]
v A ~

v '
fﬂi“l_]‘5SGIJZJ’J“BTﬂTiiSﬂU%WﬁL!ﬁSuTUT’NG‘I NWTJVI?JWZ‘]EJPE“]JVL]ZJ A397 12 52911 2560 Juf 14 SUNAY 2560

msfannzilansendurmanleduFanimimansnlnalaelfisruuanden
"leaamﬂué’f’saéaﬂf}ﬁ%ﬂﬂumémﬂﬁnmﬂzmumﬂms@
SYNTHESIS OF 5-HYDROXYMETHYLFURFURAL (HMF) FROM
FRUCTOSE BY ION EXCHANGE RESIN CATALYZED IN PACKED-BED

REACTOR

a = a =
[RANNYIN adUla8IN
a a a d a Y] d
ﬂ1ﬂ'3‘ﬂ13ﬂ3ﬂ‘i’i$~l!ﬂﬁ AUSIAINIINATNAAT NV INLIAUDHAIATAAS
E-mail: chaloemkrit.s@ku.th
d 14
BUINNTM UNIVSH
Y d a =S Q' Vv
AFIYFTAITID138 mmmmﬂiuiaﬂqﬂmﬁnssmnym 91113 tasaiInadu
a d 4 a (% = +% )
ﬂm%)‘ﬂﬂ]ﬂ1ﬁﬂiﬂi%qt1ﬂ N“r’nTYIEHaﬂl!‘ﬂﬂiuiﬁﬂ‘w‘ég‘i]ﬁulﬂﬁﬂ/‘ﬁg‘uﬂi!‘ﬁuﬁ)
E-mail: amaraporn.k@sci.kmutnb.ac.th
[ Qd A d
93IDFANA 138
d a a = a d a Y d
INANAAINIV158 NIAIB1IAINTINAN AUSIAINIINATIAAT NH1INENAUDHAIAIANT

E-mail: fengasj@ku.ac.th

U U
UNANED
= a v % ° a g ¥ a A a

leasendwianlesySaflumsseannsnirlundailumomadiniw weawes sauldsmns
Y ao & vy A a o A o = a a A
Youlugaamnssy Tasluamddeii ld1dins el fnsainuumaussy imeshimsAny1onswavesgumgil

{ o aaa {0 1 o L4 a o a §
nagnanlFlumsiilgnsnndinanenisdunsizi leasenawiaesysa TasldisGuuanilaou

< [ aan @ H a a a o
Teopuuiniluausalgnsonluszuudesignin (@sazanimaninlaauaziumialeTediangm Taw)
v A A A A A ° Aaa ' ° ) o £ a A S (v Aa
wuuiemnguuginsemuna lumsihlgasezdaimaih ldmsdunsz i leasenduiamlesySana
i X ' 4 a ' 3 : o o
18831 uamsiiua (w guvgiiganigarasurarvenitianynlaa) sxdawasilinsduasizile
2 a ¢ o & Ay A a ¥ ¥ a2 a ¢ (v o
asenduiaosyiatniifesazmsideniianazievazna ldvedlaasenduianlesiaandias Tag
v y 9
anngimimnzanlunmsnaassnssinegurigilumshilgaser 120 esmuvaidod nazszoznallunsm
aaa X { %’ [ a I

Unse1 30 uril Felddesazmsldsundasveniaangnlasniiny 73.261, Sesazmsideninaiiu

a15 laasenduiamlosySaminy 59.054, fesazwa ldveslaasonduiamesyTaminy 43.264 nazdoo

[ U @ a Jd v " v
azdadmlumsanaes leasenduwnamesySamin 58.422

4 1
mdngy: narlinlea leasendwiiamlesySa sduuannldenleseu wnialelebiiflau

2358



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

ABSTRACT

Hydroxymethylfurfural (HMF)which can be used as biofuel, polymer, and industrial feedstock. In this
research, a packed-bed reactor was used to study the effect of temperature and reaction time on the HMF
synthesis. The cation exchange resin was used as catalyst for this reaction in a biphasic system (fructose aqueous
solution and MIBK). Results showed that the synthesis of HMF were promoted by high temperature and
prolonged reaction time. At high temperature (higher than the melting point of fructose), increasing reaction time
led to low the HMF yield and selectivity because the formation of by-product such as formic acid, levulinic acid,
etc. The optimal conditions for this synthesis were the reaction temperature of 120 °C and the reaction time of 30

minutes, providing 73.261% conversion, 59.054% selectivity, 43.264% yield and 58.422% Extraction Ratio.

KEYWORDS: Fructose, Hydroxymethylfurfural, Ion exchange resin, Methyl isobutyl ketone

o U d‘ a v
1. anuangaz vy
@ @ 1 a3 v Ao o @ [ I a
wasnuiuIniulisendraglunmswanndszmalunagain hitesilunseaaluau
gaaIMNIsNA1Ng Msvuds minaa lih wazauuinmsdouqdnnatelszan Jegiiuunasndeauly
y A [ A 1 Y 9)3’/ 2 o 9 o 9 ' v
sz neriuil imvanenszaouauesnonnudesms lanaua Sesuiludenindunaindsnuunan
1 @ @ A Y v A Aa < @
andszma mindmnsndszvdanasnurse ldwasnunnuvasouniludszmanvzansolszvda
a1lF91onazaanisind s ananrunisaisenandise ldiaueuuinuaalumsndaaisiloulu
Y Y v '
NILUIUMIPATINNTIY SAuDINaIUFawasaniiatangnlag TaenmsinimiangnIaduiriu
1 aan Sy o 1 aan A A A I o =y a Jd (v
nszuaumsisalfnseuaiidreanssljnsoimunzay enlasuiluasainas leasenduiamlesisa
: o a I Y o 1 a
(Hydroxymethylfurfural; HMF) &aeunsoii lundaiduarsiloulugaamnssusiudainiugomasld
nanraelagrulnse10enFiat (Oxidation) Hazl§n3ei3anTu (Reduction) (Tong ef al., 2010) Tay
A I ] aaa a o H
HMF a13at)asuily furan-2,5-dicarboxylic acid (FDCA) WU N38100n%1a%Y FDCA HUE11150
il 1Funmunsa terephthalic A1 lumswda polyethyleneterephthalate (PET) 1@ polybutyleneterephthalate
' a aaa v o { <
(PBT) aaumanailgnseisantuainisanasn HMF (iu 2,5- dihydroxymethylfuran (DHMF) 1ag2,5-
X d § a a
bis(hydroxymethyl)-tetrahydrofuran FatluensnlFlumsndanedoames (Polyester)
¥ g = o Y Y H = 3 \
HMF dwiluesiausaduasizd laviniiaia Tuana@er wu iiaradgnlag Tagriu
1 Y H
Ufnsend lensHu (Dehydration reaction) Fafinauuui luag luldausalgnsen manaljnzerd lamsdu

y o T aaa %’, I aaa { I o T aaa [ a aan o H '
s s alnsemivezilulfaseninsailudusalgnser aaumanaljnsendlams sununn'll

