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Energy Reduction in Normal Paraffin Distillation by Using Pinch Analysis

Julaluk Hongpant, Jaranya Tantiworathaworn and Tanit Bhibhatbhan
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Optimization of Hydrogen Production from Different Biomass Feedstocks Using

Gasification Process

Jarupa Surachaidungtavil, Nisachon Sakwanichon and Tanit Bhibhatbhan
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Energy Reduction in Normal Paraffin Distillation by Using Pinch Analysis

Julaluk Hongpant, Jaranya Tantiworathaworn, Tanit Bhibhatbhan*
Department of Chemical Engineering, Faculty of Engineering, Thammasat University
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*Email: btanit@engr.tu.ac.th

Abstract

Distillation is a common separation process for mass production. There is a study on energy
consumption of light ends stream from crude distillation, including normal paraffin with four
components from n-butane to n-heptane separated for the specific purities. Since energy
consumption is one of the major challenges for industries, researchers have been trying to reduce it.
In the existing plant, normal paraffin is separated by conventional distillation, sequence Direct-Indirect
and it is suggested to be replaced by thermally coupled distillation (a,o and c) derived from
conventional distillation sequence Direct-Indirect, then the reduced energy consumption can be
obtained. Therefore, this research aims to find other possible configurations that have lower energy
consumption than the suggested configurations. They were investigated by simulating on Aspen
HYSYS V9, consisting the less than n-1 column configurations derived from a, b and c and thermally
coupled distillation and less than n-1 column configuration derived from each sequence of
conventional distillation for four components (Direct, Indirect, Indirect-Direct and Symmetrical). Pinch
analysis was performed on all of the rigorous simulations. The results show that the thermally
coupled distillation sequence d2 derived from conventional distillation sequence Direct by
eliminating the reboiler of the second column consumed the least energy with doing pinch analysis
(d2+pinch) accounted for 28.57 %, while the suggested configurations did for 14-20% compared to
the existing plant’s configuration. In conclusion the sequence d2+pinch should replace the existing
one instead of the suggested ones. By reserving same heat exchangers, sizes are minimized and the

new one is also added.

Keywords: Energy saving; Normal paraffin distillation; Pinch analysis; Thermally coupled distillation;

Less than n-1 column configuration
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1. Introduction

Distillation is a well-known process in

chemical processing plant. There are many types
of distillation,

one of them is conventional

distillation ~ which is  commonly used in
petrochemical  plant, including consecutive
columns. Number of conventional distillation

sequences (M_) depend on number of desired
product, which can be calculated by the following
formula. [1]

[2(P-1]1!
N, = PIP—1)!

(1

Besides from environmental issue, high energy
consumption also being consider one of the major
problem that try to reduce [2]. Therefore,
thermally coupled distillation is introduced to
reduce energy consumption in conventional
distillation.

withdraw  between

Non-product vapour-liquid  streams

columns, in  sequences
condensers and/or reboilers are removed. Number
of sequences of thermally coupled distillation

(P, ) can be obtained by the following formula [3]:

_ [2in-101 M—3 (N—2Z)
Pa = _\r:li.\r—ﬂ:[ =1 i (N-2-4)!

+1] )

By knowing N is a number of desired
products. Less than n-1 column configurations can
reduce energy consumption more than thermally
coupled distillation. Eventually the result solution
derived from thermally coupled configurations
with These

starting from the

some columns  removed.

configurations are created,

thermodynamically — equivalent  configurations,
where a column section associated to a condenser
and/or a reboiler that provides the common reflux
flow rate or the vapor boil up between two
consecutive columns can be moving [3]. Then, less
than n-1 column configurations can be generated

by eliminating the remaining single-section column

from moving the rectifying or the stripping section
in thermodynamically equivalent configuration and
replacing that single-section column by side
stream  withdrawing. ~ Number  of  those
configurations of each sequence (NIS) can be

predicted by the following formula [3]:

NIS= 2M% —1
(3)

Where NS is the number of single-section
columns in the thermodynamically equivalent
configuration. It is studied on existing plant of a
lisht ends stream from a crude oil distillation [4].
The feed of normal paraffin, including four
components from n-butane to n-heptane are
separated in three simple columns known as
sequence Direct-Indirect with desired products’
purities 85%mol for n-butane and n-pentane,
89%mol for n-hexane and 98%mol for n-heptane.
Direct-Indirect was simulated and two sequences
(b and c) of thermally coupled distillation derived
from it, was suggested to replace the existing
configuration for less energy consumption [4].

All configurations of conventional distillation,
thermally coupled distillation and less than n-1
column for four components are shown in Fig. 1.

It is believed that there are other sequences
or configurations that may consume energy less
than the ones suggested in earlier research and
also can be further reduced by pinch technology,
introduced by Linhoff and Hindmarsh [1, pp. 306-
318]. In industry, the external source is being used
to exchange heat between streams in the process.
By taking an advantage of pinch analysis, the cost
of using external sources can be reduced, since the
heat able to exchange in between heat and cold
stream. Therefore, this paper aims to find the
optimized configuration that consumes the least
energy but still meet desired products’ purities of
the case study by simulating on Aspen HYSYS V9.

To keep using the same heat exchangers in

the existing plant, heat exchangers must be
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modified by minimizing/ maximizing area of heat d (m) 2.44 3.22 2.01
transfer to be suitable for new configuration. A RR 3.84 1.37 1.26
required area of heat exchangers can be calculated N; 28 42 34
[4]: N 17 21 16

— 36000c/r Table 3 Interconnecting thermal coupling flow rates
UgATyp for thermally coupled distillation
@ Between
Between column
2. Research Methodology Configuration | column 1&2 2&3
The case study was adopted from [4] as L (kmol/h) LN
shown in Table 1. There are two main procedures, (kmol/h)
following by: 3 1125/155 .
2.1. Verification i 549/994
Design and operational parameters of 1125/155 550,994
conventional distillation and thermally coupled
distillation are extracted from the research [4] as 22 Rigorous simulation
shown in Table 2 and Table 3 to obtained equal or Firstly, the less than n-1  column
close to energy consumption from that research. configurations derived from thermally coupled

distillation a, b and ¢ were simulated. Secondly,
Table 1 Data for case study

other  conventional  distillation  sequences,

Flow including Direct, Indirect, Indirect-Direct and
Component rate Physical characteristic Symmetrical [3] were performed with design and
(kmol/ . -
operational parameters of existing plant as shown
h) in Table 2. Then, thermally coupled distillation
Cq (n-butane)| 280 | Temperature (*C) 128 and less than n-1 configurations [3] derived from
Cs (n- 300 Pressure (atm) each of them have been simulated. All of these
pentane) > simulations were performed with pinch analysis.
Cg (n-hexane)| 140
C; (n-
heptane)
530

Table 2 Design and operational parameter of

conventional distillation

Column
Parameter . Column 2| Column 3
D (kmol/h) 280.20 443,70 298.22

B (kmol/h) 969.80 526.10 145.48

P: (kPa) 506.62 506.62 506.62
Pg (kPa) 518.34 521.92 52592
T (°0) 54.92 94.75 82.5

T (°0) 122.62 165.6 134.29
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and thermally coupled distillation sequence d2 are

shown in Fig. 3.
3. Results and Discussion

The verifications were successfully carried-out

with the following energy consumption as shown acseaT | =
in Fig. 2 )
ar1 |
a — CE4084CF
T-100
Qtotal (kI/s) Oreference research W simulated
4.00E+04
T-1
3.00E+04 : .
2.00E+04 LT = L
LO0E-+04 C4'C5-C8~;:— “
| CE+CBCT L)
0.00E-+00 SINGCE
: b Coof]| o =
dl a b c T-101

T +—
w side back

RCY-1

configuration

Fig. 3 (a) Direct-Indirect (existi d(b) d2
Fig. 2 Energy consumption comparison between '8 3 (a) Direct-Indirect (existing) and (o)

reference research and simulation . 4
Mechanism of energy reduction of sequence

From Fig. 2, simulated configurations gcave
approached number of energy consumption to
reference research’s [4], percentage of difference
are 1.549%, 1.26%, 4.08% and 1.93%, respectively. It
is assured that the following rigorous simulation
has been carried out accurately with these same
steps.

For less than n-1 column configurations
derived from conventional one sequence Direct-
Indirect, there are only three out of seven
configurations that gave the desired products’
purities but the energy consumption is extremely
high compared to the existing plant and the
suggested ones.

It showed that simulation of other possible

sequences of conventional distillation, only
sequence Direct is converged with parameters
operated in existing plant. After performing

thermally coupled distillation and less than n-1
configurations derived Direct, thermally coupled
distillation

consumed less energy than it did in the existing

sequence d2 with pinch analysis

and the suggested ones. A comparison between

conventional distillation sequence Direct-Indirect

d2 can be explained by side withdrawing from

column 3 to replace reboiler of column 2,
decreases vapor flow rate in the column, such that
cooling duty of column 3 is decreased. Further
energy reduction by pinch analysis can be achieved
only if there is a hot stream that has higher
temperature than a cold one. In sequence d2, there
are only one matching pair of streams which are
the one that flows in rebolier of column 1 and the
other one flows in condenser of column 3.

To transform the same heat exchangers to be
suitable for thermally coupled distillation d2 with
should be adapted by

minimizing sizes shown in Table 4.

pinch analysis, they
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Table 4 Comparison between existing and thermally

coupled sequence d2 area of heat exchangers

Existing Thermally coupled
Heat
plant sequence
exchanger 2 i 2
(m") d2 + pinch (m")
Condenser 1 662.7 659.1
Condenser 2 233.5 194.4
Condenser 3 164.3 624 |—> 32.30
166.2
Reboiler 1 100.5 498 |—> 0.51
Reboiler 2 799.0
Reboiler 3 386.8 188.7

After doing pinch analysis, condenser at
column 3 and reboiler at column 1 are replaced
with 166.2 m’ heat exchanger, the 32.3 m” cooler
the 051 m added,

respectively.

and heater are also

4. Conclusion and Recommendations

The rigorous simulations for four components
distillation have been successfully performed. It is
shown that the thermally coupled distillation
sequence d2 has the least energy consumption
and desired products’ purities obtained. By using
pinch analysis, energy can be further reduced by
transferring heat in condenser column 3 to reboiler
at column 1 for 1546.38 kJ/s and the rest of energy
requirement comes from external sources as
shown in Fig. 4 [1]. Therefore, thermally coupled
distillation
consuming energy for 24108.33 kJ/s, and heat

sequence d2 with pinch analysis

exchangers design in Table 4 are suggested to
replace the existing process instead of the
suggested ones in [4] to meet the optimized

normal paraffin distillation.
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1632.96 kJ/s

j3sgc  Condenser@COL3 s
¢ ?
_ - 5133.12 ki/s |
89.4°C ondenser@COL2 | 81.2°C
¢ |
|
7990.73 kifs
59.1°C contenser@CoL1 950.75 ks ! 544°C
. 1
|
|
164.7°C ahoiler@COL3 4 )f‘." J/s | 1643°C
+ T
|
124.1°C 6.07 kl/s |
reboiler@COLL v 179°C
< ® ®
® cooler
@ heater

@ Heat exchanger
Fig. 4. Grid diagram for thermally coupled

distillation sequence d2

5. Nomenclature

D = distillate flow rate (kmol/h)

B = Bottom flow rate (kmol/h)

P; = top pressure (kPa)

Pg = bottom pressure (kPa)

T; = top temperature (°C)

Tg = bottom temperature (°C)

d = distillation column diameter (m)

RR = reflux ratio

N; = total number of stages

N; = feed stage

Ug = average exchange coefficient (K/m” h °0)
AT = logarithmic mean temperature difference
Q. = condenser/reboiler duty (kJ/h)
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Retrofit of the Asphalt Heating System using

Waste Heat from Flue Gas
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MAIYIMNTIUAT AugImNTIuAEns InInedesssueans qudsedn Unusnil 12120

*sprod@tu.ac.th

unAnge

AT UsrasiioszduamudulUlifonanaiaasmaassmansvoamsusuussssuunsls
arufeutesaenoslasnsthanufeundeisainisledeinguanmeneudrgimomiad
thiufeusuu 4 iedes lnglfleTesanusunmiufeusuuidenuazvio namaddenuinmsthmiuiou
widehsanfgleideangduanmeaneudigiimnvesmiiofuninduiouinlugnisussvimindufisadly
Hudoimasimnvesdiefinirdufouis 4 indes lurasUszana 690,000-1,820,000 uwsel way
MNMAARTINaATYgaansnuiinisthieledeingueinianeudgimnemieduiiiufoud
mmﬁmiﬂumaamuﬁy’q 4 \p30q lneilyardagduans (NPY) Tudaedszana 9,100,000-24,700,000
v fdnsmanouununan (RR) Tutis¥osay 139-363 aganindnanendeiudlulegiu (Govas
6.25-6.87) uariisyeznandunu (PB) lutisszanu 4-9 Wou Jadeunineimisesenglasans (15 T)

Adfgy (Key word): szuunslinauseuvesensuzney; anusewndedns; falelds; n1simsisnids
wAtle; NSIATIEMTAATYAIERNS

Abstract

The objective of this research was to assess the feasibility of the retrofit of the asphalt heating system
by installing the shell and tube heat exchangers for utilising waste heat from flue gas for pre-heating
air entering the burners of the hot-oil boilers (No. 1 to No. 4). It was found that the retrofit was
technically and economically feasible. The consumption of diesel oil used in all 4 burners could be
reduced by ~690,000-1,820,000 Baht per year. The net present values (NPV) for the installation of the
shell and tube heat exchangers for pre-heating air entering the burners of the hot-oil boilers were
found to be between 9,100,000 and 24,700,000 Baht per year. The internal rates of return (IRR) were
within the range of 139-363%, which were higher than the current lending rate (6.25-6.87%). The
payback periods (PB) were found to be approximately 4-9 months, which were much shorter than a
half of the project lifetime (15 years).

Key word: Asphalt heating system; Waste heat; Flue gas; Technical analysis; Economic evaluation
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1. uni1 (Introduction)
819uzMeE (Asphalt w3e Bitumen) Juanslalas-

AsUaUNlAaINATEUIUNISNARTNTUAY Tdnwuziduy

v
o '

Yoavatuninnseiwewddsviedinaununus
wagdlaudaneuga [1]

Lf‘iaamﬂmwzmaaﬁ@mauﬁaﬁimml,@iwmwizms
wu SpaandAduilssauia fanuannsolunis
Hoafuinguru wasiinununiuean 1 nuIndoy
#1949 finannuane s [1] SavilsinnsTduselew
NYNULADYDHINI9VIN Laglanigludiuvesnis
rea¥anuuvidomsyituiasag [1]

fiadl e1sugnosiiagianldaulddesegluanin
Yauman e unszuIunsinuiou Fuesld
nasnuduegiann annsAnwinseuiunsianuseu
YoeensuznoslulssnuNERE1LL AR AT INUIF o
ﬁmwaaumqmmaﬂﬁagﬂuamwﬁ!waqmmmaamLam
ienuasaandoniseemlunsvudaietulday
Tumsasnsauu sial Tssnusanaildamdeuuienasaos
Taeldiisiudou (Hot oil) Wudnandlunisuanaeu
Awdeu Fauisiudeudinanilasunnudeunnuliosy
¥hfufeu (Hot-oil boiler) Afiwauu (Burner) sy
fwa (Diesel o) tHudanas 99nnnsdrsI9nudn
Tssnusananldirniianun 4 a1 LaraInnnsAnen
enansiiieades niouanmsdmalaauiofudeya
wuinnilduisiasiunldifieanusunanisidigy
Awadinnludfivnnvemteduiaiiudeudenis
UFuusessuunisiiannufeunnetsuzneslagnisin
Audoudeiia (Waste heat) 1nfelowde (Flue
gas)  Dsdsslgungiigeey uuaniUdsuauieuriy
omafiaziirgiesrnlng iievilveniafigamgi
avtureufazlunaufuidomds (hdufiea) aumn 39
whlugnmsdszusaidomndsideddlunsldamuou
wNe1szAREadle

ey FaduiiinvesnuideilidfngUsvasdiiio
Uszifumudululdassnisusulgessuunasle
anudeuretsnzneslngnisiianudeumdeisain
felordoanguorniadeudgiaunivomadiniigy
SoulneldinIosmanUasunudeusuuidonuazye
(Shell and tube heat exchanger) wiludanada lne
¥in1sArurnUsuianisiddTuiiiwadianassy
iesnannnisiaudeumdeaunldanugeuun
omanouigiiavomiaduiiiuieu wazids
wswgenans lngldledoslomslinsgimaasugmany
dulsun yad1Uagtuans (Net present value: NPV)

IRIINANDUUNUANARA (Internal rate of return: IRR)
wagszeslIaAuY (Payback period: PB)

2. 35738 (Research Methodology)
NAvsiivuneuluNTAEUATIVY Aetl

'
=

1) Yagamgiiivituazanesnvesemeiiusiaziom
vownsioduhiiufeu (ndesil 1-0) uazTngamgiives
felods (Flue gas) Aildarnnswiveluwdasiain
vowmsiosutniudou TngldiaTesTndve Testo Ju 330-
2LX

2) sanuuuLAdesuaniUdsualiuiounuuden
wazyio (Shell and tube heat exchanger) $E1i19A%
lowde (Flue gas) Auennianaudngwan Inediuuimig
wazdermualuntseanuuy el

(1) Wiihgledvegneluvie (Tube)
(2) Wiomeegluiuden (Shell)
(3) Janiilivinudonuagvie Ao Carbon steel
(4) vwnaLdurnugudnaNAIeUBnYeIYie Wiy
1 i
(5) ANUENITRNe Wity 8 W
(6) svuEvinesEninie (Tube pitch) Wity 1.25
fh ueziinsdmdesuuudmasy (Square
pitch)
(7) Anagauvgdfilflunisuanidsunnuiey
W 4 ane Tnefiseasdon il
e auouridn Ae gaungivesiivledy
91nUaedlowde (Flue gas stack)
e aefauvioen Ae gumngivesingledy
vdsnsuanisuaudeusveinie
o aafurndi fe guugivetenianou
duedeanidsunnudou
® eiiuv1ean Ao guNIveteINIANAS
mswandsuanudeuiulede
(8) Frwriiuiivesnsuaniddsuninudou
YUIALFUHUANINAI AL AIINE1IVBIYD
lgsmualilude @) waz (5)

