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An Implementation of Illuminance Meter Using Light Dependent

Resistor Integrated with Labview Program

1* . . 2
Jassada Sarasook and Chaiyapon Thongchaisuratkrul
1*'ZDepar‘tment of Teacher Training in Electrical Engineering, Faculty of Technical Education
King Mongkut’s University of Technology North Bangkok, Bangkok, 10800 E-mail : jassadat77@gmail.com

Abstract

This research presents design of illuminance meter by applying light.
This research presents the design of an illuminance meter by applying a light
dependent resistor (LDR) for light distribution testing. The luminance value is
displayed on the Labview program. In order to calibrate the proposed illuminance
meter, seven types of lamp were examined. A black testing room measuring 1.5m x
1.5m x 1.5m in size was constructed with steel structure and plywood. A stepping
motor was used to rotate the light from -90 to +90 degrees in order to investigate
the light distribution. The driver of the motor was controlled through the Labview
program. The LDR was applied to measure the illuminance and the Labview program
was used to display the value. The proposed illuminance meter was calibrated with
a standard digital illuminance meter. The test was done five times for each type
of lamp. According to the experiment, results showed that the proposed illuminance
meter could measure at the range of 0- 900 lux. The average error was 4.42% with
a standard deviation of 4.85. A high error occurred at low luminosity and it decreased
when luminosity levels increased.

Keywords : Lighting system, Light distribution, Illuminance meter, LDR, Labview

1. Introduction

As we recognize that the lighting system is very important on living thing dairy
life activities. Hence it is necessary that how to use and design lighting system is
suitable for each activity. Lighting not only needs for working but also leads to
efficient work. The productive design of light system affects to see clearly, rapidly,
correctly and work effectively (Thongchaisuratkrul, C., 2011). According to research in
a factory shows that increasing the luminance level leads to higher production while
the loss of that becomes lower. Besides this, the rate of accidence is reduced occur
(Ministry of Energy, 2010). In Thailand, employer needs to provide suitable
illuminance on condition and work feature (Ministry of Labour, 2011). The illuminance
level has been assigned for different work. Therefore suitable intensity of light should

be considered before engineer will design lighting system.
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2 Industrial Technology Lampang Rajabhat University Journal

Thailand has declared Energy Conservation Act since 1992. Designed building
and factory needs do energy conservation (Ministry of Energy, 2010). The personnel
responsible for energy are appointed for energy conservation. They need understand
characteristics of lamps. One of important characteristics is light distribution. It is
important factor for designing because it influences on user. For example, light
distribution for street effects on safety feeling in people (Haans, A. & Kort, YAW.,
2012). It is not easy to study light distribution by only visual without supporting
instrument. Simulation program is a tool such as Matlab application to analysis
lighting distribution (Pornpojratanakul, V. 2006). But it is easier if the demonstration
set is used for observing phenomenon.

To determine light distribution, illuminance meter is important device. In the past,
it was expensive meter. Presently, very cheap and high efficient portable sensors
are available also light dependent resistor (LDR). LDR is variable resistor which inverses
with the light intensity. Therefore LDR is implemented for detecting the intensity of light.
For example, LDR was used for conserving energy in lighting system (Radhakrishnan, A. &
Anand, V., 2013). Because of accurate sensor, LDR has been used for measuring the light
luminance (Hussein, E.AR., 2008).

Therefore this research attempts to implement the simple illuminance meter
using LDR sensor which it is low cost tool for detecting lisht quantity. Labview
program, which is widely and simple to be used, is performed to display the
illuminance. The voltage divider principle is used for detecting voltage. The voltage
would vary by illuminance. The voltage signal would be changed to illuminance

value by Labview program.

2. Research Proposes

2.1 To design and construct illuminance meter using lisht dependent resistor
(LDR) for measuring the light distribution.

2.2 The constructed illuminance meter is able to display the illuminance

value on computer screen and can be controlled by Labview program.

3. Relevant Principles
3.1 Circuit diagram
LDR is variable resistor which inverse with the light intensity as shown
in equation (1) (Kumar, N.P. & Jatoth, RK.,, 2015; Kulkarni, M.V. & Kulkarni, S.R., 2016).
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k
Ripg =— 1
LDR L ( )

which, R pgis resistance of LDR (ohm), L is illuminance (lux), kis constant.
It is applied for measuring light using voltage divider as shown in Figure 1.
Voutputs 18 OUtput voltage of voltage divider. It is sent into interface card. After that it is

changed to illuminance value by Labview program as gotten by equation (2) and 3

respectively.
Voutput: RLXVS (2)
RLDR + RL
L= kxvoutput (3)
RLVS + RLVoutpul
Vs (5 Vdc)
T
RipR
Voutput
Re
(3.3 kohm + 5%)

Figure 1 Voltage divider circuit.

From equation (3), the relation of L and Vo is plotted in Figure 2. It is

investigated that the curve is exponential function as shown in equation (4).
k VOLI u
L =ke™ " (@)

which, k; and k, are constants.

1600

2

a0 .
1000 /I

800 #
600 o

400

200 s

0 *

0 1 2 3 4 5

IWluminance (lux)

Output voltage (volt)

Figure 2 Relation of output voltage and illuminance.
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4. Research methodology
The research procedure consisted of LDR circuit designing, construction of the
testing room, creation of software to control and display using Labview program,
calibration of proposed meter with standard meter and testing.
4.1 LDR illuminance meter
The proposed illuminance meter was implemented by principle of light
dependent resistor (LDR) and voltage divider. LDR resistance would vary by light
intensity. To implement illuminance meter, voltage divider circuit was used for
detecting voltage. The voltage divider circuit consisted of 200 mW LDR resistor
connected with 3.3 kQ as shown in Figure 1. The voltage of 3.3 kQ resistor was
voltage signal. It would vary by LDR resistance. The voltage signal would be changed
to illuminance value by Labview program.
4.2 The design of black testing room
The closed black testing room was 1.5x1.5x1.5 m in size. It was
constructed from plywood and steel as shown in Figure 3. The center of floor was
installed by proposed LDR illuminance meter. It was placed on black plastics box.
The lamp was set above 1 m from illuminance meter. The lamp was hung at the
steel shaft. It could rotate by stepping motor. Power supply, interface card and
motor driver were contained in the insulation box besides testing room. Computer

and Labview program were used to control motor and display the illuminance value.

-l
-

Control set

1.5m

Illuminance mete
ﬁ Supporting
1L5m™Sy

Figure 3 Construction of testing room.
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4.3 Experimental diagram

The test diagram composed of 2 parts; power supply and control part as
shown in Figure 4. Power supply consisted of 220V,/15Vy. for motor. Furthermore,
AC 220 volt was distributed to the lamp. For the control part, computer linked with
motor and LDR illuminance meter by interface card through USB port. Labview
program was used to command rotation of stepper motor. The DC 5 volt from
computer was the source for interface card. It was paralleled with voltage divider
circuit. The voltage signal showed on computer screen. It was changed to
illuminance value by Labview program. The testing diagram is shown in Figure 4. The

configuration of program by Labview is shown in Figure 5.

Computer Power Supply
LabView ~220Vac
A
=15Vdc
USB
4
A
LDR Input_ | Interface USB | Output Stepper

A\

Stepper Motor Drive |———»

Sensor "| DAQ-6008 Motor

A

Lighting

Figure 4 Testing diagram.

ILLUMINANCE TESTING‘

Move VVoItagie I:}@
== SetDegree ™5 500
Output Degree - 0 J Lux Meter
| 0 | 0
Reverse Direction Forward
’ Reverse ‘ ‘.) ' { Forward

Figure 5 Configuration of program for testing.
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4.4 Testing procedure

For testing meter, procedure was conveyed for calibrating the proposed
LDR illuminance meter with standard digital meter in model LX1010B. The seven
types of lamp; 14 watt dayligsht complex fluorescent (CFL) with both down light and
high bay luminaire, 60 watt daylight incandescent with both down light and high bay
luminaire, 7 watt daylight LED (Light Emitting Diode) with both down light and high
bay luminaire, and finally 36 watt daylight fluorescent (FL) with flex were used. The
angle of lamp was set from -90 to 90 degree. It was increased 5 degree a step. The
test was made five times a lamp. The illuminance value was measured by standard
meter. The voltage of proposed LDR illuminance meter was recorded. The value
from standard illuminance meter and voltage from proposed LDR would be
calibrated to find relationship functions. After that, the obtained relation functions
were programed in Labview for displaying value in form of illuminance. Finally

the test was done again to find error.

5. Results
5.1 The calibration

As Figure 6, the finding shows relationship curve between voltage and
illuminance. The voltage was voltage of 3.3 kQ resistor obtained from voltage divider
(Figure 1). The illuminance was obtained from standard illuminance meter. The relation
between voltage and illuminance is exponential function as shown in Figure 6.
Because of being exponential function, it is observed that LDR illuminance value is
not zero. From the experiment, if the voltage is less than 0.150 volt, the illuminance
from standard meter is zero. Hence the first function is gotten as equation (5).
Moreover, if the voltage is 0.150-1.051 volt, it shows accurate so the second function
is gotten as equation (6). Additionally, if voltage is more than 1.051 volt, the
illuminance value more deviates from trend line than another as shown in Figure 6.
Therefore, function is found again at this range. Plotting curve between LDR
illuminance value and standard illuminance is plotted as shown in Figure 7.

The third function is gotten as equation (7).

NINTIvINMIensAluladana NIy INIng1aesvigaU
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1000
800
600
400
200

[Wuminance (lux)

Calibration curve between voltage and illuminance

y =0.9346et4500

1 2 3 4 5
Voltage (volt)

Figure 6 The calibration curve between voltage and illuminance

[luminance of standard
meter (lux)

1000

800

600

400

200

0

0 200 400 600 800 1000

Calibration curve between LDR and

standard illuminance meter

y = 0.974x + 1.5616/‘/

o
/‘“
e

[lluminance of LDR meter (lux)

Figure 7 The calibration curve between LDR and standard illuminance meter

These equations are used for programing by Labview.

Lux=0;v<0.015 (5)
Lux = 0.9346e*%°°¥:0.015 < v <1.051 (6)
Lux = 0.974(0.9346e**°*") +1.5616;v >1.051 (7)

5.2 The testing of fluorescent lamp with flex
From Figure 8, it is found that at 69-171 lux the percent of error is 0.00-6.33%.
Average is 2.65% with 2.03 SD. The illuminance at about 205-350 lux, the error is about

NITIvINMIeuseluladana sy I Ing1aesvigaU
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8 Industrial Technology Lampang Rajabhat University Journal

0-2.53%. Average is 0.80% with 0.68 SD. The error and SD. are lower. To sum up, all
average error is 1.72% with 1.77 SD.

Error of illuminance measurement under fluorescent lamp

u
] _ ——T ] r
L . ] - L -‘

50 75 100 125 150 175 200 225 250 275 300 325 350 375

% Error (%)

o N xS >
[}
[
[}
-

IWluminance of standard meter (lux)

Figure 8 Error of illuminance measurement under fluorescent lamp

The light distribution of fluorescent lamp is shown in Figure 9. It is
comparison between illuminance values obtained from proposed LDR and standard
illuminance meter. It shows feature is the same. Therefore, it is said that the LDR

illuminance meter can measure accurately and the experiment set can use for

studyins.

e

Standard illuminance

LDR illuminance

-300 J/ -] | | 00 | 1 | il 300
Figure 9 Light distribution of fluorescent lamp comparing between proposed LDR

illuminance and standard meter

5.3 The percent of error
From Table 1 shows the error percent of LDR illuminance meter

comparing with standard meter. The error is gotten by equation (8).

NINTIvINMIensAluladana NIy INIng1aesvigaU
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Real — Test
Real

%%error =

XlOO‘ (8)

Considering Table 1, the average error is about 4.42% with 4.85 SD. at its
range of 0-900 lux. It can clearly find that the maximum error is 26.26% at the range
of 0-100 lux. The minimum error is 0.00%. Moreover, if illuminance is increased, the
error is decreased. At the range of 200-900 lux, average error is just 1.87% with 1.75
SD. It is lower than error of 0-100 lux and 100-200 lux.

Table 1 The error percent of proposed illuminance meter

[luminance Percent of Error (%)
(lux) Max Min Average SD.
0-100 26.26 0.00 5.38 5.52
100-200 13.37 0.00 3.34 3.04
200-900 6.61 0.01 1.87 1.75
All 26.26 0.00 4.42 4.85

The error is high at low illuminance level (0-100 lux) because LDR resistor
less responded. Considering Figure 6, the voltage depends on LDR resistance.
The voltage very less increases at low illuminance but it more increases at high
illuminance. Because LDR resistor well responds at high illuminance. Therefore

the error is low at high illuminance.

6. Conclusions and discussion
6.1 Conclusions
According to experimental results, the research findings can be summarized
that the proposed LDR illuminance meter is able to use really for the range
of illuminance at 1-900 lux with average error of 4.42% and standard deviation (SD.)
of 4.85. The maximum error is 26.26% occurred at the range of 0-100 lux but the average
error in this range is just 5.38% with 5.52 SD. The minimum error is 0.00%. The high error
occurs at low illuminance and it decreases when illuminance level increases.
The proposed illuminance meter in experimental set of light distribution is correspondent
to standard meter.
6.2 Discussion
From the result as shown in Table 1, it can investigate that the average
error is approximately 5.38% at range of 0-100 lux but if light intensity is higher at
100-200 lux and 200-300 lux, the error is lower at 3.34% and 1.87% respectively.

NITIvINMIeuseluladana sy I Ing1aesvigaU
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10 Industrial Technology Lampang Rajabhat University Journal

It can be concluded that if the intensity increases, the average error would decrease.
This result is correspondent to Batsungnoen, K. et al.’s research (2011). Although
the maximum error is 26.26% at 6 lux, the illuminance level in working and activity
area are more than 200 lux (Ministry of Labour, 2011). Therefore, it can say that
the proposed meter can use for pre-checking. From the Figure 9, it shows the light
distribution obtained by standard and proposed meter. It is observed that the both
of curve intend the same. Therefore the proposed meter can use for studying light
distribution. Moreover the program designed by Labview is easy for using.
For example, if users want the light intensity at 45 degree, they just fill it in the angel
box and select direction. After that clicks the move button. The value would show
in the lux meter box. Another last interesting point is the display on computer
screen. Nowadays a computer is used widely so this reason why research displays
on computer. It is correspondent to Batsungnoen, K. et al (2011), Kumar, N.P. et al
(2015) and Kulkarni, M.V. et al (2016). They used computer also. This research displays
through Labview while Batsungnoen, K. used Microsoft Visual C#. Kumar, N.P. used
HTML (HypertText Markup Language) and PHP scripting languages. These types
of software are the form of code while Labview is the form of block function.
Kulkarni, M.V.’s research, the value displayed on computer through serial monitor

of microcontroller.
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Abstract

A Geo-informatics System is proposed to automate Calculation of Coconut
Productivity in Samut Songkhram Province is a system to calculate coconut productivity
by using spectral reflectance of satellite image to classify coconut productivity.
The objective of this research estimates coconut productivity by using spectral mixture
analysis for find out object in the pixel of satellite data. This technique can help
to accuracy classification. Spectral reflectance of coconut is around 0.7-0.8 micrometers.
The result of this research finds out 30*30 meters’ pixel of satellite data have 15,730

pixels for full of coconut in contrast 20-29% of the pixel has coconut have 345 pixels.
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Amphawa district is area have most coconut. For accuracy, checking uses 300
for sampling. That find out 70% for accuracy checking (210 GCP /300 GCP)
Keywords : Geo-Informatics System, Coconut Productivity Estimating, Samut Songkhram

Province
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Spectral Profile for composite_|c8129051.img
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Abstract

This innovation project aims to design and construct a drilling machine
for making cowboy hats as well as defining the efficiency of the drilling machine.
The design of the most important structures are: the drilling cowboy hat machine,
the hydraulic plate press, the hydraulic cylinder, the motor, the hydraulic oil tank,
the hydraulic column support, the control valve, and the drill mold. The results
showed that the manual labour on the perforation of the hats was 0.39 minutes per
piece, the operation of the drill bit was 0.19 minutes per piece, giving a reduction

in the drilling time on average of 0.2 minutes per piece and an average improvement
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of drill efficacy of 51.28%. The operation punching holes in the hats had an average
labor time of 2.20 minutes per piece, the operation of the drill bit per piece
averaged 0.44 minutes per piece, giving a reduced drill average time of 1.76 minutes
per part and an increased drill efficiency average of 80%. The operation to pierce
the hat averaged 2.57 minutes per piece, the perforation operation with the drill
machine averaged 0.39 minutes per piece, with a reduction in drill time average
of 2.18 minutes per part and an increased drill efficiency average of 84.82%.