9
9 = 1

Y o 1 aaa aaa o 2 g ana 90‘
TdansalgseniuvzBoninlgasernsuualawdu (Caramelization reaction) Fuiluilgaservesiiaia
= AN Yo 9 a a = 94 ] 1 A a ]
Tuanamedn lasuanudouguiuganasumaazinamsgydoitegnaeoiiowazinanmsuanauiy
o A Y 2 Ave o ¥ d' Y o ¢
HMF sanaaslugi 1 (n) HMF iudluiivnnuunuund wu datesassei 19 Tdimsdunsizd HMF
o = = %’ I ) J Y a o S
11!3%1J‘U’J§]ﬂ1ﬂlﬂﬂ’) (monophasic system) Tagfiniluaiazate (Kuster, 1990) ﬂimgaﬂwwa@mmm*ﬂ

4 a a [ P a aan a 1 Ia
Wooun ilesnninandasusizunaninlgnierlalas lada (Hydrolysis) 1aun nsanesin (Formic acid)

2359



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

o W a

aa .. zg dy =y a 4 aaa a [ o
uazialain (Levulinic) ¥u wenaini laasenduiamesysadiamnsanalfisomeawes lsmdu
. . a 3 a a . o A 1 =2 o @ o Yo 1
(Polymerization) it} ud3u (Humin) aguaaalugidin 1 (v) asunvalimsianmsdunsizi lag g
Unse1wtiansa (Roman-Leshkov et al., 2006) 15U nsadanain (H,S0,) Haznsalalasaasin (HCI) ¥
I @ 1 aaa o 1 Yy A a
Wudns el §RsemuuenwWus (Homogeneous catalyst) Wu11da1dosaznisidoninaves HMF (%
.. I 3 4 1an Ao 9y = A @ 1 (A aan Y a
selectivity) Yszum 80 1lesidud uaisiidodoasaidymimsiansounindnsalfnien uazdeelinig
a o 4 1 = Y Y o U aan A g o U aan aa o 4
HINHANAMHNOONIINTZUY Aom I IFausalgaseritludns sl §asemuuITswus
= . Y o = @ P Yy a
(Heterogeneous catalyst) 1ag 111 .61 1981 Rigal azane lanimsAnyImsdunsizy HMF Tagldsd
A I o 1 aaa [ 1 501
wuanagulesouuin (Lewatit SC 102) uluwagiqﬂgﬂiﬂﬂuizuuamagmﬂ (biphasic system) & H1INUN
1182 Methyl isobutyl ketone (MIBK) 1¥A1 %yield 11171 34 % 9101711 .61, 2007 Juben N. azaae 18 1415
a d' 2 1 2 %’ o v
Funanaou looounan (Diaion PK216) luszuudesigninszninigninvestinay NMP fuignin
MIBK W 19a1 %yield g9di 83 %
Ao & o 1 (asa & aa o @ : v A .
Tuadeil 1a1dans s s enilunuudTswus (Heterogeneous catalyst) 34 1dun 1sgunanilasy
% ' ° o ' I a Y
le®91VIN (Cation Exchange Resin) Faaunsauenoaninszulaieg nduunlelnld naziluiiasiy
4 9 I o aaa o o o A o a A dd
dunadon uansalfnselumsdunsizd HMF luszunaesignia Taslidgniadunsdiilu MIBK
[ %’ I %’ dycu o 4 a
pazigmminiluasazaerhaansnlng uenainiiduiuasesl §nsaluuuiuaussy (Packed bed reactor)
4 A P ° ' ' ' 3 o a o
nldununsestfnssiuuung (Batch reactor) i liassg lnarusosievinaan siiliinamswannuld
Y
pg19ldszanTam amnsamemanudeunionda’lda uazlianunziiasa TasauIseilaziinmsanun

o A ' o 7 Y 1 A { o (aaa
ﬂmaﬁmwamamimmﬂw HMF 'lmm qmwgmmznmﬁi%’iumimﬂgﬂim

Fructose

= = X % i
y S N Levulinic Acid Formic Acid
" o CH,OH
° HO
OH M o — > © 2 <
o —_ Ho — HO “— Ho HO—T-H OH
on on o OH H—-0H * H'J‘QH
oH OH OH

oH H-T-0H [s]

D-Fructose 1,2-Enediol 3-Deoxyosone
l'“i“ l H | +2H0
" 5 o] OH oH o
0. "
e 7/ H OH \ /
WOH H -3H,O
Fructose HMF
o (Furanose Fi me
1,2-Diulose

3 4-Dideoxyosone] Insoluble humins + soluble polviners

5-Hydroxymethylfurfural

(M (V)

514 1 () Y53 unalasdu (Zhang er al., 2015) (v) Y3018 lawasFuiinsailudusal§ise

C1)

(Y] d av
2. gilszasnveamsidy
4 o a o a { I o [
(1) iednpImamsduns 1z leasonduiaesyalaslfsdunannlaouleoowiludus
ﬂf] nsenluszuy monophasic system Lf& biphasic system
() rilefnywansznUveIgUMgnaznaIMIlgnseiiiaemsduniizid leasondwianles

Wialwaesfnssinuuwauss

2360



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

Aad o = QW
3. IGAUUUNITIVY
o =
3.1 gUnsaiazasiAll
1. ﬁwmaW;ﬂTmﬁ (D — fructose AR Grade) 910 Fisher Scientific
2. U5 q N5 (Deionized water)
3. 1nale Teda11A Tau (MIBK AR Grade) 910 Merck
4. 153uuan)aesulooou (RCP 160M) 910 Mitsubishi Chemical
5. asnasgu laasenduiianlo$yiSa (5-Hydroxymethylfurfural AR Grade 98%) 910 Sigma-
Aldrich
6. ISCO series D pump controller and 260D syringe pump

7. TonpanvUIA (Reducing Union), Back pressure regulator 100 psi, 1i82 Union tee O.D. 1/16

8. Quartz wool
d‘ a o 1 Qy a9 ' o a =\
9. 1n303UPnIaluuuNeVUIA 1/4 1 TasTiduriuguanaranely 0.4572 isudiasuasll
AN 14.8 LEUANAT
o A o =
3.2 fagensiimsann
1. Uszansamlunas a1l§nse15£4 9195201 monophasic system 1ag biphasic system
ad [ aaa lo) A a 4
2. gungin I lumshlgasen oo uaz 120 °C luasolfnsainuumaussy
A o aaa = A a J
3.l lumshilgas et 30 uaz 60 Wil Tuwsesdnsaivuuaussy
9
3.3 TUABUNMINAADY
1. managevilszansamlumasalgnie
1 9
masalgnsoduiivluaudidunanvuia 50 Tadanssaenuyas Wand (Reflux) 9101y
a J H o H a a aa
dnensazaronn Taaanududu 10 wofidud Tasthwinlui (anududu 100 g /L) USua 5 Tadans
Y a o aaa a o y ' g ) o A )
niniwanauswnsenlsum s niu asluszuusazduniudsunasivian wieunalFumuguvgl
' ] ! Y v
wdguvginlsmageudfnser (90 esrusaiFed) TuTusunat Wedugaszeziia 4 911w voswauly
o < v 1 aan y A
autdunavzgninlfiguuazuenduialfnsereenainszunalonszaunses Mntiuhveunadnla
a a a ' aaa 1 o = = i
TAamsgdlszaniamlumasalfnsede 1 TasiimsnFouiivunananaassi Iddsduagaiiuszuy
. @ § Y o Aaaa 2 o . .
1111 monophasic system AU NANIANTAIZATomAz MIBK Tuszuudauiluszuumnu biphasic system
o 1 aaa 4 a 4 .
2. Mmyvssgausalgnseasluaseagnsal (Packing column)
o 1 aaa A a I = H o 1 .
dnsalfnsenldeuldudengauwgil 60 °Ciflunar 10 w1 9101 UINI5A0 reducing
. Y Ay ' ' A s g % Ay 9 a o v
union 1AM UAIVEINDURNTE 110U TF quartz wool D3sgas TN uevesjnsaiawdrenisussy
@ 1 Aaan 1% Y gf' A o A Y o 1 aaa @ Y '
anselgnsenasdyl 1.2 nfu wiounumznnquaziiimsusspeIdansalfnsenszaed 1deds

