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ABSTRACT

This paper applies the artificial neural network to estimate the operating point of photovoltaic
(PV) system installed on the building’s roof. Since two PV systems are studied in this work, two back-
propagation (BP) neural networks have been developed for estimating their operating points under
weather variations. The solar radiation and the ambient temperature are considered as the input of the
BP neural network while power and voltage obtained from the PV system are the estimated values. The
measured data, i.e. the solar radiation, the ambient temperature, the PV power generation, and the PV
voltage, have been recorded and used for training and testing the BP neural networks. Results indicate
that the proposed BP neural networks can provide the good estimated values under the test conditions.
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ABSTRACT

The purpose of this research is to improve the aeration performance of microbubble generator
using swirl flow to shear the air to small bubbles. In this study, the wall roughness was applied to
interrupt flow for decrease the size of bubbles from the generator. The effects of wall roughness were
studied experimentally using sand paper. The aeration performance was evaluated from the
concentration of oxygen adding to water in tank at different times. The result is found that the
impingement wall with roughness can increase the aeration performance due to the generation of small
bubble size, in case of smooth surface gave aeration performance be similar to case with no impingement
wall and case of surface roughness which placed a sandpaper No. 800 gave the highest aeration
performance with increasing 13.12% when compared to case with no impingement wall.
Keywords: Microbubble, Aeration performance, Swirling flow, Roughness pipe, Impingement wall
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ABSTRACT

A historic building having long age is vulnerable and easily damaged especially by seismic force.
The restoration of the damaged building to the original one difficult. Hence, preparedness for the damage
becomes crucial. This paper presents a study on the effect of earthquake on the main prang in Temple
of Dawn using dynamic analysis option in finite element program. The structural model of the building
was subjected to nine modified past earthquakes waves which were divided into three groups as (1)
near-fault ground motions with forward directivity, (2) near-fault ground motions with fling and (3) far-
fault ground motions. The wave modification was performed based on the earthquake spectrum in the
area. The results showed that the fundamental natural period was 1.208 s. Under earthquake excitations,
the maximum compressive stress occurred at joint between Pa Thaksin ground and facade was 14.7 MPa
and the maximum tensile stress occurred at Pa Thaksin ground was 4.13 MPa. They were respectively
higher than 2.68 MPa and 0.27 MPa of the allowable values. Therefore, the strengthening of the main
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prang should be considered to prevent the damage of main prang under the forthcoming earthquake

situation.
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ABSTRACT

In production of wood-plastic composites (WPCs), types of natural wood is a factor affecting the
properties of WPCs. Because each type of wood has the different structure and strength, therefore, the
objectives of this research were to study the effect of natural wood types, such as rubberwood flour
(RW), oil palm wood flour (OW) and oil palm frond flour (OF), as well as effect of pigment contents
on mechanical and physical properties of composites from high-density polyethylene (HDPE) and wood
flour. From testing the composites without pigment, the HDPE composites reinforced with RW had
higher modulus of rupture (MOR), modulus of elasticity (MOE), tensile strength (TS), tensile modulus
(TM) and hardness than the composites reinforced with OW and reinforced with OF. Likewise, the
HDPE composites reinforced with OF showed greater all mechanical properties than the composites
reinforced with OW. Furthermore, addition of pigment 1 wt% clearly improved the MOR, MOE and
hardness of all the composites. However, addition of pigment 5 wt% reduced the TS and hardness of
the WPCs. Lastly, the composites reinforced with RW exhibited brown texture, while the composites
reinforced with OW appeared dark brown texture, and texture of the composites with OF is black.

Keywords: Wood-Plastic Composites, Rubberwood, Oil Palm Trunk, Oil Palm Frond, High-Density
Polyethylene
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Chemical composition (Wt%)

Wood type

Cellulose | Hemicellulose | Lignin | Others
Rubberwood 39.0 29.0 28.0 4.0
[12]
Oil palm trunk | 55 212 26 | 163
[13]
Eg]palmﬁond 31.0 17.1 229 | 290
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Sample code HDPE | RW ow OF Pigment
H50RW50 50 50

H50RW49C1 50 49 1
H50RW47C3 50 47 3
H50RW45C5 50 45 5
H500WS50 50 50

H500W49C1 50 49 1
H500W47C3 50 47 3
H500W45C5 50 45 5
H500F50 50 50
H500F49C1 50 49 1
H500F47C3 50 47 3
H500F45C5 50 45 5
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2.4 msnagauandANIna

minadeuna (Flexural test) N15nAaoUA
(Tensile test) HAYNITNAAOUAIINUA (Hardness
test) iTumsnagouiiljidaiuuinsgiu ASTM
D790-92, ASTM D638-99 uag ASTM D2240-91
amaey lumsnageusailumsnageudauy 3 99
Fusumageuivuia 4.8 mm x 13 mm x 100 mm
1h30efuFuan (Span distance) 5262119 80 mm
wazauEai1Flumsnadeuda fie 2 mm/min Tay
a3 eanadeuauiantanasnyszasd (ju NRI-
TS500-50 U3 EM uSunsd duanjifusi s1ia
aynsdams Uszmelneg) dwmsumanaasvaailu
mnageulaslFFununageulsziani 4 Faiua
nadoulyula 115 mm x 19 mm x 4 mm uay
anuiaildmadeuds fie 5 mm/min Taoldin3ea
nagevauanlnasunlsranudeIiu wazlu
msnageuANUIT FusumageuTivtia 30 mm x
30 mm x 6 mm tazian1uuiiaTasly Durometer
11 Shore D scales (34 GS-702G 138" Teclock
corporation 91na Nagano, Japan) Lﬁmmnﬁ”@rﬂx%q
Usznouiwaraandmiondn ilidesdaunsal
nageUAUIT WY Shore D scales 1an91AT e
azmimﬁaumzﬁwﬁqmwgﬁﬁ’m 25 °C uagnaaol
WUUGN 5 §20619 VoauARgATAIINAREY 1HENT
AunasveuAaz A
2.5 msdag

msiaduesiaqiulsnounaraanuas lifnou
nazndamsnaurea iU umaie 9 1 Junistaniy

52U CIE L*a*h* Tan141a5 09 Hunterlab color
standard (Hunter Associates Laboratory, Inc.,
Virginia, USA) &4 L* az05u1809n210d719
(Lightness) 911071 +L* uaasdadu1d au'lude -L*
=< A o =< o = =
HEANDIEAN a* HU1YDY TUAI-1eI Lag b* vugng

= A g a g N =
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Mechanical property
Wood type MOR | MOE |Tensile stress| Hardness
(MPa) | (MPa) (MPa) (kg)
Rubberwood [18] 95.41 9414 2.74 532
Oil palm trunk [19] | 46.62 2843 1.03 198
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ABSTRACT
This research studied the mathematical modeling for optimization of the operating conditions and

investigation of factors affecting on treatment of wastewater containing phosphate by electrochemical
process. A central composite experimental design (CCD) combining with response surface method
(RSM) and multiple regression analysis was employed to establish the model and to study effects of
four independent variables on phosphate removal. These variables included initial concentration of
phosphate in wastewater, electrical discharging time, applied current and initial pH of wastewater.
Levels of significance for the operating conditions were tested by means of the analysis of variance
(ANOVA) with 95 % confidence limits (¢ = 0.05). All tests were conducted with batch experiments
using reactors of working volume of 200 ml filled with synthetic wastewater. Two Aluminium plates
with effective areas of 10 cm? were used as electrodes with a separation distance of 2 ¢cm. Results
indicated that all operating conditions were at the significance level of 0.05 (P<0.05). The optimum
conditions were obtained by solving the quadratic regression model. The model validation was
conducted using one of the experimental trials, which had the initial phosphate concentration of 13.34
mg/l and required a 80% removal efficiency. The model optimization provided an electrical discharging
time of 10.82 minutes, applied current of 9.19 mA and initial pH of wastewater of 7.73. An average
experimental value for phosphate removal was 81.78%, which was slightly 1.77% different from the
modeled value. However, the application of this optimization model was limited to the certain conditions
including, a 10 - 35 mg/I initial phosphate concentration range, a 5 - 35 minute electrical discharging
range, a 5 - 12.5 mA applied current range, and an initial pH range of 6 — 9. The predicted phosphate
removals were expected to be 70 - 90%.

Keywords : phosphorus, removal, electrocoagulation
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5 10.7 | 20 | 10 6 98.48
6 10.7 | 50 | 10 8 89.37
7 10.7 | 20 | 10 8 81.40
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9 10.7 | 20 5 8 81.33
10 187 |35 75| 9 82.56
11 187 | 65| 75 | 7 86.57
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15 187 35175 | 7 81.50
16 187 |35 75| 7 81.46
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21 187 |35] 25 | 7 78.14
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23 26.7 | 50| 5 8 81.71
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28 26.7 | 20 5 8 80.92
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30 347 | 35| 75 | 7 78.52
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ABSTRACT

This study aims to evaluate the accuracy of real time kinematic (RTK) GNSS and terrestrial laser
scanner (TLS) for measuring the volume of excavated overburden and coal in large open-pit mines, in
comparison with a conventional method using a total station. The studies were conducted in two large
open-pit mines which included Mae Moh mine, Thailand, and Hongsa mine, Lao People’s Democratic
Republic. The results from measuring the reference points revealed that a total station exhibited 0.2 mm
precision for both horizontal and vertical coordinates, whereas RTK demonstrated 2.5 mm and 3.9 mm
precision for horizontal and vertical coordinates, respectively. When using TLS on the same points, the
value was 4.93 cm for horizontal coordinate and 0.63 cm for vertical coordinate. In conclusion,
measuring the volume by RTK and TLS generated differences about 0.4 and 1.0 percent of the total
volume measured by a total station, respectively.
Keyword: GNSS, RTK, Terrestrial Laser Scanner, Total station
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ABSTRACT

This paper presented a novel strategy for a reversible data-hiding (RDH) algorithm used in
QR Code imaging. The linear weighting was used with many effective RDH techniques to embed large
amounts of data into QR Code images with low distortion. Many linear weighting values were exploited
significantly for the possible capacity. Experimental tests with several QR Code versions were carried
out and the results have been compared to previous work in term of higher embedding capacity, the
approach utilized in this paper provided better results with lower distortion.
Keywords: Linear weighting; Reversible data hiding; QR Code
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M13519n 1 waaW‘ﬁmiﬂwagaﬁmiummqmwuﬂ
0.99215

PSNR (dB)
Payload [ (R QR QR QR QR QR
(kbits) Code Code Code Code Code Code
Vi V2 V14 V22 V31 V40
20.00 43.359 | 44.479 | 52279 | 55.171 | 57.576 | 59.451
44.80 - 44.067 | 51.955 | 54.843 | 57.256 | 59.123
69.60 - - 51.674 | 54.563 | 56.959 | 58.843
94.40 - - 51.382 | 54.270 | 56.681 58.558
119.20 - - 51.115 | 54.000 | 56.404 | 58.286
144.00 - - 50.875 | 53.749 | 56.161 58.038
168.80 - - 50.635 | 53.523 | 55.918 | 57.799
193.60 - - 50.409 | 53.305 | 55.701 57.582
218.40 - - 50.190 | 53.079 | 55.493 | 57.358
243.20 - - - 52.882 | 55.284 | 57.170
268.00 - - - 52.700 | 55.102 | 56.982
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a ' o < ) o w11
M15190 1 (d9) Haawsn1sAIToyad 1M UAINI9

vmin 0.99215

PSNR (dB)
Paylload QR QR QR QR QR QR
(Kkbits) Code Code | Code Code Code Code
Vi V2 Vid | v22 V3l V40
292.80 - - - 52.520 54915 56.806
317.60 - - - 52.320 54.734 56.606
342.40 - - - 52.157 54.557 56.444
367.20 - - - 51.996 54.395 56.284
M1519f 2 wadwinig fadoyadmTuarganinmin
0.98823
Payload PSNR (dB)
(kbits) QR QR QR QR QR QR
Code Code Code Code Code Code
V1 V2 V14 V22 V31 V40
20.00 43.187 | 44312 | 52.105 | 55.003 | 57.403 | 59.283
44.80 - 43.906 | 51.797 | 54.683 | 57.091 58.968
69.60 - - 51.521 54.418 | 56.819 | 58.703
94.40 - - S51.245 | 54.143 | 56.539 | 58.421
119.20 - - 50.977 | 53.873 | 56.275 | 58.155
144.00 - - 50.745 | 53.648 | 56.029 | 57.908
168.80 - - 50.522 | 53.403 | 55.805 | 57.686
193.60 - - 50.294 | 53.194 | 55.590 | 57.467
218.40 - - 50.077 | 52.985 | 55.380 | 57.262
243.20 - - - 52.778 | 55.185 | 57.056
268.00 - - - 52.601 55.005 | 56.875
292.80 - - - 52.419 | 54.819 | 56.703
317.60 - - - 52.247 | 54.648 | 56.521
342.40 - - - 52.075 | 54.480 | 56.355
367.20 - - - 51.919 | 54.311 | 56.206

a v J s ) [ T H @
13190 3 waawﬁmiﬁwayammummmmuﬂ

0.98431
PSNR (dB)

Payload 1gr | Qr | QR | QR | QR | OR
(kbits) Code Code Code Code Code Code
Vi V2 Vi4 V22 V31 V40
2000 | 43.356 | 44.478 | 52.279 | 55.167 | 57.573 | 59.452
44.80 - 44.071 | 51.951 | 54.846 | 57.250 | 59.128
69.60 - - 51.666 | 54.564 | 56.965 | 58.852
94.40 - - 51385 | 54.285 | 56.674 | 58.558
119.20 - - 51113 | 53.995 | 56397 | 58.291
144.00 - - 50.874 | 53.758 | 56.159 | 58.046
168.80 - - 50.633 | 53.517 | 55.926 | 57.803
193.60 - - 50.405 | 53.296 | 55.703 | 57.583
218.40 - - 50.204 | 53.082 | 55.481 | 57.358
24320 - - - 52.877 | 55.292 | 57.166
268.00 - - - 52.691 | 55.102 | 56.977
292.80 - - - 52503 | 54.917 | 56.801
317.60 - - - 52315 | 54.734 | 56.607
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M1519N 3 (ﬂ@) NaaWﬁﬂWil’:j\ﬂJﬂy‘ﬂﬁ1W§Uﬂ1ﬂ’J\1 M13197 6 waaWﬁmiﬂwagammummmmun