3) AwaUiannudeudildanmswrlniity
Maalunaztunivemdioduiudeuluniizuni
vielunzilifnnslimnuieunnerniaioutdng
WY (Qpegore ) I0BAMUALIA

(1) 51ﬁuﬁmaﬁqmmﬁ (1ad8) U CygHs, uazd
waluana (MW) wiriu 198 ¢/mol [2]
(2) Arpnudeuvasisiufia (LHVse ) 51617
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WU 42.6 MJ/kg (R1NWANITIATIEIRAN
augeuvesusEnitvetiuiivaldiu
T59uUNang19lEnes)

(3) aunsiAdiae

CHy + 4—2302 —14C0, +15H,0

(FeauuRgnuInnswlulauysol)

(@) o1 afilddmsunisiuianisn e
dhsudwaiiesdusznevie Awesndiou
(0, Soway 21 wazialulasiau (N,) Soeay
79

(5) Ysuraumnudeudilaannniswalusdensiy
Agaluusiaziaen (Q) Auimanaunisi

o

2) mﬁ

(2)

2 (njhj)—Z(njhj)

output input

Z(ﬂAHf’J+

Tndl

® AH° = Heat of reaction ¥@3Ugnsen
AN (1) [k/mol]

n, = sanmsinadduaveninfufia
(C14Hsg) [mol/h]

v, = duUszans (Coefficient) vostisfuy

flwaluaun1sn (1)

e n = dasnslnadsluavesansaieg 9

J
WnuazeanaNTINT [mol/h]
[@aldannisvinaunauaasnIuaunisn
(D]

h, = A1 Specific enthalpy 9831371199

MAUazoNINITININGUNYTA199
[(kJ/mol]
4) AmurUsUANNSauNbaa NS by

&

ALl adn1shanlaguAlIUSpUSENI19eINIANUAY

v

a

la1dy (Que ) Finlvioniaidngviandaamgd

Y
ge3u lagldaunisn (2)
5) AUINUTIAANToUNIASURNTY (Quyease )

Watinsuanwdsuminuseussninserniaiuinelaide
Tngloaunisn (3)

Qincrease = Yatter _Qbefore
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6) ANUNSRYAYYRIUINURLYATIlTanaY (%Diesel
savings) Inglgaunisi (4)

Qincrease
LHV

diesel

— — desel _+100
Diesel flow rate

%Diesel savings = (4)

7) AuruAnYenae (ndufwa) AUsendala
(Cost of diesel savings) lagluaunisi (5)

%Diesel savings
100
xDiesel flow rate

Hours
X
year

Cost of diesel savings =

x Price of diesel
(5)

Tnofi
Hours
year
#ol Favinifu 365x24 = 8,760 Faluy/d
® Price of diesel = s1AvRsfia Fafimun
157 23 Baht/L (Humadomsmely)

8) Amudngan1dagiuans (Net present value:
NPV) Bsierasnsszninsgariagiiusiuvesnsuaiy
ansugvisnaenenglasanisiuyadlagtiuveiuamu
Bauusn TeelddnsnamAnan (Discount rate: i) 3nUu
yaAasnszuaiuaniiintuluudar oy a d
taqvu (Present value: PV) Ingllfiannasii (6) [3]

° = IUIUTIUIVDINTS PN U IE

NPy =58 =S ¢ (6)
=L (1)
Tneil

e B, - yeldvedasinmsiiintuludil t

e C, =alggnglunsiniiuns Meiuszuv)
wagAgsnuaudyuiiAndulud

C, = fununiealdirglunisamuiFunn
i = §n1anuAnan (Discount rate) ¥3BdHTY
Ruwle

t = Yvesnsandunulasens @ 1, 2,
3, ..

® n = 918v8dlATINIT

.n)

9) AUIUBATINANBULNUAAAR (Internal rate of
return: IRR) #59A1 r  FududnsINanauLnuAvinlg
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Hanauknuansvadlasinsiawvitfualdinglung
AMUSUWIN [3] WuAsA AT 1 AVl NPV e
wiriuaug (0) w3e

NPy =3B =G —o @)
“(1+r)
Tail
e B = neldvedasanmsiAntuludil t
e C, =alganglunmsaniiunms Meiuszuv)
L.LawhﬂﬁﬁﬂmauﬁmuﬁLﬁm%ﬂuﬂﬁ t
o C, = sununiealiiiglunisamuizuusn
o t - FYypsmsandunulasinig @1, 2,

3, ..
® n = 919v03lATINT
10) AuINIEEELAIAUNY (Payback period: PB)

, )

wseA1 t Famuefessesiainisaiunislasenisi
inlinanauunugrnsveddasimsianvitiualding
lun1samuisuusn [3] dueAiamiA t Avinld
NPV fifdnviriugue (0)

B -C

NPV =3t =t

L _C,=0
S(i)

(8)

Taei

e B, = yuldveslasinsiindululf t

C, = alldanglumsandums (iTeLAuszuL)
wazAtgsnAud Uil TuluR

C, = sunuvdorldarelumsasyuibuusn
i = 8n51dIuARan (Discount rate) N506MT
Ruile

e t = Yyasnrsandunulasens @9 1, 2,
3 ..

n

, )

915704LATINS

3. HAN13338 (Results)
Foyafidludmiunisesnuuuindeananidaou
AUsouLUULUADNULaLYio (Shell and tube heat
exchanger) SsUszneusisgumnives
eae¥ourndn Fudugamnivesfnaleds (Flue
0as) Tleenananvessioduitueu
eauFourioen dudugungiivesineleldodiiiu
\3psuanUAsuANLSauLEn
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oz uLfuvLdn %aLﬁuqmmﬁﬂuaqmmmguL%ﬂ
wSsaandsuninuseu
ez uLfuviaan sﬁuﬁuqmmﬁmaammwé’amu
wdsauanasuninuseu
Algannisiafivmvesmdeduintudourded 1-4
Wulugauandlunsnsit 1 st wdnlunisesnuuudem
Nudlunisuaniudsuainudeuiinewfissdniunis
wanasuanudeuanaisdeu Ealeids) Tuswenedy
(811 nefigamgiivesansfourieendzsiosganin
gaunniivesaneiduvionn
T 1 gaumgiiveneseuridiuazvieen uazaedu
VIR ATNEONUBLAS BANUA LA BUE MU AN
vowslafuiutounde 1-4

gangdl (°C) ves

Wiew  anedeu aefou anendiu anendiu
P 21990 P 21990

1 260 151 36 150

2 260 151 36 150

3 220 131 36 129

4 250 147 36 145

11

mamiaaﬂLmuwudﬁqmmﬁﬂumﬁwiau%aﬁaaﬂmﬂ
ideaanasunnuseuanasanUssanm 220-260 °C
Wuuszanm 131-151  °C vausfigamafivesansidy
Wisguann 36 °C Wulssana 129-150 °C
Tunsenamfiuiivesnisuanasunnudeues
m’%laqLLaﬂLﬂﬁaumm%'auiﬁﬁmumiﬂ%’gﬂLLUUsummﬂua
vosaedouLazatoiiu Jandilivinuden (Shel) uay
vie (Tube) YwIALELHTUAUINAINBUBNLALAIINYT?
YD F¥ELNITENINYIE (Tube pitch) wazNIFTAEEI
Frvaevie WulumussasiBendivanslSlude 2 10933
340 nefindnlunisesnuuuiidesnslinsivaluvieves
fraloide (anedew) Wunisluawuutlutau (Turbulent
flow) ¥3eflA1 Re > 10,000 iievilnisuaniasu
anudouduliegadisyansam
HaNIFeRNLUULAIsIRaniUAsua Lo dulUs
wanslums1edt 2 Fanudranudesnishnafingledy
Turiedmiuiunivemsiofuiufousia fa1eg
Tugn 24-29 m/s Faduanusafivhlimannisinawuy
Jutlu fiflen Re > 10,000 Lagdifiufiveansuaniudsu
AnuToueglurg 9-25 m’
dloRndunisananidsumuioundiszdanale
guvniveserniateudngionnludifinigedu Seay

q U
o

Wlgnisfiaiinnuseuanniswalndinduies (S
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Judemddummnvemdeduinduiow) Nawu aed
° I o a

nansenuanduluasanslunisnai 3

A5199 2 ST ANUSIVeINTslraluYie wazuuIn

Nufvean1swanUiguAIusauvaLAIaILant Uy

AMUSAUA NS U VR DAL WS PRSI 1-4

M3 & BanaurnaSeuiildsusiisdu (Qucrease ) T08AY
younuAwaildanas wazAndomas (hiuiea) 4
Usendnldiflotinmsanmaniamanudsuanudoudmsu
Fsnvemsosuiuteuniod 1-4

. M3
omIINTS

G Nufwos
. AU “
4 AUGINAN . AT A3
TN 817 PUIU . 4
< BREIGH , , Tuvie  waniUdeu
7 , YDIND 19 Y
YDV i (m/s) ANTDU
i (in) 2
(in) (m")
1 1 8 61 24.7 9.60
2 1 8 138 28.5 24.96
3 1 8 138 26.3 23.47
q 1 8 112 24.8 17.34

- nslva Y AN
4 nan Sovazves ALToLNa
LA3DY ¥ ved Qirrease %o = A e
r ANuSou bet Al fiuszndala
awn o sendald (uw/d)
wm
(kg/h)
1 1,670 39.2 124 7.44 696,126
2 4,180 98.1 324 7.76 1,817,312
3 4,180 98.1 262 6.25 1,465,978
4 4,180 98.1 221 5.29 1,242,646

AT 3 ANUSIUN A NSNS IAR BN VB I DAY

UuSouAs 099 1-4 NANTY (Qperense ) HIBHNNTTAAA
WMIadanUasuAINUsou
Q, =
Lﬂ%‘l a9 ﬁ‘ Qbefore Qafter Q 'm-ea(;e
(MJ/h) (MJ/h) after ~ before
(MJ/h)

1 1,406 1,530 124

2 3,497 3,821 324

3 3628 3,890 262

4 3,705 3,926 221
4. anusiea (Discussion)

v
a

INNAAIUIUTNAUNUINNTUIANUS D ULNE DN
nfinglaideuigueinianauidigiinivesvdedy
drfudounraziaiesdenaldainudouiildannnis
LmlwﬁﬁﬁaLmLL@iagﬁaﬁmqﬁu (Fauanslupsnsii 3)
waza1nn1siimuseuiildSuarnnsmn s fiwamn
ﬁv&hLﬁw’ﬁuasﬁﬂﬂémiﬁwmmwﬁaEJas U3l wazan
Fowdmeashiufimaiianas amusivazBuadinandls
Tudie 5-7 ¥093338 Fawanisiwandulusuandly
19T 4 el SrsnnslvavesinguRisavesuday i

ATUINAINEATINITHANAIIUTOUAIAAYRINL AN

v
°

PHUSDULFAZLATBINNTAEAIAINS DUV DU T URLYA
(LHV e )

diesel

12

9NAN597 4 szfiuinnsienudeuwiediannn
fnglodeunlininudounnainianaudigiikives
wileduihsiudeudsmalianunsadsendadomas (i
fa) laUszanndonas 5.3-7.8 uazifiefuimoanu
LfJuﬂ"]L%aLwaqﬁﬂswé’mlﬁwuﬁﬁmagﬂu‘daq 696,126-
1,465,978 U /U

dethluieneiludaasvgmansioseiiue
Hululguesnisianudeumdsianielodounls
mm%@uudmmﬂriawﬁwgiﬁ’gLm%mﬁaﬁuﬁwﬂu%w
Tngldipdeaanudsuanudeunuulionuazvie Tneidl
foyaidoslilunisuszifiuanuduldldvesnisamu
il

1) easmuisuiu (C,) dauusaivesaies
wanasuairuSounuuildenuaziie taed
yaryiU 500,000 UM/AA3ES [4]
o1guadlasinis (Whivergnsldsuvesedes
wanasuanuden) Javinfu 15 U [4]
Ald918518T [1Wu AUITITNYT LagA19I
L3991 (Roadetludiu) Wudul Fadiawvindu
75,000 U/ [4]
9R518WHe (8198991n5UIANSURIUSELNALNEY
[5]) Feilinadedovas 1
803 13ugUagdu (§1989a1nsuAsndnsineg
[6]) Failelugaedosay 6.25-6.87

2)

3)

4)

5)
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Tngldiadesionsiianevimaasugamans suldun
yaAdaqiugns (Net present value: NPV) &ms1
NanaUWNUAAAR (Internal rate of return: IRR) way
srezLIaAuYu (Payback period: PB) wuinduluss
wanslumsedi 5

P13199 5 HANITILATIZANILATHFA1EA TV INTTUN
aufeoundeinannieledeuilininudeundeinie
roudngiunvemiefuinsiudoundosd 1-4 Tagld
wSeaanisunnuieuwuuidentasiie

WINNTIN Ua¥N13INNNTRNETNTTUOEEI8U ATIN 8 UsednT 2562

4 yardaglu INTINANDULNU SrezLIan
e qvs (NPV) Anan (RR) Auvu (PB)
[Auuv] [9%) [LAou]
1 9.1 139 8.8
2 24.7 363 3.4
3 19.8 293 4.1
q 16.7 249 4.9

INHANTITIATIEANIUATYFAIANTNUTIY AR
Jagiuans (NPV) fanduvanimun wansidislsan
nsasnu dufefisrefu (Audeindsfivszndald)
Tnrugandimedne (Guamuifiofalrosuandeu
AaNuTeunazAliIte1el) dnsnanouLnuAnan
(IRR) fiAneglurisiosas 139-363 FsgenindnsFudlu
Ua90u (Sesay 6.25-6.87) uansindidnsnanauuny
Y9IN13AMUEINIINTIRUIUamuUmeNsIA By wax
segghiaAuu (PB) agludiesseziianiiies 4-9 Loy
etlpenimdmilaesenguadlasinis (enguaslasins
wihitu 15 U sy edemisesenglassnsiasiniu 7.5
) wansinsasuiierldvuiudeunimiiveseny
1A5aN3

5. @3Una (Conclusion)
ynnsUssfiuanudululivesnisuiulsessuy
nslvnufeuresenazneslngnisinauseumaodi
(Waste heat) 31nfi1eleide (Flue gas) unguenimnieu
g Bumen  weaniieduthiufeu  (Hot-oil
boiler) 1 4 1p304 Ingldpdaaaniuasunnudauwuy
Wasnuazyio (Shell and tube heat exchanger) Wy
¥ilusendnisiufwailddmsuinivemiiof
vhsfu¥eulurasUseann 690,000-1,820,000 UMsed
fiyar1tagtuans (NPV) Tugas 9,100,000-24,700,000
U HonTmanouunuAnan (IRR) Tudiesesay 139-
363 %ﬂgaﬂdﬂé’mmaﬂLﬁaﬁufﬂuﬂwﬁu (Foeag 6.25-

13

6.87) wagilszegiianAumu (PB)  lutsussuiu 4-9
Wwiau Fatloeninaanilivedenglasanis (15 U) waned

= 2 v & = a a
n1sasuilanudululanduganadauazluids
WATgANENT
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Optimization of Hydrogen Production from Different

Biomass Feedstocks Using Gasification Process
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99 moo 18 Pahonyothin road, Klong Nueng, Klong Luang, Pathumthani, 12120, Thailand
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Abstract

In this research, gasifications of leaves and peak of cane, leaves and palm trees and straw were
simulated by Aspen plus V9 and compared to produce hydrogen-rich synthesis gas to generate
electricity. Experiments were tuned optimum condition by varying the temperature of fluidized bed
gasifier from 600-1000 °C and steam to biomass ratio (SB ratio) from 0.1-5. When increasing steam to
biomass ratio, hydrogen gas production increased while increasing fluidized bed gasifier’s temperature,
hydrogen production increased at low SB ratio but decreased at high SB ratio. Optimum condition to
produce maximum hydrogen in synthesis gas of three types of biomass were at 5 SB ratio. Optimum
fluidized bed gasifier’s temperature of leaves and palm trees, leaves and peak of cane and straw
were at 620, 630 and 630 °C to produce 210.375, 203.084 and 214.380 kmolH,/hr, respectively.
Therefore, the optimum condition to produce maximum amount of hydrogen gas was (from straw) at
5 SB ratio and fluidized bed gasifier’s temperature at 630 °C.

Key word: Gasification; Hydrogen; Synthesis gas; Biomass; Aspen plus
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1. Introduction

Thailand industrial index in 2017-2018 has

been expanded to 3.04 and expected to be

expanded more in 2019. Then electricity demand
also runs after this industrial expansion index [1].

Thailand

harvesting, agricultural waste can be used to

is an agricultural country. After
produce energy from biomass. Typical of biomass
can be classified into 2 types of moisture content
and 6 types of source of biomass. Moisture
content divided into wet conversion biomass and
dry conversion biomass. Source of biomass are
categorized into agricultural product, agricultural
waste, after wildfire waste, waste from forest
industrial, dungs and municipal solid waste (MSW).

Thus, this research was simulated hydrogen
production from gasification of leaves and palm
trees, leaves and peak of cane and straw using
Aspen Plus V9 and study effects of types of
biomass, fluidized bed gasifier’s temperature and
steam to biomass ratio to find optimum of
hydrogen production to generate electricity.
1.1. Gasification process

Biomass gasification is a process that burns
biomass under restricted air supply in order to
generate producer gas [2]. Producer gas is a
mixture of gas that mostly consist of carbon
monoxide and hydrogen. It produced from the
following main reactions, which occur inside a
biomass gasifier

In drying process, biomass is heated to over
100 °C. The moisture in biomass is converted into
steam. After drying, biomass undergoes pyrolysis.
Pyrolysis is a process which burn biomass
completely without supplying any oxygen. As a
result, biomass is decomposed into solids, liquids
and gases. Biochar is the solid part, tar is the liquid
part and flue gases make up the gases part.

In oxidation process or combustion, the air is
injected into the gasifier after the decomposition
process. During oxidation, which takes place at

about 700-1400 °C biochar, or the solid carbonized
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fuel, reacts with the oxygen in the air to produce
carbon dioxide and heat
C+0,— CO,

(1)

In reduction process or gasification, at higher

- 111 kJ/kmol

temperatures and under reducing conditions, when
there is not enough oxygen available, the following
reactions take place forming carbon dioxide,

hydrogen and methane.

