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Abstract

This paper concern with performance assessment of the guide vane position actuator when controlled via a high-speed
linear servo valve adopted as a replacement of a retired electro-hydraulic convertor. The valve was selected based on
sufficient range of delivered oil flow and response of control signal. Due to change in dynamic characteristics of the valve,
control parameters were adjusted, and the system response was studied after such replacement according to function of the
unit, which are 1) Governor Dry Test, for assessment on response of auxiliary servo motor speed within the operation range,
and 2) Governor Wet Test, for assessment on response of the whole governor unit. The Unit Protection trip testing scheme
was performed to evaluate the system response to rapid disengagement of turbine load with pressure rise of the turbine
conduit. It was found that the turbine was protected against overspeed as the guide vane was closed at sufficient speed
resulting only 1.31% overshoot whereas the acceptance criterion is not greater than 54%. The maximum pressure of inlet
conduit was found at 8.615 N/cm” and was within an acceptable limit at 11.3 N/em’. When the unit was started from rest
to a rated speed, the period required since the guide vane started to close until the time the speed approach the set point was
33 second. It then required another 50 second for the turbine speed to be stabilized on the rated value. This was acceptable

for further testing scheme on engagement of generator and feeder of electricity to the distribution system.

Keyword: Speed governor, Francis turbine, Inlet Guide vane
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Abstract

This research aims to improve the efficiency of warehouse management system. For the warehouse in this case study, there
are two main problems which are about long pick up distance and long pick up time affecting to the efficiency of its warehouse
management system. To cope with these problems, The ABC technique is firstly applied to group all goods in this warehouse base
on the turnover rate of goods. Next, the storage areas of goods, especially group A goods which have high turnover rate, are re-
located. The improving results show that the value of pick up distance and pick up time of all goods in warehouse are reduced about
70.69% and 65.97% respectively. To maintain the good efficiency of its warehouse management system in the future, three

forecasting methods of the moving average method, the weighted moving average method, and the exponential smoothing method


mailto:63601166@kmitl.ac.th

14

] ]
IS} v A v

IMIATAANTZLN TN 38 AVN 4 FUNAN 2564

are trial applied with group A goods. The calculating results show that the exponential smoothing method is the proper forecasting

method with 66.67% of forecasting power at 23.64% of mean absolute percentage error.

Keywords: Warehouse, ABC Analysis, Forecasting
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Abstract

Nurse Scheduling is a complicated task which highly relies on the experience of scheduler. It usually takes a long
time to finish the task. The chance of human error is high, resulting in unbalanced workloads among nurses and
inconsistency with the requirements of the hospital. Therefore, this research examines the nurse scheduling problems in
order to find a way to assign nurses to shifts properly, and to solve the unbalanced workload problem. A mixed-integer
linear program was used to experiment with the case study problem in a hospital. The results showed that the difference in
workload among nurses can be reduced from three shifts to only one shift with the help of the mathematical model. In terms
of the difference in workload measured by the standard deviation, it was reduced from 0.790 to 0.444. In conclusion, the
proposed mathematical model is capable of covering all scheduling conditions of the hospital. It also helps distribute the

workloads of nurses effectively.
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Abstract

This paper presents the artificial intelligence-based PI controller design that results in better performance
of the system output response compared with the conventional method. The mathematical model using AC-DC-
AC power conversion circuit with a PI controller derived from the generalized state-space averaging method to
take control parameters that appear in the model as an objective function in search process. The design of this
controller will be applied in conjunction with a heat control systems for a small fuel ethanol production plants
that has been developed. The adaptive tabu search and the particle swarm optimization method are used as the

searching algorithms for this paper. The algorithm searches the controller parameters of both temperature and
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current. In addition, the realism is checked the limitation of control signal to confirm that the resetting

parameters can be implemented.

Keywords: PI Controller, Particle Swarm Optimization (PSO), Adaptive Tabu Search (ATS)
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for each particle i do
Update the velocity according equation (4);
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End
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Abstract

Consumer devices, such as laptops, personal data storage, and smart phones, are currently thin, compact, and light-
weight. As a result, microelectronics is widely used in consumer electronics. Thailand is home to a number of
manufacturers that provide microelectronics products to the market. There are two types of electronics manufacturer:
provider solutions and owner brands. The print circuit board dimension 100x200x1 millimeters is now being used in the
manufacturing case study. They discovered that the product failed at the test station (Functional Test), with the bulk of
the root cause being a void in the through hole that exceeded the customer's requirements. A cross section and
measurement are required to check the void in the through hole. This is a destructive measurement with a long lead time,
and the factory does not want to rescreen any units by using a destructive method. The goal of this study is to use
regression analysis to estimate void % using X-Ray image measurement as a predictor. The research found that the
regression model may be used to re-screen defective printed circuit boards (the regression coefficient is not zero at 95
percent confidence intervals, and the adjusted R-square is 88.18 percent) without destroying the part. This is a practical

and time-saving method. Furthermore, the factory and the supplier both acknowledge and agree on this regression model.

Keywords: Regression analysis, Microelectronics, Quality
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Abstract

The problem encountered in constructing reinforced concrete buildings is a large amount of rebar scrap wasted due
to the inefficient use of rebar cutting patterns. As a result, the project costs are higher, and the country's economic deficit
from rebar imports increases each year. This study presents the interconnection of two data sources, Building Information
Modeling (BIM) and Linear Programming Model, to analyze and find effective rebar cutting patterns to minimize rebar
waste and cost. Rebar data from BIM was exported and analyzed the cutting pattern to minimize the scrap. Later the rebar
cutting data were imported into the parameters of BIM elements. The results from the study showed that rebar scraps were
successfully reduced from the cutting process. This study had at least two significances. In terms of construction, it
effectively used resources, reduced the construction cost, and avoided the rebar waste smuggling problem from the
construction site. In terms of educational value, this study can also be used to calculate standard length rebar, which is cut
into several lengths. In addition, importing the cutting data back to the BIM model can reduce the time and mistakes in the

operation.

Keywords: Reinforced Concrete Buildings, Minimum Rebar Waste, Building Information Modeling, Linear Programming Model
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] A ' v o & ' '
IFUKIONGN (ANNAUWUTHDUNTIANGN) e Tun
o o 1< Y Y A 1 a
AaUAY tHandu Lidursengy aiuisatasulu
4 G alay 1 =3 [ 3‘,
Tasaadrenounialdsuarudennidu Tagnis
A v o & Ty 9 3 v
wou TeanNUFUIUTIEnINToya Insaas 1 nanidu

o s v o a
LlaggﬂllfU“Uﬂ]i@ﬂlﬁaﬂlﬁullﬁﬂﬁﬂﬁgﬂﬂ 5

3. HaMIANE

@

as = 9 9 U Y =2 '
1INIEMsAnEIT1edn §ade ldnamsanTaeu
I 1 = = o g
ooty 3 du U5eazideanail
3.1.903ad900nNIULI A0 9T TTHINADINS
pamsauiumsnniate 2.2 laarsegrudeya
I ) @ .
vamtduluTdsunsudriinary Microsoft Excel
Yy o A & A )
doanapInuMsIai 2 Faudasye Uszinndoyauaz
' - - o 2
NguMISIA0s el sWasz§1FuaIu (Element ID)
Tisunsua3uy SheetLink a3131 09 Tusia o 141ums

A 9 (4 2
L%ﬂﬂiﬂiﬂl@y‘ﬁ UEAANANMITINN 3
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3.2.4s5zansmwveanuudiaealdsunsadadu
Yy o 9 S R @ I Y o =
A8 lwnIAANEIvEIMIAAMANEUTINIY 3 N3l
VOINUITINAIUN [9],[10] NN wABD AR NNEILAL
o ' < A o o y
MU IrandUNdoImIdadatandlumaed 4
A’l a a 13 a k) d'
enagoulszansmmusuuudiassJdsunsudadun
Y v di! o o 9 Ay Ao A
I@WannvuiuRamIfIINA 1835V TeNHILIN
<
[10], [11] TaglHmanduaueinasgiu 10 was uag 12
a 4 @ 4' 4'
was 92 ldnamsnszdgliuumsaannz auige
o o ¢ v VoA = Y  an A o
#1150 Tanga19081990 199 342835nM5n v naueslu
3190 5- 7 udRy
MnRamIaTIEHNNFUuuNsAa iz