Y
wnin 0.98431 0.97254
PSNR (dB)
PSNR (dB) Payload oR oR oR oR oR oR
(kbits)
l}a;l;::;i QR QR QR QR QR QR Code Code Code Code Code Code
Code Code Code Code Code Code \Val V) Vid V22 V3l V40
Vi V2 Vi4 V22 V31 V40
20.00 43.186 | 44.309 | 52.105 | 55.003 | 57.403 | 59.281
342.40 - - - 52.163 | 54.557 | 56.435
44.80 - 43915 | 51.789 | 54.691 57.087 | 58.976
367.20 - - - 51.997 | 54.398 | 56.275
69.60 - - 51.518 | 54.413 | 56.819 | 58.700
4 . ” M 94.40 - - 51.254 | 54.131 56.535 | 58.420
M13197 4 Nﬁﬁ‘W‘ﬁfﬂiﬂﬂﬂlﬂuﬂﬁﬁTﬁiUﬂ1ﬂ’Nu1WUﬂ 119.20 R - 50.979 | 53.872 | 56.267 | 58.145
0.98039 144.00 - - 50.747 | 53.633 | 56.040 | 57.921
PSNR (dB) 168.80 - - 50.506 53.397 | 55.814 | 57.687
Payload | o QR QR QR QR QR 193.60 - - | 50294 | 53.186 | 55.594 | 57.473
(kbits) Code Code Code Code Code Code
Vi V2 via | vz | w31 | vao 218.40 - - 50.086 | 52.979 | 55.389 | 57.261
20.00 43.185 | 44.314 | 52.106 | 55.001 57.410 | 59.282 243.20 - - - 52.776 | 55.186 | 57.056
44.80 - 43912 | 51.794 | 54.679 | 57.091 58.977 268.00 - - - 52.600 | 54.993 | 56.887
69.60 - - 51.526 | 54.412 | 56.821 58.701 292.80 - - - 52.419 | 54.818 | 56.704
94.40 - - 51.249 | 54.141 56.537 | 58.425 317.60 - - - 52.241 54.648 | 56.522
119.20 - - 50.981 53.870 | 56.275 | 58.147 342.40 - - - 52.073 | 54.482 | 56.354
144.00 - - 50.745 | 53.632 | 56.037 | 57.914 367.20 - - - 51.922 | 54.308 | 56.199
168.80 - - 50.503 | 53.396 | 55.807 | 57.689
193.60 - - 50.299 | 53.191 55.595 | 57.474
218.40 - - 50.084 | 52.982 | 55.380 | 57.256
243.20 - - - 52.778 | 55.184 | 57.065
268.00 - - - 52.600 | 55.004 | 56.881
292.80 - - - 52.420 | 54.832 | 56.707
317.60 - - - 52.246 | 54.643 | 56.531
342.40 - - - 52.072 | 54.478 | 56.355
367.20 - - - 51.915 | 54318 | 56.192
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0.97647
Payload PSR (dB)
(kbits) QR QR QR QR QR QR
Code Code Code Code Code Code
\4! V2 \2%) V22 V31 V40
20.00 43.356 | 44.481 | 52.277 | 55.171 | 57.575 | 59.451
44.80 - 44.061 | 51.958 | 54.845 | 57.250 | 59.125
69.60 - - 51.681 | 54.563 | 56.964 | 58.844
94.40 - - 51.380 | 54.265 | 56.678 | 58.570
119.20 - - 51.114 | 53.995 | 56.394 | 58.277
144.00 - - 50.862 | 53.761 | 56.162 | 58.035
168.80 - - 50.633 | 53.523 | 55917 | 57.809
193.60 - - 50.417 | 53.308 | 55.704 | 57.573
218.40 - - 50.191 | 53.081 | 55.490 | 57.363
243.20 - - - 52.886 | 55.286 | 57.166
268.00 - - - 52.690 | 55.107 | 56.971
292.80 - - - 52.519 | 54.922 | 56.797
317.60 - - - 52.324 | 54.720 | 56.615
342.40 - - - 52.161 | 54.561 | 56.450
367.20 - - - 52.004 | 54.394 | 56.290
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3.2 AU AU AU AU
6.4 AU AU AU AU
12.8 AU AU AU AU
192 | Maieiw | e | oA AU
25.6 Taiew | Tadeie | s AU
32.0 Taiew | Tadeie | s AU
38.4 Taiew | Tadeie | s AU
44.8 Taiew | Tadeie | s AU
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QR Code Payload (20 kbits) Payload (193.60 kbits) Payload (367.20 kbits)
Image PSNR (dB) Weight PSNR (dB) Weight PSNR (dB) Weight
Version 1 43.359 0.99216 - - - -
Version 2 44481 0.97647 - - - -
Version 3 45.474 0.97647 - - - -
Version 4 46.363 0.99216 - - - -
Version 5 47.177 0.97647 - - - -
Version 6 47913 0.97647 - - - -
Version 7 48.596 0.98431 - - - -
Version 8 49.229 0.97647 - - - -
Version 9 49.818 0.99216 - - - -
Version 10 50.368 0.99216 - - - -
Version 11 50.888 0.98431 - - - -
Version 12 51.376 0.98431 49.065 0.98039 - -
Version 13 51.840 0.97647 49.975 0.99216 - -
Version 14 52.279 0.98431 50.417 0.97647 - -
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QR Code Payload (20 kbits) Payload (193.60 kbits) Payload (367.20 kbits)
Image PSNR (dB) Weight PSNR (dB) Weight PSNR (dB) Weight
Version 15 52.697 0.98431 50.830 0.98431 - -
Version 16 53.102 0.99216 51.234 0.98431 - -
Version 17 53.480 0.99216 51.611 0.98431 - -
Version 18 53.847 0.97647 51.986 0.98431 - -
Version 19 54.196 0.97647 52.322 0.99216 - -
Version 20 54.536 0.98431 52.662 0.98431 51.292 0.97255
Version 21 54.860 0.98431 52.988 0.98431 51.685 0.97647
Version 22 55.171 0.99216 53.308 0.97647 52.004 0.97647
Version 23 55.472 0.98431 53.601 0.98431 52.303 0.98431
Version 24 55.767 0.99216 53.893 0.97647 52.592 0.97647
Version 25 56.050 0.99216 54.178 0.99216 52.882 0.99216
Version 26 56.323 0.99216 54.456 0.97647 53.144 0.97647
Version 27 56.591 0.99216 54.726 0.97647 53.409 0.98431
Version 28 56.846 0.98431 54.983 0.98431 53.668 0.99216
Version 29 57.096 0.97647 55.223 0.98431 53.930 0.98431
Version 30 57.335 0.97647 55.468 0.98431 54.164 0.97647
Version 31 57.576 0.99216 55.704 0.97647 54.398 0.98431
Version 32 57.807 0.97647 55.941 0.97647 54.639 0.98431
Version 33 58.026 0.98431 56.158 0.98431 54.861 0.99216
Version 34 58.250 0.98431 56.377 0.98431 55.077 0.97647
Version 35 58.465 0.99216 56.594 0.97647 55.294 0.99216
Version 36 58.667 0.97647 56.795 0.99216 55.501 0.99216
Version 37 58.874 0.98431 56.999 0.98431 55.695 0.97647
Version 38 59.068 0.99216 57.197 0.97647 55.896 0.97647
Version 39 59.265 0.99216 57.401 0.98431 56.101 0.97647
Version 40 59.452 0.98431 57.583 0.98431 56.290 0.97647
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ABSTRACT

Provincial Waterworks Authority, Phichit Branch Office (PWAP), is undergoing supplied water
pressure problem, where water pressure is lower than the specified criteria. Water pressure is lower than
7 m when water demand is highest (at 07.00 am). However, when water demand is lowest (at 03.00 am),
water pressure is too high, and that causes high water losses. The reasons are that water pressure at the
source does not relate to water demand, and pipe sizes used in some locations are too small. Therefore,
a new water pressure management is proposed to solve the problem. This study uses the mathematical
model, called EPANET 2.0, to simulate the PWAP network. We collects water pressure data from 11
locations and supplied water quantities from 12 locations. Assessed data from the model are compared
with the field data. It is found that there is 0.16 m difference in average water pressure all the time
(1.19% wvariation). The objective of this study is to maintain at least 7-meter water pressure all the time
in the studied area while excess water pressure can be reduced when water demand is low. The result
shows that water pressure can be reduced from 16.80 m to 13.79 m. Therefore, the average supplied
water is reduced from 552.88 cu.m/hr to 505.71 cu.m/hr, in which water losses reduce 47.17 cu.m/hr or
5.59% reduction. At the same time, water pressure in the study area can maintain at 7 meter for all time.
To study the hydraulic reliability of pipe networks, first we applied the Resilience Index 7, of which the
value should range between 0 and 1, but it turns out to have negative values at some time intervals in
this study because at present many customers in some district metered areas (DMASs) receive water
pressure lower than the minimum required level. Moreover, in DMAs 04 and 06 locate farthest, the
value of I, is higher than 1, meaning that the total water power at inlets of DMAs is severely insufficient.
Thus, in this study, the Standards Compliance (/5) is selected. The results of this research show that the
lowest value of /5 for water users increases when our new water pressure management is applied. The
values of /s for the present management are lower than 1 in some DMAs, but they are higher than 1 for
all DMAs after applying the new management. In conclusion, by using our new management, water
powers received by water users are higher than the threshold (Pex > Pminext ). This implies that water
users receive both sufficient flow and pressure that meet their demand.
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24
24
24
24
24
24
24
24
24
24
24
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13.
13.
10.
11.
10.
14.
10.
14.
14.
13.
16.
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46

16.
13.
13.
79 10.
75 10.
04 9.
09 13.
13 11.
79 13.
72 15.
25 14.
80 16.

59
14
31
80
94
64
29
52
28
14
65
77
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.233
.316
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.804
.301
.512
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.027

.074
.525
.309
413
.895
.601
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.421
.561
.588
.620
.028
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ABSTRACT

In this study, a batch ethyl ester production process from palm fatty acid distillate (PFAD) was
studied using a double-step esterification. The by-product from the refined palm oil (RPO) production
process, PFAD was used as a raw material for ethyl ester production. The central composite design
(CCD) was used to design the experiments to determine the predicted models of ethyl ester purities of
each step. Results of ester purities were analyzed using a response surface methodology (RSM). Three
parameters of both first-step and second-step processes were ethanol (4.77-55.23 wt. %), sulfuric acid
(0.95-11.05 wt.%), and reaction time (6-74 min), were investigated to obtain the highest purity of ethyl
ester under 75°C of reaction temperature and 300 rpm of stirrer. Results showed that 74.22 wt.% ester
purity was achieved under the recommended condition was 29.42 wt.% ethanol, 5.28 wt.% sulfuric
acid, and 40 min reaction time for the first-step esterification. In the second-step esterification, 99.323
wt. % highest purity of ethyl ester was achieved under the optimal condition was 37.96 wt.% ethanol,
6.91 wt.% sulfuric acid, and 55.7 min reaction time.
Keywords: biodiesel; palm fatty acid distillate; ethanol; esterification; response surface methodology
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TPA/NbOs tm10u 25 wt.% oasiaiulas Tuaves
MeOH:UCO iy 14:1 gaungilunisvinlgazen
MY 65°C taznanlumsdgnser iy 5 h anng
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: A oy o (aaa ' <
vaueMueangungil 70°C iilgaseanmanuilu

U

]
1A

nsaldanaiguungl 60°C uaasguwgilunsi
Ufiseniinasesasimsinalfnienedmesliaduinly
emuoalumsnilgnsen [13]
Y g ao A A = o a
TagiszaavesaIteil iveAnyId I soase
A a2 = v a A
Ao YSwaenivea Ysmnansagarliin naznaily
d' 1 A =3 a ‘g a
M3lgaTe Ndwadelsuuanuusgniveea-
Ay ¥ a 2 v
amoesnldvinnszuiunmsnanluTofisade
9 x
Ugnsenedimes linduaeivuaounuung tioan
Wmnamsalinly uazaadunuvesmsnaaluTodia

Y d Y
%Tﬂﬂiﬂqﬂllluﬂ"lﬁuﬂﬂﬁllﬂﬂWuﬂﬁ

=
2. Jaquazansini
@ = v a <
nsalviiuihdu (PFAD) finsalvsiudasziiu
s ' [~ s ' o
oensznoulagaiulvg Feliosnllsznounia q 4
A 7 J Ao

naasluasnd 2 nsa lviuthdudanyagnmanienw
I A a ° A a
Lﬂu”lwqmwgu 30°C uagligariaaunaINgavinil
43°C dwmsvaaaiinldlumsnaass A nsadgailain
(98 wt.% commercial grade) uazioniuoa (99.9
vol.% anhydrous commercial grade) iaza1sinia

a J ? o a .
1HlumsTinsiziesdlsznouluiniudomaiin thin
layer chromatography with flame ionization
detector (TLC/FID) #e tanisu latfiadimnes nia

da
WosuN uazIUuTU

M99 2 arsznevveansa luiiuihau [14]

pafilszneu USnar (wt.%)
Free fatty acid (FFA) 90.417
Monoglyceride (MG) 5.041
Diglyceride (DG) 2.437
Triglyceride (TG) 1.231
Ester 0.874
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3.35MINAadY
a d v ad

3.1 M2 AUUUIHAsNITIAUNTITHNANITNAADINILIS
WuAINOUAUDS

lumseenuuumInaasuieIa@n 1z Mz e

a = Y J
voemswaa luledisasinnsalviuiay (PFAD)
2
fvlfnsoneameI MnFuLUDaoIUADUAIBITNS
k4
Aasigiiudlnoudue (response surface
methodology, RSM) ldeenuuumsnaasauuudiu
lszerunas (central composite design, CCD) 91 5
3 4 a v =) a
szaU nazamlsdase 3 @1 Ao Usuiaeniuea
(ethanol, wt.%) 1Usuansadanain (sulfuric acid,
wt.o) taznanlumsninfasen (reaction time, min)
o A a 7Y and a
ganaadlua1snein 3 15 ATIZHA8ITNURD
v Ed
AaLAURINT 2 Yuasu 1935mIAnT1zrimsannesly
J v o v .

slvesandunyuiudiasass (full quadratic

A o a £ 4 )
regression) NA1dulsz@nFaumFodu 95%

I
a a

HanOUAUDIMI oA TA A AIANNUIgNTIoNa-
¢ . '
teaines (purity of ethylester, wt. %) @9aun1s

[3 1 a Qd a 4 ]
Wneannuusgnsvesenawamesodlugiuuuy

mldvesaumsnyumiasaes awaasluaunisi 2
[15]

k ko k

2
+Y Bixi 3 Y ,Bl-jxl-xj+e

i=l i=1 j=i+]
' (2)
Tagh Yo wanoudues, x Ao auilsoase, S

k
Y=4,+% Bix;

i=1

A " v

a £ 4 A o o a
o ﬂWﬁﬂJﬂﬁgﬁﬂﬁﬂQV], k o 91uuamlsodse uag e

Ao AIAUAANAIA (error)
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Variable Coded level
-1.682 -1 0 +1 +1.682
Ethanol (wt.%) 477 -115 30 45 5523
Sulfuric acid (wt.%) 0.95 3 6 9 11.05
Reaction time (min) 6 20 40 60 74

