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ABSTRACT

Production planning of yoghurt is complicated due to process requirements and varieties of
machine cleaning procedure at different stages. The current situation, staff is making production plan
by hand, which is time consuming and could have error easily due to production constraints and large
amounts of data. This research aims to develop a system to support yoghurt production planning.
Principles of Backward scheduling and Earliest Due Date (EDD) rules are applied on this support
system. Then function visual basic for applications (VBA) is used to create the production plan. This
support system is tested in real production in order to evaluate the effectiveness of the plan and ease of
use.

The results show that the developed support system can reduce the time to create a plan by up
to 90% and the plan is conformed with all yoghurt production constraints. In addition operator who has
basic understanding of yoghurt processing could use this system to make a plan. Moreover this concept
method could apply in another manufacturing having continuous processing and cleaning constraint
such as pasteurized milk, beverage and snack.
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ABSTRACT

The objective of this research is to analyze risks which affect the key process in crisis protection:
a case study of partial blackout. The research was carried out by applying business continuity
management (BCM) to electrical energy transmission. It is found that there are 7 key processes needed:
1) Electricity Generating Planning by Electricity Generating Plant, 2) Electricity Machine Running, 3)
Fuel Using Management, 4) Fuel Supplying, 5) Electricity Distribution Planning, 6) Electricity
Generating and Quality Control as required by the National Control Center, and 7) Electricity Operation
Control and Distribution through delivery points. In addition, the priority of restoring processes are 6),
7), 2), 1), 3), 4) and 5), respectively. There are 6 risks which cause partial blackout and shall be
manipulated in priority order as follows: 1) fuel used for generating electricity does not comply with the
generating plan of the Electricity Generating Authority of Thailand; 2) the electricity plant is damaged
by accident; 3) disaster is caused by the electricity transmission system sabotage; 4) the security of
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electricity system is under the standard; 5) the electricity transmission system is damaged by accident;

6) disaster caused by electricity plant sabotage.
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ABSTRACT
The purpose of this research is to build an innovation management framework for Chula
Engineering Innovation Hub of the faculty of Engineering, Chulalongkorn University. This Hub has an
aim to support and incubate innovation for stakeholders in the organization, which include students,
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lecturers, staff and alumni. This research fist studied literature on factors, frameworks and standard of
innovation management used in industries and academic institutions. The purpose of the study is to find
out quality attributes for developing questionnaire to receive requirements from the stakeholders. Next
these attributes were classified according to Kano’s Model. Then, the customer requirements were
translated into technical descriptors using Quality Function Deployment (QFD) technique. The most top
three important technical descriptors are 1) Collaboration with governmental and private organizations,
2) innovation strategy and 3) system to support collaboration within the faculty. Next, Idea generation
which suits the hub was studied. Finally, the innovation management framework for the hub was built.
The framework consisting of 3 phases, are 1) phase for generating mindset, process and skill of
innovation, 2) Practitioner phase to creation of innovation and 3) Commitment phase to spin-off the
developed innovation to commerce and society.

Keywords: Kano’s Model, Innovation Management framework, Quality Function Deployment (QFD)
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Uszidunamn iszian BliFi ) m K A Final Importance
a Importance Importance
CRO1 A 4.63 0.687 2.000 2.84 13.18
CRO02 (0] 4.13 0.764 1.000 1.76 7.29
CRO3 O 4.06 0.634 1.000 1.63 6.64
CRO4 (0] 4.27 0.607 1.000 1.61 6.86
CRO5 (¢} 4.70 0.726 1.000 1.73 8.12
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CR09 0 334 0.724 1,000 1.72 5.76
CRI0 A 4381 0.709 2.000 292 14.03
CRII A 471 0.791 2.000 321 15.10
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CR24 E 371 0657 0.500 129 478
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ABSTRACT

This research aims to design a method for man-power planning in a Telecom service branch to
serve all customer demand (under hourly interval time). The research starts with studying current
process of man-power planning, then analyzing data to define statement of the problem. Under current
method, it is found that there is no standard method for service branch manager of each location who is
responsible for man-power planning. Since the planning method is purely based on branch manager’s
skills and experiences, some service branches have no enough man-powers to serve their demands. In
addition, the branch managers must coordinate with the head office then there might be some delay of
information updates or exchanges. As a result, the current method is not effective and efficient. In this
paper, method for man-power planning is proposed. The proposed method is comprised of 4 sections:
Job demand conversion, Shift scheduling, Working days off optimization, and Lunch break
optimization. The linear programming technique is applied to determine Working days off and Lunch
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break problems. The output of this research is a standard process for man-power planning in a Telecom
service branch. The proposed process is embedded with decision making models which can eliminate
performance gap caused by human skills and experiences. The proposed method can be effective and it

can be implemented or applied in real operation.
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ML Estimates of Distribution Parameters

Distribution Location Scale Threshold
Normal* 710.65707 472.75732

3-Parameter Lognormal 6.86034 0.46335 -346.90380
2-Parameter Exponential 711.28730 -0.64023
3-Parameter Weibull 1.73395 —&.
Smallest Extreme Value 958.66516 500.71754
Largest Extreme Value 489.18379 376.873811
3-Parameter Gamma 1. 372.50960
Logistic 674.60623 275.88877
3-Parameter Loglogistic 6.72467 0.32130
Johnson Transformation* 0.00314 1.01266

Shape

14566

—-22.73635

-225.90768
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ABSTRACT

Axisymmetric free vibration of fluid-filled clamped membrane under constraint volume is
presented in this paper. Differential geometry is introduced in order to compute the membrane geometry.
Energy functional of the membrane and internal fluid are derived in terms of displacement from the
principle of virtual work. Natural frequencies and mode shapes of the fluid-filled membrane can be
obtained using finite element method. The membrane is simulated using one-dimensional beam
elements described in spherical polar coordinates. Numerical results indicate that the axisymmetric
mode shapes of the fluid-filled membrane under constraint volume condition and initial internal pressure
are similar to the empty shell as well as available data in the existing literatures.
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ABSTRACT

Thin films of molybdenum oxide (MoO3) doped cuprous oxide (CuxO) was fabricated on soda
lime glass substrated by casting coating technology. Hexagonal molybdenum oxide (h-MoO3) was
synthesized by a solution based precipitation technique. Analysis by X-ray diffraction (XRD) confirmed
that the as-synthesized powder had a metastable hexagonal structure. Scanning electron microscopy
(SEM) images clearly depicted the morphology and size of h-MoOs3. The morphology study had showed
that the product enclose hexagonal rods. From the color measurement, the result of the color changes
properties showed that 100% MoOs was white colored changed to a blue color and the 1% Cu,O doped
MoOs was light brown colored changed to a light blue color when they all were exposed to UV
irradiation. The optical band gap energy was estimated from the Kubelka—Munk (K—M) function and
was found in range 2.25-3.15 eV. It has shown that this convenient and efficient approach could be
applied in the mass-production of functional powders and films materials.
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ABSTRACT

In this study, Response Surface Methodology (RSM) with the Box-Behnken design is employed
to evaluate the effects of factors on the cycle time, salt content and sulfolane content including the
optimal settings of these factors. The results from RSM analysis indicate that the optimal condition of
sedimentation step is flow rate of 1,115 kilogram/hour, speed agitator of sedimentation tank of 0.5
round/minute and waiting time of sedimentation of 0 hours and the optimal condition of distillation step
is pressure of 30 mbar, temperature of 180°C and speed agitator of vertical dryer of 20 round/minute.
After improvement, the cycle time of sedimentation step is reduced from 12 hour/batch to 9.406
hour/batch. The cycle time of distillation step is reduced from 12 hour/batch to 9.6393 hour/batch.
Moreover, the salt content and the sulfolane content correspond to the factory specification.
Keywords: Optimal Conditions, Response Surface Methodology, Box-Behnken, Cycle Time
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ABSTRACT

The purpose of this research aims to investigate the factors affecting foaming of foam glass
performed with two substances which are Potassium Carbonate and Sodium Carbonate at the same
operating period and temperature. The best foaming substance could be found out by full factorial
experiment. The study is divided into two main parts. The first one is an experiment on the appropriate
size of the glass powder then finding the factors and the finally is suitable condition for foam glass
production by response surface technique. The considered factors are the formula used in the foam glass
production, the soaking period at a specified temperature and the temperature in foam glass burning by
Minitab Program at a level of 0.05 significance. The statistical analysis shows that the appropriate size
of the glass powder is 75 microns. The recipe to produce foam glass must have Potassium Carbonate
ingredient since the substance could be disintegrated at a lower temperature compared with Sodium
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Carbonate thus better inflation could be formed. The suitable temperature period for foam glass burning
is 840°C and the soaking period at this temperature is 20 minutes.

Keywords: Foam Glass, Factorial Design
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Respondse Surface Regression: Density versus Formular, Time, Temperature.

Formular”Temperature 1 21956 21956 404  0.048

Time”Temperature 1 12693 2693 234 0.130

Error 81 440139 5434

Lack-of-Fit 9 180861 20096 5.58 0.000

Pure Error 72 259278 360

Total 89 14737115

Model Summary

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

73.7144 97.014 96.724 96.234
Coded Coefficients
Term Effect Coef SE Coef T-Value  P-Value VIF
Constant 14809 576 25.72 0.000
[Formula 1191 596 118 5.04 0.000 57.72
Time -3.32 -1.66 9.55 -0.17 0.862 100.72
Temperature -62.64  -31.32 1.34 -23.36 0.000 417.63
Time*Time 0.722 0.361 0.165 2.19 0.031 49.00
Temperature™ Temperature .034042  0.017021 0.000785 21.68 0.000 410.63
Formula* Time -17.24 -8.62 1.90 -4.53 0.000 8.00
Formula* Temperature -0.528 -0.264 0.131 -2.01 0.048  52.72
Time* Temperature -0.02457 -0.01228 0.00804 -1.53 0.130 57.72

Regression Equation in Units

Temperature

Density = 14382 + 1229 + 0.56 Time — 0.21538 Temperature + 0.00361 Time*Time + 0.000001
Temperature* Temperature — 1.724 Formula*Time — 0.00364 Formula* Temperature — 0.000008 Time*
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ABSTRACT

This paper reported physical and mechanical properties of cement composites blended from
white rice husk ash (WRHA) and short single-walled carbon nanotubes (CNT). Twelve experiments of
10, 20 and 30 wt.% WRHA and type I Portland cement including 0, 0.05 and 0.20 wt.% CNT were
carried out with no-water curing and 28 days water curing. The water to binder ratio (w/b) was 0.4
throughout the study. The performance of the cement composites was evaluated by conducting the
following tests: bulk density, water absorption, volumetric drying shrinkage, resistivity, Shore hardness
and compressive strength. X-ray diffraction (XRD) and scanning electron microscopy (SEM) were also
used to characterize specimens. The test results showed that the highest compressive strength belongs
to 10 wt.% WRHA with 0.20 wt.% CNT of 36.45 MPa. XRD analysis showed pozzolanic phase of
hatrurite while SEM technique displayed dispersion of CNT. The specimens with CNT provided higher
bulk density with reduction of volumetric drying shrinkage following the increase of CNT content.
Moreover, higher content of CNT resulted in higher water absorption and reduction of Shore hardness.
Keywords: Cement composites, Short single-walled carbon nanotubes, White rice husk ash, Resistivity,
Shore hardness

° 1Y 1 F = I 1w

1. Uni wag 20 dnsraIuIaeluduumnny 0.50, 0.40

Ta9u anannssuneaZiaiinsueiodanie 40 032 wudniietduidiunauaiiideda
o . N I o &

wspgnInInmsaivayuvessy 39ldumsiteonay  (Compressive Strength) tnuvuony 91 1 a1

H v Y .

waniaarialml q suun itoaouauodoany  Masoaiuwiienlgizeneslyaiin deanly

' g 3 § o 3 9 Y= 5

#oemsvesdus Inalumsneaiis Taguanididgio il a.¢1. 2012 Khan et al. [5] lad@nuimsaauaniig

Aeum3a udifesnAoumadilidu Az VesdunadenTamiudunauumuiiududlunes
vy : ’ Y g a9 ¥ 3w

[1] foiu 33 18nnanuaaizandumulumsaaa 919 nudnamawnaululSinaiesas 25 vewinmin

' o v w 2 1A J
asuniaulasiulasnisviisaarianladlunin amasealndifesnazdnnfiyuduadin uay
Y= < o v w
MINYAT 19U 1§ wnavv1d (White Rice Husk Ash, Kachwala et al. [6] ldAnbinnuudanaz disaves
WRHA) titowunuigudud 1uil w.a. 2559 Apunsa laenaudwnaunuiudud ndesas 0,
¥y ’ v 3 o g

Yszma Inefidlefimzilgndiatonun 75.91 dhuls 5,10, 15,20 uaz 25 Tashwiin dumiluna 7, 14

1nanaa 36.62 S1udy naznanaane 14ty 482 1A 28 TU HUNAIANUHUIUULATAINAIEAVDN
i1 H H Y

Alansw [2] #evedunaniimasnnnszuunsadn Aounsatiaanas ennuiwnanlulSuuigan

1w Femas Fa3r0eusndndeaunaz wasmimidedaulsiuauiverginvesnounia

1 £ 1 v 1

' ] Ao A < @ = a P!