@

< o do 1A 2 _a 2 4
ngea d1isuTandal06199 1 (13199 5) WIAYIYAaNN

o

v v
IMADVINNIIAANINNA 4.86 INAT LAZIAHIHANNAALAY

2 ' ~ s 2
MHUA 8.41 LUAT mwa“lﬁ'mﬁymaﬂmwm 13.27 1495

A g - < &9
Ao unloSiFuAIAINGn 1.44% ANANUYINABING

o ?z o [l A 4 =
AANIMNA 918.73 1WAT) TINIAIDEIIN 2 (M1 6) Hiery
S a4 A v o < A
MANNIHA0INNTAANINUA 5.53 1WAT LAZIAYIMANT
v A g’/ 1 < g‘;
FAUNUNIMUA 1.44 1005 dawalid VAYMANNINA 6.97
a g P-4 3 ~
was A ules s uaabHan 0.68% (1NN
v & o 1 A
Foamsdananua 1,027.03 a3) uaz Tandaied1an 3
1 =3 3 A o g’/
(M3197 7) VAHINANNINADNINMIAANINNA 3.37 1UAT
3 Ao a 3‘/ v Yy I
HAZIAHIMANNAAINUNINNA 0.87 AT IAUAIVAN
4 A g s 3 o <
Nanua 4.24 wasaailulesisuaAuran 0.44% (310

' 9
ﬂ??ﬂﬂ??ﬂﬁﬂﬁﬂﬁ@lﬂﬂﬂﬂﬂﬂ 963.76 LUAT)

Spatial Pl Add/
. RNE . W
Host_Level Rebar Number Host ID
Material Shape Host_Gnid
Rebar Cover Shape Image Host_Level
Dimension Host Category Host_Code
Phasing Layout Rule *L10_Pattern
Quantity *L12_Patiemn ;
Spacing
Diameter
Bar Length
Total Bar Length
L10_Pattern
L12_Pattern é

! y o o ' ‘ < o g
51 4 maouTesnnuduiutszninadeyalaseadrs mandu naggumsdamandu

A9 2 v .
M139N 3 ﬂlﬂyjﬁLWﬁﬂLﬁuiﬂﬂTﬂﬁllﬂﬁN Autodesk Revit

Element| Host Host | Host Host | Host | Rebar | Dia. Bar |Quantity| Total |Rebar | L10 | L12

D Category | Grid | Level ID | Code | ID Length Bar No. |Pattern [Pattern
(m.) Length

684657 |Foundation| 1/A |EL.+0.00|546407| F1 |684657|DBI12| 1.89 9 17.05 1

684839 |Foundation| 1/A |EL.40.00|546407| F1 |684839|DBI12| 1.80 9 16.17 8

684946 |Foundation| 1/B |EL+0.00(547219| F1 |684946| DB12| 1.89 9 17.05 1

684985 |Foundation| 1/B |EL+0.00{547219| F1 |684985|DB12| 1.80 9 16.17 8

685083 |Foundation| 2/A |EL+0.00(546536| F1 |685083|DB12| 1.89 9 17.05 1

685085 |Foundation| 2/A |EL+0.00|546536| F1 |685085|DB12| 1.80 9 16.17 8

685098 |Foundation| 3/A |EL+0.00(546663| F1 |685098| DB12| 1.89 9 17.05 1

685099 |Foundation| 3/A |EL.+0.00|546663| F1 |685099|DBI12| 1.80 9 16.17 8

685111 |Foundation| 4/A |EL.+0.00|546760| F1 |685111|DBI12| 1.89 9 17.05 1

685112 |Foundation| 4/A |EL.+0.00|546760| F1 |685112|DB12| 1.80 9 16.17 8

685537 |Foundation| 4/B |EL.+0.00|547995| F2 |685537|DBI12| 1.89 18 34.09 1

685777 |Foundation| 4/B |EL.+0.00|547995| F2 |685777|DBI12| 2.89 9 26.00 16
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~ P ~ o 0w o 1 A
M3199 4 landaloes M3199 6 HamsmuIad sy langaee1ai 2
180 Tondeneshadt 51 AN UA N suuuumsda 1A
& 1 2 3 gy BTN [ IUNBU-ANNE (3] [Han
ANY [DUIU| ANY |IHIU| ANN | IHIU PRGERIE TR )
g1y | Nou | 813 | Neu | 813 | Mew N e | odw
™) ™) ) )
1 0.95 25 0.48 56 0.45 31 1 10 4 1-1.20, 1-3.15, 1-.63 0.08
2 1.40 18 0.82 65 0.55 90
2 10 1 1-0.99, 1-3.38, 1-5.63 0.00
3 1.75 14 0.99 39 0.87 39 ’ ’
5 1.88 7 1.20 8 1.28 3 4 10 2 1-0.99, 1-3.85, 1-5.15 0.02
6 2.67 22 1.64 28 1.58 19 5 10 1 8-0.82. 1-3.38 0.06
7 2.88 10 2.34 11 2.39 12 ’
3 3.05 36 254 10 241 10 6 10 2 1-0.48, 1-0.82, 1-1.20, 1-7.40 {0.20
9 3.20 4 3.15 19 2.75 18 7 12 1 3-0.82, 1-9.39 0.15
}? 3-3(5) ;2 232 }‘31 ggg 198 8 | 12 1 1-1.12, 1-3.15, 1-7.40 0.33
5. K .
D Ts20 T 19 138 T 13 139 13 9 | 12 1 |1-0.48,1-0.82, 1-1.12, 1-9.39 {0.19
13 | 635 7 515 | 10 | 5.09 | 11 10| 12 1 [1-0.99,3-1.64, 1-2.54, 1-3.38 [0.17
14 | 7.00 | 23 5.63 16 | 5.48 15 11| 12 5 1-0.48, 1-3.78, 2-3.85 0.20
15 7.19 12 6.96 14 6.80 14
T 770 2 =20 T 12 12| 12 2 6-0.82, 1-6.96 0.24
17 8.43 17 822 25 13 | 12 10 2-0.82, 1-3.38, 1-6.96 0.20
18 939 | 19 | 898 1 14| 12 8 |1-0.82,1-0.99, 1-1.64, 1-8.43 | 0.96
15 12 1 1-1.12, 1-3.85, 1-6.96 0.07
31990 5 wamsmadmsylandaednan 1 16 | 12 9 1-0.48, 3-0.99, 1-8.43 1.08
51 IHANAUANN gﬂamumiéfﬂ Iy 17] 12 ! 1-1.12, 1-3.78, 1-6.96 0.14
9 o v o 18 12 1 2-1.20, 3-3.15 0.15
g123A3FIU | [SIUIUNDU-ANNLI (31.)] | miaD
U ~ 9] 12| 17 2-0.48, 1-1.64, 1-9.39 0.17
, .
4 | @) 20| 12| 8 | 1-048, 1254, 1-3.78, 1-5.15 | 0.40
o | () 20| 12 | 11 [1-082, 1-2.34, 1-3.15, 1-5.63 | 0.66
) 3 o a ¥
1 10 1 3320 040 IAHINANAAIMADNIYINA (1.) 5.53
2| 10 ! 2500 0.00 AHIHANAADUNIHNA (3.) 1.44
3 10 1 1-0.95, 2-1.80, 1-5.40 0.05
4 10 1 1'140, 2'80, 1-5.00 0.00 Lﬁ]ﬁllﬁgﬂﬁ/ﬂﬁﬂﬂ (ll) 6.97
5 10 4 1-0.95,1-2.67, 1-6.35 0.12 -
6 12 3 3-1.88,1-6.35 0.03 ANUENMNABINTIIN ) 1,027
7 | 12 | 10 | 1-095,1-267,1-288,1-540 | 1.00 PO
8 | 12 ] 5 1-095,4-1.8,1-3.75 0.50 wodidudiruman (%) 0.68
9 12 1 6-0.95,2-3.05 0.20
10| 12 8 2-1.40,3-3.05 0.40 I . oy Ty atng
THESD 5 1175, 13.05. 17,19 0.00 M519N 7 #amsmud msu langadedan 3
2] 12 1 5-1.75,1-3.05 0.20 51 prdndunn suuuumsdia 1Y
13] 12 8 1-2.67,1-3.75, 1-5.40 1.44 lomnasgu [STHIUNOU-ANNENI (W.)] 118D
14 ] 12 23 1-5.00, 1-7.00 0.00 ‘i U - 1)
5] 12 | 1 1-140,1-320,1-7.19 | 0.21 i . '
6] 12 | 2 1-095,1-375,1-7.19 | 0.22 813 | (ta)
IAHIMANGAMADNANNA (11.) 4.86 @)
4 o a 2 1 10 1 1-0.87, 1-3.99, 1-5.09 0.05
iHMANARITUITIILG (1) il 210 s 1239, 1-3.68, 1392 | 0.05
iEmanyng (4.) 13.27 310 12 1-0.45,1-2.75,1-6.80 | 0.00
ANVININADINMITIN (.) 918.7 4110 4 1-1.22, 1-3.68, 1-5.09 0.04
wodiGudmeuman (%) | 44 5110 5 [3-055,1-0.87,1-2.39,1-5.09 | 0.00
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Y ° o do 1 A '
9“51\1‘?] 7 Naﬂ'ﬁﬂ'lu’)mﬁﬁ’iﬁ‘lli%ﬂﬂ@nﬂﬂ'l\iﬂ 3 (919)