o Y A Y ' a o Y . . o w o_ 1 a sy ¥
ajuawe niutladuuuveolfnssinie quartz wool 11az reducing union A WEIAY 1Mo Fnain 14

2361



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

=

Wmmsussydasalfnsonieuiesuda ld1¥in (DI water) Tnarudiesnsiniilua 2.0 addasaouri
3 A A 9/3’; @ U Aaan ~ o d a v v v ] I =\
Wuszezina 30 wi e lisuvesdns sl fnseniiussgas i luaeduinamssadinuuminiluszidiou
A a ' aaa A a s
3. managevlszanimwlumsisalgnsnlunseulgnsaluununanssy

o 4 a 7 o §
mnmsnaaoslunseel§nsainuuiuassq ( Packed bed reactor ) Aduaaslugli 2 Taoas

a A

imsanuledsiidanadelszaniamlunmsdaunsizdleasondmiamosysa'ldun gungiuazinai
1 umsihl§ase Fa18un qungd 90 nag 120 espuzaFYd dnuznawﬁi%’iuﬂ1§ﬁ1ﬂﬁﬁ‘§mﬁ'y'undJu 30
waz 60 WA dmuannzildivalunmsihy§zen 30 ud wzthims1¥easins lnaves MIBK (organic
phase) (1)1 0.050 adansvouIN daué”ﬁsmﬁ“lﬂammmmzmﬂﬁmmwgﬂTﬁa (aqueous phase) vl

0.040 liadan3@oUIA (organic/aqueous ratio %30 O/A ratio 11101 1 Tagaia) druanizildnanlumsi

a

9
aan S ° o < aa 1 '
U301 60 wiiiusgiualioniins Inaves MIBK ( Organic phase ) 111 0.025 Jadaasaouil dau

A

(d H ¥ 2 a aa ' a
amwmﬁ"lwammmmxmammaﬂgﬂim ( Aqueous phase ) Wiy 0.020 AadansaouI YUYV

2 o Aw Y = ) ¥y 9 ¥ ¥ A o o <
EZTJ‘]JLW?JQQ'EgﬂiJV]ﬂ@Qfnﬁ!La'JTN1/]'lﬂ']i‘llﬂuﬁ'ﬁﬁ\W]u!‘U’lhh_l1”531]UW?@NVIQL?NVI’]ﬂ’]i%UDﬂ’] DUNANTT

Y

A @ o @ 1 = 3 < a d a o J [ o o 1
1/1ﬂammﬁm’wﬂmﬂﬂﬂmmimaEm‘mllﬂ”lﬂu%umwmmmiwwwamm«nm"lﬂ AIUNITUIANUI

aan @ ¥? Y 9 @ Y 2
Ugnsenauinlgsinlasn1sd13dound (wash back) A2

x
syringe pump EI

reactor back pressure gauge

organic phase

syringe pump sample vial

aqueous phase

d' a & 4
qilllﬂ 2 ﬂﬁ@lﬂ@lﬁq‘ﬂﬂimﬂﬁﬂﬂaﬂﬂ

a o 14

4. MIAATIEHHAAS QU

A o oa4a X o a ' A ~ .
HaRAUNNNAVUIZYNIINIIATIEHAI8IATE TATNN INns Ve uraIansTauL g (High
performance liquid chromatography ; HPLC) 1/5umiveaihaialuigniniinnzgnialasldainsivwiia R
Detector Iagl#nodul APS — 2 hypersil (4.6 mm x 250 mm) AgaIngil 40°C #15@2W1 (mobile phase) ABVDY

1 a H @ 1 o % o a aa
nausenI190zs 1a 1u'lnsd (acetonitrile) waziilusaaraan 75 : 25 audey &9 lvadiedns 1.0 Hadans

v

aouti amFuavedleasendwianlesiialunsaesignmnvgninlasldiinitnviiagansilalean
A A 9 o & a o A
Nanwuenau 320 urlwwas Taeldnoauil ACE Excel 5 super C18 sHANAUIWE (4.6 mm x 250 mm) 7

A o o A ' a ¢ 3 o : o o & P
UnQN 30 C asdamnevesnausziInezdla lulasduazirlusasidiu 10 : 90 mud1a #elvadae

Pe)]

A

oM31 0.7 NaaansAoUIN

€

2362



v H '
MIszgINMITLAUMALAZUIUITA W INAeAI N AT 12152911 2560 FuR 14 FunAw 2560

4, Nﬂﬂ'liﬂﬂﬁi’)ﬂ!!ﬁ%%‘iﬂii{!

4.1 msnagevl§iSemsdunsizdt HMF Tagl¥isSunan/denlesen RCP 160M Tuszuy
monophasic system (laZ biphasic system
fﬂiﬁl’mEhﬁ“ﬁ!ﬁ‘uhlﬁl"iﬂﬂﬂ1§ﬂﬂﬁﬂﬁﬁ]$§ﬂﬁﬂﬂ%£ﬂﬁ$ﬁﬁ 191 % Conversion, % Selectivity,
%Yield 1A %Extraction ratio AMUANM391981900 11/ (Teng et al., 2016)
Conversion of fructose
Conv. (mol%) = (1- (moles of fructose unreacted/moles of starting fructose units) x 100%
Yield of HMF
Y v (mo1%) = (moles of HMF produced/moles of starting fructose units) x 100%
Selectivity of HMF
Sivr (Mo1%) = (Y,,,/Conv.) x 100%
Extraction Ratio of HMF

ER,,,;; (mol%) = (moles of HMF existed in organic phase/moles of HMF produced) x 100%
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%mol
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Temperature | Reaction Time O/A %Conversion %Selectivity | %Yield | %Extraction Ratio
o) (min.) ratio (%mol) (%mol) (%mol) (%mol)
90 30 1 26.646 13.782 3.672 59.015
120 30 1 73.261 59.054 43.264 58.422
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Temperature | Reaction Time O/A %Conversion %Selectivity | %Yield | %Extraction Ratio
0 (min.) ratio (%mol) (%mol) (%mol) (%mol)
90 30 1 26.646 13.782 3.672 59.015
90 60 1 20.838 37.978 7.914 57.102
120 30 1 73.261 59.054 43.264 58.422
120 60 1 89.389 35.627 31.847 57.267
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ABSTRACT

Terminalia chebula Retz. is herb found to high phenolic compounds and strong antioxidant activity
such as gallic acid, chebulic acid, ellagic acid and tannic acid. The objective the present paper was to
formulation hard soap from Terminalia chebula Retz. extract was to evaluate antioxidant, pH, foam stability

total aerobic count and sensory test. The formulate were to find out concentration of the addition the Terminalia
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chebula Retz. extract for formulate hard soap. The concentration of addition of Terminalia chebula extract
Retz. that is based on the research pre-0.5-2%. The highest antioxidant activity was observed in the formula 4,
3, 2 and 1, respective. The quality control such as pH, foam stability and total aerobic count are in benchmark,

may be developed as a commercial product.

