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A Study on Thermal Properties of Mangosteen Wood Briquette mixed with Carbon Black
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Abstract

The objective of this research was to study the calorific value, moisture content, and ash content
of briquettes produced from mangosteen charcoal combined with carbon black in quantities of 20, 30,
and 40 grams. Carbon black was mixed with 3.0 kilograms of finely ground mangosteen charcoal, using
0.25 kilograms of tapioca starch and 2.0 liters of water as a binder. The briquettes were then compressed
using a cold press method. The thermal properties were then studied according to ASTM standards. The
results showed that increasing the amount of carbon black in the mangosteen charcoal briquettes
resulted in an increase in calorific value, but a decrease in moisture content and ash content. The
briquettes with and without carbon black had calorific values of 25,477 + 237 and 25,699 + 124 kJ/kg,
respectively. These values were higher than the standard value for community-produced briquettes
238/2547. The briquettes with various amounts of carbon black had moisture content and ash content
of 9.44 + 0.86%, 6.94 + 0.31%, 9.10 £ 0.79%, and 3.88 + 0.23%, respectively. These values were lower
than the standard values for community-produced charcoal 657/2547, which specify moisture content
and ash content of no more than 10% and 8.0%, respectively. In conclusion, the addition of carbon
black to mangosteen charcoal briquettes can improve the thermal properties, making them a more
efficient fuel source. However, adding too much carbon black can make the briquettes too dense, which
can make them brittle. Therefore, further research is needed to determine the optimal amount of

carbon black to improve the thermal properties of mangosteen charcoal briquettes.

Keywords: Mangosteen Briquette, Carbon black, Heating value, Moisture and Ash Content

Please cite this article as: T. Tirawoot and C. Thassana, “Study of mixture factors on the compressive
strength of the mortar,” The Journal of Engineering and Industrial Technology, Kalasin University, vol. 1,
no. 5, pp. 1-7, 2023.
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Abstract

In this research improved customers service convenience store in Udonthani Rajabhat University
Samprao campus. The objective is to analyze the appropriate channel of payment in stores and
improve efficiency in service and customer satisfaction are: 1) The analysis of queuing system for
suitability. Find a convenience store Dormitories male and female suggestions to increase the staff at
11.30-13.00 am. It was time to get a customer service possible and Dormitories female recommended
to increase one channel service and convenience stores can reduce the average time by 23 percent
and 50 percent respectively, suitable for customers satisfaction. 2) The research is study in customer
satisfaction by focus on manage of convenience shop averaging 4.67 with the highest satisfaction. The
serving staff's customer satisfaction averages 4.37, which is high, and the convenience shop has a great,

suitable average of 4.46.

Keywords: Convenience Store, Queuing System, Satisfaction

Please cite this article as: A. Phuapant and N. Pawaree, “The Improving Convenience Store Customer
Services with a Queuing system in Udon Thani Rajabhat University Sam Phrao Campus,” The Journal of
Engineering and Industrial Technology, Kalasin University, vol. 1, no. 5, pp. 8-14, 2023.
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Abstract

The concept of processing biomass materials into charcoal briquettes is one way to address the
energy shortage issue in the country. It's also a promising idea for utilizing agricultural waste effectively.
However, assessing the potential of biomass materials for conversion into fuel is complex due to several
critical properties that need consideration. Therefore, this research proposes a stepwise efficiency
evaluation method. The initial step involves defining the key properties for the fuel potential, such as
moisture content, ash content, volatile matter, fixed carbon, and calorific value. Next, a game-cross-
efficiency approach is employed to measure the potential of various biomass materials with multiple
properties. The method was tested on 23 different biomass types, revealing that rubberwood, corn cob,
and bamboo are the top three suitable materials for processing into the charcoal briquettes in
descending order. Additionally, the proposed method was compared with well-known techniques in
the literature, showing a very high correlation (Spearman rank correlation coefficient). This suggests that
the proposed method is reliable and can be applied for assessing the fuel potential of different biomass

materials.

Keywords: Biomass, Fuel Briquette, Data Envelopment Analysis, Cross-Efficiency Method, Game Cross-
Efficiency Method
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veanIosile gunsnl LLazLﬂ%ﬁmhjm [5] N3
LLUianammaaiﬁumqmsmwﬂuﬂmmﬂu
LﬁuaLwaaamLLmLﬁmumamswmmmmawm
Na180E 19N ouAY Qmamummmummmwmu
(Moisture) USu1auta 1 (Ash) Usunaansseine
(Volatile Matter) A15UDUAIF (Fixed Carbon)
wazA1IAINToU (Heating Value) [4] Favunis
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WNAUTEENSNINGSER
35n153As1gvkuUapUNSaUT aY A (Data

Y
=< ada

Envelopment Analysis: DEA) 1 u35uil sl o
Puusefiulsyansnmasaniadeniidvane
nuUwNAR (Decision Making Units: DMUs) wagdl
wane e et asaug (Inputs) kazdade
Hawdn (Outputs)lél [5

DEA A DA asNUI8NA N LU E1UITOTAAIAU

] agslsAnnudaidsundis

ANAIA Y LALNTIZINFILUUNNALIA AN VO
DEA @150 tunuiienanlaiies 2 Ussian
Taun Muiendad TUszdnsain (Aiazwuu
UsgdnSarmindu 1) wagnurondnd 1
UsgdnsSnn (Arpziuulszdnsnimilosnii 1)
Femnil niveduaumnldWaunis DA W
4101509 AAIA UAIUEIA YUOIUUILNEA A L6l
oni0819357 I8 Fuaudougaldun 35n15%n
Usgdns nrnuuulad(Cross-Efficiency Method)
§ 01383t gniiauelng Sexton et al. [6]
p819lsAn NS UsEanS Auuuleifivededely
velgymilgadnouvaleavinlinsuseiiiuen
AzuuuUszans nmuuulefiadsuanaiatuai
garfuasiUszanana fuuiioudludesosves
A3y Tuszansamuuule’il Doyle and Green
(7] Wunazdnidewsniildiiaueizussansam
wuulaififinstmnediaes (Secondary Goal) as
Tufuuunendarianiues DEA 3933717 ea0s
vinldinausuardagiuiduiidensgegaldun
15 Aggressive Model tLaz Benevolent Model
odelsfmuisneaesditodeofeluuiadym
AMSTAEIRUBIIUANA AN 29 sde 93 5]
aumnﬂmmmmam’wﬁ’u Farf it elenwus
‘U@@@U%@Q?ﬁﬂ’]i%ﬂﬁ@ﬂu Liang et al. [8] Ju
A ITemmzusnldiaueIEnsinysEansam
wuvuludvesiny (Game Cross Efficiency: GCE)
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NinUszlevigean