Keywords : Design and Construction, Cowboy Hat, Efficiency
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YUAIVIG) VIINANIUBEININTIVLINNAN KALIAINANIUBLENIWITINEN BINTTUIUNTHAR
MANAMUOLEINITUIENDUME 1. Jumsumsdntudiumnn 2. funeunimeniangs
3. fumeunsUsznounannuazsindes

MnnsasiiuiivesamgshauiioAnudoyaifesfureanguduinnuinanves
smwwawlmwswmamammﬂ‘uﬂmmmmmswamiumumaumsmvﬂumwmﬂmwaa
Femlulssneuifumnmagiuss Fellagiwihmsianzgionsnenanussauaudundn
feduiinsanggfenisneninussnuaurlRiiAadgmduannmvesgane it
lividuiosinorfeaiudiuy uazanugydsainnmshanudunafiadluduney
N1943123 SUANANTENUUTEANSAINNTHENVINFUANTNNUINAIIVDEYINITILAUA TS
S (Wantang, T., et al, 2015, p. 24) ynseenuuLLarai s alaveiteldly
nsTUIUNINARALAYDITisEEnmaangualavgsUlinuzvm nguanifiavi s1nevdudn
Janiamsysal Tunsesnuuuusdisildlusunsudeuiuu NX 85 saniuundiuilusinsadn
fluun 280 x 180 x 200 gnunariufiuns Wneldegiidemnsa 1,100 Wuiagdmsunisen
Lﬂug‘dEiﬂmsu'mﬁﬂﬁmaé’mwmiwamLQ?&JMW#TU 663 Fusiotlus vseUszana 3,304 B
fotu uagdnsmainveadedanriniu 130 Susedalus wasnseenuuuiniesdiofvmnya
Y84 (Chaisathaporn V., et al., 2010, p. 25) ¥msiaunluiindntudmiuedesiaiiovan
wiueuwilneldiananuiad wwes 440 B wmadnnanlFaiu vilivsunawendeanaunie
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¥o8az 9.4 UeNINLIATET (Pornputtisiri, N., 2002) L AUAA AR ELSUF T
vosufissisnduegiifioansa 1,100 fAnadousudfvunzauogfisosas 5 vesmnmmun
Sanylilidmwansenudenisiu duiunisesnuuuuazaiiaaioaatzsdudaumuan
amves Jaduuflatigulunszuinnsieissiudiunnnanuesuasiuun FuamuaIn
Audn WA nmueInguinanINA1ULE I TRl

2. IQUszaIATINITIY
2.1 |DRRNLUULALAI1UATONNL]

[

FUAIUNNINANIUDY
2.2 {ievUseAnSnnusdnIaaay TudumInA1IUeY

3. F/Mseiiums
3.1 SupUN1IANYINTFUIUNMIHARLANATIVEY
nseBNLUULATaTLATe T TTuAIuMIINA1IURY §IdEldTuat unoy
Tumsuiuenu foil
1) MsAnwran Uy lunszuiunIsHanniINA1IVeeYBINGURNANUIN
ANUBEE1INNTY 187l 67 Myl 2 Thuuas duayguiaiaun sneides Smind1uns

Iﬂﬂﬂ’]iﬁlﬂLﬂG}LLagﬂ’ﬁﬁUL’Jaﬂu‘ﬁumQULﬁlﬂgz%uﬁ?u%NQﬂﬂTAU@Uﬁ’]EJﬂ']iGlEJﬂﬁ]']ﬂLLiN'ﬁJﬂu

Feusnglmiuluning 1

1. poulyl
<
2. 1 TURBNINLY
3. YUAIUNUINANIUDY

AT 1 AL ITUAIUMLINANIUDYAILNITNDNIALTNIUAY

Y

a 1

2) MIANBIUTLAVEANNNTNZFTUAIUNLINAIVDAIYNITNBNIINLTHNUAY
TAgYINNNSIUNIAITIUIU 5 AT LLasﬁﬂmimﬁ'ﬂLaﬁsﬁuaqmsng%udawmﬂm'masﬁ’wms
AONAINWINIUAUIIUIL 3 @I AD INLIN fInUIN waztnnulnaantauauslilunisig
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M137199 1 s2ealdlunSE U IUNNINAIUBYAIENTHBNAINULTN LAY

W | FmINIAT | 910U | Aunaan | 3uau | Unruanan | 3nuau
ads ik pIER il FIERE il FIERE
Witdadu) (Wiiidazw) (Wiiidedu)

1 0.37 76 2.12 148 2.58 239
2 0.38 80 2.30 145 2.44 248
3 0.40 75 2.18 149 2.69 244
4 0.35 75 2.27 144 2.40 242
5 0.43 74 2.15 147 2.75 245
La?{a 0.39 76 2.20 147 2.57 244

3) NFPONLUUKALASILATONATTUAIUNNINA1IVEY §ITulainTaya
I1NNITANYINITAEITUAIUNUINATIVBLAIENITABNIINRIIIIUAUNIILATIEILN O
wwansluniseanuwuy tagldartanisussandldimalulagilidudounaziniulasndiy

[ =

Tunsvieuduuunfniidify f\]ammiaasqﬂamaaumaqm‘%'aang%uﬁauumnmwaa
gsiadl

1) mmsaﬁwmimzﬁuéawmﬂma‘uaafé’wmu 3 du A YN AN
wardnuann lagldusdiainiegueniy

(2) Hanuwds numulunslideau

(3) M3Unsssnwwilang

(@) Tszuulelasdndlunisyieu

8) WRAN1SEDNLULRETUTILSA

(Sumpayakorn, C., et al,, 1997, p. 9) Shearing Process Ao N1SFnlanyaan

nnfulagldaudinves Punch way Die nalanzaulasqn Ultimate Strength Ssagvinlilans

= v o v & =
Qﬂ%']ﬂ@@ﬂﬂ']ﬂﬂu@ﬂﬂﬁ']ﬂ{]SLViL‘ViUGLUﬂ']‘WV] 2

AR 2 NSeia (Sumpayakorn, C., et al,, 1997, p. 9)
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5) WUIAANITOBNWUUANAAYEY Punch uag Die
(Sumpayakom C., et al, 1997 p.14) MIUAIANFAAYDY Punch lag Die
dioaausslunisdnduiuegiudnvuzuostusu Ae drdesnisingluldalfudsnudn
983 Punch wifein111en Blank luldliussnusdnves Die mﬂimglwmiﬂ,umww 3

AW 3 NSussALEAYes Punch (Sumpayakorn, C., et al., 1997, p. 15)

6) NIANUIILTIAR
(Sumpayakorn, C., et al, 1997, p. 13) TunsflveansAngnay (Fniane)
ANUNTOAIUININAUNTN 1

PP =dnto 1 (1)
S 1000

We d = hushgudnansvasgivualy 3 wa.
1 AUNUITUUIIUALT 3 13,
] ° v 2
Os = A1 Shear Strength fuuald 25 nn./uu.

p P =3x3.14x3x25x 1 (2)
1000

L396in = 0.71 ¢iu viTe 710 Alan3u
7) msidenian
iz gauuLasifiuiiggdualdorgiilondanssinin 6061
(Aluminum' Alloy 6061) %aﬁmmﬁng nunsianseaulsa ﬁ@mamﬁamaﬂaﬁwmﬂwma
waransnsolfnutunnufeulddaeis 2 fu FaihnmdauastugUlildoulaoedosing
SalusiAfilsipuumiuglunisnangs wazludruvenduanzgldaunuaainia 304 (Stainless
Steel 304) Balsiuatiu nuemsinnsougs asnsetusUibu uandeuldfvunduinausnan
3 fladuns AL 6 Taawns warrin1sUusznaudie s dulinianzgdnuy waswiifian
Wnegauan leldnminmanusdngefivs (Epoxy Adhesive) Seusinglifisiuluninii 4 - 5
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uiusilzgaIuLY

AT 5 dulsenauresiliuiinng a1

8) NM3PONUUULATDN
AmzdTavhidldinetoasuaussourrenaionazgtudiuvainanuosi
yhniseanuuy Tngldlusunsumoufinmes 3 G5 wdielunisesnuuuindonatzstudiy
MUINANIUBBUALTINNSHANLL LA 3dIUEN wazwifanilanzgamuulaeiaiosing

SludAdausngliiulunind 6
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wHunanszuangulansednd
nszvengulansednd
1alno3

Fushulensednd
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AN 6 m‘%aqng%udawmﬂm’maa

4. {an1SANIUNS
4.1 Supeunisvedey
1) vinnnsianiug19n1s lilantauInveamIndIn Aanuan karlnnuan
$10u 5 Fusensageu
2) 11’1L@ﬂ%uﬁaumuaﬂﬂﬁauaaiﬁaqiuLLﬂﬁmﬁLaﬁzgﬁﬁudﬁa
3) ?Jma%m%uazﬂmﬁuiaﬂLﬁav‘hmsng%umwmﬂmwaEJ
4) ¥imsfunaseunaagsiuduInAIUBEHDTY
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(n) ()
AR 8 FUAIUNNINANIURLILATEUILITUAIWNUINATIVBERDNNT (1) dIuInLIn
() d@aufaviaan (A) @utnuuan

(%

4.2 maﬂmmsﬁudawmﬂmauaa
ﬁm%’usﬂgumauﬁﬁwmatng%uﬁawmﬂmauaaéham'%laqng%uﬁawmﬂ
amueslneyiinsTunaIsIuIL 5 ASe LLazﬁwmsmﬂ'wLa?{%mmiLngs‘ﬁuﬁ’mumﬂmwaﬂ
Feirdoanngziuduminnaiiues $1ua 3 dau A Famann famann uasBnmnndaiild
YnauelSlunisnsdt 2

M13199 2 srezialdlunisinne JFudiumuInAIueEMEIATEN LU IUIINANIUBY

U | WIMINIAT | FIUAU | AuINea | 3uau | Unnaanan | 3nuau
ass s FIER 1t 3112 s FIERE
Wniidadw) (Wiidaty) Witdadw)

1 0.19 75 0.49 143 0.35 235
2 0.18 75 0.41 143 0.46 235
3 0.17 75 0.43 143 0.35 235
4 0.21 75 0.46 143 0.39 235
5 0.18 75 0.43 143 0.41 235
\ade 0.19 75 0.44 143 0.39 235

2
a 1 i

4.3 MsUTBULEUUTEANTAINNITYINNUTENINN S8 TUAIUNLINANI VDAY

v ¥
a a !

N13AENANUINIUAUAUAI LA STUSIUNLINATIUBLAIYLATOI L IVUEIUNLINANIUDY

U U

sanlavnauelilunnsen 3 - 5
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a b} a A Qy [} I U
f19719N 3 ﬂ?iL‘UiEJ‘UL‘VIEJ‘U?SEJSL’Jﬁ'ﬁ/ﬂﬂ‘l&ﬂ'ﬁﬁ’]%?ﬁﬂﬂ’)ﬂ%ﬂ?ﬂﬂ']'JU@EJﬁ’Ju‘VI’J‘WiJ’Jﬂ

U L'Jaflﬁ’[ﬁ’ﬂumslm:g L'Jaflﬁ’(fi’ﬂumslm:g WA Uszansnn

pee Fudrumuanaiuse | Jusrunuana1avee | (Wiinedu) fuLan
f28A15MBNAN é’amﬂ%ang W

wseuAL (Wiidedy) | Judrumaanaiauas (3ovaz)

(Wiidazy)

1 0.37 0.19 0.18 48.65
2 0.38 0.18 0.20 52.63
3 0.40 0.17 0.23 57.50
4 0.35 0.21 0.14 40.00
5 0.43 0.18 0.25 58.14
Laﬁa 0.39 0.19 0.20 51.28

M9t 3 Wiauenaiieuiisussernanililunisatzstudiumnnanives
F28N19MBNIINITINUALAUNITNZ T UAINMIINAIVBERIBLAT DL FTUAILMNIN
AMUBgdILTIMIIN ATHluNIIEFTUAIUNIINATIUEEAIIN1INDNIINUTILAY
fanadswitu 0.39 uridedu Sagenitnaniilélunisianssudiunuinaiives
Fheiedoanegiudiumnnamussadesity 0.19 wididety

a ™ = e A ! )
MA1919N 4 ﬂ']iLiJﬁEJULV]'EJ"U'ingSL'Ja'W]SLGBIUﬂ']ﬁLf\]']SE%UﬁQUﬂNQﬂﬂqQU@Ua'ﬁu@'ﬁﬂm'ﬂﬂ

$wau | vaildluniseizg | naniildlunsensg | wasie Uszdnsamw

afs | Fudumananavey Fudauman (uniidadiy) | Fuaan
A28NIABNIMN AIUBEABLATEY Wiy

useuAY (uiidadu) Laﬂzg??ud'auwmn ($ouae)

AUy (iisiadu)

1 2.12 0.49 1.63 76.89
2 2.30 0.41 1.89 82.17
3 2.18 0.43 1.75 80.28
4 2.27 0.46 1.81 79.74
5 2.15 0.43 1.72 80.00
2de 2.20 0.44 1.76 80.00

Ml 4 ldiauenaiouileusssznanililunsiangsiudiumnnaives
F18N198NANLIHLAURUNIIIT T UAIUININAIVEY FaoiaToaaFTudILmIN
AuBLdLi NN ldlumsEsud AR fMemInenanusauAuiing
ALY 2.20 Wifiretu aganiafldlunsianestudiumanamussfieaionaisy
Judrumnanuesalewiniu 0.04 uildetu
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M19199 5 nslSeuiisussegnanldlunisiane siudiuvannauesdutnman

Fwau | vaildlunisenzg | nanildlumsienzg | wasng Usednsnw
a%s | Yudrumuananauey Fudaumuan Wiiidedy) | runaniiudy
A28N15ABNN ANIUBER LA (3ovaz)
WII9TUAY Lﬁnzg%’udqwmn
(Wiidadu) Anuee (unfidatu)
1 2.58 0.35 2.23 86.43
2 2.44 0.46 1.98 81.15
3 2.69 0.35 2.34 86.99
4 2.40 0.39 2.01 83.75
5 2.75 0.41 2.34 85.09
\de 2.57 0.39 2.18 84.82

it 5 Ifthiauenisiioufeusssznaililuniseissiudumnnaiives
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Ay 2.57 widetudsgeniiaiflilunisaizsiudiumnnaivssdeaionaiss
Judumnnemussiadewiniu 0.39 wifinedy