KEYWORDS: Hard soap, Terminalia chebula Retz., Antioxidant
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ABSTRACT

This research aims to develop and evaluate a model to predict the weight of ortigia Cos using feed -
forward artificial neural network. The 2000 records of main factors for oritigia Cos growth (e.g. temperature,
pH value, Electric Conductivity value of hydroponics fertilizer, total of growth and total crop weight) were
collected as parameter values of the model. The research has created a model by employing WEKA software.
The efficiency of the model was calculated using 5-fold cross-validation for evaluating the model.

The finding indicates that the average accuracy percentage of the model’s efficiencies comparison is
85.00%. The result shows that the model can predict the ortigia cos’ weight with high degree of accuracy. It

also shows the model can be applied for other agriculture products in the future.

KEYWORDS:Artificial Neural Network Model, Forecasting, Ortigia Cos, Cos Lettuce
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ABSTRACT

The article presents the study of smartphones sensor technology for teaching and learning in physical
mechanics. We start the described the operation function of the accelerometer, gyroscope sensors, and
applications smartphone sensors as scientific tools are applied for the teaching and learning laboratory in physical
mechanics. The smartphones’ sensors are reliable and accurate enough to permit good measurements. Additional,

as it is shown with some examples of accelerometer and gyroscope sensors for studies kind of motion.

KEYWORDS: Smartphone Sensor, Accelerometer, Gyroscope Sensor, Physical Mechanics
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ABSTRACT

The purpose of this study was to investigate the behaviors of undergraduate students towards coastal
resource conservation in the Eastern seaboard area of Thailand. Conservation attitudes, awareness, and
understanding of coastal resource issues were used as the important factors affecting on their conservation
behaviors. The questionnaire was used as a tool to collect data from 800 questionnaire respondents. Data were
analyzed by using descriptive statistics, expressed in percentages, and using inference statistics to test the
hypotheses. The relationship between the variables was analyzed by regression analysis at the 0.05 significant
level. It was found that (1) students in different disciplines did not show significant differences in conservation
behavior of coastal resources; and (2) coastal resource conservation behavior of the students was positively
correlated with the conservation factors; such as understanding of coastal resource issues, the information
receiving from the mass and specialized media, attitudes and awareness of coastal resource conservation. The
results of this study can be used as a model for coastal resource conservation and to plan for conservation behavior
development among students, as well as the local population in other coastal areas of Thailand. However, this
research suggests public and private sectors to proactively formulate any policies that will have direct impacts on
coastal resource conservational behaviors by focusing on knowledge and awareness development activities with

promote through mass media.

KEYWORDS: Coastal resources conservation, Behavior, Attitude, Awareness, Eastern seaboard
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ABSTRACT

This research study was a cross-sectional survey. The objective of this research were to analyze the risk
behavior for chemical exposure and studying the factor predicting risk behavior for chemical exposure among
workers in repair and spray painting shop in Bangkok. The sample was used in the study of 215 in repair and
spray painting shop in Bangkok. Data were collected during March to May 2017 with the questionnaire developed
by the researcher. The content validity of the questionnaire (IOC) was 0.89. The descriptive statistics, Chi-square,
Pearson’s product moment correlation and Stepwise Multiple Regression Analysis. The results showed that
58.1% of employees in the repair and spray painting shop had low risk behaviors. It was found that the use of
knowledge of chemical hazards, training, personal protective equipment. And social support there was a
statistically significant negative correlation (p-value <.01) with exposure to chemicals. But the perception of
chemical exposure. Positive correlation with risk behaviors in chemical exposure was significant (p-value <.01).
In addition, the results of the stepwise multiple regression analysis revealed that knowledge of chemical hazards,
perception of chemical exposure to be trained and support for personal protective equipment. Predictive risk
behaviors of employees in the repairing and spraying were 54.6% (p - value < .05). Where factors were supported

personal protective equipment was the most influential variables.

KEYWORDS: risk behavior, exposure chemical, repair and spray painting
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ABSTRACT

This research studies the correlation between the damaged area of a metal plate and deformed bullet
fired on different bullet impact angles. The result are expected to give a guideline for investigators to reconstruct
the bullet trajectory in shooting crime scene. Different methods are proposed to decode the impact angle from the

correlation found. The methods include (1) the use of trigonometric function similarly used in the blood pattern
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analysis; (2) the observation of the spreading of the lead deposition due to the bullet contacting the target; (3) the
direct reading from a template and (4) the interpretation of the bullet fragments. The experimental results show
that although the spreading of the lead deposition from individual impact angles are rather different, numerical
value of the impact angles cannot be accurately selected. This suggests that a combination of the methods are
required so as to correctly achieve both qualitative and quantitative impact angles. In all, the results obtained from
the combination of proposed methods provided better matching of estimated impact angles to the preset ones,

especially the lower impact angles.

KEYWORDS: crime scene investigation, impact angle, bullet trajectory, forensic science
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ABSTRACT

This paper presents the efficiency evaluation methods of three phase induction motor with variable
speed drive (VSD) based on on-site measurements. This technique includes the modified slip and modified
current methods. The results are compared with the shaft torque method test in laboratory as a reference. The
results also show the effective of modified slip method is perform well for all load point at various frequency.
The errors in this case is less than 5% whereas the modified current method has almost 10% of error. The error
of both methods is increased for motor operating under 50% of rated, especially the modified current method.
However, the error reduced to around 6% when the motor operated close to the rated. Finally, the results
demonstrate that the modified slip method is suitable for efficiency estimation of induction motor with variable
speed drive by using basic measuring tools. Whereas the modified current method should be used in case of

higher 50% operating point.

KEYWORDS: Variable Speed Drive (VSD), Three-Phase Induction Motor, On-Site Efficiency Evaluation
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ABSTRACT

This paper proposes an alternative scheme to reduce the return loss in fiber optic connector using
flexible polyurethane sheet. The refractive index of polyurethane is 1.46, which is close to one of an optical
fiber at 1.48. The flexible polyurethane sheet, placed between the two connecting fibers, is acting as an index
matching material to reduce the return loss. The simulation results showed that, by following Fresnel’ s
equations and Snell’ s law and with the incident angle varying from 0° to 90°, the lowest return loss is
approximately equal to  -80 dB, which is better than one obtained from the conventional connector of -60 dB.
The wavelength used in the simulation was 1550 nm. Thus, the proposed method, by inserting flexible
polyurethane sheet to a connector, could be applied to the practical connector used in optical communication

system to enhance the link performance.