3.2 duneumsaansalviiudaszaesiuneude

Ugnsenemmaiilindu
dmfumsnaaeiawames luljnsonedmes-
Tinduaesuneu aosvuaowiiunszuunsiea-
mesThadu Taadsunsa luiudaszueansa iy
1hdu (PFAD) Tiilwefiateaimes Faluudazvunou
1w mInaaes Tassuainmsvansalviuldy
500 g laasluTouda (neck round bottom flask)
naniugu PFAD droi1Zeunelusrniifou
(hot water bath) #a@aasdames vu1a 1000W 1%
anwiounazarnugurglvesasnaunieluToud?
iy 75°C fadagunsal Faeaslugilii 11densa
lwiuthavazate inweniueaasliluTaud ien-
uoaszgnrauiunsa luduihaudreluniusiia 6-
blade disk turbine G?'Nmuqummﬁaiau M1 300
pm wdammiunaunsagailiin TaelFiusalums
Hunsadafliin sunaniuificuRunsadailssnas
Twan dassldarsimilgasernusuasunaiaiy
anziiimua mntuiinsfufedial3uim 20
10°C

9 Vv 9
vinduiniiuaansa luiudasgaiuaoun 1 (first

'
3 4

mL uazii llvgamsinal§izerdioinngang
Y > v
esterified oil) ludadaenin iedemsaiinandielu
A o 7 o A Aa A A A
WARNDIH 1Y 1BNIUDA NTAFATIITN Lazduveluduq
A o a P s Y
o1 131z miesnlsenevveaiiiuannia
Y v
luafudaszauaoun 1 dremaiia TLC/FID Tagsia
voadlsoasznuilsal A Usuraneniuea Ao 4.77-
55.23 wt.% Ysuansadailain fie 0.95-11.05 wte

sazarlumshilgnien fie 6-74 min

111

menaenn laanzimimnzaunniuaoui 199
o o ¢ v a P
Winsalvduilauuiaansa luiudaszaleaning
fanan uazAnuan gz auveInswan lulo-

v H ]
mmaﬁaﬂﬂgﬂimmﬁmawlmﬁvu (Funouin 2) Tasisu
y 2 4. .
nminiiuaansa lviudaszvestuaoud 1 U5
v 9
500 g laluTouda TavAnngunsal vuasunisld
v

arsainazduaeulunisiilasen isufeIny
2 o 2 4 e N a4
Tuaoun 1 Tagaunoun 2 J519v09amilsdasz
finu1 Av Yswauenuea fe 4.77-55.23 wty USunal
nsaganasn Ao 0.95-11.05 wt.o naznarlunism

U531 fio 6-74 min

Hot water

4' a = k3 asy
31]7] 1 uwuquﬂmamwm”luTam«mmmmmmz

HT

[14] (HT: mémﬁwmm%’au, CP: m‘%mﬁuﬁﬁwu
viyuiou, CB: naosnunu, M: wemes, TC:
finunuamvgl, DT: digital temperature, C:

in3eansaviagugl, B: Tusad, RB: vandunay,

MF: anviensoq, waz T: luniuuuy 6-blade disk
turbine)
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1:1 vol.% [14] sesuasnadeniliszinm 10 cm
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8 figuugd 110°C Uszura 10 min udaiay
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4.1 mamsnaaeeame3TlnTutuneui 1
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Tasldimaiia TLC/FID 1dwanisnaanaly

nszurumsaansa luiudasssuaoud | sanaaaly

A19197 4 Taviua 18 mInaass nuildainay

Vsgniveseiaeameseglusie 36.797 wt.% 0
88.007 wt.%

¥ . Ay 9y (a 7Y an
vntuiwanisnaaea la lains1zid1e7%
v o J ' a
RSM lumsmanuduiutsgniuofiaoames uag
amsoase 3 @y (lonuea, niaganain uag
na1nsnnlgnsen) lugiuuuaunis full quadratic
polynomial a¢ ldaunisviiureainuuignives
a o v A H
iaames lunszuIumsaania luiudasziuaou
4 e 4 ey o £ 4
1 aaaasluaunisn 3 nazmduilsz@nsnanves
1 \ Q a QOJ v Aa a
aums a1 p-value mduszansuaasanduludon
(R?) nazalfundduilseansuaasdaaulodadon

(R%djusted) 1A 11015190 5 o Tumswnsananu

P

@ o w J A v o o Y

Iiddgvesdualsluauns dualsninisddgies

] o

a ‘é o QJ \ IS
%x'luaﬂunnwmsm mmuﬂimﬂmmmp-value

a

1N 0.05 waziifeneuienaduszintnsves
aulsdasy Ao USuauemuea Usuransadaiian
waza lumsil§aser mdulszaniasiives
Ysuaemueannaumsaenatl ia p-value oo
figa naaeifSuavesemueaisninanensii
UjAseneamesfhiasundsunsaluiudasz iy
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Tavh EE fie manuuignivoueiaeamos,
(Wt.%), E Ao Usumveueniuea, (wt.%), S o
Wunavesnsadailaen, (wt.%), T Ae narnlslums
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v 9
M51990 4 MIvonuuLazNamINaAasd lUNTZUIUMSO AT NIATULL DT TUADY

Run |Ethanol (wt.%) |Sulfuric acid (wt.%)| Reaction Time (min) | EE; (Wt.%) | EE; (wt.%)
1 30.00 6.00 40 75.884 98.960
2 30.00 6.00 40 75.854 99.190
3 30.00 6.00 40 76.014 98.939
4 30.00 6.00 40 75.964 99.024
5 30.00 6.00 74 81.625 98.944
6 30.00 6.00 6 54.082 97.540
7 30.00 0.95 40 62.152 97.319
8 30.00 11.05 40 79.469 98.896
9 45.00 3.00 60 86.155 99.203
10 45.00 3.00 20 77.772 98.596
11 45.00 9.00 20 80.475 98.541
12 45.00 9.00 60 88.007 98.793
13 15.00 9.00 60 66.231 98.763
14 15.00 3.00 20 36.797 97.346
15 15.00 3.00 60 51.836 97.567
16 15.00 9.00 20 46.195 98.208
17 4.77 6.00 40 25917 96.640
18 55.23 6.00 40 85.216 98.760

A 1 a £ a o aaa aa @ 491)1 =
HNILYIA EE; f® ﬂ1ﬂ’J'Iil‘]Jﬁf:ﬁ/]‘ELE]‘VI'C’IL’EJﬁL‘V]’fJii"l]'lﬂﬂ{(]ﬂiﬂ'llf]ﬁlmf]ﬁ“l/‘llﬂ%u“llu@lﬂuﬂ 1

A 1 a £ a o aaa an @ ?{, A
EE; fAp ﬂ'lﬂ’]'lll’]Jiiq‘VI‘ﬁL’fJ‘V]mﬂﬁl‘ﬂﬂii]'lﬂﬂ{]ﬂiﬂ'll’f)ﬁﬁ/l@ﬁ/\lm‘]fuellu@]f)u‘ﬂ 2

H 1 U a QJ H H
M5190 5 Mduilszansasnvesaumsn 3

First-step esterification Second-step esterification
Coefficient

Value p-value Value p-value
Lo -40.49000 0.000239 9234000 0.00000
B 3.54000 0.00000 0.17700 0.00222
)i 4.68000 0.00182 0.62800 0.00253
B 1.04700 0.00010 0.05176 0.02573
S -0.05344 0.01868 -0.00701 0.02806
Bs -0.00798 0.01904
Pe
S -0.02954 0.00000 -0.00169 0.00305
s -0.14000 0.09259 -0.02615 0.03670
o -0.00566 0.00730 -0.00046 0.08187

(R21m101 0.991, R2gjusted 111101 0.983 1az R? for prediction 11nu 0.943 vosvunou 1 taz R2 iy 0.881,

v v
Ragjusted 11101 0.797 tag R? for prediction tmAy 0421 veavunaui 2)

113



a.wWusgl: n.audn n1a: n.Us:AUBanNs

9 H 9
lduans contour plot vestuaeud 1 uaziuaou  nudanlsdasy Ae USuraeniuea Usuraunsa
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98.5 93 / /
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annemmnzandmivldsoneamesliagu

v a 2 A 9y

Tunszurumsaansalviiudasziuaoun 1 a1y

v o J o a { a J

anudiusvesdulsaase (U9 3) lumsanaey
) 7w .

viniuldiandu solver ¥o9 Microsoft Excel 1ay

° ' A £ a s {
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v 9
(111 61 min Ngungl 75°C HaInuuIa1E
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n
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Wanua 18 msnaaes wui Idmnnuusgnives
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RSM lumswmanuduiutsznnueiiaeames uag
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namsilfasen) igluuvaums fe full quadratic
polynomial fauaasluaunsi 3 FURIIRDTUADY

N 1 wazaduilszansasnuesauns A1 p-value A
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wilszansainvesSmatemueaninaunsnonal
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Second-step esterification
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ABSTRACT

The objective of this study is to evaluate the ticket service efficiency of Mass Rapid Transit
stations. The ticketing point within the MRT station is a junction or bottleneck point of travel within the
stations. The services include the automatic ticketing and ticketing by employees. The study evaluates
the ticket service system at Sukhumvit station, which is the busiest MRT station especially during rush
hours. Since last year, the ticket service queuing systems have been modified from the multi-channel
service with multiple queues to multi-channel service with single queue. This study develops a
microscopic traffic simulation to model two scenarios (before-and-after) of ticket service systems and
to compare the service efficiency between two models. The results show that changing the ticket service
queuing system from multiple queues to single queue can increase the space utilization of the waiting
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area by 28 percent, and reduce the passenger waiting time if the passenger demand is high (about 2,000
passengers per hour). However, if the passenger demand is low, then the waiting time of two scenarios

is about the same.
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ABSTRACT

The objective of this research is to find the appropriate parameter setting for wobble riveting with
design of experiment techniques. By designing experiments of 2 full factorial model to study factors
that affect the production process including air pressure, rivet pressure, time, and height. The response
values are Wobble High and DCR. In this study, 16 experiments were conducted and 2 experiments
were repeated. The results found that factors affecting the wobble high include air pressure, time, height
and interaction effects between air pressure and time, time and height and factors affecting electrical
resistance (DCR) are the rivet pressure, time, and height at the significance level of 0.05. With the
appropriate parameters to the production process are as follows: 2.5 bar air pressure, rivet pressure at level
of 6, time at the level of 6, height of 10.482 cm, and the total desirability function of 0.68313. The
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experiment was conducted to confirm the results by using parameter values derived from the analysis. The
experiment was repeated 3 times and the analysis of variance (ANOVA) of the response value of both
before and after improving parameter values. The results of average variance analysis of response are
significantly different. This shows that the response after improving parameter values is different from the
parameter values of current production and is within the range of product specification.
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AnT1eH GR&R naanglin 4 uaz 5

Gage R&R
$Contribution

Scurce VarComp {(of VarComp)

Total Gage RaR 0.0001987 8.57
Repeatability 0.0001987 8.57
Reproducibility 0.0000000 0.00

ocperators 0.0000000 0.00

Part-To-Part 0.0021203 91.43

Total Variaticn 0.0023189 100.00

Study Var $Study Var

Socurce StdDewv (SD) (6 * SD) {(g5V)

Total Gage RaR 0.0140952 0.084571 29.27
Repeatability 0.0140952 0.084571 29.27
Reprecducibility 0.0000000 0.000000 0.00

operators 0.0000000 0.000000 0.00

Part-To-Part 0.04804862 0.276277 95.862

Total Variation 0.0481552 0.288931 100.00

Number of Distinct Categories = 4
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.016630¢&
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-.0997837
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100.

87
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Gage R&R
$Contribution

Source VarComp (of VarComp)

Total Gage RsaR 0.0000170 6.16
Repeatability 0.0000170 6.16
Reprocducibility 0.0000000 0.00

operators 0.0000000 0.00

Part-To-Part 0.0002595 93.84

Total Variatiocon 0.0002766 100.00

Study Var $Study Var

Source StdDewv (SD) (€ * SD) {(£5V)

Total Gage RaR 0.0041281 0.0247683 24.82
Repeatability .0041281 0.0247683 24.82
Reproducibility -0000000 0.0000000 0.00

operators -0000000 0.0000000 0.00
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4.2 wanIinaaog

HANTNADDILAAIAINITINN 2

M319N 2 LlﬁﬂﬂﬂﬁﬁuﬁﬂWﬂﬂﬁﬂﬂﬂﬂﬂ

No. A B C D sou 1 390N 2
High DCR High DCR
1 -1 -1 -1 -1 0.87 0.14 1.15 0.19
2 1 -1 -1 -1 0.65 0.14 0.63 0.14
3 -1 1 -1 -1 0.85 0.22 1.16 0.15
4 1 1 -1 -1 0.64 0.14 0.71 0.14
5 -1 -1 1 -1 0.59 0.15 0.59 0.15
6 1 -1 1 -1 0.57 0.13 0.58 0.14
7 -1 1 1 -1 0.57 0.18 0.5 0.15
8 1 1 1 -1 0.55 0.14 0.51 0.14
9 -1 -1 -1 1 0.93 6.14 1.33 70.12
10 1 -1 -1 1 0.61 12.68 0.46 14.58
11 -1 1 -1 1 0.76 20.64 1.08 343
12 1 1 -1 1 0.46 46.2 0.61 26.77
13 -1 -1 1 1 0.45 0.24 0.44 0.68
14 1 -1 1 1 0.35 10.05 0.48 0.22
15 -1 1 1 1 0.43 92.17 0.33 3.09
16 1 1 1 1 0.45 8.43 0.42 26.62
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4.3.1 manugavesridtiya (Wobble High)
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Factorial Fit: WH versus A, B, C, D
Estimated Effects and Coefficients for WH (coded units)
Term Effect Coef SE Coef T P
Constant 0.6539 0.01124 58.19 0.000
A -0.1922 -0.0961 0.01124 -8.55 0.000
B -0.0303 -0.0152 0.01124 -1.35 0.184
C -0.3066 -0.1533 0.01124 -13.64 _0.000
D -0.0953 -0.0477 0.01124 -4.24 0.000
A*B 0.0397 0.0198 0.01124 1.77 0.084
A*C 0.1959 0.0980 0.01124 §.72 0.000
“A*D -0.0428 -0.0214 0.01124 -1.90 0.063
B*C -0.0022 -0.0011 0.01124 -0.10 0.923
B*D -0.0397 -0.0198 0.01124 -1.77 0.084
C*D -0.0572 -0.0286 0.01124 -2.54 0.014
=0 -0.0023 0.01124 -0.21 0.836
A*B*D 0.0428 0.0214 0.01124 1.90 0.083
A*C*D 0.0528 0.0264 0.01124 2.35 0.023
C*1 . L0255 0.01124 2.27 0.028
*C*D -0.0241 -0.0120 0.01124 -1.07 0.290
S = 0.0898987 PRESS = 0.689644
R-5q = 88.96% R-Sq(pred) = £80.38% R-5g(adj) = 85.51%
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Residual Plots for WH
Normal Probability Plot Versus Fits
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4.2.2 manumumulvlih
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Residual Plots for DCR_1