NINeINTY5ZMINTIRIE LAz TUNTeINNTZTVIUMT wenaniiduiiiomn Tumsuouguihifagdnsilaniiei

omdade idunau Fuiludefiazneldifauanig vimlinlpanifvesTaguanduud Tumsiinnly

] ! < (3 a . v W @

medandon ieandymidindnieldimaudgy  IuANaIUNSY (Reinforcement) AuTaguaniwg
] wa Aa A A1 o W = '

unavilszgndldilse Tomilunngaanssu gy andannaiifdenlasiinihidas e 100 1
’ ' v ~ 3 o A =R VA a ) 3

gadmnisulanz mitlesnuunas fagnoasinimin wazihhminfinnndine 6 mitenfSsuiieunuman
va @ ' ' v A '

w1 [3] F3noudl gammnssuniseaadguu’ldl  sazInauAnnad a1 lugdaiandu
v 1 o 2 = .

g mnIIuFudazaounia uaziididgyfe ns  (Young’s Modulus) Arniaausanaq (Tensile

ISl 1 o v a

i1 udumanlumsnaaneuniamdigs wa Strength) uauniny 1 migwanaa uaz 200 anewia
Y @ o w ' 4 = A < o

MIAnYIveNinITunouil 9y Sensale [4] 1dann  Aa Awddy [7]ewTunisueutegnideniiluda

a o o a 1 a J

aounsamaigelasnauswnay lulSuwdesas 10 s luTagudanvatoyiia sy Tans [8] neduwes

116



=

Y
[9] uazis1iin [10] uazueniniithinideldviine
4 =2 ao o A
W TuAsUeUINANY1 Naaod 398 tazlSuljeaniia
1 v @ = A a o a J
AN ) NUITNTNBINUA N uasuusIReneu Tu
4 @ ] awo . .
M UBU A4FU 1UIT8vee Chaipanich et al. [7] 18
Anmauiamdidanas Inseadnganinveiganan
- s Y L 1 ¢ A @ 2
FUUALAZUOTATNUNOU TUMT VO UTHANITINA 18T
(Multi-Walled Carbon Nanotubes, MWCNTSs) #
y "Ta a
fovaz 0.5 uay 1.0 Tasvimin uaz liduuazi@d
?,’ Y =~ g 1 I
aoviovay 20 Tagrmiinuauua twilune 7 uag
28 fu nunmmasea WeodulTinadiassiesay 20
a ' s ] A '
wazTuimveaneuTumisueuiosay 1.0 Norguw
28 Fu iauniny 51.8 wngwiada uaz Inseaiie
] Y Y
90m1A 1Ae3INTAMUHULUUALIY uonaINTiTeae
= J o ] J a 1
HANBNUANUNoU TumMSuauYtia MWCNTS wuin
1 Y
finnunsuanasuaz Inselvg (Mesopores) Mnaiu
' v & v T T
sevnalalaasFunanasderunu weanlsum
] 4
nourTumsuewiinayy [11]aeu1 Huetal. [12]
o v w o v w o a s A ]
AnvimddanazaianvesiaguanFudniaune
wiluaiSveuyiia MWCNTs taz MWCNTs-

¥ 1 o o
COOH 151mafosaz 094 0.1 Tasimiin wunmaa

A X

anvoiaquinIwlody MWCNTs Tuaymzhaimas

sarftudwifeudneonini uazTaseadegamaii
Usingzuguivuia 2599 50 luaseu uazsruiug
wjnanasduiomudreioun Tunisueunidessiia
Fanuautianunatag Inseaderaninvesdiodis

s s a ' s A
FuuanaaMaunou1luasusuyia MWCNTSs

v W

1 % L% o
Tuagia5esad 0949 0.2 Tagiiiniin 1¥f1899av04
- ¢ s A X g o o A a
FHUANTAUNNVUTOOAS 22 ez 15 aua1ay oy

' 7 { oA o
vowrTumiveunsesaz 0.1 Uuh 7 uag 28 Hu [13]

9
(%

KU TR CYRRLTE

@

Ha o s A = wa
pHlIagszaeniiefnyIaNIA

o = 7 A ~ T ¢
voulaaNauTmua NNYuamualesauaud Uszian 1

Y
ll,agl,fsljﬂlﬂﬁ1J5IJ1’J%”Iﬂﬂ”l‘ilN”l‘VNﬂWEJ'ﬂa\W”lﬂﬂWSﬁW

@ o S

X a I J v A
womawniuiganan lasiineu Tumsueumiu@e)

a

o

A ¥ 3 o A & o \
%uﬂﬁmﬂummimgﬂ G]f\?ﬁ']il'liﬂu']llﬂWWH'lf;fﬂ']i

79 Y o o (i~ 3 o S
Uszgnaldlunouniamasgeaniiminm uaziiu

EY

117

Engng.J.CMU.(2018) 25 (3)

puamelumsnandaanaudiuud iesrvaauaniog

2 A 9 ] o @
nndaviae l4uazyelszrdanasau

U

2. MIAVUUNUIY
2.1 Jaqilaluanuise
o A a0 & ) a e
Fagnliluaiseiilsznendie Yudmudlesa
uaud UYsziani 1 (Portland Cement Type I, PC)
iunaudv1n (WRHA) 1inTsed@dinludania
a o <
us1ina Tagriunuaaavuiagieniiouavuiaan
. 3 o Y < '
(Jar Mill) Huran 3 ¥ lus udrdavuiainnii 45
o { a o
Tuasou aenaaclugdn 1 (n) vazgdasizy
parisznoumanliveudnauduaie3s X-Ray
Fluorescence (XRF) aalua15199 1 nagnouilu
J @ a g’; .
AU UNIIIAEITHadY (Short Single-Walled
@ a o J ~
Carbon Nanotubes, CNT) svawaanum SS1240 ¥
Y 1 J =
idurugudnaameuenuazaiely 1992 i luwas
naz 0.8 09 1.6 urTuwas mud1au Aue 1993
=) a Q" T Y [ 4
W lumas BANUUTEN5 wnnNiosas 90 duaTizH
4
YuA1075 Chemical Vapor Deposition (CVD) 130
~ ' A o A '
Fonnmsanazanlondl dwdadlugli 1 @ neun
J v ¥ o a R < £ Y
TuasueumivyuaeIviadu Janyuziduidu I
1 I @ v W T 4
nazegiauiluta (Bundled) danuuiiu uaziijo EDS
anJnaiuves CNT lisgidondnne Cuazduieilu
Y
Usingae Cr, Co, Fe, Si, S, Cl, O nazi1lszil
1 I o ] 4
azoralumsnasitluarediauned
2.2 asnlszneumaniivesaguszau
HAINNTAATIZH 09A Tz AR UM AN vE BId
unavwNn Isaaim lusaiausina ae3sminn
@ 4 X = @ {
uaeiedmond (XRF) nunetSina duaasluaisiei
a aa . <
1 fi5uuvesdanoulasenlyd (Si0y) nazivan
ponlad (Fe,05) 5ounufovaz 91.68 Husuimues
unatFeuean lad (CaO) minusosas 0.76 uay
9
Y3una Climdudosas 0.12 a1y 1dwnauv191n

TseddmtiauiaieufelanuiagieaTeaiu Class

[ 9
F 9linasiunavinaved SiO,, ALO; itay Fe,Os



a. dunsurdé 2. Inuneoviav N. Tegosseu lla: a. duulama

wnndidesaz 70 muiidimualumasgiu ASTM
C618 [14]

5um

51U 1 Jagauild (n) idwnavanifavuie uaz (v)

1 4 o gﬂ a g‘/
71911 TUAT VUM IF LRSI ¥ AT

a s ~ v
Ms1an 1 f‘)\?ﬂﬂisﬂﬂ‘ucﬂ']\uﬂllsllﬂ\uﬂ']l!ﬂa‘ualﬂ'l!Lag

A 4 {
Yudwuaosauaua Uszian 1 42675 XRF

Chemical Composition V&?}Sﬁint thoé)
Fanoulaoenlud (Si0,) 91.55 | 18.29
uuniiideuoen lad (MgO) 1.14 -
avgitfionoonlad (ALOs) 3.18 | 4.96
Woanesa'lnseonlud (P,0s5) | 1.72 | 2.46
Twumandousen lad (K20) 1.16 | 1.42
unaFeueanlad (CaO) 0.76 | 67.88
wamilaeenlyd (MnO) 0.24 -
manoean lua (Fe,0s) 0.13 | 3.52
ﬁmﬁﬂgﬂujmwﬁmm (LOI) 2.06 1.47

G U | % \J = d d
2.3 MSIAIYNNIBENINAZDNT A IUTIUUAINAA
@ 1 = = J 4 4
dredruessnnnuiauudilesauand szian 1

1B1LAAVVII AN 3 TLAY Ao Sosaz 10, 20 uag 30

118

Tﬂ&lﬁmﬁﬂﬂ“u?ﬁmuﬁuaﬂdviauﬂuﬂﬁuauwﬁq%u
Borwiadudosas 0.05 uay 0.20 Fsasdamide
Jaaiszau (w/b) 0.40 AsiinapAnIsANET Myua
dny ‘sl Sas1aIuveIdIet1sL daan ety

A13199 2

@

1 o @ o : o g
ﬂ1i1\1ﬁ 2 ﬁfllu ﬂ‘HmLLﬁxﬁ]@li1’:.1’.]1&%16@@’3681@011‘!‘?!
(%)

Code PC WRHA| CNT
PC 100.00 - -
PC:CNTO0.05 99.95 1005
PC:CNT0.20 99.80 1020
PC:WRHA10 90.00 | 10.00 -
PC:WRHA20 80.00 | 20.00 -
PC:WRHA30 70.00 | 30.00 -
PC:WRHA10
-CNT0.05 87.95| 10.00 | 0.05
PC:WRHA10
-CNT0.20 89.80 | 20.00 | 0.20
PC:WRHA20
-CNT0.05 79.96 | 30.00 | 0.05
PC:WRHA20
-CNT0.20 79.80 | 10.00 | 0.20
PC:WRHA30
-CNT0.05 69.95 | 20.00 | 0.05
PC:WRHA30
-CNT0.20 69.80 | 30.00 | 0.20

Y
Tuvuasumsnasdltognaliiidinlsensuves
[ o 1 U o '
asendanveaudazarunauadluiinnes 1dumaudiau
a ¥ ]
Tidnu duinlsethazetnasludr Igunauiiauld
v A 3’, 4 [ ~ I 4 =3 o
WA udNAse wazie Iaunaun Idiihuilo@enu
A 2 [y A a Y 4
PINTIVY fretAToanausialFunanszatonau
(Probe-Type Ultrasonic Processor) 8% o Sonics
Model VC 750 1dndea1uveanausansiloinn
¥anieveananesay 50 narnlylunisdudie
2 o a I A
aaudans lwiinlumsmawiumal 5w ienay
Fovfosudd unlanfhivasnsanszueninglrs PVC
a9 1 o a a a a
uguFIUgUEnan 15 yaaas g9 30 uaauas a1y

gas1dIuANUgIRoIdurIuguinalnes ASTM

Y Y
SR

C39/C39M [15] fimelumdeii Tasused'ls

< o v ' A a A
1Wuan 24 ‘])"JI?JQ AIYLAUDSQUININUI LNOATY



AYUADDAAIDEIIDONIINULUNAD UUIAIDYIY

< 3 A @ 1 A 3 a gy <
pantilu 2 nqu Ao drednnunluihgungideuiu

U

=2 va

a1 28 Fu nazii livy asusmumit T fnyaud
nMemenuazauAnanaisasizen'’ls
2.4 35MInaaou

§red19Rtiuasy 28 Su winaaeuauTANI
monn laun ﬂamwmmiumuuazmi@ﬂ%ﬁmm
ASTM C642 [16] anudrumu lnlihsune uazia
MsnadnuUuRuFsuasszeznal 6 §lad
dmSumnianiana 1dun msnaaeuanuudres
(Shore Hardness Test) & hein30e Hardness Tester
(EQUOTIP ju CA 6525) uaziiaioanin ASTM
C39/C39M [15] uaﬂmﬂﬁmnimqﬁ%ﬁnamﬂ @
MNANEANIIAMIDIANATOULDLFDINT 1A (Scanning
Electron Microscope, SEM) uaﬁmswﬁﬁ]mﬂu%
(Mineral Phases) ‘*7'1Lﬁﬂ%uiuﬁaadnﬁﬁwﬁﬁﬂqaqa
ﬁ'aﬂmﬂﬁﬂmi(gmmuﬁ"ﬁmﬂcﬁ (X-Ray Diffraction,
XRD)

3. wanazmsenlsismanisnaasy (Results

and Discussion)
3.1 ANNHMUUTIN

A19619gas PC:WRHA10:CNT0.20 #A1n2u
WuUusINgega 1,960 AlanfuaegnuiAniung
v3sFIe Ay WRHA naz CNT fimeglusag
1,920 i 1,960 Alanfuaognuianuas uavinla
WRHA 1iu¥eoaz 20 nag CNT J3uamiilaiaiw
danaldnnununnivasasegluyie 1,750 99 1,850
Alansudegnuidmuns delugdd 2 Faaranu
‘HuWLL‘ljUE’mﬁﬁf’hﬁjﬁ@fﬂﬁlﬁﬂﬂﬂﬁ}ﬂﬁfT‘]Jﬂﬁ‘lriﬂﬁ"JLL‘]J‘U

SAA v 9

uruFalsnesvesigguauduuaniiaimsadios
= =2 o Y1 o v o A dﬁl 9y 1 = @
nga 3 iaifdegala1geavuaIe 15 ReINY

1W3teued Chaipanich et al. [7] ladnuauiadas

@ v [ =) o JY o

dauaz Inseadganmavesiaguanduduazuesms
9

Aunew Tumsveuriamisnaissyu nunammaesa

9 a ' A 2 A
LlagTﬂi\1ﬁﬁ'Ni]afT]ﬂIﬂﬂijnﬂﬂjqﬂwu’llluulwumu 53]

119

Engng.J.CMU.(2018) 25 (3)

wuneurTunisueunazidiaseaslluiaanan

a % sy
FHUALRSNDINTT

2300
2100 4
1900 ~
1700
1500 4
1300 4
1100 4

Bulk Density, kg/m?

700 A
500 -5

Type of Cement Composites

A T @ = 4
31U 2 AnuMu NS INVR IIINA NN UA
3.2 msvamunuuudasafFnag
gregeauaumInadulenyalinng
mnga (Fooae 4.62) luvazidrog1eaninay CNT
H Y H
wag WRHA anasamday (399 3) asiudrednan
Y ) =2 ~ o Y A y A a
WAUIAANIADITINNITHAAINDINGA UUADNITIAY
v 1
Tagadosrioanmsvadl lnod19d ouiiesnnmsh
Ugnseneslaaiu [1] ildanunguanawuas Inss
A4 a 2 Y Y
vinalvgninavunielulasiaineganinanaiaig

1 o A a a ' 4 A 2 %
Uiy iworandsuaneu Tumsuo NNy ¥4
doanaodnulumasr1uves Nochaiya and
Chaipanich [11]

3.3 msgaduimn
- 2
Tunmsaudiedrsniugu (PC) Iagaduinios
{ ' lq 1 H '
qa vuziareg19nld CNT gaduiiiinnii nay
' H ~ '
dednadnaugaduiIniga Taommigngy
9
fMedrnaunigesne PC:WRHA10:CNTO0.05 an
= 3y gk y A v ¥ A
Fulanedoony 14.50 (310 4) Aaiumsnarunay
Ka = 3 A A A o '
nuAIMIgaFuIge NavmesnInmeluiiedied
' v Y '
(Matrix) 3 Twss91nnew Tueg i sdurudr 114

Y
ﬂamﬁzmﬂamwwmmﬁu



Togossru lla: a. duulama

a. dunsucds 2. INUNOYIAY N.