59 mamduaN siluuumsdia 1Y
s;uu 81233 | [$119UNU-ANNEN ()] [m1dn
4[] d1uu ™)
N e | (&
™)
6 10 5 1-0.45, 3-0.55, 2-3.92 0.30
7 12 4 1-0.87, 2-5.48 0.68
gl 12| 2 1-1.22,1-3.92, 1-6.80 | 0.12
9 12 1 1-0.55, 1-2.39, 1-8.98 0.08
10 | 12 5 2-1.22,1-3.99, 1-5.48 0.45
11| 12 7 1-0.45, 1-3.99, 1-7.49 0.49
12 ] 12 2 1-0.55, 2-1.58, 1-8.22 0.14
13 ] 12 6 1-0.45,1-0.87,1-2.41, 1-8.22 | 0.30
14| 12 2 6-0.87, 1-1.22, 1-5.48 0.16
15] 12 6 2-0.87, 1-2.75, 1-7.49 0.12
16| 12 | 1 |1-045,1-1.58, 1-2.41, 1-7.49 | 0.07
17 | 12 1 1-0.55, 1-2.39, 1-3.92, 1-5.09 | 0.05
18] 12| 3 1-128,1-2.41,1-822 | 0.27
9 12| 14 4-0.55,1-1.58,1-822 | 0.00
MARFAIAD LA (1) 3.37
M aAndaRUTTILA (1) 0.87
MR (1) 424
AMERdDIMITIN (1) 963.8
WeSiGudrman (%) 0.44

A a S 3 o 3 o ax Ao A

WenfFsumeunlos FudryMannUITvo 9NN
' o a ' o 1 A
Fu [9], [10] Aaaalugdn 6 wuilanddredian 13
axa o v A 2 =
SEfnaueauisaantTunauay 18U 10%,
46.16% 11 32.31% Mua1ay (UIeNFIUN [10], [11]

< o w . w &
WIAHMANNAD 1.6% 1.26% LAz 0.62% ANa191)) A4

=1 ] Y1 aA o 9y
Sanan 18 auemnInaas a4

EY o 1 A L g <
wnntusaTandiethait 127.13% sathinRunanemin

NanasedWiivezdinny

IAHED W aui Seufirnen B FEhdinave
4% 3.51%
3% 2.56%
1.60%
5 1.26%
B 1.44%
0%

33U
Twnﬁ’mmw
ﬂﬁ s usudeuramssnaiuauiseirmun

@ T Y < 9 9 v Y 1
drod1adoyainantdudodnsvuia tdurIY
Aqudna 12 faawashldanmsnealSuianin
LUV 0IEITAUINAD1IAS (BIM) ﬁ’;;ﬂsl,uﬂﬁNﬁ 8
o a 4 v A P
gniu A igdgduuumsaaiimzannganiy
aunsn (2)-21 waaslumsian 9lasiidsuianay
<3 =} a I I o I
Wanines 37.4 a5 aatluwleSisuaauivan 2.46%
[ 9
(i]mmm&n‘ﬁﬁ'mmmﬂmwm 1,520.60 tU§19)
33 dey@indnguuudiaesmsaumaeIns
INHANITANTUNITHITEN 2.4 nag 3.2 vz ld
o 4 9 @ [ Y 1
waansvedvoyanisaaantdulugluuuaig g
[ [ o 1 I
AMUYIVBIAATNOU LAZTIUIUNOU INHANANY
817 10 1UAT HATHTO 12 1NAT DINLAY SHE
L10_Pattern 10101 011-03-004 ¥ 189951 1y
nann1saan 11 (011) yUuvvdesnnueIdridun 3
(2.89 1.) $1U2U 4 NOU(004) TAsToyAAINA1I9LYN
4 ) ] )
enToenua1s19doyaianidu (Schedules) HAAIAT
a A 9 @ < Y
@319 10 vaziyou Teadoyaguuumsdamrandu
(WIAN (L10_Pattern 148 L12_ Pattern) Tumsiiines
v
vouruarulaseasisnounsalunvusianea
v Ed
A3AUNADIAG (BIM) uaadad3zlin 7 uenainiiega
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aunsadaiuiaIsedeyamsdamandu gUnsans
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gaandy taganuansasuvaniduiie 191y
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M519 4 Toyamandu DB12 910 BIM 5199 9 wadgwsjUuuumsAamanidu DB12 (Ap)
v v =3 Vv Y3
Ui | Ay | 1w | Sidun | anu | Sivou U | maniy ) gﬂamumﬁﬂﬂ s
v v Uyy AN [DIHIUNBU-ANNEN (W.)] | 1HiaD
817 nou 817 nou :
F | nesgu )
(at.) (at.) AN
1 0.64 1 29 | 280 13 na
2 0.73 9 30 2.89 9 M | (aw)
3 0.93 2 31 3.56 2 @)
4 1.00 2 32 3.58 5 11 10 | 4 |1-1.01, 1-1.80, 1-2.89, 1-4.25| 0.20
5 1.01 12 33 3.63 2 2110 ] 2 1-1.90, 1-8.09 0.02
6 1.02 2 34 3.80 17 13] 10 1 1-0.73, 1-1.80, 4-1.85 0.07
7 1.03 12 35 4.12 5 1410 | 2 2-2.80, 1-4.22 0.36
8 1.06 3 36 413 3 15| 12 1 2-2.10, 1-2.40, 2-2.50 0.40
9 1.12 6 37 422 3 16 | 12 | 2 [1-1.03,1-1.19,1-1.89, 1-3.58,1-4.30] 0.02
10 1.13 16 38 4.24 4 17| 12 | 3 1-3.80, 1-8.06 0.42
1 1.19 21 39 425 6 18 | 12 1 2-1.03, 1-1.89, 2-3.80 0.45
12 1.20 6 40 429 11 19| 12 2 3-1.41,1-7.72 0.10
13 1.41 6 41 430 10 20 | 12 1 2-1.80, 1-8.26 0.14
14 1.68 > 42 433 3 21 | 12 2 1-1.80, 1-2.80, 1-7.21 0.38
15 180 36 e 365 ) 212 4 1-1.03, 5-1.80, 1-1.89 0.32
T R B B 1 X S E M
1.8 14 1 :
i; 3 93 26 22 ; 2Z 2 250 12| 9 1-1.19, 6-1.80 0.09
o7 5 7T 3 26 | 12 | 6 |1-1.13,2-1.89, 1-2.80, 1-4.29] 0.00
19 . 47 . 27 12 1 1-0.64,1-1.03,1-1.20, 2-2.38, 1-4.29 0.08
20 | 210 | 20 48 | 7.60 3 28112 9 1-0.73, 1-1.80,5-1.89 | 0.18
21 2.21 21 49 7.72 9 29 12 | 3 1-4.65, 1-7.17 0.54
22 2.37 22 50 7.74 3 30| 12 | 4 4-1.89, 1-4.29 0.60
23 238 23 51 8.06 3 31| 12 7 4-1.89, 1-4.30 0.98
24 2.40 24 52 8.09 6 32| 12 2 1-1.02, 1-2.37, 1-8.26 0.70
25 2.50 25 53 8.11 2 3 12| 3 1-1.06, 2-1.89, 1-7.07 0.27
26 2.59 26 54 8.26 3 34 [ 12 1 4-1.20,2-2.10, 1-2.73 0.27
27 2.72 27 55 8.28 9 35| 12 1 3-1.13, 1-4.22, 1-4.30 0.09
28 2.73 28 56 8.29 6 36| 12 | 3 2-1.01, 1-1.89, 1-7.60 1.47
37 [ 12 1 4-1.89,2-1.97 0.50
) 38 12| 6 1-1.80, 1-1.89, 1-8.29 0.12
v o <
M5190 5 waansuesgluuumsAamanidu DB12 391121 3 2-1.12,1-1.89, 1-7.72 0.45
— _ 40| 12 | 3 1-4.33, 1-7.49 0.54
71 [mantaunu sluumsda Y 411 12 1 [1-1.13,1-1.80,2-1.89,2-2.59| 0.11
upy| 81MNAIFIU [STHIUNDU-ANNEND (W.)] | 148D 42 | 12 1 |1-1.01,1-1.89,2-2.72,1-3.63| 0.03
, - 43 | 12 1 1-1.80, 1-2.89, 2-3.63 0.05
S 1A [ Grau () 44 12 | 1 2-2.10,1-3.58, 1-3.80 | 0.42
M | o 45 [ 12 | 2 1-3.58, 2-4.12 0.36
46| 12 | 8 2-1.80, 1-8.28 0.96
() 712 | 2 2-1.89, 1-8.09 0.26
1] 10 5 2-1.19, 2-3.80 0.10 48 | 12 1 4-2.89 0.44
2 10 3 2-1.13, 1-7.74 0.00 49 | 12 4 1-4.24,1-7.72 0.16
310 1 1-1.68, 1-8.28 0.04 20| 12 2d ” 2189, 1-8.09 026
4 10 4 1-2.72, 1-7.21 0.28 IFAHINANAAU ADNINUA (ll) 13.55
5 10 2 1'100, 1'103, 2'189, 1-4.12 0.14 Lﬁ‘]ﬂm’gﬂﬁmﬁuﬁ’\iﬂuﬂ (ZJ) 23.85
6| 10 1 2-1.80,1-2.10, 1-4.25 | 0.05 —
71 10 | 1 1-1.03, 1-425. 1-4.65 | 0.07 iAEtMannInuA (1) 37.40
8 10 2 |1-1.01,1-1.41,1-1.80,1-2.21, 1-3.56| 0.02 ANNEMINABINITIIY (3.) 1,521
o0 2 1189, 1-8.11 0.00 nleSiIFudiauman (%) 2.46%
10 10 | 1 [1-1.68, 1-2.10, 1-2.40, 1-3.80] 0.02 ° o
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y 4 o o A s L °
ﬂ151\1ﬁ 6 ﬂ'lﬁl“’]ﬂfﬂi\liﬂﬂ"lﬁl}ﬂyﬁﬂﬁ@lﬂ!fl’iﬁﬂlf?f}uGlUW'li1Nlﬂ@§mﬂﬁ%uﬁ3uﬂlﬂﬂlmﬂ%']ﬁﬁ]\?ﬁ'ﬁﬁ'umﬁﬁnﬂﬁ (BIM)