2. NMINUNIUITIAUNTIY

Charnes, Cooper and Roberts [10] 1
UNAUOFILUUNNANAANEATUD I NITILATIZA
LWuUa euNsauYeya L5endn AIkuuNIg
adiamans CCR Fafuuunsndnmansilagn
i lUdszgnaldivauidenainvaieainn wu
ATl FuLATesManT wagsudu q [11,
12] n157nUsEanSnmeae75 DEA (Aaluunig
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azvihowanilnanetadels Inelddnudesusu
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[13] ag19bsAn10u 3135 DEA 9z d w3575
Usgansamlunisiausednsnmdsdunimsaes
wihendn Jedesfidfyves DEA Aoliaunse
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Usgdns anuuulad(Cross-Efficiency Method)
g 113813 gnuniauelng Sexton et al[6]
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Avunnmuantfvesuazianduadudade
Ui uazdadenanin Jeyamaitavgniiun
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Efficiency) 91nfauUn1sAdine1ans CCR [10]
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8 Usgdnsnnuuulad (Cross-Efficiency
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978 Xi Xz X; Y; 1 CCR
futhe (DMU; ) 9.33 4.77 67.95 17.95 4044.29 0.4238
212913 (DMU, ) 4.31 8.63 68.83 18.23 4051.48 0.5341
fug1lng (DMUs) 13.32 6.2 64.58 15.9 4313.90 0.3606
Fag1lwe (DMUq) 2 4.39 1.03 80.17 14.41 4187.00 1.0000
nEAULN31? (DMUs) 11.79 0.85 64.03 23.33 4860.48 1.0000
nza1Uay (DMUs) 13 13 64.55 21.05 5072.50 0.9247
19112 (DMU7) 2.86 11.24 65.64 20.26 3503.51 0.6961
wWasnmiseu (DMUs) 9.93 2.71 74.3 13.06 4449.45 0.6200
AMnIUALIU (DMUs) 115 3.67 64.34 20.49 4034.20 0.4787
1UD8 (DMU10) 13.38 2.61 64.73 19.26 3972.76 0.5497
Tu13% (DMU;y) 7.32 15.65 62.35 14.68 5078.74 0.3942
wnay (DMU;2) 7.27 14.07 60.87 17.79 4009.40 0.3134
AautiudUenas (DMU;s) 31.54 6.22 47.73 14.51 4670.00 0.4243
widudUegnas (DMUiq ) 41.98 3.57 41.86 12.59 4368.30 0.6100
V959U (DMU15 ) 5.91 8.04 66.97 19.08 3939.68 0.3788
711 (DMU s ) 5.75 6.53 65.32 22.4 3773.11 0.3760
lannsegu (DMU;7) 8.57 9.88 65.23 16.32 4340.92 0.2878
lugs1udng (DMU ) 9.25 4.15 64.38 22.22 4556.10 0.5273
HnAUYI1 (DMU5o) 6.47 10.08 67.07 15.7 3492.13 0.3067
1fl819W157 (DMU20) 1 3.94 4.54 16 73.52 6934.02 1.0000
AUty (DMUy) 3 4.3 1.51 79.1 15.09 4436.00 0.9768
2129119 (DMU2,) 7.87 2.23 72.14 17.76 5179.00 0.8438
AUTIIING (DMUys) 9.09 1.03 7217 17.71 4309.40 0.8941

91nA5eT 1 Han1IVAaeuAMaNUAve%7
128919 23 ¥ila d@runsannuadadeing 3
Jase et X, X, kY X3 VU IR Y
USuaula wazdSunauansseine auasu Tudiu
Yo3UaTuNaANE R Y, hag Yo nu1ede USun
ANSUDUAIAT LAZAIAIIUTDU AINaIAU

4.1 WNAaNISATUIUAIAZLUUUTZANSNINAINAT
a -4
LUUNNIAIRATERS CCR
ANAIVUNNADAFIENS (1) UIDAILUUNI
AmnAans CCR dnlueaulanlneldwandwas
Lingo ¢ia5u# 2

nUuditeyalun1sen 1 waiilaasdd
AzLUUUTEANSAMAsdTImSAuanslunis1en 1
anusgaving

4.2 pan1sAuluAIAziuLYsEaNSAwLuuled
WAgINGUUNIADnAEnS CE

NBUAINNTA (2) wazaunsi (3) dusu
AsAalsTANS AwLuUleade gnunanlan
FumeniLag Lingo fagud 3
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MODEL: ICross efficiency for each DMU;
SETS: @FOR(IK(I, K: INPUT(I, K)=@SUMFACTOR(J)|J #LE#
DMU/1.23/ ; NINPUTS:XK, J»WI, Jn;

@FOR(IK(I,K):OUTPUT(I,K)=@SUMFACTORWJ)|J #GT#
NINPUTS:XK, JrWI, JIn;
@FOR(IK(I,K):CE(,K=0UTPUT(I,KyINPUT(I,K);

FACTOR/1.5/:;
DXF(DMU, FACTOR):X ;

DMUK/1.231ACE, CCR; @FOR(DMUK(K): ACE(K)= @ SUMDMU(I).CE(I, K)/@SIZEDMU);
IKOMU, DMUK):INPUT, OUTPUT, CE; END
DF(DMUK, FACTOR):W;
ENDSETS .
= [ . ) 1Y)
DATA:; 35U 3 1Anve4 Lingo dm3u CE model
X,NINPUTS =
@OLE('C:\Users\naron\OneDrive\ Y
va L o ¥ 1
wadfied\Paper EN 10U ummiﬂizmama%lm ANASLLUU
journal\23bioxlsx','X', 'NINPUTS");