<t B T B3z TR e = o =
Z 5@ & 2 <« & g &2 %,
E ~ < e ®© M Nl i m 5 .@.«\_o..a
Y -
= = 2 p 5@ z 2 5 £ % 4, %,
5 zZ S = 8 9 2 & ¢ = o %, Y. Y.
= o & e Z oo o»w ® = Z = 2, mwv 2 @
g = T €& =2 2 @ % L 1 2 -5 o W, O Y, 2
M, S .dm > = & =2 T -W == .am = o @, \_OQ «v&\NQ m
. £ = s 8 Z v 5 X o= =8 £ g %r, 7 8
——— Ef 3EfEizEfEcd | o, " S
= & » 2 E & @ ' 3 _6 o L= g Gy 7, 5, 8
5 2 2% 2.5 T EEXEE RE 4 G, % ¥ B
g Nt z z @ & = o = e oo B . 2, &\N E
b5 E 8 pTE B 5 o7 R H = o “E, O
&} g S 2 g »n L B & = z o= © Q«v&\\ %, w2
T .2 L= 2 8F2c=E€0 g3 "o, iy S
8 3 @ — 2= E o & e o, .
i 2 ELZEESG . SE ST w sy, B
c 2 2 1 ok g = &8 £ 2% 2 .Z o, Y.
& s 22 8 = ¢ 2@ = =2, € 5, %
W T = T = © = ® = W2 N2 ¢ o G,
= e = @ = m 2 e % o 2 %, %
E 2 E P e 2wz © = LY
T Upl) = m = Qm < = 1 3 m = P M . v .Ocs
R e z L 3 2 R
Vo F oen Aol A= e = o~ = & = e (] ] (S — —
SSOUPILY] 210 wn e s Z W == WIW-T5 A KHADSISTY
: 4 -
UpIEH 21043 3] T o~ % O — B T2 = A & T
— - —
iz \\\\\\\\\\\ & m < m dW &
= ., : = ., EEECEE
; 9 © 7 33
G, <, ", 2, BRI 5, ©, . 22z g2 ¢
< = = = 7 7
7 (= 7 Y, b R
B, =, 2, %, 35 I, =, ", %, = S zEe=8 %
&, S ® - ¢ K = o - °&= e @
G, <, 0, %, & G, <, 0, %, 5 5 = &8 o &3
. 7 2, '8 7 9, = © c - < g
B o, %, L = B, 0, %, 5 % Lo ER
) 2 2 g @ .
. s, ) 7 3 o~ =
B, o, 0, % & S e A TaehEg d
a 7, 7 % ..~ — —
. 'y h-] = 2 (7 O] - K=
e 9} =~ = 7 2 EXS ~ " bl =
i Wﬁo&ﬁa S % e K &xﬁ.e &m ﬁm g =2 B2 5
E v 7 k (=3 |-~
§ Q\.w» ' »W‘ W m § (22 5 rw» tm mm .dw % m Q ﬁ m
; o 5 7 W@@Q s Z 2wz C©
e RSO @ v, & £ gl 3 EvEoE
g 7 ~ 7 <% 2 @ -q —om
Gy =, = G <, %, w @S B o< o B E52
: Y. 7 = v ) = i ¥ TE e
BT, o, o, - ) 3, > 2 2w Z gwm’3 2
no.._t,.w.._v,l__.ayq‘/_%n_u v uﬁ [ T =T T = N V- B mﬂmwnﬂvﬂdmﬂm
= el a —_ - = = A W mu m
9, ‘@3exyuuyg smmawn|op Sukiq o, “uondiosqy 1a1em M m Ww Qﬂﬂm 2 = =

$VOITAANANTIUA

@

517 6 anuduau Iisumn

a9

120



3.6 Masoa

Tudediingy CNT nie WRHA od1ufeni]
AMAI9AAADIINAI0E19AIUAN (39 Wz WIdna)
Usznmdooay 12 69 28 wag 20 fe 31 awdeu (31
i 7) umiileraneaeasufusanauniedovas 7
Tastmnizda0819 PC:WRHA10:CNT0.20 fia1
36.45 wnzmiafa wazabulsanfufuaIaay
uilswes erruANdnsnademasantuilisd iy

9
@

nuthumszfaedesTrandesldinaszeznils
Suimmdisatuunld aeandesfuaniseves
Chaipanich et al. [7] wuhmmgasaiuy ey
BanadassuazSunavesiomn Tumsveuiiong
28 $u TiAwify 51.8 wnzmnasa wenvinil Xu et
al. [13] fTawm'maJ‘ﬂ”ﬁmqﬂauaﬂﬂﬂﬁ%’w@amﬂmm
Suudmadimudionou Tumiveusia MWCNTSs
TWhdsavesdwudimadiauiow Tumivouiieny
1 7 uaz 28 Fu riuauevas 22 uaz 15 audie
U

3.7 Igmansilsznen

g1

=Dh.

a J o
NAaNT13ILATISHUANITD

PC:WRHA10-CNT 0.20 fifimii1dasagegaiu 28

Q

Wy

1 #28 XRD nuuswesauaud laa (Portlandite, P)
vsouaadonlaasonlad (Ca(OH),) nazuang lsd
(Hatrurite, Ca;SiOs) auanglsd Idia5ulidaediall

< I 2
ANULUILIINTINUY ﬂ\?lm’ﬂ\ﬂl‘lgﬂ‘ﬂ 8

121

Engng.J.CMU.(2018) 25 (3)

70

BNon-curing  BCuring 28 days

60 1

Compressive Strength, MPa

Type of Cement Composites

51 7 dedavesTaguandud
C\mﬂb\ PC:WRHA10:CNT0.20
ool P| H“WP P = Portlandite
o P'"w: " H P HH = Hatrurite
W"’ ‘113' L/ i .,"\N P
100- il l'\“ ”'\“T”"’\“’W-‘.:“ iy
1IN
e b 30 ! 70 80

40 50 60
Position [?2Theta] (Copper (Cu))

gﬂ*‘?i 8 madumsiaenuusIdonduedings
PC:WRHA10:CNT0.20 91g1i1 28 U

3.8 Tnssadegama
a '8 1 a g
MMIAATIZHIINATNA1B9A NI TAIBIANATO UL
I
doansanuInilon1eg1s PC:WRHA10.CNT0.20 &
5Tusa (V) uazdouvesunadonlaasonlad (Ca) ¥
A o I [ ~
Nanyaziludoulvdvnaiu (310 9 n uaz v) noin
o Y @ 1 J o A a

vaulagiiluduiusounou Tumsuouniufedviia

9 1]
dudaaanu’ld (319 9 v uaz a)



a. dunsurdé 2. Inuneoviav N. Tegosseu lla: a. duulama

31]“7'; 9 mumelnseadinganindianaseununden
N31AY83A79619 PC:WRHA10:CNT0.20 01¢1i3
28 Su fisidavee (n) 5000 w1 (v) 10000 i1

waz (n) 40000

4. wnayy
namsnaaeumnAtaaNaNFNUANan I

1 @ ' J v & a
UAAVVNINAUTINADNOUT TUMTUDUNUIFUIRIFIIA

122

fu fisidedaiinde gas PC:WRHA10:CNT0.20
way PC:WRHA10:CNT0.05 o1g1n 28 Tu
Tagianiza19619 PC:WRHA10:CNTO0.20 3if1
M0 FIFA ANURUIUUIINGITA LAZNITHAAD
spuuruFafsuasieege miny 36.45 wngmdna
1,960 filanfudegnunaniuas nazesas 1.26£0.77
Ay wag Tnseafugaminvosiagraniuud ¥

v
v v A v J

MaIwANNANUTUNUTAU Lﬁmmmﬁ}umaumnuax

9
Y

1 o @ = a g; 9 A
nou1 U veuNI s uAeIrtiady 1 T ununluy
1 ' o Y A a ds!
09719 Ianungunay Tnssvnalvginaau

v Ay

melulnsediteganinanas TuvusNnouve
= S A o 3 v v Y
upaweulaasonlesd nidavaziludonlviviaiuy
o 4 L 9 9 1 14 Y]
funesavau ladiludusiusounam Tuasveumiia
a A ¥ 2 a o Yo o 1 =2 ¥ o oA
Rewiadudaaanu 3 dimsuamnmsgadunidiediai

v = 3 A ' < P}
HAUA N UYATUININNNZANAZAIANNLAITD T TTDY

Y

g0 Taommmznquaied 1 anauny WRHA uag CNT
fila PC:WRHA10:CNTO0.05 gaguiirldnedooaz
v I~ 4 1 T W o
14.50 uazamInNuuIa¥e3s AN 275.3 audiny
wazaanuaumu s unzdiedialaneulu
o o ?x’; = a 3’, = o A ~
s voumiarResiadulnsi lWihng luvazi
iwunavvnddruaivayuliaudiuniu
A 2 < o ' wa 2 o 2
Y edamadiegaauiianuu Iihunnuy daiy

va o =

mﬂﬁu‘uma@wﬁummuﬁwﬁmmmﬁ'mﬂamnme

k2
a (%

v

$auiue 1 TuAIs Ve umITIT WA ¥ AT A 10150
o @ I = o o w A %’ @
e uiluaeuniamaidaganiiminu uay
o ] 1 1 14 3’/ o A 1
M Wi 1degraudnnem Tuasveuiudiisiniae

[ A [ "y 1A Y <3 I 1%
nilengeed uadgldlsmadesnmusailuiag
= S A A A A < U a o
FUUANVANTANABAD LYILNTIALTFNINAITUN

= o L ]

hd Taomwizii lulsggnd ludulseneuvionae
< o Ao 1 a @
iuwasaulszy i ntiduunawdaninndeau

a J
Y NRENTIGH]

5. fnAnssuilszma
ANZHIDBVOVOUAM A1V1IAINTTUYAAINNT

a o a o
AUZIAINTTUATAT UM1INGIABNA 11 Tads1vuna



Engng.J.CMU.(2018) 25 (3)

Ao a a ' Y ' e o s A {
3790 N1AIWIIAINT TN ADILTAZ Ta9 1Az 1Y pyATzHtazaivayuglnial nseie anwilums
a o ~ a @ @ ' Y o A aw H g
FJVYTIAUNAUALUASUIANTINITANDTI NI AU autumsIveluaseil

a s a o a s A
AAINTTUAITAT UN1INYIAYAIVATUATUNSG T]Ulﬁ}

1PNA1591909

[1] Tonnayopas, D. and Suwan, C. Properties of Koh Yor sandstone aggregate concrete blended with
Song Yod rice husk ash. Ladkrabang Engineering Journal, 2015; 32(1): 55-60.

a a a o a J. oA
[2] ayiinet duwia. Aanauazdnenimmsnaniiane. [szuvesula] uwasiu: hitp:/www.dft.go.th/

LinkClick.aspx?fileticket=p6iLTgSSD_4%3D&tabid=401

[3] Tonnayopas, D., Tekasakul, P. and Jaritgnam, S. Effects of Rice Husk Ash on Characteristics of
Lightweight Clay Brick. The 2™ Technology and Innovation for Sustainable Development
Conference (TISD2008), Khon Kaen, Thailand, 2008.

[4] Sensale De, G.R. Strength developments of concrete with rice-husk ask. Cement & Concrete
Composite, 2006; 28: 158-160.

[5] Khan, R., Jabbar, A., Ahmad, 1., Khan, W., Khan, A.N. and Mirza, J. Reduction in environmental
problems using rice-husk ash in concrete. Construction and Building Materials,2012; 30: 360-
365.

[6] Kachwala, A., Pamnani, A. and Raval, A. Effect of rice husk ash as a partial replacement of
ordinary Portland cement in concrete. International Research Journal of Engineering and
Technology, 2015; 175-177.

[7] Chaipanich, A., Nochaiya, T., Wongkeo, W. and Torkittikul, P. Compressive strength and
microstructure of carbon nanotubes-fly ash cement composites. Materials Science and
Engineering A, 2010; 527: 1063-1067.

[8] Nai, S. M. L., Gupta, M. and Wei, J. Development of novel lead-free solders composites using
carbon nanotube reinforcements. International Journal of Nanoscience, 2005; 4(4): 423-429.

[9] Coleman, N.J., Khan, U., Blau, W.J. and Gun’ko, Y.K. Small but strong: a review of the mechanical
properties of carbon nanotube-polymer composites. Carbon, 2006; 44: 1624-1652.

[10] Peigney, A., Laurent, C., Flahaut, E. and Rousset, A. Carbon nanotubes in novel ceramic matrix
nanocomposites. Ceramics International, 2000; 26: 677- 683.

[11] Nochaiya, T. and Chaipanich, A. Behavior of multi-walled carbon nanotubes on the porosity and
microstructure of cement-based materials. Applied Surface Science, 2011; 257: 1941-1945.

[12] Hu, Y., Luo, D., Li, P., Li, Q. and Sun, G. Fracture toughness enhancement of cement paste with
multi-wall carbon nanotubes. Construction and Building Materials, 2014; 70: 332-338.

[13] Xu, S., Liu, J. and Li, Q. Mechanical properties and microstructure of multi-walled carbon
nanotube-reinforced cement paste. Construction and Building Materials, 2015; 76: 16-23.