Elementl Host | Host | Host | Rebar | Dia. Bar | Qty. Total Rebar| L10 L12
ID | Grid | ID Code| ID Length Bar Length | No. Pattern Pattern
(m.) (m.)
005-03-004, 016-03-002,
684657| 1/A |546407 | F1 |684657|DB12 | 1.89 17.05 U1 009-01:002 018-02-001
022-03-004,
684839 1/A [546407 | F1 |684839|DB12 | 1.80 16.17 8 026-02-005
037-01-001,038-02-
006, 039-02-003,041-
685537| 4/B (547995 | F2 [685537\DB12 | 1.89 34.09 1 03-002, 042-02-
001,047-01-004, 050-
01-001
043-02-001,
685777| 4/B (547995 | F2 |685777\DB12 | 2.89 26.00 16 | 011-03-004 048-01-004
Properties X
Rebar Bar o
DB12
Structural Rebar (1) ~ Edit Type
Stirrup,/Tie Attachment Interior Face of Cover Reference | | A
Shape S6
Shape Image M_S6-2.jpg
Hook At Start Stirrup/Tie - 90 deg.
Hook At End Stirrup/Tie - 90 deg.
Rounding Overrides Edit...
End Treatment At Start None
End Treatment At End hone
Rebar Set A
Host_Grid 4B
Host_Code F2
4p 4p Rebar_ID 685777
Host_ID 547995
Host_Level Ground EL.+0.00
| L10_Pattern 011-03-004 |
| 12 Pattem 043-02-001, 043-01-004 |
Layout Rule Fixed Number
Quantity 9
Spacing
Graphics A
View Visibility States Edit...
Structural , 5
Reinforcement Volume 17945 in®
Dimensions 2
A 01143 (0.114) i
B 0.1738 (0.174) i
Properties help Apply
Project Browser - BIM_Bar_Cutting.rvt  Properties

a A D) o 2 9 9 2 9 °
3‘].]1’] 6 ﬂﬁL%E]JJIENﬂJE]Qﬁg’]JLLUUﬂﬁ@]ﬂl‘l’iﬁﬂlﬁuﬁlgﬂﬂlﬁlyjﬁmﬁﬂlﬁuﬁluuﬂﬂmﬁﬁ]ﬂﬁﬁﬁumﬁﬁﬂﬂﬁ (BIM)
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2 o9 Y Yo Aal ' Ao A
Approach) 3471 1% ldfmme unavuINANNAIUITeRMIU
é 9 a a a ..
41 [3-10] Falduuanie nuudisaan (Heuristic

Approach) NI0IUA18I3 AN (Metaheuristic Approach)
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Unlszih
Abstract

This paper aims to study of factor on turbidity removal efficiency for sludge recirculation clarifier. Aluminum
sulphate adding rate and surface loading rate were controlled by 14 mg/l and 3.2 m/h, respectively. The results were
compared turbidity removal efficiency by impeller rotating speeds (100, 110, 120 and 130 rev/h) and scraper rotating

speeds were varied (0.65, 0.75, 0.85 and 0.95 rev/h). and scraper rotating speeds, Experimental found that impeller

rotating speeds, scraper rotating speeds and interaction of impeller rotating speeds and scraper rotating speeds were
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significantly affected on turbidity removal efficiency. Velocity gradient of impeller rotating speeds and scraper rotating

speeds should be controlled in tapered velocity gradient. A fast impeller rotating speed and a slow scraper rotating speed

or a slow impeller rotating speed and a fast scraper rotating speed should be set up for maintaining formed floc which

affected high turbidity removal efficiency. The best turbidity removal condition was 120 rev/h of impeller rotating speeds

and 0.65 rev/hr of scraper rotating speeds, which was 33.2 second” of velocity gradient of impeller, 14.7 second” of

velocity gradient of scraper. And, the best turbidity removal efficiency was 93.19 + 1.51%.

Keywords: Sludge recirculation clarifier, impeller, scraper, turbidity removal efficiency, water treatment
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Abstract

The purpose of this research is to test the post-fire flexural strength of the fly ash concrete beams and its rapid cooling
down, as well as the effect of its exposure to heat. The test samples are three sets of 10x10x35 cm fly ash concrete beams
which are 1) fly ash concrete beams, 2) fire-burnt of the fly ash concrete beams which cooled down rapidly (by soaking in the
water), and 3) fire-burnt of the fly ash concrete beams which cooled down (in the air). For the experimental process, the fly
ash concrete beams will be fire-burnt at the temperature of 400 degrees Celsius for 15, 30, and 45 minutes respectively. After
that, the items will be brought to the standard flexural strength test of C78/C78M. The test results reveal that the flexural
strength rate will decrease if the sample is being exposed to heat for a longer period of time, and the sample which is cooling
down rapidly by soaking in the water will lose its flexural strength rate less than the sample which is left to be cooled down in
the air. The reason was, leaving the items to cool down in the air, the item will have a rather high accumulated heat, resulting
in a water evaporation in the fly ash concrete beams to occur continuously, leading to the subsiding of its flexural strength rate.
The early age fly ash concrete is strength less valuable than concrete without fly ash, but at the long term it is strength higher

than concrete without fly ash. However, if at high temperatures residual strength of due primarily to the reduced porosity.