Normal Probability Plot Versus Fits
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ABSTRACT

Hardfacing with chromium addition has been a new technique and widely employed to extend the
service life of machine parts related to wear mechanisms. In this work, the effect of chromium from
high chromium martensitic stainless steel type 401 in hardfacing deposit was studied. Low carbon steel
electrode and martensitic steel electrode were used to deposit using submerged arc welding process. The
results revealed that the microstructure of low carbon steel deposit without chromium addition consists
of ferrite and pearlite. The microstructure of weld metal with chromium addition showed ferrite and
martensite. It can be seen that the increasing amount of additional chromium showed lower welding
dilution and higher hardness values of the weld layer. The microstructure and hardness values of welding
layer welded with chromium addition are different to those of welding layer welded with martensitic
steel type electrode without addition.
Keywords: Submerged Arc Welding, Hardfacing, Chromium Addition, Welding Dilution
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ABSTRACT

This research aimed to study the influence of stress concentration and temperature under tensile
testing on mechanical properties and microstructure of JIS G3135 SPFC440 high strength steels. Tensile
specimens, ASTM-E8 standard, were prepared into five different stress concentration patterns and the
four different tensile tests temperature were 25°C, 200°C, 400°C, and 600°C. The results showed that
the effect of stress concentration on the tensile strength of the material was significantly decreased. From
testing at room temperature as a ductile fracture is a result of the microstructure investigation of fracture
surface caused the dimples fracture comparing to the testing in high-temperature which loss ductility
from heat.
Keywords: High strength steel, Stress concentration, Mechanical properties, Microstructure

158 Received 4 July 2017
Revised 14 September 2017
Accepted 12 December 2017



1. unin

o < < .
ﬂi}ﬁguumaﬂﬂé’mmmwumgq (High Strength

A

Steel: HSS) iHutagaviiionlFlugaarvnssunis

a £ % s 1
NAAYUTIUYITUIURA Llﬁgiﬂiﬂﬁ%}TQﬂlﬂﬂﬁﬂﬂu@ﬂﬂ1\i

o =

UWIHANY 1109913 NAIBAI 1A IUAINNT LT 30D

a

9
°

MNINge AN IUNITGAFUNAINIY aanIs

]
(3 =

gUAINNLIINTZUNANNAINNITFY [ 1, 2] v‘?ﬂﬁsfia
GT;'ud’mw'mﬂswaummﬁ@ﬁ’aﬂmsﬁmm:g [3] W50
muﬂwi%ugﬂwwg (Hole flanging) WaRins 1
anudounaz lifinnuiou vedswansznuaoauiia
Vmnauaﬂmm?n@amﬂﬂlm%ymm NIZUIUMIAA
izgaanaiilfifagudsonaiiuidu (Stress
concentration) [4] 8g1an@niaes i 18 naziinaziia
TyrImMsuanys oA NIAUT UV VIHI 0NTZVIUMS
Pzt hildamioonuuy'y

a

N1UAD

uAn YA FURUTIZ 1
4 Y
HAaNsenNuUVodgUuesIualIINLaY ( Stress

U

o £
V139

concentration) MgHgl lumInageuNUANA 1A

Fevzdananoaulian1ang Inseddagania uay

a

sUnuuaNudeIshiguvgiaieg elszgna 114

U

lumseenuuunszuImMIHan tazmsiugUTudIu
soua dmsuiludeyamsdaduludonldauld
a1z Ay TagnaasoudMannaIn T
g9 JIS G3135 1n3a SPFC440 aAnuviun 1 Haamns

Qy o il 1 = ya 4 FY A
Tﬂﬂﬂﬂ!ﬁ’)’t‘)ﬂﬁWWNﬂWiLﬂiﬂNiﬂNﬂuEJ'i’JlJﬂ’JHJLﬂL!'ﬂ

@ ]

1 @ y 12 A [N}
LANANNY S EﬂLﬁJ‘U “lmm ﬂfumamw"lumumxs

Qg
Y

U

4

(g i { Jd 2
mmungg?}mmag{uﬂ YU

@ 1

4 X
AVYNUISIIAYINYDI

D,

L3 ) Y 1

Py ' o Lo '
g vU ﬂﬂﬂ1ﬂlﬂ1$§ﬂﬂi\1g{uﬂ HAZHUAIDYNLIIC IR

e
=

o)™y

o—

pagud Imsmmuaviaduriugudnanvesgeg
8 1.2 Hadmas uazgavgilumsnageuuanaany

5291 Ao 25°C, 200°C, 400°C 1az 600°C

&~ 2

159

Engng.J.CMU.(2019) 26 (1)

2. IBMIAMIUNUIY

MIANEIANNENHUTTEHINNANTINUVDITUE
swanuAunuguugilumsnadoy Ivunoulums
fufinadade il
2.1 gunsainazIZnmsnaaes

2.1.1 am‘ifﬁ”ﬂﬁﬁwmimamﬁufaﬂu&iumﬁnﬂéﬁ
AN Ige nasgIu JIS G3135 1nsa SPFC440
A 1 fadwas iflumsnagevusduiiofnm
AuANIINAAINAIIY MTIAT OUTUFIDITHIY
ﬂﬁzmumiﬁu%ugﬂﬁ'muﬁﬁuﬁ AINNINTFI
ASTM- E8 a1we1152u (L) =200 aatuas a1
p12ina (Lo) = 50 Tadwas anuniie (W) =12.5
Nadmas uazsaNveal (R) = 12.5 Nadmas audnad
“lugﬂ‘ﬁ 1 ¥in1snaanedrensesnageunsaaa
(Universal testing machine) Bfo Zwick U Z020
#ennu3rlumsae 50 Tadwasaeni (Constant
crosshead speed) Hafdeamsnnmsnaaeuiifom
AMWUianseAegaga (Ultimate tensile strength:
UTS) mmu%mmgﬂmm (Yield strength: YS)
wazilosidudnisdada (Percent elongation) ¥4
uaaanavIn Stress-Strain Curve uagiiMsnaaol

< @ . a
ANNLUITZAVYaN1A (Micro hardness test) U510

e

a 2 A

Y '
UNIFUAIDEIN 1UIU 3 YN OAUIUAURTY

-t

SuiaToanaaeunudaie Wilson hardness U
Tukon 1102 Testscale HV0.5 Test force 500 gf

Y 3

aau 13ilunar 10 3

200
50

20

&
o
&

50

4

57 1 Fudrodanaaouuseds (1iie: mm)



a.nagla la: w.naas:na

2.1.2 miﬁﬂmwanszwmmg{uﬁmummgﬁ’u
(Stress concentration) 87801313 8T UF 1081471
uanaeiu 5 jUuuy Sunaduiugudnarsesgnig
flo 1.2 adwns

2.1.3 msfAnyiwansznuvesgurgilunis
NAAVVUANANNY 4 52AU Ao 25°C, 200°C, 400°C
wag 600°C fiflnadeuianiena Iasead1egania
uazgUuuuanudesnie aromn lihenTangju LH-
18 EF-V-P uazmicﬂsnaauqmwgﬁmmsﬁyuﬁ’aadn
Twiadae Thermocouple wiia K 5uldanudouy
Fuiedunngungieuigunginaaoudie
”mmmﬁwqmwgﬁmﬁ 20°C/min iifennudouves
Fufledrafequuginageviziinisovuy
(Holding time) 13u1u8n 8 wait e 1a1uden
n3zatedIeg 1 I ANeAADARI T fouTINS
nAToUIS AR MInATUIIATIIL $119U 3 Fu
F0619 Tundazitoulumsnanes

2.1.4 msasandenInseadieganma s eudy
éf'mEJ'N@gf';meiﬂTﬂmmmmwé%mdma%’220, 320,
600, 800 ttar 1,200 arua1ay mﬂﬁu“l%'magﬁm
(AL,O3) ¥u1a 0.3 pm taz 0.1 um Yauufdnvaia
Fuinreaiazuaide Struers ju Dap-7 Safadae
drsazarensa uazi1liasrvaeulnssadeganma
Fundosqanssmiinuuasiie OLYMPUS ju BX
60 M gmzm:maauTfma%’nqamﬂ’c‘fﬂymmmv%uﬁa
asasoouan (Fracture surface) A20nd039anssed
HUUA0INI1a (Scanning electron microscope:
SEM) e JEOL Ju4 JSM-6510LV uazasivaou
drunduniunllagimatia Energy dispersive

spectrometry (EDS) 8o OXFORD U X-MAX

a J
3. HANMINAABAZIATIZTING
3.1 wamsnagouaniANIInanIum1
MSANEIHANTENUVOIFUITIWANAUALANAI

5 giluuy Augungilumsnaaeuuana1eiu

o Aa (R < <
4 5260 NUWAADAIANNIIITIA LAZANUUTITIPA
A3 aan3 1 Tugdn 2 uazgdin 3 91nnsnaaearu
are619 litinsz g imsnageunsspangungl

q

0 491.80 MPa a2 uudiausagansniinl 353.76

Y ' <
25°C HaM3INAABINDNIAYNAINNULAWTIIGIga

< A Y 2 A o
MPa tazaundeling 156.70 HV viatiiiiosniniag
o 2 < = . .
OAIINITINUAIINUT 39N g (Strain hardening
< Aa =
rate) Tagn 1y ausaniargainanioinva
Martensite W3oM31ia Strain hardening Nga[1, 5, 6]
1 i Y
enaaeunguugieszmInsudedeasasy
nseaaldgaga msizadiuiuaalatadu
(Dislocation) HA1gatiue an¥ALANNTeINNA

@ [}

é! w Qy ! a 3 . 1
YUNVFUAIDINNWLIUNANTADAAI (Necking) aiwa

v A

k4 H 1
ﬁﬂﬁ'ﬁumﬁﬁhmﬂmwanmﬁ;mmmmumaam

Y
A a X

nwiounulin1sve1edI1ve9508UAN DAY UDE19919
(Slow crack growth) FauaadangAnTINULDIER
17 (Ductile fracture) [7] nazdaqiinnuimiilen
[} @ I I J @
Quga ANy Aelinlesiduanisgada 24.5%
9
AuantAllnaIINanYULIANIZYeIlaTIasig
<
@ammmmaﬂﬂﬁmauwﬁ (Dual phase steels) Tag
< <
TA59a519900 1A UHANNAIAITNLTILTIGY
9
SPFC440 riuszilszneudmenguueuvla Martensite
L g a4 ) o X o
Fathuanuiansaedlognuue LNIY uaziuwan
. < { A A =
voalageaiie Ferrite i widanuninnumiien
o 4 =2 o q9 & v ¥ ad
aaaaalugln 4 v ldmannaiaeulany Ina
I =} VoA a
ANUUTITIAzANUHNeT [1, 2] ualiogungily
A A 2 a ' L 9
MsnadoulANNNgIvY gurglazae i Insaadie
vouad Tandunatodlreenainnu uaziildlsuim
a o =3 1 Y I =3
vosadlantuanad 19dIHaliaInuuITIA

' < ' <
AN ITULUULTIYANTIN uazmmmumﬁuuﬂﬁ'mﬂ

AIMNNYUUYUNATOUNNUIU [8] BIINNI1TNARDY

=

A g v A a '
Poannias wavaaduiumsuanrninalusianis

a CURACT

nfasunilasgilsenns (Plastic deformation) osaq
@ Aa X T <
[7, 9] HazMIVOIIAIVOITOIUANTNATUDEINTIALT

. < ' o ' 4
(Fast crack growth) ¥aifiulded1adaiauinile



v .
nadouFuAIed1Ngungll 600°C denalininiy
< U <
udansefeanas 415.84 MPa Amnnuuadansgansn
S A
anay 277.52 MPa uazanuuaua 113.65 HV

——m— non drilled hole

— & centred single hole
A off centred single hole
—w— centred double hole

off centred double hole|

420

350

Ultimate Tensile Strength (MPa)

360

T T
0 200 400

Temperature (°C)

d‘ v o v ' < =2
gﬂ‘ﬂ 2 ANUAUNUTIEHINATNINLUILITIAIGITA

SIREITEY

360 ——m— non drilled hole

t:\ @ centred single hole
L
3 A off centred single hole

330+ ——w— centred double hole

—— off centred double hole

300

Yield Strength (MPa)

270 4

240 . .
0 200 400

Temperature (°C)

d‘ v o ' U <
51U 3 AnuduRuSIZHINMANULTALTIRAATIN

a I

@

N IREITE Y

161

Engng.J.CMU.(2019) 26 (1)

Y < <
i‘l.lﬁ 4 Iﬂi\?ﬁ%}N%ﬁﬂWﬂ‘UE]\?Lﬂﬁﬂﬂﬁﬁﬂ')'li]!l,‘ll\uﬁ\?q@

a4 a

SPFC440 1lsznoudieTnssadranuman Ferrite

wazla Martensite 7105291862080 1MVDVINTU

HANITANYIANUFUNUTIZHINWANTEND VD
4 .
gudsauauau (Stress concentration) Tugiuvu
Y
A9 nugargi lumsnageuuana iy 1510 N

Mediiimimzgizinagudsnuiugegaivoy

=K o

Y { a
Y043 [4] Fai ldsuauninmsmizgnamsideneld
Y 1

1 1A =) = =) a é‘
qmmwmmﬂumtmz UAZANUITINI1ISLINAVU

U
Y

a < I o " A a
ATV VVDIFUUFUNULTND “?QL?JH@']LLWHQVILﬂﬂﬂ'NlJ
IAUFINNUTIUIU INTIZNITNTZIWAIVDIAINAY
IR A A o '
blllﬁll'llﬁllﬂ uazﬁmumwu'ﬁﬁﬁ'mmﬂm AIUNINIE
° ' < A 9 o
m”lﬂt;fmﬂﬂu’gmmmu‘umnntmn‘nﬂ WAIINNIT

§ a < Y 2 @ 1 y
naaeenguygl 25°C szimiu lanFuarediainizg

]
A

iAenssgud wuhiagiis UTS 470.66 MPa dagilii
UTS 467.74 MPa a3

= o = 2
(b) aziaNuaNI30 luMITULIIAIGINIFY

A

5 (a) 1Az IAATIEUD UA
510 5

L1l

@ l { { { 4 '
A0z gRenboIgud a1 UTS 458.50 MPa

1 4
f9319 5 () wazinzggioeagud a1 UTS 458.18

' v 2
MPa @331/#1 5 (d) iesanuSnumrhaasuniiiion
9 1 9 A o 2 a 2
HounN31ATIA1UIBDIgUIIZITUINATRILANYUN DY
< Y i A 3 1 <3
AUATLNINNTVIIAIVDITRIUAN NN AVUDEIITIAG
A A v oo = ' v W A
WV U e deunlatedang Ny Uy e
A o o & 4 a )
VIAANUADIHDY HazIZVEA 1 SINuNUT U
o ] I v A a 1
aavutalvg tdunmisuaniniinalugaranis

a ' Y dy
L]Jaﬂullﬂﬁﬂgﬂi'lﬂﬂ'niuﬂﬂﬂ'lﬂ INMAANTITNAADIU



a.nagla la: w.naas:na

Y v < =3 1 I
uﬁﬂﬂmwummmmumgmm LAZAIAITUILUILLITIYA
~ Y o A o 2 a
asnduud Iduanasluanyuzviouny Funan