[14] ASTM C618 - 17a. Standard Specification for Coal Fly Ash and Raw or Calcined Natural Pozzolan
for Use in Concrete

[15] ASTM C39/C39M - 03. Standard Test Method for Compressive Strength of Cylindrical Concrete
Specimens

[16] ASTM C642 - 06H. Standard Test Method for Density, Absorption, and Voids in Hardened
Concrete

123



Engng.J.CMU.(2018) 25 (3), 124-137 sansofonssumMaas
: UKIdne1da1Baviny

/) Engineering Journal
Chiang Mai University

d v

MsAANzHMlTNIENdINUVeIAUNUlUNIZTLIUMSHEAR
v o v d' Q' a A Y v
razdSulyenanseSorunamingszansmumslanasay

A R a d
n3fifn¥IAEIMnssHNanNema s I

Analysis of the Energy Cost in a Production Process
and Maintenance Improvement to Increase Energy
Efficiency Case Study of Electric Motor
Production Industry

il lodsvAugsssu®
Chamni Jaipradidtham
i imnssu i aazdrnssumans unminndonyiniuda
Department of Electrical Engineering, Faculty of Engineering, Kasem Bundit University, 10250,

Thailand
*E-mail: j_chamni@hotmail.com

UNAALD

a o a o 1 FA @ 9 a 4
’U‘I/lﬂ’J']il’Ji]EJL!‘H']Lﬁ‘L!fJﬁQﬂWi’Ji]Elsl‘l!ﬂﬁ'ﬁﬂﬂ11‘5%18Wﬁ\1\111&ﬂ]@\1§]unuﬂ15Naﬁﬂﬂlﬁ@§1Wﬁ11uQﬁﬁ1ﬁﬂiiM
A @ [ 9 = [ [ Qy 1 o
edserdanasanu !Lagi‘ﬁlﬂﬂiuiﬁﬂiuﬂ'ﬁﬂiﬂﬂE\NTL! AIUANAUNIN NITIANITFUAIULAZNITAALIAINITNINIY

Y o v o 4 L g o o a o y
Iﬂﬂi%ﬂaﬂﬂ'liﬂl@ﬁ’)gi]ﬂﬂﬂuuﬁ PDCA c?imJu‘ﬂaﬂmimmmmiugﬂuummmﬂmmmmuaﬁ%mimﬂmﬁﬂ

@ ] 9

aouaueu Toweveus iniguiulumsasdunualdsienasau Jehldinamslsendandanulunszuiums

3

1 v Y
naauazihIdinalszansnngagalumsihauvesminay Faluduaeumsauiivamigiveldanyinszuiums
o M . . e e a d 1 1 @ @ o
ausuagaelunrunau Logistics Control Division (LCD) Jtasizva1ldsiendsaundounuiiins
[ o c!' o a 1 1 c!' 1o & @ o Aa oa a
Ysvilgalumsiaunazuddgmnildinanlsaen lisuilu fave 1dsuswdeyanazimsidfiianusscdae

. o a A g w9 a 3w aw Ao A &
dumsiinnssuieludoyalumsdsaiuwanazagUnailudnyuz uide navesnuiveiniuldaw

@

J { o ' T @ a 4
agiszavauazithminehsual3neauisoaadunua ldnendsuvesnsnaauomes Wi 18 awisoaa
aunuarldsiemsnaninliinmsdsendandsandlszna 70% vazawnsomvlsz@ninmms landeanla
szanm 80%

ABSTRACT

This paper presents the research on reducing energy costs of electric motor production in the
industry to save energy, and using technology for job improvement, quality control, component
management and reduced work time, by using the principles of the PDCA Deming cycle, which is a
guiding principle in the form of job planning and work processes, to meet company-focused policies to
reduce the cost of energy costs. It saves energy in the production process and maximizes employee
productivity. In this process, the researcher studies the various processes within the Logistics Control
Division (LCD), analyzes energy costs, improves work performance, and solves problems that cause
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unnecessary costs. The researcher collected the data and performed the actual task through the activity
to be used as the information to evaluate and summarize the research result. The results of this research
are in line with the intended purpose and goal of reducing the energy cost of electric motor production.
It can reduce production costs, can energy saving by approximately 70% and can increase energy

efficiency by approximately to 80%.

1. umn
[ I @ a a =
M1F9enasnulunIzuIUNMINANIZ NI VIDY
Y Y a
dunuueIdlsznaumsginalueinisuas I5aau
= Y1 o DRl o =
gadmnssunnlsziandadnamldiiendnuegl
o ' o A = o 1 q U ' A
dadru ldumindenSeusunua l4nediudun
¥y
laun Awsenu adeiagavuazaimsaaia [1] ualu
1 Y @ 2 [ A o Pl 1
nmsaaarldirenderuiivzsromudls 1dun
1 4
Ausznoumsginald Taomwizedaslutagiuiing
Y 1
UREITIRREIRES R R EAT B RETE ATITEREURTILTAVIN AV YELD
' Vo A &Y Sy v v
Ay mdagauiudunuiluaunsoniugula
] < 1 Y o a '
ad19lsnamsaaa lgnienasauezinasy Towd
VY Yo A P A a ]
wa ladosddnidonldna TuTagnsematia ldmunz auy
= v g 2 J °
nIfiMsIADLArMIRuMIFUa Uz Ha 1w ¥
a 1 U @ v A a 2 <3|
Tinanlgi1elumstanmssulywinihavwiu

9
MIUNN AU ULNUN Logistics Control Division

Do

'
Y A

v & v 2 @ a
Hnihndanvuaztaneyudiuldnuaisnunnga
2 o 9 dy = o a2
wimmsdsnamndynaniunminauese uay
sawswdynuieiiund lvlsulganstanlds

Y
Ysg@nTMNuINTY #a91nN135205 0Ty INY

Ay Vi o aa A 4 o g
ﬂiyﬁ’]ﬂ@]'f]\?ﬂ’]ﬁllﬂqmiﬂﬂﬂuﬂﬂﬂwuﬂﬂ'ﬁﬂﬂlﬂu N3

2

o

2 ~ a vy
Mayuaun g lumsnansznauuuuTuiin 1ideals
dy = o s 2 [ ao dy Y o
wunlumssanaaznuruaI unaNnuIveil 1di

a ' [ Y [ 9 ' Y
MsAAs IR leaiendsny andunuailenie

[ a o d'd o < [ A
naanuveaMsHanuawes Iinianusuiluediags
1 o a = o Y =~
aanN1sAauN UM anyin1siaulaslsmaluladnig
Ysviljanunazauguaannlunugaainssunis
a < Aa o Aa a
HAA NATEULAZINUTOYATIVIINIIN VTN 8A1TF 00
o A2 o w I ~
Tawsu malulad 310a melueiais A iflueiaish
a P o 7 e A A @
naaueines W Jaglszasduesnuideiiineiluns
o @ a g PR [
MAUEUAU 1139501 Aasizra lgaenasau [2]

noutaznaslumsdsulgenn andunuaildiienis

125

wammzmi‘hmuwﬁmmiﬁ’mmzﬁnﬁnﬁﬂymmm
2 @ o d' A a a 9 @
MEUN LAY el seansnmms lenasau

a 4
HAZAILANAUMNMIHAAYEINEIRDS T

a =)
2. HUINALAZNE B
2.1 1AM IAIHUIUIDY
= a e I ) 9
Any1u AR guealy e 19
Tumsdfulsawazudlvau Mwunanssy 35ms
auunuauuruiiMua aseaeuuazagluan’la
Yoamsaiuanu IinszialFiendsnu asnaon
Y v a <Y o o
M3 ldwasanu Jnsigidrednenimlunisidsznda
wasu smuathvue Naeulunsamu daay
a I
nazsziiiuwa Wudu
2.2 nszwaumsilszndganasnulumswan
9
nszuIuMIUszrdanasaiu vaneds Tuaonlu
' Y1 @ 1o 4 a A
msaam lFnenasaiulae lis I vinanaadenie ms
Uszrdandsnuazlsznoudiedadinn 2 1szms Ao
A Y a @ [ Y
madenldmatinmsisgrdanasnulimunzaunas
) a [l <3|
msiunadiallldldearailuszuy
2.3 nqufiginsvesaniiauuy PDCA
PDCA wined nguigans lumsuswisaund
A : I o Aa a
Aun e uauile Futlumsandiuaulunsuiuig
pazdamsnasnuuaangii 1 azlsznondie
) o ¢
P = Plan Ao msnaunuaiuiihmniagisyad
° Ay 9 Y A g 9a
pagmmuahnei lanamuau 'l e l¥inans
o ~ a a 9 <
manulilseaninmuazaunsoussquaduo
9 v
D = Do fa MsUfiaamvuaouluunuaiui
Y ¥y g a VA ' 9
Iadouliearuiluszvunazinnuasiiiotodiagndoa
C = Check Ao m3sasivdoumamsaniivauly
9 H Y
uaagruaeuvRIAUIUNe WLl Ty uRaTuld uay

' v
vedoulasuutlaaud lvumuauluduaousas 11



5. ToUs:Gugsssu

A = Action fie m3t5udyaud lvdruiiidgym
1 < @ a ua
f1'hifddynilagnlfeensuuuanienisifiaay

uruaui ldwadiuse ol ums hauaely

51Ul 14999nImsusmsnugaunmveuaNii

i [2] Prachuap Glomyjit, (2012)

vngUi 1 dedmuanamuau (P)13 Sy
UFrfaau (D) lusznnalfianduiunmsaiiaaey
(C) wuilymavihmsud lwn3odslgs (A) deo'lal
2.4 anihgednymazlszansmmmslindan

msfnsandimaiulsziniamms Indeam
Aamngay Faausamanuduiusluseni
manan waznsthyesnuuansdazi 2 Tneldaad fa
mmslFndeanudeanuannsadliinamsnan fe
m3ldasiifanimdsaruinng (Specific Energy
Consumption: SEC) Fuiludardil SEC finana
aanuwalsraniawmsldndsnulunszuiums
HaaazmsUsuTathyesne TaesalSinamdanni
1¥umiaeiTadad-52Tue (kWh) ifeuiudSua
wananluiedn (Ton) e 19nssaounazdsziiu
manudeams lindnnlunsanumsnaa Al
= wdwwily

SEC (D

suramanan

adwil SEC danuduiusiulsiaveinanan

x A Aa & I v J
Fanwredawananninadu (Output) a1t umaantan

126

nszuIUMsHandusiedag lavazineaveanunis

] H 9
uwanae (Productivity) ¥1A191naun13N (2) fail

HanKa Output

NTNGINTHANARN

MIINUNaNAR =

(@)

Input

n$nensilFlunszuaumsndalugaainnisy
TagiialUfe nan 6 M [3] 1&un 33ms (Method),
Y9 (Material), A3 eadns (Machine), n15aaia
(Marketing), 91 (Money) tiaga (Man) Nine1ns
mInAaduasessnsrzinsanteanundonldami
lgummdegaueneszdeniizesnyt (Maintenance)
Fuiluiimsedrmiami l1Flumssans1iussg
Saguszaadilflunandaldiiu lumwnudnyuy

=

Goulumsiiau daunsaadunuarlgsielunis
° 12 A A a A Y o g
Mgesnyuieinlszansamms ldnasnuiu lag
o Aa ua Y 1 91
Mslivaananlginnuszamnsoandunualsae
o o A4 o v 9 v =% =
Yo31U11395 NN 1 i0ead 14 B9z nanena
FIAANTNOINTUAZININANAR TUIURAEIMNTTY TaY

NITUINFNNITN (3) AU

\ T Y o o
mﬁwgﬁnm/ﬁﬁ'ﬂm — Nﬁi?ilﬂ7?%’ﬂ7ﬂll7§\75ﬂy7

3)

TIINGD [T I

A < 1 o o
aunIn (3) HUNNMIAATIUIUG) TUAUTIU

o Y v 2 o q ¥ A
YoM smau IMdesadiy i lvnasiuveanlsaie

o [ Y ' o Y Y
111795 n¥1aAAA8 tazazaanam Ida lgviglums

11595A19

a

antleNananad aMeufUHanaaMIAY
A A 2 v ¥ = v o o ' 2 Y
NIDINNUY AIUUTIMIANNTURUTAINA1IN 1A

aumsn (4) Ao

wazawa1 19918039501

Anhyesne/vivoe =

Q)

TIUIUNUISHAN AR



2.5 AAmAIFNENEINUNIHNATUMTHER

2.5.1 M ¥ eNa 1N UUBITUAIUNTHAN

Engng.J.CMU.(2018) 25 (3)

1 Y 2 1 @ @ o w 1 91

al¥91erudaiuiag sasiniasiiluazarldine
% =) 1 Ll dd‘ e gj

wasnugaFgaenule o 1N ¢[4] Aviuaiuse

wasananlassadamspannswunluugazunun

msmuramnasnugydoildaulaaiy

mlFovesdunumsnan lugausniimsmulam

A = = Y 9 I~
LW’ﬂﬂﬂmmm@mnumﬁnﬂuﬁmmgﬂw 3

PRODUCTION
| s
MITTHURARAR | HAAKA (Output) o
(Produetivity) | | -
NINENTHAR (Input)

HATIHDOVA LTI
5116—51” _ 'Ill]\'ﬂ"l'iﬂ"l'!\“’ﬂl"l
i inwdantiiunie Fmamming
| T ................ uRnuanuaale
T
HATINDDIA T8
R, _ Lyasmmnhzeinm
tinmdemlae | Swamslusussnn
------ BOINIIN WM

)

3)

-

amInIdssvaanasaTw

L

ENERGY EFFICIENCY ~"

a l:i
UNHANAATN 1

L(KWh, MJ, ete.)!

n

Sunnanda
(ton, kg, m, etc.)