Keywords: Flexural strength performance, Flexural strength of the fly ash concrete, Post-Fire flexural strength of the fly

ash concrete beams
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Abstract

This research assessed the financial feasibility of installing a solar rooftop system for households under the
government's stimulus program using system sizes of 3 kWp, 5 kWp, and 10 kWp as cases study. Internal rate of return
(IRR) was used as an indicator so that the results can be compared with other investment alternatives. Financial feasibility

criteria was set two levels: 1) a minimum loan rate (6.3%) for homeowners having mortgage loan and 2) government bond
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rate (2.5%) for homeowners without mortgage loan. The results showed that the 10 kWp system was financially feasible

through the second criteria, while the 3 kWp and 5 kWp systems did not meet both of the financial feasibility criteria. In

addition, a sensitivity analysis and scenario analysis were performed to assess the project risks considering the variables:

1) an electricity self-consumption ratio and 2) an annual escalation rate of electricity tariff. The results suggested that the

solar rooftop is more suitable for installation for self-consumption than installation for selling the electricity back to the

electrical grid.

Keywords: Solar Rooftop, Financial Feasibility, Residential Sector
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Abstract

This study uses the Finite Element Method (FEM) to calibrate strength and stiffness parameters on the Mohr-Coulomb
(MC) and Hardening soil (HS) models of various percentages of sand-tyre crumb combinations, with reference to laboratory
Consolidated Drained (CD) triaxial test results. The laboratory findings show that as the percentage of tyre crumb in sand
increases, the stiffness, strength, and internal friction angle of the sand-tyre crumb mixture decreases. The calibration of
strength and stiffness parameters reveals that the MC soil model is capable of simulating the basic shear strength behavior
of a sand-tyre crumb mixture, while the HS soil model is capable of simulating non-linear stress-strain behavior. Because

the sample of tyre crumb used in this study is a recycled by-product from a local recycling plant in Thailand, this calibration
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of strength and stiffness parameters on soil model will benefit in applying the sand-tyre crumb mixture for numerous civil

engineering applications in Thailand.

Keywords: Sand-tyre crumb mixture, Stiffness and strength parameters, Hardening soil model, FEM
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Abstract

This research objective is to study and simulate the bullwhip effect under a dual-supplier system. The bullwhip effect is an
adverse phenomenon in the supply chain in which the demand variance at upstream members is higher than the demand
variance at downstream members. A dual-supplier system consists of a sub-supplier, two suppliers and a retailer. In this
research, all members use the exponential smoothing forecasting technique and the order-up-to inventory policy. Also, it is
assumed that the incoming demand process for the retailer is the first order autoregressive (AR(1)) model. In the important
scope of this research, the lead times from two suppliers to a retailer are equal. After analysis, it is found that the factor of the
proportion of the supplier's order quantity to the total order quantity issued by the retailer does not affect the bullwhip effect
index. Hence, the bullwhip effect values between the dual-supplier and single-supplier models are equal. In addition, the
bullwhip effects vary according to the smoothing factor of the exponential smoothing forecasting technique; and the first-order
autocorrelation coefficient has an effect on the bullwhip effects. Finally, purchasing and supply chain managers will gain and
increase a clear understanding of such behavior matters in the dual-supplier or single-supplier systems in the supply chain from

this current research.

Key words: Supply Chain; Bullwhip Effect; Dual-supplier System; Order-up-to Inventory; Exponential

Smoothing Forecasting Technique
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Abstract

Tail-Sitter VTOL unmanned aerial vehicle (Tail-Sitter VTOL UAV) is one of the most popular UAV novel
technology for various missions. Compact size, light weight, user-friendly, and reasonable flight endurance of this
configuration are the main reasons for many applications. However, design methodology to meet the mission’s
requirements for this type of UAV is the most difficult and challenge, especially complexities of the design processes. The
purpose of this paper is to develop a conceptual design process for Tail-Sitter VTOL UAV. This methodology is simple

and straightforward methodology to generate a design procedures and performance constraint diagram for selecting the
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critical performance parameters for Tail-sitter VTOL UAV systems. Moreover, to ensure the design methodology,

computational fluid dynamics (CFD) is also integrated into design processes to analyze the aerodynamics of layout design.

It also allows the designer to verify initial aerodynamic estimations and performance analysis. As a result, this methodology

provides rapid selection of the optimum preliminary sizing parameters without the complexities compared with the

traditional numerical optimization methods.

Keywords: Tail-Sitter VTOL UAV, Conceptual Design, Aerodynamics, Computational Fluid Dynamic
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Abstract

Mixture design and response surface methodology (RSM) were used to design and predict the optimal formulation
of wood-plastic composites. The results show that the recycled high density polyethylene (rHDPE) and rubberwood
sawdust (RWS) significantly affected on all of the properties for composite materials. Additionally, the contour plot and

overlay plot showed the optimal prediction of regression model for all of the responses. The optimal formulation was 55.0
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wt% rHDPE, 35.0 wt% RWS, and 6.0 wt% TC, and the constant of MAPE and WAX were 3.0 wt% and 1.0 wt% with

desirability of 93.60%. To confirm the validity of the experimental and the response values, the comparison of the responses

from the prediction and the actual experiment was investigated. The experimental results were found to be in a good

agreement between the predicted and observed results from RSM within a 1.25% error with highest standard deviation of

1.24 from thickness swelling testing, respectively.

Keywords: Mixture design, Rubberwood sawdust, Talcum, Surface roughness, Water absorption
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Woonifsuamaradnuaz lif e unsdSunlaeu
auidldmuzanlumsnaauazms I9auues WPCs
a a 1 ny 9 ] dsl’ @
TavdnAamsaunastiazidn lnszarvegluiiovoiag
Tagnuamenmudlng ldnlasunlasinseadraddng
Y99 WPCs [16] F9a151ANUAIIZTANYUZIRNIZ NT20

=~

Tumsiiuilszansanues Wpcs Ml aaiing lva

Q

o A A A Y Y

AN TMITAMEZ NG IMIIUMUANNSouLaz g
' = 1% a ' A A a
gogaa1en19rInIn 18 ansdnuaaualssnnidiemy
1111 wpes udai I inadeauiiadana nenIn
o 3 A 3 ' o o &
HazMIQATUU INULINTU 15U Wadl (Talcum) 11y

& [141,117]

=}

11199910 WPCs Hamilsznoumnan fe wanaanuas
Yo & A a ] & a

197 daaiu iietims ldan luszeznamtisazinanny

Liwduoulunsiiliszgnd1Fauneldonly
As o A a A A X ° =

dorunlaudanseusnanianuruge i ldy

Y o w J Y A v Ao 1

pfanems lgau uazideu lvndanniinane WPCs

2
9 QuuaN ANFU uaznal dawald WPCs Tins
wasuntlasauiianeil@nduazialivesiag [18],[19]

o =2

Y
AU UIBUTIIMIANYIOATIEIUNENVEI WPCs

=

Afanummnzay Feiaquaniidiunauydn fe wede
NAUANUHUMLUES lanfa iderlnams wasy
nazasANLAuiio oy auTRIFina mMoaw 1az
Frelumsnan fie m3gain nazarsvaeau Tashns
ONUUUNITOBNUUUNITNADIUUNEN (Mixture
Design) 1143110 U¥® 3 D-Optimal Fuiuiinisi
mangaulueenuuiiomsas @AMz Yo
NAa0d TAENITA M UANATINYBI A IUH NN YA
WA 100% Batagansaananiglumsnaaseldsn
&0 [111120] 110151 FMINAADUANUHEIAI (Ra
118 Rz) mﬁ@ﬂcﬁmfw HAZAMTUININ NEINMFEUFININ
ms@@cﬁuﬁﬁzﬂzmm 310U 1i0e91n Toasoves
dunauiazszznalumsunihdana laoasadons
ouan WU A LAIYDS WPCs da1iu n133Anm
nenuAnadluItmsdingylumsysaivilszansam

]
=1

Y99 WPCs NUAIUNTNLALANIIZTAUANATINY

Y ) o 2 ) H
wonanil e ldszgndldaunielditeu lund
X Y 1 = d o g o
anurugeldedraumngean dnsduilunmsaiveyu

@ ~ a o A ) =
m3lgiaqs lundaanaziaanuveuderinlseau
A4 g VoA ] o A
gaamnssy eillumsdudiums IFauanniaqmae
a d o a A '
1¥1dRa1se Teand i ldaadunulumsnaa uyaa
VA o @ da & o
IRunnansusl anvezMinayuludeny uazaanism