KEYWORDS: Return loss, Reflection of light, Fiber Connector, Flexible Polyurethane
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ABSTRACT

An analysis of fusion splicing loss of commercial SMF-28 and MP980 optical fibers in both practical
and theoretical aspects is reported in this paper. The experiments were conducted with the same practice used in
real industry while the theoretical simulations were carefully performed with similar parameters to the
experiments. Mode-mismatch loss, Phase-front transformer loss, and mechanical alignment losses were
considered in the simulations. The experimental results show that the splicing loss is inversely proportional to
the splicing temperature and time and these are in good agreement with the simulation results. The results also
showed that the lowest loss of 1.109 dB could be achieved with the splicing time of 3.5 s and temperature of
70% of the maximum temperature of the INNO VIEW?7 fusion splicer. These parameters can be applied to the

real operation.
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Time M+ A+ L, (dB)
M (dB) | A; (dB)

(sec) 0° 0.1° 0.2° 0.3° 0.4° 0.5°

1.5 1.3993 | 2.366E-03 | 1.4017 1.4032 1.4077 1.4152 1.4257 1.4392

1.7 1.3762 | 3.060E-03 | 1.3793 1.3808 1.3854 1.3932 1.4040 1.4179

1.9 1.3544 | 3.847E-03 | 1.3582 1.3598 1.3646 1.3725 1.3836 1.3979
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23 1.3141 | 5.709E-03 | 1.3198 1.3215 1.3265 1.3348 1.3465 1.3616
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ABSTRACT

This paper presents a study on the harmonic reduction of electric welding machine using valley field

circuit and chopper circuit. The main objective is to reduce the total harmonic distortion of input harmonic current
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of electrical welding machine due to charge and discharge of filter capacitor in 3 phase rectifier. Accordingly, the
harmonic AC current will diffuse back to the feeder of main system, In order to reduce this harmonic current, the

two methods are proposed orderly: the valley field circuit method and DC chopper circuit by installing this circuit

into DC bus circuit to delay the charge and discharge period of filter capacitor. Moreover, the power quality
analyzer is employed to measure the instantaneous voltage waveform, current waveform and spectrums. For the
experimental results, the reducing of total harmonic distortion of valley field method and DC chopper method are

159 percent and 127.7 percent respectively.
KEYWORDS: Electric Welding, Harmonic Current, Total Harmonic Distortion.
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ABSTRACT

This paper presents the study and comparison of risk management of lightning protection systems in
accordance with Thai standards and international standards. In these cases, the study considers the risk component
associated with human injury from touch and step voltage and physical damage component due to the dangers
inside buildings causing fire or explosion. From case study, it is found that the risk calculation of international
standard (IEC62305:2012) is about 50 percent of Thai standard. According to Thai standard, lightning protection
system is designed at level 4, which is lower than the acceptable value. While the lightning protection system in
accordance with international standard is designed at level 4 and should SPD level 2. Therefore, the risk
calculation for lightning protection system design should be taken into account the risk inside the structure (safety

for the people) and risk to the environment.

KEYWORDS: Lightning protection standards, Risk, Lightning
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ABSTRACT
This research investigated the behavior of electrochromic thin films of tungsten oxide (WO3) by

vaporization with electrolyte, As a result of applied bias, the change in color intensity increases and decreases

as well as the color retention when no bias voltage is applied. By measuring the electrical properties of the
direct current and pulse signal, there are factors that affect the exchange of electrons and ions on thin films with
tungsten (VI) oxide and the concentration of the electrolyte solution. This is the result of the oxidation and

reduction effects of the switching time on the sensitivity

KEYWORDS: electrochromic, switching time, thin film
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ABSTRACT

This paper presents the impact of Solar PV Rooftop and Plug-in Electric Vehicle charging posing on
distribution networks. Workday and holiday residential loads, Solar PV Rooftop profiles, and PEV charging
patterns are performed using computer programming to analyse impact of Solar PV Rooftop and
Plug - in Electric vehicle charging patterns on voltage profiles while the system also maintains the voltage limits
of the bus in the range of 0.95 - 1.05 per unit, following the electricity grid system connection requirement of
Provincial Electricity Authority (PEA), total installed generating capacity shall not be over than 15% of
distribution transformer rating. The simulation can be divided into seven cases. The simulation results will be

analysed and concluded to provide recommendations for future works.

KEYWORDS: Solar PV Rooftop, Plug-in Electric Vehicle, PEA distribution networks, voltage limit
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ABSTRACT

An on board diagnostic IT (OBD II) is the most famous tool for investigating the error code and checking
the status of a car systems. . In this paper, the accuracy of three types OBDII (Vgateicar2, ELM 327 V 1.5, and
X431) has been studied with the Honda City and Toyota Vios. The output variables are Engine RPM, Coolant
Temperature, Intake Air Temperature and Vehicle Speed. For Honda City, the percent of standard deviation of
the Intake Air Temperature is 5.5%. And also, the percent of standard deviation are 2.8%, 0.2%, and 0% for the
Engine RPM, Coolant Temperature, and Vehicle Speed respectively. For Toyota Vios, the percent of standard
deviation of the Intake Air Temperature is 12.6%. Moreover, the percent of standard deviation are 4.8%, 3.6 %,

and 0% for the Engine RPM, Coolant Temperature, and Vehicle Speed respectively.

KEYWORDS: On board Diagnostics II, Idle Speed, Engine RPM, Intake Air Temperature
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ABSTRACT

At present, the transportation of the country has been greatly expanded in the field of land transport by
air, while the land transport is by railways. The two main sections are: 1. The station. 2. The rail system here
mentioned in the rail system. There are several steps. But the key step is. Welding process There are two ways to
connect rail tracks: 1. Flash Butt. 2. Thermit the welding. 2 Ways to create a weld that passes and does not pass

the test. The problem of unlabeled welds has been investigated.

KEYWORD: Railway Railsystem Fiashbutt Thermit
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ABSTRACT

In practice, all engineering components have at least minimal changes in section and/or shape. Under
loads, these changes in geometry increase the local stress fields of the components quite significantly, and this
will lead to failure of the component of high stress concentration. The stress distribution is not uniform throughout
the cross section, when a rectangular pattern of 4 circular holes is introduced in a rectangular plate under axial
tension force. Finite element method is used to study for the stress reduction. The stress concentration factor can
be reduced up to 6.8 % for using four auxiliary holes by locate auxiliary holes on either side of main a rectangular
pattern of holes. Results reveals that the introduction of the auxiliary holes at a optimum location and sizes helps

to smooth flow of the stress pass through the components.