Q

ENERGY

2 ¥ o T a ° o o o A a a Y o
ﬁﬂ‘ﬂ 2 ANUANNUTIEHINNTHNAA NITUITITOV Llﬁ&'waﬂﬂ'luﬂuﬂ'ﬁlwnﬂi&'ﬁﬂﬁﬂ’]Wﬂ’]ii‘]ﬁWﬁﬁﬂ’]u [3]

a d‘
UHUDHANAN 2

dunudinToumnnnuaun 1
gAY
AWIINY

1 Y a
A lgemsnan

NUITHNIMNURUIN 1

Al
AT

' F a
A lgvienisnan

a ‘:‘
UANHANGATN 3

Funua Toumanupun 1
gL,

AT

1 Y a
algemsnan

UAUNNAAT 4

Aunuain Touwanusun 1
Al
AT

1 Y =Y
alFemsnan

!l = o 9
> quidusegll AunNUY
»l = 9 < Y
> quidusegl AunuY
! = o Y
> Fumduiegl AunuIY

‘:’ 9 a d' o % \ a
5UN 3 TA598519MIHAANUUNMNINENEULUHUA TULAZUNUNNITNAA

a9

127



5. ToUs:Gugsssu

' PR 2 A Y Y
- algnerudiunsoadiaglunisdsevda

]
~

wasaulszan Z (umaeruie) il ¢ ansam
alaaail [5]
t

Cyo [Ja+rr)

i=1

Czt = (5)

o Y
Myuald

]
o =

Y
Czr Ao A ld910Fudrunsoiagnisznda
wasnuilszian Z (umaeriuag) Tuilan 1
A 1 qor £ A o o o
Czo Ao A lF9erudIunIoTaalszdanasau
Uszian Z (vmaeniiae) luaeuisudu
1 4
RL fio a5 UANTU (+) Wieanad (-) ¥
v
mlFerudiunsoiaglszndanasnuluilusniell
nl

@

v F
- dasmaaliialszon x lalnt wldasi

Pu= Py [Ja+ri) (6

i=1
Mvualy
Pxr fio sasiidaliialsznn x 1udli ¢
Pxo Ao 8asiias luiilszian x viveumaeil
RP. A0 §a51m51iiud (+) Winanas () vou
Sasarraalilihyszon x TR t

@

1 1 9
- wasnugardenldauszon y Tuila ¢ qadl

o = @ [Ja+re)
i=1
mviuald

Qvr e wasnugdeildaulszan y luila

2 Aq 9

Qvo o nasnugapdenldaulszian y il
nl
A o A X A
RQy: A9 99517151MNVU () HIDaAad (-) vod

Pimwasnugydslszon y Tuilit

128

2.5.2 annamiFaendsnuidszndaldlumsnan
U FIA ay 1 A @

- aldnelumsasmuvesrudiuniedaglag
lunugaamssumsnan tomulseansamns e
naau o 0 t ansamanldasil [6]

FI, = Yk _(C +IC)) (8)
V4
3 Y
myuald
Flr fe mlsaesulumsamuniit
A o L A o o o

Ky Ao Smausudiuvsedagisendandaany

Uszinn Z #ldasmuamumnaims il ¢ (nsdilanilu
Y 1 4 v
au — nudlurudiundsznda’ld)

A o = o A

1 tg’ 1
Ko fo IR dIUT 0 da T

a

o o { ) 29
szrdandsnuilszion Z alergmslsanuEuaunms

11197111309 n Tagnasanlumsamviasnadaaiu
Y9I IgMI IFIuRGunde [7]
A 2 A o o o
C A9 IMFUAIUNTOTAQUTEHTANAINY VDI
15z1an Z aevuleluiln t
- anldnendaanu indszudaldalasna 1y

v Y
19 t aansamanldaail

EFS; = 3D XP +>E XQy, (9
X y

o 4

Mvuald
EFS, Ao a1 lddevoandsnunilszudaluili t
Dy Ao maavialszion x Mlszndandanuld

netmas lihgegaluudazifon

o w

Py Ao oasiadias lddlszian x Aawise

]
=

Uszndandaann 18l ¢

E, fio Sinamdanudszinn y fidszuda’ldde
) Aondaau i

- mldendanuidsendaldlasaaluillan
AIANITUINOUILAEHAIA UHUNT IUN15Y e HEn

9
naau awnson 1daail [8]

AE . = Eun — E, (10)



o Y
Mvualv

o ' QY W { v Y a
AE,; fio danaldndsaniilszndaldaia

A 1 I 2 Aq ¥ oA
E gy 70 mlgienasauilsneuduiiums

A 1 Y @ d' 9 v o a
E, #o arldnondsnunldvdsduiums
- aldnendanu i indsevda’ld Tunsal

noutn1sUiulge el Susruauiuiiuiinns 1y

4
v A

naanu v ldaail
d,

1

E % (11)

Eadj,l

o Y
Mvualv

' A 2 { 1 v o @
E 4.1 A0 sldiowdsnuinoud fudmouiu

1]
@ A

E, @0 mldnendanuinlsnoudlfulsa

v =K ! |

d, Ao Swaviuiiuinneusuilie

q

= @

d, fo Srwaiuntuinnaslsulse

a

3. IEMIAuHUNUIY

ﬁmumauuamfﬁmﬁmxﬁmmmﬂmﬁﬁnm ﬁ}‘L‘lﬂaﬁ

anwilaruaziuniamsud lvaee Tasmsimgug

Mneaveandfudlyanisldau il ladeauna

v A v ao &
LLazLL‘Ll’J‘VlNﬂﬁLmhlﬁu LWﬂGl‘Hﬂuaﬂﬂuﬂi;‘ﬁﬁu

2
@

Y KX A
PANUVUABDUNTT

o 3 @ I o
anudrseawiaglszaeandmuall
AANAUMNUBUANIN PDCA [9] taainsgii 5
3.1 Annamumsimanduifogiv vazmauvia

anndyrilutdagiusanuaiar1gs1eluns
guiuauduaagvesrheas LCD 1ud) w.e. 2559
A o A A E v Ao
I NHBINNVUTITIHANTENUADUTHN TAgAT S

v
aaiuhearu LCD 39ladniiumsdumaunguaz
msud lue 1 Tyniaaasnsenua lddeuaaq
1 4 1
urugigln 4 Tasmsasiuimideyavelyn uay

= A o A do
ﬁﬂ‘}:l']Wﬁﬂﬁ$“I/I'Uﬁ]'lﬂ?fﬂ'IH‘VWI'N'IHJ'I'IEJGI,UWU‘VH]QLWU

129

Engng.J.CMU.(2018) 25 (3)

lm}lﬂﬁﬂ]il!fﬂﬂ

Uizflu
msdaiulnai

. anmidlym
g

Fuaiu
P

Aao
NUNUIUNIN

A o o
uimssaiuann
o 2
Tnalumsfum

3 aa J
ii.lﬁ 4 LLNuﬂll’)Lﬂ513141&@13141!,&1!’31/]1%“%,151]

L] u

M52V Index

Control

a 4
Aumlym/Amagdauvguelam

|
v

MUWHUNINTTY

|
v

guiiumsnuupunmuua’ly

|
v

anvaeunansud luilaym

|
~~"

aztlwanmsaniiuau

9
@

51U 5 YuaoumsaiuguamanlumsauiuanuIfe

Taglsdnmsiauiia PDCA

3.2 NEURNITHLAZAUHUMIMUINUNNKUA

o A aw 2 o g £ [
MIANUUNITIVY TAs5HINMTIANUFUAIU
9

HU

@

Y Yo a Ay Yo P 9
e laduiiumsamunuin ldtmua’ld deezdeq

9

o { o v 3 ' &
Ysunlasuguvvusmsausanulng Jvuaeums

=

[3 v &’ d‘l o v
mwuﬂmsammmﬂwmmwmmsﬂsm]ga
Y

FRNAINUNF1T29MTH1IUT 1B1INT A

]
~

k4 H k4
W'L!‘1/1!,La3’J!ﬂi?%ﬁﬁﬂ1WﬂﬁﬁNﬂ«!1uﬁuﬁ MIIaNY

=

ke

Y
a 1

F '
I¥naruaruda ldiui 2,997.95 msramas



5. ToUs:Gugsssu

See
=D.

VP 1 S S
Ui 2 msdSulgaiuimsianeiensinge¥nm
1 Py
veladuiums TasAnwdymininavunag 14
wanmainulumsuimssanadingondiam

maduuamalumsduivau Tagsimsisunlasy

{ A o o v g v A
Wuf Lay Out dwsulddanumelundedusiuy
T Tagmsuimguq 5 . samsluadedusuinunly
A v o Y= Yo A
meliansasesiumsdany ldsuauninuaziive

ilszantnmadeduduaasasgi 6 wazgin 7

G5, 86LUAT

Layvout Store LCD2 81A13 06

Shipping

45,52 L9

Asxsembly
™\
J

Office LCD-2

BRI 95

HUENHAN

L
Wan 1

WIANWAEAN

v 4 v
310 6 nuuwmlauiiui Lay Out Aewinsilsulye

v
(3

Tuh 3 eonuuvanyazluuuFuNaTuaIu
fvualFuamamsmulssansmmadadum

@ t4 1 @
TaesamgUnssivumeSaafimnzauazdiulden

a

9

v & @ a
ITUUNMTIAUNY Iﬂﬂﬁﬂy1ﬁiy ﬂHﬂiLﬁuﬂWQﬂ1iLﬂuiﬂ

Y 1 2 § 3 a a
yugudrunaainigln 8 gavelanarsuinsigzy

v g ' & Y v 9 1 q
ﬂ']ii]ﬂlﬂuql?ill‘ﬂﬁﬂllﬂﬂ%@]@ﬂﬂﬁ&’ﬁﬂﬂﬁunuﬂ'ﬂﬂfﬂ?ﬂ

AFIAUMVDIUTEN

'
a A v A A

33 asvdeUNHIons 0 IATIHTITAY fni‘l.li‘lj‘ljiﬂ

” [l

vno my A A A o & 2
ﬁ')"l]ﬂnlﬂﬁﬂWu‘ﬂlWﬂ‘ﬂ']ﬂ'ﬁ'JﬂWuﬂ‘ﬂﬁ“Hllﬂslﬁllﬂﬂ

9

9 v
Asanile vasnniiimsUsulge wiounasrvdeuns

F
‘161951\311!9[1@\1“]11‘!'31\1?”\1"] !Lﬁgﬁjjﬁ]ﬁ@ﬂigﬂzljaWGlUﬂWi
o Y 3 A o Ay v
m&malmﬂublﬂmmmmmmmwuﬂ WaﬂhlﬂﬂWﬂﬂ”li
- o ad 4 A
ATIVFADOUNUIN Wuﬂﬁﬂﬂﬂ'ﬁﬂﬁ'ﬂﬂﬁﬂuwu‘ﬂaﬂaﬁﬂﬂ

]
A A

2,140.56 mﬁnmmmﬂwumﬂu dzinunlunisng
Fudiuanadne 857.39 aINaT uaziszeza

o A L 4 ' o d'
autuuamueru lunun Ininaasdagln 9

130



TWO WAY
FOINNIAHTD

=

9

)
=
Ba

gl

ONE WAY

' =
VOINNIAHTD

Engng.J.CMU.(2018) 25 (3)

NNMITAUTDVUFUEIY

55.86LUATF

Lavout Store LCD2 81017 06

SRR

PN Assembly

w

LT 0

Assembly

Office LCD-2

3
LA 1)

fufivandnlien
AISARLERA
il
o ]
1 [ I
BB £ || ¢
B
EEE

1.-3I!Jﬁ|
b
z

731835

WIBNWATAN % FACK DﬂEJ:.J.T?I % SHELF

H 2 Y [ 1 4 § ] ) o
51U 9 msdatunarudumazut Tsuiu lwine ndwihmsuSulyuazudly

[l v

3.4 maud lvifymininad

9 @ o a Aa o g £ 2
drsumsaniunInssumssanusuaIulusu

o 1%

) 4 H r
719 SHELF oS ulganviivhanunaziethgein

a
Y

L o a o o & 2
FudIunanInazln 10 dmsumstanurudiuly

A doao v ¥ o a
Wumﬂ?ﬂﬂvlllwuﬂfgﬂ'] AIUUFTINITOAUUUNITAY

=

Yo Y 1Y a o A a
HAUITUN ﬂﬂTH‘Llﬂll’JLLGIE‘IHJﬂﬁ@]i’)i}ﬂﬂﬂimuxﬂuﬂ

1 v

s
Lﬂﬂﬂﬂgﬂ'ﬁ]u i]z@mufﬁmﬂiymmmﬂymzmm@um

131

3.4.1 An¥naIMIMau razuna lumMINuves
WIHNUIAYMIAUT
4 o o o 1 2 A o
iolumsdamnuuazmsdadiedualy laeisuiy
Y v v
NAAANTNNUSUFUAIUIINATUFUIU Aun
2 = & v & 2
Fuaulsudeiunsumsdtany Taonaasgiuiv
A o I Yo o
meusgneziludimuamsiau
3.4.2 @enldsunsunaziianldau
A Aa a v Aa 3
IFuuImamsinal sz ansamadsduaiaziilu
I Y =) o o
m3dszgndldszuumalulagarsaumadiimivau

v a 9 < a oa o A
ﬂmﬁummmuuuamﬂumﬁﬂgumm LAagAUUUNIT



5. ToUs:Gugsssu

7@ Index Control §3781dv1n15@nu1Taeld
T1/sunsu Microsoft Office Excel 2003 %281un1s

v '
Aumrudiunaaswantive Tusunsudagali 11

P v
v I A 1

gﬂﬁ 10 SuRvSudalusuae SHELF

a d
4. MIUALH
4.1 maanzrHmIFenaIn
A = 1 Y @ J g’a Y
iwednmia lgaenadsaulunaaztuasundn
' ° a S q Y o a v A
g limsiasizriarlsendanu Tasanainayil
[ o ] a 'd
M3 lgnaanusunz SEC aunsarielumsiniigs
v Y
mlFiendaaay dunadnyaeMINuIuYI anadued

Y o A A [ = 9 9
fﬂﬁGlslf'WﬁNWL!l‘JJfJL‘VIfJ‘]Jﬂ°]Jl'JﬁWIﬂfJﬁﬂBYMﬂ‘UE]yﬂﬂﬁi‘H

BT Microsoft Excel - 3.IT INDEX FOR KEEP _Plan&Del_2010

[ A = 1 Y =) & 9 % 1
waauepeulueanediades 13 dedeyaninan
zil Y Y EA o o 3 a
#lanluudea ldnendiann duiueausoesine
2 A P Vg Y o o A
YuaeuMIAATIEHmIM I Fendinuuaaagili 12
4.2 Ham3AANZHMIFNINEINY

= 9 [ dl A d’l = 2
YSnamslswasnunmuvniaurganilsunm
v ] Y
mswaamudy glo lldhvessindaddmantinig e

o v a Eal 1 @ [
Wa991u SEC $avdnsizia ldaondsaiu Taogide

Y dy A g 9 1 v Ao 1
Tqasnunudoya wuadetenlinansznuao

1 4
m“l%’mﬂwawmmﬂﬂﬁumawwm g% 00 LAt

=<

o W I a o a
malulad naxuduusEneaa1vnssunIsHa

a

woteas Wi laeGudnwiauiinvaudies LCD Tuil

4

W.A.2559 9INM5INTIZHA I FDIONEIUIAAINAR
A < Y1 A v Ao @
s 1 aziulanuseniidnenwlumsiszvda
o ' 9 A o o A
NaIANI g AdsahimsUsulyuieanms
Timaanula nagllSuarandagegalupoummon
o 2,217 siu uavzdinasunlylihiosngaludou
o o a 1
nuaWuslszun 987,248 kWh azdeedisziium
I a
TrinfesaaiuiEu 1,835,293 1n

[BE[E

() Ele Edt Wew [nset Fomat Ioos Data Window Help

I I S IR SR Y TP )

Type a question for help =0 @ X

-0 < B I g\%é@\&g% ’ SE;?E\EEEE\,'@”'A'I

AT7S > £ QC1-6305-000

ol o : T s [ o0

v [ m ek m]=]n A

3

Patno |Dim Supp. | Asea Resp Dulay_plan
n,

169 | @C1-6281-000)

7 Gt | meorn

78|0C1.6311.000)

73|QC1-5312.000)

30| 2C1-6318-000)

ssss

i

s EiEiEe

187

e

iz

e | e 17,400

o150 s

Ready

< v W\ Resp { Inv_8888 { Inv_2200 { Inv_2300 { Plan_2200 4 Plan_2300 £ Del_2200 /{ Del_2300  Table { Fuling /

UM

~

31U

132

B &) 0 1325

2 o
11 wihwe TdsunsuuaasdualIudamsdany



(1) swswdeyamsldmasnu nazaldendinuanluudismdann
A TR P 2 a A o y da
sdeuilunatedides 11 sunfwanannseiliionadeuiitinanszny

aomsldmdanu u qauigiaadey sasidlimdinuvedazifou uaz

!