Y B o ' Y
'lw:umﬂuauﬁswmam‘wmmau

e

ad oA
2 I@QuazIsNMIAUUUNU

e
.DS

2.1 @

]
[ =

FaailFluauisaitomgasmsnauiimms an
Y89 WPCs io WodtoNauaunuIniugs lyfa
(Recycled high density polyethylene; rHDPE) %L ﬁ oo'ld
g19W151 (Rubberwood sawdust; RWS) lagnan
(Talcum; TC) Taefviuae ﬁﬂ’mfl: (Polyethylene grafted
maleic anhydride; MAPE) Uag @13 ”Vifﬂli’)’sd%u (Paraffin wax;

ISR 3 1

& A = o
WAX) LﬂuﬂWﬂ\i'ﬂ [111,[20] BIUBINOATITIUNTY A1

y x
a A

vaaalumisieh 1 neumskaviiaesliferanisign

1115 eur uaznTavU1Ia 80 Mesh (< 180 lu'lag
I =3 a‘; o Aa

was) Wunal 15 i imiuhimseuaegangil 110

o & & A e & A

C 1Wunar 8 ¥ Tug [11],[14] Woann U luiiaey

9/ d 0 = < Y A H
I‘lll IMNUU mmmmﬂu'lagwaiamswazuslumu@’ou

@o 11/

15197 1 ¥9vesoan@uraylumsnaaes

Compositions Ratios (wt%)

rHDPE (X,) 45.0 <X,<55.0[5],[13]
RWS (X)) 35.0<X,<45.0[10],[14]
TC (X,) 5.0<X,<10.0[14]
MAPE (X,) 3.0 [10],[11],[20]

WAX (X,) 1.0 [10],[11],[20]

2.2 MIVBAVUNITNAADY
a o dy Jas
NUIBUTFITNIT00NUUUNITNAADILUUHETN
. . . =2 ]
(Mixture Design) 1131101983 D-Optimal &1 un13

29NUUVIAINITAINUATINOATITIUNTNVDINIT
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v ]
= v A U

AMIATAANTZLN TN 38 VN 4 FUNAN 2564

nAADNAYIINEATIFIUNAN LA 100% Tavriiniin
(Wt%) [10,[11] v?'mguﬁ’a 3 vosa oy Usznoudae
WodeNAUANUNUIMU UGS laiAa (X)) Yiao0ld
8N (X,) agianu (X, uamﬁqgﬂﬁ 1 Tagfivua
13RIV (X) wazansndeny (xy 1umai [111,20]
a1u81a0 Tas 141951054 Design-Expert Software
(Version 8.0.6, Stat-Ease, Inc., Minneapolis, MN, USA),
Distributed by John Wiley & Sons, Inc. UMsoonNUUUMS
NARBININLA 16 ga3 (Run) Suaasluaisiad 2 3

@

NNNAADNITNAGDI AD WOALDNAUANUHUUY

%

= 9 v @

a dy d’ !
\l ‘l“mﬂﬁ ‘Ulﬁ?JEJIhJEJN‘W"Ii"I wazniany lugiuvesds

e

A

1 4
muauaxmﬁwaaaugﬂﬁmumﬂummw HINIINU

o a 4 aa a ¢
1/]1ﬂ15’Jlﬂi1$Wﬂ1%1\1ﬁﬂﬁﬁ'ﬂﬂﬂ1§’llﬂ§1$ﬂﬂ’ﬂh

P
ad A A

1151594 (ANOVA) 11az 35 NUAINO LU (Response
Surface Methodology; RSM) iiodnszva1fadendn
J998991 nazanuduwusvesdnlsase evue

HANISNAABILALHIA10ATIEIUNAHNIZ AUV WPCs

31U 1 MyvenuuUMINAREWVDNEAN (Mixture
design) AZA NN UIVOIOAT 1A IUN T

Usuilgammain [21]

2.3 msvugiTagilszneuwanadnuaz sl

Y
ﬂﬁ"ﬁugﬂﬂ?@m\iﬂﬁﬂﬂﬁ@ﬂ WPCs !.!,‘U\i’ﬂﬂﬂ!.ﬂu 2

9 4
Y v A

t A oA 2 <
VUADU AU YUNADUN 1 AD ﬂ"li‘llugﬂlllﬂ WPCs Tﬂﬂ
Vv ¥
myh@uRaunruamad NI e909s ANae MUY
. ! a o &
(Twin screw extruder) 34 SHJ-36 31AUIHN LOULUY

$1na (uunys Uszma'lne) Tnisarvquamugll

1 [ 3
HanNIMad 7 39 5EHIN 170-200°C ANNITITOUVDS
Y
= ~ Y o @ <
(AYINUOU AD 50 59 V/AUIN 31NN MIn1sdaLlia
WPCs 10119 2-3 w3 sumsnasa
Y H a ' ]
VUADUN 2 A NTHAALKY WPCs Tagn15iia
A v v . .
wrcs tandldlunsessuion (Compression molding
machine) FANVUIAUNTUW AD 15 A, x 25 . AR
H a I
Tugda 2 imsaiugueungiivasumad 190°C 1ilu
= 1 1a 4
1281 20 Wi Y32NOURIY MIGUUNTNLN (Pre-heading)
I = @ I =
1Wuran 5 w1 naoa (Compress) 1J1a1 10 WA tag
' < Y . . < =
NaoLdUA1801017 (Air cooling) 1T 11201 5 wIN
Y
AINAIAY HAIINHY NINITAALNY WPCs A1)

MasgIuMInagoutaazlszian

4' = <3 1a Cal @
i‘ll‘n 2 MIATININA WPCs Tuinuineumsnaoa

L1}

2.4 MINATOUANUHENVAD
msfannuneuidniunisnaassniuuiasgiu
Tag¥i1n13 famANUNEIDANRAY (Average roughness;
Ra) uazmmmmmmﬂiﬂﬂmﬁ'a (Roughness ten-point
mean; Rz) ﬁ'amﬂ%wﬂﬁaummwamﬁa (Surface
Roughness Tester) 'aq"‘Ll SRT-6200 91015 HM 1 lotind
9110 Uszna'lne Taslian Cut-off length Tumsianu
WA 710 0.8 L. @Tmﬁﬂﬂugﬂﬁ 3 Tagriimsnadey
nounazvdamsgaduiiiigangd 25°c 1 Hunan 3
Aou faud Tuit 1 nweu-30 fiquiou 2564 Failunm
M3 uRIV09 WPCs 71 s AnE Ao U T
[14],[20] TAuTULATUIIUNATDY A0 30 WL, x 30 WAL,
x 4.8 Wl ﬁauﬂ151/1ﬂaauﬁﬁuawuﬁaadngﬂamﬁaaﬂ
mm%uﬁ’wqmwgﬁ 50°C Wuna 24 yusmsnadey

9 v ' !
591 i]']ﬂuu‘ﬂ']ﬂﬁmaﬂﬂ?NﬁﬂWiWﬂﬁﬂ\iLﬁﬂﬂﬁﬁijﬂNa
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311 3 FunudIdaMINATOUANNHITIA?

2.5 fni‘ﬂﬂﬁ'ﬂ‘ﬂﬂ1i‘ﬂﬂ°‘iﬁ]ﬁ1%lﬁ$ﬂ1iﬂ?3~lﬁ1
ﬂﬁ‘l/]ﬂﬁi]llﬂﬁﬂﬂ‘fllﬁ% (Water absorption; WA)

Ll’dxmi‘]ﬁlﬁ% (Thickness swelling; TS) L“ﬂumimam

AUVINTFIU ASTM D 570-88 Faxuanudeduiivig

30N, x 300N, x 48 WY, uaaIaagUN 4nounis

a

2 @ 1 { <
ﬂﬂﬁﬂﬂ‘lﬂuﬂ?uﬁ?ﬂﬂ?ﬂgﬂﬂﬂ‘ﬁqm‘]’iﬂﬂ 50°C 11U 24

&

v 4
@ o 1A

¥ y v
FU. ieaanNuFuluFuau 10y HITusrua

a

o ' A < A '
mamﬂuumqmwnu 25°C1iunan 3 1A NOUNIS

H =) Q'I ,ol £ lg‘ v =
!,L‘IﬂjHJﬂWi‘])’\iHWﬂuﬂ‘lfu\ﬂu'ﬂuTlﬁ}

haipsearaazia
v =\ a 14 aa o
aNunIaleesieaalnlesuuualnea nanain
2 9 2
FUNUYNUFATUTZOZ1IAT 3 1ADU FUITUYNHOVIUIIN
v . 2 - R .
W dnidenszafiey tazgnaainainies fanw
v A A ° s a 4 A 2
HUINUR eI oS I FuanITINNT UV D

s s
ﬁ?‘l’i‘l«!ﬂ!L’@l%ﬂ’ﬂNﬂu1ﬂﬁﬂ%1ﬂﬂ1iﬂﬂ°ﬁﬂﬁ1

A1519% 2 MIVONUUUNMTNAADIVUNEL (Mixture Design) HAZANANIIADUTUDY

Run Mixture Components fractions (wt%)