KEYWORDS: Finite element, Stress concentration, Auxiliary hole, Stress concentration factor

2518



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

1. Unin
Q’I 1 1 1 Y o Qy = ] A o Yy 1 FY
N1T9BNUUVUFUITUAN 9 E‘T’)‘uGl,‘l’iﬂluslluW]‘H‘L!W]ﬂﬂlﬂ\i‘])'u\ﬂullﬁlJHTQIlNﬂ\i‘Vl ‘ﬂﬂvmmmmmu

\ a2 a Aa = yué‘/é| Y lnﬁ'Qé’dlow:ﬂ'Q
nuHunaIuUITNUNIMslasundamiaaiy mmmmLﬂuwunmu‘nmmmﬂumumﬂmummm

4 o

ponULUABIMTadaziianuseiase Ta iWelimsznuninszyde¥uau M l¥inaanuAur Uy
a & a A A j’ A Y o Y < 1 Y 1 ~
avugausnunimsnlasunlaswnanuiniiae waasldimunms lvavesanuduliswiSeu o1
v Y
maanudsrisveayuaula msanyuazesauuumsmlianudurnuunivysnuiianas Tagi
A A o A A 2 = A o v d v A A Ay o quy
nasuriavesiag MuauMUIIoYMIAYeITUIIY Jelinnudnailuediegs e Tk 1daunums
N A
nanFuLHgaIumnmull
A~ = ° 2 oA A A ' ° Y a
WBTNMILNUAININTEINANIUIIVBIFUNUUHU TN AGNNN1NAY 4 Jogasanary e
Y v
AUAUNU MU UUTIUVOUVDIZIINANGIVY Erickson 1Az Riley (1978) IaAnm Iasiingsao 2 31eld
: . 4 2 4 - .
ADUUAZHAIAIUT I NANABIVDIFUNIUALUIVEITIAINNT taz N 12 Iaoiinsnaas ey
an = a Ay Yo v ' Y . Yo
5 I Tadanadn nan las 00 NMAUM UL UYBIFUIIUAL 21% - 31% Meguid (1986) 15351511419
Jd a o a 4 an J ] 2 A { 2 {
Tudedmudundmsizd 1135 MsanmANUIRUHUILLYOIFUNIUNTFNaNATINA 1AV ITUIIL
Sumasznsepsamuuanny Taeldaoszaie sihldaamanudununniu’ld 5.7% - 11 % Meguid 18z Gong
(1993) ldAnIANMAUHIILHUDS NUsoUFNNAMReIUUIALTIMAsY TaolHas I Tndaradn nazii
S v ad Jd A o ~ =Wl = v an
naf3ouieunuds I ludeamud wah lata11ndiRean Tenchey azAME (1995) l@UBIBMTAAANY
1 v v
AUV NS NN NNANNDGATINANVBITUNIU TAINITLEE MIRUIEE IS IUT MG NNANNIUUULAY
' o a a Y a 3 . o L4
an hldusna TagsougrenauneniuiinnuuuIndu Ulrich 1ag Moslehy (1995) 1 iduo35ms 1
= a 4 ya o Y A Y [} a A ] 2
atseawua M115Anen lagldgaaioann NuAUTULUULTNIAZ NN 1Az N0IATINANFUIY
Younis (2006) lasimsnaasslagleis M Iadaradandnyinisnszaiennuauusnugnay tioann1y
M) ' a H Yan s a ) ) '
wuruduluus ey Yang tazame (2010) 1935m35 W ludefiuud Anvianusuruiutiunag
v 9 H Yy '
ANUIATIANUIUUTINATU DT IUFNANNOGATINA NV ULHUTUIIUNSUNI15ZAR Sburlati (2013) 18
. : DA 2 N
Wnauemsaanlduauadlilugnay ioananudunuimiuuinugnavvesyuau ¥z uazame
Yan I a I a s A Y ' = v =
(2015) a1 msma W ludedmuaundmszdimoananudunuunivvesgnautoinieldis b lae
v VoA oy oy Y v o Ay v "o ) : v
19 2 oz 4 3370 Gosmeamudnaniaosduvesgnan nahn 1@ anmiaalsznouanudununiuasld 143
o w [ Y o a 4 1T @ 9 [
% 1Az 18.8 % AwdIAY 1952 uazame (2016) Tk imsinsgiaanidlsznouanudunuIuYDg
2nauaed Tagld 2 gnause wag 2 3295310 TasedwrsgougInaunan wan'ld ansnannifa
Usznounanuauruniuadld 19.8 % 1ag 22.2 % AMWEIRY Mohammad 11a¢ Elahe (2016) 1afny113
H S H H 1 § 1 1 g
N32918A1U8IANMAUTIRATUUT NAFReINTFUNTIA1 9 NogaTINa19voWHUFUIIU Aizhong Lu Hay
o [ a 4 A a 2 a A ] Q’I
anz (2017) ldsuaue 3 nanmslumsiazimanuduinaiuys i NegasIna1NreI T
2 1 Y H H v
nuTeil lddnianudunuIiuAmaIuLS nug 1nay 4 3 sduuuTnasuIaens 4 3egasa
2 oA A v = o a Y an s a %
AANYBIFUNULRN TN 7elaussAsauLuIAY uaziimIiaTziale3smInie I ludedmud
¥ H Y
WeannNuAUMUIHugIganina T uU nuveuvesnguinan Taeld3ae 2 3 1edudasanans

9 9
gnINNguInannaosn Iy naz 19390 4 3 Memudaesgnanng 4 3 luszauReny

2519



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

adA o a a v
2. IBAUHUNITIVY

aw d’l Y o a 4 (3 =~ = o
M3t lavkhimsdmazed 3 luuy dawaasam 30 1 Tae 3uluu A Tgndn 4 3 uun B il

U

@

N 43 wazgHe 2 3 uaz gUuuy C H3ndn 4 3 uazgae 43 Tao Juuy A HimsdnanienSsuidiey
wamsfuama T ludiednd funans3seuns Meijers (1967) itodudugiuuy Tuaama i ludiod
wudhanse ¥l uguuy B wezgduny ¢ 18 luun B imsnlGeuauavesgaie d, uag
seepiin e, JUNLY C ihmsdeuvinavesgdan d, uasssesiing c,

le

< 800 mm '

«— . —_—
VDU A YDNTHAN
— d >
N
(e} 450 mm [ o
— O O —
-— RN -
«— —
() gduvy A

e 800 mm |

I\
[ A .,

d
— —_—)
d O ﬁ YD B U933
c €| 450mm 1@” ' &5

(0}
«— L
o Q.
— <>  —
«— _—
(b) jilnuuB
['< 800 mm
4— —>
D 0 O o —
c “ 450 mm Y9 C V9IFHIY > o

— o O OCO/ —

(© gduvuc

(@ 314 1 uanq 3 gduoolFlunsinsed

2520



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

YAV IHUTIMAENTINgUFATINGN 4 3 A 317 1 Taelinnunduniny 450 Tadwas uaz
2
A11E17 800 NAAIWAT YUIAVOINGNINANNI 4 § WYUIA 20 Hadwas /= 125 Hadiuas uag ¢ = 100
a a ° E A A s a 7 o Y Y oo ¥ Y A
Hadwas mamvuaten lvvouwaluszdisndzma I ludeduwud fualidmhdadudieiioves

