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Application of Quality Function Deployment for Fruit and Vegetable Washing Machine Design
Planning
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ABSTRACT
This research aims to plan the design of a vegetable and fruit washing machine according to customer

requirements. By applying the Quality Function Deployment (QFD) and the Business Model Canvas (BMC)
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to help find needs. This will begin by collecting information on customer demand in restaurants and hotels

registered with the Tourism Authority of Thailand and the Department of Provincial Administration in the

southern region to compile into information in the BMC target audience field the data obtained were used

to create a questionnaire to determine the importance of each factor before analyzing the data in QFD

Phase 1 product design planning in quality homes. It was found that priorities affect the design of fruit and

vegetable washing machines respectively. Top 12, use safe materials, can wash vegetables and fruits well,

use standard materials, reasonable price, easy to pick up vegetables and fruits, the appearance of the

machine must not cause any harm, strong, easy to care, installed grounding system, the amount of washing

per cycle, easy to move, the size of the machine is suitable for the space set up accordingly.

Keyword: QFD, BMC, home of quality, fruit and vegetable washing machine.
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ABSTRACT
This research is a study of the approach to improve service quality of minibuses by managing
the number of buses in accordance with the appropriate service intervals and efficiency. Because at
present, the service providers still lack a system that meet the needs of service users that may result
in the problem of congestion and overcrowding on minibuses and unsafe trips. The researcher studied

and collected data in 2 important areas at the bus stop in front of Payup Temple and New Klang Plaza
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Department Store. Then, the data was analyzed for service intervals and service users of minibuses and
used simulation techniques to find the average number of people waiting in the parking area during
rush hour to compare the efficiency of System 1 to System 4 at the same time, find a 95 percent
confidence interval. The results showed that the most suitable service unit during the morning rush
hour by considering to increase the number of minibus trips of Line 1, 4, 5, 6, 8, 15 and 4287 by one
server unit each as for the Line 7 has the most service users, so consider adding by two server units.
The most suitable service unit during the evening rush hour by considering to increase the number of

minibus trips of Line 2, 4, 5, 8, 10, 11 and 14 by one server unit each as for the Line 6 and 7 has the

most service users, so consider adding by two server units.

Keywords: Simulation, Public transport system, Minibus, Bus schedule management.
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14.02, 5.0=2.06) \flpsanidunisiiusanneia
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YRIAUUUTOTIINAUTIAeMAIMUIT Saae 7 Tisuau
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5 10.40 2.85 7.69 1.97 1.72 1.56 1.23 1.21 11.25 3.31 8.37 2.06 1.40 1.04 1.14 1.05
7 7.95 1.41 8.95 2.21 1.52 1.59 1.40 1.30 9.52 2.26 9.59 2.11 1.51 1.58 1.24 1.28
8 9.14 2.56 7.77 2.79 1.74 1.82 1.03 1.08 10.55 3.06 8.72 2.45 1.64 1.82 1.78 1.43
11 9.76 3.12 6.84 1.92 1.47 1.48 1.26 1.16 10.79 291 7.85 1.82 1.41 1.36 1.53 1.35
15 11.92 2.52 6.90 2.02 1.50 1.47 1.12 1.02 12.53 2.38 7.34 2.18 1.45 1.50 1.25 1.25
20 11.72 2.37 6.09 2.01 1.15 1.35 0.94 0.84 12.94 242 7.15 1.96 1.13 1.21 1.16 1.09
1307 13.04 2.01 6.53 2.05 1.77 1.56 1.19 1.19 13.62 2.24 6.48 2.47 1.18 1.25 1.08 1.36
4140 12.40 2.46 6.29 2.01 1.46 1.57 0.96 0.94 12.78 2.21 7.46 1.95 2.06 1.78 1.40 1.31
4234 | 12.18 | 2.18 6.62 1.83 1.36 1.43 0.84 0.96 1294 | 2.15 6.66 2.28 1.16 1.40 0.74 1.05
4287 12.45 2.52 7.12 1.80 1.53 143 1.00 1.02 13.03 243 7.16 2.11 1.74 1.68 1.10 1.26
4416 14.02 2.06 5.86 1.82 1.56 1.47 1.05 1.19 14.98 1.90 6.70 1.73 1.56 1.66 0.83 0.88
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a a % v o Y v a R % | |
M5 4 Naf‘l']ﬁ')Lﬂﬁ']zVi"Ua%aﬂ’]iIW‘Uiﬂ']ﬁLLa3%1]']51]1]5ﬂqiwu’]ﬂqﬂﬂaqwaqsﬂ’ﬂﬂﬂ