5. dgunauasn15eAuena
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framework for die and mold cost estimation using design features and tooling parameter
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Wudwmﬂ%mﬁumumswﬁmv‘iﬂﬁmmﬂiaamﬁunuiﬁﬁwaqiﬁﬂ’jﬁ%aaaz 25 (Ravi, B., &
Mukherjee, N.P., 2005) @anndasiunasuideiies nsoenwuunazadiuniosmenluma
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2013, p. 24) LavaenAdoIfUNaNUITEes MIoenuuULaradaifuidlaedield
Tunszuaunsnandudvesissdnwaangualavesuilinuguy nguaniinavii sunevaudn
Fomtaumvsysal uazdrsranufionelalunde fusinisiAnvondelugaduduinty
LavaranasiiAveduwinty 0 uansindasweadsazananiielinstiuetweios Fafnan
ANNT1NluNIsURUR (Wantang, T, et al,, 2015, p. 24)
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spuu GPS  fifeddnlunissrydumisnsdinnsldaunielueans  iilesanndids
Anvsdygrannisuvinlildaiunsaauusiwmisle muia‘i’aﬁﬁi’mqﬂwaaﬁ Wewmwun
seuuszyiumingluaensiaglddyaranasetrauaulsane wagldannuduvesdyaiu
(RSS)) undudeyadrAyarvgiunisiiisudssgiudeya (DCM) waziU3auifisuainiu
HANAIAY0IN1 358 UAUneINNsUSEIIaNATaY A wYUe 3 35 laun 1) F8eguiley
(Mode) 2) FAnadumnuiananidsassiosiian (Min MSE) uay 3) IArdudsauy
1MIFIUTesTign (Min S.0.) namidenuin nsdinieluiesuinniie 8 Wes 17 10 was
fiRndauonanaeRa L 3 f MaUsmananaisALad sruRanaaidsaeiosigadidade
AnuRanmatiesigawindy 2.33 was Indidsstuisrdudssuunasguiosiian duldiede
Wity 238 wns drunsdinieluennistudl 1 2 wae 3 Tnglduonwanesd ldnuegifu
wuhmsUsgsnanaisgulendanadoanuianwantesiigauiiiu 7.10 was IndlAseiy
WBrneduauiianaiaidsaestesigadldnadoniniu 745 was uazuans1afuiten
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wansbifuitluuinuifiinnutuvesdygyauenwanosiinnazdsaliiiauiawais
nMsszydumisiosas uagiinisussananamunisiianuuiuduiniiandeitaiade
mnuiawaamasasstiosiign wanzren niluuszgndldlussuussyiumisnigluenans
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Abstract

Limitation of GPS System for indoor using is the obstacle of satellite signal which
is unable to calculate for the position. The objectives of this research are development
of indoor positioning system using wireless lan network signal and received signal
strength indicator (RSSI) as the comparative information along with data comparing
module (DCM) and positioning error from data position processing in 3 methods, namely
1) Mode 2) Minimum Mean Square Error and 3) Minimum Standard Deviation. Research.
The Result for the room with 8 metres width and the length 10 metres. Together with
three access points installed using minimum mean square error has minimum average
error at 2.33 metres which is close to minimum average standard deviation at 2.38
metres. For indoor case on 1St, 2" and 3 floor using the existing access points. Mode for
position data processing found that minimum error average equals to 7.10 metres which
is close to minimum average mean square error at 7.45 metres and differ from minimum
standard deviation with in statistical significance at confident level of 95% (p<0.05).
This research indicates that in the area of access point the signal strength the positioning
error decrease. Moreover, the most accuracy in position processing is minimum mean
square error, it is suitable for applying to indoor positioning system using wireless LAN
network signal along with data comparing module (DCM).

Keywords : Indoor positioning, Wireless signal strength, Position data processing

1. umidn

3o (Global Positioning System : GPS) 1umaluladldaeildlunisseymumis
vuitulan (Global Positioning Systern, 2016) Jaguuilonld GPS Wuszuuthsesszuufnny
gLy TR viensiiueuil udu uazihanlduselevdmagsia Wy seuu
Uimsdeunudoyasumisaniuil AlndiAsstuiusdieglndyaeatu anlnsdniedeudi
(Jaroenrat, K. and Kaiprasitthaworn, J., 2012) usigUnsaifisesiuszuu GPS thu Sdasain
Tunsszydunisnsdinisldaunislueians esnndunaniedsiavinnislueinis
eARUINE Y IUAILTBY (Paramvir, B. and Venkata, N. P., 2000) tag GPS lon15ianan
Tunsdedoyaseninmafisufuingieauiwas Weldluorasudefufifdudings
Iuﬁuﬁéwuqiﬁwﬁﬂmammu IuinnsinvIedyun oy duasosdudyaiald
Wewas FevinlyldanunsoAasiiuala

Fromginiswauiszuuszydiundinislueiasieldgnidiuifiansan
FangfisuiAsaningudeya (DCM)  Huismsuileildszydumisangluenas senis
Amnuumislaglindnnisie Tuusagduniwesingfidedyaaluilnun agliaidu
wndnual Wedesnsdumiunisiifiesfuadugradivinsiasnendnuel waziinig
Wisuiisuaendnwal AfaldtuanendnualfiAvlilugudeya Wensuanendnval
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ﬁLwﬁauﬁuﬁmmmssuﬁwLmﬁwaﬁmqléf (Laitinen, H. et al,, 2001) kagnSIEAIAIUITY
vasdyaias (RS lumsldmmnuduvesdyaatiuainsadenldmansdnlilnense
laidedldaunsaiifiuniiy uaznisnszaevesdygnaivgduamsoiusiunuazddiavnals
Uszneuiutlagtuilimeluladnisdeansuuulians (WLAN)  fidsnusegnaldlunasssy
dumianigluenansly  (Kemppi, P., 2005) Wosanniduesiivuiadnatsnsannnile
avann Tndanush annsnasaeieteuarnisindeanmnsavinléie anunsatsee adldly
AuANUaRASY NIARATANITLAYNITAIVANNTYINGIU LU MIsvUrTmuanUIe ity
anelulsanegivia nsszyduntsgunsainmsunmdifioanusaiudnislden nssey
Auntsresdudsmunsduivassndudilodosiunisiianisulue anssvydiumia
Hasogfifimudusandniionasiansndanasifunsouasinelusiaassndudi s
(Satasaowapak, P.and Khunboa, C., 2009) a1nkWIAANISHAILISTUUSTYMUMan1ely
91A150INA1I19AU JIFBInsAnwIsEuuTTYIuvdingluesiaglidyyanIedie
e fedsnsldrmanuiduvesdyains (RSS) undudayadidalunsiiasizisiunis
mugfuIsifiuiAsanngudeya OCM) Taeldmsdoasuuulians  (WLAN) Fousie

o

lnuadudaaangeuaud 2.4 Ansdsnd

2. IUITaIAYaIN1sIY

2.1 WeWanszuussydumanelueaslaglddyaainioisuaulfany feis
\WguiAesgIutaya (DCM)

2.2 WileiSsuifisuAnuRanaiavessUssanadeyaiuisineIsang ey
Beaduanuianaiaidaesiosiian uarisidudsnvunasgiuiosiian

3. AAuiiun1339Y
3.1 YAULANTIVY
mu%&iﬁumsﬁwmizwizuG‘hLmﬂqmsfl,ummﬂﬂai%é’aumpmm%mhaLLau
1Fany  selBiiieuiAgagiudeya (DCM) WS UTBUAIAMURANGIATDINTTIEYAUNA
MnMsUszanaTeuiisudeyadumis 3 35 dud 1) Begruton (Mode) 2) FBaade
Auiianaiaidsaesiiosiian (Min Mean Square Error) wag 3) 3onaduidoauusnsgu
tloufign (Min S.D.) msnaasdlaglaunsvln ta3esmunenisindugs Junnuand Tiin 2
(N7100)
3.2 a0 uiiviinide
ymsvnaeTies EN504 uaziufl 1 2 uae 3 vesfin 5 du e1AsufTRnmamellad
LaZ3MINITY ALEALULAENANYNTIN UNINENFEITIVAanshAng
3.3 desdlefltlunside
1) gunsalansawisusenaunig weaanaes (Access Point) aunsvlnu (Smart
Phone) waglAoadimined (Server)
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2) woviduasUsznoUMe LovwAlndudmiufuteya wonmdindudmiugldau

Auleduazgutoya
3.4 A3n1IVadeU

1) MI0RNKUUNINTINVRITEUUSEYMUlan s lueasiaelddygyrniasetiy
13ane unaheusiuturesssauiuazsendnag fnmi 1 psvheuludasusnazdes
drsademanudndygruveswenmanssduraz i liifuaendnvalluunas daunils
Tnsauinlruazdumanududygannwenanendiiinuduinnit -80 dBm Fuly
defoyamineiavuszdrdivesauninliu Jo wagnuroiavdszdifveneniwansysd
(SSID, Mac Address) Aadadudayayiad (RSSI) fumia X Y uag Z uag Ju 1ia1vestoya
tufinaslugrudeyariuividsniies drunisviauvesuenndindudinivglday
sruvaglannsnliudnrmanududyyruveiuenganosdusiasd tazdidoyaluds
Juidsnnediiievinisiisuifisudvanondnvaliivlilugiudeys uazuszuiana
WIRUAUILA AN INADONN ALY

I

Access Point 1

.

Access Point 2

.

Internet

—

Web Browser

Access Point 3 Web Server Database

Access Point N

AA 1 A msinvesssuussyiuvtiingluanansiaslddyaianasetiswaulians

2) Brsusznanadus nudfelmdunishendnnnisuissgudoya
Tnedladudsineslsurmneauuszsifa (MacAPewman) azATUdudaaIa) (RSSlwemn)
VDILDALYANDEAUARLAIBE U 3 FIUAT SrUUALAUMUBYAAIUNE 18 (RSSIpen)
WaZAMIALA (XY, Zogn) mﬂgwuﬁagamaQLLaﬂL%awaaﬁﬁﬁﬂ'mmaLasuﬂszai"lﬁamqﬁ'u (MacAPpgn)
Fanil 2 wantulAeliinmeveasaUSsuiisumsUszasums 3 38 16w 1) g
flon (Mode) 2) 38Aedsmnuiianainiidsaestiosdian (Min Mean Square Error)
uaz 3) Bendudoauunasgnidesiian (Min S.D)
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2.1) Fgutisn (Mode) Ussananasuvislagluisasnungiaulanisanass
Fnsefuldirgwmia 00V, Zogn) ﬁﬁmmmLiuﬁ@@wmiugwu%a;ga (RSSlpn) LVAUA
AE Y UTLFTU (RSSlecenen) FIN1NG 3 WAngIutey auannisi 1 (Medhi, J.,
1992)

dl
Mode =L, + c (1)
d +d,
lne L,  fe Aveuaavestuniigiuiueg

di, d; Ae HaravesAURveITUNguTsNegiuAUveITUN

RNy %\‘1L?Juszm%uuuﬁshﬂ’hLLazqqmmmﬁﬁU
C AlD YUINVDIVITU

BSUAY

Aul@snnessuaanaunsinluu
MaCAP(r‘:‘oceive)1 ’ RSSl(rece‘\ve)l
MaCAP(receive)2 ’ RSSl(rece‘\ve)z

MaCAP(recere)n ’ RSSI(receive)n

AU IUTaLATIIINELaYLOALYENDEANTITY
MacAP<receive)1 = MaCAP(DB)l
MaCAP(receive)Z = MaCAP(DB)Z

MacAPeceive)n = MacAPpgn

v

IaAaududy g uuaz i unUsrasuRag MacAPpgn
RSS'(DB)lr X:er(DB)]'
RSSlpg2, X,Y,Zpg)2

RSSl(DB)n, X,Y,Z(DB)m

o

AN 2 YURDUNITUIAIAIIUTNFY Y IULAZ AL UDILFAA NUELATLDALTAN DA
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o

AuvnAumsnanudindynaminiuluguieys
MacAPpgn = MacAP eceive)n
RSSI(receive)n = RSS'(DB)ﬂl => X,Y,Z(DB)lm
RSSI<receive)n = RSS'(DB)HZ => X,Y,Z(DB)Zm

RSSl(receive)n = RSS'(DB)nm => ><’er(DB)nrn

v

meguileu XY,z
X = MODE(X11,X12,..Xnm)
Y = MODE(Y11,Y12,..Ynm)
Z = MODE(Z11,712,..Znm)

UANTYINNU

AN 3 TuppunsUsTINaNasun 835 ulen (Mode)

2.2) BeadsanuRanaiaidsaesiosiign (Min Mean Square Error)
Ussananasuvidagluusasmnsausenmanssdfinssiu Wiaanududugiailasu
(RSSliecenen) M1@UAUAAUITNE Y10l UTUTBYA (RSSlpgN) fiemARanainveusay
ANRIUTUL (XY, Zopn) VOILAAZANNELaTLDAENEEE w1 Nty THAwInmAeae
AURANAIAr&Ees (MSE) muaun1sit 2 (Harville, D. A. and Jeske, D. R., 1992) Tuusiaz
AL GT’]Lmﬂﬂm‘jﬁﬁaaﬁqmﬁaﬁmau Fan i 4

MSE = [= D | Yy @)
N i=0
Taen N A9 IIUIUAIDYN

= A Y oa

i A9 ALY

/\ 1
= 1 = v

Y Ao Anuszale
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¥

PIARANANAUDILARZ AR LNUINUNELATLD ALTAND TN AT

MacAPpgn = MacAPeceive)n
XY, Zpgl => RSSlreceive - RSSlpgn1 = Errornl
XY, Zpgy2 => RSSljeceive - RSSlpgn2 = Errorn2

XY, Zipgym => RSSleceive)n - RSSlpgnm= Errornm
WIANRALANNRANAIANNRIARY (Mean Square Error : MSE) lulsiazaums
MSE of X,Y,Zpp)1 = (Error11)’+ (Emor21)’+ ... + (Errorn1)” )/n
MSE of X,Y,Zpg?2 = ((Error12)*+ (Error22)’+ ... + (Erorn2)” V/n

MSE of X,Y,Zpgm = ((Errorln)’+ (Error2n)’+ ... + (Errornm)’ /n

v

wARAEANNAANAARNAsEes (Mean Square Error : MSE) fitfoedign
Min (MSE of X,Y,Zog1 , MSE of X,Y,Zpg2, .., MSE of X.Y,Zpmm)

UNITVNY

a ) ° I Y aa el' a o w Yy A .
AN 4 SUUWEJUﬂ']TUig@J’JaNaGnLWT‘LN@'JEJ'JS@']Laaﬁlﬂ']"llll;\l@]W@q@ﬂqﬁﬂﬁaﬂuaﬂmﬁ‘jﬂ (Min Mean

Square Error)

2.3) Fendrudoavunasmulioniign (Min SD) Usvananasiumidagluusia
wmhaaIweraneATinssty Iiianududuaafilisu (RSSlwwmen) H1aufuan anudy
doyeyradlugrutoya (RSSlpgn) HOVARANAIAVBIAAZAIT ALY (XY, Zppn) TBduAa
muBLavkeALEanoesd ndsaintu Waummardiudonvuinasguludasduns
ANELNIST 3 (Medhi, J., 1992) G‘hLmﬂﬂﬂﬁmmmﬁmLuummgm ﬁaaﬁqm ABANNBY
Fanmii 5

SD. = (3)
lagi SD.  fe  dudsuuunnsgu
X; Ao dawa (i=1,23..N)
X Ae  dRluavadin
N Ao Fuudeyaiavin
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¥

PIANRANAATBILFARL AR AN N LA LD ALTANDEI AN AT

MacAPpgin = MacAPeceive
XY, Zpgyl => RSSljeceiven - RSSIpgnl = Errorn1
XY, Zpgy2 => RSSleceive - RSSlpgn2 = Errorn2

XY, ZpgymM => RSSleceive)n - RSSlpgnm= Errornm
wiAdadeuuNnmsgu (S.0.) Tuusaziumislugiudenys
S.D. of X,Y,Zpgyl = STDEVA(Errorl1, Error21,..., Errorn1)
S.D. of X,Y,Zpg2 = STDEVA(Errorl2, Error22,..., Errorn2)

S.D. of X,Y,Zpgm = STDEVA(Errorln, Error2n,..., Errornm)
wAgdeuunInsg (S.0.) Nileaign
Min (S.D. of X,Y,ZggL), (S.D. of X.Y,Zpe2), ..., (S.D. of X,Y,Z(ozm)