Y

2 ' Yt A o Y o 9 A A = A o o
ﬂfuﬂWHllﬂJﬂﬂﬂJﬂl‘VfllﬂTiLﬂﬁﬂuﬁ’J LAZUUINAATUUNUDULLITIAIATNLUILNUUUIA 500 HIAU NTENINTLINY

ﬁﬂjﬂﬁ'ﬂﬂﬂaﬂﬂ‘l’iﬂﬁﬁﬂ mummmmﬁmuﬁ 8 UN. IIUIU 49 462 mamuﬁ

i Y v
mmmm”uﬁmﬂ?iummgmwﬂﬂmm Qﬂﬁﬂﬁuﬂiﬂﬂ Timoshenko (ta¢ Goodier (1970) HEAAININ

ean
=
=h.
[\S)

-— T Op T L —
A ! TB}@( ‘I —_—
D ‘ A! O, e g@er ." g
| o Ve
P -(t‘— ————— .—'— {' —
-— | —
- J ‘ h —>
— | | -
-— f--*—T_’ — ! —

crrzia(l—:—z)+%a (1—%2+ ii:)cosze )]
Op =%0(1+ :—z)—%a (1+ gri:)COSZQ ()

- Do CoL
wosanimihaa 21 sy 0=z /2 aumsi 2 nlaguily
3a
T

Op =%0(2+(:—2+—:) 3)

= a A Y Qy ' o '
N qﬁjﬂ‘ﬂ 1 (a) E‘IJL!.‘]J‘]J A WATUMUDUATUUUFTAATINANUVNFUINU A1 a = 10 AT r = 162.5 qulﬂLLT]uﬂ1

~ Y Y ~ YA 1 YA o 3 Y 2
Tuaumsin 3 18 o9 = 1.0020 WVnaanuaun ldumlndReadun taasnvuIanun NIV
) 4
ansnsi 155z e

a A Y o A A A 3
NITANHUIGA JI-1T NAIYY 0= 0 gumsn 1 Waswiu

4)

2521



v H '
MIszgINMITLAUMALAZUIUITA W INAeAI N AT 12152911 2560 FuR 14 FunAw 2560

H H y Al o 1
910 317 1 (2) 380V A F9rsaniveus Uy NINeATINANYBIFUIM A1 a = 10 uae r=350 1 lunusilu
H Al % 1 Qsl
aumsn 4 18 o = 0.9980 vuAanNuAUTIA 1nAIABIA UL LAAINVUIAAINEIVEIFUNUAINNTD
15 a5 18

" w v ' o ) =
ﬂWW'J‘]JﬁZﬂ’E)‘]Jﬂ'JHJ!ﬂNﬂNHLUN (Km) mmm"lmmﬁumiw 5

Ktn = O-max/ O-nom (5)
C,.. = O/(1-dl (6)
A vy ¥
Tas o, #oanuAusIRINgIga
o A9 ANUWAUAININ

3. wamsmuamazeniie

=

(J J a 4 1 v @ o 1
gy A msdulagldsmsmallludiednud o, lagegaivouvesgran daiumiig

¥ a

a A ° J A o ] 4 & 1A YA ' Y a o ..
Muaaslu Eﬂ‘ﬂ 3 UAZHANIAIUIUYIA K, NAUHUN O, Vlﬂ 2.51 %Qﬂ1ﬂ1ﬂﬂﬂ’3ﬂﬂmﬂﬂﬁﬂ1ﬂﬂ'ﬂ Meijers

max

(1967) 1 2.52

v H 4
51 3 nanawannuduiiavu Tagld3smsnie I ludiednmdvesgiuuy A

suuuy B waz 3uu ¢ msdnaTagldasnmsna I Tudedmuduaaslu 514 4 uag g1/ s

o @ ) 1 y 9 { y o @
AUEIRY HamM I K, 7 laiaadluaisnei 1 uag a13190 2 mudau

y { A 3 J a J
51N 4 vaaananuduRadu TaslFsmsme W ludedwudvosgluuy B

2522



P
v A

M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

Y y a g a
51 6 uaaswannuiAuinatuIaolFsnmsma W ludedmudvesgiuu ¢

4 ' { s a 7
Ms19h 1 udaen K, 2 laanms1asma Il ludedwudvesgiuoy B

d,/d 0.2 0.4 0.6 0.8 1.0 1.2
c,/d

1.0 2.72 2.69 2.62 2.72 2.75 2.79
2.0 2.69 2.67 2.60 2.67 2.69 2.72
3.0 2.66 2.65 2.56 2.62 2.66 2.70
4.0 2.63 2.64 2.58 2.63 2.67 2.68
5.0 2.64 2.66 2.60 2.65 2.69 2.70
6.0 2.66 2.69 2.62 2.68 2.71 2.72

{ { "o 4 v A X ' ' Y o & '
9100151990 1 3UuuU B A ¢,/d 10D 1.0 10091 &,/d BAaunuau a1 K, Tarlndidsenu aelia

1 a v o I v o oA "o o Y 3
WNANFUUDY A uazliaNUFURUFRGINUADN ¢,/d NI 2.0 3.0 4.0 5.0 1AL 6.0 MUY uaa Y
1N MINNgHIe 2 3 asenanveanquinan awgluuy B hildmeanmidnlseneuanusunuiniuag

A o
mama‘unugﬂam‘u A

1 ' { s a 7
M519h 2 udaea K, 1 ldanms 19sma Il ludedwudvesgiluuy ¢

d,/d 0.2 0.4 0.6 0.8 0.9
c,/d

1.0 2.56 2.51 2.46 2.34 2.38
2.0 2.53 2.50 2.46 2.37 2.40
3.0 2.51 2.49 2.47 241 243
4.0 2.51 2.50 2.49 2.46 2.47
5.0 2.52 2.51 2.51 2.51 2.51
6.0 2.52 2.52 2.52 2.52 2.52

2523



v H '
M3szguInMITzAUNALAZIIUING IHIMAuAET NN ATIN 12 1032311 2560 FUT 14 TuNAY 2560

v 1 . 3 4
919157197 2 30U C 0 e /d A 1.0 Won d,/d Haunuay i K, In1anasaudenm d,/d miny

n
H A A X = v o A v o oA Vo o w 1A

0.8 MINUUILTAUANIU uazlinNUFUNUTIAEINUNUN ¢,/d 191NV 2.0 3.0 Az 4.0 AUEIRY uANAT ¢,/d

A 5.0 1Az 6.0 A1 K, TAunnunasdin 4,/d Taunuau
& o = ] v v o do A yag 1A '
Werhanased 2 nadens il Idanuduiusaweaaslugln 7 naasldimuinloszozri