B PRI O CIRIER AT Fraadaluassauiu
50
" "
aw | = é. 3 é. 3 2‘ 3 g‘ = ;‘ 3 2 3 2' e 2‘
1 | 879 | 184 | 864 | 210 | 139 | 0.89 | 0.86 | 0.84 | 970 | 213 | 7.44 | 211 | 1.55 | 128 | 1.02 | 1.01
2 | 989 | 248 | 853 | 1.79 | 1.63 | 1.63 | 095 | 0.91 | 10.18 | 3.20 | 835 | 2.01 | 161 | 1.65 | 1.11 | 1.33
4 | 1024 | 257 | 917 | 168 | 1.43 | 160 | 1.21 | 1.36 | 10.60 | 298 | 9.00 | 1.90 | 139 | 151 | 111 | 117
5 | 1054 | 383 | 741 | 206 | 1.3 | 1.36 | 0.98 | 1.15 | 11.91 | 381 | 827 | 175 | 163 | 155 | 1.00 | 0.95
6 | 1128 | 411 | 813 | 151 | 1.65 | 156 | 1.02 | 1.11 | 12.44 | 428 | 8.14 | 1.62 | 1.73 | 1.88 | 1.11 | 1.45
7 | 900 | 253 | 893 | 1.73 | 1.51 | 173 | 1.24 | 1.30 | 9.13 | 2.88 | 9.12 | 1.98 | 1.70 | 1.71 | 1.36 | 1.37
10 | 1005 | 220 | 830 | 213 | 132 | 142 | 123 | 120 | 1072 | 281 | 871 | 213 | 127 | 144 | 115 | 1.16
11 | 974 | 267 | 852 | 161 | 126 | 130 | 105 | 1.15 | 998 | 274 | 876 | 1.97 | 128 | 146 | 1.23 | 1.15
12 | 1030 | 276 | 830 | 1.68 | 133 | 1.31 | 095 | 125 | 1158 | 3.23 | 8.11 | 1.82 | 1.30 | 1.48 | 1.04 | 1.18
13 | 1132 | 299 | 7.11 | 2.09 | 1.40 | 1.50 | 0.96 | 098 | 11.56 | 3.15 | 8.09 | 203 | 1.50 | 1.69 | 1.24 | 1.29
14 | 1210 | 250 | 817 | 1.69 | 138 | 1.52 | 0.88 | 087 | 13.26 | 3.26 | 834 | 1.82 | 1.48 | 1.71 | 1.08 | 1.28
15 | 1163 | 335 | 849 | 232 | 159 | 158 | 1.10 | 107 | 1261 | 353 | 864 | 268 | 1.33 | 1.46 | 122 | 123
18 | 11.86 | 294 | 8.84 | 234 | 148 | 1.40 | 1.12 | 1.08 | 1241 | 3.06 | 7.86 | 2.48 | 1.31 | 137 | 1.03 | 1.07
20 | 1052 | 241 | 868 | 199 | 1.55 | 132 | 1.07 | 1.09 | 1200 | 2.66 | 839 | 2.58 | 147 | 1.42 | 1.14 | 1.20
1307 | 1157 | 233 | 851 | 220 | 116 | 1.12 | 1.00 | 102 | 1232 | 289 | 842 | 249 | 1.25 | 135 | 1.08 | 1.29
4140 | 1293 | 3.01 | 839 | 1.86 | 137 | 148 | 1.17 | 1.18 | 1285 | 252 | 7.82 | 236 | 1.27 | 153 | 113 | 1.64
4234 | 1267 | 239 | 7.81 | 207 | 1.48 | 174 | 1.13 | 1.44 | 13.21 | 297 | 841 | 251 | 1.16 | 1.32 | 1.07 | 1.36
4287 | 1212 | 227 | 778 | 228 | 1.3a | 164 | 1.14 | 136 | 1286 | 255 | 841 | 211 | 144 | 1.37 | 1.11 | 1.23
4416 | 1117 | 260 | 7.98 | 266 | 1.43 | 168 | 1.21 | 1.67 | 11.80 | 3.01 | 8.23 | 2.64 | 138 | 1.49 | 132 | 1.32
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ABSTRACT