J v ' @
waﬂiz‘ﬂuquﬂmmmmﬂugﬂumumm Tagvzusriu

{ A &

as g < 3 v 2 @ 1
PUNHUVNNNFIVU cmmu"lﬁ'wm%mwmmmama

de

& s

1912371809 UE naassNgugl 600°C 1

=)

=

anvenusalumssuusanediaane 376.15 MPa

a b
c d
3 K o T Aa { J
31U 5 FuAI9819N M9 () JIABINIIFUE
1 4

Y
1 k4 k4
(b) 39a53gu8 (c) JAvnbosgud uaz (d) jgibegud

u

nadouNguigi 25 °C

[} o d .
3.2 HaMSANHIANNTNWUSIZHING Stress-Strain

curve Ngamgiinigg

'
A A

v = v
Wenvnsawansnaaednialanssng arensii

v v 1 .ooA a 1
ANVTUNUTISHIN Stress-Strain NYUNHUUANAN

CY

=

Jufo 25°C, 200°C, 400°C uaz 600°C Wad1nNNIs

@

2 o 1 ra A =2
nadouruA106191uIn1519123 AegUN 6 uaasia

NRANIsUNIINaNUANA1 R UYL dUNTIW WU
' < 2 o ' A A
mmmummﬂﬁwawumaEmmaam]qmwgu
o a R A <2 @
25°C uMgga TINHANINANNUVALITIIAATINAY
< =K A 1 @ A a A 9 Y
ATNUVILTIAIUATH N UK IOUTIUNADUVIININ
dsl d’ = U L} 1
yenvIntemeuaNuTuYeans M lugausa nun

v v
AUFUUBITUAIDEINATDUNgUN N 25°C

9 VoA ~ o 2 ~ A
uﬂﬂﬂ'ﬂlnﬂﬂﬁEJULV]fJ‘Uﬂ‘]Jﬂ'ﬁV]ﬂﬁf]‘U%uQ’luﬂqmﬂﬂu

Y Yy 9
qq?ﬁu 'I/N'a!,ﬁi‘N‘D”Iﬂ’lﬁﬂqﬂ\‘]ﬂaW’Jﬁﬂﬁi1ﬁ’Jui¥W’JNﬂ’NN

2 ' 3 =2 A o ' ]
UAUIITAATINADAITNUUYILITIAINAN ﬁ\?Wﬁi‘Viﬂ]i

1a
2

NATURAIGY TAQUNITgaFuNaII YT IUNIN

sunilas3s190135 (Plastic deformation)

162

(High energy absorption) #4limadon21uainiin
Y 4 1
Tunmsyuglvesiag Tasiinsan ldnniuildnsl

' Y
Stress-Strain 4azN15v818AI1V0ITDBUANNIAAT L

[l o <

9619919 1AZHADINNITNAADINT AT IA
IS} Y A a d%’ g =
Huwr yasauiegaungilumsnageugavy Hune
Ngungl 200°C Ua1 UTS 468.73 MPa fgmigil
400°C 1in1 UTS 438.43 MPa tagiiguvgil 600°C

fiA1 UTS 415.84 MPa &l us1aund aus af i

=

1 A I
Nga amanuansalunmssadiniaianas [10] Tag
Hrawmnmsnlasuntlasglinansdesas [11] uag
= <
s lugdn 7unsiluaasnanisnaaes
@ 4 1 . 2 o [} {
AMNAUWUTIZ113 Stress-Strain MNFUAIDIIIN
A g o v =2 A a
11231A8NTRIgUINATUNEIANTIAIN U
9
uanaanuaa 25°C, 200°C, 400°C uag 600°C
1 an o <
HAMINARDIUAAINUHYUTHAADA AN UTIAY
IFULAEINY uazwaﬂi:wmmquﬂ'ianmmgﬁ’u
Aa X Y3 = ' Y wa
nAavuuaa MR UDIAMUIANA NN A UANTAN
9
] o o < 1
NAYINTALIY mmﬂmmmjumﬁagqm ARGEREY
< @
HAIIPANTIN HazANUAIWIT0 TUNTIAdD Taoms
@ A a 2 l < 4
VPIWAIVDITOOUANTINATUDE1TIALGI 1119991AY
1 Y
m’l’mmmwmﬁ’umnmﬁuumgmiwmmmammguu

Qy d’ = v Qy (% )
yunu wenlSeumeununs HanINaaeIruUAI0619

‘d‘ L
A'ldrumsngs

L1l

500 -

400 1

£ S

Stress (MPa)

200}
[ s 00°C

i .
w0l [ 600°C

0 1 1 1 1
10 15 20

Strain

NguugluananuINFumed1an lulinsnigg

Q



500

400 4

300

Stress (MPa)
(%3
w
m

2004 S

100 :"/

Strain

H o v J 1 . ~
5UN 7 ANuauWUTIZHIe Stress-Strain curve 1

a4

Y H H Y
gagluana1eiy 9InFudIee NIz R Be gl

& A -4 A o

e rsalestdudnisaaaa (Percent
elongation) TasA21ue1v035zezNadel (Gauge

"W a a o <
length) 11111 50 Hadwas wamsnaaosdunamiula
Y v
DYNTALIUIMINATDUFUAIDINNQUN YN 25°C
A @ @ A A A I I J A o

MIgadIveIdiaglaIgaga AollosiuanIEad
Ay 24.5% aquaaslugln 8 dmsuanumiien

< 7
yourannaaounaiuIzgnAILgL TasyINAINTUYDA

v Y

Ferrite uazivla Martensite $33u0gnunsnsza1od)
la Martensite tazdaaiuveunla Martensite ogh

szanm 5-30% [12, 13] Lgdzﬁaqmﬁgmumimﬁau

]
a

4
MugauuAe 200°C 400°C naz 600°C Hnalins
A o A v o w 4 oA A X
gaaaiuulrTduanasaiudiay [14] Wunoilosu
Y
dredranaasdldsuariuseouniniu vzdinane
Auauianena aunsizgieiliinagudioy
E
ANMUIAUNTUAI0619 TnansznVod1ININGD
\ \ 2 lg’
anuennsnlumsgadd Usingnaimstadivesiu

@ [l A v o W

ared198 Iduuuranasnngduuvedniiiedidy

o
' v '

iinannFumedantigagudsauanuduizihliing
o [ < =} Y ~
9AA31NAI081959A157 1aZUNITVEIBAIVDITELANT
a 2 ' 3 ~ A '
Navuee19320157 Taeimsilasumlasgsenins
v A A w9 =2 A
UDYAIHIBNITIAAINDY LAZHANITNATOULITIAIN
A A 3 [ Y s 4 A =
QuUNQUINNGIUY danalia)esiFuanissaail

9 o A v R
uwr ldvanadluanyaziouny ¥Fanua1N1T0 1

163

Engng.J.CMU.(2019) 26 (1)

A v a1 Y d. a é’ @ a" @ ] q‘ ld’l
MIYAAINAUDINFTAUNAVUNUFUAIDY NN JAYDI

o A

J a J I J
qud gunginadey 600°C 1o iFuanisgaaall

mgane 8.4% (Minimum hot ductility)

30

®— non drilled hole
& centred single hole
—&— off centred single hole

254
centred double hole

— 4 off centred double hole

20
Tm

15

Elongation (%)

T
400

Temperature (°C)

y v o ! s 2 o o
iﬂﬁ 8 ﬂ'JﬂJﬁiJW“LJ‘ﬁiZ'ﬁ'JNL‘]JE]ﬁl,“])'u@lﬂﬁgﬂ@n

L)

NUQUNYUNUANANY

3.3 wanisasivaeualainaiia EDS (Energy
dispersive spectrometry)
nanisnaasdiedny IguiANIINg ag

3 <
Iﬂiﬁﬁ%]%‘i%qﬂﬂ”lﬂﬂl@ﬂlﬁﬁﬂﬂé}1ﬂ31ﬂll‘1}\1l£iﬂq\i

a

SPFC440 91nnsnaaounsiaaiguuginana19nu

U

FaEuUMa 1A1nAITATIVTOVAIUNAUNIUATIALY
a I @
maila EDS Tasuaas Spectrum Wuwadns mams
2
As19a0UReNALA EDS US NN uAInTIsoauan

(Fracture surface) wunsgninsnlasunilasedial

'
o o =

Todhaguniga Aodanou (Si) tazunemila (Mn)

a v A L2~ 9 &
Wﬁ]ﬁﬂ!”lhlﬂ%WﬂﬁﬁN‘ﬂ 1 saduvur livanauionadon

= A X o d' L
NOUNHUFIVY ﬂﬂgﬂ‘ﬂ 9 UHAAINAINNITNATOUYU

a v Q

1 ]
~ @

A10819NguKal 25°C Wy Spectrum 01 1 Uizay

a U

ANMANYDIFAADU (S1) (1N 0.40% azuuemila
(Mn) 191 0.89% Lmzmngﬂﬁ 10 MsnaaeUiy
Fodufigungil 600°C Spectrum 71 2 fiszdunm
iuvesFanou (Si) anad 0.17% wazuuamila (Mn)

anas 0.78% Jeawisaaylldingungiluns

o
a A

2 A ' A '
NAFOUN Wilf;f\jf’l]u MWﬁﬁ@ﬂleﬂaﬂuLLﬂaQﬁ’JuWﬁil'vnq

v v
A

A NeiltleInganow (Si) uazuuaniile (Mn)



a.nagla la: w.naas:na

r'd T
Hdulszansmsunsgannsigou Johliaaneu (Si)
wazunamile (Mn) inamsunsoon llsiudanusie
A Ada & 3 2 s = a
duniruandusueen laq [15, 16] FelSuw
Faaou (Si) uazuuinita (Mn) Naaas YHaao
' < < 2 R g
AU I9an TN tagauudans s iyl
AMUNYBE LA ADANRDINUNUNANMINATDUITIAIAIN

NGREITR

15190 1 HaNITATIVAOUAIUNAUNIUAT VD

mannar SPFC440 (%wt, Balance carbon)

Tem(%ecr;‘t”re Si[Mn|Al|lce| P | s | Fe
25 040]0.89]024]0.07[0.10] - [98.30
200 0.36]0.83(0.06]0.02[0.07 - [98.67
200 [027]0.74]0.04] - | - | - [98.04
600 [0.17]0.7810.18]0.0910.03[0.02[98.74

Electron Image 1

Fe
Mn

Cr
Mn

Si
Al P Cr
T T T

t T T T T T T
0 2 4 6 8 10 12 14 16
Full Scale 10071 cts Cursor: 0.000 keV]

511 9 anvay Fracture surface Lagnansasivaoy

daunaumualidremaiin EDS figuvgi 25°C

164

P Mn
Cr Cr
T T

T T T 7 T T T T g T T T
0 2 4 6 8 10 12 14 16
Full Scale 10071 cts Cursor: 0.000 keV]

51U 10 dnyaue Fracture surface tagnams

a9

a

asvdevdIuNauMIuAiidIemaiin EDS Ngaigil
600°C

= k4 4 d

3.4 wamsfiny 1n33a5199001A01NNAD99aNTIAN

HUUAP9n31@ (Scanning electron microscope:
SEM)
= v 2 o a
ANuEsMeveurannadeulavuegiumIne

¥o9319lula Ferrite Alianumiion ¥391910a010
MININAIVBIUTIIUTBIA0 Tz U 1WA Ferrite uay
Martensite tHazinad1nAIUIToH 18U Wl a
Martensite [17] danaaslugii 11 Wonoisannai
¥
18911N13ATNAOUANYULVDINUAINTITOOUAN
(Fracture surface) agwuanymznvjvse (Fibrous
fracture surface) TasnszUIUMTVABRIVDITOB3 1)
NIMTLANTALDUM HIABU 19929 FednHULT0g
. d' a Y Y A

nqu (Dimple) NU5nQUUEIMINLANTN 5391NMNT
a ] ' < . = a d’! a 1

NAY¥0IINVUIALEN (Void) HanavdusiINsaene

sgnnue Ferrite tagile Martensite aduanaluzil

]
~

7 12 (a) 1azmMsve18a1U03%5099219 (Void growth)

v 9
auaaslugiin 12 (b) mmiudimsvensdivesesin



INFIIN VLAANTIFONTINAUVDIFDIIN (Void
I I
coalescence) [17] vunaretfusesd1nvuraian
(Micro-crack) uagmsvers@ivedsesi1n aanal
o ak A o v o g ¥ v A
aquiunlunisiuusadosaduazimlianudun

o 1w A A 2 ~ 3 a o
NIENIADITAUAUNNUY blu‘ﬂq‘ﬂﬂlﬂﬂﬂ’]iuﬁﬂﬁﬂ

(Fracture) 90n91nnUY833ae

Grain boundary \ [

Spherical voids Fracture

S o 3 y
sUR 11 dnvazna lnanudemeimayuluszdu

Tassafrganinvesiaqmileon [17]

W F
SEI  20kV WD10mm: SS50
IET-RMUTR-KIW

(b) M35 (Void growth)

S ex10,008)

31 12 Taseadgamavesresing (Void)

165

Engng.J.CMU.(2019) 26 (1)

naf ldanmsasrvaeuinseadisgamanie
AndnpuzituiIngseeIANTe T MBI INNGDY
anssAduuudedniia (Scanning electron
microscope: SEM) wuiwﬁﬂymziﬁuﬁummmu
mitloaveunannainundasage SPFC440 naali
Wureedgvuiaan (Void) dnvaziiluiesvqu
(Dimpled) fiiAnvingesnannFousy (Micro-void
coalescence) [18] Tﬂﬂ‘wguﬁiﬁﬂiﬂmmﬂ (Fracture
surface) MMInAdeUfigangil 25°C da31lfi 13 uaz
manadevuiiguugid 200°C §agld 14 15unrs
nannuuuviiied (Ductile fracture) Hi1uaunay
viaveanquin (Dimple) Aim3nsznesinouse
Homogeneous [19] Anhuaniiausoeufiuges
nquuUUaNIAT el suifieusuAiuansins
nageuiiguyigll 400°C f1317i 15 nazmanaaeuii
gavgil 600°C #az1lfi 16 Midavens 2,000 1 naag