UANTYINTU

a g ° I Y ad ~ v PN .
AN 5 %UWGUﬂqiﬂigﬂﬁaNamqLLWUQ@'JEJ’JSﬂ']ﬂ’JULUEJQLUU&I"IG]?EWUU@UV]E:‘@ (Min S.D.)

mMsmUsEdnBanszuusryiwmisanslueians nsdlnnglusies EN502 ileovinaey
MAIAUEANAIANITTEYAMMUINTAN1eTUTDY EN502 ¥0938N15UTEUIANAR LIS
a3 33 Tnsdmundumiamageuynazey 2 was nelufosdedowianie 8 wuns
677 10 (AT T2k 30 fumis viinshndauenLeanosdBiie TP-Link Ju TL-WATOIND
$1uau 3 1e3es Pidumls 1 6 wog 27 geninfiu 1 s vhastuiindeyaady
Funnameswenanesiuiaziilidurendnualluwsasiunis mndumntsd 1 1Uauds
fumisdl 30 Tngansamn vyl Tuuuviugs 1 wes udlduonmdwduivteyaasgudeya
Tunn 9 fumils #daenduriinismaassnisssyiunislaglduonnadudmivgldau
Tuusiay 38 Rousisuvdel 1 Seiundsd 30 wartuinuansmnaes danmil 6
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V|

PEOEEOT
olololole

Access Point 1

Access Point 2

AccessPoint 3

v

OO |
GOOEOOO |
0l0/0I00
HEEHOOL
@00

AT 6 FILAUINAFDULALALALIRAGILDATEANDYR

AumianssylasnAmwnmaRanaalagldaunmseafifen dsaunisn @)

2 2
Error = \/ (X —Xref)” = (Y = Yref) (4)
Toe X uaz Y Ao Ardunaissyls da Xref ua Yref fio Aviumisnss

N13nUsEaNSamsEUUSEUUImIelueAg n3itud 1 2 uaz 3 vesdin 5 du
@’lﬂﬁﬂﬁU@miL%ﬂIuIaULLauUﬂ’Jﬂiill ﬂmumﬂiu“[aaamammsu wnwmaaiwmgam@m
Lwa‘mmaaummmmwﬂwmﬂmsiyummeﬂsm%uw 1 2 uaz 3 V09An 5 TU V9IISNI3
Uszinanasiumiia 3 35 3 InuivuamuianaaauynIzes 2 Wns aelumsiangitui
Fannsaudnasléte 3 9u S1uau 260 s FnauUsEnITeg1eIaTes Yamane
(1967) Fasedlunmdl 7Iﬁé’zgmgmuaﬂmawaaﬁﬁ%’mm’%ﬁqam&gqasuiu%nm%u 197U 4 62
Wty 2 $1uu 3§ uasuSiadu 3 S1uau 1 @ susioua 8 69 yinmstuiindeyann
aududynuvesenanesdurasilfidurnendnuailunsasiunis anduned 1
Taufaiumisi 260 Telduenmainduiudeyaasgrudeyalunn o fumis

ndRnduinsiuaaiiegrsiniimageu Tngldanudedui Sevay 95
muaunan 5 19I5 MIduILUUIEas S 158 fegisiuviimeaey imsvaaeInssEy
sumislaglduonndindudmiudlFnuluuiasds duddumied 1 Sehumed 158 uagiiuiin
HANSNAADY
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N
n=—1_ (5)
1+Ne
lae? n Ao FUIUUTEYINTAIDES
ﬁ@ ﬁ?ﬂ’lﬂﬂﬁ%%?ﬂiﬁ\i%uﬂ
e Ao Anuraanaaufivausuls Qumsveessdifmualmdu 0.05)
?}’u 1 Woaun
' Q @ 39 52 - @
® Ol & ® @ ©|6®
EN101 N'lU r-HIJ T N‘HJ aa%_ dnlnensalianindne
@ 0| © @ T O ® | ®
) @ O, ® ® ® @
|~ ® © | ® @] ® ® @ & i
@ 00 0 ® © O 6 © © © 0  ®
) & &

a Y ! N o ! a va IS a
ATNNWN 7 AIBYFDIUNLATALNUINARDY Iuaqﬂ’lﬁﬂaU@ﬂqiLWﬂIUIaﬁlLL@%’]W}ﬂiﬁJ

4. NaN15Y

4.1 IINNINARBINTIYMUNUIVDILALITNTUTEUIaNAAIWILS waziUTeuiiey
AnadommLRananTYesnssEydumisngluies EN504 vesermsUfiRnismelulad
uarimnssudadurieadouilauagiidsiamisies famseil 1 wag 2 nudn A uRanain
$I98NNTTE YRV 8IBA1LdsANAnNa A daasatiosiign dA1edsdesnin
Berdudsavuinnsgiudesiian uazgiuion Taednadodu 2.33 238 uay 413
MUAIFU 1NNIAdeuAINLUTUTIU TneldadAnaaeuves LSD wud1 ASTEUMAILMUS
eTsmuilon (Aade = 4.13 @) TAnedsmuianaInT AN InIsALeAsALRANAR
fdsaeaiooiign (FAede = 233 (b)) wasismdulssuunasgudesiign (Auade = 2.38 (b)
agnadifedfynadfiseiuanudeiufosas 95

M990 1 NAMITAATIEINNATATDIAIANILRANGIATINYBINITTEUMAUNUIVD AR ITNNT
Uszranamuusnsalnigluvios EN504

UasYeIAUNYTUTIY d.f. SS MS F-Value
JEUINNGY 2 63.278 31.639 12.355*
elungy 87 222.795 2.561

33U 89 286.073
VWA : * uanFnsnsedAfisiuAdesiufesay 95
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A151991 2 HaN1SLUTEUBUANRREAIAIIURANAIAYBINITTLUATLNUIVDIUAAEITNIS
Uszananasmuniansalnieluvios EN504

e . AANURANAIATIN (LUAT)
W/NTTEYAUMLUS — - —
vosign | wngn | ARy | S.D
WeAgulley 1.00 7.81 4.13a 1.56
WeaduAuRanaIniGsdesosfian | 0.00 5.83 2.33b 1.72
Fwendulsauuiinsguiosiian 0.00 5.39 2.38b 1.52

g : Anadslunsduiuins aumedidnysimileudu lduand1eiunieania Inely
LSD AisgsiuAnuedusesay 95

4.2 Han15ANYUTI U UAIAIUAANAIATINYDINITTE UMM UILARLITAS
Usganasiunis lueasufoiniamalulauagieanssy 4ufl 1 2 uag 3 famansdl 3
LAy 4 NUd A1ANAANAIATINYEINTTTEYRUMse B g uluy fdadetesni
Fraduanuianaiaidaesiosiign uayisadudssvunnsgiutesiian Tnerade
Ju 7.10 7.45 uag 9.33 auddu nnsnaaeuauwlsusiu legldatfnaaeuves LSD
wuin msszysmisneISAdulssnanmssmaiesiige (Aiede = 933 () Slrndersdianan
suuanc1enIss il (Aede = 7.10 (b)) uazISAnademnulanaaidaesiosiign
(Aedy = 7.45 (b)) sgdieddyneadanisesuamdesiudesas 95 (p<0.05)

TN 3 WM TIPSV ATBIANA Y IR ANAAT UM TR YA M etus a3 MUseanana
FRUINTATUN 1 2 uag 3 vadin 5 Tu a1Asuuinsmalulaguasiminssy

UnaeRIANULUTUTIY d.f. SS MS F-Value
FENINNGY 2 451.391 225.696 8.701*
nelungy 471 12,216.932 |  25.938

52 473 12,668.323

Y

nuEWme ¢ uanansiuvegelivedfynsatianseRuaueiuSesay 95 (p<0.05)

(% '
a v A

M15197 4 ANAIURANAIATBINITTTYAMNUIVDILABLITNTUTZUIANAAIWAUINTETUN 1
2 way 3 vadAn 5 U 01msUfuRNsmalulaguagiminssy

ol . . ARUAANAN (LUAT)
AensUTEAANARLLY — = T
Wosiign | wndign | Anafe | S.D
WA ulley 0.00 10.00 7.10b | 3.8618
WAnaduAUEANAfGdeTBeIan 0.00 1500 | 7.45b | 5.7414
FWendulsauuinsguiosiian 0.00 1400 | 9.33a | 54715

naee : Anadslunsaluwfs sumefidnesmiioudu lduansesiunieada lagld
LSD #iszfuauitiniiusesas 95 (p<0.05)
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5. dyunauazn1saausena
5.1 nssvydsvrdansainigluvios EN504 Wunnisseumunianianinuianain

= ISP

dtesfianfonsUssinanameiiaadsanuiiawanidsaestiosiign dadanainiade
winffu 233 s esninuideues Kotanen A. et al. (2003) Fafldeufianann 2.6 e
sesaanliun FBadnudonvuinnssdesiign waggruien fedananadowinty 2.38
ua 4.13 w3 auddu waglunsdlnigluenans dufl 1 2 wae 3 vesdin 5 1w erAISURTRMS
welulaBuaziennssy nuinmsuszananafeisgiuden damiuiananedotdesiian
firifu 7.10 wing sesasnliun Aeadumnuiianainindsaesionidn Layisendau
Desvunnsgutesiian fefanainindowiidu 7.45 uay 9.32 was amady

5.2 9nnamsnaaeInsszysumtsnsalneluiesiiianuiianaiaedsiiesnin
nsdinelueinns wandidiuinudnadidanududygiaesenganossuin danalie
aruAananatiosas Instuegifudadorns 4 1wy gamgll mufuresernia maasuulas
funtiesdaveadeny denadasiunanisdneaianuduvesdyanaluiilas wazansly
91A13 Igldunsgu IEEE 802.15.4 @9 Satasaowapak, P. and Khunboa, C., 2009 wu31
miLﬁ‘Uﬁﬁagaﬂ'ﬁmmLsi”lmaqé’@cywmiuﬁim %le’fgﬂqummvﬁmmé’nu@ﬂmﬁ%meﬁ
1#i1en71 fesnnlifidssuniudeaianuiduvesdayayin drunsiiudeyanielueinis
Auduvedyg e insgdilienn waziinanuulsusauann Sadndudesiuguuuuniy
duvesdyanaluusasiuiivieludewsing q Ineflauduiusiuszoznis NINABINITTEY
sumdslifianuudugunntumsinduenganeefifiufulneinsnszaefegnadnaue
LavaenndeIiuILAdeYes Xu et al. (2011) IdAnwiAudsusuvesrgumgifiiinasie
ArAududyanadfildsu wudn Lﬁaqmmqﬁmméam@é’auﬁf-ﬁ%ﬁmﬁu 10 93ALTaLT U
Aeandudyanuisulfasiinisasmeulsyana -5 dBm msfaunszUusEYfumsnnsly
9113 UBN1NA1TIBN1TINAIMIUTUVDIF Y QYIULA" maﬁmﬁwﬁwqmmgﬁLLazmm%u
duimdvesauindensande ieanugndesusiug lunsseymums wuFeafuauide
V99 Maneerat, K, 2012 v‘iwmiﬁwmﬁwmzqﬁﬂmebﬁmamUiuawmit,l,uwma%u
Tngldnsssyiunisemaiaszosingadifou Aldagugiuazaanududuing
ﬁuaaéqLL’;mé’auﬁwﬁ’ummmL%’méfﬁgzgwmﬁ%’ulé’%ﬁammuzmmgﬂéfaqﬁﬁﬂ'j’wﬂﬁﬂ
svopvisgaBiiouiildranududyguildsuioediaion yenaninisszyiumis
fifnsdnsgdaaundliiin 16un vunn (Amplitude) Wia (phase) wagnsagvieuredndy
(Wave Reflection) agvilvmdanaintesadlaonmnie

6. NARNssUUITZNA
AIdevevauAnANnAlulalanaIMnTTe AN1INYIREI1YANansANg NiBelile
9

anuiuazgunsallunisaiiunuidenaasdduasail uazveveunmuneinigedng auiudy

(%
[

wazAny dnAnwindngasiminssuneuiianes NYiewmaelunisinideasellaulseay
ANINANST
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Abstract

The objective of this research was to study and determine the most effective
installation layout position of flood warning devices which form part of the development
of the Flash Flood Warning System located in at-risk areas. In this study, the area was
Huai Nam Nak village, Ta Nao Si sub-district, Suang Phueng district, in Ratchaburi
province. This has been classed as a risky area as it has been affected by flash flooding
in the past. By applying an action research methodology, data collection and analysis
was conducted in real life contexts. The results of research were as follows: the flash

flood warning system consists of a device that measure the rain levels which are
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automatically linked to the master station and the remote station which are installed
locally in each community. These are known as a “Household Warning Box” in the Huai
Nam Nak village community. The Household Warning Box will show a disaster warning
licht level bar and sound an alarm in the event of an evacuation for the community
who live downstream at a 95% level of effectiveness. As a result, community members
can co-exist safely even in those areas where natural disasters occur.

Keywords : Flash Flood Warning System, Risky Community Area Installation Formation
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A study on the efficiency of dust removal using a wet air

scrubber treatment system on a local community rice mill
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UNANED

AeildAnvivszAvBammsmiaguazessegunsaidnduluvinaniuiues
wuuidenfimnzaudmivlseddnyurutiuniawe sy suneles Fmiadiuns
dietasanilamiuareesiifenszaneluemadaduiymuaivnsornmaluaafiufigusy
lagyinnsfinyA1AUrUIMINYEIUALRRIIINNTAYIVRILSIEUIYUTIY HANSANYIAIAITY
VMUY LRI INMTAT IVl ATV UNUINAI AUV LU LR AT DIV AUTE UY
A48 1.12 me/m’ AUAIIRTEIY e?fqmmmﬁmsﬂuazaaq o YaUaeenmualilifiv 0.10
mg/m’ mmmaﬂwm gurweInIAds Snanisinavesifivangausedasinisiva
VBIDINFA iammmmsaammumﬂmmmmm Ceramic berl saddle mmaua‘mlmmm
N580NKUY amuLU@SLLUUL‘thmmsJiﬂﬁLmﬁummg"d Scrubber design @AFuLUBTHUUTEN
fleanuuuiiuiinidinvoswndariiiu 0.25 m” uazauen 1.5 m  Manansgadusia
Ceramic berl saddle ¥hannfAutumndigamgdl 900 ssrwaidea fuszansamlunisgads
ihuazduiiian aunsoanyiualuazessiiinainssuiums adnvedlsadtyguulds
Sovaw 91 Tswsuusaduresianss 030 bar
AdnAny : LsedTIgavY, aasuluesiuulen, Huagess, Mnannady

Abstract
This research study investigated the efficiency of a wet scrubber dust catcher
that was able to be implemented in a community rice mill at Gardmek Village,
Chompoo sub-district, Mueang district, Lampang province, to reduce airborne dust
pollutants which were causing problems in the community, by studying the bulk density
of dust from the community rice mill. The result of rice dust density while running the
system was approximately 1.12 mg/m3. The standard value of dust density at the

release point was specified as being no more than 0.10 mg/m3. In addition, other
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parameters were investicated to evaluate the theoretical efficiency of the collecting
system. These were the velocity in the air duct, the flow rate of water appropriate to the
flow rate of air, and the design of the light clay ceramic berl saddle with its dust catching
efficiency located inside the wet air scrubber. The scrubber design program was
employed to create the data that was used in the scrubber design. The result of the
designing and building of the wet air scrubber dust catcher suitable for community rice
mills found the cross-section area of the barrel to be 0.25 m” and 1.5m i length. The
ceramic berl saddle found that was produced at 900 degrees Celsius had the best water
and dust absorbance. When the designed air scrubber was installed and tested at the
community rice mill, it was found that the amount of flying dust in the mill was reduced
by 91% with water at 3 bar of pressure.