’(2) asvaoudasm ihnnms lihuasvass wens hilihdaugiinie ‘

!

’(3) Farhmsdnszdmldnondsnumaznidoyannde (1) nldasluasie

a_ s a
wiolTunamswnan

; - - . o aaa . o o
’(4) wlasmiovesgunsaiszndandsnuudazsiialhifhunizo@deiu ‘

!

’(5) mraTMLazAIRasYeIMT iy ‘

!

(6) fnnudrimslindanuuazdnliznonTvaa ‘

!

(7) afansnl uaasms lwdanuamuanung ey gy

- nawlanudinius e lFendanuiunm

- nsmlamudniusgnhondenuildiona

- alanudintussznhawdsnu ihgegaiudnlsznen Tnaa
- nanlanudiniusseniums ldwdanuiunanan

= o Y o o A A S v
- nslSeuiioums ldnanuiuermsnie Tssnwdnu q iludu

!

(8) Iasaldondann ‘

!

o a I @ ' 4 a
©) fuiinransTanzisudeyansldndenusie q ieldlunsdinszd

J
mldendsnuluasase i

9
7

~ a ¢ A o
ETJTI 12 YuapuMIAATIZHHIA 19 1eNaI9Y

~ A PR o a
M151990 1 wamsuasizra lgaenasnunazlsua

warnaalunszurumanaauemes e s En

simanasnuinihveamswanlidl 2550

L TR, Ml WBna dvlims

AN, (um) HANAA 1%

WA

(kWh) (au) (u/an)
.0, 1,092,787 2,480,783 2,008 1,235.45
NN, 987,248 1,835,293 1,999 1,155.23
ﬁ.ﬂ. 1,187,424 2,675,169 1,728 1,548.13
Wy, 1,181,952 2,666,046 2217 1,202.54
Nn.A. 1,153,498 2,618,605 1,605 1,631.53
1.9, 1,123,200 2,507,087 2,201 1,139.07
.f. 1,104,096 2,487,438 1913 1,300.28
a.9. 1,104,096 2,487,438 2,164 1,149.46
1.8, 1,080,576 2,484,824 1,728 1,437.97
f.9. 1,133,261 2,572,664 2,150 1,196.59
.o, 1,021,680 2,359,178 1,938 1,217.33
5.9. 1,093,680 2,463,972 2,144 1,149.24
594 13263498 29,638,497 23,795  15,362.82

133

Engng.J.CMU.(2018) 25 (3)

5. WamMIAUHUY
wamsﬁnﬁmmmﬂmiﬁﬁ’mﬁ:’uﬁﬁﬁi}nsmﬁlu
ATINUAUIUHAZ NI AT I A IF D8NS
1 rieana 19 rendanulumsaaauemod i
voaUsHN lagimsaaauuazUsziliumna uaziinnms
nReoufeviualFiendsuilsldudaduiiums
UsgndandanusumldiendsnuilFtousuiunms

9
v @

aariug 19 Ilfhazdeansiunermsnielssaunozin

g 5]

@ Y [ 9 dy a
nsisendanasnuiinis leorenasau l9¥enas

yiiala dadenimansznuaenldsiendsay 1dun

& nd‘Gli) o

DATIMIHAA WUNTFU TIUIUNUNNIUY 111U

aninundaunazazdauiilanasasia inly
v A Ao A e 244 9 4
MUZAUAUNINITNATUMNT TUIFBUNNEIVDIAD
ANHINIIAMT IFWAINU MAHUY WATZULNAR
T vazmsiumanaaluns lenasau (du) o

nunan gl Tumswaa lunaaziounaasdagii 15

M31A 2 wanmafFouieuneu tagraalsuilyanms

IFndanunnmsaamutazlszmunaluil w.e2559

FEMs WA mlide  Suudu dasim
Yudse ¥ wiow Wiluede  wiow
&Why  @mwm)  (fu) @ m/vie)
neu 13,273,498 30,112,497 31 2.0
1ad 12,750,560 21,094,250 30 2.7
Han1 522,938 9,018,247 1 0.7

A <3 Yo 2
ARan15190 2 azruladneunazndalunms
ANUNUIIUNITYTLHIANAINIUUANATINY WAIIU
Tihaldneuduiunsadsdsuliassnutonlyly

D) { { v 3o |
My lsnuuaawazilin 13 uazzln 14 dadundanun

I¥noulsulsandSusruauiuiuinnmsldwadenu

4
A

E g1 1AA3Y

E

g1 — 13,273,498 x 30 = 12,845,321 kWh.
a4, 31

1. ndsnuiilsenda’ld = 12.845,321-12,750,560
= 94,761 kWh.



5. ToUs:Gugsssu

2. 1ms15uoasImnasnumagneniig
v
mldFendinunavun = 94,761 kWhx2.7
=255,854.70 10
Y '
AariumamImuIaionMslsusnIIAImE U
A g 9 ] ' A 9 o -4 <3|

masnld llaenne azlia 1 endsnunanuanlu

{U 255,854.70 1

a v o v @ A o [ 9
M519N 3 ‘]JTU?J@']i"lﬂ?Wﬁ\i\‘l"lu“Vlﬂ581481@1/‘151\1\111!1%

wianuilsendald FanmmEanunas
(kWh) apnuag (11m/ kWh)
94,761 2.7

3. mymurasasia iy TOU

v
v A ga v

nidIselamuraldsasia v

U

A a
IUBINUT

A v 1

uuy TOU (Time of Use) Ao Sasa lihiiAaa

9

Frna1weanms 14l menszqulidld Iiihvesim

a
Y

anmsldwdsnulusisnamnarsiu s llfheziisiu
Tugasiiszuuianudesns19lddnn (On Peak)
waza llfhazgnaslusanaiiszuuiianudesns
14 1liios (Off Peak) mramanslawasau Il
namsldmely 1 deunaasdansiadi 1 szidiuldn
wowuyouiingsnuild lie 1,181,952 kWh
Aagad
- %79 On Peak

(Fuduni-gn3 1Na19.00 u—22.00 u.)
=530,200 kWh.

- 929 Off Peak
(Fuduni-gn3 1Na122.00 1.—9.00 u. wag ;-
911ad, fqumwmiv‘%ﬁu.)

) =651,752
saunaanu llihmavue  =1,181,952

kWh.
kWh.

vnmsaniuaulivlyaeznlasuuilains

v < o N
varnusi1ddieaiu LCD awisnaadunulunis

o Aa v =
guivau Idilueded

134

oA \ d‘ a v < Qy \
NANISAUHUUNIUBIIN 1 miﬂggﬂmsmm‘uwmu
a o o £ T A g A a ya o
mﬁ1J;]g1Jmi%mﬂuwmumaaﬂwumm ARRIY
A0 q 9 a o a9y A
wuﬂaﬂmmmiwu3y‘nqtgmﬂﬁunuﬂamimwmuu

9 dy AA 10 &
wwanTuuwvuuraz dwuanneiund lusduiu

Cawe o
ATlFENE I (L)

naanullhanas

30,112,497
9,018,247 /U

30,000,000

21,094,250

20,000,000

10,000,000

0

feums iy

wiaamsdivisa

517 13 nswlwamlgaendsnunanalugamsnaa

£

woes i mdaihmslsulguds

A a &4 £ 4 Ao &
’J‘ﬁﬂ”liﬂﬂ“HWLIQE‘]ﬂ?WU‘VI‘U?Ni1ﬂ1W‘LWIGlu‘]J§BVIM

s =]

ve'lammual3aziivanida 1,000 11maoa1s 19093

U

Fd
g A A

ﬂ\iu'Llﬁ”lll”ISO‘VI”Ill”ﬁﬂ'1wu‘1’1Gluﬂﬁﬁ?ﬁ%ﬂi’illiﬂﬂﬁllﬂ”li

' 1 4 1
yamiui = Wuhaaaa (m? )x51mnui (Baht/

m?) (12)

HAMIANTINUT 9T 2 SaMszuy Index control
mssaszun Index control enunsasirlv

aaarlunissaiy mudszaniamlumsiiau

Truminauuazflumsiasuadiainseanui dsy

~

o v A A s o { o
wummslumi°1611m'§mﬂaummamﬁmmﬁﬂm 16 M

L1
4

IMdiuszansmmms i uYeIminuATY tazwa
H < 1 ° o '
31N 4 szmunneuinmsdsulyheay LCD v
9 o Y} o g £
1arldfunsAuritazmsTanuUFUaIUVDa

miinaulunszuIumsnaniuas 7.8 ¥ luenenu



* Y ar
mlFTendiau )

aAqad 955,790 VN

3,120,700.00

3,200,000

2,164,910.00
2,400,000

1,600,000

800,000

<

neumsusuilsa viaamsusulya

51U 14 nsnlwamldniendsanunaaaslumsiams
k4

a

wunadsausneulsuljuazrasliuilye

FWerBadioust

Engng.J.CMU.(2018) 25 (3)

wawanm3lFnaanu (du)

2,500

2,008 1,938

1,913

2,000

1,500

1,000

500

A A e Mmoo W

nald e (Few)

517 15 wanaans lgwasau (fu) Weununanly

U

T umswanluugazieuvestl w.a.2559

15190 4 Han151152 11 Index Control w114 11

Y 1 v 1 3 o
fgI)uW1“]51!ﬁ’)1!‘ll?NW‘LlﬂQWUﬂﬂuLlﬁ%‘Ha\iﬂﬁﬂiUﬂ?\?

swezReantinay  neudSulse waswSuilye
v A o < &
NAAUMUNDIATEY 3.4 ¥ 19 1.5 %2134
) A o g < <
NAAUNUNBIAUNY 4.4 TN 2.0 W14
[ & &
FIUNINVA 7.8 5134 3.5 T34

weunn TR ARG U

I

UNTT: QNE3-288: DATE 30 April 2010 QTY: 8 ASS"V:1, 7
ISSUE < - x x
No. PART NO. sUP USAGE PLAN wadw |Hfu PART Fnii_a Wiz RE MARK
' ~ N 2
1 QA4 No-000 1 YUPN F15-05.03 SHELF NO.2 dudfl 1
2 amal o | R A\ Yien uns
i e = o - . BIVAKORN suns
i = i v 1 i@ T e YUPN SHELF NO.2 Suvi 2
] THATU i} S i [— 5. [Erakcen S-ELF NoEdun 2
YUPN SHELF NO.2 duvi 2
? 1 87 YUPN ND.2 Suf 2
5 3 =7 YUBN ud 2
[ 1 7 YUPN SHELF NO.2 uw 3
10 1 7 BARNAKORN SHELF NO.2 Su 3
11 b 7 YUPN EUNT
12 1 7 YUPN suny
13 1 7 YUPN SHELF NO.1 Jufl 1
14 1 7 YUPN SHELF NO.1 dufl 1
15 1 7 PRRMAKOAN suns
16 1 & YUPN SHELF NO.3 Jufl 1
1T 1 &7 YUPN SHELF NO.3 Sufl 1
18 1 &7 YU SHELF NO.3 Jum 1
19 4 8 YUPN suns
£ 1 & YU suns
2 1 & YUPIN suns
2z [ &7 YUPN SHELF NO.3 Jufl 1
ES 1 & YUPN SHELF NO.& Jum 1
24 1 87 PARIYAKORN SUNS
3 1 87 YUuPN SHELF NO.& dufl 1
26 [ &7 YUsN S=ELF NO.& dud 1
27 1 &7 YuemN SHELF NO.& gui 1
2= E & vieN suns
= [ &7 YuPN SHELF NO.G JuWi 2
30 D 57 YUPN SHELF NO.& Sui 2
31 b &7 YUPN S=ELF NO.2 Ju 2
3z [ &7 YuPN SHELF NO.& Jfuvi 2
33 O &7 YUPN SHELF NO.1 gfu# 2
34 2 0 YUPN S=ELF NO.1 Juvi 2
35 OS£2135.000 1 &7 YUPN SHELF NO 1 Sud 2
» »| Sheetl , Sheet2 Sheet3 -~ ¥3 — = e —— — — ] —
= | AFssue:

sun

135

4 o a 1% 4
16 vihvelisunsuraiiensensiianansamiuomes Wi luszuy Index control



5. ToUs:Gugsssu

v 9
M990 5 HaMIININITTUNIHUAVDINITNIIUNDU

uazvaimslivilguieannildeie

v Y

IvUenaNI N fouI  wmaam Pnm

¥ e

o

@/

a
naaag

IRIGEIRCTGH

%ud’;mﬁaaﬂ 2,997.9 2,140.5 857.4 857,400

4
WUN (AT.1UAT)

2.411 Index Control

inlsitedum 10 5 750,000

v
yudrumar 1

anauld (A)

sumlinenmuananauiluidu 1,607,400 vinaed

X-Y Scatter of electricity
Year 2015 and 2016
1,500,000 + t

Break-even
1,250,000 point
L]

1,000,000 + Year 2015

750,000 + Year 2016

500,000 +

Energy Loss (kW/hr)

250,000 +

1,250 1,500 1,750 2,000 2,250 2,500

Productivity (Ton)
51 17 wanswlanudmiusszninaffinunands
(fu) fumasau il (kwh)

X-Y Scatter of electricity
Year 2015 and 2016

150,000

125,000 £

100,000 +

Year 2015
75,000 -

50,000 + Year 2016

Energy Loss (kW/hr)

25,000 +

20,000 30,000 40,000 50,000 60,000 80,000

Motor Product (Piece)

a v o v o a
suUn 18 wan A NNANHUTIZHININUIUNANAA

u

voawemed i (13e9) fundaaily (kWh)