4
S a K

< 1 ' '
Tiiutdnyagsesguitiaiuuanaisldainns

'

a

nageunguvgilnAuazngamgi 200°C seavaan

E} £
' Y

TasdnbazyedsoInquitiavuIzlidnyazinoon
4
(Elongated dimple) ad10295uagi1uiSoun1niu
W300105onanyuzANMTeNIoUD Semi-ductile
A a a = 9 2 &
nyemnamsg@sanumited luvazioudy Gadawa
apnuaInlunssunssdaaznsiadaiooas
=< PRl a I Y
vmnsaaglldngungilumsnadeuannal
< a 3 A
AWV 9ge SPFC440 Tnaaenisnasunilag
Tassadegamavesiag sannsan ldvindnyazves
k4
Wurasesoouan (Fracture surface) Taglinanszny
' = A A o o A
ApANNIHHIIMIOANUAINI0 TuNTEAdIveITagh
HANANNY 1INNIsNATEUNgUUTgIaziiliaw
Milenaaad 1AgaoAndeInUNUNANITNATOUITIA

@

A
ANNATINI



a.nagla la: w.naas:na

31 13 Taseadreganinuaas Fracture surface 31 16 Tnseadregannuaas Fracture surface

U a

figaingd 25°C aman SEM figaigii 600°C nman SEM

a U U

4. agUwamasnaaes
= o v 2
NTANEINANTENUYDIFUITINAIIUAUNY
gqungilunisnadey Ninadeaulinniananag
< <3
Taseadeganinveunanndinuuniusagansa
E4
SPFC 440 aunsnaginaldeail
4.1 mansznuvesgudsiuanudulugiuyy
v T
A199 Us1ngi1Fudied19nie1zgasaguell
' Qy g | §
AuasalumsSunsfeganruitedsinigg
£ s A - Y o ¥ da X dy '
WONFUY LUBININUINURUIAAATUNUIUBNUDINI
v & ¢ A A E & a
ATIAUEDIAUIVLITUINATOUUANVYUNDU IUNTSNINU
@ Aa X [l <
MIVBIIAIVDITOIUANTNATUBENTIAITI INT1ZYUIA
A A 9 oo = ' o o A
nunmihdanlaguinlasedianginiursovianu
1 ﬂ'
AOLDY
4.2 wanmsnaaes Stress-Strain curve 118910
=2 A a ' v A o
NTNATOUUIIAINGURYUUANANNUAD 25°C,
J ' <
200°C, 400°C taz 600°C WU AIANVLTILTIA
Q’I W 1 Lﬂ' a ISP tﬂ.
VYITUAWDINNATDUNYUNYN 25°C UAIGIgA 1UD

a2 o < 4 &
L‘LF%EJ‘UWIEJ‘Uﬂ‘]JﬂTiﬂﬂﬁi’)‘U“lfuﬁuﬂqmﬁﬂﬂqw}u MU

&

ipgantaadinaniisasdiuszninennuuiiaugg

]
= A

' <3 o ' Y =
YAATINADAITNLUUILLIIAINGT deraldimsasundas

' Y
fomwai 400°C 7wa1n SEM 313190193 (Plastic deformation) iAAvuIA1gq

Jagimsgagunasulsuiawin (High energy
absorption) d7un1snageUNgaiil 600°C dina

1 < o A
Tdmnnuudaus sasdinga

166



Engng.J.CMU.(2019) 26 (1)

2

d' o Y a o Y aa d' =) = v Aa
4.3 msmzgwaﬂmﬂﬂg{uﬂi’mmmmu‘myu Homogeneous WetdSeuNeUNVHRILANIINNTS

v ' Y
$19819 INanTLNVod1auInAon N INITa luns nagoungurgu 600°C aﬂymziawqumﬂﬂ?ju

A 3 ' ' A 3 ay 3 1 a Y ' A a a 1 o
gann ﬂiWﬂ;]’ZﬂﬂTﬂﬁﬂﬂ@]’J‘UEN“]ﬂWITIE]EJNNLLu’JINZJ !,Wlﬂ@]NUl‘l]ﬁ]1ﬂﬂ1§ﬂﬂﬁﬂﬂﬂqmﬂ{]uﬂﬂﬁﬂﬂ?ﬁ%m%u
1 A v o W A 2 o T Aa A v g =
aﬂamﬂgﬂuummmuﬂmﬂm ITHDIVINTFUAIDYINNY mawmTﬂiqﬁiNﬁuaﬂamuu%mﬂaauuﬂm"lﬂmu
o a o 3 Ak o a = =~
yagudTANuAuIzTh lfiingansindied19saain gl Fui lhinamsguydeanumiionluvazdon
= @ A a 3 1 <3 3 1 [ 1% o
ngllﬂﬁﬁllf_l"lﬂﬁTIJ?J\iii’)EJLmﬂVlLﬂﬂ"ldju@EJNi'Jmi'f] (Fast ‘ﬁu ’Q‘NWai‘5]EJﬂ’JHJE‘THJﬁﬂGlHﬂTiﬁ’ULLSQﬁQLLﬁSﬁﬂTigﬂG]’J

crack growth) Taetimsnasunasgsnansidesas  osaa

v ' Y
uazramINadeUnsIRnguvgiiugey denalin
a a

nlesiFuamsdadituun Tvaaasludnyazimilouiy 5. fnfnssudszma

4.4 wamsasivdon Inseadeluszdugania veveuqu uvmianndumaluladsivuena

' [ a J 9 v av 1 a
RIS AN L RUIas95001An S8 SEM W1l FauTnauns uazdninNuABEAIINMIIIONHIRA
v Y

o I a g " . 7747 it M 251
Fnwaziuindunsuaninuuumilos Ductile (%) Alimsmivayuaudszuulasimiidoil

fracture) MInMsnadeUguNgh 25°C s wmaunay  AWAYYIAIN A-11/2559

= . A A o )
YUaverguan (Dimple) NUN1TNTLTIIAINDUVIN

1PNAN1301999

[1] Lai, Q., Bouaziz, O., Gouné, M. and Brassart, L. Damage and fracture of dual-phase steels: Influence
of martensite volume fraction. Materials Science & Engineering, 2015; 646: 322-331.

[2] Thipwipa, S, Vitoon, U. and Sompong, S. Effects of the tempering temperature on mechanical
properties of dual phase steels. Journal of Metals Materials and Minerals, 2014; 24: 13-20.

[3] mAuwa adieiia JunuA qEIUNS LATNIANT HAATZDA. NTANBIINTNAVDITLOYFOIIIAUAANLHARD
a 1a o @ @ <3 <3 a
WOANTTUNITTNNUIOVOWUNNNA M SUNMITAAMANNAIANUTINTIGI. NTATIAINTTUAIAAS

wrnneasselvy, 2017; 24: 1-12.

[4] Rosenberg, G., Sinaiova, I. and Juhar, L. Effect of microstructure on mechanical properties of dual
phase steels in the presence of stress concentrators. Materials Science & Engineering, 2013;
582:347-358.

[5] Li, C-N., Yuan, G. and Ji, F-G. Effects of auto-tempering on microstructure and mechanical
properties in hot rolled plain C-Mn dual phase steels. Materials Science & Engineering, 2016;
665: 98-107.

[6] Zhao, Z., Tong, T., Liang, J., Yin, H., Zhao, A. and Tang, D. Microstructure, mechanical properties
and fracture behavior of ultra-high strength dual-phase steel. Materials Science &
Engineering, 2014; 618: 182-188.

[7] William, d. and Callister, J.R. Materials science and engineering an introduction. 6 ed. John Wiley
& Sons Inc, New York, 2003.

[8] Zhang, M., Cao, W., Dong, H. and Zhu, J. Element partitioning effect on microstructure and
mechanical property of the micro-laminated Fe-Mn—Al-C dual phase steel. Materials Science
& Engineering, 2016; 654: 193-202.

[9] Jung, S., Jo, Y.H. and Jeon, C. Effects of Mn and Mo addition on high-temperature tensile properties
in high-Ni-containing austenitic cast steels used for turbo-charger application. Materials
Science & Engineering, 2017; 682: 147-155.

[10] Maa, J., Li, W., Zhang, X. and Kou, H. Tensile properties and temperature-dependent yield strength
prediction of GH4033 wrought superalloy. Materials Science & Engineering, 2016; 676:165-
172.

167



a.nagla la: w.naas:na

[11] Choi, I-R., Chung, K-S. and Kim, D-H. Thermal and mechanical properties of high-strength
structural steel HSA800 at elevated temperatures. Materials and Design, 2014; 63: 544-551.

[12] Ramazani, A., Schwedt, A., Aretz, A., Prahl, U. and Bleck, W. Characterization and modelling of
failure initiation in DP steel. Computational Materials Science, 2013; 75: 35-44.

[13] Sodjit, S. and Uthaisangsuk, V. Microstructure based prediction of strain hardening behavior of
dual phase steels. Materials & Design, 2012; 41: 370-379.

[14] Qiang, X., Bijlaard, F.S.K. and Kolstein, H. Elevated-temperature mechanical properties of high
strength structural steel S460N: Experimental study and recommendations for fire-resistance
design. Fire Safety Journal, 2013; 55: 15-21.

[15] Mao, H-H., Qi, X., Cao, J., An, L-C. and Yang, Y-T. Effect of Si on high temperature oxidation of
30Cr 13 stainless steel. Journal of Iron and Steel Research, International, 2017; 24: 561-568.

[16] Ran, Q., Peng, W., Xu, Y., Li, J. and Xiao, X. Self-repairing behavior of oxidation diffusion layer
and phase transformation mechanism during tensile test of 19Cr duplex stainless steels with
various Mn content. Corrosion Science, 2015; 90: 535-543.

[17] Kadkhodapour, J., Butz, A. and Ziaei Rad, S. Mechanisms of void formation during tensile testing
in a commercial, dual-phase steel. Acta Materialia, 2011; 59: 2575-2588.

[18] Wulpi, D.J. Understanding How Components Fail, ASM International, 2000.

[19] Kadkhodapour, J., Butz, A., Ziaei-Rad, S. and Schmauder, S. A Micro mechanical study on failure
initiation of dual phase steels under tension using single crystal plasticity model. International
Journal of Plasticity, 2011, 27: 1103-1125.

168



Engng.J.CMU.(2019) 26 (1), 169-180 0188187 AONSSUAANS

UK1oNe1de1Baviny
/) Engineering Journal
Chiang Mai University

Method for Reducing Defect
in Electroplating Process

Pongsakorn Kantichaimongkol" " and Parames Chutima'-2
'Regional Centre for Manufacturing Systems Engineering, Chulalongkorn University,
254 Phayathai Rd, Wang Mai, Pathum Wan, Bangkok, 10330, Thailand
2 Department of Industrial Engineering, Chulalongkorn University,
254 Phayathai Rd, Wang Mai, Pathum Wan, Bangkok, 10330, Thailand
*E-mail: Pongsakorn.kanti@gmail.com, Tel. 085-990-0171

ABSTRACT

There are many startup companies established every day because the industry is changing rapidly.
Each company requires a competitive edge in order to survive in this environment. To respond to these
needs, many startup R&D companies need to implement concept such as Six Sigma and DMAIC. The
Six Sigma approach has been increasingly implemented around the world especially in the
manufacturing sector in order to improve productivity and reduce the defect. This paper discusses the
defect reduction and productivity improvement in a startup innovation R&D company. The paper deals
with an application of the DMAIC methodology in an industry which provides a milestone to define the
problem, quantify the problem, reduce and eliminate sources of variation in manufacturing process, in
order to optimize these operation variables using new solution from the Improve phase. The outcome of
the research will be sustained because the approach such as new control plan and work description from
the Control phase. From this research the implementation of DMAIC reduces the defect in
manufacturing process from 24% to 0% leading to better utilization of resources and maintains

consistent of product quality.

1. INTRODUCTION

1.1 Product

In 2014, the company did the R&D project
to develop “cheap and efficient method to recover
the precious metal from industry waste water”.
The result of the project was an electrowinning
unit with a special cathode cell. Although the
electrowinning method which uses electricity to
extract metal from ion state is not a new method,
in fact, it is pretty old and inefficient method, but
the company found the solution to greatly
enhance this method performance. This greatly
improved electrowinning unit. The electrowinning
unit has two important components (Figure 1),
the unit and the special cell. The cell part was the
result of R&D project and it was the most
significant part to the performance of the
electrowinning unit and it is a consumable part.
In order for the electrowinning unit to operate the
cell must perfectly fit with the unit slots.
However the current manufacturing method was
unable to achieved this.

When the product was about to launch the
problem was found. About 24% of the cells were
unable to fit with the units. Although the defect
was found before the launch but this event
severely affects the company. Firstly, the
company lost about 75,000 Baht from this event.
Secondly, the delivery date was delayed for at
least 1 month and this affects the credit of the
company. Finally, if the defect cell was able to
pass the installing stage, it has high chance to
breakdown during the operation which will cost
the company about 200,000 Baht per unit. This
was due to the company service policy. All the
damage and problem that is done by the company
product or solution will be fully responsible by
the company.

1.2 Six Sigma

Six Sigma can be defined in many terms. Six
Sigma is an approach in statistical analysis and
measuring the defects per million opportunities
between the mean and the nearest specification
limit [1]. This can involve anything from a
component, piece of material and service [2]. It
was proven that improving quality actually
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reduced operating costs and increased customer
satisfaction and also changed the mindset from
improving quality will costs money to improving
quality will increase profit [3].

In Six Sigma, the DMAIC method is used as
one of the main procedures. The method breaks
down specific project into phases; Define,
Measure, Analyze, Design, and Control [2].

Figure 1 Electrowinning unit and cell slot

1.2.1 Define

The first step is called Define which starts
with identifying the problem. For example, the
problem can be associated with customer
problem, product failure, financial concern, and
process inefficiency. In order to achieve a
suitable goal, understanding and defining the
customer of the project is very important.
Moreover, the scope of the project and resources
needed have to be defined. The project resources
include the personnel for the project and other
costs seen up to this point. The team can evaluate
the project’ s potential critically with a well
estimated costs and benefits [2].

1.2.2 Measure

After the problem is defined, next is the
measure stage. The flow, feedback loops and
hand- offs for the processes are mapped. From
this information, models with quantitative
understanding of the process can be obtained.

The actual process data are then used to
ensure reliable process evaluation [4].

When the current performance level is
determined, it will be compared to the best
possible performance which the baseline can be
the best historical performance. The benchmark
is with a similar process or engineering
maximum capacity calculations. From the known
current performance and ideal performance, a
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more accurate potential benefits for the project
can be predicted [2].
1.2.3 Analyze

From the first two steps of DMAIC, the
business problem is defined, related processes
identified and current performance evaluated. In
the analyze step, the objective is to locate the
difference that may arise from the goals set and
the identified processes. The understanding of the
relationship between the cause and effect of the
problem is the most important for any
improvements. The inputs that drive the output
performance will be focused after the output
performance of the processes’ is known [2].
1.2.4 Improve

In this stage, the factors bringing the process
towards the statistical solution are identified and
validated. The solution will not be validated
unless the desired change is observed from
changing the factors. It is important to use
appropriate statistical tools to evaluate the
solution effects on the whole system’ s
performance as not all changes come without any
shortcomings [5].
1.2.5 Control

The final step of DMAIC is the control
stage. After the solutions are found and validated,
an implementation and maintenance is required.
The critical inputs are set under control and the
process outputs monitored. Monitoring will



ensure sustained improvements in new processes
and operating procedures and that the process
will not operate the old way [4].