The volume of domestic cars sales depends on the excise tax policy for cars and has been
directly variable with the direction of economic growth. During 2011-2021 the Thai government
implemented policies on excise tax for cars including the First Car Policy and the restructuring of the
excise tax on cars based on the calculations of carbon dioxide emissions. Then in 2020 the COVID-19
pandemic occurred and impacted the global economy which might have impacted the volume of cars
sales in the domestic automotive market as well. This article aimed to analyze the impact from the
situation on the long-term trend in the volume of cars sales in Thailand using the time series analysis
method. The prediction of the total sale volume of sedans and pick-up trucks for 2011-2021 were
calculated based on new car registration nation-wide using the statistics during 2000-2010 as the
baseline for prediction. Comparison of 9 models found that the power model with the formula Nt =

091> has the highest r*. When the predicted value was compared with the statistics it was found

224066t
that the result of the government’s First Car Policy resulted in irregular increase the volume of domestic
car sales. The statistical amount was 61.71% and 59.60% higher than the predicted amount for 2012 and
2013 respectively. The result of the restructuring of excise tax on cars based on the amount of carbon
dioxide emissions in 2016 did not increase the volume of car sales. This was because the restructuring of
excise tax for cars was not caused statistically significant decrease in the price of cars. The COVID-29

pandemic reduced the volume of cars sales was lower than the predicted volume by 19.02% and 21.01%
for 2020 and 2021 respectively.

Keyword: Volume of Cars Sales, Excise Tax, First Car Project, Tax Structure for Car, Covid-19.
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ABSTRACT

This research is to develop a prototype of a salinity intrusion monitoring system using fuzzy

logic to extract salinity values. A system is developed according to a fuzzy logic model using FAO's for

appropriate agricultural water quality data, considering the Electrical Conductivity (EC) and total

dissolved solids (TDS) as indicators of the salinity value by using the Fuzzy Logic Toolbox to produce

and test the generated model. Transformation of the generated models to Embedded C format using
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the Simulink Coder tool installed in the Arm Cortex-M4 microcontroller and a 10-fold cross-validation

test was used to validate the data extraction. The Root Mean Square Error (RMSE) for the test results

was 0.58175 on average. This research result indicates that the generated model is able to extract data

that very closely matches the specified data.

Keyword: Salinity Intrusion, Monitoring System, Fuzzy logic, Nonthaburi Durian Growers.
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3.1 AnwidayansAnugnnainimiimzan
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(FAO) [3] Auandlumsnedl 1 uaznisAnuidoyans
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15199 1 FAO Guideline for Interpretations of Water Quality of Irrigation

Degree of Restriction on Use

Potential Irrigation Problem Units None Slight to Severe
Moderate

Salinity (Affects Crop Water Availability)

EC,, (or) dS/m <0.7 0.7-3.0 >3.0
TDS me/l < 450 450 - 2,000 > 2,000
Infiltration (Affects Infiltration Rate of

Water into the Soil. Evaluate Using EC,, and
SAR Together)

SAR 0-3 and >0.7 0.7-02 <0.2
EC,

3 -6 >1.2 1.2-03 <03

6 -12 >1.9 1.9-05 <05

12- 20 >29 29-13 <13

20 - 40 >5.0 5.0-29 <29

Specific lon Toxicity (Affects Sensitive

Crops)
Sodium (Na) SAR <3 3-9 >9
Surface Irrigation me/l <3 >3
Sprinkler Irrigation

Chloride (C)

Surface Irrigation me/l <4 4-10 > 10
Sprinkler Irrigation me/l <3 >3
Boron (B) me/L <07 0.7-30 >3.0

Trace Elements

Miscellaneous Effects (Affects Susceptible

Crops)
Nitrogen (NO? - N) mg/L <5 5-30 > 30
Bicarbonate (HCO?)