136

6. agiwa
a 1 q Y o 3 A
nsuaszHa lFenasnuiunssiuna
Anon1nlunslsendanaaIuueanIsNanNDINDS
Tihadadstins lendsnuivvuvsoanas a1a
' 2
N3 1FNAINNNIURNIZ I UAD ULAZ AN YIS
[ t!‘ a a U rd
mylenaanunlasuuilasialnduaasiuemes vl

o a

¥ 9
‘H%ﬂlﬂ%i’)\‘lfﬂﬂiﬂ"lﬂ"luwﬂﬂﬂﬁ ANUUTINITDDTUIYND

De

I o

a g 1 (2
NUANIU 1.Nﬁﬂﬁ')LﬂﬁT%ﬁﬂﬂ%ﬁﬂﬂWﬁﬂ\ﬂu

9 A

Voya Ll

3N

annsnldilu anasanlumsaaguludenly

[

daarumsldndanu Iiuazeasian i deaedl

Y

a d 1 [

1degramnzeay 2. mamsinizialdnendsanuay
<3 T Aa o a 4 dyd
WUUSENgaaIMnssunIsnaanetaes il
dnonnlunisdszndandaanu'lda awisoniinis
Ysvilguiteaamsldwdsan I 3 wamsdinaizd
1 1 [ o 3 § o @
mldienaenuansoi ) lsiugudoyandidy
o o ya o ' PR o o A
dnsulanasizimarlgaenaianulusuiaald e
1515 suneununanlasinnisanslraaounisly
WA 4.0amINATIzHa 1 F9endInua oy
[ Y @ Y o =R =K o [ 1 Y
mldminauldmilatennudiayveaildiie

o 2 2 A o o o @
WALUNINBITY Saleiiimsdiulgaihgesnulae
m31i1e1 Index Control 114 lunmsviiam il

Y
MIuYeIwinuanalszuna 55 % Hufsal
o A < 1 1
MAvuanaurasal 3.5 ¥ IuaneAuAIoY uazo.
[ o [ 1 o Y o

nrHanslsulyanuigesawisiem1nilsenda
waInuveannuaEun lewinuIII 10 au
HANSIINNIINNINITuaIRam liiche LCD aunsa

° o Yy A A Aq ¥ o
aauuninauldmaoiies 5 aulashldwinau
o s A J a 1
101 1 auniseld laamasiuEy 568.18 1o
9 A A o Yo 9 LY Y o
T ileuivn lammua ldwinaunnawdiuiieu

o 1 A Y dy =3 dy Y
sz 22 Tuaeideu (518 ldauilezsaudalievdu
[ 1 ° 1 I
ANTOITN AIUONIAITINIULAZA114T) Tauilu
Y

[JUNIKNA 12,500 DINA0LADULAZAIEHAIINAT
guiiuauudran ol s an oy 19

o a A o Y
nnIvanad ey 10 awvae 5 auuaziilaa

9 '

J I a 1 I a
dunuarldsiaiubu 62,500 vmaoiAounsoiuitu



Engng.J.CMU.(2018) 25 (3)

= 4 ~ a a I [ dy
Uszurw 750,000 vinaedl tielimsiUfzllunms  gadmnssuwdaveines i IdiTued1ed uenvinil
o g o 1 Yo Y Vo a 4 o 2 a a Y v P
Januazmssane gaveldmhnmsinnziiazihing . awsailszansaimms ldndann Idansia
a ua a ' o a 4 <3| (g
Ugnaauesalagiumsiinenssy eldiludeya  hwunelumsldwdaanlii

fnsauazausnaadunuarlgiionisnaala

sgurar 70 % wazanisolserndanasaulu sy

1PNA1591909

[1] Teerayut Sonseup. Management Components to Reduce the Cost of Production in the Industry
Faculty. Thesis, Valaya Alongkorn Rajabhat University, Thailand, 2009.

[2] Glomjit, P. Industrial Design to Increase Electrical Energy Productivity. Journal of Energy
Research, 2012; 1: 24-56.

[3] Poolee, S. and et al. Improving Maintenance Working to Increase Energy Efficiency in Industry.
Journal of Energy Research, 2012; 24-38.

[4] Arunrat, T. and et al. Energy Conservation for the Arc Furnace. Journal Research,2010; 19: 58-75.

[5] Mangwititgun, W. Processes and Techniques to Reduce Energy Cost. Taylor & Francis, Philadephia,
2005.

[6] Vutisirisat, C. and et al. Control of Water Steel Crucible Heated with Electric Arc Furnace. The 8
Conference of the E-NET, Mahasarakham, Thailand, 2-4 May, 2012.

[7] Manoh Jangrajang and et al, Improvement of Water Heated Crucible Steel in Electric Arc Furnaces.
Journal of Energy Research, 2012; 33-47.

[8] Myers, R.H. and Montgomery, D.C. Response Surface Methodology: Process and product
optimization using designed experiments. John Wiley & Sons, New York, 1995.

[9] Sathyajith M.E.and et al. Wind energy fundamentals for resource and economics price cost analysis.
2006 International Conference on Power System Technology, Berlin, 2006; 348-362.

137



Engng.J.CMU.(2018) 25 (3), 138-146 sansofonssumMaas
UrIdne dgiBenTnu
Engineering Journal

Chiang Mai University

YuUAdUITMI IamasdnsuszuuInWwifas

A A a a J
NAMINIURUKIHNAIYAN

Power Flow Algorithm for Electric Power System
Considering Transmission Line Temperature

v A ddiadl ”é‘“""’ll* auaddv Qn’z
MY 5udaa! wrdana Smiludna' uaz 1@3udnA 1PonTIINA
Wanwisa Ruenjitt! Chawasak Rakpenthai'” and Sermsak Uatrongjit?
a a s a [ 3 |2 @
"maunisnssu T aagdmnssuenans umInedonzion suneiies Janianzier 56000

a a a 4 a [ T o @ v 1
zﬂ"lﬂ’JGH"l’]ﬁ’JﬂiﬁJVlV‘lVg\h AULIAINITUAAAT UHIINeaFo 11w Eﬂ!ﬂﬂlﬁ@ﬂ ardaeelvy 50200

Department of Electrical Engineering, School of Engineering,
University of Phayao, Phayao, 56000, Thailand
Department of Electrical Engineering, Faculty of Engineering,
Chiang Mai University, Chiang Mai, 50200, Thailand
*E-mail: chawasak@hotmail.com

unAnLo

Fd 9
unanuiduauetuaouIsms Ivafdsdminszu ihmdminsinsannsulsdugumgiaa

kY °

GRNLN ’cmmihlﬁjﬂaﬂam%'aummﬁ'aﬁmmdmuﬁyugmmmﬁmwmmmnﬂaammznwﬁaqmu!,?mmmmafhgﬂi%aﬁa
Muugurgivesdnieneds Tavaundlideyaamweina laun guugilasson sasu5ran Aanean tazms
uRfsdaeiing annsaldunnmsiaanweins dailsanuzvealymims namadslszneudisvinausasu
et e wazguvigiansds mamssiassuuszuy IEEE vuia 14 fauag 118 va uaasliimiun Tunoudi

2 9
ﬁuﬁua“lﬁ’waawﬁmufhmﬂfmwaawﬁmawumau?‘%mﬂmﬁmqmmu

ABSTRACT

This paper presents a power flow algorithm for electric power system considering the
transmission line conductor’s temperature variation. A heat balance equation of line conductor based on
weather environment and power loss of line is used to calculate the transmission line temperature. It is
assumed that the weather data, i.e. the ambient temperature, the wind speed, the wind direction and the
solar radiation, are available from weather measurement. The bus voltage magnitudes, the phase angles,
and the transmission line temperatures are the state variables of the power flow problem. Simulation
results on the IEEE 14-bus and 118-bus systems indicate that the proposed algorithm provides more
accurate results than that obtained by the conventional power flow algorithm.
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ABSTRACT

This paper presents the operating principle of the automatic power factor compensation
controller (APFCC) by using solid state relay (SSR) which is inexpensive device and allows wireless
control. For the APFCC, there are 4 levels of operation including 0.145kvar 0.290kvar 0.436kvar and
0.580kvar. In addition, the APFCC has been evaluated by supplying the different loads. In conclusion,
it is clear that the power factor has been 22 percent increase in compensation. Furthermore, the wireless
control testing has been executed within load panel center. It is found that the APFCC can compensate
the power factor of system with reliability and be able to carry out pilot-scale test to large-scale system
eventually
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ABSTRACT

This article aims to present how to apply Benders Decomposition to the problem of production
planning having uncertain demand within a finite horizon under production constrains that the
application is divided into 2 methods called “Single Step Bender»and “Bi Step Bender”. According to the
experimental results comparing with the result of Integer programming, it is found that both methods
can cause the quality results not being different from the result performed by Integer programming with
the statistic significant level 0.05. For this experiment, Bender 1 Step leads to the different result from
lower bound with the average value 0.0475%, but Bender 2 Step and Integer programming have the

average value 0.0495% and 0.0556% respectively. In part of processing time, if it is not a big problem,
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Bender 2 Step will use time lower than Bender 1 Step. On the other hand, if it is a big problem, Bender

1 Step will use time lower than Bender 2 Step. Moreover, Integer programming cannot provide the

answer in case of too big problem.

Keywords: Stochastic linear programming, Production planning under the uncertain demand, Large-
scale linear programming problems, Benders Decomposition.
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ABSTRACT
A commercial RT42 phase change material (PCM) contained at the back of a solar cell module
for controlling the module temperature. The PCM melting point was around 42°C which could reduce
the module temperature to be lower than that of the normal solar cell module thus more power
generation could be obtained. The studied module was polycrystalline type of which the dimensions
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were 1956 mm x 992 mm and the peak power was 250 Wp. The module was facing south with 10°
inclination. The PCM thickness was 5 cm. As the PCM temperature reached the melting point the
PCM was in liquid phase and the phase boundary was moving into the neighbor solid region thus the
solar cell module temperature could be reduced, especially the unit operating under high solar
radiation level which was around 57°C to be 49.8°C. The PCM temperature was predicted by one-
dimensional finite difference enthalpy method. The simulated results were quite close to those of the
experimental data but the thermal conductivity should be modified in the PCM liquid region due to the
convection effect. The PCM thickness should be over 5 cm to prevent melting throughout the whole

body.

Keywords: Solar cell module, Phase change material, Enthalpy method, Numerical calculation
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ABSTRACT

The goal of this research was to increase performance of small coal dust particles captured by
electrical charged water spray compared with that by water spray only. A testing model for particle
capture was constructed by electrical charged water spray. Particles used in the test were talc powder
that is represented coal powder. The capture efficiency could be evaluated form the weights of the air
filter before and after the test. The first experimental case was performed in a test room with dimensions
of 3 m height x 2 m width x 2 m length. The capture efficiency by electrical charged water spray was
done with 5 kV high voltages and the water flow rate of 3.22 ml/s. The second experiment case was
performed in a horizontal wind tunnel for studying influence of air velocity effect on particle capture.
Three methods, no water spray, water spray, and electrical charged water spray, were carried out.

To protect electrical breakdown, the appropriate electrode ring diameter with a wire having a
radius of 0.05 cm was 4 cm with a distance 2.2 cm from the nozzle. From the first experiment, it was
found that, the capture efficiency increased with the increased time of water spraying. For the second
experiment, while the range of air velocity was 0.1-0.3 m/s with electrical charging, the capture
efficiency increased about 35%. In addition, while the range of air velocity was 0.3-1 m/s, the capture
efficiency of electrical charged water spray was reduced and close to that with no electrical charged
condition. However, the capture efficiency of the electrical charging condition was about 20% higher
on average.

Keywords: Electrical charged water spray, Capture efficiency, Air velocity, Ring-axis electrode
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ABSTRACT

The objective of this research is to study the effect of recycled rubber compound volumes on
die swell ratio of a tread in the extrusion process applying two-factor factorial design without interaction.
There are three blocks of recycled rubber compound volumes (0, 20 and 40 percentage). The die swell
ratio of each block is measured for each of three extrusion loads (1.720, 1.735 and 1.750 kg/m) by the
experiment of a tread extrusion for the tire size 255/65R17 102H. The tread is extruded by single screw
extruder and records a weight of tread at 500 millimeters for calculating a die swell ratio of tread. The
results of analysis of variance showed that the use of recycled rubber compound influences the die swell
ratio of the tread which the die swell ratio have a tendency of decrease when recycled rubber compound
volume is used and die swell ratio have a tendency of increase when the extrusion load is high, the
manufacturers can use the volume of recycled rubber compound up to 40 percent and the suitable
extrusion load, equals 1.720 kg/m, make the die swell ratio of the tread in the specification limits that
are 1.60 + 0.04.
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Y
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ABSTRACT

This research presents a new method called Multi Colony Ant System (MCAS) to solve the
Capacitated Vehicle Routing Problem (CVRP). The objective is to test the new algorithm and compare
the results with the traditional Ant System (AS) approach. The MCAS algorithm uses multiple colonies
of ants to find routes, which increases the chance of obtaining better solutions. Our method also employs
the 2-Opt local search to improve the solutions. The algorithm was implemented in C++. Experiments
were conducted to test the effectiveness of the algorithm by using 20 CVRP instances from literature.
The results were compared to those from AS and the known optimal solutions. From the results, our
proposed MCAS method provides significant improvement over the traditional AS approach, with an
average optimality gap of only 0.68% compared to 2.24% of the traditional AS approach.
Keywords: Vehicle Routing Problem, Multi Colony Ant System, 2-Opt local search
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A-n33-k5 (5, 32, 100) E-n76-k7 (7,75, 220)
A-n53-k7 (7, 52, 100) F-nd5-k4 (4, 44, 2010)
A-n64-k9 (9, 63, 100) F-n72-ké (4,71, 30000)
A-n80-k10 (10, 79, 100) F-nl35-k7 (7, 134, 2210)
B-n34-k5 (5, 33, 100) M-n101-k10 (10, 100, 200)
B-n45-k5 (5, 44, 100) M-n121-k7 (7, 120, 200)
B-n66-k9 (9, 65, 100) P-n40-k5 (5, 39, 140)
B-n78-k10 (10, 77, 100) P-n55-k7 (7, 54, 170)
E-n33-ké (4, 32, 8000) P-n76-k5 (5, 75, 280)
E-n51-k5 (5, 50, 160) P-nl01-k4 (4, 100, 400)

206




4.1 m3naaed

Ya o Y Yo v 1 a s A v o

Aave laviimsdsuamisilinesiineadeany
9
Tuaouit Iasld3i5assiaansgn (Trial and Error