Keywords : Community Rice Mill, wet scrubber, dust, ceramic berl saddle
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a ¢ y) s a
19199 1 Naﬂ'ﬁ@@ﬂLL'U‘UQ‘Uﬂimaﬂi‘UL‘U@iLLUULﬂﬂﬂ

neusilun1sesniiuu Wet Scrubber System Wet Scrubber System

1. iufinthdnvesnUdewiassuisennia (m) 0.03

2. ANUENTBINIEATuUasLUUUEn (m) 1.50

3. fufimthdassaasueiuuuden (m?) 0.25

4. YwnvemeAth (pm) 250

5. ArasiauinUassviesyuneenie (m/s) 15.00

6. Usumsomadilvasanainldesszuie 0.47
Auazoadlsaddn (m’/s)

7. $as1drussnineUsunseiniareni1uLsaud 13.32
Wisgulugasuueduuuden (m’/s)

A5 1 uansransEINiuivifnvesiadanduesuuudeniiiyiniu
0.25 m” wazdlanuenvesidiaasuiuesviaiy 1.5 m unuuasdlraniusnsnig
Tnagesemamelusisiansuivesuuudonwiiu 1332 m7/s Wushsinisinaveseinie
fiinuiananstugaduviin Ceramic  berl  saddle wdaliAntlamnissuanauriiliiia
ANULEYNE

4.2 nanseanuuudanansludugaduelin Ceramic berl saddle
1) 5’mﬂizﬁw‘§mq€hummmaqﬁaﬂmq@@%u
MnuansAnesUnsesinadlutugasiifnadensdnduduluniuives

wuuidendmiulssddnyuvulaeiniomaaouglusdansu Print & Partners  Ltd.,, TE43
Modular Air Flow Laboratory fas15197 2

M19197 2 KAN1INAARIINA1 IUTUARTIARTULUBSKUULTEN

o . - Wuifdula | usedueimea | anudian | duUszAnsuse
YUARNINAIANYN 2 # v
v (m/m’) (N) (m/s) ATUBINA
Ceramic berl saddle 110 0.0012 4.50 0.0005
Ceramic Raschig 180 0.0035 4.50 0.0018

19797 2 Mnangaduyiin Ceramic berl saddle fanuvsnzandiaziiunld
NUNINNIFINANAYATIUYLA Ceramic raschig rings Lﬁaqmﬂﬁ'fmaflq@ﬂeﬁmﬁm Ceramic berl
saddle  fAnduUsEAMBLIIFILBINAYATY 0.0005 Fetipanindananigadueiia Ceramic
Raschig flFivinfu 0.0018 wanslisiuindanatsgaduniin Ceramic berl saddle Hgunseig
aulldFndrianansgadusiin Ceramic raschig rings Metfuaidonsanansgafiusiin Ceramic
berl saddle wlddmsusiniuduazeasluemidod

a

2) fMnanagaTuila Ceramic berl saddle figaumniisng 9

Y
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M1319% 3 KAN13YATLNYRIFINA Ceramic berl saddle

qmvia;]ﬁ 478 Ceramic berl | 47a Ceramic berl f’i’lmﬁ@ﬂ%uﬁﬂ
o) saddle fiau (g) | saddle WAL (g) (Yovay)
900 33.98 25.31 34.24
950 33.86 25.25 34.10
1,000 33.02 24.99 32.15
1,050 32.75 25.04 30.79
1,100 32.74 25.29 29.46

915797 3 LLammami@Jm%mﬁﬂu%uQm%mLwiazqmmﬁwud’] AINAIRA
Fuiln Ceramic berl saddle nanflgaumgil 900 asrueaidoa famapndutigeiianvind
Jowar 34.24 599R%PR Yaun il 950 1000 1050 Uag 1100 sarwalgea dA13eeas 34.10
3215 30.79 wag¥ouay 29.46 nudidu Ansgaduifuiietfsaatuaiuisa
TumsinduruazessmnAinisgadutsnniumneauidnalsgafuyda Ceramic berl
saddle fianuaunsalunisanduduazessnaulmesalunmemssiudiumndinisgn
Futhdesazdianuamsalunsinduduazessiiosasmilufie ddusnarsgadusia
Ceramic berl saddle gnuanfigamadl 900 esmiwaiea dmiuidusinasinduduazess
ansuLUasRUUUENLIaET YT
4.3 Usgangnmn1sandueuazaasaniuuasuuuden
mamaauﬂazﬁw%mwmsﬁn%’uQuasaaﬂﬁﬂ%’uLU@%LLUUL"TJ&W%’Q@@&”’&GL%’U
LssdUngusutIunInme Feludnild@nuseauusasunisinavesin 5 sedu §ed 0.10,
0.15, 0.20 0.25 uag 030 bar TilNasioUszAMBAmAINzaLlunsFnduluazensanlsd
FrruruanusauanstansAnmRsed 4

ﬂl a a U L U o 6 a
M990 4 LLﬁ@x‘iﬂi%ﬁVlﬁﬂ’]WsLUﬂ’]iﬂﬂf\]‘Uﬂ;]‘Lla3EJENGUEN€"|¢1TUL‘UEJiLL‘U‘UL‘LJEJﬂ

sphuuseduth | Vhnmiuezeeadn | Uwauazess | UssAudamlumadndu
(Bar) (mg/m3) 28N (mg/m3) Fuazaas (3ouaz)
0.00 0.59 0.45 24
0.10 0.62 0.18 70
0.15 0.60 0.15 75
0.20 0.58 0.11 81
0.25 0.53 0.08 85
0.30 0.56 0.05 91

1NANT1N 4 LAAIHANITANYITEAULTIAUIN TN AR UsEANSA N SANTUR Y
o s = ! (Y g Aa a a v % 1 A A
wansulveshuullennuiiussnuiiniuseansainnisandugugeianme 0.30 bar

—2

fUsvaniamlunisaududuazessiesas 91 o%aunAe 0.25, 0.20, 0.15 way 0.10 bar
fUszdnsnmuinduiesay 85 81 75 wavSesay 70 ANa1U MatiuseANSAIMNIANIULY
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azooslluu Ui NN UL UYel wisgalsianuladafaauduudes
a S g = | iao v oya o 3= o o
vaaUsualduarUsinauazesagNinlaia1vindy 0.05 mg/m’ FWNTIAININTIIY
= 3 2 v v T A < v o 3 A =
10.10 mg/m” FuFenseiunsefuredt1 0.30 bar (UuseRuwsItuMmzaLiie e
dmsuansuiveshuuenilonniuluar 0aaadlsadt YU
4.4 wan1303219InUTIEuazaaIn g TulazuSInTaULsETIYUY
NHANIATIVTAUTINUAIIL I Az eadlaeldATlliensI T LaTD RS
wiin High Volume Air Sampler lngviinrasuiiinnisnsiainfe PM,, Wneidseunguiuen
UINTFIUAUNINUTTEINATILY Fia PM,, Aladeauvukuulunal 24 F3lus Wi 0.10
3 = v a | o =i
mg/m” FIHAN1INTIVIAUTUUAUALRDIANIAINITIN 5

lﬂl o 2 U a v
M1519% 5 nan13nTdiausunauazeasiliniyangainlsed@ing

NAN1IATIINAUNINBINIALALLUTHULTBUAUAINIATTIUANNINDINA

dsuany G AARIAMUULLTTNTS ANNIATFIU 24
\A309N3 52930 (mg/m°) #2149 (mg/m’)
roufnna NAIAAG
PM10 (witloay) AT 0.18 0.03
PM10 (liau) \AusTUY 0.57 0.07
ANUVILILULE WY RRaTlansEanY 0.39 0.04 0.10
YU AUTTUULSIEUN
PM10 (inilaaw) neA 0.02 0.01
PM10 (lia) g 0.04 0.02
ANUVUILLLR WAL RRITNTEANY 0.02 0.01 0.10
YUENYALAUTEUULTET?
PM10 (lulseddna) | AussUy 1.12 0.07 0.10
PM10 (lulsadt) nen 0.71 0.03 0.10

VUYNA : msmaai’ma@ﬂu Stability stage

1NM5199 5 kananan130 5393k uareaaanszaemnlssdinoukas s
Andia ansuluaskuulen nudtAmunukiuduaeaslinszaen1elulsedinivaeiay
a v a1 | v 3 a a1 | v 3 2 &
5EUULSETINANINAY 1.12 mg/m” LagUEngaussUUdAYINNY 0.71 mg/m” Fadu
a A a | oy ° [ I a 3
YSuaiitiuainnsgiuduagessaintssddnnimuald (Aunnsgiuladiiy 0.10 mg/m’)
wanNdanuvuIkuuluaresilinTzaeUMTaUlsETIvMEIRUTEUUTAWINAY 0.39
3 a a1 oA v v 3 = [ a a a ! |
me/m” WATYTVYAAUTEUULAEIWINAY 0.02 mg/m” FaduuSunauiiiuaIInsg Uy
a¥eRNlSdT RN uillavinsinnsinfansuuasuuuleniteanwuulnnulsed
rnuin Arenuvuktuduageaslinsyenslulsdinivasiussuulseddndaniniu
3 a ' " 3 = a { o PN
0.07 mg/m’ UagUnieneARUsTULTAWIIAY 0.03 mg/m” FalulsunaianiiAuinsgu
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HuazeoRIntssddnanivuall wenanndanumuiiiul uaresslinszaeusnauseulsedinn
a S 1 v 3 a a1 a0 v 3 =

VULAUTFUULANYINTU 0.04 mg/m’ wazvagveadiuseuudAivingy 0.01 mg/m” Fuduy

USunauidnAunnsgueuayessainlseding

5. @yunauazn1sanusiena
[ 4 = d' Y 3 dil’ d' Y oA 1 (v
nsenkuvaasulUaswuuanladuwuvalUsdlranuunsnununifn danvianu
2 1 % U U U v
0.25 m” kagAUIIWINAYU 1.5 m BRSNS uavesanndnglusitsansuluaskuulen
Y 3 1Y) A S o a :
WU 13.32 m /s 1Husnsinisivavesenniaittutusinalssia Ceramic berl saddle
Ipegnaninzanlidimalifnlymninisouauuazdinanssvudoin3asdnsuadlsddniguuy
A ° ¢ o s al A a A Ygvw Y ¥ A o v
diethgunsalansuiuasuuulenindnluinaslviulseddngusuiiunaug iednduru
a¥0NINIINNTEUIUNTATIVRILTET 1IN gunsalansuluasuuLleniiussananin
nsanduruagessiosay 91 Nseaulseiuil 0.30 bar aHUsEANSAINNIANIUHUALRDY
a c.! ol A X v a ) ) 4 Vo I ya o Yo o0 oo
fanudululaiaginaudmniiiusgauusaiuveni wisgrelsinudidelaaiilataaiy
dudeswasliunanlduazUsunaluazoaaninlalininindiA1unsgiuidnaenssau
W39 uYe9? 0.30 bar  lussiui iz audmivansuivesuuuilonitadiniury
areodvadlsadtguvuwill Amluasulainaasuiveswuuleniansalddnduiuazens
anszateMinannszuIusatIvedlssdinyusuiiunawelaaseg1adiuse@nsan
Haglvinanislseddnegsuivyuvuldegedstiy

6. NARNIIUUIZNA

Y

MAelveveunsEAn ININeIReTA YU ard NN UANENTTUNMTITEUY R

Y

(3%.) TAsen1syuganyunTIde Usednteuussana 2558 dyaiauil 9.03/2558 atduayu
nesusuUszanasiieldlun1sfingide veveunuaudmelulaglulasdiannseiind (TMEC)
Alinsativayuguniniuazinsaloluningiain wazvevauAnlsIdTIYusUTILNInL

o o =) U o o ‘NI dy ‘&J ‘ﬂl o0 A v 0’./’ ‘&J
AUATUY BILNDENBDY Jriaanung Neeean unlunsyiniteasedl
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Feasibility the Preparation of Pyrometric Cone

from Raw Materials in Lampang
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UNANED

nuiteiifngusrasdiionisinwianudululflunsnieslnlsuninlay
nningavludmind1un eldlumsanadeuauaumnaunarosgamninieluniim
w31iin AngideiunisnaedlagiiaseisiegidlnlsiuninlaunnnTgiu inIanNensen
ilevesdusznounaall (XRF) wagesdusznauniaus (XRD) thnadiaseuildluduinm
Somdrunauiinzan andutusulnlaunialeunuitunsgiundesasignamngsy
(en. 558) thlunnasusignmgil 1230 esmigaia TuusseineaLuusendiadu wui
nslifusnvedlaugnsil 10 Smsrdudanndesas 50 fiuyuiosas 10 wasaus5esay 40
Tinadnslndifedaunnsgu wendosouisusaiulnlswesnlaumnasg lauvintu
aunsnanfuuasisiesas 10

AdnAny : Inlsiun3nlay, 1RSEIUNERSMTIRaIMNTIY, WIM1YIIEN

Abstract

This research aim was to study the feasibility of the preparation of a pyrometric
cone made from raw materials in Lampang province which was used to validate the
temperature in a ceramic kiln. The research team started the experiment by analyzing
chemical and mineral composition (XRF and XRD) of a commercial-grade pyrometric
cone. Then, following a pyrometric formulation in accordance with the Thailand
Industrial Standard (TISI) 558, the kiln was fired at 1230° Celsius in an oxidation
atmosphere. It was found that the cone consisted of silica (50%), limestone (10%), and
feldspar (40%). It gave an accurate result and the price is cheaper than the standard
cones by 10%.

Keywords : Pyrometric Cone, Thailand Industrial Standard, and Ceramic Kiln
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1. umin

MnulgursiruATygAaLazdInuLiaYA atuil 12 U 2560-2564 gnseaniil 8
n1simu1IneImans walulad 39y wazuinnssy sren1simunguszneunisividu
Ausznaun smanalulad (Technology Entrepreneur) lasinsiaiudaiawelunisadiaian
lilunsnsredeumiuanmaaunavesgungiluminiein Ineldingavlurosiu
dieanduyuiayyvnsidringAuannsnsuseme (Research and Development Institute,
2016)

31nM3vIIdeneliaudszauna ddnaunemuatiuayunisivg @ni.) Angide
wuanlssnugsfindrulvgludimnindrvrsionldinesluddila (Thermocouple)
Tumsnsraaougamginielumien Jgmiiiny fe Tssnurhnsiadanelududailldin
gauniliifissgaifior o vnuAnarmdsam felsmunuiianunvesgangilumis
(Lawanwadeekul, S., 2016) ﬁgqé’alﬁ,immmuaﬂmmmmaaﬂﬁﬁwmmammm (Heat-Work)
ffetoeiu nan Srsmsien uazussemalunsal

dsnalinuzidvaulaaiisiagiiamnsarislunisnsivaougungiiodiedie Tagld
imqauiuﬁaqalu Andunwidslunisassinlsiweinlay (Pyrometric Cone, PCE) iiaae
Tunsussiunginssuvestunuiiniunisw Inlswainlavdiunaundn fe mead fvae
naou uareanloding q mudnsrduiidivun Satusy fdnvusdugiuaumioust
6 Jawns g9 31 laduns ﬁauﬁ’amiwaamazquﬁaLﬁaﬁaQmmﬁmwwmaﬂﬂu%ﬁmﬁu
wilnlsweinlauinesgiuazdosluiomanegud uiiamundiuiidiandsssna
wazdisnnige deduluaifeddndunisiasldinguinsanisnisd aeludssina
ffmdreludantagruraduarsdedu augifoldidadudiiminaiuisondnls
wPIYEUTENIUNITIUNITNTIRABUAINAU VA AUNAYD IR T Lm0 andaym
youdelulssnuilinannsin warSsasnsafiaunsesenauanstnslidnde

2. I9QUszaIAUINISIY
ienisfinwmnudululalunisasalnlswsinlau andngavludmingiung

3. AATUNTINY

Weandunstunsfinwenudululdlunisaddnlsweinlan mndngavludmis
d1Une elinsdndunuinaudnionudvaneaiendanisiinsziosdlszney
1Al hageiAUsenauni1ewsg3TeldisnisnaasuniunInsgIuees W1nTgIu