ENDDATA UszAnSnmuuulediadsveusiagTandiunans

MAX =@SUM(DMUK (K): CCR(K)); (;]']5']\11'7]' 2

@FOR(DMUK(XK):CCR(K)= @SUM(FACTORWJ) | J #GT# o a a »L v
NINPUTSXK, JrWEK, J; A15199N 2 AZLUUUTEEANTNINLUULVILRABVDY

@FOR(DMUK(K):@SUM(FACTOR(W)| J #LE# Janu12a 23 via

NINPUTSX(K, JrWXK, Jy=-D1) Yanduaa ACE Faaduaa ACE
@FOR(DMUK(K):@FOR(DMU( I):QSUM(FACTOR(J)| J : :
#GT# NINPUTS:X(I, J*WK, J)<- DMU, 0.3552 DMU15 0.2482
@SUM(FACTOR(J)| J #LE# NINPUTS:X(I, J)*W( DMU, 0.3721 DMU14 0.2825
K, J; DMUs 0.2960 DMU;s 0.3236
@FOR(DF(K, J):WXK, J)>=0); DMUq 0.7939 DMU15 0.3468
DMUs 0.7028 DMU;7 0.2762
END
DMUs 0.6408 DMUjg 0.4320
. DMU~7 0.3640 DMU19 0.2475
=1 % . o [
3un 2 1ARY8Y Lingo d115u CCR model DMUg 0.4745 DMU 3o 1.0000
DMUg 0.3736 DMU2; 0.7760
MODEL: DMUj0 0.3993 DMU 0.6507
SETS: DMU14 0.2767 DMU s 0.6341
DMU/1.23/: ; DMU 1, 0.2308
FACTOR/1.5/;
DXF(DMU, FACTOR):X ;
DMUK/1..2 3/:ACE, CCR; P 1 1 a a 4
IK(DMU, DMUK):.INPUT, OUTPUT, CE; INAIT NN 2 WU’J’]ﬂ’]Uﬁ%ﬁWﬁﬂ’]WLLU‘UI‘U’J
W { o | W
ey FACTOR WRAYEIEAAD YNNI AANATLULLYINAY 1.00
SETS CVAE]
DATA:
X,NINPUTS - o , a a v
QOLE(' C:\Users\naron\OneDrive\wadiio/\Paper EN 4.3 Nﬁﬂ'ﬁﬂ’ﬁ.J’Jmﬂﬁﬂ&’LLuuﬂigﬁﬁﬂﬁﬂ'}WLL‘U‘UI‘U’J
journall\23bioxlsx"', 'X', "NINPUTS'); = o a <
ENDDATA 1RALAINAILUUNINAUAAIENT GCE

MAX =@SUM(DMUK (K): CCR(K));
@FOR(DMUK(K):CCR(K)= @SUM(FACTOR(J)| I #GT#

NINPUTSXEK, JrWEK, Jn; YaNALIS Lingo {;ﬁ’gﬂﬁl q

Mwuuneadinatans (4) asgniiunlannig

@FOR(DMUK((K):@SUM(FACTOR(J)| J #LE# NINPUTS:X(K, MODE L

WK, In=1); SETS:

@FOR(DMUK(K):@FOR(DMU(I):@ SUM(FACTOR(J)| J #GT+# DMU/1.23:GCE SCORE ;

NINPUTS:X(I, J)*W(K, JIN<= FACTOR/.5/;

@SUM(FACTOR(J)| J #LE# NINPUTS:X(I, J=*WK,

I DXF((DMU, FACTOR):X

@FOR(DEF(K, J) WK, 3>=0); DMUK/1.23ralphal, alpha2,alpha3, alphad
,alpha5,alpha6,alpha’7;

- ]
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DF(DMUK, FACTOR):

KI(DMUK, DMU):E

IK({DMU, DMUK):INPUT, OUTPUT, CE;

KIJ(DMUK, DMU, FACTOR):W

ENDSETS

DATA:

X,NINPUTS,alphal,alpha2,alpha3,alpha
4,alpha5,alpha6,alpha’=

@OLE('C:\Users\naron\OneDrive\
waniiol\Paper_EN journal\23bioxlIsx ',

'X'", '"NINPUTS', 'alphal', 'alpha2', 'alp
ha3', 'alpha4', 'alphab', 'alpha6', 'alpha7");

ENDDATA

Max=@SUMKIK, :EXK, I);

@FORKIK, I)EXK, I)=@SUMFACTORWJ) | I #GT#
NINPUTS ‘WK, I, XTI, Jy;

@FORKI(K, I):@SUMEFACTORW) | J #LE#
NINPUTS ‘WK, I,I*XI,Jdn=1);

@FORKI(K, I):@SUM(FACTORW)| J #LE#
NINPUTS :alpha7®*WK, I, IXEK, JIn<=

@SUM(FACTORJ) | I

#GT# NINPUTS:WK, I, XK, J);

@FORKI(K, I):@FOR(MDMU(L):@SUM(FACTORW) | J
#LE# NINPUTS WK, I, XL, d)>=

@SUMFACTOR(J)|J #GT# NINPUTS:
WK, I, XL, IHn;

QFOR(KIJK, I,d):WK, I, >=0);

@FOR(DMU(I):GCE_SCORE(I)
=@SUMDMUK(XK):E(K, I)/@SIZE(DMUK);
END

g‘lJ‘ﬁ 4 1Ana9 Lingo @1su GCE model

ndudeudeyalunisned 1 uagnnsnai 2
adlulAn a$193 4 ndurinnisussuiana b
NAGNSAINITIN 3

A1519%1 3 NSNAUIAINBUVDSID GCE

NN 3 LN NTUILA AL NUIYHNAR
NUINAAZLUY GCE %Uiiqqmamwmammﬁ

tdl d‘ o 1 1 % tdil
59U7 8 LaMunuAAl & winnu 0.001 wananni
PINND1504T DMU; 98U WU T 1N SW N
AINBUAINANTUALAD A1 GCE=0.355 AuaAYNY
usTannaen nvawurlusoun 8 lauan GCE
Wiy 0.394 fauanslugun 5

a v ' |

105U 5 wandliiudiaiazLuy
Uszdndaw GCE s DMU; 38UTIRIANALNN
vaauwuglusoun 8 (AnaulsuugsauliAmmly
Wa suudad) § wdwlumunisigaunig
A AAIANS LAE [8] UBNINNY Ll BNAABU

v w ¢ o & aad o o ac =
anduniusalyshuurnnsNUauenuITN15U
Turssaunssunuin AU auaiAAudUnNYS
Auld CE, Aggressive ILa g Benevolent Lv11U
0.979, 0.974 waz 0.976 ANUAIRU Takanslmiiy
ada o a oA v &
Tendnaueiinuinieiogeunn awnsaldiluy
A3 0980T UNTANLABNTINIAT U S AU AN U
ﬁm%uh;;ﬂﬁ]udmé’mwiﬂﬁ INHANITITINUIN
Lf1am157 (DMU,o) 1l udandaunadimunzay
faadmsunisiiuwdssuiduaiudauns lne
auAUmITaNveITEnTIIaLAaEALARNS
Tums19n 4