J a Jd o [

method) uazlaidenldainisiimesd1miuns
naaeIal Tausoulumsidmaou (T) miny 200
50U 1Iunguua (L) iy 18 agu 1muiuualuua
agngu (M) 1Ay 500 d7 ansnavesd 15 Tuu (a)
MU 1 ansuavesiauIdevsdua (B) 1ninu 2 6asd
mMyszoved 15 Tuu (p) M0 0.04 9A51NTINY
woaW 15 T (4) 1 0.04 daaauszrnatamslgail
Ts Tuuaaunanaza s Tnwamen (1) minu 0.5
A9 b 1m1iu 50 nazA1msiimes o iRy 0.7
Tagymsnaassuunsesneuiumes Intel® Core i3

1 o 90) g‘/ v K
Tunaazdgnr Hin1snaaesst 10 a5 Hunnma

¥ 4 A v = °
izU:ﬁ‘VI’Nﬁu‘ﬂﬁ:{ﬂ‘ﬂTi1vlﬂllﬁgl'3a1‘1/]6],‘]95’1uﬂ15ﬁ'lﬂ'](5]ﬂﬂ

M3197 2 #aNINAAvIINAENTYHINNAdo

Engng.J.CMU.(2018) 25 (3)

4.2 wamsnaaoy

M3 2 naaswamanaaesnndredratdami
nadey FelszneudrsAnndsvesdinousinms
nAasEh 10 A%e (Average Value) miiafigaainns
naanane 10 ada (Best Value) nazinaungen 1y
m3mimaey (Average Time) TasvhmsufSouiion
FEUINHANITNABDIDINITIZ VUK A8 I TANLA
(MCAS) uazisszuvua (AS) arugnuld Tuaiu
voarnoyIdAaduiuesSudanuuandieninai
minzigaielfFoudonIdiein endredusy
Tusedalaym A-n33-k5 Aundeii 1891035 MCAS
ity 667.60 Amu 1.00% nnmivinziiga
dmAundsi 1801033 AS Tawmiu 672.00 Aaiflu

] ]
1A =

9
1.66% naA1vuznga Tagnaaeddsainisnn,
Maeunanga lanumnmuizngane 661 Taoly

a

NaRANNINY 67.25 uaz 2.89 11N awaal

Average Value Best Value Average time
(sec)
v || MCAS AS MCAS AS MCAS | AS
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A-n33-k5 661 667.60 1.00% | 672.00 1.66% 661 0.00% 661 0.00% 67.25 2.89
A-n53-k7 1010 1022.30 1.22% 1038.60 2.83% 1017 0.69% 1017 0.69% 108.72 5.77
A-n64-k9 | 1401 1429.70 2.05% | 143720  2.58% 1420 1.36% 1431 2.14% 129.28 7.92
Al:i%o- 1763 1800.20 2.11% 1820.40 3.26% 1784 1.19% 1797 1.93% 163.23 10.34
B-n34-k5 788 788.10 0.01% | 788.80 0.10% 788 0.00% 788 0.00% 70.29 2.88
B-n45-k5 751 764.60 1.81% | 787.00 4.79% 760 1.20% 778 3.60% 90.82 428
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E-n33-k4 835 840.90 0.71% 841.90 0.83% 837 0.24% 841 0.72% 64.75 2.66
E-n51-k5 521 526.30 1.02% | 543.90 4.40% 521 0.00% 539 3.45% 101.48 4.98
E-n76-k7 682 707.90 3.80% | 723.20 6.04% 694 1.76% 713 4.55% 155.49 9.39
F-n45-k4 724 724.00 0.00% 732.90 1.23% 724 0.00% 732 1.10% 88.33 4.13
F-n72-k4 237 240.30 1.39% | 244.50 3.16% 237 0.00% 242 2.11% 145.51 8.01
F-11735- 1162 1179.50 1.51% | 1206.80  3.86% 1171 0.77% 1191 2.50% 385.30 21.67
M_l?ll(())l_ 820 851.60 3.85% 888.50 8.35% 840 2.44% 879 7.20% 247.54 14.25
M'rli1721' 1034 1050.80 1.62% | 1084.30  4.86% 1038 0.39% 1048 1.35% 338.80 18.90
P-n40-k5 458 462.70 1.03% | 465.70 1.68% 459 0.22% 463 1.09% 78.47 3.66
P-n55-k7 568 580.40 2.18% 587.30 3.40% 578 1.76% 583 2.64% 111.60 5.95
P-n76-k5 627 639.10 1.93% | 662.00 5.58% 629 0.32% 647 3.19% 154.02 9.05
P'ILIA‘OI' 681 692.50 1.69% | 702.30 3.13% 684 0.44% 694 1.91% 247.98 14.05
Average 1.56% 3.38% 0.68% 2.24% | 152.11 8.43
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ABSTRACT
To ensure structural safety under impact load, impact load factor is suggested in design codes
base on an equivalent static approach without considering the actual impact behavior of the structure.
Hence, this paper is aimed to study the impact behavior RC beams with different shear span-to-depth
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ratios using finite element method. First, the accuracy of the finite element model was validated with a
test from literature. Then, three reinforced concrete beams with the shear span-to-depth ratios of 5.6,
4.7 and 4.0 were impacted at mid-span by dropping 400 kg. weight at the heights of 0.15, 0.3, 0.6, 1.2
and 1.8 m. From the analysis, under an identical dropping height, the magnitude of the shear force
increased when the depth of section increased. Under different dropping heights, the magnitude of the
bending moment was changed insignificantly. However, the shear force was increased with the
increase of dropping height. Nevertheless, the increase of shear forces was limited only in the mid-
span region which is the impact position. Moreover, it is found that the decrease in shear span-to-depth
ratio tends to increase the unfavorable shear failure under the impact load. Hence, using the impact
load factor for the structural design without considering the actual impact behavior can lead to the
failure mode alteration from the flexural failure to the shear failure.
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ABSTRACT

This research is an application of the Economic Value Management methodology for Electricity
Generation Field. It is a tool to measure financial performance and corporate management systems. The
indicators are Economic Profit by comparison between Net Operating Profit after Tax and Cost of
Capital. The assumption is the revenue from the internal power purchase agreement which are
Availability Payment and Energy Payment. The methodology for determining Economic Value Added
plan is Fuel Surcharge plan, Availability Improvement plan and plan to decrease control costs,
calculating the weighted average cost of capital for electricity generation field which is 6.43% with the
economic tax 20% and analyzing the economic profit of the sample of power plants in the 5 units such
as, combined cycle power plant A and D, Coal fired power plant B, hydro power plant C, Thermal Power
plant E which using fuel oil and palm oil.

Based on the results, in 2015 the actual Economic Profit is higher than estimated Economic Profit
3,617 million baht resulting from 3 strategic improvement plans of 753 million baht. Meanwhile,
comparing the actual Economic Profit in 2015 and 2016, the overall electricity generation field
decreased 512 million baht and Power plants A decreased 64 million baht, Power Plant B increased
1,312 million baht, Power Plant C decreased 57 million baht, Power Plant D increased 91 million baht
and Power Plant E decreased 161 million baht. In conclusion, Power Plant A, B, D should focus on
strategic planning to increase Economic Value, Fuel Surcharge and Availability Improvement while
Power Plant C should focus on increasing Availability Payment Outside Contract Availability Hour and
decreasing control costs and extend the results of Economic Profit study to other Power Plants in
Electricity Generation Field.

Keyword: Economic Value, Economic Profit, Weighted Average Cost of Capital, Fuel Surcharge,
Availability Payment Outside Contract Availability Hour
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ABSTRACT

The Utilities Department of a detergent production factory is responsible for supplying
electricity, water, steam, and natural gas to the Production Department. It is found that the proportion of
electricity consumption in the compressed air system is inconsistent with the production. This means
that the supervising unit does not manage the production of compressed air in accordance with the
production plan causing the energy waste. The energy consumption was averagely 124,862 kilowatt
hours per month costing 434,519 baht per month which is 17% of the total energy consumption in the
factory. Therefore, it is desirable to reduce energy use by supplying the compressed air in accordance
with the production plan.

This research analyzes the compressed air data for the controlling valves by studying the
relationships between the flow rate of compressed air used in liters per second at the pressure of 6.5 bar.
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From the amount of detergent yield and the number of machines used in the detergent filling process, it
is found that the flow rate (liters per second) with statistical relations at the confidence level of 95% and
R? = 74.79%. Then, the flow rate obtained from the equation will be planned to turn off the air
compressor in advance following the production plan. It is found that the reduction of electricity in the
compressed air system can be assessed for 186,125 kWh per year saving 651,439 baht per year.
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Scatterplot of Y=Flow rate(L/s) vs X1 =Production (Ton) Scatterplot of Y=Flow rate(L/s) vs X2=Number of machine

m P-Value = 0.000 P-Value = 0.000
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o

X2=Number of machine.

Scatterplot of Y=Flow rate(L/s) vs X3=Pressure at DK(Barg) Scatterplot of Y=Flow rate(L/s) vs Xd=Pressure (Barg)
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m319f 1 kam3ias1zy Multiple linear regression

Xi| Xo | X5 | Xy F p-value t-value S R? (adj) R? (pred)
X 55.35 0.000 11.35 36.42 64.43 51.53
X 65.10 0.000 11.89 34.48 68.12 57.78
X 40.11 0.000 3.63 40.24 56.59 41.27
X 7.31 0.012 7.66 55.12 17.87 0.00
X X 45.49 0.000 11.63 30.66 74.79 63.79
X X 25.72 0.173 1.40 36.98 63.03 42 .85
X X 32.71 0.015 2.59 34.61 67.89 51.43
X X 30.84 0.062 1.95 34.78 67.30 55.01
X X 45.92 0.001 3.74 30.55 74.97 63.37
X X 23.58 0.000 6.92 38.03 60.89 39.52
X X X 27.29 0.218 1.26 31.53 73.12 56.66
X X X 33.22 0.032 2.26 29.72 76.32 60.54
X X X 29.75 0.011 2.74 30.50 74.84 59.86
X X X 21.87 0.029 2.31 34.21 68.35 45.67
X X X X 23.51 0.000 11.63 30.02 75.64 54.90
WUIHANITIATITH AUN1T01nA15190 116 Normal Probability Plot
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3.5 audumInaaed

haums (1) nlslumsinedsnaeimsada
A a 4 v @ o o 2
Adhendadoslduazdnimaisaununisauiuns

naaodlans0doa1MaluLAaz IUMUINENITHANAS

=~ Y a o A @ A
a15197 2 TaelgdSuanmsnaauazS1uiunIeadnsn

2 4 6 8 10 121416 18 20 22 24 26 22 0

Observation Order

regression

1Flumswann ldanunumsnanvearhenan

i SIEETRLY! faueses | sanmsluaeimea | U3uaeme Balljnce Teunsos
wanan (Al) INT o9 (L/s) AN (4s)
10 Oct. 53,036 12 406 805 109
11 Oect. 54,191 12 409 807 107
12 Oct. 50,122 14 419 818 96.4
13 Oct. 0 0 202 601 313 4UAKI11
14 Oct. 49,986 13 410 808 106
15 Oct. 27,345 6 306 705 209 4UAK13
16 Oct. 43,229 10 371 769 145
17 Oct. 46,160 11 385 784 130
18 Oct. 50,884 13 411 810 104
19 Oct. 49,399 12 399 786 115
20 Oct. 49,937 12 401 800 114
21 Oct. 47,312 11 387 786 128
22 Oct. 4914 2 229 628 286 4UAK11
23 Oct. 38,502 10 362 761 153
24 Oct. 43,338 10 371 770 144
25 Oct. 43,591 10 371 770 144
26 Oct. 23,805 5 290 689 225 4UAK12
27 Oct. 46,850 10 377 776 138
28 Oct. 47,269 9 369 768 146
29 Oct. 3,780 1 218 617 297 4UAK11
30 Oct. 46,889 10 377 776 138
31 Oct. 36,073 11 366 765 149
1 Nov. 49,307 9 373 772 142
2 Nov. 50,556 10 348 783 131
3 Nov. 49,736 9 374 773 141
4 Nov. 35,702 12 374 773 141
5 Nov. 0 0 202 601 313 4UAK11
6 Nov. 45,762 10 375 774 140
7 Nov. 41,542 12 385 784 139
8 Nov. 47,184 12 396 794 120
9 Nov. 49,680 12 400 799 115
10Nov. 40,178 12 383 782 132
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3.6 HamMInAaoy
ninmsdniunsiia-a 1n5e36n01n180 M
a E o Y &
uHUNIRan Melanisiinealeannis (1) e
UIUMTUIHITMINEeIMABA TR AUR DAL
paanud1 wuneumsUsulgelinimsldndeanu

1 Y a 1 d [ % 1
Tihdedunaasuaininy 0.20 ¥aan1snaasaian

2
M1319N 3 HaN15NAaDY

117D 0.18 F3aaaq 0.02 Alatada Tusdosu
ARt §aa13190 3 dnfudilSnamanaasimy
9,306,279 duaoil nuiuiawalszndan ldimagy
186,125 AlatadiTuaneil Hudu 651,439 umde
3 g Tieiiy 3.50 vndenlatadenTu nazas

15118 CO, Emission a8 108.34 du CO, si9d)

o2 nouilSuizuneudainu naslSuilyunounainu
um
Panawawan (f) | wasnullih (kWh) | PSinamandna (fu) waanululsh (kWh)
1 44,105 7,499 40,047 7,447
2 48,439 7,454 38,413 7,433
3 44,538 7,441 35,936 7,214
4 47,167 5,128 - 4,465
5 41,472 7,702 39,315 7,577
6 21,953 4,064 - 5,065
7 47,401 7,536 33,173 7,367
8 54,327 7,069 39,878 6,864
9 50,482 6,918 42,891 7,389
10 54061 7,536 44,382 7,701
11 45212 7,387 41,311 7,323
12 - 4,784 47,713 7,134
13 - 4,647 1,134 4,237
14 45,895 7,477 41,843 7,646
15 51,516 7,521 37,426 7,479
16 46,598 7,539 34,718 5,991
17 44,857 7,530 - 3,088
18 41,958 7,536 39,538 7,271
19 41,929 7,527 35,702 6,555
20 27,999 6,357 - 3,434
21 15,078 7,562 45,762 7,830
22 40,805 7,447 41,542 6,884
23 41,057 7,490 47,184 8,009
24 41,118 7,539 49,680 8,752
25 40,628 7,816 40,178 6,245
26 37,849 7,117 47,330 8,714
27 17,204 4,336 26,703 5,137
28 39,328 7,501 44,465 7,555
29 38,935 7,470 46,845 7,664
30 42,317 7,454 50,955 7,322
31 36,407 7,405 47,586 7,646
Total 790,751 154,977 811,997 149,616
Index (kWh/Ton) 0.20 0.18
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