Before WA

After WA WA TS

X, X, X; X, X, Ra(um) Rz(um) Ra(@um) Rz (pm) (%) (%)
1 50.9 35.1 10.0 3.0 1.0 1.14 3.41 2.52 7.16 5.10 2.22
2 53.1 37.9 5.0 3.0 1.0 1.06 3.20 2.39 7.36 4.96 2.19
3 49.8 39.5 6.7 3.0 1.0 1.36 4.08 3.16 9.87 6.43 3.59
4 55.0 35.0 6.0 3.0 1.0 0.99 2.98 2.10 6.36 4.78 1.89
5* 50.9 35.1 10.0 3.0 1.0 1.10 3.29 242 7.55 5.12 2.30
6 50.3 37.9 7.8 3.0 1.0 1.11 3.35 2.49 7.78 5.34 2.37
7 45.0 45.0 6.0 3.0 1.0 1.42 4.29 3.12 11.75 8.71 5.85
8* 45.0 45.0 6.0 3.0 1.0 1.41 422 3.10 10.68 8.69 5.80
9% 55.0 35.0 6.0 3.0 1.0 0.98 2.84 2.12 5.61 4.87 2.02
10* 498 39.5 6.7 3.0 1.0 1.18 3.52 2.70 8.42 5.56 2.71
11 47.8 432 5.0 3.0 1.0 1.28 3.84 2.98 9.34 7.01 4.19
12 45.0 41.0 10.0 3.0 1.0 1.33 4.03 2.84 9.02 6.89 4.03
13* 450 41.0 10.0 3.0 1.0 1.32 4.01 3.00 9.36 6.88 4.06
14 47.6 38.4 10.0 3.0 1.0 1.27 3.85 2.79 8.52 5.33 2.40
15 52.9 35.0 8.1 3.0 1.0 1.07 3.24 2.35 7.34 495 2.06
16 50.3 40.7 5.0 3.0 1.0 1.13 3.45 2.70 8.57 6.67 3.81

HewN: * fio Lack-of-fit ¥93IN13NANDI
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=\

3 Wﬁﬂ"ﬁﬂﬂﬁi’)ﬂ!!ﬁgf’)ﬂﬂi]ﬂWﬁ

N1T99NLUUNITNAADILVUNTYN (Mixture Design)
R Ao a ~ 9 k) a
alaulsoasenlglumsesnuuy Usenauale wea

Y

anauANuiuIings iaes lifoamst uazany
a1sneenuuugaslunisnaase’ld 16 gas (Run)
FURGITUAUAINANITADUAUBIN 1ADINNITNABDY
AD AINUNEIVAD (Ra 1102 Rz) NOULAZHAINTHATD
3 73 o o ¥ 3
U1 uazmmwu@ms@ﬂmum (WA) 11agn13uIuun

(TS) luszezan 3 heu aauandlumsian 2

3.1 MsAmsizimeatavesgluuudiaes
NAramsnaasalumaai 2 ansainnin ey
mmsadadierdengluuuiaesmsnanesfimuzey
AMTUNNAIMIADUAUDY FauUs1a0IN509000T
Nz aufigaazinsannnmneada sznoudas i
Sequential model sum of squares Nilod ) £y Gh Adjusted
coefficient of determination (Adj-Rz) ae A1 Predicted
coefficient of determination (Pred-R’) AGR g uag A1
Lack-of -fit laifi1ied1Any @wad1au [101,[111,[20] 910
MIAATILINNATA LaAIfamIIan 3 Wy anifa
ANUNYIVAI (Ra o Rz) ﬁauuawé’ami@ﬂﬂﬁ'mfwﬁ
anummzauiugduuumsiiaswumFuduns
(Linear Model) u@iauﬁami@ﬂ«ﬁuﬁmazmimuﬁwm

FaglianumuizauivgluuumsiiassnuuFadu

TA4 (Quadratic Model) Tagv1nn151fTouiiounania

an o Cda
add w9 JUuvueesimiIzauMaI1liln Adji-R
uagAl Pred-R’ ganngduuuiiassoug nfSemiion
9
@ 1 1 = a 4
fuluudazAINITARUAUBY UBNIINU HANIIUATIZH
77140151594 (Analysis of Variance; ANOVA) WU
v £
sluuTIe M AN AIHNA1 P-value YD Lack-
of-fit f lufied1dy (P>0.05 Fandara1da1 31
upudiaesmsaaneslinnuaugliudoya [22]
a 3 < 1 1
1nmsiasizideyalumsiei 3ulddn a R
YOINNNITABUAUDL 0Y 1UFII 0.8305-0.9552 150
Y
83.05%-95.52% Na1A® HUUTIA0INTDANDEHA NN
atureANuaNITalumsiiuelalszuim 83.05%-
95.52% HIU1NNI 75.00% HUHWIBANNI HUDTIA0
= v o Jaa ' @ a @
MyaA0vglANNFUNUTNATEH IR TRz
wsaouauB IFWABINUANDAT AR 08 TUH
0.8045-0.9328 15 © 80.45%93.28% Vo duAas il
° A A Y a o o - A @
suusrassmngelndinesnuium R Fuilumssugy
=] o = ! =
IWwiuagduuuiiassmsoaoseh ldiiugduuua
M AUAUNINAG0 TUEIUYDIA Pred-R’ N 10
[ <
Tu93 0.7825-0.8987 130 78.25%-89.87% uaraa i
9
71 @UVVTI180INITNADIUUTINITDHINIEA
¥ " ya =1 S
Aovuauodvestoyaluilaa venviniinyii A
9
Coefficients of Variation (C.V.) ¥94N15A0UFAUBINIHUA
HauazIndinearu a31'1831 manadeuaulianie
= Y ' o o 9
Y939 WPCs innugnasauaziniug annsorhieyalil

1 lumseonuuuwseadegiuuusiaeeld [201,121]

M9 3 HamMI Iz luLUTIa0INTDRRDIN N ADANIIN AUVBAAZMTAD ALY

2

Response Fitted model ~ Sequential  Lack-of-fit R Adj-R’ Pred-R°  C.V. (%)
P-value P-value
Ra Before WA Linear <0.0001*  0.6385 0.8778 0.8590 0.8476 4.56
Rz Before WA Linear <0.0001*  0.7763 0.8897 0.8727 0.8618 446
RaAfter WA Linear <0.0001*  0.5659 0.8305 0.8045 0.7825 5.74
Rz After WA Linear <0.0001*  0.5822 0.8694 0.8493 0.8059 3.30
WA Quadratic 0.0319* 0.2388 0.9552 0.9328 0.8987 5.54
TS Quadratic 0.0424* 0.2307 0.9526 0.9290 0.8946 3.79

WRBINA: * A1 P-value 110801 0.05 nuneds aAnuiiifodniy
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3.2 MINTTUANMWAIHEIVBIFUNDIS a0
= o < I

MInsaeUANNNBIisIreIgluuuTaestuily
A o & A A o ° A
gasuduiesuduguvuiiaeanimuizauue
HanpUAUDd [101,[11] nanensgilhn 5 Augndoanaz

] A A o A Yo

ANuUFeneveszuuuTiaeimsnanesi Idsuan
N15NAADINITUINNAINITLUINUIMVV L NAVD Y
1188 (Normal Plot of Residuals) A11AHINABADAIN
11118 (Residuals vs. Predicted) 1z ANAYIYADADAA
N15NAABY (Residuals vs. Run) A1NE1A L A20819N15
a o = o [ d'
ANIIEHANUNEINDYDIFULUVTIa09 HaAIAIzUN 5