(Overhead Sprinkling mg/l <15 1.5-8.5 >85
Only)
pH Normal Range 6.5 - 8.4

A13199 3.2 nsudsrnssauaufusensihlldauaindeyaiiugiu FAO Guideline for Interpretations of

Water Quality of Irrigation

Potential Irrigation Problem Degree of Restriction on Use

Units LOW  MIDLOW MID MIDHIGH HIGH

Salinity (Affects Crop Water Vailability)
EC,, (or) dS/m  <0.7 0.71-1.44 147 -2220 2.230-2990 >3.0
TDS ppm <450 458 - 966 967 - 1,483 1,484 - 1,999 > 2,000
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ABSTRACT
The heat transfers and pressure loss between the circular tube heat exchanger installed Delta-

Winglet Tape (DWT) and the Perforated Delta-Winglet Tape (P-DWT) were compared. The winglet

inclination angle (OL) was kept at 45°. Two winglet blockage ratios (Bg) of 0.20 and 0.30 were examined.
Three relative winglet pitches (Py: 1, 2, and 3) were conducted. The experiment was conducted in the
tube heat exchanger having a uniform heat flux wall. Air was used as the working fluid flowing through
the tube for a Reynolds number of about 4,300 - 24,000. The heat transfer and pressure loss were
presented in terms of Nusselt number (Nu) and friction factor (f), respectively. From the experiment, it
was found that the Nu and f were increased as increasing By and decreasing Pg. For comparison of the
DWT and P-DW, the DWT wing gave a higher Nu value than the P-DWT due to the effect of bores on
the P-DWT. Although the intensity of the fluid flow passing the P-DWT was slightly reduced, a decreased
heat transfer was obtained. In contrast, the f value of the P-DWT can be reduced better than the DWT
resulting in the thermal enhancement factor (TEF) of the P-DWTs gave higher than the DWT. The TEF
of the P-DWT was in the range of 0.69-1.12 and the maximum TEF regarded as the optimum point was
achieved at B = 0.30 and Pg = 0.10.

Keyword: Heat Exchanger, Delta-Winglet Tape, Heat Transfer, Pressure Loss.
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S. Skullong [2] 25,800 f/fy = 31.63 Suebecties
Bz = 0.1, 0.15, TEF = 1.51
0.2
Pi=1,273
Qo = 45°
P. Hoonpong Lay Re = 4,100- Nu/Nu, = 2.54-
S. Skullong [15] 25,500 3.38
d= 5 . f/f, = 8.6-24.2
oL = 20°-60° TEF = 1.36

P/D=3
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a 1Y) o a T '
AN 1 AT NANPULZNITININATULALUNUUN (AB)
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N9y wsfineas Haild EINTIEATEN
C. Re = 4,150- Nu/Nu, = 3.1-
Khanoknaiyakarn 25,500 4.01
uazAY [16] By = 0.1, 0.15, /fo = 11.44-
0.20 34.23
P =23 TEF = 1.39-1.48
o = 45°
N. Koolnapadol Re = 4,100- Nu/Nu, = 2.98-
wazAuy [21] 25,400 4.30 =
Pe=05,1.0,1.5, f/f, = 10.01- ==
2.0,25 36.34
oL = 45° TEF = 1.22- 2 T
1.55
P. Promvonge Uag  Re = 4,200- Nu/Nu, = 4.58-
AR [23] 25,800 5.0 72 Y
By =0.1,0.15  f/f, =47.93 \_/ -
0.20 TEF = 1.82- 2.0 - 2
P, = 0.5, 1.0, 5K __
1.5, 2.0 ’
S. Skullong Wag Re = 4,200- Nu/Nu, = 3.16-
ANy [25] 25,800 4.27
Re=0.5-1.5 f/f, = 4.21- ® D_
Rs=0.2 13.48 ‘\ / -
0O = 10°-90° TEF = 2.48 - N | : ‘
T. Alam uagmny Re = 2,000- Nu/Nu, = 4.16-
[31] 20,000 7.78
e/H=0.5-1.0 f/f, = 7.00-
P/e=4-12 12.00 s
B - 5-259% N