Boudouard Reaction

C+CO,— 2CO  +172 kJ/kmol 2)
Water Gas Reaction
C + H,O0 — CO + H,+131 kJ/kmol

(3)
Water Gas Shift
CO + H,O0 — CO,+H, -41 kl/kmol (4)
Methane Production
C + 2H, — CH, -75 kJ/kmol (5)
Steam Reforming
CH4 + H,O — CO + 3H, +206 kJ/kmol (6)

1.2. Dual fluidized bed gasifier

Dual fluidized bed gasifier is co-work of
bubbling fluidized bed gasifier and circulating
fluidized bed combustor. In the gasifier, the
biomass and steam are fed. Drying, pyrolysis and
gasification are occurred. In combustor, char and
used bed are moved to combustor and oxidized
with oxygen in the air. Char is converted into fuel
gas. Coke which mantle the used bed is removed.
Burned bed is reused in gasifier again. Characteristic

of dual fluidized bed gasifier show in Fig. 1.

Fig 1. Dual fluidized bed gasifier
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2. Research Methodology

Steam biomass gasification was simulated by
Aspen Plus V9. The Peng Robinson cubic equation
of state with the Boston-Mathias alpha function
(PK-BM) was used for all the thermodynamic
properties.

The following is the assumption in simulation
of steam gasification process
1. Steady state simulation
2. Uniform  temperature distribution for the
biomass particle
3. Taris not considered
4. Particle size is not considered
5. Charis 100 % carbon
6. Constant pressure
7. Adiabatic process

First, two types of components were
determined by input conventional component
(C, CO,, CO, H,, H0, Ny, O,, CHy, Cly, S, HCL, NHa,
H,S and SO,) and nonconventional (BIOMASS and
ASH) into model. Enthalpy and density of non-
conventional component were calculated by
HCOALGEN and DCOALIGT method.
The Aspen Plus flowsheet of steam biomass
gasification is shown in Fig.2. Hydrogen production
process includes pyrolysis zone, gasification or
reduction zone and combustion zone. Firstly,
BIOMASS stream was fed into pyrolysis reactor
(PYR) at 25 °C, 1 atm via proximate analysis and
ultimate analysis of 3 types BIOMASS leaves and

palm, trees leaves and peak of cane and straw

MUTERININMILaEIEUOHNANUNN AN
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(show in table 1). Pyrolysis reactor used for
decomposing organic substance to volatile matters
(C, Hy, O,, Cl,, N, and S) and biochar in AFT-PYR
stream. Separation unit (SEP) was used to separate
99% biochar (CHAR) from volatile matters (CHAR-
GAS). The separated CHAR was flowed into
combustion reactor (COM) at 900 °C , 1 atm for
react with oxygen in the air (AIR) by 99 % of CHAR
is converted. Mixture of carbon dioxide and remain
biochar (AFT-COM) that produced from combustion
reactor was split remain biochar (SOLID) from AFT-
COM in 0.85 efficiencies of cyclone (CYCLONE). The
product from combustion section was the gas
consist the most of carbon dioxide (FLUE-GAS).The
volatile matters (CHAR-GAS) used in biomass
gasification using steam gasifying agent (STAEM).
Main reaction in gasifier (GASIFIER) such as
Boudouard reaction, Water gas reaction, Water gas
shift, Methane production and Steam reforming
were produced hydrogen-rich synthesis gas (AFT-
GAS) at temperature from 600 to 1000 "C , 1 atm
In the part of the energy, Biochar combustion at
the combustion zone produced heat (Q) in order
to support the most of endothermic gasification
reactions and heat for the PYR (Q1) was required
for pyrolysis zone also.

Table 2 shows the block description used in
simulation whereas the detail specifications of inlet

stream are listed in Table 3.

Table 1. proximate analysis and ultimate analysis [4]

Proximate analysis (%) Ultimate analysis (%)
Type of -
; Fixed
biomass Moisture Ash VM C H O N S
carbon
leaves and
64.56 39.3 3123 72.8 255.0 | 80.83 | 13.67 | 00.07 0
palm trees
leaves and
peak of 77.61 30.79 4a.27 60.98 91.16 | 90.02 | 04.70 | 00.15 | 00.06
cane
straw 03.44 50.60 39.25 40.96 04.15 90.19 41.69 00.72 00.02
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CYCLONE

LAR |

Fig. 2. The Aspen plus flowsheet of steam biomass gasification [5]

Table 2. Block description used in simulation [5]

Hydrogen-rich synthesis gas production by

Model | Block ID Description steam gasification process was simulated to find
RYield PYR It used to convert non- optimum condition to produce maximum
conventional stream to hydrogen when type of biomass, steam to
conventional stream by biomass ratio and fluidized bed gasifier’s
calculation block temperature were changed.
Sep SEP Separates inlet stream The model was validated mole fraction of
CYCLONE | components into synthesis gas composition and volumetric flow
multiple outlet streams, rate of synthesis gas composition in any
based on specified flows components with the research of Ke Sun [5].
or split fractions Conditions of reference given in Table 4. and
RStoic COM Models stoichiometric result comparison are shown in Fig. 3. and Fig. 4.
reactor with specified
reaction extent or Table 4. Conditions of Ke Sun research [5]
conversion. Variable
Type of biomass Wood chips
Model | Block ID Description Steam to biomass ratio 0.6
RGibbs | GASIFIER | RGibbs reactor uses Gibbs fluidized bed gasifier’s 650 °C
free energy minimization temperature
with phase splitting to
calculate phase and 0.6000
chemical equilibrium 0.5000
0.4000
Table 3. Specifications for inlet streams
Stream Temp Pressure Flow rate g J ureference
BIOMASS | 25 °C latm | 2000 kg/hr 0.2000 0 34pen plus
AR 450 °C latm | 2240 kg/hr 01000 l
STEAM 450 °C 1 atm S/B=0.1-5 a
5 0.0000
Q1 25 C - - W o0 o o4 W
*Steam to biomass ratio (S/B) = mass flow rate of steam Companent

/ mass flow rate of biomass
Fig. 3. Comparison of mole fraction of synthesis

3. Results and Discussion gas composition between model and reference

17
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6000 r
5000

§ 4000
T 2000
g o reference
5 2000 m aspen plus R : _—
1000 I S S
0 m Fig. 5. Amount of hydrogen produced by leaves
W2 i) oz CHi N2 . .
and palm trees when changing steam to biomass
ml . T o )
ratio and fluidized bed gasifier’s temperature

Fig. 4. Comparison of volumetric flow rate of
synthesis gas composition between model and

reference

The difference between model and

ydrogen (bmsl )

reference is less than 20 percent. So, Gasification
model can be used.
3.1. Effect of steam to biomass ratio and

fluidized bed gasifier’s temperature

Variance of steam to biomass ratio and

fluidized bed gasifier’s temperature effect on the Fig. 6. Amount of hydrogen produced by leaves
amount of hydrogen in the same way for all of and peak of cane when changing steam to
biomass. Increasing of steam to biomass ratio biomass ratio and fluidized bed gasifier’s
effected on the amount of hydrogen in whole temperature

range of fluidized bed gasifier’s temperature. At
low steam to biomass ratio, Higher temperature
of fluidized bed gasifier can be produced higher
hydrogen. Whereas at high steam to biomass
ratio, higher temperature of fluidized bed gasifier
can be produced lower hydrogen. The results of
hydrogen production by leaves and palm, trees
leaves and peak of cane and straw was show in
Fig.5, 6 and 7, respectively.

Fig. 7. Amount of hydrogen produced by straw
when changing steam to biomass ratio and

fluidized bed gasifier’s temperature

Steam/biomass  ratio that produced
maximum  of  hydrogen was 5. Gasifier’s

temperature which produced maximum hydrogen

18
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in leaves and palm, trees leaves and the peak of 250
cane and straw were 620, 630 and 630 °C and
produced hydrogen 203.084, 210.375 and 214.380
kmol/hr, respectively.

|

Z

Therefore, The optimization of hydrogen

g
!
I|
I|
|
'
o

Mole flowrate (kmol/hr)

production from different biomass feedstocks

\“’

using gasification process was produced by straw

. . o 0
at 5 steam to biomass ratio, at 630 C Effect of 500 550 600 €50 700 750 800 850 900 950 1000
fluidized bed gasifier’s temperature to synthesis Temperature (c)

gas composition. Fig. 9. Effect of fluidized bed gasifier’s

Increasing  of  fluidized  bed  gasifier’s temperature to synthesis gas composition at 5

temperature - effected  to - synthesis  gas steam to biomass ratio produced by leaves and

composition in the same trend for all of the
peak of cane

biomass. When increasing fluidized bed gasifier’s

temperature, hydrogen and carbon monoxide -

was increased however carbon dioxide was

decreased. This result can be explained by %200 /_‘_—‘“‘**’
gasification reaction. Water gas reaction and | ™

Steam reforming were endothermic reaction. g ——H?
When increasing temperature, both of reaction ,Em =, B
were forward and produced more hydrogen. é %0 - W
While Water gas shift and Methane production .’.,ri*H‘H-H

were exothermic reaction. When increasing ! 500 550 600 650 700 750 800 850 900 950 1000
temperature, both of reaction were reversible Temperature (c)

and produced more hydrogen and carbon
Fig. 10. Effect of fluidized bed gasifier’s

monoxide as shown in Fig. 8., 9. and 10. ] o
temperature to synthesis gas composition at 5

steam to biomass ratio produced by straw

20
E w0 /‘M 3.2. Effect of biomass types to hydrogen
g - production
H ——H? From 3 types of biomass, we found that
Rl R y— ., -0 straw can produced the maximum hydrogen.
‘E % i W Followed by leaves and peak of cane and the

.‘.—_.J—.’.—H—‘.—_H last that produced minimum hydrogen was

0
500 550 600 650 700 750 800 850 900 950 1000 eaves and palm trees.
Temperature [c) Table 5 shown percent of hydrogen in

. - - ultimate analysis was direct variable with
Fig. 8. Effect of fluidized bed gasifier’s

_ " amount of hydrogen gas produced. Therefore,
temperature to synthesis gas composition at 5

) . amount of hydrogen production was determined
steam to biomass ratio produced by leaves and ) ) )
by trend of hydrogen in ultimate analysis.
palm trees
Table 5. Hydrogen produced from each types of

biomass compared with ultimate analysis
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Type of %H in ultimate Hydrogen
biomass analysis (kmol/hr)

leaves and
8.834 203.084

palm trees

leaves and
9.024 210.375

peak of cane

Straw 9.191 214.380

4. Conclusion

The results gained from this simulation
indicated that variation of fluidized bed gasifier’s
temperature and SB ratio effected to amount of
hydrogen gas exactly the same way with each
biomass. Therefore, the optimum condition for
maximum hydrogen gas production is 5 SB ratio.
The fluidized  bed

temperature of leaves and palm, trees leaves

optimum gasifier’s
and peak of cane and straw were at 620, 630
and 630 °C can be produced 203.084, 210.375
and 214.280 kmol H,/hr, respectively. Hence,
maximum  amount

of hydrogen gas

produced by straw at 630 °C and 5 SB ratio.

was
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Abstract

The objective of this research is to study the causing of waste generation and to apply clean
technology principles for reducing waste at the source in the instant noodle production process. This
study was conducted by collecting the data of raw materials resources and packaging used. The way of
working in the process, source of waste, cause and amount of waste were also investigated in this study.
The results indicated that the sub-production process generated several wastes and it caused to lost of
resources in the production coming from steaming frying process and cold process. The wastewater from
washing process (equipment and miscellaneous) was about 99.65%due to no cleaning criteria and no
checking of its efficiency at the end of washing step. This also caused by the behavior for all employees.
In addition, the specific of the machine was found to be one of the problems based and its discussions

and proposed to take in action by changing the technology and working procedures, (define regulations
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for clearing fried machine, determine the criteria for clearing performance, check staff after training and

change in machinery technology).The results of detailed assessment and the proposed of guidelines for

implementing could improved 80% of waste reduction. The criteria of washing efficiency and cleaning

procedures were set up as regular checking and working procedure. This could be reduced the error in the

operation by 100%. The change of the heat exchanger showed that it reduced the use of washable water

by 41.46%, working time for 28.57% reduction, consumption of detergent remaining about 69.57% and

cost reduction for the contractor operation about 100%. All suggestions were implemented and could

save around 11,868 baht per opening of heat exchange washing.

Keywords: Clean technology; Water washing equipment; Frying pans; Instant noodle production; Wastes
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Abstract

This research aims to analyze the design pressure of a 4 kg LPG cylinder, which is designed according
to TIS 27-2543 standard. Analysis of test pressure 3.30 MPa at 2.20 mm wall thickness was verified by
Finite Element Method for considerate trend of stress distribution. The assess result shown that 284
MPa, not exceeding 300 MPa, yield strength. It is safe to use at normal conditions.

Keywords: 4 kg LPG Cylinder, SG 295 Steel, Finite Element Method
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2. 35739 (Research Methodology)
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3. Nan15338 (Results)
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Element Composition (%)
C 0.20
Si 0.35
Mn 1.00
P 0.04
S 0.04

15199 2 auURdanavaananingm SG 295

=

Materials SG 295
Yield Strength (MPa) 300
Tensile Strength (MPa) 440
Elongation (%) 26%
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(3300 )(229.4 - 2.20)
O =
™ (0.6)2000(1)(2.20)

o... = 284MPa

max
AIAIUAUDBNLUUANGAMILARINANNTTN 2

o = Ph(D=1) -
(0.9)2000 Jt
(3300 )(229.4 - 2.20)
oO.. =
™" (0.9)2000(1)(2.20)

o =189.3MPa

Armnususetinmlaanaunisn 3

_ fyx2t @)
°
418(2)(2.2)
p, = — A%
225
P, =8.17MPa
DERH

O ax 18 AVIUAUBBNUUUFIGA VUL LUNEINARD

O pin P ANUAUBDNLUUANER MY LWINENIAAD

min

d fe wushgudnaanelu mie daduns

t A9 AUNUINTRET UL aAnS
P, Ao AUAUVAGDU MUY Dlanaa
P, Ao Aususzidn By Alanada
D A urAugNa1anIeuen e dadwns

J Aa AUseneuseinune Ao 1 (NSMIEY 2
ADU)

4. anusena (Discussion)
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NAN1SIASITNAIAIMLAUA 5 L TauTanalel
Tudoduuduandlunind 2 wuinfinaszaiudu
VAFOU 3.3 LnzNIada AuLAuTinTadduualdy
ggefmuLu Tnsusnafnatsdaduuiion
WUTUAMULAY LAZAITNTEAILAIVDIAULAUTRANIS
faLau AonTEaEMIAILLLIEIIVEITT LazINTeY
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von Mises (Nimm’'2 (MPa))

IBSZ

. 329

. 298
. 263
Max: 39.5 . 230

Hw}
L 185

L 132
98
65
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00

—¥ Yield strength: 295.0

AN 2 HANNTIATITILURLTUNITNTLANYFIVBIAINY
wuludauia LPG aun 4 Kg

5. @3Una (Conclusion)
1INATANBINUINAIANUAUDBNLUUFIEALAE
Agaiien 284 Lunzwiada waz 189.3 Lungmnada
MINATU AIAULTILTIAIGIAALAZATIAIULT IS
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dudunrnuduiiiasgifo s ouisinludiodiuud
Aoumisianansds fienligendndranuuduseasn
fumnefeinnudusenuuugegauazignogiuley
Uaendeiiteulvannznisinnulnd
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2. 35738 (Research Methodology)
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Abstract

The objective of this research is to study the effect on the construction management in Roi Et
Province With concepts 4 M (Man, Machine, Material, Method). The study of data from a sample size are
consist of project managers, project engineers, architects, foreman, subcontractors and involved persons in
Roi Et Province with 5 pilot projects. The population are 200 people and it was calculated to find the
sample size by using the calculation method of Taro Yamane and Krejcie & Morgan. Then, the sample
group consisted of 145 people were used to collect data via research questionnaire with full scale 1-10.
The research found that the most important factor is the control quality management at 8.02 score and
follow by the total subcontractor with score 7.95. after that is the material cost with 6.85, the labor score
is 6.28 and lastly is the average equipment cost with 6.22 score respectively. The research also found that
the company general status is a large impact on the success of business construction quality
management.

Key word: Quality management, large-scale building construction, 4M principles, construction business
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Design of Data Centering System for Water Environment Control Plants
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38 DUWNYTINYY HYIUNI LWANBIATY NTUVNLUAT 10160
Soranut.won@gmail.com, arthit@ieee.org
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AFARY 1 NspenLUUTEULAUEYayYa; 1sanruannnnwd; walulad 4.0 ; lulasgenv eafiues

Abstract

This research presents a data centering system for water environment control plants designed
for quality control of machine operation using technology 4.0 by means of data collection while the
machine is running. System design uses data retrieval methods from storage devices to send data via
high speed internet. Operating system stores the data a minute resulting in real-time data. All types of
machinery information within the water quality control plant be recorded in the standard language
system to access the database. After that they are sent to the central data centering for operating
each water quality control section. The central data center is a large database that collects data on
the operation of the machines of water environment control plants in Bangkok. The results found
that the system shows status the machine operation. The system administrator can view the machine
operation via the internet all zones and locations. The use of such information to analyze and
increase the efficiency of the machine and work efficiency is achieved. Moreover, system design is
suitable for storing data as a large database management under the operation of the water

environment control plant.