Y H 9
szrdgnanuazgeliauniy m &, e Tdugeh lumai Idawgduon A a1k, Tugduuy ¢ i

n

annsoanasldgega 6.8 % Werennugiuuy A

2.60
2.50
ME

2.40
— d,/d=08

2.30
— d,/d=09

2.20
1.0 2.0 3.0 4.0 5.0 6.0

c,/d

3UN 7 uaIAIENIN K, N ¢,/d NANBATIEIU d,/d A ) Vo331 C

a v

4. agUwamaIde

an s a J o Y a 4 " W Y [

Fnsma il ludedwudinnlFlumsinnzimsmamdnlszneuanuduruiniuves
<2 a4 4 da ' v = ) Y
FunuTmasuiignasegasana 4 3 meldnszasnmuuuouny Tdgmiveaue myaamdnlsznouni

9
wunuiuTaeld s 2 3easanansnaaesievesnguznanawgluon B liawisnanamidnlsznou
) ' ¥ A~ o 9 _ 1 Y v ' v 9
anuAunumivadldileennugduun A wazns1d3aie 4 3 Tasnsdudiavesnquinandieaz 2 3
awsluuy ¢ awsnaamallsznoanudurnuniuldgaga 6.8 % isudugiuny A Wedalsznou
) ‘g’ o g

ANnudunuIiuanas waastanNusugega lusuauaaawny lidie ldmsnszanedrvesnnudu

2 A 2 ) 2 2
TuFuanuswiEsunIY ﬁQWﬁELWﬂRﬁJi’N%H\NHQ\WH

2524



v

M3UTzgNINNMITLAVFIALAZUIUNA WHINeIaoATUNL ATIN 12 5211 2560 Ui 14 FuNAY 2560

% a

5. 1@NA1391994

v a C4

@ A a A Ao 4 a Y any d a o
YIS LATDTIANTA NITVUUA ‘qlf’l]ﬁ'gilﬁﬁii Uag WIYNY AANNAIU 2015 NTAATIEHAIYITNIT lel‘vxl'lumaamu%

a9

9 o Y ' d‘ Y = ' a LY a
’ﬁTVfi‘iJﬂ?iﬁﬂﬂ’]11]1?11!‘1’(1“!,!,1!1!51]fNE’NﬂallLﬂﬂ’lﬂ?ﬂiﬁﬂ?igﬂﬂiﬂﬂg"]ﬂﬂ 1.]53‘]23J'J‘]$1ﬂ1§5$ﬂ‘”‘b’1ﬂ

a v A

NINeNaeasUnu ATaN 10 1161 1155 - 1162 nFUNn

¥ a -4

T3¢ 1n3eTgAnIa nssulud glsviasy uaz gy Faiand 2016 MIaan R UTULLUYDIUHY
Fwdouiizassnanameldusadnuuaunulaslfsaden S mema W lufiodwud sy
31 IM3EUNA unnendmeasmans a3ei 54 1 437 - 445 AFUNNA

Aizhong, L., Ning, Z. and Guisen, Z., 2017. Minimizing stress concentrations around and elliptical hole by
concentrated forces acting on the uniaxially loaded plate. Acta Mechanical Solida Sinica, 30: 318-
326

Erickson, P.E., and Riley, W.F. 1978. Minimizing stress concentrations around circular holes in uniaxially
loaded plates. Experimental Mechanics. 97-100.

Meguid, S. A. 1986. Finite element analysis of defence hole system for the reduction of stress concentration
factor in a uni-axially loaded plate with two coaxial holes. Engineering fracture mechanics. 25 (4):
403-413.

Meguid, S.A. and Gong, S.X. 1993. Stress concentration around interacting circular holes: A comparison
between theory and experiments. Engineering Fracture Mechanics. 44(2): 247-256.

Meijers, P., 1967, Doubly periodic stress distributions in perforated plates, Dissertation, Technische
Hochschule, Delft, The Netherlands.

Mohammad, J. and Dlahe, A., 2016. Stress concentration in finite metallic plates with regular holes.
International Journal of Mechanical Sciences, 106: 220-230

Sburlati, R. 2013. Stress concentration factor due to a functionally graded ring around a hole in an isotropic
plate. International Journal of Solids and Structures. 50: 3649-3658

Tenchev, R.T., Nygard, M.K. and Echtermeyer, A. 1995. Design procedure for reducing the stress concentration
around circular holes in laminated composites. Composites. 26(12): 815-828.

Timoshenko, s., and Goodier, J.N., 1970. Theory of Elasticity. McGraw-Hill, New York.

Ulrich, T.W. and Moslesh, F.A. 1995. A boundary element method for stress reduction by optimal auxiliary
holes. Engineering Analysis with Boundary Elements. 15: 219-233.

Yang, Z., Kim, C.B., Beom, H.G. and Cho, C. 2010. The stress and strain concentrations of out-of-plane bending
plate containing a circular hole. International Journal of Mechanical Sciences. 52: 8§36-846.

Younis, N.T. 2006. Assembly stress for the reduction of stress concentration. Mechanics Research

Communications. 33: 837-845.

2525



	203 พัชรี กะดังงา
	204 อนันตชัย ศศิธร
	205 กิตติศักดิ์ สวนสอน
	206 ฐานวัฒน์  ศุภเลิศสุวัฒน์
	207 ทวนฤทธิ์ สหแพทย์
	208 คมชัย  ปวโรภาส
	209 นมิดา ซื่อสัตย์สกุลชัย
	210 อโณทัย  มีสุวรรณ
	211 ผิน ฉัตรแก้วมณี
	212 สำราญ ไชยคำวัง 
	213 เทพฤทธิ์ พระเทพ
	214 ภาณุวัฒน์ สุวรรณกูล
	215 ไตรรงค์ แซ่จิว
	216 กนกพนธ์ นิลสวัสดิ์
	217 วีรยุทธ แก้วเกษ
	218 บุญญาภา หรรษากานต์
	219 กฤษฎา พรหมมา
	220 เทอดธิดา ทิพย์รัตน์
	221 เทอดธิดา ทิพย์รัตน์
	222 เทอดธิดา ทิพย์รัตน์
	223 ชัชวาลย์  พูนลาภพานิช
	224 เทอดธิดา ทิพย์รัตน์
	225 ไพจิตร  ผาวัน
	226 เทอดธิดา ทิพย์รัตน์
	227 วนิดา  สิจง
	228 ปณนัญ สมใจอ้าย
	229 รังสิภรณ์ ศรีเพ็ญ
	230 อินทรีย์ ศรีสุข
	231 จุฑารัตน์ แตงไทย
	232 เฉลิมเกียรติ สอนเสียม
	233 ชลดา  จัดประกอบ
	234 จุฬาวลี มณีเลิศ
	235 ชาติ ทีฆะ
	236 ณัชชารีย์ ชัยศิริจิรสิน
	237 จิตติมา จันทร์อุไร
	238 ศราวิน โปลิตานนท์
	239 วิชชากร เฮงศรีธวัช 
	240 ถิรฉัตร อุตสงควัฒน์
	241 วรรณิศา ผางต๊ะ
	242 นิมิต  บุญภิรมย์ 
	243 ธนภูมิ เคลือมณี
	244 สัญญา  คูณขาว
	245 โชติวุฒิ  ชนะบุญ
	246 อดุลย์ พัฒนภักดี
	247 อำนาจ ทรงศิริ
	248 วัชระ  เครือรัฐติกาล