1%
=]

HARSNgRaIMNTTU (TISI, 1985) HUunauNIALTNNY Al
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wnsnlaufiasetu
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Ussiiiuwa
AATITINE
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d5duazsneeu

a aq o a a v
AN 1 I5A1TALUUNITIVY

MawReNdiegne vmsmsURERfusigramnssuEnandiannaifldlunisih
Inlsiwe3nlauyusua 250 ndu dnlduananlulngelesvian SauUUAsILNSY 250 WY LU
ogwituaoentdu 5 nas nesay 50 n¥u naurgniadiu 1dn Wudidenyszau
e auaglaunnsgiudnuuutiuiividne Yaamulu SalduuseznouilivilfiAnnis
nasuiavaslay nsmslaulivdorugeinudesainuty 23.8 Tadns wagdunii
voslaurinmfuLLTIU 82 09 ddlaufegadudulaumnsgu sueesutuildidentd
Aflvurnguiraneinune ¥iandrunanvesegiuniesas 80 wasdunulwiesay 20
mMswmaalilih ussenAuuUeendty Snnsifiugunall 2.5 sarvaldeanound
muaugnmgiiveanlagliinesluduilaiiumsaeuifivusedirAulusunsunuaugamad
onluglA
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a = a tvd .
AN 2 N5 SeulnlsnsnlAY LasnN1SIALSEILULATLEN

4. Nan1338
4.1 NAIATILABIAUTINOUNIUIUALNINLAL
Auridoisunszuiunislaeiinsigie sdusznounisusveslnlsiuninlau
wnsguneum s lagldiendisdinunsndu Olympus $u Terra WagdinszriasAUseney
maadl Fein3eaondisdngosisaieus Philips Ju MegixPro MUA/USEP T84005 wanns
Anngriedusznaunausuaresfusznaunaaiivesnlsusinlaunnsgukansfanng 3
LagMTT 1

100%
80% Albite
60% B Dolomite
109 M Calcite
(0]
Microcline
20%
M Kaolin
0% M Quartz

PXRD 5

pXRD 6
pXRD 7

AN 3 HAN1TIATIERUTIIUOIAUTZNBUNIIVRINTSASNLALLIASFIUUGS 5 6 Uag 7
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M19197 1 USauiosasuadusnnnsiaseilnlsissnlauinnsgiuues 5 6 wag 7

Quartz Kaolin Microcline | Calcite | Dolomite Albite
SiO, | ALO5-2Si0,-2H,0 | KALSI;Og CaCO; | CaMg(COs), | NaAlSi;Og
pXRD 5 24.7 15.4 23.6 5.4 1.8 29.2
pXRD 6 25.3 15.2 229 6 1.7 28.9
pXRD 7 27.6 16 23.2 53 1.4 26.6

NN 3 wuuTinaesduszneunansvedinlsiueinlausasgiulsenoudie
mead 1nau tlulaslaay waalyd Talalud wazdalun ludnsndiusng 9 lnalauuinsgiu
wes 5 f 7 fidadiunisldssefigungll 1207 1243 1257 ssawaldoaniudify
(Orton Ceramic, 2016) Taglunsnsit 1 W‘waﬁﬂmﬁwﬁumaw%mmmamﬁﬂLﬁui’mqwulw
uarmsanastessaluinduitevasuedsddddyiugnmgdilavannsonulnldzedy
uaginsBudunaanesdusznoumaailumed 2

A1319% 2 NadlATIEIRUsENaUNLAT YR lnlsWAINTALLNTEIY

Sample Si0, | ALO; | Fe,05 | TiO, | CaO | MgO | K,O | Na,O | LOI
pXRF 5 69.64 | 12.11 | 0.76 | 0.82 | 3.90 | 0.37 | 3.90 | 3.41 | 5.09
pXRF 6 7203 | 1136 | 0.70 | 0.85 | 357 | 0.39 | 3.99 | 345 | 3.66
pXRF 7 7260 | 1072 | 0.64 | 0.83 | 339 | 030 | 3.92 | 3.14 | 4.46

wanaurs | 68.52 | 1755 | 0.20 | 029 | 1.77 | 058 | 450 | 431 | 1.24
Ay 0.10 | 050 | 0.16 | 0.01 | 54.18 | 0.66 - - 14343

Fann 99.16 | 0.43 | 0.03 | 0.03 | 0.03 | 0.02 | 0.03 | 0.03 -

4.2 nsasslnlsiunsnlau

WHan1TIAsIEiesdUsznaumualiagesnusenaunius Awalagldgns
ino$ (Seger’s  Formula) tlasnndeyaidestunuiilnlswninlauumsgiuiidmng
Tuvinwnaniiosdusznauadnognaadeu (ingsirwat, P, 2008) lun1snnaenssiingiu
Aldlunsneaesihunanuisndivalifnessad (Usemelne) $1dn fiunsmieludmia
§ne Falduansmanisisisiesiusenoumaaiiluanssd 2

Afilaannnisiuanduiosauseanm fr’ﬁ’qﬁ?mﬁaﬁuﬁuama%m’[,umia%’w
l‘wiimmniﬂu ﬂﬂd“’?ﬁ]ﬂ%’]ﬂ’li%’mﬂ@‘d@EJISULWﬁIGW@ LLﬂiMi““U‘ULVIE)‘Lﬂi (Ternary) Lwamau
i 3 afalusnsdusing 4 aau 36 ans mﬁuumaaummu 5 %umaaummqam
Iuﬁaumm,mmmsmzulﬂmﬁmimLuumiwa yhmswWIfgumail 1230 ssrwaidea
TieEu 3 ada iiloduduna wuingnsil 10 Snsndmdanidesas 50 fiuyuiesas 10 wadauns
Jowar 40 Winsldudvadaulndifuslauminsgiusaslndifsaiunisaiuin
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ddin

LSS
SRR
1500,00000.%0

duu 100 90 80 70 60 50 a0 30 20 10 0 winedd
AN 4 gasiinn1svaau

DSC /(mW/mg)

TG /% DTG /(%/min)
102 4 T exo,
—— 0.0 1.4
101 |
[11 NS5517 ngbr—gs l 1.2
1004 _ — — -5} -0.2
_— 1.0
sChange: -1.03 % 04
98 4 +0.8
30.5 °C(37.000 %
97 4 MRae el g%{;:( 7&11;7:’,«1(4 mw/mg] L-0.6 r0.6
96 1 L0.4
--0.8
95 Mass Change: -1.48 % pjgés change: -0.34 % Lo2
94 / ul-1.0
e - leeonarennnesdl Lo.0
= SO e T TR, : ¥
93 ] NI ol SO T~
+H-0.2

200 400 600 800 1000
Temperature /°C

a a & v a a
AR 5 wadieseinsanuseuedinlsuninlauansi 10

AT 5 mﬁmeﬁmamm%’aumaalw‘[it,m%ﬂiﬂuqmﬁ 10 o5unelanaldus
yoslnlswnsnlaudiodiunisw Busuannasaus (K0 Na,0 ALO; 650,) Feildrunay
ﬁumaaﬂiw‘iuﬂauaaﬂﬂau (Alkaline Oxide) 1w loifsueanlen waglnunaduuoanlan
mmwaammwaamswuﬁv mmmu 950 perwaLdua wuilagausiiansdsunlas
Iﬂiﬂﬁi’]x‘iﬂ@ﬁ’é@li}ﬂuﬂﬁﬁﬂLUUQI"U‘V] (Leucite, KNaO Al,Os 4SIO; + 2Si0,) glevianunsavasy
ffuiufdefiou (Gob) eldSugnngifiasiu (Keowkamnerd, K, 2010) luvmedi
glesindaudvesrnaiumasy szdsmaliingauduansuszneudu Wy 3801 uaviiuyy
ﬁﬁmmwulﬂqaﬁlwaau gouras wagldusdosnnussliugisuiinainesmivhnig
#alauls (Thiansem, S., 2009)
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5. @unauazn1saaUsena

nsanwanulululdlunisaielnlsusinlay mndngavludmingiung wudinis
afralnlsiunInlaudasgungll 1230 ssrwadea lnsldialaozunsussuuineouns
(Ternary) Witonauansiia 3 oin Ao 8801 Ay uasiladauns ludhmdausie 1 1w 36
SasduNan wudnIEIuNaNT 3456 78 9 10 13 14 uaz 20 AnnsITiuGn Taegnsi
10 8ns1duTan1Teray 50 iuyduiegar 10 wadaursTegar 40 fn1sliudlnaifiesiu
InlsueSnlaunnsgIuues 5 vaeinnswamiouriu

Sofinnsansnsdnvesingiu wuihdunaninadednuaznisifaevedinlsunin
Taundansun madiingauiinulwidudiunaueguimamniililnls wednlauinnislas
setlonvidensgy mniimgAviivaelunsvasusiegunn annsavililnlsundniinnislasse
1ad1e (Khunyotying, T., 2015)

Tumsmaassliinesluduilla TYPE R ikumsasuifisumumnsgiunsingumgs
SERULNLNTAT 1990 (ITS-90) &l gauvigiigean 1230 esrnlwalded JAAuAaInLAdeY
(Error) laiiiudoay 1 i 12 svmeaifea wosludUdafindeuinaduuurannnideu
finnans uaza1elauuinsgiulues 5 6 7 AilnnslAssefigungd 1207 1243 1257
psmwaldea Tummnauddiu wuiiigamgiinesTuduilanans 1230 esriwaldoa
Taunnsgiulues 5 fnsuasudiiesainiiugumgiidinun lauuinsgiuiues 6
finslasselndiAssiussesiiguantdivun waglauues 7 Guiinsliiud duandunni 4
viltanunsadudunaldindgumgifiuansmavumesluduila nsldseveslauninsgiu
uaznsliseveslauiinaassiidnuazasandesiu

NIN15LATIENAUNUNILATEFANENT WU bnlsiunSnlaunInsgIu 1 naeq
UTTY 25 Fu 9 360 UM Anduduar 144 v Weuudunuiagavlumsadlilnusdnla
a0l 10 T8nandau Fanm3osay 50 Fuyufesay 10 iadaurfesas 40 S1uau 25 By
WY éfaﬂ%ﬁ’mqﬁuﬁy’ﬂéu 1,250 nFu wualudant 625 nfu Wuldu 16.5 vm Auyu
125 n3u Huidu 4 v uwasadau1s 500 n3u Hudu 11 vin savidudugulumsada
Inlswsnlaugnsd 10 0wy 31.5 v Anduiuas 1.26 vm

6. AnANTTUUTZNA

vovouRnAnzmaluladgnavnTTy i Anendesuagaunsineunuatiuayunis
Foadedl vauAMaUANUTUaImewosTaumIad e Alriarmsamilelunsinide
naesauhdunuluvnasddasinelulsany YauAne1sEnuNia Sulues uazveula
unaugaing figy dndnwnaviviveluladiesfinfitielunsihmsveaes
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unfnge
wwiannunsnssulivuialdimuizaunenisuiluldusslosuaiuinynsnssy
wandomdmaunuindufesdudeslifvnndnieniosduniaesintaguiianag q eyl
Hagtuiivuslvgllivmnzantunislidafannunsnssuiivdel fluniufeu duduneise
Jemenuuunaraidsussiviifiedudeniaviiudnluniuiou Tneldndnnisimnssungu]
LsafudeulasvaaouanssourmIinagueaaieaiidatanls Ao vuiaidn nana waylng
n¥ntudseenuuunmavasendiemeanuiseudalufiadivanzay wihiy 417 500 700
900 uay 983 seUREUNT warALTUTE AL TAgTfiseSorartasTanfidalduiadn
NANTVIAADY NUIMNITBUFRTIINZAuTe AT DY Ao 763 TeUseUl asadindan
Iduueidn 929 46.2 - 120.0 Alanfudedalus Andufesas 65.0 +3.5 Aangladliuiunm
Agn 46.2 Alandudedalus uazdadnyeduldusuiugegn 120 Alanfudetalus
\p3esannsadudestagliilvunadnmuingussasdnisoenuuy wagamdsnulihildd
0.001 - 0.003 Alafnd-Falusdeflansy Fununisairuaiesiaindu 18,500 vm
uagsuusiunsiededeiviniu 11,788 Un WagdunuAMEN AW 0.35 Un
MnnMsa¥veenuuUAnssAusfananduundn duui uazilussansamlunisdaiay
Tanluseaudunninsesas 50
AEARY : PBNKUY, \A30sdu, ewiainlundaSou

Abstract

Agricultural residue and by-products are often the wrong size to be reused in
agriculture or as alternative fuel sources, and therefore need to be shredded into
smaller pieces. However, cutting machines are generally too large and are unsuitable for
household usage. Hence, this invention is aimed at the design and the construction of a
the prototype shredding machine for household food waste. The procedure began from
applying the theory of shear stress and carried out the performance tests focusing on
the size of the products as small, medium and large. Subsequently, the experiments
were performed to determine the optimum speed of the blade at 417, 500, 700, 900, or

983 rpm. Also, the moisture content in material affecting the cut was small in size. It was
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found that the optimum speed was 763 rpm which had a capacity to shred material at
46.2 — 120 kg/hour of the small size corresponding to 65% =+ 3.5. The cutting of
lemongrass and Chinese morning glory was a minimum of 46.2 kg/hour and a maximum
of 120.0 ke/hour respectively. The machine can shred into small sizes accomplishing the
objective and with an energy consumption is 0.001- 0.003 kW-h/ke. The total cost is
18,500 baht. The average annual operating costs are 11,788 baht corresponding to 0.35
baht per cost of unit of production. Therefore, this invention has a low cost and a good
capability according to more than 50%.

Keywords : Design, Cutting Machine, Household vegetative residues.