< ' H a
vwin 1891 9ngUf 5(0) msuvnuvsannunAve Ay

11a0 (Normal Plot of Residuals) U84 Ra ﬁauma@@cﬁ‘u

]
1A

3,’ ' 1= a a A a ds!
U WNUN lliJllﬂ'WlNﬂﬂﬂ@]ﬂl@\?lﬁﬂlﬁﬁﬂlﬂﬂﬂlu1uﬂiﬁ/‘l

=

anoavuToyalimInuFanazdousoudunsanioll

! 9 =

Y g Y o & Y
s Tuiwduase daiu aunsoagyla doyall

U

<3| a o
msuanuauiunuulng 1201 awrsarirdoyaly

PN s A ' °
’JLﬂﬁ1$°Hlﬁf]ﬁ1ﬂ']ﬂ1§‘1/'l1u1ﬂ"ll’é]\1Nﬁﬂ1i§lﬂﬂﬁu@\1vlﬁ}

2 4 I o o
uen1nl 1N3UN 5(v) n3mleTuedA A ABdBA
1] A
ATRIUIENNAVUNUNITNAADY (Residuals vs.
. 1 1 A A o g
Predicted) WU ANABIHABNNITNTZ10A N ULV
952 IMINTL0doNTOUIFUATININAINNIY AU
voanswl uaz lifideyavonaniduniuguuesnigega
nazarga a3l1d891 auamvde lulluuaTriunse
d' ' Y = =
sUuuvimivey 1o3a91nnINAaINANNERININ
wa Y I a
vosnnuulsisrunazguanasiuanuilusdasy
[10] Tugauves 31 5() nsludadenusbiaons

@

° . < Y 1

A19UN1INAADY (Residuals vs. Run) vzirin'ld avery
A
a

H Y 12 Aa a
%41 ﬂﬂgﬂ1ﬂi§lﬂ1§ﬂﬂﬂﬂﬂ Glﬁ’f)ﬂﬁ]ullﬂﬂﬂTﬂNﬂﬂﬂiﬂ

De

a

2 oo a o Ay 1A
lﬂﬂellutlunj’]w HUHDNITINU ﬂﬂllﬂiiﬂizmﬂﬁi‘ﬂmllm

@ @

v o o A g Y a
ANNFNUSNUSIMumMsnaaesuuu ldunu 5 0
A

1 @ = o 4

Aadenu nielinuduiusiamisonianisel 18
1 Y

aasaau lulimfdalndnadulunsil (111910073
4

WasaAuiiesnevosgiluuuiiaeInsonnoena 3

nsl awsoagil1dan Jeyavinwanmsnaasaiini

= = < a o 9

ganeuazimsuvnuaadunuuind aunsmihdeya

aananlFlumsiuegduuuinesldedrumuzan

Normal Plot of Residuals

Normal % Probability
"
."lUIJl

I I I I
200 .00 000 100 200 00

Internally Studentized Residuals

()

Residuals vs. Predicted

200 — =

Internally Studentized Residuals
n

Predicted

(v

Residuals vs. Run

[

Internally Studentized Residuals

Run Number
(M)
Eﬂ‘ﬁ 5 fﬂﬁ@]i?ﬁ]ﬁE]‘]JﬂTﬂiJWE]!.ﬁENEUENQ‘IILHJTJ%OWﬁEN: (n)

M3 ARV ARYIHAD (V) ANAYIADAD

AMNIUE 1Az (A) ANAYIYADADAIAUAITNAADY

3.3 NANITNUVBIOATITIUNANABANNKEIVAI (Ra
1uaz Rz) NOUMIRAF I

a 4 o

1AM AATIZHAMNLYTUTIU (ANOVA) Lanang

M13199 4 1Az 5 WU aN1A Ratiag Rz NouNsgady
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= v A U
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ihigUnuusiaesiinzay fe nuniFuduns #a
DT Ia09 2 fuﬁﬁwﬁﬂﬁﬁtyﬁ'aﬂﬂ’h 0.05 (P < 0.05)
agllai gﬂsmuﬁmmmdw&uﬁﬂ'ﬂﬁﬁﬂuj wenIng
AUN50ANEERLARIAINFUWNYTE a1 Ra uaz
Rz wazinil3a199 veansnaaeuiioresas I

o o o
MINFUNHUS TN UFAITUNITN (1) Lag (2):

Ra Before WA (¥) =-0.06X7+ 0.03X>+ 0.02X5 (1)
Rz Before WA (Y) =-0.12X7+ 0.11X>+4 0.08X5 (2)

2 2 1 1o a £
aumsoaneeil uaasliiiui mdulsansveane
dreNauaunUIug s lmfa (1) TAwnniia
a Q" Y A v U
Fulszansvevane il X)) tagnany (X)) agﬂ
1831 wedleRAUAMUTIIILILGSS TuAalinadonsanad
9
Yo9auIiA Rallag Rz UonN1Int aumsnanoeueauiia
v
142 Msnaassansoea’19n3 19 19918 (Contour plot)
HaEMgaIHANNIINZ ANV az AR 1A8ITN5 RSM
Fans il Insetevesauiia Ra uaz Rz uansnsgili 6 (n)-
o w H Y I ' A ds!
() MUAR U 1NNTWNG 2 taae i msmuUuves
Sunudadiumsnauiinanoauid Rauag Rz 081
2 é o Y [ d'd 1 a
Farnu ¥41ae 1Uud T dehtinasennurieuive s
A a an ] =) a dy A Y
WPCs Aio wodtonauaurumniugss lmaa vides i
93 wazany Fadludwmaumdn iioswndaaiu
HeruveiaaaIna nUnanatladelunmswan WPCs (3, 10,
9 1
20] HONIINH FATMINAUTNINUNZ ANVBITNIIA Ra NOU
F a a\ T )
MIgATUL Aip woaleNaUATNHULLUES mAa (5.0
XA P} v o
wt%) U1 oo 157819m1351 (35.0 wi%) tlazian s (6.0 wi%)
#20AIMINIUIBVDIUVVT 1009 RaAo® 0.99 pm NANY
UuFene 0974 dMSUgATMIHANNANgAVeIaUIA Rz
T [ %‘ a ad 1] = =)
AoUMIgATUNI Ao wedlnauaunuLniugs lndaa
A A P} v o
(55.0 wt%) Ui 0e'l3819W151 (35.0 wi%) Laziany (6.0
wi%) HaeN3AILE MIAD 3.0 Wit LAz dsanan My
1.0 Wi% 15 WA 8IA UADANLA RaA28AINITHIUI0YDS
HUVU1889 Rz A9 2.96 pm NANUUAFODD 0.920 LAAIAT
M9 6 Mud1ay dauna 11 gasmsnauimngay

9 4
VBINT 2 MINAADINAUNINU wamn%aﬁa‘ﬁmaﬁqmm

gnasaazind lumsnaass uazmyaduuusiaes

MI0ARRUINBYNNEBAT 1A IUNAY [14]
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Abstract

The aim of this paper is to evaluation of the filtration efficiency of aerosol particles of the commercial air purifiers for indoor
use purifiers with different sizes and principles e.g., 4 electrostatic air purifiers and 1 HEPA filter air purifier. In this study, the filtration
efficiency of aerosol particles of five commercial indoor air purifiers were tested by the ANSVAHAM AC-1-2015 standard test
method with the aerosol particle generators inside the 6 m x 6 m % 3 m test chamber. The real-time particle counter was used for
measuring the number and mass concentrations of aerosol particles inside the test chamber within testing time of 120 min It was found
from the experiment that the decrease in the mass concentration of the aerosol particles is proportional to the increase in testing time.
Due to the longer testing time, room air that still retains suspended aerosol particles recirculates through the air purifier at a constant
air volumetric flow rate of the purifier for the duration of the testing time. The maximum particle filtration efficiency in the case of
combining particle natural decay of the A, B, C, D and E purifiers is about 61.30, 65.63, 81.73, 77.39 and 72.755 % at 120 min
respectively, and the maximum particle filtration efficiency in the case of excluding particle natural decay of the A, B, C, D and E
purifiers is about 13.19, 22.91, 59.02, 49.03 and 38.88 % at 120 min respectively. Finally, in this experiment, it was shown that the

CADR values of A, B, C, D and E purifiers were about 4.47, 7.58, 24.36, 17.82 and 13.7 ﬁ3/h, respectively.

Keyword: Aerosol, PM2.5, PM10, Air Purifier
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