Key word : Design of Data Centering System; Water Environment Control Plants;Technology 4.0: SOL
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TAGID DEVICE NAME DESCRIPTION MCDULE | TYPE

51-DHP-01  |DRY SLUDGE HOPPER ELE) i 1A
S2EDL LEVEL METER FOR RETURN EXCESS SLUDGE Tasfiune munsnau 2|4
53-ADO-01  |DISSLOVED OXYGEN METER NO1 \hide ingantan 3|
S4-ADC-01  |DISSLOVED OXYGEN EFFLUENT NO2 w16 aandiay thidasaan 4]A
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nsfAunungaanziieutuuulans AISI 1015
iaduUNKNaNISAALAEWATIANITUSEUIANAN I
Restoration of engraved marks on AISI 1015

surface by classical technique and image processing

= 1* = H 1 v a 1
assnaaudl Yaudt |, weaanidan dhlage’, wisannaigdan Uuviu
o v el ' a1l Y 2

UNAIINIYIUN i@luwué , u']ﬁl'i«!ﬁ]L‘Uﬂ% 'Ja\ﬁjiyﬁ]laaﬂ , Wbena EJ‘LI‘VI%“U%

1 a = a ¢ a 1 a 1Y) a s
NIAIVILAN AUSINYIATANT ']VIEJ’]LEUG]W'WWSLWQJ UNNINYIQYFIVATUATUNT
2 a a 3 a ¢ a 1 a o a I3
NIATVIABUNILADT AL INYIAENT ’JV]?J'WL‘UWWW@IWQJ) UMINYIDYAIVATUAIUNT

Klatnatee.v@psu.ac.th
UNANEa

onstudunildusnsihanllumsneafiovgnssy Tnsenystuasimnoawsifoutiudadudeyaddai
venfiaunasndn fnuazszymuduiwes lnegireazvhmsynaunievasuudaailelioinsonisasivaey
ﬂmw’jﬁm‘iﬁﬁﬂmmiﬁﬁmawzLﬂm‘ﬂuﬁasﬁ%mﬂ%ﬁwmmﬁuadmlﬁwmﬁ nduineiiamsuszanananm
(Image processing) AMuse Machine learning sngaglunsvhunenneaunzdeutulifinrugndos sias
wazusiugh TneAaderuusiug ilddainiu 95.97%

Serial numbers are important data that indicates the source of guns. Criminals try to damage the
serial number, in order to make it difficult to trace the gun. The recovery of the serial number is an
important step in finding the culprit. The research team used chemical reagent and electrochemical
solution methods followed by image processing techniques, with machine learning to help identify
serial numbers to be accurate and fast. The average accuracy is 95.97%.

Adn Uiyl (Key word): Serial numbers, Image processing, Machine learning
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uwdsesnidu 3 dw fie Input (Msudeya)
Hidden layer (szuuadUszamuszanana) nsuiy
Hidden Layer wnluvhlnnisussananadinaududou
KuMsAndAs1zivatedy (Hudson M. et al2018)
dwalifinnugniesnndetu feduena1aldin deep
learning Ao ANN 78 Hidden Layer Mma‘ﬁgmﬁ'a
AN TaluAIFMTTuTuldnBsty  (Miller,
R. 2013)

Simple Neural Network

Deep Learning Neural Network

@ nput Layer (@ Hidden Layer @ Output Layer

Mndi 3 wuUSIAesUes Artificial Neural Network

ﬂ’rﬁﬁmuﬂwmwggﬂmw (Image Classification)
L‘WIEJLLEJﬂmJ’m‘VQJj‘UEN’GJJGIQSLUJWWSN fiarudnduszdos
afn Feature fidAnasinglugun Tasdnquda
Wenfuasil Feature 7indiemdet (Hudson M. et
al.2018) Fufunsiden Feature Tivanzausdwasie
ANUYNABIVDN Juegnaunn
wadiadilasumuienly Image Classification Ao 113
Boufiewasaiesing
G.S. 2002) usegrelsAnunsann Feature Tudasusn
Fapadunisadnsouyue B
AR ZEAUYDY Feature az%uaguiﬁwszaumiail,l,ax
mm%’s%ﬂmauﬁﬁﬁm%@ga nsiseul Feature 70
Joyalaednludfidudniznislunmsiovusdediinves
Fn1sadn Hand-craft Feature #apg1933n157ile5U
Anuilnegegenonisld Deep  Neural
(DNNs) Tus1umiu Image Classification lawaa DNNs

Image Classification
(Machine Leamning) (Klees,

(Hand-craft Feature)

Network

Usgnaulusag Nonlinear processing layer §1uausnn
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Uszamvesuywd (Miller, R 2013) f0819n15%19u
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Srlek! Training Data D) Training Images DNNs
aunsaiseus voringlunmuazininig
L‘?iauiaaﬁ'uwmaﬂwyjﬁuaaﬂﬂw (Wightman. G,
Matthew. J. 2008) Tuusiay Layer 2zld Output ve9

Feature
and
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Layer roumiiuiu Input e wdudeunazswandunly
madsudasfiunndumadsiuiutures Layer dofivd
DNNs Aelassinganunsaiseuiiaziion Feature lolas
Tnglidasandouyud

@,
Q
@,
O

Hidden Layers

Al 4 daatlnenssuves DNNs

soun DNNs Ieignimundu  Convolutional
Deep Neural Network (ConvNet) Wenunadung
Ussanananinuazinlelaeanig (Douglas, E., 2013)
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U3 Layer panlu 2 Uselan Ae Feature Detection
Layer uag d1msu  Feature
Detection Layer 2zUsznauniy Layer 898 3 WUUAD
Convolution Layer: n1sdnanvasgunnluUseaiana
fefanged (Filter) fnToduAazMIazyinnIg Activate
Feature mﬂiﬂm‘w Input , Pooling Layer : Iu%‘uma‘u
uﬁ] #N15 Down Sampling, andnuIu Parameter i
fodld wag Rectified Linear Unit (Relu) Layer: il
audlumsvhoredlessinglneonsviliasiaed

Wudwuaudu 0 s

Classification Layer

""""""""""""

m‘wﬁ 5 Feature Detection Layers

FEATURE DETECTION CLASSIFICATION

i 6 Classification Layers
Ustandl 2 wes ConvNet e
Classification Layer: Uszneusig Fully Connected
Layer (FC): Usznaulusae Vector K
Avuelyt K fediusanaves Output

nauves  Layer

aa

i ile
ARy

Flement vaannwasionnuuiaziduveudas Class,
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uay SoftMax: Tu Layer Class ffinnaaziduggeas
gnimualidu Output fe SoftMax Function

Tuaideil Mg laiauaruTuus
aondmenssures ConvNet iosuundaiaunadeutiu
MiunsiRuanmanamdeddna meEdelaldnm
fiszneusmessnuswaviuauiioadrady  Training
Data dwiulii ConvNet Seujuazain Feature
dmludilaenniiedgns  Training Data  lauanslu
anUszneud 7

O
O
O

. - - 2. 35998 (Research Methodology)
2.1 Taneildluudsonasnsiniontuy

. , dwiulassuilavsildlummeaevie  lane
AN 7 Training Data #1Usgnaunisynsiiay

, AISI 1015 #A2130n378 5.0 WURAT X 3.5 LUURLIAT X
HasMIaNEIVINTLATSIALAIEIBNTIN AL 05 wuRlwes Ieglassnuiuvinsveasseendu 3
ndoyagunmiilaninnisiinismeaes waenis

3 ! Nyl il
28NLUUlASINI8ADNUNENTSUTUAY  JURBURDNINIS a1
ANEEIAElAYNT  Label  waIavivesn1niveld

1. maﬂﬁqwmmasuawu%uwu

2. TATUNUAILATEATENTI8NLANNALLDEN
. ! o - I £
Labeling #au1U1 Training Data L‘LJu‘UEJ;‘JJa Input ¥ g Ay 1200 MUSIEU

ConvNet vhmsiseuslagnseuiunisilifendy Image

ConvNet ﬁiﬁaalmmus‘ﬁumﬁaﬁwms Learning ua -y
USum Weight Wialwlsl Probability Tu SoftMax Layer
Tmsefumnamyiimsaniziisels Label 1ilvunniian
Sanedfunshamesssuuimmalduandusuiis
Laz#18819N3 Predict Class éuansluguil 9

1. mamgwmmamawu%umu

2. FavurusonsyenseiteuaziBen
80 LﬁaL‘TJumﬁymwmma‘uLm

3. mamgwmsLawﬂimﬁawu%umu

Algorithm of machine learning i 4. TaTUNUAIENITAYNTIENTANALLE YA
m Training neural etwork 80 Uag 1200 MUY
aa

N3N 3
Set of training image

1. AONYANUIBAVAIULTUIIY
. 2. TATUNUAILNTEATYNTIINTAINUALLDEN
1
Design and create neuron ‘ D) 80 1ag 1200 puanu

network architecture - g o - <
m 3. AR UTWITUMBAN AN

AN 8 HITULAAINITVINIUYBITEUU

58



awels B Ol

THE FEDERATION OF THAI INDUSTRIES
e s, oot e o S SIME

5.0 wuRunT

} 05

3.5 Wudlms

. Q.

AA 10 BueveuNuRldTnsaass
2.2 mswdeatiien Fry’s reagent

Finoues () maslss 90 n3u avangluthndu
USums 100 Nadans Wunsalelaseassn 12 luais
J3uns 120 daqans
2.3 nsAnwnavesasazaeiililunisiAunanetas
nzideautu

1gddfiugu Fry’s reagent LazUNPAULTUILT
NunsTdensEnnsIe Sunaildawunga
fruasuuuny suansaouugmnemaTiiauly
sudatufinUSinnsves Fry’s reagent #ildluusiay
ada

At 11 Fupeunisun Fry’s reagent aTULTUI

2.4 nmswwseuansazaneluifeunaslsa (NaCl) Ay
WudY 2%
Filmdounaslses 2 n%u avanedaetiindy 100 fadans

2.5 msfnwnsiauningenzsideutulagld
wann1smslnfadl

wissdlefldlunismaaeufeidasdionssudlin
Tnwandueuuniluddudatng (Counter electrode ;
CR) wardunuildnegeududarhauWorking
electrode ; RE) lagvinnsuasedndlni 6 Thad u
a1 15 Wi ansazaneiildvedeufeasazansladion
Aae3 (NaCl) AULUNTU 2%

MUTERININMILaEIEUOHNANUNN AN
o o @A & A o =
WINNTIN UAzMIIANTEREUMNTTIBE Y AT 8 Usydnl 2562

awil 12 msiumnaaunsdeulagliisns
malniiad
sdnmsuagsuneulunsiifonisdiuay
nzfeuduildsumauilalfasuuagsunuuandu

A 13-14
Research scheme

{ Laboratory experiment ] ‘ Software development ’

‘ Case |, Case Il and Case Il 1

Fry’s reagent

CuCl; 90 g + conc. HCL 12M 120 mL

+ distilled water 100 _mL

—_— [ Electrolyte solution

AN 13 a5URINISNAABILAUNITYINNI
989lATINUITY
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[ Software development ]

|

Set of training image

|

Label

l

Create deep learning architecture

l

Training neuron network

l

Predicted Result

!

Validation

|

Result

|

a Y] °
AR 14 a5URINITNARBILAUNTTYINNI
YadlasanuITeludIuganawls

3. Han15338 (Results)
nsAnulagldlusunsunaunames

3.1 maWisuriavasnm
Wasuamanamd Wunneawnidesannandagyh
Win1siSeuivessrvuneuiimesinnuat  lagld
#&s imageBatchProcessor

e gnluannmineensidsuriavesnn  lag

nA9 Load Images

>> imageBatchProcessor
Sg oo |

° Laaﬂﬁ’]gﬂ Function name 1Ju Graylm WHu
mdsildlunmsaeuaiinuesnm
o Fondds Process Selected Judndaiildlu
nssulusunsf washanlndnmluana tiff.
N — R FreAE
images | G2 New |/ Eat selected v A/ Pan e

1080 BATCH FUNCTION PARALLEL FROCESS, Z00M AND PAN LAYOUT | EXPORT

MUTERININMILaEIEUOHNANUNN AN
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3.2 nmsidayagunmidaglusunsu (nput)
sunmlfluauideddiuiu 8000 a1 Fadu
sUAMYBsiLaY uarfsnusAwIsangy filFuiain
nsdrenmlagldndes Black-microscope Mgz s
Funniionuddeiflaoany ndendy vhans input
Tadouaguniminglusunsy MATLAB  Tagldds
digitDatasetPath
3.3 nMsuusdayazunw
wisgUnmesnidu 2 dw dwnsndmiunis

L Fonctonname il B |8zme Hukss| —

= Grayim ~ |3 (|, Zoom out

Losd Use o Defaut  Export
images GMNew [/ Edt Paralel  Selected v Pa" Layout
LoAD BATCH FUNCTION PARAIEL | PROCESS ZOOM AND PAN LAYOUT | EXFORT

»

training 1Judwau 750 A wazduiideddlunns

ATIVAOUAINYNSBA (validation) tluduau 250 nw

3.4 MsnMuUAaaIUngNIIUVRITZUULATIUEY
nsfmunannenssutugewinmsiuaeu

digitDatasetPath = fullfile (matlabroot, 'tocolbox’',

', 'DigitDataset');

imageDatastore (digitDatasetPath, ...

15
2
3
4 *Inc. bfolders', true, 'LabelSc

ce','foldernames');

Parameters auni19zlaA1 Accuracy MReIns

5 numTrainFiles = 750;

€ [imdsTrain, imdsValidation]
g layers = [

9 imageInputLayer ([100 100 1])

convolution2dLayer (9, 16, 'Padding’, 'same’
batchNormalizationLayer

relulayer

maxPooling2dLayer (2, 'Stride’,

convolution2dLayer (9,32, '
batchNormalizationLayer
relulayer

3.5 A1SNIMUA Training option

RN MUAEIURENTINVRITTUULATEYY
WA 959y training option agld SGDM lunisduiden
suam Amualiiseun1smswEpochs) whiu 4 sau
wagynsevluniasuagimsduzunwlmimnads
3.6 N1sAANTY

options = tra

EY; G4
Validation, ...
-

64 net = trainNetwork(imdsTrain,layers,options);

YPred = classify(net,imdsValidation);
YValidation = imdsValidation.Labels;

accuracy = sum(YPred == YValidation)/numel (YValidation)

,'nndemos’, ...

= splitEachLabel (imds,nunTrainFiles, 'randomize');
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3.7 AMNSATUIUAT Accuracy

ANALLIUEN (Accuracy) dmsulasanuddeiduei
UaUanienuanIaANUwiugIvesmsinueiLaY
uazidnysangunmildamnnsiAunneiaumadou
TilagFBvmaedl nnamsmaaesiild sihlvimaiiugide
wudFsmsihinauety anansaduundeyadiauuas
isnuslignieslasiidnedsvesrauuiugog
95.97% wiold Training Data fithiaue Tneswaziden
wansvinaesliiandlunsnail 1 uazsamALLLg)
NnmMshuevesmeniwaslunwi 15

A15199 1 uang Accuracy 9831131Aa89 10 ﬂ%jd

Training Progress (03-Apr-2019 23:01:20)

B e e T

No. 1 2 £l 4 5 3 7 8 9 Average

Accuracy

(%)

9539 | 95.69 | 9559 | 95. 96.58 | 96.83 [ 95.64 | 95.59 | 96.43 95.97

mwﬁ 15 Training progress

4. aAuUs1ena (Discussion)
MnuaneaesansnsoagUlsinslideed
wagdsmsmalwihdusineiidosdn  Teedt  Fry's
reagent Yoffe Tdvudie ludeddaunsalives uaid

Jainfinmedanuduiudeivilauarseuunaiu
wiels luvaefinsldianiiluinduld Nacl sl
Duite  anansamlide siengn wigunsalliany
gapnn ey wagvnndAulsidnsa fmdhiunuay
LﬁwwéﬁaLfJumiﬁwmsﬁmqwmu

Lﬁ'aﬁﬂm‘wmaﬁlﬁmﬂﬂﬁﬁﬁuﬁgﬂaaﬁ%mﬁmwﬁ
ﬂmwfﬁi’fﬁﬂLﬁaﬂﬁ%ﬁﬂmwdwmﬂ Fry’s reagent a1
TlunsUszanananin dsanunsasuunawliidy 3
ﬂfcjuéfﬂ‘if

1Lanunsaseadiunineaulaegsdniay (1)

2 lslanunsaueaiiumneaelalaiae (1)
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3 ansouoadiuaiifiuld  udlianunsaseyls
aganudndndununeaula (1)

AzIseEonnwagud Il $1uau 8000 1WA
iigmsuszanananimifioiiignszuauns  machine
learning lgpenuuulnsaieaainenssuliana
UsIngi19nms  training  Ideaswiugadeegi
95.97%

Frfuasildharueuuiusiildduisga
fivousuld wonldaniunisesnuuu hidden layer 1
felsidutou Mfunuiios uazailunisuszananadi
31 withwesnafiumanuusiuglinntufaunse
fiauldsenafiudiuaugy  wazammaInvaeues
foyalvinntu el machine I#i3ouuasiiili
vunglFuiugunniu wideassy Tatreasriliaanlu
nsUszaRauLIUlUE

5. @3Una (Conclusion)

MsuLaue hidden layer wagn1sld machine
leaming  annsatevinednaviildsunsgauan
neifouduiiinisyrautasuutadlisniuazgnios
e

Algorithm ﬁﬂmﬂﬁmmmamL’amsuaaél%wmm
wazifiufdnuiliaudu q annseduaiuansdeu
finsiaulalaefldseadugidosny

fousrlulaseidedlusunsuiimuntuanasly
AANULUEges 95.97% usAmITdnwienIs
Anvifiousuugdludiuvestoya input Tundu e
Jouingnszuiunis Machine learning kazAIAnIadn
awitlsmauudigetuaulndiAss 100% lufian
wonlUnniufiaziinsusu  hidden layer I¥sesdu
sﬁa;gaﬁﬁmwwmnwmaum?quﬁu Wiodiueuanunse
TunsUszananaliigndios  fegnsfamummaniisns
Unfagdadlifievny wazilinatladoujifvane
Funeulumsfigaine Feilifussesaiu uin
machine learning  ansaisEuUATUTEIIANA LA LU
svezdudu Feamushdienses uavaaUSunaey
Tumbenulidosas  Wuuseansamlunisinseild
1nTu
6. NAANIIUUTENIA

Tnssnuideidueadluldonisatduayuan
AAVUAT AULINYIAIENT UNTINY IS UAIVAIUATUNS
feids  wasihAnwUSyynslufiuidieiuinny
sthaudetuiielrudidamutmneivugdlunm
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Traveling Salesman Problem in Warehouse by using Hill Climbing and

Simulated Annealing algorithm on Microsoft Excel

= s | a £7
UHHETINTING ﬁr‘!aq'ﬂﬁn*’é , HFA. 7. ALOFA wuiaq*'uaﬂ

1 @1973INMIANISNUIAINTIU NIATYIAINTTUAAMNITHALNITIANTT AEIAINTIUAEANSUAZALULAE
NENNNTTU WINeIFeFaUINT
il 6 AuanszUguLang dnellaasugy uasUgy 73000
Jeenjira.s@gmail.com
2 919139U58ANAIYIAINTTUOAAMNITUALNNTIANTT AImNTIumansasinalulaganaivnssy
WInenaedauIng

kanate.engineer@gmail.com

UNang

Order Picking is one of the operations in warehouse, that have been using 55-65% of the warehouse’s
total cost [1]. Therefore, in order to maximize the efficiency of this process will help to improve time
consuming and reduce the total cost of the entire warehouse. This problem is also known as Traveling
Salesman Problem which is a NP-Hard problem. In this research we have used Hill Climbing Algorithm
(HCA) to solved the problem due to its simplicity, fast and cheap. Simulated Annealing (SA) have been
used in this research in order to compare the result with HCA, the reason is that SA is quite a simple
method and also there is a chance that the result will be Global which sometime need to be working on
Microsoft Excel. In this research, we have set the number of Aisles into 5,10,15,20 and 30. And set the run
time of HCA as same as a number of run times of SA. Which SA will be set of Initial T with 10,50,100,250
and 500. The decreasing ratio (&) will be set as 0.95 and 0.99. By all of this setting, the total distance that
include a coverage distance can be used to find the minimal distance and SA. Which the result shown by