X = 30-75°

a Angle of attack
D Dia of perforation
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AN5197 1 ANSMANWALNNTININASULALHEUTUN (5D)
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1Un9e W Anes ATl anwazFUNT
A. Kumar thagany Re = 3,000- Nu/Nu, = 6.25-
[32] 80,000 7.96
Hg/Hp = 0.25- f/f, = 13.04-
1.0 14.44
Pe/Hs = 8-12
Dy/L, = 0.27-
0.77
G,/Hg = 0.50-
1.5
o, = 30°-70°
Wo=Wj 1.0-6.0
2. swmsdeyaneal Ago
A Huinseemarudeu [m? DWT  urudnananndeu
b AUEsUn [m] P-DWT LLNufJﬂammﬁlaquu
Br gnTduAINgavestn [-] TEF  Awhuszneuanssausilisanuiou [
G AANgANNTeuTNINE [k ke K]
D wushugudnanangluvesyie [m] foydinwalnin
f AdUsENUAUEsANI [] o yulzgwzln [0
h Fudszansnismeanudou W m2K'] p AU ILYesadlra [kg m”)
k AduUsEansnsthaudeu (W m™ K] v ANUnliadenavesonid [m? s ']
L AUYNNYWNAEDU [M]
m samsivafianaveswesiva kg s’ fananuans
Nu avladan [-] air 21NA
Ap ANNAUANATONUIIIYIONAZDU [kPa] b vodlvatade
p Syueiad [m] conv  mswAnuseu
Ps ORTNAIUT LU [] i 77941
Q ORIINTANBIMANUTBY [W] o NN
Re ausdluas [] w favie
TEF AdUsEnauMTadLESuBRuou [ 0 VioRwseu
T gaunnd [°C]

—

auuniade [°C

gl u

< a -1
AR (M s ]

3. N1SAUIN
n1stvavesvedluanagay (@1n16) HIUYA

NaFoULAS pILaniUasuAINNSau LanslumauYeg
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aLsgluan (Reynold Number, Re) @1unsaideuls

ogfluguvosannisil (1)
Re=— (D

aunanusausEIIAUNsouionAla sy
(Q,) ¥azAIUTDUIINATITNIAMNTBU (Q,,,) UEAS

fagunsi (2)

Qair = Qconv;rhcp (To - T| ) = hA(TW _Tb)
(2)

duUszd@nsniswialnuseu (Convection heat
transfer coefficient, h) a1u1sa@euleyluguves

aunsi (3)

. me~(TO -7) "
AT, —T)
Tagn™ Tb:(To+T|)/2 Wwa e
Ty =2T, /12

mstemanuieuiivausluaidediiaen
nsvuIuAIsIIAINToud iernmduvesinald
Auduus sz usoudils Sulnevedlua
WaufuUsInansnaude et ulunismen
Fuuszansmsmanudou wazvnsinauerins
fremaudeud Awialdlugududsliaa
LatiaLdan (Nusselt Number, Nu) 3 audusnsidqu
mMsnAnuseusen1sitausoumeluvisvuaLdy

ugudnadle o uansdsaunisi @)

hD
Nu=— (4)
k
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AdUsEnauANuEsan U duswUs1$TRva s
AnuAuanATaNdmsTunsivanteluviaivunsLdu

Hugudna1uazANNedla 9 Awansaunsi (5)

: 2 Ap
NN ©)
(L/D) pu
nsUszlivanssauzvesgunsaliuaniUisuniny
FouazuansluaNveIiIUTENBUMTLALNITAEYN
AMU3BU (Thermal Enhancement Factor, TEF) 270

LBNA15919949 [2], [23], [25] laedlenuanndnsiaiu

a £ v

YosdulTzaNSnIIMIANNSo U NURMAdOU (h)

<
[ a £ v

fududsgandnmsmianusouvesiiuinau (hy) 39

FsNNMAITURYITY AEnsEun1sn (6)

—1/3
h Nu Nu f
TEF=—| =—/| =|— | — (6)
ho o Nu, o Nu, f
Wemnugndesusiudazyudofioveanis
nadeu Jeldvhnsvageuriewawiiaseudiionen
nsarewauseud wandumenve naviadayt
(Nu) miqzyt,ﬁammﬁuﬁLLamﬂumamaﬂé’anzﬂau
anudeaniu (0 e lliUSeuiisudvaunis
anduuslusin nntonansensds [2], [23], [25] lay
Haves Nu fildarnnisnaaesezihlulieudisuiu
anduiusues Dittus-Boelter sauandluaun1sit (7)
Tuwariinaves f azihlliuioudioutvanduius

