as shown in
Fig. 5. The surface roughness was investigated
at lower peak current at 4 A, wire-speed at
4 m/min, wire tension at 8 kgf and voltage at 12
V because as the discharge current increased,
the voltage declined to melt the surface material.
Surface roughness was measured at 1.74 pm;
however, as the discharge current increased,
voltage also increased with greater melting of the

workpiece.

Main Effects Plot for SN ratios_ MRR
Data Means
262. IP ws
26.0/ /
w 2581 et
S /
B 256 /
25.4 ]
& 4 6 8 4 8 10
‘s Vo
c 26.2
= 26.0-
25.8 -f_;__',_—f* - I
25.6
25.4. : : : :
8 10 12 12 14 16
Signalto-noise: Largeris better

Fig. 3 Main effects plot for S/N ratio of MRR
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Main Effects Plot for SN ratios_FR

Data Means
1P WS
27.601
27,55 \\ /
» 27.50]
2 27.451
@
prd 2740'
n 4 6 8 4 8 10
B wT Vo
§ 27.60
S 2755 /‘
2 —— — —
27.451
27.401
8 10 12 12 14 16
Signal-to-noise: Larger is better
Fig. 4 Main effects plot for S/N ratio of FR
Main Effects Plot for SN ratios_SR
Data Means
IP WS
-6
-7
w B —
—
= \
g
=z 0L , ; : , ,
0 4 6 8 4 8 10
B WT Vo
s 6
$ 7
-8 -~ —
o \_/4
-9
-10
8 10 12 12 14 16

Signal-to-noise: Smaller is better

Fig. 5 Main effects plot for S/N ratio of SR
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3.6 Analysis of surface roughness (SR)

The main effects of SR of each factor for
various level conditions were investigated.
Surface roughness had increased with peak
current, wire tension, and wire speed. Larger
craters were produced by higher peak current,
possibly producing larger discharge energy. The
influence of peak current with various settings
was shown in Fig. 6 and Fig. 7.

Variations of crater diameter, depth, and
volume concerning peak current were consistent
with the literature. Higher currents generate larger
craters and, therefore, produced a rougher
surface [13-15]. The significance for surface
roughness was peak current that could be
observed by SEM analysis which was shown in
Fig. 6, 7 and 8. It showed that the surface
roughness integrity for titanium with peak currents
at 4, 6, and 8 A. In experiment No.1, surface
variation with peak current at 4A was 1.74 pm,
while the surface variation of No. 7 experiment
was 3.33 ym. The increase in surface roughness
with decreasing peak current could be explained
by the high discharge of thermal energy that
caused the formation of larger cracks and craters,

leading to an increase in surface roughness.

4. Evaluation of S/N Ratios

Base on the main effect plot for the S/N ratio

of MRR, FR and SR as shown in Fig. 3 to Fig. 5.
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Fig.8 Influence of peak current at 6 A
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The WEDM parameter rankings were shown in
Table 4 - 6. As a result, it showed the response for
MRR, FR and SR. The ranks indicated the
importance of each factor in response. The rank
showed that peak current at level 1 was the most
important factor followed by voltage, wire speed and

wire tension in that order.

Table 4 Response for Means for MRR

Level IP WS WT Vo
1 8.96 10.71 10.92 10.57
2 11.34 11.24 11.09 11.54
3 13.08 11.43 11.37 11.27
Delta 4.13 0.72 0.46 0.97
Rank 1 3 4 2
Table 5 Response for Means for FR
Level IP WS WT Vo
1 27.60 24.41 27.47 27.50
2 27.53 27.51 27.50 27.49
3 27.39 27.60 27.56 27.53
Delta 0.20 0.19 0.09 0.04
Rank 1 2 3 4
Table 6 Response for Means for SR
Level IP WS WT Vo
1 -6.00 -7.79 -7.99 -7.63
2 -8.40 -8.31 -8.16 -8.62
3 -1019 -8.50 -8.45 -8.34
Delta 4.20 0.71 0.46 0.99
Rank 1 3 4 2

4.1 Regression analysis

The Taguchi method used the signal-to-noise
ratios. The Minitab software was used to analyze
the experimental data showed the effect of the

process parameters. The variance analysis was

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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used to generate statistically significant

machining parameters and the percentage
contribution of these parameters. The ANOVA
analysis result for the experimental was analyzed
the main parameters affected to obtain MRR, SR
and FR respectively. This experiment carried out
95% confidence level. The performance of MRR,
FR and SR was developed by regression, as
shown in Equations (4) - (6), The ANOVA results
for machining results were shown in Tables 7 and
9. Statistically, the P-value gave a decision on
the degree of confidence whether these estimates

differ significantly Regression equations.