SA having a better solutions; total number of working, Initial T and & also have an effect on the result

ﬁ'lﬁﬂﬁ'zy (Key word): Traveling Salesman Problem ; Simulated Annealing algorithm ; Hill Climbing
algorithm ; Order picking
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1. uni (Introduction)
nadunduauiluaddudaalusdade Order
Picking)  dm1¥uRanssuiffuyugsianlu adsdud
(Warehouse) Inegefiafanay 55-65 vasdunuiiamunly
dsAud waz ludunuil enldielunnfunduaudy
Ut (Traveling)  gniwniieuldigeiafosas 50
Fausnarnazlédunugaudrdaldszezinanlunis
Aiuaugednaag [1] FetunisifiudseAnsnnnis
AunBuaudniuieianudndudmiunisandunu an
svpwiian wasiiiunarils
nafunBuaudnuludsdelfilszermadudian
undddunsifinvsedninmueinisiu Jan1swdu
AudEudaussunaszgniadn) iiunBuaunsuyniu
wErdugniivatennaUasy n1seen) Tasduniuas
Uanenns Wugaideaiu ﬁ@wwﬁtﬂuﬁagw%amﬁuﬁu
UguinisiAunig vesndnearuvie (Traveling
Salesman Problem) [2-3]
deyninisiiunisvesniinaruvie (Traveling
Problem) 1Jullyminisdndulalu ns
Wunelugadingng 9 ﬂuaqwﬁmm‘mmuﬂswmﬁm
wdTaRunanduundudensudy ﬂwmummm
Uszanaldluadadua Lwamwwauﬂﬂumwn%u
malufdstolusyosnaidu wassendanananniian
ImEJﬁ'Via'muma%umaueg'%ﬁgﬂﬂmﬂ%ﬂummﬁ{]mm Wl
Suneuisdulnaduiletymilvunlng Fuszozinan
Tunsmmeudd ity sadsilonaiiazldmnou
WU Local 49011 A1MBULUY Global

Salesman

Optimal
optimal
IINMANATIFY m%’a?ﬁﬂéﬁﬁ%wm 2 dumeuds
Lﬁau'mawlmmamswmuazLﬂsamﬁa‘u I@uAduneu
33115Twn (Hill Climbing Algorithm: HCA) Lilosann
Fumeuisnistundumsduioi Issesnaluns
muinldganuiuly willlentalunislddineuuwuy
Local g9 uay Funeudznisiiassniseu
wiled (Simulated Annealing Algorithm: SA) Fadu
Fupouiiann inanduneudsnisdun eanlena
Tunslérmeunuy Local Optimal wazifislenalu
nsliAmeuluy Global Optimal #3deladanyiiuy
Tdsunsululaswenviiendiga (Microsoft
dosndulusunsuildanunuig wasdeuldiusgi
WNsrany
YDUWAUIY 1) MAUATIUIUTDIRIUALUINILAY
\015,10,15,20,30 o9

Optimal

Excel)
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2) fmueATISNAY (nitial Temperature) Tuduneu
FBnsrassmseunilendul0,50,

100, 500 thaig 1000

3) fuuaAdy 0.95u820.99

4) MUUAlANISMAINBULAAEIWILS DLAaEA1 T ¥
Wamn55eU

MATeTiates lumsuddam TSP duiivaneds
11 Branch and Bound ,Greedy Algorithm ,HCA SA |
Genetic  Algorithm  18udiu uiazisided Toided
aauly e Wang (2011)[4] leU3auiiisu Genetic
Algorithm , Hopfield Neural Network ,Ant Colony
Argalun1smAIney AL Fudouvetoya uay
Amoudils wudn Ant iﬁmaé’wéaﬁqm
Ondrej,Mica (2015)[5]
Search ,Simulated Annealing algorithm
Algorithm ,Ant Colony g uIuliuALANAINAY 8
NV GA azdanuudsusiumudiuiuluum SA
laA1mouTeea1n Ant Colony %qlﬁﬁwauﬁﬁﬁaﬂ A
%u’umauﬁmm%’u%uqa Anasari hazang (2015)6] 14
Anwinsiaunsluansgewwsng 20,100,1000 e fae
3% Greedy Algorithm ,GA ,NNA W11 Greedy 1o
wadnsATian Adewole (2012)(7] Ifi3euiiieu SA fu
GA wulwaawseanuilnalAssiulaIanlun1sm
fmouiosisnuulvun (deq) snndurily GA T
wuulenNglnuwdey Ozcan, Samet C., (2018)8] I&
sanuuuliasdaaseglnelssendld HCA iy OSM
el dnuaansnifumevisadisaludsaniuiisng q
Igeemuadasnasnsazmuiumszoznalusaaud
fa q  dgldidenlfoonunldrerniasuiidy
Usendananlunisiiuniaay Latlun1sAUIUNAaNS
wanzauiian Jiang wazany (2013)(9] léihuuudiass
Network model dmsuanenidlofindfefioh Tilay
5957 Ineuszyndld HCA iy Tabu Search Wu

colony
vWSguLieu Tabu

Genetic

uadwdidleldaosdunoutiivssdnsnmgenindenldtu
mauUAY Behnck uazmmz (2015)[10] leidnasadums
299 UAV Tagld SA Tunisnnawnunisdulituludge
aulavesnues wudrduldgndes 7075 wWoesidud
Grabusts wagaag (2019)[11] ﬁwmmé’umaﬁguﬁqm
Tun1siiuniesendng 8 lssuludssimauansalagld
FUMLUINUNUTITT AUAY SA  HadnsTLaAels
srprynsTiduasInAy

Ugy1n1siiunisvaaniiniruvie (Traveling
salesman problem ;TSP) Judgymnisdndulalu
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nsiunaluduiiosng  veandnanurigauasunn
dioaudTufunmandunndausieasudu Fadudym
wuugn (NP-Hard) [12] Tnaiflosunuiionfintuay
gnesfintusuudndluiuuden [13] Tnensuitam
fivannvane s \wu Jumerisenaniauun (Ant Colony
Algorithm: ACO) %umau%%l%aﬁuqmw (Genetic
Algorithm: GA)  Fumeudsn1sduan (HCA ) Jumeu
Bnsdassniseumnden (SA) WWudu [1] uads linwuis
fiannsautdamilunawuulndludea 1§
sUwuuneatinAtEns [14]

Minimization 2, ;ep X5 Dy

AUNIVOUUE
DenX;=1 VieN (2)
DienXij=1  VieN (3)
Zi,jes X = | S | -1, @
X; ;€ 01} (5)

(1) AunsuanITEaEN NI uTITmian

(2) aunmsimusliAuangaEuidla q wdasilye
Uaemaitssqaueawingu

(3) aunsimualiigavatemala o axfigaBuduiios
g

(4) aun13NISMAALEUNISEDE (Sub-tour Elimination)
(5) aunsmurualimwlsnsindulaiinindu 0 wse 1
Wity

Funaudsn1sduien (Hil Climbing  Algorithm:
HCA) gniiauensausnlnunia Tl e 1984 [11]
Tédmunsmeniimngauiian (Optimization) 1Hu
MsFumLaNEd (Local Search) wuuseiiios Tneiden
A TuTu (Uphil) wieuas (downhill) iesegnsle
gneile [15] 4umeu HCA  awiSsuiilou Current
Solution AU Potential  Solution 1wl (Neighbor
solution MilASea319M97n Current State 1y 9) Tne
81 potential  solution TusifiA1Anitazeensuidu

Current  solution  WAHIAIYNII1AENT Potential
Solution sl ugnludes 9 auasudeulafifinuais
g o111z dsuuddneviiininviilidneud
lanafin Local optimal &4

Funauisnissrassniseuwnilen (Simulated
Annealing Algorithm:  SA) Tad@usunisundeym
Combinatorial optimization problem Dudumerisd
anaakUasuiannisevesulane tagliainuiouun

lavgautsganasuvalaniuiangumngiiatedisdi 9

WINNTIU UarN13IANNTRaTNTTUOL9898 U ATIN 8 UsednT 2562
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deliAnnanlagauysal [16-17] Sunouds sA anduy
n19SeuLiisu Current  Solution iU Potential
Solution Tyl (Neighbor solution fflAseadiaunenn
Current State Hu 9) Tnedn potential solution vl
ARnInazgensuldu Current solution mnAeeNitay
pouSuRL qaunaeinNnazidures Boltzman’s
probability iaug lides 9 aunszuIunsAos
Tndfneuiifdign snsfitdnudurasseugungiia
anawne MIurpeLfidesninazaey anany
[13,18] wazidlesninisveusudnaudidosnindei
Trilomeladimeuldu Global minimal g_jﬁgu
sUuuuneAdinA1ns [16,19]

E = anuglaguu (Current State)

E’ = an1uzdnun (New State)

dE = AIANULANANETEUI E’ wag E ; (E’-E)

o
o

T = gumnil (Temperature)

P = avuasduluaouy £ o oamgl T

k 5= Fpssadeandsiu Boltzmann's constant)
AUNITVBUUEY

Exponential (-dE / Tkg) 61 dE_> 0

P [wausu E' \Ju Current State]

dmsunsdl dE > 0 fisendu B’ Wy Current State
Awuadu PE)
duein (0,1)
g1 P(dE) > Random (0,1) ; sausu E’ u
Current State
P(dE) <= Random (0,1)
warAY Current State LAl

- lylausu F’

Na v

2. 757398 (Research Methodology)
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pon TunsiAumBududnutusing qiuagldguuuunis

WLLUUBNUERAYW (Manhattan distance)

msiadoyannusugionty Funoud 1 n1sfedeyaainunugiiannty Wunisis
v To3a31nA1319UKUHNIY (From To chart) ves
Hondmiresediunaduf Posmaduyngasniulidmsuiandnusely
v Sumaudt 2 Bondumisestunndudi Wedendud
montrdinen’s Tnduvdsdue @) 9namit 2 udrezvihnsfiu

AR LA UIYDINIBAUNRANY LNDUINIATUIUNN

' } sroglagihAnwainnduiiniss From to chart
SuneuFinsthin FunouTinifraoamseumiinn Twﬂﬁﬁﬂﬁﬂumiwmmﬂsﬂzumauﬁ' 1

I | m 1]~ 8 12 13

l 1 of | 3] T~ 2 5

10 3] =gl 1 ~al [3

< nARoU tAzATIABUANNGNADY ) 8 4 1 \4_‘ 2 \

l 12 2 1 2l gl 5

13 5| | 6 7 5| T~

nvuiounadng

AN 4 179819 From to Chart 1nRLRUI7IEDN

Hugansduiiuny

oS 1 el s 12 10
AN 19URDUNITALTUIU 1 of [ 5] = 2 3
13 5] ek 7] T~ 6
8 4 7] ek 2 Tl

12 2 5 e 17
1q 3 6 1 1| e

AN 5 98190 1SEAURTMALINNATIND 4

Sumaudt 3 a¥iduneuds ludunevilazuiseenidu 2
dldun Funeudsnistun uazduneudsnissiass
nseuwmilen Tnsassdruildflasdumiiousudo n1s
adusiundaiieny Neighbor  state 33n15f0 da
Fuvtswes Current state 2 sunis dmsuaduiuiie
w1 New state frognsanamit 4 1§ Current Solution
Ao 16 (navIneUNTEUALNY) oadusumld 2 way
Chnlumns199eiUouniy §anmd 5 Neighbor
ttion A 18 Tag¥nn519 From to Chart tuasifu
IYDNAIAUNTITLAUVDIALRUITD IV LAY

stEuT 3.1 TumpuAssTuen Wisudieu

ifrent  Solution AU Neighbor  Solution 81 AU
ga 31 FuAiudu Current udamn Neighbor T
AtrnauseanInALlmAUAT Current LANLAIEAY

AW 3 TeRSeRusaTUL Microsoft Excel 1 Neighbor #alul vinugilues auasuleuly

T
I

i e

nadedudlunmi 2 szgninsadlulusunsy
Microsoft Excel fan il 3 Tag @wdes unuiums
vievouiumAdsAud A unusumistunsdudn uay
Aana unusurtagosafuEuaInysegniadi-
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Sub Hill_CI()

LastRow = Sheets("Link").Cells(Rows.Count, "A").End(xIUp).Row
Value = LastRow - 2
Math.Randomize
E1 = Resultt
past = ResultESt
Forii = 1 To 848
x = CInt(Math.Rnd() * (Value - 1))
y = CInt(Math.Rnd() * (Value - 1))
Call Swap(Sheets("Link").Cells(x, "A"), Sheets("Link").Cells(y, "A")
Link
E2 = ResultE
Seq = ResultESt
dE=E2-E1
If dE < 0 OrdE = 0 Then
E1=E2
past = Seq

[$1]

Else @

E1=E1
past = past
End If
Next ii
End Sub

ANT 6 FegalARTUMBUITNSUUN

NN 6 drudi

(1) dnilumsduiauiitefazisnaduiumion
Neighbor

2) SumerIsmsTulunsmenou

Fumoudl 3.2 Superdinssaesnseuniles
W3guIBu Current Solution U Neighbor Solution
a1 ArmeuluiAndt vsedesninAuuddiegluniy
hanfures Boltzmann wiuethudu Current udam
Neighbor Inl usduenuiloarniiu Ihfuan Current
Wuudaadum Neighbor vl vhausnlides g
Feuly (T>0.001)

Sub SA()
T=100
LastRow = Sheets{Link).Cells(Rows.Count, "A").End(xIUp) Row
Value = LastRow - 2

Math.Randomize

E1 = ResullE

past = ResultESt

Count =0

Forii = 1Ta 1000

(81]

Do Until T < 0.01
x = CInt{Math.Rnd() * (Value - 1))
y = CInt{Math_Rnd() * (Value - 1))
Call Swap(Sheels("Link’).Cells(x, *A"), Sheets("Link").Cellsly, *A%)
Link
E2 = ResullE
Seq = ResullESt
dE=E2-E1
If E < 0 Or dE = 0 Then
E1=E2
past = Seq
Else
Prob = Exp(-1* dE/ T}
rand = (1-0) *Rnd + 0
If rand < Prob Then
E1=E2
past = Seq
Else: E1 = E1

(&1}

past = past
End If
End If

T=T"089 @

Count = Count + 1
Loop

Nextii

End Sub

2NN 7 F1eg1alARTURBUITNISINaRIN1TR UL

MIUTEPAMMINALUNAUBHNANUNNGIAINTTY
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A md 7 duil

(1) fvium T 15Uy (nitial Temperature)

(2) dnilumsduiiauiitefazisnaduiumion
Neighbor

(3) FunewIENsTRBIMseUWTaluNsIAnEU
(4) e951NTAAYDIPUNN

FUADUR 4 NPEABU LAYATIVEBU ATITMATINTTEEN
filsindugniesvidolsl

sumeut 5 Wisuieunadile vnsIouiiisunadng
filsiann HCA uaz SA uazen geansngm 910 Linear
Programming Ui Microsoft Excel

3. NaN157398 (Results)

HANISVIAADILANIRININT 7-11 UazA519T 2
Taoand 7-11  Hunsivuansnisilseuiisures
HCA ,SA Wag Max/Min 310 Linear Programming i
Fruluteamaiunana1anululawn 5,10,15,20,30
auaunN Tnefiuny Y WuszesnnesIn waskny X
uwnudausoulunIsmAmeu (Literatures)

N5 MEUALAS (BN WiuAn Maximize
AsdudvEes (@anndsuiindu) wius Minimize
ASILEUETN (29naw) unueA HCA
nsduETe Ewdsw) wiuei SA

Tunsmdmeutiuldsuiusevves HCA
§IUIUTOUTDT SA FI915197 1 Fa SA Tdien T BSudu
1euA 10,50,100,250,500 uwaz A=0.5 ,0.99 wsagda
Ws¥hnsfReU 5 AsaitewanmALaas

1

A15197 1 ANFINEUIIUILTDUNSUNU T L5UAY

A1 T SUAY
10 50 100 250 500
a a a
a=| ~ |a=| ° a |- a a a a
0. ~ o =05 =05 =099 | =05 | =099
0.99 0.99 0.99
10| 688 | 13 | 8ag | 14 | 917 | 15 | 1008 | 16 | 1077
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O AEHC O MVESA N & MAX O WEHC O AESA N & MAX
120, — : : 2 : — . S S S W — —)
110 s
310
100
285
2
g @ 5 260
£ g _ o
R §235
p
“ 210
70
185
60
160
50
10 12 14 15 16 688 848 a7 1008 1077 185
dnvsaumainuea Tusunsu (say) 110
0 13 14 15 16 688 848 a7 1008 1077

a = I~ 4 Y ao ' a '
AN 8 NIMUTI UMY ULLDTULINUIUIDINILAU 5 U9

Swseummineueaa lsuns (seu)

2799 11 nslUSeuiisudiatulsnuiugewanu 20

\
© WEHC AESA MIN & WA LN
250
A A A A A A A A A A
220
O AVEHC O AVE SA MIN & MAX
600 A A A A A A A A e A

190
£
& 540
i
z
g
B 480

688
Frmsaumaiiauses Tusuna (say)

B4 1008 1077

A9 9 AUS U U TUR T UIUTRINNLAY 10 B9

O AVE HC O AVE SA MiN & MAX

FEHRTI

10 13 14 15 16
iAo I sunu (18u)

688 848 97 1008 w77

2799 10 nslUSeuiisuiiatudsuiutdeamaiu 15
LRN
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180

10 13 14 15 16 688 848
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e | s Fruuseulunsyauvesdusunsy
- Junauds