984 Petukhov sauansluaunisi (8)

andunusuas Dittus-Boelter

Nu = 0.023Re>8 pr%4

M

andunusUa Petukhov

f=(0.79InRe—1.64) "2 (8
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4. YANARDIAZIININARDY
4.1 yanmad

v '

gunsalyanaaeuvieLanUisuauTouLULY

v
v o a

naNazuansfsgU 1 Fefidadsenouiiddydsil o
ammm”uqq (High Pressure Blower) lsmd1nas
(Rotameter) g Unsa daszidounisiva (Flow
Straightener) ¥ aUsuan1nnsluaveseinialid
Fnvarnisivawuuiauiiud (Fully Developed
Flow) ganaaau (Test Section) Funumeaeulneaz
Aadamesluduida win K (K-Type Thermocouple)
UUeTLABS LUUAI A (Digital Manometer) il
wUadusesulin (Variac Transformer) in3aatuiin
Joyagaunnil (Data Logger)

4.2 uaulnaiuvagy

%
o

uHudnauma sunguazAndluviouaniua ou
arufousananslugui 2 Inounudnauing ou
(Delta-Winglet Tapes ; DWT) fuusludnanuind s
Wq, U (Perforated Delta-Winglet Tapes ; P—DWT)ﬁ

insAnwazdeulaluntsnaassaiunsaasulac

NTANFIANTTUAERS UMINSUATUASUNTILSAI

Ut 18 atut 1 Weu AAAU WA 2565 — TUIAN W.A. 2566

M13797 2 Favienadeugniliiseunuundngaiy
FauAaTl (Constant heat fluxed) A8vnaIAlN#A
AADAAINLTIVBMENAROY UazIINITIAUIIE

Yostumnuouagyideeangussenna

A15799% 2 Weulunisveasauaz ki ulnanuwdy

L RER G Faulvn1maaes

Usztnmunutln DWT Wag P-DWT

anelvaruganageukansly  4,300-24,000
Wenvaaussluan (Re)

yuenztn (QU) [2] 45°
AnuULEuUn [2] 0.5 mm.
snzdvunaduiiugudnans 5 mm.

(d) [15]

dndrunugevestn (By) 0.20, 0.30
Fadusverfing (P 1,2,3

YUILALUIE NN X 8717 X AU 50.8 x 1,200 x 0.5

3

mm-.
vwndusuguinationagey 50 mm.
(D) (2]
ANNEMTeWienaaRY (L) [2] 1,200 mm.

o
o0
o Thermpcouple Set 12T,

Data Logger

Electrical Heater
Insulation

(T f—

Flow Straightener

Fully Developed Flow Pipe

@ Rotameter

Variac Tranformer

|% Valve

NG| D8:I

Bypass Valve

Blower

‘

Digital Manometer

U7 1 ganeaesvisuaniudsunnuiouluuvionas



MFANTIANTIUAENS U INedBASUASUNTI LS

Uit 18 avuit 1 Weu AAAN WA 2565 — TUIAN WA, 2566

Delta-Winglet

Test Tube Test Tube
\ﬂ/’r

61

Perforated Delta-Winglet

<% Tape Winglet

50 mm

6 mm

S 1,200 mm

Top View

JUN 2 ululnanumdey

4.3 35n15Mna8d

mﬂa’auﬂisﬂauﬁgwmmamwmaum?‘m
wanidsuauseusuuvienay asdndnnisinanu
il Waauswugahmihiduiadouvedlva ()

Y

Hulsaniimed (Rotameter) Fadudiindnsinisiva

| ¢

yasonAnoudngyanaaey Mntuandigaunsal
Fnszideunisiva (Flow Straightener) ¥iwyinii 9
suilyunisivavesenmanasidngyisuivaninnis
Inafifianuenunnwelienniausuanmnnslual sl
SnwauWauLALYie (Fully Developed Flow) nou
\iddrunageu vievewasiflilunsmaaeugniinds
AIBVARINAIIUSOURUUBALNOTIAVID (Band Heater)
wazviIN1318ALTaUlR LN IaNAFD ULUUANIE
WEndAuFoufiianed (Constant Heat Flux) wag
vieveunsIzgnTauILeged edesiunsgaide
ANUTauguITEINA tnemesluAUilavia K
(K-Type Thermocouple) 9712u 14 67 ﬂxgﬂﬁﬂﬁzﬂﬁ
Aavioduuy 12 #1 uagTagamgdf madiuas
N0INTBIVIaNAdaUSN 2 M mﬂfj’u%dﬁé’zyimmlﬂ