2. THE DMAIC METHODOLOGY
2.1 Define phase

In this phase, the team will focus on
identifying the problem of this project. The type
and characteristic of the defects will be clarified.
The official team and the responsibility will also
be decided using project charter.
Project Charter

In this phase, the team was set up in order to
set out the roles and responsibilities. The scope
and the goals for the project are also presented.
The charter consists of a business case file with
possible benefit and background to the project.
The project status table was revised as the project
proceeds. The team realized that there was many
type of information that will be needed in the
further phase. In order to make sure that the
project will flow smoothly, the team also define
some of the data that will be needed for the
project and how or who they need to contact for
the data. The only data that cannot be access was
the in depth information about the raw material
which was classified as information of supplier.
However from the past experience and
confirmation from expertise, the existing data
was enough to use in the project [6,7].
Critical to quality

In this section, the team identified the type
of defect and tried to find out the relation of each
type with the customers’ need. The process is
heavily related to brainstorming, gathering
information and investigating the rejected cell.
Voice of the customer

There were three main clearly visible type of
defect at that moment. The first defect was
identified as deformed of product at the middle.
The second one was the product which deformed
at the rim. The last one was the thickness at the
rim of both side was thicker than designed [8,9].

The conversion from VOC to CTQ was
related to the three type of defect that was
identified. The potential CTQ, each CTQ
represent each defect, was listed below:

CTQ for defect type 1: The dimension at the
middle of the cell

CTQ for defect type 2: The deformed spots
at the edge of the cell

CTQ for defect type 3: The thickness at the
rim of the cell
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2.2 Measure phase

In this phase, the team will characterize
further into the selected CTQ and also identify
the potential X’s which affect the Y’s.

Data collection plan

In order to gather the data needed for further
analysis, the data collection plan was developed
There are many important steps that need to be
addressed to ensure that the data collection
process and measurement systems are stable and
reliable. It was very important that the reasons for
the measurement was clearly understood by
everyone involved with the project and company
so that the measurement procedure can be
properly planned and ensure the good results of
data collecting [10].

Measurement System Analysis

There was no MSA done directly for this
project. The main reason for this was because
there was the MSA, GAGE R&R ANOVA done
for similar type of product recently. In the early
state of developing this product, the MSA was
done with the prototype product (Figure 2.1-2.2).
The measurement that was used then, was the
same one as the one that used in this project,
furthermore, the company always calibrate tools
and instruments.

The expertise also confirmed that the
characteristic of cell in prototype phase and in
this project is almost the same. There was only
one different between them. While the current
dimension of the product is 18x24 cm with
thickness between 0.62-0.7 cm, the prototype
was 10x10 cm with the same thickness. The skill
of the operator should not have the noticeable
effect with the data collecting because the
measurement method and tool is very simple.

The data below shows the result of Gage
R&R ANOVA Method. Total Gage R&R
contribution in the % Study Var column ( %
Tolerance, % Process) was 26.58% which is still
acceptable from the application. The Total Gage
R&R could be reduced via using more accurate
measurement tool to measure in term of three
digit decimal. However the past experienced and
research data proved that the current process did
not required more advance tool. From the
manufacturing, the process should increase the
thickness only about 0.02 cm, but the defects one
were at increased about 0.07 cm [11]. This shows
that the current tool was suitable for the project
in order to detect the defect cell.
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Gage R&R |
$Contribution
Source VarComp {of VarComp)
Total Gage RsR 0.0000442 T.29
Repeatability 0.0000250 4.13
Reproducikility 0.0000192 3.18
Operators 0.0000001 0.02
Operators*Parts 0.0000191 3.15
Part-To-Part 0.0005619 92.71
Total Variation 0.000&60&0 100.00
Process tolerance = 0.15
Study Var %S5tudy Var %Tolerance
Source StdDewv (SO} {6 * SD) {83V) (5V/Toler)
Total Gage RsR 0.0066458 0.039875 27.00 26.58
Repeatability 0.0050000 0.030000 20.31 20.00
Reproducibility 0.0043780 0.026268 17.78 17.51
Operators 0.0003043 0.001826 1.24 l.22
Operators*Parts 0.0043674 0.026204 17.74 17.47
Part-To-Part 0.0237034 0.142220 96.29 94.81
Total Variation 0.0246174 0.147705 100.00 98.47

Figure 2.1 Gage R&R for thickness (Part 1)

Gage R&R (ANOVA) for Thickness (cm)
Reported by :
Gage name: Tolerance:
Date of study: Misc:
Components of Variation Thickness (cm) by Parts
1y % Contribution 0.70
t o 0.65 W
g 50 0.60
a > 2 > H o Q 9 S
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0\\' OQ d) 0\) 0\\' 600 é)\) 5)0\) (90\) (90\)
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R Chart by Operators e —
% Nanchanok D Pongsakorn K Tatchai H (Gn)bylop
K] 0.016 | - UCL=0.01634 0.70
% 0.008 R=0.005
§ 0.000 LCL=0 0.65
HVAROAN PO, x 5@@@ 9. %»6» b, ") O
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0.60
Parts Nanchanok D Pongsakorn K Tatchai H
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Xbar Chart by Operators =
§ Nanchanok D Pongsakorn K Tatchai H Parts * Operators Interaction
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Figure 2.2 Gage R&R for thickness (Part 2)

Baseline performance

The DPMP baseline was determined from
the number of defect from the last three batches
(Figure 3). The average thickness was calculated
and recorded into the measurement sheet. The
current defect rate is 25.33% which is very high
and affect the profit of the company in many
ways (Figure 4). The data were short-term which
is not accurate, but for practical reasons, there
was no data that could be further collected. The
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data will at least give some basic information and
habit of the product and process.
2.3 Analyze phase

In this phase, the team will focus on
identifying the root cause of the rapidly
increasing thickness at the edge problem and
improvement opportunities
Find Root Cause

Some of the potential attribute was already
discussed from previous phase. In order to truly



understand and improve the Y’ s, the rapidly
increasing of rim thickness, root cause analysis

DPMO =

Engng.J.CMU.(2019) 26 (1)

such as 5 Whys and Fish bone diagrams were
used.

(Number of Defects X 1,000,000)

((Number of Defect Opportunities/Unit) x Number of Units)

Defects

Opportunities
Defect Opportunities per unit

DPMO
Sigma Level

63333.33"
3.0

Figure 3 Baseline DPMO
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Figure 4 Control Chart

Fishbone Diagram and 5 Whys

The data from previous meetings were used
in this phase in order to identify the potential
factors which are the root of the problem. The
simple fishbone diagram using, 6M categories,
was formed in order to identify the root of the
problem. After that, the team goes further in each
category via using 5 Whys to dig deeper into the
root of the potential cause [12].

From the Fishbone diagram and 5 Whys
analysis, some of the low possibility or low
severity was cut off from further analysis. The list
below is the potential root cause of the problem.

1. Corrosion at cathode and anode

2. Unstable rack

3. Untight contact point
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Bath temperature
High current density
Solution level
pH level
Chemical content
. High humidity

10.Metal practical
Decision Matrix

After fishbone diagram and 5 Whys were
done, the decision matrix was used in order to
identify the priority of the selected factors. The
team transfer the information from Fishbone
diagram and 5 Whys into criteria and rating
system. First the criteria was identify (Table 1).
Then, the analysis was carried on by
brainstorming in team and use rating system to

o N E
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rate each factor. Each person individually rated
the factors. Then everyone compared the result
and discussed the reason with each other [7].
Potential X’s --Theories to be Test

X1: High bath temperature can increase the
rim thickness rapidly.

X2: High Current density can increase the
rim thickness rapidly.

X3: The unstable rack can increase the rim
thickness rapidly

Table 1 Decision Matrix for factors

Design of experimental: DOE

As can be viewed in previous discussion, the
rapidly increasing of thickness depends on many
variables. A further analysis of these factors was
done to identify which variables have significant
impact to the product. Plating temperature,
current density, and the degree of rack were the
control variable that will be used in this section
DOE.

[0}
=]
| o L
S| S| = -
ol o Bl @l — =
o|lSlEl el _|2l&3
. =} % A4 Q] T @ D S — e
Decision Factors 2l ESl2e|l5lel<| 3l2S| El s
©l s |l =] &8 - S| < =
sl 5| 5| B[ 2| 3] 7| 8| 2| 2
g| = S :IC—:” (@)
= I T
o
Criteria Wt. ©
Impact 3 2113|1331 ]1)1]1(1
Ease of experiment 1 21211 (213|131 ]1]1f1
Time consuming 2 113131333 ]2]1]1]1
Cost 2 3121313 |3[1f1f(1]1]1
T echnical support 1 3121331322111 (2
Safty of operator 3 3113313132 ]3]12{1
Potential to implement 3 3(2[(3]3|3(3]1]1[1(1
Weighted score 37126|43|44(45(34(21|21|18]|16
Priority 416|3|2[1]5
Criteria Definition
Impact How likely this factor is the cause of the problem

Ease of experiment

How eaily the experiment can be done to analysis this factor

Time consuming

How long it take to run the experiment

Cost

How much the experiment cause

T echnical support

How ready is the equipment, instrument and tool

Safty of operator

How dangerous is the experiment

Potential to implement

How realistic to implement the solution if this factor was the root cause

Experimental

The two-level, full factorial design for three
factors, namely the 23 design, was used in this
experiment. This implied eight runs. Table 2
represents the 2* design for this experiment.

Table 2 Factorial design

3
z A C
l - -
21+|-]-
3 -+]- Factor - +
LR Temperature | A 60 C 65 C
CH Current density] B ]0.1 A/sq.cm|0.12 A/sq.cm.
g * N I Degree of rack| C 0 15 degree
8 4|+ 4+
Key to Factor Selection
Factor A = Tem@ralure . B = Current densnx Cc= Degree of rack

Analysis a factorial design

For the 95% confidence interval, L = 0.05.
P-values < 0.05 indicate the effect is significant.
The P-values of current density and rack degree
is less than 0.05 which indicates that the effect is
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significant ( Figure 5). There is no sign of
significance from the temperature effect.

The same result is also represented in normal
plot of the standardized effects (Figure 6). The
Rack, C, degree has greater effect than current
density, B, then follows by the interaction
between them, BC.

Analyzing a factorial design

For the main effect, rack degree and current
density has a significant effect to the thickness
(Figure 7). The temperature almost does not
affect the thickness of the product because there
is small difference of thickness between low and
high level.

Engng.J.CMU.(2019) 26 (1)

Analyzing Interactions

There was no interaction between the
temperature with either the rack degree or current
density (Figure 8). This is a sign of interaction
between current density and rack degree. The
response of thickness increases when both
current density and rack degree is at high level.
DOE Conclusion

From this experiment, both current density
and rack degree is a root cause of the problem.
There is a clear sign which showed the effect to
the thickness. The interaction between them also
increases the response. These factors should be
controlled to be at the low level in order to reduce
the defect in the process.

Factorial Fit: Thickness versus Temperature, Current dens, Rack degree

Estimated Effects and Coefficients for Thickness (coded units)

Term Effect Coef SE Coef T B
Constant 0.053833 0.001267 42.50 0.000
Temperature —0.004333 -—0.002167 0.001267 -1.71 0.108&
Current density 0.025667 0.012833 0.001267 10.13 0.000
Rack degree 0.053000 0.029500 0.001267 23.29 0.000
Temperature*Current density -0.000333 -0.0001e7 0.0012687 -0.13 0.8397
Temperature*Rack degree -0.000333 -0.000167 0.001267 -0.13 0.837
e =
Temperature*Current density* -0.003667 -0.001E33 0.0012687 -1.45 0.1&7
Rack degree
5 = 0.00620484 PRES5 = 0.001386
R-5g = 97.66% B-Sg(pred) = 94.75% B-Sg{adj) = 96.64%

Figure 5 Factorial Fit: Thickness versus Temperature, Current density, Rack degree

99
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Figure 6 Normal plot of the standardized effects
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Main Effects Plot for Thickness
Data Means
Temperature Current density
0.08
0.06 —— /
0.04 1 /
5 0.02 - T T T T
[} 60 65 0.10 0.12
= Rack degree
0.08
0.06
0.04 - /
0.02+ T .
0 15
Figure 7 Main effects plot for thickness
Interaction Plot for Thickness
Data Means
0.10 0.12 0 15
1 1 1 1
Temperature
I 0.09 0
—m— 65
Temperature = I 0.06
—
I 0.03
.
7 L Current
/ 0.09 density
/ —e— 010
Current density , 4 [006 | 0.12
'd L0.03
Rack degree

Figure 8 Interaction plot for thickness

2.4 Improve

In the previous phase, the factors which
greatly influence the rapid increase of edge
thickness have been found. Next phase was
Improve, which involved developing the
implementation of the solution.
Decision matrix

From the possible solutions, there were
many solutions which could potentially solve this
problem. These solutions were suggested via
expertise, conventional solution in industry and
textbook. However not all of them could be
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practically implemented, due to many reason,
such as budget, order size, current technology,
etc. The remaining four solutions could not be
chosen or eliminated via quick analysis phase
because there were many factors which should be
concerned and each of them have no critical
weakness like the first three. The team used
decision matrix together with rating system [12].
Equipment design

From previous analysis and brainstorming
the new equipment was very important in order
to solve the current problems. From marketing



research and supplier interview, there was no
equipment that completely fit with our product.
The company had two choices, develop by
ourselves and outsource the developing.
In-house or outsource

The company already has the resource and
material for developing the rack. The rack design
normally involves standard testing such as
conductive test, which can also be done via
current tools and equipment. Although they are
not a complex process, the design and drawing
the model itself may take longer time than we
expected. It also required knowledge and
experienced in rack design field. This was both
an advantage and disadvantage for both
developing rack ourselves and outsourcing it. In
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order to help the team decide, Abetti’s Matrix
(Figure 9) had been used.