TR 10 13 14 15 16 638 848 917 1008 1077

HCA 70.8 62 68 62.4 59.2 58 58 58 58 58

’ SA 66 65.6 64 62.8 60 58 58 58 58 58
HCA 151.6 138 130.8 116.8 123.6 101.2 101.6 97.6 97.6 88.8

o SA 142 131.6 128.8 125.2 124 96 93.2 88.8 93.6 82.4
HCA 184.4 171.6 169.2 175.6 166 146.8 142 136.8 140.4 138.4
° SA 167.6 174 170.4 170.4 171.2 140.8 134 133.6 139.2 133.2
HCA 250 263.2 236.4 232.8 240.8 204 202.4 199.2 200.4 191.8
2 SA 246 238.8 240.4 239.6 248.8 198.8 202.4 195.6 202 189.8
HCA 388.4 364 370.4 334 359.2 316.4 310.4 319.6 312.4 290.4
= SA 375.6 329.2 350 393.2 408.4 292.4 306 292.8 311.2 263.6

4. aaus1ena (Discussion)

INHANINAABITIIFUNUI A E STl T wwAY
\W1lndr1 Optimal  wansliiiuindruausevilnase
nasnSTlFB s uausouInad NS TlE B R uiiarly
nsviaurestUsunsufgiuduientu iuieat
SA ynAN T Budy uazdnsnsanas (@) Baga $1uu
souBagam Tomalunissudmeuiidesigeludamals
AsyiuveslUsunsudnuliaie Tudiuvesdiuiuy
Foanadiu (wiaveslam) Wed uiwremadulos
NAR195ENINeAIMBUAUAT minimal agdagunnusaldu
Aue wazilosuiutewnafusnuasaaYInTY
ausauTe iy Tnofinadnduss HCA fu SA tu
mnsnutesldinnuadnsazlamatulduindn umidle
§nunty SA avldnadwdindn HCA ilesann SA
gouSuNadnsfigaaninitond Local Minimal us HCA
SuuAnadnsianindsinoglu Local  Aneuilldds
Wasuwasliunn
5. @3Una (Conclusion)

muﬁ%’aﬁﬂummﬁﬁmm Traveling Salesman Tu
pasduAl lagld Hill  Climbing  uwag Simulated
Annealing Algorithms uulusunsy Microsoft Excel
Fedulsiuanseiuluis Srunuseulunsiauwes
TUswnsy, A T L%Mﬁu S ansInsanuas T (&) wag
Srunutenaiu nadnsilgnuinnmswldrneudia
fu annsoaguldinuseulunmsvhauvesdusingy
inanaAInaUYee Hill Climbing Algorithm wuLRgiy

T SUAY way @ dnaseA nauved Simulated

69

Annealing Algorithm 8¢ & wnasualisaunisyineu
yaslUsunsuunnau meeuiildidilng Optimal inndu
wialunsnuveslysunsufgeluduiu Fadu
AAdedidotauauuzdn 91utuseulunisyineuves
TUTUNTUAITINLNZANADIIUIUTDINLAU TudIuves
Simulated Annealing Algorithm ﬁ?uTL?i‘@JéTU A3

[

FUNusiu & TneAdadednuIugeIaAUuiY

6. AnAnIsNUIZNA
uidedagdniagardldldnnlaldsuns

Frgmdnanuiennu Jgudsigly Adreduadi

AATER way Trmuugin
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Abstract

This research aimed to provide vehicle routing to reduce transportation cost by analyzing suitable

routes and shortest time of delivering the products from the case-study factories in central region,

totaling 4 locations. In fact, delivery time on any routes is unstable, but it is corresponding with road

traffics in each period of time. This study aimed to develop a mathematical model for arranging

routes of delivery cars by recognizing travel time in each period of a day including morning and

afternoon. The travel time in the morning and in the afternoon was not equal on each route. The

research findings could be employed to arrange routes with lowest operating costs within the time

specified by the researcher and to create computer-based procedures to facilitate officers arranging

delivery routes. This research could decrease distance for 4.2% in average and reduce the transport

cost could decrease accounted for 7.65%

Keywords: Vehicle Routing Problem, Transportation cost

1. unid (Introduction)
nsvudsiiodnduladedidyranisdniugsia
Founngsialulsemalneg Seafuayufanssulunisuu
fhe¥mgiv Sudutladelumsndn sufishanssudsdudi
Iitugné TneRanssudenaniaziindunulunisuuds
U Ay Angednwsaussnn Aaudusausenn
Budu dadunisuimsdanisnisliinssudsliiaa
Usvavisnmgsan axduisfessilsiduyudana1osag
wazdamalidununisnanlnesandiaaduiu dmiy
Uisnsdifnu Jaduuienminanynanelnlusaoud 3
Tssrussegsunaunasiu Smiansyunseiogse &
anéaglunnianansosssmalne avn 4 wis
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Piiaslahiu 3% w3elshiiu 332 vwdetu
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Design of Clean Agent Fire Suppression in Data Center Building
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Abstract

In Thailand, Building Control Act prescribes that all controlled buildings must be provided the
automated firefighting system for safety reasons. Also, in the special rooms of the building, the
automatic clean agent fire extinguishing system is commonly adopted. Therefore, choosing the
appropriate clean agent is vital when designing the fire extinguishing system in order to suit the room
function. This study aims to evaluate the appropriate clean agent to be used in the server room of a
given data center. The study was started from assessing the chemistry form of the selected agents,
namely FK-5-1-12 (NOVEC1230) and IG100 (Nitrogen), reviewing the extinguishing basic and residual
effect, considering the installation and maintenance costs, and finally making the possible and
appropriate decision for this case study. This decision was then reviewed by the focus group including
the experts, building user, and relevant persons. Moreover, the selection chart was developed for
benefiting building designs further. From study, it can be concluded that 1G100 would be more
suitable for this server room compared to FK-5-1-12 due to lower costs and installation availability in
the storage room.

Key word; Controlled building; Automatic Fire Extinguishing; Clean Agent; Data Center; Focus Group
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1. uni1 (Introduction)
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2.2 g51Adl FK-5-1-12 (NOVEC1230)
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Dry clean air is composed as follows: I
Nitrogen (N) = 78.10 Vol.%
Oxygen (0y) = 20.90 Vol.%
Argon (Ar) = 0.93 Vol.%
Carbon Dioxide (CO;) = 0.03 Vol.%
Other gases (=) = 0.04 Vol.%

= , %
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(Edition2018) 198nN15AIUUAAINULINTUTBIANTAL DA
Agadldluniseanwuudulusuaunisi (1)
DC=MEC=5F (1)

dle DC = Design Concentration %
MEC = Minimum Extinguishing Concentration
FK-5-1-12 = 3.3%, IG100 = 31%
= Safety Factor
Class C = 1.35

SF

warn1TUIUSUENSaLn R adlY MmuaNN1S (2)

Vv C
=== @
S|100-C
de w o = Quantity of clean agent (Kg)
V= Volume of protected room (M3)

S = Specific volume of clean agent (M3/Kg)

C = Design concentration (DC)

3. YupuNSANE (Study Methodology)

2w
nanuTaya

l

n1saanwuy

FEUURAULWEY

\
¢ .

STUUAULWARIY SEUURULINGA Y
NOVEC1230 NITROGEN

[ \
I

AswEsuiisumasiainssy Taseadng, nnsaulv,
asanfsdlddne, anumunzay

3

AsunA uasUszilunuungu

(Focus Group)

8 nd' - v
i]ﬂW'Tl.LN‘HNQn’ﬁLaE]ﬂTﬂ
(Selection Chart)

AN 8 TUABUNNSANEN

it 8 Tuneulunisdne fedl

1. fiusiunudeyavesiesdesiuuinusums
Hosuaziuiifndadeussgasazain

2. e8nlUUSTUUAUNAWDIloiumeans
avensaansiinde FK-5-1-12 uay 1G100

3. WesulunaannsUsEEuNSRARIR ALY
squaArldane uavAuIzay
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4. asUnansSeudieu  wasvinslasiesilag
Wuszlukuungy umasunisidenidanu

5. daviunurInisidenty Chart)
dmsuldidundesiie lunsdidun

(Selection

4. wan1sAne (Results)
1NNNFOBNLUUTTUUAUMNAILDIANTAL LA IN

4.1 Gunaansiigeddduaznisosnuuuiang
IINAITAIUIUSIUILEITFK5-1-12 Tidedld fe
1,280 Alansu ussgludsvuin 900 Uauadnuau 4 69
faay 320 Alandy Anddlureslasiusuandlunmii o
drumsAuasuIuiig 16100 [2] idesddie
1,230 Alan5u laglddavuin 140 ans3NUIW 29 64
Aadaddluroafustaandlunind 10

4.2 nsSsuidisusnuaznnsAng
nuuUfndsldUssidiusiauaysyeziatingg
Tnouseniuinsinmessuusumdanuinsanlaesiy
Y935 UUTlAans FK-5-1-12 9siisnangendn ontfusian
ﬁiﬁaqiumiamﬁy’uﬁmmﬂ@faqLauviaamﬁ”wiﬂaﬂdmax
Fanildidunsafifiussdiuganitanmaivilvssuuiily
@19 FK-5-1-12 ﬁm'ﬁﬂisLﬁuiwmamﬁy’qﬁqmdwﬁaﬁm
989815 FK-5-1-12 %qﬁmmqamﬁaﬁﬂﬁﬁﬂ%ﬁhEﬁ,u
mﬂ%’muqmmﬁuﬁwﬁqmaasLﬁﬂ@iumiwﬁ 1

A15799 1 NsSeuieusIANISRnAY

dorBuuiiiey NOVEC1230 1G100 uarSauiiiey
AguniniuazaTIAUmAY 3,660,000.00 2,537,600.00 |NOVEC gann 44.23%
fTzUUATUAY 87,500.00 87,500.00 |srAwiniumanzssvumiiauny
ﬁﬁ’aquamuﬁné’q 1,200,000.00 1,400,000.00 [NITROGEN ganvi1 14.28%
e T 4,947,500.00 4,025,100.00 |NOVEC ganh 22.91%
sEEHIMINITARAY 120 Fu 120 Fu szuzaRARR NI
PR ) 2,560,000.00 406,000.00 |NOVEC1230 ganduin
NITROGEN findslutioaiiiuda
HuitAndadafuans familuinetlastu| Ankdlufaaiuds iliazaandanrdaudy
uasbieruilulioslasiu

AauRInm19197 1 39aguladn 16100 dady
winzanlunisldauluiesfudeyasinisguddeya

i = Y W < v a
WNNIFK-5-1-12 Jsdonndesiumnaniuvedussiiiu

AAan15UsLLAulUNI5PNWUUSEUUAULNAIASIT
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v ™Y1 V]
#1-J/2" (TYPE 180) #1-1/2" (TYPE 180} #1-1/2" (TYPE_180) #1-1/2% (TYFE 1807)
NOWEE 1230 NOZZLE HOWEC 1230 NDZZLE_\ NOWEE 1230 WOZZLE NOVEC 1230 NOZZLE
A A
- Hepde e
\__®1-1/2" (TTFE_187) "‘._-1-1!‘2' (T/FE 1807} __81-1/2" {TrPE 180} @1—1,/2" {TIFE
MOVEC 1230 NOZZLE MOVEC 1230 NOZZLE MOVEC 1230 NOZZLE MOVEC 1230 N
L o) — Lh
- 1-1/4" 1-1/47 1=1/4" [—-1—1;-1'
- B2 12" BE—1;72 —cm AFILOT TYUNDER P2=1/7 BE=177
w uF 10 RoOM [T uF To RooM O ROOH
FILL AGEMT 320K FILL AGENT g FILL AGEMT 320kg LL AGENT 320Kg

9
90016 MOWEC1230 CYLINDER

900lk HOWVEC1230 CYUNDER

00lk MOWEC1230 CYLINDER

2R 9 LUULEAINITAARY FK-5-1-12

N

S00lb MOVEC1230 CYLUNDER

V]

A

Na w
GRAUTY DAMPER
450mm % 450mm
:;{u,rr N2 WOZZLE ;(m,r:' h2 NOZZLE )g:u;z' N2 HWOZZLE };:m,ﬂ' 2 NOZZLE :;;:01;2' N2 HOZZE }(:01/‘2' N2 MOTZLE :3:01;2' Nz HDZAE
#3/4°PIPE N2 83/4FIPE W2 #3/4°PIPE N2 83/4PIPE HZ #3/47PIPE N2 83/4FIPE HZ #3/4°PIPE HE
Fa1/27 H2 NOZZE  “E1,/2° N2 NOZZLE P81/2" N2 NOZZIE el /2° M2 NOZZLE #1/2" N2 WDZZLE T e1/2% N2 NOZZLE  He1/27 N2 HOZZLE
Pa # . # « # T
SERER n,
W = Ta.dim .
#1PIPE N2 B1PIPE HZ S1PIFE N2 e #1°PIPE M2 1"AIPE HZ #1°PIPE N2
H = 160
::-1.-'2' NZ HWOZZLE :im_.-'z' N2 MOTILE ::nfz' W2 HOZZLE :im,fz' NI MOTZLE ::11.-"2' N2 WOZZLE ::m,fz' NE MOZZLE ;inrz' w2 q:}zl::PE N,
#1-1/4FIFE M2 oI—1/2PPE N2 @2FIPE N2 #2—1/2FIFE HE 021 /2FIFE N2 @172 FPE N2 I TitdoL
DOWN TO RASED FLOOR —
a a @
AN 10 LLUULAAINITAAANY 1G-100
a & a
YUALYDLNAY
Class B
YSunsies - " s adus .
» fivieafuds > VieunauM > 16100
> 300M3 > > 10 4. >
- & -
BUALTDLWAY Jsunasvies |
Class A & C 80-300 M3 [ | oA >
> | NOVEC1230
<104
¥
139D > I o
> Wiz “| Lifiieaiud
< 80 M3 o

AN 11 LRURINSERNIaNsaLeInsENINg FK-5-1-12 wag 1G100
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4.3 ununsnsiaenldansazenn

INUUINIINITEDALUUT AU @UITAUINANS
Fasrgrundavindunnudanisidenldansazenn
(Selection Chart) 521319 FK-5-1-12 U 1G100 wileld
Tunsdigug dwandunind 11

wiinsAnwigsdnfeusasazondosin
o FK5-1-12 way 16100 dsluunensdlansazenvin
Sugonaiienumunzauuinnd wWunisiundadifu
a151asl nie @arseendmduiinisaulndionisan
sondauonslildnavievdavesiososturie doinas
pudsadusgu

5. afusnena (Discussion)
NAITN 1 @unsadasievikazaiusionaty
AMSeBNLULSTUUAUMNAY Tanail

5.1 STUUAULNEIA87% 1G100
iosnidufiedafesussgludaifinseiugs (300
U1%) wagAodlditussgdmuiuann Jawvhlisangunseldl
$IP1gINT TR 1G100 nd1anndesiangnndi
Tneaneiosfidvualngdededdansazorndiuumin
SEUUAUINAIMIETY 16100 S1dusdireauiuds
wensemnilosnndedddussgdiuauann usinnns
fiflusafugauasiiszoznandafefisanani Jsanunse
aareafudeitlnasniestleatuldrilimituiiladie
dlofinnsanlaesiuiwmnzfuietestuiidvunalg
TWanssundann uasdituitaaroaiudddueaisld

5.2 SYUUAUNAIAI8ENS FK-5-1-12

a13 FK-5-1-12 fivpindndeliasnsaosnuuuli
Aamsdussgansiuienfudsilnaoontuld iesannd
JoAmuasreziandaaisatsluial 10 Jurdiaiu
wmsgu Fedudesdiadsineluiosdestu el
walvig) (Furugugnais 90 @) wazsil AU
Tufpsdostu Vilinsfnduasiisesnmdaugien

815 FK-5-1-12 §151m1g¢ (2,000 U / Alansu) v
TWldwanefunmsldauluiesiifivuelvgfitinisldans
$ruaann uinsansedsluestosiuitlinisiiue
anansilvunndunazldviefiiaunussiusiniwinlien
nsfnsagnnd Samnefuosiiouadn

dmsunisidenleans FK-5-1-12  Tadasiziids
ywndfiaansadadduiedddlaslinsenusenisld
fuitvesounduinugudnandlsiiuzo ou. vuaii
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waveaiudslinisindesdosiuinnnit 103
wansAnwiuanslfifuisnuandivazaii
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viufiudeya dsazhliiAnmnudasnsiouayaudus
Tunsasyuiinis Wedumssnsedunsdanisluams
gnavnssuguitoyaldegnadsdu

6. @3Una (Conclusion)

nsfnwiiiingUsrasdilesnuuussuuiuing
TueasauddoyalasAnuianautivesasazeinii
dowiln fio FK-5-1-12 Fuduarsiall uaz 16100 Jadu
frsssued weldnsudnalalunissulnuazans
ANANNYS DNANITENUNAINITANATALDIANITUIN LTI
nsfasauazalddglaglivionfutoyaluorasgud
foyataduresnnalugidunsddnu Genanisinu
WUITLUUAULNGIR28A9 1G100 TR0l ANNg
unnilugrusiaenldanelunislday uavnisandad
nalasinslfinfouionfudaussganslily dawa
nMsAnwiaonndosfunanisineios “nsdnden
ansTudaTisauiiethuvaunuansuma i
Fugenszuarunisinduladiduiuidedinsie
AsdiAn®I: 8115 National ITMX Data Center” [5] @4
Tnsinszilagldlusunsy Expert Choice Fawaiild
Usngi 16-100 ifumadendidfign Inedidnimineg
fl 43.6% uazansiafl FK-5-1-12 Aniinegil 25.8%

PNNANTANYITINUIENT FK5-1-12 91251
nzaufuRositluuaEnude e il uiandads
ussyarsazemawalngld fafuisansiinisinunis
YRR au U UUS U 81 FK-5-1-12
Tuvnsaifionafiaumunzauannainnisldans 16100
7. AnAnssudsznA

fAnwweveunsza fUsmiiumsfinne i
mMeTsvingy uazermsnsdifinuiliniseylasies
ToyaduduussleniionisAnwuagyilidisagaasly
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n1sUszanaldlusunsululasgenilndigaineannunszesN19vaAaIaual
An Application to Determine Warehouse Distance

on Microsoft Excel

agas Uguilshayley', wel. as.ALoue ﬁusjamaé 2
' a9immsiansnudmngsy Melvimnssgaamnnsiaznsinnig
AEIFINTTUAansiasinaluladonainnssy unineraealing
Wil 6 FuanszUguang sneliisauasUgy uAsugy 73000
p.trin.159@gmail.com
* 919158UsENATrImnssugmamnsLar AN
ANgIMNsIUMansiazmaluladanamnssy ininerdefauing

mailto:kanate.engineer@gmail.com

¥

uNAnga

Taevhlundsdudmans o uis azlsifideyaszezmanmmndunmislugmniumianeluadsdud snideiis
fwwAnlunismsvezmeainnndunddludmnduniinieluadeduan Ingldisnsssguadadudiasuu
Tusunsulalaswomsiiondiea (Vicrosoft Excel) vismntulusunsuaziudsudesmaiunsluadadud iy
Iua (Node) lnglgunuulasadng (Network Model) udldaunisuuuuensdiu (Manhattan Equation) Tun1s
mazernsszriinuafieginiu Weldszermesznidimuaudiaglifuneuisuomlassd osuva (The
Floyd-Warshall Algorithm) snvszezmadiauganng (Al-Pair Shortest Path) Insnadnsuadlusunsuils
annsaUszyndldlafuadsdudmatssuuuy wasillenaasuiurulvuaiinaseszoziaa linsiuing
F1uulnua 20 50 100 150 200 wag 250 ua Tdiarlunisieauvedusunsy 0.03 0.07 0.33 1.04 1.54
Wag 3.52 Wil AuaeU

In general, many warehouses do not have distance information from every position to every position
in the warehouse. This research, therefore, has the idea of finding the distance from every position to
every position within the warehouse by drawing the warehouse image on Microsoft Excel. After that,
the program will change the corridor inside the warehouse into a node by using the Network Model
and the Manhattan Equation to find the distance between the only adjacent nodes. When the
distance has been obtained between nodes then use the Floyd-Warshall algorithm to All-Pair
Shortest Path. The results of the program can be applied to a variety of warehouses. After, testing the
number of nodes that affect the duration that at the number of nodes 20, 50, 100, 150 200 and 250,
the program takes 0.03 0.07 0.33 1.04 1.54 and 3.52 minutes respectively.