= %"EJ‘U‘ﬁ

vaua 1 2 3 4 5 6 7 8
DMU;4 0.355 0.404 0.386 0.395 0.393 0.394 0.394 0.394
DMU> 0.372 0.426 0.402 0.410 0.406 0.407 0.407 0.407
DMUs3 0.296 0.336 0.319 0.328 0.325 0.327 0.326 0.326
DMUgq 0.794 0.983 0.923 0.954 0.944 0.948 0.947 0.947
DMUs 0.703 0.855 0.778 0.816 0.807 0.812 0.810 0.811
DMUs 0.641 0.787 0.716 0.752 0.743 0.748 0.746 0.747
DMU7 0.364 0.440 0.413 0.422 0.417 0.419 0.418 0.418
DMUsg 0.474 0.569 0.530 0.550 0.544 0.547 0.546 0.547
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0.410

0.400

0.390

0.380

0.370

0.360

0.350

0.340

0.330

0.394

0.355

alphal alpha2 alpha3 alphad4 alpha5 alphaé alpha7 alpha8

UM 5 n1smunAneuves DMU; ngldis GCE

- soUdi

e 1 2 3 4 6 7 8
DMUs 0.374 0.438 0.409 0.423 0.420 0.422 0.421 0.421
DMUso 0.399 0.482 0.443 0.462 0.458 0.460 0.459 0.460
DMUs s 0.277 0.310 0.296 0.301 0.298 0.299 0.299 0.299
DMUsz 0.231 0.255 0.245 0.249 0.247 0.247 0.247 0.247
DMUs5 0.248 0.336 0.301 0.321 0.316 0.318 0.318 0.318
DMUse 0.283 0.438 0.379 0.416 0.407 0.411 0.410 0.410
DMU;s 0.324 0.350 0.338 0.342 0.340 0.341 0.340 0.340
DMUj¢ 0.347 0.369 0.359 0.363 0.361 0.361 0.361 0.361
DMUj7 0.276 0.285 0.281 0.283 0.282 0.282 0.282 0.282
DMU;s 0.432 0.498 0.472 0.485 0.481 0.483 0.482 0.483
DMUss 0.247 0.270 0.260 0.264 0.262 0.262 0.262 0.262
DMUzo 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
DMUos 0.776 0.955 0.895 0.924 0.914 0.918 0.917 0.917
DMUz2 0.651 0.786 0.734 0.760 0.752 0.756 0.755 0.756
DMUos 0.634 0.794 0.725 0.759 0.750 0.754 0.753 0.754

A9aR 4 Sfumnumnzauveiandatia 23
. wiln 1neld35 GCE

dauda | GCE Rank | dww7a | GCE Rank
DMU; 0.394 15 DMU13 0.318 19
DMU, 0.407 14 DMU14 0.410 13
DMUs3 0.326 18 DMU15 0.340 17
DMUq 0.947 2 DMU1¢ 0.361 16
DMUs 0.811 q DMU17 0.282 21
DMUg 0.747 7 DMU1g 0.483 9
DMU7 0.418 12 DMU19 0.262 22
DMUsg 0.547 8 DMU2 1.000 1
DMUgq 0.421 11 DMU32; 0.917 3
DMU1o 0.460 10 DMUy, 0.756 5
DMU14 0.299 20 DMU23 0.754 6
DMU1, 0.247 23
5. dguna

NINARaUSARIIINTaRINT L dumnile

TunuiAnf dd1msun1suAdyninisuiaLaay

NEIUYIUsENALS wanand dudunisly
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Wowmas eswniltadenaisegsitdesinns
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Fudou fafuiududsisniufiovdouden
A3 ealonsodsnsussiiuilmngaunUssidiu
#nenmeosdauna 1uiselldvuaueisnis
Uszifiudszandanlaeldisnisinuss@nsnn
wuvledveany (35 GCE) Tnodunoulunis
Ussiudnenmiandamadedl Sifuusnazdes
srutlatefidfydusunmsmuunaumLi ey

] 7

YouFoINae Feluuideinmuatdadendfey
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o L3 gj 1 v av b‘l a 6 % 61* s 1 v L3 a1
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*Uszanuanuunauuatu: amin.la@ksu.ac.th
(Fuumanu: 15 ganay 2566; WAlYUMANL: 31 AA1AN 2566; MBUTUUNAIL: 31 AAAY 2566)

UnAnga

sAfeijimnefiasAnuiuagiauinszuaumstuguman ST37 Feiedesinsfiduindaiiouuus
A I uALSeUvestuny Fuluthieiiddysomslinunazanumumuresiuny laeismndlu
nseeNLUUMIMIAABIMAE TR TsNG STafeiithunfinnsuiomn 3 Jade Téud anudiseu Susinis
dou wazszezdeoudn lunseonuuunismaass 33v03 L9 Tdgminnldidesananusaiiasesinuduius
YoeUadslarseAung o ag1sliuszansnm nsnaaedlddiiunsiaginAmnuSeuAnve it uuNg 1IN
nde Tunsiinszdina widelaldnsiingzsian S/N ratio Wil oML UNILLAZAMLANAUATINYES
nsyuIuMs wenanidaldvinnisinsziaiuudssau (ANOVA) Wednwanudfyreunasadases
Arudeuinvestuay namsideuandifiuisimaiime sfmngaureusasdadolunistugumdn ST37 4
witlldaussuiafiadan nanisidewuin madweifuneaudiaalunistugumdn ST37 Ao A