faszuuiiudayasu HIOKI LR8A431-20 Wena1niue

AMUAUANATON (Pressure Drop) wRNIN MU
WAEN140ONYANAADY AIBAITaN uedIneT Ju

Testo 510

5. WANISNAADY

51 msnmaeuiadusey

AMUFUNUSTENI1 Nu bag Re 91ANANTS
nadeuvieRuseu SudumsuSsudioussninem Nu
AINNANITNARBINUANNITANS LW UG V09 Dittus-
Boelter Wazfn f 9MNWANINAABINUENNTAREUNUS
93 Petukhov ansnsauansléifsgudl 3 :nguuans
TAudna Nu annnnsnaassazdwuildululuienia
WWenukasdadialndlAgsnunnsAuIsInaunis
anduug Fanudn Re Winduazyinld Nu S finty
dmsuAtausEnaumuUEeanIy (f) 31NN1SNAaDY
nuI1A1 fannnnsnaaesasduudldululuiidnig
WwenAufuaunsanduusuarddinlnalfesiu lng
7 Re Wi uduazvin 1A fanas Fafuainnanis

M333a0UA1 Nu uag fuandliiiudngunsainis



62

o

Naasdluwldeddnnuundedanasinansauiiay

lUldlunsneasssly

80 .08

Nu, Dittus-Boelter

x N, Smooth tube 107

——— f,Petukhov

60 | 4 .06

o f, Smooth tube

4 .05

40 X 404 o

Nu

4 .03

4 .02

0 4 4 4 4 0.00
5000 10000 15000 20000 25000

Re

JUN 3 MIvadeuvierISey

5.1 9n5naved P, 99n15078IAIN50U

U7 4 uansrnudLRUS SEnI AN
Anuseuluineuves Nu fuanus1vesveslva
(@n1a) Tumeuwes Re 91NN15NAGBINUINAT Nu 3
wualtnfinduny Re Wiinty Fwanisnnaosiiuiy
Unanumdeuynnsdlasiuuliululufemadoaiu
\dloAn Re Mt ud uasyildiAnnszuanislnauuy
Julaundonyuau Faazlusunauniswaundu
youlnAusauiiivenadeudwihlwdewmeiy
2ouldAd ety Tnensnaassavsiliunsdonisaon
Tdsassamududunuusiudnaumasy (Delta-
Winglet Tapes; DWT) AUuH ud nanuivd sungu
(Perforated Delta-Winglet Tapes; P-DWT) ﬁamas
N15MA@4 By = 0.3 21NNIITNARBINUIINITAARS
DWT ffu P-DWT aeluvierdesnanuasunnudou
ausaviia Nuleg el aisuduriednsou
uenaniSsmud s Re asitla 4 ynen Re
avfiuwldufiimululufianiadfieatu fie d1 Py den
anaq vilden Nu Sefiugstu tas Py = 1 Te1 Nu

o

gegalunsdinadeu Fellnudenadesiuaiden

NIENTIFINTINAEARS WINeTBATUASUNTILTAI
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WUl (lenanTen9de [2], [23]) Aleesugliintnid
srziindiosniafarilszaunisinanyuaem UL
nszuani1siua (Longitudinal Vortex Generator) 7

a ¢

udausaninsalsvezfindanannyiserite silanunse
Favanem s ureutunAudeu (Thermal
Boundary Layer) U3hasiavioldaslidudszansnig
fnemAINNSoU (Heat Transfer Coefficient ; h) 3@
Wingetu luasieatudoiniauisuiioud Nu
seidnuuu DWT fudnwuu P-DWT 7 Re wag Py
asitla 9 wudndauuu DWT 9glvan Nu gendn Un
WUU P-DWT Lantiee Lf‘iaqmﬂwamaagww‘luﬂmwu
P-DWT agiibinnuguusslunisivavesvedlvaanas
dntes dealiinisuaniudesumiueudirnanas Tng
NTeRlMMsWssuiisuaudutugsEnang
Nu/Nu, iU Re mngﬂﬁ 5 WU Nu/Nug fwua ey
Wasuulandntiosnunisiiinduese Re vostn
Wedoawuy (DWT & P-DWT) wenani il oviinag
W3UuLiguAn Nu/Nu, s$1ri19Un DWT Auln P-
DWT i1 Re Al wunein Nu/Nu, vasdin DWT e
gand1dn P-DWT Tpedisveriind Py = 1,2 uas 3
wuIdn DWT da1 Nu/Nu, o8 lutag 3.15-3.19,
2.64-2.82 Uag 2.22-2.50 aua19u wazln P-DWT &
A1 Nu/Nu, gTutg 2.95-3.03, 2.24-2.75 way 2.14-
2.32 HUARU