Andn Uiyl (Key word):  Warehouse Distance; Microsoft Excel; All-Pair Shortest Path; Order Picking;

Network Flow

85


mailto:p.trin.159@gmail.com
mailto:kanate.engineer@gmail.com

DWEIS

THE FEDERATION OF THAI INDUSTRIES

WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

AVWY

SIME

1. uni (Introduction)
Yagduiimsideuazlvinnudrdgaiunisdnng
adsAudnduegiaunn lnsanizeg1adinisidenvdy
AufanuAndsde (Order Picking) FaduBnuilsAanssu
fiflenl91uazfuyugenn Weifisuiuianssudu
melundsdudi [1, 2] wansdannd 1 feswinnisiden
novaurmnelundsaiusaiAulavaledunie wansds
At 2 wazenAdedlvgjazsjadiulunisvidunis
MsMBUALA (Routing) usneufiaznidumslasosd
Jayauruniiannll (From to Chart) ¥83388$11997N
nniwrslugmniurisneluadsdusi

.

7

i

oy
&

-
o

L

@

O
o
&

a £

dl & @ & YV a 1 1
A 1 wandUasidudsuyuvesianssudiule
meluaaaduan [2]

AN 2 wansdunnansiiunglundedumiain A lU B

ndeya warn1sTinaulugaaInnITHYes
anuAnwinudi adsdudmany 9 uidldiiveyaves
szgrnennneuisludyndunianiesluadsdui
uinsfaziAudoyavessyarnsazldiBnsussanaein
v3oliinAnwilnauiinsiaszornig delunsdd
advauddawelnginsinssesmadadusosenn uay
gaydeantunisaniuau viseldisnsinszezmaiuy
(Euclidean Distance) Fslaildszoznieata uaglyl
wingdmsuldlunmidunanisiu
miAfeatuiiiingUsraslunsdailusunsuly
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nelundsdui waziiieliinesonmsvhnuvelusunsy
Aadeladuuidalunissisguuuuadsdufiasuy
Tsunsululpswonviiondiaa (Microsoft Excel) nwil
3 eI sz ez sluLLILAY X Wasuny y Lo
A8LUIAnlUNITI1IIA AR IEUAIasUNlUSULATY
Microsoft Excel 3gfaemvuaguLuun15senn oy
AMAUAL W UNUMUNINS BV ULUATDIAGIAUAT S W
Funnedudn wardesinunuremnaiu flusunsues
Waswsewnaiulilulnunuasdesinundigenuly
wuaRs waziuauou lnensuszgndldsuuuulaeine
(Network Model) WagATUIUMITEYLNIIAILANNTT
YOILUUKEAAY (Manhattan  Equation) aavine
TUTUATHALAIUIUNITLEENININNN 9 AN
wazuanenasanuluguiuuved From to Chart

Cross Alsie 1

Shelves

Shelves [

Cross Alsie 2
Shelves M

Shelves [

Cross Alsie 3

Entrance and Exit

Drawn warehouse
in Microsoft Excel

E £ 5

w
w
w
w
w
w
w
w
w
w
w

AR 3 wanaguiuukAnlunsNAgUATaEuAaIUY
1UsuN3u Microsoft Excel

2. 35998 (Research Methodology)
2.1 nuinagisnsildluaide
n3319gUuuuAfeduAasuulusnTy Microsoft
sgvihndsutosmadulidulnue laeld
JULuUlATene (Network Model) wagAnuinmszeenie
sgwrhilnuniiegfnfuvindudeaunisves Manhattan

Excel
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({899 MnaUN13VRY Manhattan  @1ansamszegnisly begin

WWILNUAY WAZWLIUNULB AWMNZAUNTTMITEEEN I foralinode pakls, v) €N x Nde
° v a v . d = oo and d =0

voe3UkuUTIaRIAdaduAtulUsWATY Microsoft Excel (5 1) = == and pred(s, v)

Ao 2 o ¢ for all nodei E Ndo d(s, s) = 0

nugukuududal (Row)  wazAsauu (Column) kag

y > R v e . . for each arc (s, v) € N do d(s, v) = ¢, and pred(s, v) =i
LW@iﬁlﬂizﬂ%%Nﬁ]’]ﬂVjﬂGﬂLL‘MUQ‘IUH\W@G}WLL%UQJ‘I’WIU

for each k=1 to n do

AfsAuAI9zdunaudISveananen105uea (The farmsinta, o i
Floyd-Warshall - Algorithm) Uszgnald insz1du3sa if d(s, V) > d(s, K + d(k, v) then
dSenazlidudau sauludmadnsnlarauteazwaiugn begin

Lazudede [3] d(s, v) = ds, K + d(k, v)

2.1.1 fuuulasevng (Network Model) 1u pos (5, ¥) = prad(s )

msufledgmingldngn Fzunussdlsznausiig 1
03011 A18n1521An5IN @IUUTENDUTBIAIULUY
lasenguseneumie 1) vua (Node) %3 9agen
(Vertex) wnusinunussng 9 wastymnislunsn 2)
dudeusewindnue (A0 Dududeudlduans
anuduiussgninduun Asvydumaniefianianis
i wa 3) dwnih (Weight) uansrvesimdniild
Tunsdndula nieszezyvestym (4, 5]

212 JUMUUNISHAULUULNULEARY %130
FEYLVLUULNULERARY (Manhattan Distance) ums
WMsEuEMITEnIE U@ wus Tunuwnudise
21nAU [6] 9nFI19873 YU NITUITSYLNIITENI
AWNUS A (X, Y, Wagswnue B (Y, Y,) @1m130m)
22719970 A T B (D) 18dsaunsd 1

end

end

A 4 FunewiSves Floyd-Warshall [11]

2.2 TunauN e luanuideusenaune
2.2.1 TuURBUMSUATUANAGIAUAININAGS

vulusunsu Microsoft Excel Wiluguuuulaswng lng
MIUSUATUIENAITUYRIMIUAL  WIpYaeInangluy
YOULRYDIASIAUAT (W) Fenwil 5 (a) Wasulnu
un §an il 5 (b)

Dag = | X1 =X [+ Y1 =Yz | (1)
2.1.3 \Jeldszugnnesenineduniayn 9 1 2 3 4 5 6 7
suniie nelupdsduauds aswdlodyniddugauuy 10 1
! . v ) ax 12 13
7nA (All-Pair Shortest Path Problem) f18vun?UI5 “ 15 18 w7 1. 1
Y9ansn-105uta (The Floyd-Warshall Algorithm) @
(b)

Tnedorvesdunewdail Ao msUsvinanaideudias
7, 8] waganusaniddugauuuynglunsdifivmn
wiaduiousenindnunfinauls (Nesative edge
weighted) wiaglaiamsoudlodamildlunsdiidig
JINTIT9aU (Negative Cycle) nelunsawl [9, 10] lae
AN 4 vuansuneuIRUe Floyd-Warshall

a a v a v a
AINN 5 LLﬁﬂﬂﬂWiL‘Uaﬂuz‘ULLUUﬂaQﬁuﬂWW?WWaQ‘Uu
1Uswn5U Microsoft Excel Tiu Node

222 TWsunsuazasradudounasiums
(Inun) TiRefudndef uazmunszezmdluLuads
wazuuruouiulvuaiioginfusintu dunnd 6 (a)
vdniuegldaunisvesusunendy aun1sd (1) Faay
fszorvinssenindluuaiioginfuindu 1wy ud
Welildszosnisadenelundedudiaziinisin
FLYTNTENIGUNLS 2 Ausls neluadeduailu
wuawnu x (k) kagiwwnu y (k) [12] il 6 (b) ile
Laduus k. uag k, lUsunsudzaadiiuszegng
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5¥IIUATULLILALY X LAZLAY Y ATNAIAU AININT Tun1suansnaniside agvinisnaaaulisunsy
6 (c) mefegendadui i susuududmasuiud wazdl

UMY 20 TAUA AININT 7 hazddunaunns
Tgnulusunsunamalull

Cross Alsie 1

Shelves

Cross Alsie 2

Cross Alsie Al 7 uansguiuuadsduaildlunismaaey

YumauN 1 Mvuedwls k, uag k, Wiy 1.5

WaE 2 AUEIRU NTENAYRY k, Uag k, asuuuwuuvlesy
Yo4lUsUNTU Microsoft Excel fanni 8

Cross Alsie

(b)
1x K(f'\l x K(f.\ 1x K( seuzmszwilwunlunuawn x
1 2 ® @ " 2 m srgrnTsnaliunlusang y
1xk, 20 Node snaulmamaau
ST Remiiotionn |
1xKk,
@ i 8 uansguuuuuuvlesuildlunisnsen

Toya k, uaz k,
(©

ANN 6 LANY (@) LHUTDULALTTILYINITERINILIUA
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Improvement of wire bonding process for integrated circuit production: A case

study of integrated circuit industry in Thailand
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Abstract

Using copper wire instead of gold wire can reduce a lot of cost in IC production of semiconductor
industrial. However, the circuit stability (Circuit Reliability) is less than the use of goal wire. Therefore,
the study to improve the production of integrated circuits in the part of the wire bonding process by
increasing the annealing process. It is an important process to improve the quality of the integrated
circuit between Cu wire and chip. For this experimental study of annealing process, it was performed
by comparing IMC values at 175°C and 200°C. The quality of workpiece was tested and measured by
Scanning Electron Microscope (SEM) machine every 30 minutes. The research experiment found-that
the temperature with effect to the workpiece quality to stabilize the IMC value was 175°C for-9'hours
nevertheless the new temperature at 200°C, it has been applied with only 3 hours. Finally, the IMC
testing result is higher than the average of the at 60% standard acceptable levelias.other research
reviews and it also higher than the acceptable level of the industry level at 80%..Hence, this result
can reduce time, cost of IC and workpieces production and it also including the higher quality of the
products.

Keywords: Copper wire; Integrated circuit; IMC; Wire bonding
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The study of the efficiency of water absorbent discs from renewable
materials and the construction of long-distance cooling system control

with Arduino automation process in good-humored laying hens
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spuUAUA Arduino Tulsadoushasaiedld wasanududuivsluoiniafisziuliganda 75% rH lngldns
muaumelilasaeulnsaineitioail 8266 (ESP8266)
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Abstract

This research studied temperature control and relative humidity in simulation house raising chickens. The
research purpose is executing the efficiency of temperature reduction of renewable materials and create
a cooling control system with Arduino control system in simulation house raising chickens. The relative
humidity in the air level is not higher than 75% RH. The methodology was taken control with ESP 8266
microcontroller (ESP8266)

The research result from an on-off experiment was found that the sheet of water from hemp sacks had the
highest cooling efficiency 63.64 percent, relative humidity had an average of 61.27%. %. The research
conclusion is the hemp sack is the most suitable absorbent discs among sponge and spathe. An
automatic experiment found that automatic long-distance cooling with Arduino can be switched off-on the

water pump and fan according to the setting of the temperature and humidity. This research has proved
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that the Arduino control system can control the temperature and relative humidity in the air during which

the chickens can grow and lay eggs.

Keywords: water absorbent disc, good-humored laying hens, Arduino
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Modified activated carbon from Sugarcane Bagasse

for removal of wastewater contamination
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Abstract

The aim of this study is tormaodify the efficiency of activated carbon from sugarcane bagasse
for the removal of wastewater contaminant focusing on the amount of cadmium adsorption.
The activated carboen was prepared from the sugarcane bagasse that was heat up at 400°C. The
zinc chloride was/used as a catalyst at 500°C. The produced activated carbon was ground into
powder and later mixed with clay at six different ratios of activated carbon to clay which are
2:8, 34, 4:6, 6:4, 7:3 and 8:2 respectively. The activated carbon was then pelletized with a
pellet machine and burned at 700°C in anaerobic condition. The activated carbon was tested
for.granular corrosion and the ability to absorb cadmium in water. The results showed that the
mixed activated carbon to clay with a ratio of 7:3 is the most suitable for the removal of
wastewater contaminant that have property of granular corrosion of 4.05%, the iodine number

of 386.37 mg/g, and result in the cadmium adsorption of 133.88 mg/s.

Keywords: sugarcane bagasse, activated carbon, clay, adsorption, cadmium
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Waste Reduction in PVC Terminal Sleeve Process
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Abstract: This research aims to reduce the product wasted in the PVC Terminal Sleeve production
process that affects to manufacturer. Include, the cost of raw materials, labor costs and wasted time
are also increased. According to studies, it found that the amount of waste generated accounted for
22.08 percent of total production. The main waste in the production process is three appearances: 1)
the characteristics of the bubble 2) the characteristics of the line pattern 3) the characteristics of the
work is not settled. After the improvement by providing a standard operating manual and applying,
the seven waste technique. It found that the percentage of wastes in the PVC jacketed electrical
conductor product studied. Before the improvement of waste 22.08% and after the improvement of
waste 16.99%, the waste reduced after the improvement of 5.09%, resulting in a reduction of waste
value 24,267 baht per month, worth about 291,204 baht per year

Keywords: Waste Reduction; PVC Terminal Sleeve
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3.48N15798 (Results)
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ladan 107 97 79 283 94 214
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ﬁwmvﬂuﬁau 87 78 65 230 77 1.74

pumulala

WINTFIU 76 68 62 206 69 1.56

JUN 59 36 71 166 55 1.26

un 23 43 35 101 34 0.76

Fwvouds (kg) 848 737 658 2243 748 16.99
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4. d@3Uwa (Conclusion)
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n3USUUeINsTInasnuamnadlunszuIun1saugauan Ny
Improvement of Energy Saving in Annealing Process of Rolled Coil Steel
Sheet

¢ 2

auswed Womaswa', USeyed yeunileg
U3 glnlsy (Usemelne) S1ie
sittipone@chugairo.co.th
“anyivimnssunsdamsgnavinssuiiion i
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prin.b@rmutp.ac.th

unfnge

At nguszasdifiofinunssiunsuiuusisenniseninduestusnmeuseu (Batch annealing funace) lng
vmsnaaestusisll (Heating cover) fiflinnniianun 10 4a iemeAszdueendiauiianyay lnon133de
Bunnifudeyateudunsifenuidnisunlwidull Sosazvosninmivdiliauysal  wdwinduisdiing
UsuugsldmaluladnisunindlnaifedsuguniniauauiazUuussiaua il fommn 5 seduie 23%,
40%, 50%, 75% Wag 100% wavnnstufinAmniinesiviinisusuLss AnseniUTeuiisugnidadeladaasie
Aun e avAnusuvieliioedls Fmanldanmsidenuimdsnuiuusudniliansienlndifuaylasesu
Sovazvoseandiaulndifssfunasgiuaniy dwaviliannisléndnuiaziiuvszaniameenmeuly
nszuumMIsuseuldAty InsAwsiime siviimsusuusiduddasgniilududdaddugiionmasidusudmsy
Fenstunisusuwsisinmafiwesvesiwnlndveanssuiunisevseulueunanseoly

ANEIARY : N150U-YU; WaUBaw; N15USULAIAINTSw LN Wsunsuasulnsames

Abstract

The objective of this research is to study the level of burner combustion by adjustment batch annealing
furnace. The experimenting has been performed with 10 sets of heating cover to find for the suitable
oxygen level. The data collection before starting research has been found that, the burning adjustment
by changing combustion technology with 5 levels are 23%, 40%, 50%, 75% and 100% depicts that after
improvement, the combustion value and the percentage of oxygen level are improved to the better
standard resulting and it can reduce energy consumption and improved oven efficiency in the annealing
process. The modified parameters will be used to be the new reference standard values in the operation
manual for further engineers’ operational.