58U 2,000 58UFUNY 9n51N15UBU 0.06 Tadlunsaasau warseasUauan 0.5 Taans P91 10wmasuyinle

a

liAanuseuiafafigawindu 0.984 luaseu navesuidedaunsathluldidunuimislunsysulsuas

WawnszuIun1stusvTuulugaamnssy lagianiglun1sndnduauinesn1sanussuiang uenaini
NITedeanunsadigansuuuaziinyUsEansanlunssuiunsaan MiaunsaneuaLewonNUABIN T
panaziiuAEsavensuttiulugaamnssulafg ey

AEIAgY: N13TUTUMIEIATEINSHEOUT AnuEeuRy wadianng widn ST37 MsUsuuanszuiums

n1381983UnAN: dunval wges wasang, “n1sUTuUTIAIAUSBURIWEN ST37 Aaewa3aendadidudlagld
WRlAMNG,” 138753AnssUsaluladanaimnssy un1IverdenIwaug, U 1, atun 5, mi 27-39, 2566.
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Optimizing the Surface Roughness of ST37 Steel using CNC Turning Machinery through
the Taguchi Technique
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Abstract

This research aims to study and improve the forming process of ST37 steel using CNC turning
machinery to enhance the surface quality of workpieces, which is a significant factor affecting their
functionality and durability. The Taguchi method was employed for experimental design and result
analysis, considering three variables: spindle rotation speed, feed rate of the turning tool, and cutting
depth. In the experimental design, the L9 Taguchi array was utilized due to its effectiveness in analyzing
the relationships between various factors and levels. Experiments were conducted by measuring the
surface roughness of the workpieces post-turning. In result analysis, the S/N ratio was utilized to assess
variability and process stability, along with Analysis of Variance (ANOVA) to examine the significance of
each factor concerning the workpiece’s surface roughness. The research findings indicate the optimal
conditions for forming ST37 steel, achieving the smoothest surface quality, were a spindle rotation speed
of 2000 RPM, a feed rate of the turning tool at 0.06 mm per rotation, and a cutting depth of 0.5 mm.
These conditions yielded the best surface smoothness values 0.984 um. The outcomes of this research
can serve as guidelines for improving and developing the workpiece forming process in industries,
particularly where superior surface smoothness is required. Moreover, the research can help reduce
costs and enhance efficiency in the production process, enabling better market responsiveness and

competitive advantages in the industry.

Keywords: CNC Turning, Surface Roughness, Taguchi Method, ST37 Steel, Process Optimization
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Syuvesiiuialuseninenisnasied 1aman
oaumgillagldi5mnd (Taguchi Technique) Lite
wonueziademsiadouinzandian mside
fLﬁus?wﬁqﬂawmﬁwﬁ’zysuaaﬂﬁwm 9 LU DRI
nstounazarnnilunisdadisisninane
AYULS BUVBIR UR AT 1SR AL T U DY
\w3esile delvimnuiAisududmiunsuiuuss
AunmiuArlun1ands [2]

yonaninisinwitsiiunislne Susac et
al. 3] ldangdniensifinuszans nnuaznis
YueAIAUE BUTe I Ui uasusIdalunis
ndsveslndiondudivinluianaqaiiay
(UHMWPE) n1slg3snindaiua luiuisnisg
Jps1eidu q nsAnwlduansdadeiiisnsna
LAZHANTENUVBININLYLA oL uA g laly
Hhdeiidedenmnimiiuia [3]

nsfinwaAdedidedesiiduiugiuuay
3515719 lun153 988wl uwuanislunisiiia
UszansamiadeiiiousulgsanuiSouiiaves
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Fusundn ST37 lunszuirunisnds (CNC
Lathe) Tuniswisadees 7 nunzan laun
A5I50U BRs1Nstleu wavsvasdauan lne
T mnefioiuainudeuiivesiuay Tne
1E38n1500NLUUNTNAGRINNT

2. e niun15Ie
aal o a cav & awv ¢ A
Wwnseniunsidel AdnguszasAiiionts
mﬂ'wwwsﬁﬁma%ﬁmmsamaqmﬁugﬂmﬁﬂ
ST37 1aeld1As099N58LBUT (CNC Lathe) aae
7§n1508NKUUNITNAARININT (Taguchi
Technique) lngidunaun1saiidun1sidy fsgu

a

"1

2.1 Anwndayanszurunisaniaaudsn
nsfadouiunulasnisindeuiivesiings
dluludlounuuazusndudilisioamsoonty
Duwewsin Lﬁai’aa%QﬂﬁﬂﬁmﬁmmﬁﬂmmLé’u
MUY ALE 5 Uag 190175097 an, (Plastic
Deformation) wagvgaeenty Tuuransalludan
naulany gamgdluuinadasgmansiosasm
waldea 1AundiiTaniadaiildiuluefnigy
HSS azfuniseiAnduld viliAan s
Tanaudnvdalund 9 eonun nalndsnaindu
Yadudranluniseanuwuuiindn n1sldaimusn
Anuaianaudniuluy 9 lulagiu

4 =

n1sandeulansladuianuasindnsoad
AUKTININNITTAATULABUTIUIN BNTIIES
AeanusanuTauiAnaInnsdndoulafnae
fe¥ansuiinnuudanninlusdededddusdlu
nsfadeunn Mindandsldudwenaziinns
= I < d‘ ¥ = ¥
dnnse (Wear) 88139530157 G ad09din519

wialulagiuanuasnisiadoulings
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v
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v

ASTIAAIAIUSEUR?

Aasgideyanisatiaclg
TUsunsu Minitab

a3unanIIVnaeY

sUN 1 umeulunisaniiunsidy

Redesdiealiinnldusulswseansam
Frumsimdeuliituogian vilvianusaly
msdindeuildgetu engnisldnuvesnieile
fingnunniu daavilindadunuldensitu
LaduuveanTedilofinanas

Tumsifoaded {seldlddetnanslud st
DCMT11T304 {5UN34 D n30N5UNys 33 55°
Famnzdmiuldlunisndavenvesianman
N3 ST37

2.2 wssndaguazaunsallunimaass
dy Y v I3 =l
nsnaaesllaldiannaassnaninied
sT37 Gadumaniigninanldiuegsunsvnany
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luugAaIMNIIL 1YY N1snAAlATIATImMAN
dmfuenas mananiaiesilonazgunsal waz
nInanAd0adns Wudu dnidiieieends
CNC 8ve (Optimum) §u L33HS Faguil 2

JUT 2 1n3eandedliouduaynsfnasian

2.2.1 wuunldamiuinsmaass
JUN 3 wanawuuildlunismaaesassil

38
L0205
30

5UN 3 wuuBununlddmiuinnsmaaes

2.3 ma@pulusunsuildlunimaass
lunisanfiunisnaassidelaldeaniuy

Felusunsy Solidworks wagyiiniss1ansiusy

FuaunsHaadelUsLATY SolidCAM éfag‘u‘ﬁ 4,
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5 MINA1AU BAIIAUUNIINIG Generate 9anUN
W G-Code wazilUlaluiasoandwidud way
wildihnstuglresdunuduadudnly

ECOCISIOE

5o | o

0 f 0 nemGASIODBID B e~ 4 66 iy O

5UT 4 senuuuunulaglusunsy Solidworks

...........