1. Ui

{]mﬁ’w%mmmwi’a@mwmﬂsiuﬁmé‘amﬂmsuﬁmﬁLLuﬂﬁmﬁmmmﬁu Favnn
ns¥annsfimunzaseianeldiinuaninziauisaduwnasunsidelsawuiniania
lun1sdanisdanidangn As nisuawdagnuasnssunduunldlsslovilawnyiide
41311 90ANIHY 911 5@R LA TAANRINUNAUNY WANUI1VUIAVBLLAYIAAT YA LEY
ldwunzaunenisliusslosisang 3edesiinisanvualiidnaslaenisiunioun
doanUSunan1sdafiu - szeziiainsdesaatuanas uazansadilulduseleedladne
iy nanauagnediteduenmsdng msvinbmdnanm Hudu

n1sanvuanIeudeslaeldin fdesinlusiuainuasnse Liauisaudes
Tiflvurndidn wazuSuiauinld fedesdinnsaiisadesjuusedmiviugeniauiiodn
wnunsldiie 9nnsAuaiuItefifeadesiiuniseeniuULAI DTN NANBASAULUY
dwsuldanuinaianinunsiargnaIinIsULEANY &af (Tunhaw, M., et al, 2011) ldponLUY
wasiauLAssutsududdddldiadessud 6 wsai Wudy madldlufiadmsuiuges
$ruau 2 Tu 817 30 WwuRues audsevvedduiinfuiimuizay 900 seusowndt S8R
ns¥iau 515 Alandusedalus ansidinisteu 3 wasdewnd vunedufivugesld 6.2 - 7.6
wuRLRs sansliisuidemnds 1 ansdedalus Sutiwatana, P, & Wongkaew, D., 2009)
lifsuazWaunaiosiudnavvinainiadosdunuulddniuadndenindinamn
uazanevenauilagliviuinnuruuuanuazuuvlian Saussougnsinaligeanuuuan
finnuEaseu 1,600 seusiounit dnld 476 Alandusiedalus snsinsaudeadomas 3.53
ansrodala tazwuuldaniininusaseu 1,900 souseund sals 587 Alansusedalus
Sansaudeationada 3.27 ansdetalus (Nakarin Bangkok, 2555) I§asraumsesiudoy
ALUNUTEEIATUIANII 1.10 LUAT 817 0.90 1UAT 89 1 Luns THp3oeuiiundu 6.5 ussi
Dusuids et luhomsdniuazdedinmlnetudesissnfivanuazsniivuis
WU NEaU FUlNe ANAUYIN ANER 1a1TaY KIS (18 annsatudosld 1,000 Alandy
Aotalug ﬁum@mmma’faaﬁﬁ"uﬂ@wismm 0.5-1.0 luAlUnS (Kumar, S. & Kumar, H.,
2015) l¥panuutuasimuiniosiudestannuasiiurondofedadulunasiiug
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TuiTessiuuvuiidruusznou fo lasundmihainmdnnd uewmesluin 1 e yauleadu
antunazypdindsinanmdnisaziuasluduazinan 2 a1 defndsinoaeniuriuma
yauflesdulufin luflndivanun 8 Tu Welufianuyuazdadduuarluluresiauagivasen
Fruanazuisedu 9 %muf‘;%’aé’f@ﬂén%’wﬁuLﬂ%qéfm’;’a@%ﬁwm 9 Hvuanlng
lwunzaudunisldfnianlunsisou

AIUUINUITaeAYe9dUTERvgl 1000NRUY A519LANAARUANTIOULAITAR

<9
o

Tnon1sadrsuvuinassnadinmans dwmsuriuneosazvessuiniaguuindndifalson
m3Uszgndsenuuunisnaassuuiunianeulndn (Central Composite Design: CCD)
ilovauduiusues 2 Jade Ao Arusiseuvenwatdn uaz mm%umaammam
iwmsnas Taedl 5 sedy Yadeveudasfiuds S1um 13 anmgmanaaes antuifoys
filsannnsaass ai1eaun1siune WonsIvAOUANLINNEANTRIANNTIUY wargULUY
nsnaaedlagldvannisnsadn thieyaildluatsitufnovausadieeseiainusa
59U uarALTUTaNNERINITITIMIITaN nduinenaasufioBuduinaniie
‘1'7immzaumﬂm'ia%fwﬁuﬁamauauaﬂﬁﬂizﬁw%quaqm

2. IUITaIAYaIN1sIY
LNDODNWUULALAS AT DIARLAYNYENIUATIEOULALNADUAINNAILITOIUNITAN
Janlaunsonuuun1snaasdLuuiunsaneulndndn (Central Composite Design: CCD)

3. 3N15AduNITIY
3.1 gunsnl
1) Japuawitvinfmdeainnsiesnssuau 5 vl leud Aulusem dndsdy
AnUalne Tuwe wae aglad
2) \ApsouusiamenIaRy Bve Termak
3) ia3asiarndslndl (Disital Multimeter C.A 8220)
4) \A309YAANLIS158U (Techometer, DT- 6236B, CEM)
5) W3esdaRanea (HX-S1 - 30 kg/19)
6) esillusaauiles
7) uviindunan B4e Casio
3.2 dumsumasiduns deil
1) AnwAauaudinien e dannenINTIL IMNNTILANEENTARLNYATNTTY
o Tuwme azlad fnisdu dnislng Auluszin damd 1
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(M Mulnsgw (@) Andedu (A) Andalng (@) Tume (3) pelad
M 1 fMegreiivinmaeldluaiiseu

NsAuaNUANIINIENIMUBIRY Aa AuANENItENITIR AuruLTulaeg
nstahmintaguazuuimiludeinnesuazanuiulagniseuwislugeunagaumgil 75 °C
Juan 24 $alus nan1sfinyuanadilumnisnad 1

v Y

A15199 1 audRn1anieniw Aulusznn BnUedu Bnuslne Tuwe wazezlas

9 9

o AQTUYT mfmwumﬂu ﬂ?ﬂ&l%ﬂﬂﬂﬂiﬁ’m
a0 (LHURLUAT) (nSunoans) Wen (%)
AMULNTZN [ 857.1 84.5
AnUsau 20.0 806.4 95.0
Andslng 20.0 833.3 93.2
Tuy 30.0 625.0 88.9
pylad 37.0 1,000.0 82.7

¥ (%
[y [ Y

ANMNFUVRLTAR (Wnsgiulen) AednsidrutnluiagiuimtdnTagnavue
fvhendu % (Soponronnarit, S., 1997) @unsasulnlasadl

mm?’fu,wb = V% x 100 (1)
W

dle W, Ao umiinvesTanvianun, nfu, W, fie dwiinvesiagui, nu

2) N39BNLULLAEAIIE INNTANYINLITELAT s UtaeTAg s NuINATed
= I 1 o A = v a' 2 =3 D ] v
fvunlnguagldmnzanldluasiseuldldeenuuuiateslidawiaan Tdudte Tagls
ganLuUAIIvanNTImINTsulivg wusuAueudmiudadanlvauenaanainiumeny
fiamdounluwunsall Tsmnuiiseudaimunzaninlidaldvundnigauaslieanuuy
gunInlidAgyUsenaume lassasnasetastudiuysenaufinIng 2 Isgazdunianiy
VBITUAIUUARIAILUATT1N 2
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falloy 1

¥aiA

e Tnsunfin

f é\q. TR "/Ifo

200 N et I

L\ / ) / §

- o mifuin Aurrdaweined ifh |

a o 2 = Y
AINN 2 Iﬂﬁ\?aiq\‘iLLaz%anUUigﬂaULﬂiﬂﬂmﬂ

AUAAILTUDADININUL/3 k593N AuIleaNaunIsh 2 (Persson, S., 1987)

2
%P = (wj <m 2
60

dlo m=4.40 Alansy, 1= 0.05 was waz N = 1,440 sousouni

[%
[ VY]

MMaa = 250 9mA = 0.250 Alatnd AITUIWIBNITUBHBSUUIN 0.250 AlatnAnInl/3 wsen
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o

FUNNAITUBMBIIINAY 1/3 w59 Awalaanaunish 2 (Presson, S.,1987)

(ZxﬂxerJz
——— | xXm
60

dlo m = a.40 Alansay, © = 0.05 wes way, N = 1,440 Sousouil

P

AMaainiu 250 AR 0.25 Alatnd AItULEeNUaSHBSTUIN 1/3 W93

M13199 2 AuANvzlarTUdIURNITYeIgUnsaliasasduEay

. ~ 31U
gunsal I1YALLDUALANE =z
()
Tasundn | ww1m 300 x 535 x 920 fadwns Wivdnanown 1.5 x 1.5 i 1
NI 2 Taauns
NOLMDS 4 pole 220 volt 50 Hz VWA 1/3 hp 1,440 s9UABUNY 1
Tl
WaRE 910 2 7 uay 4 i1 3093 2
aewdd | wfin A 811 26 1 1
wanvan | wainaumanndivuiaduniugudnas 20 fadwns 813 410 1
Haauns
Tudin WanNNansgIu JIS GA051- SA5C/(AISI 1045) ©17 59.50 20
fadwnslufinguldsafen
uUNANER | ANIIAIFIU SA54 YWIAEURTUALENATY 70 Taduns 10
Tudln
andudinen | wuy y 911U 2 67 e UC 204 D1 2
wriuseddn | wanndn 813 530 fiadwns v 2 Sadluns d3UlAs 20
natau wanuiler un 1 HadUATIUINAIUUY 1119 x817 WAy 1
125%250 Uadlins A1Ua1e NINx81 AU 50 x 250 Jadluns
wazgaviiu 150 adiuns
STV | wanmien vun 1 Sadiues auaniiexena wiidu 100 x 265 1
Taneen Tadwes wagdniniu 400 Jadiuns

dardsmganemudyd vila A gnawiiu 26 93 Sauduyaadsesy v 2 17

MImMANNENIvBsENETNUATIMIANENNT 3 Jaroenkitpoolpol, S., n.d.) vileluliadmms

2
ANueEeny, L = 2C+1.57(d2-d1)+—(d24_ dy)
C

(3)
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e C =290 adwns,d, = 101 Tadiuns waz d,= 50 dadiuns
FINUAMULIFNNIUINAU 662 TAALUANT K138 WNNU 26 W7

v g v & a a Y ) a
nssinldusadeuannsvyuieduiinusisuloudnaaslsyuia 0.108
AlANIAUADANSINNAFUANT ATUIUAIAIUINIBILTIDDUAARBIULR (Persson, S., 1987)
HIANNITN 4

FOCMX

wsBAUReY, SSSF = (4)
(LWC*LTC)
; 27N rm
wia FOCMX = ”T m = 4.4 Alansy, N = 763 sousaui, I = 0.06 LUAS

FOCMX = 21.1 @éu, LWC = 60.0 faawwns way LTC = 0.05 fadwuns fauuanuLyy
wSNAOURALTIUTARAWINAU 7.0 Tfufan1sI9laaun s

Anusvadlulindn Auialaainaunsi 5 (Persson, S., 1987)
anusiludiednV, = oxr (5)

o d = 160.0 Jadwns, N = 763 sousouil satumuswianlane
Tugleinau 383 WwasmAaun?
3.3 N1INAABUNNTYINIULALANTIAULAITANYDUATEY  LUBIINYUIATaRlUAIS

nadaunNdnlaulsoandu 3 YUIA AD YUIALANTANNEN 1.0 £ L £ 2.3 19Ufluns 2u1a

NAaNANENY 2.3 >L < 3.6 wuURluns wazuualngAuend 3.6 < L < 4.8 lwuilung
nsRnndaussousivennsssazdnladivuiadanandudiuuin duluddnisesniuunis
noapdiiomaArladeimuizaniigalaeddunounisaiiuniseadl

1) DRNKUULKUNITNARDIUULTUNTAABUINGR LAaNRUULHLNITVIARDILUY
Gunsaneulnde lnefvunan code value vedwsazlade Jsudaziadugnuusesnidu
o Y = = ax = 1% o Yo ¢
seau Weldlunismaneimunzaun1aisnisves RSM  ielanunsainluldinsey
Ameada Jadenvians@inen fe anudiseunazauuvesian dwsasladediinsziu

Ao -, -1, 0, +1, + @ WaMIAlun15199 3
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M15199 3 A1 code value ENVSUMBUSUBILHUNITNARDY

Uadw Coded Value
- -1 0 1 +o
mm%wuaﬁaq 82.7 84.5 88.9 93.2 95.0
AASITOU a17 500 700 900 983

2) NAABUNITNIULALANTIOULNITARVRLATRIALIIEN1TNAAD LB
msrsevvadtuiinfiansadniagliuasidudauiaanuin nsmageuazldiioloudan

agesiaLiles Yuan wazdaAimaslnfindiein3edle Digital Multimeter CA 8220 143

NAand 5 ¥iaLeazvdaltA1NuEI50URR 5 STAULARZTEAUNAADU 3 91 918z 1 Alansu

Nan1sfnlauRazgIazduited sianfigndnladiuiu 15 nfu wazdnuenidu 3 aun

Ao vuralan nas wagluag Anuaiunsalunisin (Alansusedalug) wagnwasaulin

YoATRINTRR (Alains-lusmanlansy)

4. NaN1INAEAUY

4.1 HaN1TNAADUIINNITDONLUY Design of experiment (DOE) WAAIKNA IR 4

d' U v = a ¢ o a
A15197 4 seauidadelunisAnuiiesierdiulsdasy

Std order Run order ANU5250U mﬁ&l%’u foway
13 1 700 88.9 55.8
il 2 983 88.9 41.3

3 900 93.2 21.3
11 a4 700 88.9 55.8
5 700 88.9 55.8
5 6 a17 88.9 20.0
12 7 700 88.9 55.8
2 8 900 84.5 375
8 9 700 95.0 60.5
1 10 500 84.5 38.5
3 11 500 93.2 52.6
7 12 700 82.7 65
10 13 700 88.9 55.8
Optimal condition 763 82.7 65+3.5
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4.2 MIUATIVFULUUANNTINWEILIAYRLTAR  MTIATIERFURUVANN YUY

o ¥ v U a‘ U a 1 2
YUINYDITAAMEBHUNITNAABLUY CCD  lagldmdudssdnsnisdndulane A1 R was
. 2 o {
adjust R™ Asuanslum1s19n 5

A15199 5 duUsEENSN159RaULY NNABNUNITNAABIWUU CCD

Coefficient of determination
Equation 2 2
R Adj-R
Linear model 0.12 0.00 %
Linear + interaction model 69.57 54.35
Linear + square model 674.00 0.00 %
Full quadratic model 76.19 59.00

i aun15viunegangulu Full quadratic model ilél fio ¥ = 92.4649 +1.1305
ANNIEITOY - 9.6801 ALY - 0.0004 (AMEITeU*ANEITOU) + 0.0816 (AANLTU*
mm%u) - (mmﬁaiau*m’msﬁu)

4.3 NMTIATILRANULUTUTIUIINFUNITIRILNITNAGDY  ANNNISNAABUAILYS
SaTEIavuALUY ANOVA aasaunsyinunefild fissduanuidesudesas 95 nuinisvswa

b

fulsdase Ao Aty anusseulinarodesaztesianfidaldauindn imsean P Value
fidwindu 0.018 Fedlantosndn 0.05

4.4 MINTINABUANYNFDIVBIgULIUAIINAADY LAdpsilefldlunisnsivaeuni
gndioswasgUuuumsvnaes Tagldumunfiesnusunanin innsieszivundidnldvesian
NEATNTINANBVENATEINMTITOULATALTLTiNMINTEIuLUUNRYEs  Normal
Probability Plot ﬁWLaﬁaagjmiaﬂaﬂa mﬁﬂﬁzmaﬁamaaﬁaaﬂaﬁmmaﬁwLa:ua wazdanuiy

daseaanU ALEAIUNINT 3

Residual Plots for C7
Normal Probability Plot Versus Fits
% L]
% L. ¢ 10
£ B - °
8 5 é 3 . L°
& &
10 2 ¢
10 .
1 *
-20 -10 0 10 20 30 40 50 60
Residual Fitted Value
Histogram Versus Order
8
] 10
6
: - /\ f—'//\
o
g4 % 0
3 &
== =
-10
0
-0 -5 0 5 10 15 12 3 45 6 7 8 9 10 11 12 13
Residual Observation Order

A7 3 ﬂ?iﬁi?%ﬁ@Uﬂ’NNQﬂﬁ@ﬂJ@ﬂgﬂLL‘U‘Uﬂ’ﬁ‘Vl@aEN
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4.5 nanadeuNTIATERsERunnzanuesladelagly Response Surface Methodology
(RSM) Bviznaveslade Ao Aruiiseu wazanuduniinasevuinTanidala Weoauiso
souinILazdwalisasazuaiaguuadnisnldiiudunawanslunng 4

Contour Plot of C7 vs asidiu, anuikisau
95.0

Surface Plot of C7 vs a213idiu, aauizasau

anuuad

60
c7

95
20

armdu
400 600 85
800
500 600 700 800 900

anuidisau
aNusIsau

1000

M 4 WURIRBUALBIVBIALTULAZANLLSITOUARTIIReSDUaY TanNURINTIUIUIALEN

4.6 HaNTAATIIMANSEAUTNIMINE AR NA1saanIeivinvand miuiosas
YosiagnunInssuuImaniidals ielilduszaniamaesiannuasnssuvuadnddale

Sovaz 65 (AT Ne) sananslunIng 5 As ANANULEI5U WU 763 warAnuusoas
82.7

- CRRETER AU LU

7 ign SEsE (33:9888)
ur . °

0.90535 | ow 417.1573 82.6982

Composite \
Desirability

0.90535

% n'la

Targ: 65.0
y = 60.7406
d = 0.90535

ANA 5 MTIATIIMANTERUTINZ AN

4.7 N3R89 N15TUTUNANITNIAGEY I1NNIINAABINTIINAGEUANTIAUZIUNISHR
WelilaSevazaesnuiaiagnunsnssuvwiamdnuinganudvuiedslainnisnagsu
MINANIEMINZAUTNAATINIY 10 N15NAGDY AeandlunIs1en 4
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4.8 anwansolunisdniaguazndanulningldlunisda :rnnismaassmuin
\a3eafionuuukaraiislanuansalunsiaiagnuningsy mireAlaniusdedalus
wazndeulilih ild mireAlatnd-ilusdenlaniy navesTanuagndsruluiuans
Tupsail 6