MRR = 15.80 +0.18 IP + 0.26 WS + 0.08 ET -0.02 Vo (4)
FR =22.95-0.14 IP + 0.08 WS + 0.04 WT + 0.05 Vo (5)

SR =-0.25+0.31 IP + 0.03 WS + 0.02 WT + 0.04 Vo (6)

According to Table 7, which showed the effect
of parameters on MRR, it could be seen that the
most effective significant of MRR was peak
current and wire speed which confirmed the
significant confidence by the R? value at 76.10%.
Table 8 showed the result of significant
parameter was affected to FR. It could be seen
that peak current and wire speed were significant
to feed rate which confirmed the significant
confidence by the R? value of 88%. Table 9
showed the effect of significant parameters to SR

and it could be seen that the peak current was
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significant to surface roughness and confirmed
the significant confidence by the R? value of

94.20%.

4.2 Confirmation experiments

The Taguchi method was used to predict the
experimental results. Confirmation experiments
were using the optimal parameters such as
peak current at 8 A, wire speed at 10 m/min,

wire tension at 10 m/min and voltage at 12V.

Table 7 Analysis of variance for MRR

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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The optimal value of MRR was determined to be
20.57 mm®*min. Comparison with the optimized
by Taguchi method showed the main effect that
influences the MRR the optimal value predict of
MRR is between 25.34<MRR<25.93 mm®%min.
Table 10 showed the comparison of the results
between the optimal value and the optimal value
predict by the Taguchi method for confirmation
experiments with the estimated process

parameter settings.

Term Coef SE Coef T P Significance
Constant 15.80 1.54 10.29 0.00* Significance
IP 0.18 0.08 2.24 0.09 Non -Significance
WS 0.26 0.05 4.81 0.00* Significance
WT 0.09 0.08 1.16 0.31 Non -Significance
Vo -0.02 0.08 -0.23 0.83 Non -Significance

Summary of Model S =0.40 R-Sq =88.10% R-Sq(adj)=76.10%

Table 8 Analysis of variance for feed rate

Term Coef SE Coef T P Significance
Constant 22.95 0.46 49.61 0.00 Significance
IP -0.14 0.02 -5.69 0.00* Significance
ws 0.08 0.02 4.96 0.00* Significance
WT 0.04 0.02 1.43 0.23 Non-Significance
Vo 0.05 0.02 1.91 0.13 Non-Significance

Summary of Model S =0.12 R-Sq =94.00% R-Sq(adj)=88.00%
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Table 9 Analysis of variance for SR
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Term Coef SE Coef T P Significance
Constant -0.25 0.52 -0.49 0.65 Non-Significance

IP 0.31 0.03 11.36 0.00* Significance
WS 0.03 0.02 1.45 0.22 Non-Significance
WT 0.02 0.03 0.86 0.44 Non-Significance
Vo 0.04 0.03 1.60 0.19 Non-Significance

Summary of Model S =0.13 R-Sq =97.10% R-Sq(adj)=94.20%

Table 10 Confirmation of experimental results

Response Optimal condition Experimental Optimal value prediction 95 %CI
MRR IP,WS,WT,Vo, 20.57 IP,WS,WT,Vo, 25.34<MRR<25.93
FR IP,WS,WT;Vo, 24.43 IP,WS,WT,Vo, 23.61<FR< 23.63
SR IP,WS,;WT Vo, 1.74 IP,WS,WT,Vo, 0.57<SR< 0.97
5. Conclusions 4. The ANOVA, regression analysis, and
This paper was investigated the machining confirmation experiment for the estimated

characteristics of titanium using wire electrical
discharge and applied the Taguchi technique to
optimize the process parameters. The results
were summarized as follows.

1. Peak current was the most significant to
material removal rate, feed rate and surface
roughness.

2. The wire speed was the main effect of the
material removal rate.

3. The confirmation results was suggested a

nominal value of MRR at 20.57 mm?®/min, feed

rate of 24.43 mm/min and optimal SR of 1.74 um.

parameters for material removal rate, wire feed
rate, and surface roughness indicated that the
parameter relationship responses could be used

to predict results.
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