T WEBaT PUD EEE

Uil 5 $raesmsndnselusungu SolidCAM

2.4 NMIPDNUUUNITNAABIAEATNINTG
1ea3nnN1sHRINIMeAIUTanIAINT TN
AanuAMIniImanaluladgeludanalinism
AwlsimanganlunszuIunsTugUTuau
v o 2 N3 oA 1% Yo U Y Y
agiaseandsdiaudidululaen {33edalam
An1sTmuNzanvessEauaLys 1aeviinis
nAaeuleuaIng19devesn dan A1y
IndiAgaiurtinveI U uLazANENNT VRS
K % N & o o Y
\Asendadidudinelvladnuuzianizvainis
N UIUAINADINTT IAEAA1E1989095E6U
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AINNL5ITOUVDINITU 2,000 SOUABUNT SAU o o Uadearuny Min
v ] =2 a a ! a’]ﬂu Y2
ansn1sdourelinnde 0.11 fadwunssiosou ANMS | BRs1 | S28Z | Ra
wazsyaun1sUeudn 0.3 fadiuns vaeniuil sou | ms | Yau | (um)
oo voam o GELE ~

AN LALUYINN50NLUUNITNARBINIETTNING Jou | @n

Tnguvaadesrseanidu 3 svau laun anusa 9 3000 | 016 | 03

59U BMNIINSUBU arseesUauan AInnsan 1
LAZYIINTRONWUUNITNAGBWIEITNINT tneyin 2.5 M53AAIAMUSURY
N1SNAABIIILA 9 N1SNAABT (L9) LaFAnwINa

TunsinAranueudaf33elavinnisin
VBIAAULTYURT (Ra)

AINULS URNIAIULAS B9 Profilo Meter 8%

A15199 1 fudswazaunlglunisnnasa Mitutoyo Surf test SV — 3100 WB6163-260-
. STAUNISNAADY v o v 208
Jadunruay 0001/1 auansluguit 6 lun1sinaranisuis
1 2 3 2093 UUTY 98N TAT U UL 9 Tu
< ' Il
ANLL5ITOU ol =40 (4 O AP
e 1000 | 2000 | 3000 LLauLﬁSubLGUGLUﬂ’]iﬂéﬁ 9yu?ju16u Lmeﬂ:smdm
(3uUnouY) AULTIURIVOIUARZTU YIUUA 3 90 PRFUN 7
ons1nstou f Aavanyinnsia 2 91
, 0.06 | 0.11 | 0.16 tnglubsiazqoimsdn 2 9
(UU.ABTBY)
seagUouan (W) 0.1 0.3 0.5

M19197 2 N1FDBNWUUNITNARBINIETINNT
L-9 (33) Orthogonal Array

. o Uademauny Min
clal e | =
AINST | M1 | szEE | Ra
N3
59U ns | Jau | (um)
NAADY =
Jou | an
1 1000 0.0.6 0.1
2 1000 0.11 0.3
> 1000 0.16 0> g'ﬂﬁ 6 \n30aiamnuISEURa Profilo Meter
4 2000 0.06 0.3
5 2000 0.11 0.5
6 2000 0.16 0.1
7 3000 0.06 0.5
8 3000 0.11 0.1

I —
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measure point

measure point 2 measure point 1

5UN 7 fuvten1sinannuseuiia 3 9n

2.6 psidayaneananlglusunsy
Minitab

2.6.1 N15IATITHNANTENUVDIAUTA8AT

N3
1ua153L@mzﬁmamimaaqmiﬁugﬂﬁmm

Foiedondaiibudd gideldinemanuiFey

HasvinTIlAsIsidyey1ausuniu (S/N Ratios)

TAEAIAINULIYURINANITUIN “ANE9Up889R”
Smaller is better ﬁamﬁaﬁ?jﬂﬁ\‘mumiﬁ 1

n 2
S/N =—10|ogZyTi (1)
i=1

L1 8Y11N153A1E1 U8 lUN1SNAR IR Y
WATANING a11150YIINIUTEULTIEUNAYRINTT
1 g P A o N & av v
YUFUTUNUAIBLATRINGITEUTLS wazauise
Y LBINANNNNT AT I UNISAINAUA TR
AmsnzauieliiiaUsedns junatun1svugy
FUNUAIULATDINAITOUT N13AT1eRTaTely
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N131Aa03R 1835110 % laun1slaldsunsy
Minitab 18

2.6.2 n153LAsIEANLUSUSIUvesUadY
(ANOVA)

Tunsiwsrgvianundsisiuvestadenis
1/1maqﬁdqmam’aﬂwuaum?ﬁugﬂsﬁmmﬁw
13 09NEaTL BT AI3glaTnsginuwlsusiu
yasiuUslutuneudald Tnglunisinsizviads
Hlammuadaselunisnaassitseiuanudesiu
71 95%

A153LA1EUALLUSUSIN (ANOVA) 1Ju
walaad A ldlun1snageunIuLANA1909
ALad 85enINanguae 9 lnen1suenaiy
wUsUsneandudiusg 4 wienian F-statistic
LLaz‘ﬁﬂmsaq‘UmadﬂmmLmﬂ@mﬁﬁmmﬁ'}ﬁm
niolulunisTiasieivoya atelu ANOVA i
dunsadiieadosiel
S, Wuduvesiiogslungui
S

X; vduarvesdudsaiu i way j G Ae

Duswwesdnuiegisluynngy

n

NUNLLAVNAY, | ADVUELAUAIDE19)