From Abetti’ s Matrix, the equipment
developing process is important to the business.
It increases the ability to compete in the market
and also increase the efficiency in the team. The
model suggests investing and developing this
process. The company will gain a huge benefit
via developing the rack ourselves because the
company is a R&D company. The others product
which company designed in the past may have
suffered from the similar situation. If the
company has the ability to develop the
equipment, it will strongly support the core of the
company aspect.
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_Capability may open | Consolidate and keep L S
xlhﬂt:ket opportunity. | pace with technology llaultaull el
Stron Incorporate in new developments L
g pr&ﬂugts.
Licence/create.JV to .
A reduce investment, TN =
= N =
E Stop manufacture and - ~. Partnership ﬂnvest and develop' E
e out-source h“n_ capahility ﬁ
E Neutral i - _—
= S g
& =
= Stop using . “Examine Investment
o Technology, Monitor, Partnership Be‘gi:n\R&Dtu create
~ Selllicense capability
design out of products Search for si.titq'ble co-
Weak or find supplier maker "-. .
Low Mediom High
IMPORTANCE TO BUSINESS
Figure 9 Abetti’s Matrix for Testing stage
2.5 Control Table 3 Overall Project status
In this phase, the team made sure that the Phase Y=f(x)goal Result
result from this project will sustain. The main
focus was to design the control plan that suits the o Thickness at the rim
project and the company. Most of the data and Define Identify ¥s was chosen as the
. . .. business Y.
information was already mention in other phases
such.as FMEA, so the control plan was like an The rapidly increasing
official version of the process procedure [10]. of thickness at the
. edge of the cell, Xs,
Measure Tdentify X's
3. RESULT AND DISCUSSION ’ can represent the cell
The objective of this research is to and it s the factor that
understand the root cause of the problem in order drive Ys.
to develop the solution that. best suit the [Gentify the oot cause Rack degree and
company’s current state. The project followed the N of X’s and current density were
DMAIC methodology and aligned the mindset of aLysIs improvement the root cause of the
the team with company strategy. As a result of opportunities problem
the project, the team was able to achieve the goal .
of the project, Table 3. The current defect rate The new rack design
. . . . Define changes together with the
after implementing the solution in phase 4 was . X .
Improve required to X’s to dummy significantly
zero percent. . L reach optimal Y reduce the variant of
Thg company also gained indirect benefits the process and defect
from this project. The first one was the IP about
the new equipment and product. The second one . The control plan and
. X Manage X's and . .
was the investment from investor through Control monitor ¥ important technical
pitching using this project result to support the sheet
business strategy.
CONCLUSION
Although Six Sigma and DMAIC
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methodology focuses on reducing the variance of
the process, but they can also increase the
possible of finding new innovation. In a stable
market environment, the aspect of variance



reduction of Six Sigma is proved to be very
effective. However, it is not very effective in the
high level dynamic market with changing of
technology all the time. In this situation, the
aspect of understanding the customer and the
process becomes more important to the business.
The VOC and CTQ usually used in Six Sigma
process which gives company an in depth
understanding in term of customer perspective.
The analysis of process, SIPOC and process
mapping, tells company the strength and
weakness of the current process. When combined
these two aspect, it is clear that DMAIC can

Engng.J.CMU.(2019) 26 (1)

enhance the innovative thinking in the
organization, not only for existing customer but
also the new customer [13].

This is very important to the success of the
project. As mentioned before, the product is very
unique and new to the market. Due to the product
itself is already considered to be an innovation, it
is very difficult to find the existing available
solution for the problem. The clearly
understanding of the problem and its root is
required in order to design a method or even the
innovation one to success.

(9]

ABBREVIATION
R&D Research and Development
DMAIC Define, Measure, Analysis, Improve, Control
CTQ Critical to quality
VOC Voice of customer
MSA Measurement system analysis
Gage R&R Gage repeatability and reproducibility
ANOVA Analysis of variance
VAR Variance
COMP Computing
SD Standard deviation
SV Standard Variance
Toler Tolerance
DPMO Defects per million opportunities
6M Method, Mother nature, Man, Measurement, Machine, Materials
FMEA Failure Mode Effects Analysis
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ABSTRACT
This article focuses on finding design and operating conditions of dry fermentation biogas system
using broiler manure mixed with rice husk bedding as input substrate. The research was conducted in
1000-liter plug-flow dry anaerobic reactors with horizontal paddle agitator. Total solid content of input
for this experiment was controlled at 25% with reactor retention time of 30 and 60 days. The results for
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biogas yield at retention time of 30 and 60 days were 0239:0.016 and 0249-0.016 Nm®/kg VSadqea With
average CH,4 content of 48.9:0.6% and 52.0:0.9% respectively. The removal efficiency of total solids

were 45.17£2.76% and 79.55+8.88% for the retention time of 30 and 60 days respectively and
corresponding the removal efficiency of volatile solids were 53.76+3.57% and 84.32+8.37%. In addition
for the retention time at 60 days, the measured NH3-N is in the range of 2,409-208 mg/l which shall not

affect methanogen microorganism activity compared to 4,017+221 mg/I for 30-day retention time which

can lead to process inhibition.

Keywords: Retention Time/ Dry Fermentation/ Broiler Manure/ Biogas
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ABSTRACT
This research studied ethanol production from algae cultivated by waste water from processing
and product development plant of Royal Project Foundation. Ethanol productions from 4 strains of algae
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including Pediastrum sp. AARL G060, Chlorella sp. AARL G049, Microalgal consortium and
Scenedesmus sp.AARL G085 were studied along with their production cost and economic value. The
results showed that the microalgal consortium was the most suitable raw material for ethanol production.
Steam explosion at 45 psi for 50 minutes combined with enzymaic digestion by cellulase with
concentration of 2.00 ml per 1 g of algae at 50 ° C for 70 hours resulted in 20.25 mg/ml of reducing
sugar, 21.36 mg/ml of total sugar content and 1.10 mg/ml of nonreducing sugar. In addition, the optimal
condition for ethanol production from algae was 1.30 % Saccharomyces cerevisiae using, incubated at
pH 6.71 and room temperature for 8 days. The resulting ethanol concentration was 7.17%. When
increase the amount of Microalgal consortium to 400 g, it was found that ethanol production from the
pretreated algae under optimal conditions had ethanol concentration, reducing sugar and volumes of
liquids of 7.30%, 1.15 mg / ml and 3,289 ml, respectivetly. The cost of ethanol production from algae
was 39.08 baht per liter with simple payback period of 4.77 years and 21% of return on investment.
Keyword: Ethanol, Algae Cultivation, Waste Water, Vegetable and Fruit Processing Plant
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ABSTRACT

This research developed a simulation model, using FlexSim and applies it in a reader-writer
manufacturing for Hard Disk Drive industry to assign workforces to a reader-writer production line to
fit with production rates and product demand by considering 2 production layouts which are the layout
1 is discontinuous layout and the layout 2 is continuous layout. The main objective of this study is to
reduce labor costs and increase workforce utilization. Currently, average utilization is 58.5% under 21
working hours per day. After implementing the model, the first layout can reduce 4 out of 12 workers
per production line and average utilization increases 14.2% with 90,113 baht reduction in labor cost per
month. Layout 2 reduces 5 out of 12 workers per production line and average utilization increases 22.3%
with 112,641 baht reduction of labor cost per month.
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Travel Travel Lt Operate Total
Operator empty loaded (%) Unloading (%) | machine utilization
(%) (%) (%) (%)
A 6.1 8.9 11.5 14.4 - 40.8
B 0.8 0.1 24.6 2.2 - 27.7
C - - - - 75.2 75.2
m319n 5 0330152 Temivesminnumemsnandiunas Aouaasiuauminau
Travel Travel Lt Operate Total
Operator empty loaded (%) Unloading (%) | machine utilization
(%) (7o) (%) (%)
E 12.2 0.8 17.6 14.1 - 44.6
I 14.7 0.6 15.6 5.1 - 36.0
J - - - - 63.8 63.8
K - - - - 60.2 60.2
L - - - - 58.5 58.5
M - - - - 42.8 42.8
m319h 6 0350152 Tomivesminauimiemageuqaauiiamalvli neuaatiuauminanu
Travel Travel g Operate Total
Operator empty loaded (%) Unloading (%) | machine utilization
(%) (%) (%) (%)
F 12.2 123 23 25 203 49.6
G 5.5 5.6 26 26 31.9 48.1
H 9.8 9.2 2.6 2.6 23.9 48.1

y o o 5w o a { ' o ° o
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Travel Travel L Operate Total
Operator empty loaded (%) Unloading (%) | machine utilization

(%) (7o) (%) (%)

A 6.0 7.7 10.5 13.2 13.2 374
B 0.9 0.1 22.2 1.9 1.9 36.3
C - - - - - 66.8
E 10.8 1.1 17.9 14.4 14.4 44.2
F 9.2 15.1 22 23 23 42.0
G 5.5 6.7 2.5 2.5 2.5 37.0
H 8.5 6.4 2.5 2.5 2.5 39.6
I 14.7 0.7 15.6 5.1 5.1 36.1
J - - - - - 63.9
K - - - - - 60.2
L - - - - - 58.5
M - - - - - 42.8
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of Line Assembly: FL) l1d#iv15a1aaniinaiu B
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. . Operate Total
Operator Travel Travel Loading Unloading mgchine utilization
p empty (%) | loaded (%) (%) (%) : z
(%) (%)
A 104 6.6 36.5 16.6 - 70.0
C - - - - 74.7 74.7
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Travel Travel Loadin Operate Total
Operator empty loaded (%) & Unloading (%) | machine utilization
0
(%) (%) (%) (%)
E 13.4 1.7 26.6 21.3 - 63.0
K - - - - 82.0 82.0
L - - - - 73.4 73.4
M 3.1 0.4 7.5 2.5 81.0 81.0

= Y o o o o A an Y o
15190 12 ﬂﬁi]ﬂ’ﬁii"ﬂ"I‘L!’]uwuﬂ\ﬂuﬂ"lﬂﬁﬂ/iTlJmiﬂ\iﬂﬂﬁﬂﬂﬂmﬁuﬂﬁﬂﬁqw1ﬂ1 navaanunIu G

Tuneumsifiinanu fou (N
e u-@eunus sy luwuan 2 1Wuasemadouguauiiani lilsh
e u-@eunus sy luwnan 2 sennnniesnadeunmauiania i
= " a ¢
SIGIATIATON T F,GH | F.H
whwnan 2 iinsesianazlSudumiia 1meinsomageunuautiania i
wan 2 inseanadeuguavtiana i neniesdanen
d‘ J @ A A a v v ° o
m319i 13 os3015z Temivesminauiiasoaagouguauiiania Wi ndswaasssauminau
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Operator empty loaded (%) & Unloading (%) | machine utilization
()
(%) (%) (%0) (%)
F 16.2 15.9 34 3.6 314 70.4
H 12.2 10.5 3.8 3.8 37.2 67.4
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Travel Travel Ll Operate Total
Operator empty loaded (%) Unloading (%) | machine utilization
(%) (%) (%) (%)

A 9.3 5.8 343 15.6 9.7 74.8
C - - - - 70.2 70.2
F 22.8 19.5 7.5 8.0 30.2 88.0
H 14.8 10.9 8.5 8.6 34.9 77.6
K - - - - 89.2 89.2
L - - - - 86.3 86.3
M 14.6 1.1 15.2 5.0 43.7 79.6
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ABSTRACT

This research study about the seriously problem of Global Warming problem. The Carbon
Footprint was the one parameter that used to reduce this problem in various categories such as product
life cycle, any process in factory’s production or any of the organizations. Chaiyaphum Rajabhat
University (CPRU) is the university placed in Chaiyaphum province and be the organization in this
research and was studied in 4 categories of the emission of the standard of Thailand Greenhouse Gas
Management Organization (TGO) and the result was the emission overall from CPRU about 3,469.14
tons CO2 per year of about 0.569 tons of CO2 per student per year. The major category of this emission
was from the emission in electrical usage part especially in the usage of air conditions in all building
about 52.62 percent, the second major of emission part was the fuel combustion from the motorcycle
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and calculate to be 29.70 percent. The easiest way to reduce these two major parts of emission is to
reduce the amount of air conditional usage and the amount of motorcycle transportation in the area of
university by using variety of campaigns by CPRU.
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ABSTRACT

The purpose of this paper is to reduce ordering cost of feed packaging of a company having 12
production plants, 3 suppliers and 188 SKUs (Stock Keeping Unit). Currently, each plant staff makes
decisions based on his/her own judgment that comes from his/her experience without decision making
tools resulting in high purchasing cost. This paper develops a centralized purchasing system using
mixed-integer programming to help making decision in a complex system under the conditions which
the company and suppliers defined. This system can reduce holding cost, product cost and transportation
cost. Testing the system with real data, it found that in the initial stage the model decides to use current
inventory resulting in small order quantity. Thus, the total cost in the initial stage is extremely reduced.
For the later stages, with this centralized system, the total cost is reduced 810,974 baht per week or about
10.66%.
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ABSTRACT

The road pavement surface dressing technique using Para slurry seal to improve such surface
quality has gained popularity for Thailand road pavement for the last ten years. However, suitable
aggregates to produce Para slurry seal material are very limited because of a compatibility problem
between general aggregates and an asphalt emulsion binder. This paper aims to demonstrate an
evaluation of the compatibility between aggregate and cationic asphalt emulsion CSS-1h(EMA) which
is an asphalt emulsion binder of Para slurry seal. This could be an alternative method of aggregate
selection for using in producing Para slurry seal. A series of pH tests in conjunction with Zeta-potential
analyses were used to basically evaluate the potential use of aggregate in Para slurry seal mixing and
design processes. The study aggregates of A, B, and C, which were not in the recommendation list for
using in Para slurry seal, were sourced from active quarries in the northern region of Thailand as a study
area. Based on the petrographic analyses, the aggregates of A and B were classified as Limestone, but
C could be geologically grouped as Basalt. Results of pH tests in conjunction with Zeta-potential
analyses on A, B, and C aggregates were that aggregates of A and B which had a high portion of CaO
while mixing with CSS-1h(EMA) exhibit a neutral pH value, but aggregate C was prone to have a
negative pH value of acid with a minus Zeta-potential value. When considering the performance of
torsion (cohesion) and wearing resistance after mix design processes, Para slurry seal produced from
aggregates of A and B could demonstrate much higher torsion and wearing resistance than those of Para
slurry seal produced from aggregate C. Furthermore, torsion and wearing resistance of Para slurry seal
produced from aggregate B complies with the specifications of Para slurry seal of Department of
Highway, Thailand. It was be, therefore, concluded that the basic evaluation process of pH tests in
conjunction with Zeta potential analyses could be simply used to examine the compatibility between
general aggregates and CSS-1h (EMA). That was greatly beneficial to Para slurry seal construction in
Thailand in the way that more aggregate sources could be more effectively and wider selected.
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Tests Result Spec.
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7days, %
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Sieve, % 0.00 - 0.1
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Asphalt Content by 67.3 60 -

Evaporation, %

Solid Polymer, % 4.0 3.5 -

Softening Point, °C 61.7 60 -

Elastic Recovery at 64 30 -

25°C, %

Penetration at 25°C 65 40 100

Ductility at25°C, 95 40 -

cm.

Solubility, % 99.34 | 975 -
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