Keywords: Heat Treatment; Annealing furnace; Combustion adjustment; Program controller
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1. umi1 (Introduction)
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Controller
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2. 357394 (Research Methodology)
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MV9% %Qﬂziqél'zgzywmmmmwumwjmwu DCS
(Distributed system)  flusiaz MV%
(Manipulated Variable %%aﬁzyq;’]mmuauﬁm%aﬁ
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L%N‘«J’]ﬂ 23%, 40%, 50%, 75%, 100% R GRINGE]
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Testo combustion
(02% , spuuileids)

Pressure transmitter
(Gas & Air flow rate)
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pondlawdu 2 ¥fe 1. vasneunisiUAsugunsal
AUANNTINEUAE uaz 2. Tamdansiudsuyngunsal
mugulasnsUTuLssAsEAnEnmmawn lnsiduann
nsfediariinsiest (Mvoe) maifinduvesaudoudi
FudyayrauAIUANNIAIN DCS  (Distributed  control
system) luszaufl 75 % waw100 % (Juszau % nns
datureanmdouniglumiifivununslindsny
Fowdwnniign)  deiuanduaisenmila  uang
madeyasnsdaiiomamsilnsifiauysainieluen
sugoulngaInIsUIULAINSI L METATIgA9L S99
31N % P8NTLIUADIBYIENIN 1.5-2.5% TUFIIMV50-
100%  (A2IUANLI9INDCS) nEannduiA1910n9
Y10 ABIHIABITILNINTAATIZIMIAIAIULANGAT
ArILUTUTIUTOIA % oonTiuTiouNaETdInIs
U%’Uﬂ'gﬂma&gaamﬁgm T test, F test fasioluil

%0, |%O0,

n (MV%) | Aaun1s | #asn1s | D D’
YFuuse | YSuus

1.(23.1%) | 1.0 3.9 2.9 8.41

2.(40%) 1.5 3.4 1.9 3.61

3.(50%) 1.0 3.4 2.4 576

4.(75%) 0.5 2 1.5 2.25

5.(100%) | 0.5 1.5 1.0 1

nasw | 4.5 14.2 55=9.7 | 5,°=21.03

Anade | 0.9 2.84

THE FEDERATION OF THAI INDUSTRIES SIME
ltem Combustion rate
MV [%] 75% 100%
TIC (DCS)
x10%cal/h 100.8 130.3
Fluid type Gas Air Gas Air
Control MV (DCS) [%] 629 | 729 9.99 | 996
valve Feed back [%)] 390 | 725 100.0 | 99.6
AP [Pa]
Flow rate
[m3/h] 40.30 | 1,330 | 52.10 | 1615
Pres.control
Furnace valve [%] 328 420
pressure Fumace
0 0
pressure [Pa]
Air ratio Flow rate ratio 1.20 113
[-] 02 reference 1.11 1.08
Supply [kPa] 175 | 72 175 | 6.6
Ring header
[kPal 34 2.94 5.1 4.21
#1Burner [Pa] 2.90 1.80 448 | 2.73
#2Bumer [Pa] 291 | 1.81 457 | 273
#3Bumer [Pa] 2.92 1.80 457 | 2.58
#4Bumer [Pa] 291 1.81 457 | 2.74
Pressure
#5Bumer [Pa] 2.90 1.84 455 | 275
#6Burner [Pa] 2.93 1.84 455 | 2.73
#7Burner [Pa] 2.92 1.95 455 | 2.74
#8Burner [Pa] 2.92 1.84 455 | 2.7
#9Burner [Pa] 2.91 1.82 455 | 2.74
#10Burner [Pa] 2.90 1.88 453 | 2.75
Cover TC (TC-1) | 826 - 831 790 - 828
Temp. Base .TC (TC-2) 674 - 687 630 - 662
°c] Hot air (Front of 226 218
burner)
Waste gas 59 56
02 [%] 2 15
CO [ppm] 34 42
Exhaust NOx (Net) [ppm] | 10 10
gas NOX (2%02)
[ppm]
NOx (11%02)
[ppm]
Automatic
Remark control (Hold) Automatic control
<Cut-off MV (Hold)
value>

Theoretical air volume: 27.49m3N/m3N
Low heating value: 25037kcal/m3N

Atmosphere of Inner cover: Nitrogen 100%

Opening of the dilution valve above the WGCV is about 10% open.

a Yo

NATNAT % 8BNTAU AIANNAFIUILIARS

o«

T =T test fwuaseiuivdwy @ = 0.05
HL‘II :#“post = JU"p'rs

Hl . P"past = JU"p'rs
1nAN51998 laA Rl

he

£ — 9.7 9.7
o |'5|:z1.|::3}—|:g,';r}2 N |':LI35.15—94.D'5
2 5-1 W £
¢ 9.7 9.7 9.7
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Effect of Air Velocity and Biomass Size on

Thermal Efficiency of Biomass Burner
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AR : 0Taa, Arrudeu, UstAnsamdanuiou

Abstract

The objective of this research was to development biomass burner. Prototype to consist of 3 parts. Consist
has main structure, combustion chamber and burner head. It was provide continuous heat for 60 minutes.
Experimental at air velocity of combustion system with air was 2.0, 2.5, 3.0 and 3.5 m/s. The length of
biomass material was to 10, 20, 30 and 40 mm. Results that found at air velocity was 3.0 m/s. The length of
biomass material was 30 mm and maximum high heating value was 6.22 MJ/kg. The average thermal
efficiency was 34.28% .The compare energy costs between biomass burner and (LPG) liquid petroleum

gas .Biomass burner can save 274 baht/week and payback in time 4.5 month.

Key word : Biomass burner, Heating value, Thermal efficiency

128


mailto:aaa@rmutp.ac.th

LY

SIME

BWEIS

THE FEDERATION OF THAI INDUSTRIES
WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

MUTERININMILaEIEUOHNANUNN AN
9 1Y) oA & = o =
WIANTIU LAEN1TINNITEAENNTILDE B AT 8 UseanT 2562

1. uni (Introduction)
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8 (Research Methodology)

1) Usednsnmandasng nsuseiliudsed@nsan
T80 A5 ANANABIRUSENBULA ALT DI
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il

v
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Ny = ——= 3 %100 (1)
mfuel X HHVfueI
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= & o o 3
Vg Ao AUSINSluavesia@dInia (m/s)
a | Y o 3
Cvg D AIANTIUYRILAATINIE (k)/m)
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HHV ., filo A1Anudeudeindsrigeile (k/ke)

2) NSTIANAINLSBUVBILALTBLNAIRILIE

=> HX,
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j)h
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o))

3]

AMNTNAFDY (kg/m3)
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m=M=) 400 3)
w
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m fe  Ywamnuauluansinete %)
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4. afius1ewa (Discussion)
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A1suauNauanlaakarasuoulneanleAsIndsfliinu
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QUNNTLAZNITNTIVILATILNILE1989UIATF Y
ASTMD137 [1] Fanuidtnzainiadl arsvewdu
psAUsznovINfigniosay 52.25 % sesaswiu O,
way N, laeddndiussnusenaulinnu 47.46% uag
1.46% RIUAIAU INNITNAGDINUITIAIAINNSBUVDS
neam1aliAIANTauas (HHY) Wity 20,202 ki/kg
war Uinusnansueuiuassendvindudemasd
anunsawlvdlddmniiesidusduann 35 % Fuld
FamndrnirdagilFnadudun angud 6
WU nratanadifianudeuninniniaduiienin
nvauznindesrussnauniaiilugdlade CO, H,
CH, 110070 Frnaviaduia 4 wiia Fnisvegey

nsiiATIginIgaRu Uiz s uLTBuA
WAIIUANUTDUTENINNSITUAETINIa N NTaINIa
fu LPG  Insfindanuainufouvesnfansdu LPG 1
AUTEAIN 49.9 Mu/kg Baufanadiu LPG  yunnds
15 Alanfuufisawindu 380 vndeds [2]  wadu
1 AlanfudedsAniify 25.33 U LAAVIANYUIA
1§ winldnuanielu 1 dUasi Tnefifidiainuseu
WinAU 15 ke x 49.9 MJ/kg WwinAu 748.5 MJ dufuan
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AANNSBULYIN 748.5 MJ az@edldTiniaainngainia
SauviaUSuna 50 Alansu Fenswanudaainnzainia
1 Alansuazdimlgdnawindu 2.12 vinsedlansu win
FOINITANUSOUYINAU LPG wu1a 1 69 azdlanlgane
Wiy 50 x 2.12 Wiy 106 U Fenuinnsnaauia
Fauaalidamdsuaudeuinduuiiandy LPG
YWINGIUTIY 15 Alansu fArUsendaniinisly LPG
274 vI/dUansi LLaxmﬂmsamua%umLLﬁﬁ%qma%’!q
iy 5000 Um AgnuImnduauinsaluge
wiadanaulivawnu LPG asfiunulanialuszeziig
WU 5,000/274 Wiy 18.24 dUavi lnsAnszeziian
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5. @3Una (Conclusion)
Uimanivouludemdsiudusiniivevends
nsiinAnsueuneuenleduarasueulneanleAsInis
ﬁmuuas%%uaaﬂiﬁ’uﬂaﬁ%mmmﬂwﬁﬁﬁmﬁu?ﬁqwudﬂ
ngannaian C ussdusznevinilaniosay 51.21%
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sosaadu 0, uag N, lneildndussAusznauwindu
40.33% wag 1.393% AINaINU 31NN1TNAADINUINAN
ANNTEUTBINEAINANAIAINTEUAES (HHY) Windu
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Reducing Water Use Assessment Methods Water Footprint
Case Studies, Faculty of Engineering
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uns lneffngusvasdifielauonuamsnisannisliunaueimnssumans Tneshnnsdnunsessesnisldeh
4945379 (Water Footprint Business) daumingdoifiuasdnsgsiauszianuinig Tasduiunisinainusunm
ihildlunisdnfiuanuesindnuiuazyaainsvesesdnslunmeianssumand Ssrauiunvoenisiny
finsulusgeznaivesting. 2559 Tngshnismeanewmesraniudesdnadunasuvesnsliiludanssu
y19nss e 3 Unsinen fo Umsfinwn2559 Antowmesamius 43.82 gnuiadiuns In1sAny2560 A1neines
WanTus 43.82 gnuiafiuns Un1s@nwn2561 A1delnasanTus 40.21 gnuiafiuns laenudnuSununsld
thifu %uasjﬁ’mi’wmmmﬁﬂﬁﬂm Pnaminulazaieuveindnyikaryaaing lnguuimislunisan
Usanaumsliinduasdomusuidussezdu 8un nisnmsaamnisléou asag sos$1 Tu warUiuivdsu
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uinAnwuazyaansdaianssy dnssanis thesused wensefuaiidndinlunisldthuszdn uasdnih
Tassmsvssdiunislideemosramud

Abstract

The study of guidelines for reducing quantity water use by assessment methods water foot print
case study of the faculty of engineering Rajamangala University of Technology Phra Nakhon with the
objective of proposing ways to reduce water use for the faculty of engineering by studying the water
footprint business, the university is a service organization by measuring the amount of water used in the
operation of students and personnel of the organization in the faculty of engineering the scope of the
study was considered during the period of 2016 by determining the water footprint of the organization as
the sum of water usage in direct activities for all 3 academic years, which are 1. academic year 2016
water foot print cost 43.82 cubic meters 2. academic year 2017 water foot print cost 43.82 cubic meters
3. academic year 2018 water footprint of 40.21 cubic meters, found that the amount of water used

depends on the number of students working hours and school hours for students and staff the guidelines
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for reducing water consumption must be planned in the short term, such as checking usage conditions,
checking for leaks and changing equipment related to damaged water usage, once a month. Is to
provide knowledge about saving water to students and personnel, organizing exhibition activities,

signboards to stimulate awareness of using tap water and conducting a water use assessment project

AdnAny se9eMsidun; nsuszdiunisidun; sewmewanTus; N133An1sin; Water footprint
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mMsinngityTame flaniudiiiouseidum
AneimasansudosAnaiiunasiuvesnisléiily
Aanssumanss i 3 Innsdinwn do 1. Yn1sdnw2559
ATOMOSHANTUA 43.82 gnuienuns 2. Un1sfinw
2560 A1BLADSNANTUA 43.82 gNUIANLUAT 3.
UN13AN®12561 Anaimasianus 40.21 gnuiAfunS
Faavesmsidelduandlinieluil



'3

SIME

HBWEIS

THE FEDERATION OF THAI INDUSTRIES
WATER AND ENVIRONMENT INSTITUTE FOR SUSTAINABILITY

1 L3 =) 3
A1 qama‘s‘vg ANIUR

a4
a3
az

a0
39 I
38

Trns

2

1 T

'
Ao
Ao

Frn Trnsdnm
&0 61

L
!
P
!

AN 2 AmETNANIUA AMLIMmINTTIMEaRNS
WTINeIdumAlUlagTIIAANTZUAT

dUv097oYARIANTANIUN ANEIAINTIUAIERT
UMINYRNALULATSIVLIAANTEUAT TUANS19N 1

AN 1 NPT VEPVDIPALE I FRNSTUFNERS UVSINSTURS

61U p NuN
o 3991A3
7 (GERY)
1 | 91A1591U8N1T 869.25
2 | eAsenysyaen 1,310.57
3 | 91AsElnIuuINg 274.20
4 | nsimnssuesena 1,257.88
5 | erensudiurinaziesesszay 390.60
6 | erstanalssany 1 4 580.80
7 | evnstanalssanu 2 $u 278.90
8 | omsssumazUfiRnsavn 435.20
i3esdnsnasmlui CNC
9 | 2AnssukarU UM 600.00
Arnnssulysn
10 | @1msiseusasyifnisanen 480.00
Y19UUR
11 | 91;9i3euskasUuinisann 707.00
Aranssului
12 | 91m9iseukasUuRnisann 623.56
Ienssudidanselind
13 | emsirmnssundneesloway | 792.00
WAL
14 mmiﬂﬂﬁugmmﬁmﬂﬁm 593.20
15 | 91A15919%80 459.00
16 | ®1A15nAaNISUNANEN 1,568.00
17 | oesiseuasUfunnig 951.37
IMINTIUONANNTS
18 | $mnenh wddnswaens) 31.50

MUTERININMILaEIEUOHNANUNN AN

WINNTTU WATNIIINNTANANMNTIUOL9E38U ASSN 8 UsednT 2562

| 21 12,203.03

NUNTINUAAULIAINTTUANANS UUI1INY1DY
wialuladsvuananseuns tnawanduiuienas Aud
Fulsl Huilas Tumnsnai 2

P v

AT 2 NUNNIUAVBIPULIFNNTTUAERNS UNT.NTZUAT

a6y AU NUA
il (m3.3)
1| fufiorensiion 12,203.03
2| Wil 13,973.97
3| Al 2,782.50
5 28,959.50

v U

9A19519% 2 ViR iuld I RuilddsTome Tneld
N BuFaimualunisldin TneRuivmusvesnmy
Jmnssumans  andudesay 100 Usznaudefiui
pnansanun Andludesay 42.14 fuiilas Andudes
av 48.25 wariuiauls Anduteray 9.61 vﬁ’ag‘uﬁ' 4

9.61

JUN 3 wuinslduvianuavesrmgdImInTsueans

maﬂ'lﬁl,ﬂiwﬁ%'ayjamﬂmnma17'i 1 uay 2 lag
a1u1508uunfanssun1sidiidrefiuiivesams
AFNTIUAERT WAINEIREALULaEI1TNIAANTEUAS
Tnsdinsgdnganssunislddivesyaainsame
FNTINANEAS LN RENALUIATTIVNIAANTLUAT
nssuwunifunisaulan wazuslan nsaulamdu
nsihlUldaeslmiandssTonyd Taud nstdiilusu
UftRmMsInEeu ianuazeneinsaniui wesgan
&1anwuze1ms n1ssaunduld wazvinanuazenn
gruNIue d@ivesusian Wlunisuseneuemisuas
\A3oshu uazthduilauslng Seduiudiusui 4 as
wandlifanssumsldiheglufiufionnsoun Sosas
42.14 wariuidulst Sovas 9.61 Fsdnludosas 51.75
yosiuiinavun ﬁgqﬁé'fqf-ﬁ"]ﬁqmagzyﬁ&m’m%"ﬂuaﬁua&ﬁw

'
a

BAnnstaunfgasuan wazazyinlimina g nLIu

Yo

AU

4. aaUs1ena (Discussion)
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5. @3Una (Conclusion)
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Improving the Work Posture of the Distribution Center

of Consumer Products Staff to Reduce Muscle Fatigue

WS Uaed , 5 1AAgaITe’
" aimnssuaudasnse
MATYTIAINTIUANERNS AULIFINTTUAEAS NININUIRULNYATAERS
50 AUUNNWEIU WYY LWATAINT NTUNHUMIUAT 10900

E-mail: jatuporn.sangtu@gmail.com

Abstract

This study aims to analyze and improve employee work stations which found ergonomics problems in the
distribution center of consumer products to reduce muscle fatigue. The initial body fatigue survey results
of 33 employees and were knee 72.7%, feet 72.7%, lower back 66.7%, hand/wrist 63.6%, shoulders
60.6%, lower arm 60.6%, upper arm 57.6% and upper back 54.5%. Then assess the ergonomics risk of
step one with REBA, step two with RULA and step three with REBA. The ergonomics risk assessment
complied with body fatigue survey. The 3-step has the highest risk level. The improvement solution was
provided for three ergonomics problems but only one items (step two) can implemented. The
recommendations for step two was improve working posture and the risk level was reduced after
evaluated. Evaluation by RULA from 7 points to 5 points. The risk level after implemented was reduced

and increase average employee satisfaction in high level.

Key word: fatigue; ergonomics and assessment

* Corresponding author, E-mail: jatuporn.sangtu@gmail.com
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ABSTRACT

This Report aims to study the general conditions of the production, the international
trade, and the comparative advantage in the electronics manufacturing industry between Thai
and Vietnam. Michael E. Porter’s competitive advantage theory was utilized in this study as the
main approach together with calculation of the index of competitive advantage in each of
Thailand’s factors compared to Vietnam’s. The secondary data from data collection and
documentation obtained from various sources were also presented. The results show that
Thailand is disadvantageous in terms of production factors and domestic demand factors.
However, Thailand has the advantage over Vietnam in terms of domestic related and

supportive industries, and firm strategy, and domestic structure and rivalry, Analysis of the
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comparative advantages of each year factors in the year 2014-2018 shows that Thailand has
competitive advantage over Vietnam in electronics manufacturing industry. Nevertheless, this
competitive advantage appears to decrease steadily when compared to Vietnam and Thailand
becomes disadvantageous in 2018. Therefore, Thailand should take measures such as develop
skilled-labor, create new technologies for increasing the value of goods and maintain the

economic equilibrium of the country.

Key Words: Competition, Manufacturing, Electronics Industry, Vietnam
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4 2 DB12 | 0.888 11.2 72
5 1 DB12 | 0.888 12.2 39
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6 2 | DBIO| 0.616 | 10.2 45
7 3 | DB10| 0.616 | 10.2 68
8 4 | DBIO| 0.616 | 10.2 90
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494 Pass Design \HunuufiiAweag1atios 2 Pass loun

Forming Pass Wag Slitting Pass
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Social and Behavioral Sciences 88, (2013), ¥ti1 154-
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Failure Analysis of a Reducer Gearbox Shaft
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