X, uradeveinguil i
X L“fﬁJumLaﬁmamaq%’agaﬁwm
41N15 ANOVA @115 UTLAS1EY A1

wUsUTIUsEMINaNguagileiail

k — 2
SSB = >n (X -X) )
kK N _
SSEzzl“Z_l(xij—xi)2 3)
 n .
SST=>">"(X;-X) (@)

i=L j=1
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Towil

k AeduIungy

SSB AaAdI1ukUsUsIuIEnI 194ngy
(Between-group sum of squares)

SSE AaAuuUsUsIulungy (Within-group
sum of squares)

SST AemnuuUsUsiuanan (Total sum of
squares)

WA 9N ULSIFI IR F-statistic 728

AUNTS
- M58 (5)
MSE
Tned
SSB
MSB = —
=l (6)

& | a | '
AD ANLRAYUDIANULYTUTIUIENINNGY

MSE = 2% 7
n-k

Ao AedsvosmunUsUTlungy

gAvINevIN1INAFBUAT F-statistic A98N13
WiguiiguiuaIA1anieaInnisay (Critical
value) W3aden1siuins pvalue iedndule
TIANURANANTERINgUT AU Ay s olily
sefuudd ey fnuald (egraunnldsedu
HedAzy 0.05) nsatasiziaNnuLlsUsulagly
lUsunsy Minitab 18

2.6.3 MSINUNENARTIMNILENAETNINT
lun1shwenanigisnind didelavianis
WA TwesANaamemAlianINgG wazan
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NUATBVDY Mandal [4] lALanIaunIsiunIsmn
ANMNULSIURAILUANNNST 8

Raopt = (Sa —TRa)Jr(Fb —TRa)+(DC _TRa)+TRA
(8)

Tned

S = AN5ITaU

F = 9ns1n15Uau

D = szuzdaudn

a,b,cd e ffd 539"1’%@&%%’81‘7{5%@

T, ANLRAUVIINANDUALOIVDIAIAIUSEU

M3 (Ra) nA

3. NAN1SNNABILAZRAUSINE
MIneaean s lumunzadlunIsnasiy
fefandnnder ST37 d9ldmnusisou
1,000 2,000 K&z 3,000 lWASHOUIT dns1TeU
fiafi 0.06, 0.11 4az0.16 HaBLUATHOTOU UaAL
AAUAAILENVBINITNEIT 0.1, 0.3 UAL0.5
fiadlunsd wihnisveaeddasldisnisnieada
A1M5UNIT0DNWUUNITNARBILALIATIEYINA
falUsunsy Minitab 18 Wa¥INISIAAIAIY
Byuindusu (Ra) veamdnuiien ST37

3.1 HANTSINAIAIUZYUR

Tumstamauideuiivestusutu 33
WmsTatunuaiun 9 Ju aslunisinAinag
SeURlarineg 3 90 FausazgnarhimsTae 2
51 uazeildinnsantudinaslunisned 1
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3.2 NaMsAATIEVTaYANINEDIRA

3.2.1 HANITILATIZUNANTENUVDIRUUTAY
W/

AT o Ui i (Ra) ldgnianiunis
pankuunaaesdmiuwiasdadeatunulagly
wadlaning Taensuiuugstiadenuauiinle
gnuaualuuuuusasdygusioidss (S/N)
Afipfgavesanuiovanduddrdgun
A5UNSUSUU RN INUDINEN T IILaZan AT
Tunsudn Fatuauns Bedesdsd (Smaller is

A15199 1 HANITINAIAINULSEUVDIRD (Ra)
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better) gnldlunisauindnadyainsiodes
(S/N) Tunn3797t 2 wangen S/N ratios d1v¥unns
dnnarudsuresiiuia (Ra) ifdugavesnis
NAADUAEN13NES (CNC Lathe) A1Lad 8v0s
AauSeuRagnawadu 1.776 lunseu
ANadevednsdyaiameides (S/N) dwmsu
AIEEURY (Ra) gnewianiu -4.7129 dB 13
TaszinavenAazadeaiuay (AusIseu
gnsnslou wavszuzUauan) sonulseUVeY

o AUS dMNIINS - Al Aaae Aaae Aaae

ey J9U Uau ssusdoudn qrm’?i 1 qﬂﬁ 2 qﬂﬁ 3 a3 n
1 1000 0.06 0.1 1.920 1.650 1.690 1.690
2 1000 0.11 0.3 1.695 1.696 1.910 1.699
3 1000 0.16 0.5 1.852 1.822 1.835 1.835
4 2000 0.06 0.3 1.129 1.053 1.207 1.129
5 2000 0.11 0.5 1.283 1.248 1.257 1.257
6 2000 0.16 0.1 2.494 2.447 2.327 2.447
7 3000 0.06 0.5 1.387 1.460 1.432 1.432
8 3000 0.11 0.1 2.118 2.153 2.157 2.153
9 3000 0.16 0.3 2.350 2.320 2.344 2.344
mmﬁ'mqﬂmﬁmaaq 1.776

Aufrldsunsduiunisdasnisg SN
response table’ uanslumisng 3 miwﬁﬁa%’m
Fulasldinadanind uanssgduaruaui
WngaLdSUAA B U LT Iz A A1
sEAuvRIRIkUIAIUANdMSU AULSEURY (Ra)
szylunisne 3 wagnswlugudl 8 nsmn
Amnsdinesfiuangauvetadenugudviy
N13aAAIAIINTEURAN S LAd18INN TN
wianil seduiiATiandmsuwsiasdaduniuaugn

wulaglidnsndyarureldesgeanlusziuves
fjﬁ]é’amuamﬁgu JEAULALAT S/N ratios d1m15U
JadeiilirnuiSeuia (Ra) Adfigeldsuns
syydutiadeanusiseu fisedu 2 fe S/N
ratios = -3.604 tadudnsinislou fiszdu 1 3
A1 S/N ratios = -2.908 uay Uadusrezdaudn
fsedu 3 f61 S/N ratios = -3.458 Na12A DAY
AuLSUAY Ra) 71 inunzangaalaann
w15 diimes Aaaseu (Speeds) 7 2,000 50U
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fau 19ns1n15UsU (Feed,) 0.06 Hadlunsme
50U kazszozUaudn (Depths) 0.5 Taaluns 69
JUN 8