AN5199 6 ANUALNTIUNSARLAaE WA lWANALY

A1UL57 ANMuaEINsalunsin (ke/hr) waslniildsa (kw-hr/ke)
sau v » o | ANUs Y v o | HNUS Y
Tusznn | {ndsdu | Tuwe | ezl | Tusewn | Andedu | Tuwe | azlad
(rpm) : ne : ne
417 0 0 0 0 0 0 0 0 0 0
500 50.0 40.0 46.2 33.3 0 0.002 0.002 0.002 | 0.003 0
763 50.0 120.0 50.0 50.0 46.2 0.002 0.001 0.002 | 0.003 | 0.003
900 42.9 120.0 54.5 33.3 50.0 0.003 0.001 0.003 | 0.004 | 0.003
983 45.2 120.0 50.0 32.4 66.7 0.003 0.001 0.003 | 0.005 | 0.003

wnews : 0 launsodndanla

1.9 mynaswisunulunsaiaeieduduasgmanimnssy Aasandildane
TumsafrauazmsvhaiuveaniedlasAuinldainduyuasi (fixed cost) uagsunuuUsHy
(variable cost) fiseagiBuasil

1) é’unumﬁ' (fixed cost) Usgnausag
1.1) aunsandensimised (Phibuly Yaemphuan, 2005) WUU straight -
line method Anallénaunsi 6

Andeusian, DP = (P—S)/L (6)

Aununsugau (P) = 18,500 U 81gn1slduvanAIa (L) 5 U uas

S9AENLASed (S) ieasu 5 U Wity 500 Um
MUY ALEINSIAT = (18,500 - 500)/5 = 3,600 UMsal
1.2) anendevisemtdslanid (interest on investment)

dunsanonide (Phibuly Yaemphuan, 2005)

i [P;ij(lcimj "

TunsAruiu 1EeNlEeRS1IAENLTEVISUIANSNIMTEINSIneNUY () Sovay 7.37
WATWNUANLUEUNNST 7

Qe
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. & (18, 500+500J (7.37)
Amanle = X

2 100
= 700 uneal

Faifu Fuyuesiied (fixed coast) = 3,6004700 = 4,300 U
2) AunuwUIHY (variable coast) UsgnaumemungssnykagAInsyika i

Fldalifnaussnu iWesinadrueionfienawnunisiusieiiowasuidyminisduges
USinasnn feil

2.1) A111539¥nw1 (repair and maintenance) AnadsUszanuiuag 20 U
fiatu 191U 30 Ju Angesnwn windu 20%30 = 600 UMsBLABY

2.2) anseudliihildsndenanuiiseu 763 seudeundl iedesnnylag
18 46.2 Alandu/lus Mndsilwiiindu 0,003 Alated - Fluwedlandy fafundaay
Tfflddn = 0.003%46.2 = 0.14 e AlaTnd-Faluy/Alansi) Arluilvindy 0.14%2.74 =
0.39 U (AlWihAnsns1 2.74 v/miae) warAnsehaludia 30 Yu fuay 2 $alus e
Iotflsusia vuaseifouriiiy 0.39%30%2 = 24 v Fefurdunuudsiuioundeifou
WINAU 600+24 = 624 U mmaaﬁmi’a@lﬁﬁy’mmﬁaLﬁauwhﬁ’u 2,772 Alansunsauszunn
2.8 i AldrenUsiusedvianuniiy 624%12 = 7,488 umsied

2.3) duyuiiiiununuiuasiod Ao

é]’uﬂqumﬁﬁuﬁunmmiﬁumﬁu 4,300 +7,488 = 11,788 U

2.0) dunusionthenisnan 1unsiesesidiieuszneunisdndulalunns
Bennszuiunisndn wiewhautuay 2 49lue vhaw 1T 365 Ju vide 730 Halus wdessn
aladle 46.2 AlanSusotalis AUNUNNSHERREYUIELINAY 11,788/(730%46.2) = 0.35 UW/
Alan3u FetusuyumakansevtiasAlandy wihitu 0.35 um

5. dgunauasn1senuena

5.1 aguna luniseenuuuLazairaniosdudesiaviivinluniuiou duaies
Usznaumie lasaudniivwinyindu 300 x 535 x 920 fadwas Iduaweslifivuin 1/3
usath TuiadaviannmdnJis GA051- SA5C/AISI 1045 8717 54 TaAluAT WUUALLAED 117U
20 v wdesdivundnidenisuiisuiuiniesdudos Tannunsfildlutlagu uasldiudiu
Yan gunsaifisldminglurieanainiialy a1nnsvaaeulagld design of experiment (DOE)
FonuuunIsnaaealuy CCD  wagyAAumInganvesnsiauvesededlagly RoM
fin¥an 5 vda (AU 5 5edU)  wuieuEiseudadidaldvunndniimanzauie 763
sousieudl uazenauTuienay 82.7 ansndntaglduundnauem 1.0 < L < 23
wuins li¥esag 65 £3.5 Laznanaaouladesdnagldivuiadniviady 46.2-120.0
Alansusiadalus Inedanglasldsanvintu 46.2 Alandudedalus uagdndnisiuldgean
120 Alanudedalus unzndanululihilddniauafetag 0.001 - 0.003 Alatad-1Tus
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seAlany wazdununsaiisaIeainiy 18,500 v duyusniunisiedssediviiiy
11,788 U wazAuunsNanseaviewiiu 0.35 umsiedilansy

5.2 ofUsiesa  NMIeaeuesazmsiald Taguuiaidnveadesdmuinilfesas
msdalifTedndudesdinsfau lnganizgusnazdwauluiiafiefinuszaniaw
Tunsdaldlifouadnuiniu

6. UalauBLUL
dielfip3essunuvainsaluldusslomitunisdudesfimiieldiemsuslaa
vioanulng madenlifaniidulumudetmununssuduemsuagindeszuuaun
nsvnusaluRtayssuunsaiieliiinuUasaseununasfnsadetiousiuuin 5-10
Alansuileiiiuindsinlvianusadintanlivarovia

7. inAnssuUszAA

{Adeveveunmu a1v1iAInssuiAdesnastusud anzinaluladgnainnssy
UMANeduIvAYIvURTUNiNatuayunuLargUnsainsinite Audidednuniugs
2.UT13UY3 laoulAs1ein15ouwnieian §9i8mansa13ens.a133950 3999 a1u139n
AllaFaRSkazadAUuTEynd AnEINeIMmanshazmalulad un1Ine1desvinInvuaTuns
LAETDIAIANTI9136 AT Nesatanaed nadvidmanssuniena augimnssuaians
uinendesssumanifilimuuziilunsifidouasnnas
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VaNMUANINTFININTATIVINSAMEIMALULaE RSN TY
U IN1Y518ANAUN

iielinsansinmsrasmaluladgramnssy aingndesdgaung Wunsas
fifiaunmldinmsgiu nnesussasnmslsddetmunvessmadelul

1. YanUszasAvae115a1539013 tensunstarUssunduiiuduanuivins
auInermaniuazmalulaggnamnisy lnevinisataiunauideuasunaingidvinis

'
Y

U deUsshvguasuianssy  a1wnignvalulad IAINTIUAIAAS WazaARININS

U

FuIngmanswazvalulad  Feaunenuidsnffnunlulnsansazdeaaduunaiiuilieg
weunslunsarsviedsiunlamndeu uagliegluseniiansiansanvenisaisvsedaiu

2w 9 msaxdeddnsiedumiusuRateuvesdiunaulaensy
2. ATAUARNENUITINYITRY Fsil
2.1 @ YTINGIEns wayinemansussand

2.2 aundgnalulad Wi wmalulaganamnssuwasuinnssy lawn walulad
Il welula8diannsedind waluladroufiames waluladndseu / nasunaunu
wealulagneasns / los1 walulagnisnds 1asinen Ianssugendwds imaluladiesnin
NSUTMIINMITERamMNsIazinalulad
2.3 aAniifdestumaluladenamnssy uagimnssy
3. AMUUABBININTEHIT
Nsasiiimuneentay 2 atu  fe atuil 1 szuinauieu unsiau - quisy
uag atufl 2 swinafieu nangras - SuaAu
4. N1SRIITUIUNAY
4.1 MINATUIUNANY LABALNTIANIAIINNBIUTIAUITAITATINNAIUITV
Tuiansan 2 AY sie 1 unAY
4.2 NIAUNAMUNIINUAAINTAETUNNTINGIFEI1HANF1UI NBIUTINITNIT
#1sunhdunaulignsinandinieuen 2 Ay
4.3 NIAUNANNLIINYAAINIAEUBNUNTINGNFETIVA AU NBIUTTAUNTNNT
#1sunhdeunanulvgvsinandiniglulagvieniguen 2 Ay

=

4.4 nsalfdsunainy witoliilulyauiivuaaan finoausTUISnIsuds
NOIUTTUBNSUIAMIUAYIB NI BALEN NSEUIUMSLTHENISARL
5. ﬁﬂLLuzﬁﬁéﬂ%%'UﬁdwmqmLﬁaﬁﬁuﬁ
5.1 AgdeunAINY L%’ﬂsuaawmmmmmﬁﬂm%’a;ﬂmﬁ'mLam wazdIRuaUy
una1y Tugunuulid word wazguuuulnd POF 1dfiszuuseulatvesnsansivinig
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N2UTIAUNBNITNTATIVINIANEINAlUladanavns T
AALLLAERRNAYNTIN UMINeET1vANa1UN
119 1.9 9.8 - uaivg A.9uW 8.9 2.61U19 52100

5.2 JURUUUNANUTIAINBIUTTANSNISL DAL
= 1
Y1309 (N1W1ENY)
o o .
291384 (English)
o umaqaﬁ, o umaqaz was o ‘mmqa3
" Fovewnhonu Lamﬁagj WH/A1Ua WUIY/8ne Jandn wazsalusudld s INgasooco E-mail: YYYYYY

24 ' o ° ° v @ o e
Foveawitieu waiiey 1ue/fua uuiy/dune Jwin uagsiiallsudld
? Foveambise auiey 1ua/mua uwwivdine Jmie uazsialusudd

unfnge
UNAIMUNUITEARIUTENOUMIBUNANG DN TEUTIRINEIARUDUTRY TngUTeasn

3
<

FBasAnw wansAnwnazunay lunsdiiduatuidunivilne WHganusifouundade
fanwilneuaznimdangy arwelaitiu 300 f1 seyfdRyueaiFes (keywords) $1uru
Laivfiu 5 M

AndARY: JULUUUNAIY, VARIENES, JULUUAINYS

Abstract
An article of research to composes with abstract to specify importance of
subject, object, method to study, result and summary. Both Thai and English
abstracts are required. The length of each should not exceed 300 words. Also, the
keywords should not be used more than 5 words.

Keywords: submission procedure, manuscript format, font size, font style, blank line

1. umin
o Jo o X - < 1 a LY I3 ° o vaa [
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lunsdsunanudnafiusilunsarsivinsmaluladanamnssy ausnalulagonaivnssy
W Ine1des1vigaiung iWeiduniseaunuaunmuaziielinisdavinenaisiluluagng
53057 JNAIUNANLAITRNRUNANLAINFULUULAL RN NNITUAE1LATIASA

2. \ilovnumany
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Tngluduraaiomuasunmiu aunsoudseendurdendn vadedes uazenautadsiado
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1A 16 ﬁmmﬁgqmwﬂmLLasmmé’mqw svpszmiussiaduuuussiaien (Single
Space) waghaazninlifosdinsiiuruneaunin
2.1 YnALAzMIRIAMTINTEATY
yupmasnsyauildlunsiuniimuslitvnannsgu Ad (8% x 11% i)
Tnesmunnissermnssanuieil

SUVBUNTLANWATUUY 15 ih
SUVDUNTLANUAUET 1 %)
SUYBUNTEATYAUGY 15  ih
SUVBUNTLANWATUUI 1 %)

LY U

AN IlaeTINTeIUnANNllmTAY 12 wihnseane wastuiinliddayaiiey
Microsoft Word 2010 ity

2.2 FaunAdnuuazseaziBenvee ey
Tumsfideunalifisiideniwilneuwazniwndingelagldfsnesuun 20

woedt Rusiduimn Tnsusazdludonwdnguliiuidnesdusnidusfinilve) ey
Animing: articles, AdusU: coordinate conjunctions Wag AMUWUN:  prepositions
uonandinaiazgnldindedes) dmiudediTeumanalilimsnusuuin 14 weed Tuvay
fduvesiieglildimsnusuun 12 wewd Tnsilegmsuszneulume

dmsuyaansniely avnane1desnviganune

Fatrientedvanas 191391 Adsia lwoslnsdwyiiadouil way E-mail
fanunsadnseld nsdlfideunnnimils ansoszyiieguesiideunsazaulngordofiavii
fisiuuuengs (Superscript)  Hndsdevesiidsutiu vonarntuaasiinisszyiedinse
(Corresponding  authonlagnsfiaiiedesmnenendumi () lindsdle lowizussvingaring
vesmwandentAndeliisyy waslnadw way e-mail vasffnste Hedounauuayeanden
vouWeulviiu L inansmthnseany

SMMTUYARINT NBUBN WM INENFETIVANAIUN

Foveumiauau tavileg 1wa/Mua wavsune fmin uazsialsudd
Fsannsasyuiiegrestifouusazaulasenfefiaviifissiuuuengs (Superscript)  Tindado
vosfilouty uenantuaisiinsszydorfnse (Coresponding  authon) Tasnnsfisst
isennneaandunil (+) lindsde wmzusiingainevesneazidenifndelvissy wes
Tnséwit woslnsansiay e-mall vasfnse fadeunanuuasssasdonvasiiToulifal
NAVITINTEATY
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3. UNAREBLAZANHIATY

nsfuiundndeuariddyliiuinannineuazarsdings Tagldmsnesuun
16 wous uazdaguuuvegasifanaswemiiingzay lnglvifissiderde “unfnge” uas
“Abstract” 1Hunuudimun

4. \ilovvasunaana

unANEAteAlsUsEneudie v (Introduction) venaud A viTedisnvastlym
ludnsfine Tnguszash Tan gunInluazisn1side (Materials and Method) Na13dis
MUazdn MILATwkazNIAaesinszFuLazdniau nan1TnAaes (Results) Usnuad
wuegatalay auysel wardseazidennsudiu asuuazadusigna (Discussion  and
Conclusion) @1 dgusauiunanisnaaesls \Wun1sussdu n15AaIIu wazn1sAszh
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5. JUMW A379 UAZENNT
5.1 sUnMUAZAIIY

mMsdauegUamLazassanIatdauessaIndenNiind1nfmion s
WaueMenarInIuiideniaiausluntivid auiavesguamuazaselinisiiunseu
yansasAmtnsyaefifvunlslusde 2.1

fiagUnInuarnsezdesidosuislamesungvesguninlifudlildsuam
wavegdndrevamiinszay wingunmlagnutseenidu 2 dwliinisszymeduievosus
avdlngaduidnesnwinglunsduSesnudsuitu (n) wag (1) @urssulennsnali
Aunlimlienisnauwasdnsudevenseay laen1sisesdinusuninuasasaliuennis
1S89a1AUDDNINAY

NINTIvINMIensAluladana NIy INIng1aesvigaU
U 11 adul 1 uns1Au 2561 - lguieu 2561



Industrial Technology Lampang Rajabhat University Journal
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7.00
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