3.2.2 Nan153LA1TIANNLUSUSIUuYesUade
(ANOVA)
Juignnsadanlalunismvuanansznuws
azﬁuﬁu%@ﬁﬁ’sLLUiﬂ?U@NﬁQMN@ﬂLUﬂ’IEQQﬂLL‘U‘U
n1snaaes lun1s3ded ANOVA gnldlunis
ARSRANSENUTRIAMEITEU Bnnstlau
i uarsvordoudnuesl usu HAN1SILATIZA
ANOVA @195 UAIANULS g URILENSIUA1519 4

NsaFimnssukazmealuladgnamngsy umAnerdunidus I 1 atuil 5 Augieu - nanes 2566
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 1 No. 5 September — October 2023

Response Table for Signal to Noise Ratios

Smaller is better

2 -3.604 -4.416 -4.351

3 -5.725 -6.814 -3.458
Delta 2121 3.906 2.871
Rank 3 1 2

Main Effects Plot for SN ratios

Data Means

Speed

Feed

Depth

Mean of SN ratios

Mlaszvdgnaniunsisyau

o a I3 o
M990 2 HANIFALATIEURNANTENUVBIAILUS

AILITNINT VBIANAIUSHURD (Ra)

7

1000 2000 3000 0.06 o1 0.16 0.1 03 05

AN S/N
10U | Speed | Feed | Depth | 38U | Ratios
W7 Ra | forRa
1 1000 0.06 0.1 1.690 -4.555
2 1000 0.11 0.3 1.699 -4.601
3 1000 0.16 0.5 1.835 -5.272
4 2000 0.06 0.3 1.129 -1.053
5 2000 0.11 0.5 1.257 -1.986
6 2000 0.16 0.1 2.447 -7.770
7 3000 0.06 0.5 1.432 -3.115
8 3000 0.11 0.1 2.153 -6.660
9 3000 0.16 0.3 2.344 -7.399
\dy 1776 | -4.712

A15199 3 ANS1HANBUAUDY S/N Ratios U9AN

AMUBSEURT (Ra)

Response Table for Signal to Noise Ratios

Smaller is better

Level

Speed

Feed

Depth

1

-4.81

-2.908

-6.329

Signal-to-noise: Smailer is better

5UN 8 nTmluanananauaues S/N Ratios U89
A1AATEURD (Ra)

Normal Probability Plot

(response is ra_med)

Percent
8

04 0.3 -0.2 -01 0.0 L2} 02 03 0.4
Residual

5UN 9 nlLanInIsUaINLIMUUUNG
(Normal Probability) U84A1A0I58URY (Ra)

U dl Qb o U U
FELAUAINNLT 93U 95% AITUEIAYVD A2
wusaruauly ANOVA g nnnualAenis
WSsuigua P vaakmazsanls A1 P-value &
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wehlunsusedfiupudfyuesen F-statistic
wioAn F ildannisvaaey ANOVA 3asudian
unweiiazaguindnansenuaie 9 vesdanus
muAusafwlInunIeld 6161 P-value Yoy
AT1sERUANEAA fvun (Faus 0.05 3o
Hoen11) wlalndaudrAgyneada 91na1s
4 Wu31A P-value ¥99671UT 89510150 0U
(Feed) wagszazUauan (Depth) dnasaninu
S8ufia Taudlen P-value Younin 0.05 Fadu
Y fiftoddynaada uazansnedl 5 wansen
mﬂmgﬁlaﬁumaa%’agamimam R-sq 111U
88.76% LAZAUNITYINIUIEAIUITOURY AIdUNIT
9

o ' '
LYY 0 LY )

AIUUAILUSN AP UN AN LHNAFDAINU LS U

o7
= =

{afAe 8n31n15UUlANAY (Feed) 5998911AD
szezUuan (Depth) IUHiWWEUﬁI 9 LAMINIS
waNkIILuUUUNA (Normal Probability) ¥84A1
ANULSYURT (Ra)

A15799 4 N13ATIZIAUUUSUTIU (ANOVA)
Y0IAIANLLSEURY (Ra)

Source DF AdjSS | AdjMS | F-Value | P-Value
Regression 3 1.54273 | 0.51424 13.16 0.008
Speed 1 | 0.08284 | 0.08284 2.12 0.205
Feed 1 | 0.94010 | 0.94010 24.06 0.004
Depth 1 | 051979 | 0.51979 13.30 0.015
Error 5 | 0.19537 | 0.03907
Total 8 | 1.73811

A519% 5 NS ILASIENAUNITOANDEVDIAIAINI
LSYURT (Ra)

S R-sq R-sq (adj) | R-sq (pred)

0.197672 | 88.76% 82.02% 57.73%
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aun1sduUszans n1sannesvuleAI
L58UR 2 (Ra) Ra = 1.112+0.000117*Speed
+7.92*Feed - 1.472*Depth 9)
3.2.3 nMsvhuneramiviangaudae3Tnng

Tumsvhuesasfmnzaudieisnndi
maideldaunsi 8 dmsumarivanzaves
ArPNEEURY (Ra) SiAn 0.984 lupsou (um) 3
mﬁﬁmazﬂé’mﬂwamimamqﬂﬂwmuamiu
A151HNANDUAUDY Means @115 UAIAINLTYU
A7 (Ra) m15197 6 wazilouluunuluaunisi 8
3R A99AUS BURIIINEN1I ST RN va
fianldun firnuisiseuvesindu 2,000 seusie
UM 8n51N15UUINNGY 0.06 Aadlunsnoseu
wazsyuzAudn 0.5 Jadunsae lagAfiniuia
Ieignuanslilu msned 7
M15799 6 ANTINARDUAUBY Means d11SuA
ANULSEURT (Ra)

A3 amsn1s | szezlau
Level ,3
sau Jau an
1 1.741 1.417 2.096
2 1.611 1.703 1.724
3 1.976 2.208 1.508
Delta 0.365 0.792 0.589
Rank 3 1 2

A151990 7 NNSNISITLRDSTLMULAUVDIAIAINY
ISEUH (Ra) Me3amng

WsdmasTivaneau Arfirnuaadld
S, 2000
Fi 0.06
Ds 0.5
Tra 1.776
So-Tra 1.611
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Wi fimesimunzau Afienuanlld
F1-Tra 1.417
D3-Tra 1.508
Raopt 0.984

* wanewme aun1sulslunisiuan (4)

4. a3Unan1Innay

i Ted W amuned agd nuiuaziau
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