5.2 SMENaved By #on15018NAIINIOU

U 6 wansmuduiussEinad Nu fu Re 7
dNMENISNAADY Py = 1 21NA1SNAABINUINAT Nu
fuunldudstunny Re Wiindu %awamswmaamﬂ
nsdazduwaldulvlufianiaiendu venani i
wudndnfansand Re asitla q Tng Nu fduiudu
\lodndrunnugevestndeidurtugudnans (8,)
WWud U B, = 0.30 Ten Nu gegalunsdlvaaey

S

WesnnnsaldnfidAmanugunnasiisedunisiva



NMIENTIFINTINANERS W INGSUATUASUNTI IS0

U7l 18 atiufl 1 iftou ganau wA. 2565 — fiurAu w.e. 2566

250

® DWIB=03P=1
o  DWT,B=03P=2 L
200 | ' . 2
v owT, B(:O 3, P(:S g
. IN
IN o N 2 ;
150 - w  POWTB03P <2 ° & g g
> O PDWI,B=03,P=3 5 v o
z ! " 2 s o
w0 [ % Smooth tube b3 g o
a ] ul
n g o
x
x
sof 8 8 x x =
o x x
x * *
ol v 0
5000 10000 15000 20000 25000
Re
a4 a a '
JUN 4 BvSWavee Py eio Nu
8
@ DWT,B=03P=1
0 DWT,B=03P=2
6 v DOwnB-03P=3
A P-DWT,B=03P-1
- m  PODWIB=03P=2
z P-DWT, B =0.3, P =3
4} o 5= Ty
3
z . .
n L] . L]
3 § 2 e & & & a
e B8 s x ' ¥
ol v
5000 10000 15000 20000 25000
Re
a4 _a a '
JUN 5 BnsWaves Py o Nu/Nu,
250
) DWT, P;L BR=0.2
o
)
200 | ° &
vy PDWI,P=1,8=02 .
P- =1, B_= o &
A P-DWT,P=1,B-03 o o v
150 [ x  Smooth-tube ° ¢ v v
> ¢
=z 2 v v
100 | 3
g v
a
s x X
x
s0[§ x x
% x
x x *
0 L L L L
5000 10000 15000 20000 25000

Re

a

U 6 BnSnwavas By e Nu
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vy uAIAILLYINTELanisluad adedunsdl
szegfinden 9 Ingusingnisaifananldgnesuiely
Tuguit 4 wédrddldvenamdndn Tuvnsdeatudlerh
AMSLUSUTIBUAT Nu S¥r1190nluy DWT Auln
WUU P-DWT 7 Re uag By Asiila q wudndnuuy
DWT aglvidn Nu gendn Unuuu P-DWT eswnua
vosgizludnuuy POWT Taseuidedldinig
W3 UBUAMUEUNUSTEI19 Nu/Nu, AU Re 970
U 7 Uit NuN, Tuuslduddsunvandndes
mm’mﬁ'wfummm Re maﬂﬂﬂﬁqaamuu (DWT &
P-DWT) waziU5suiiiauan Nu/Nu, 7 A1 Re Aadi
WuI1A1 Nu/Nu, ve3Un DWT dfganinln P-DWT
TagTn DWT 71 B = 0.30 fif1 Nu/Nu, agflutis 3.15-
3.19 uag By = 0.20 A1 Nu/Nu, ag/lutas 2.82-2.85
yauzAUn P-DWT 7 B, = 0.30 £A1 Nu/Nu, agluza
2.95-3.03 ua By = 0.20 A1 Nu/Nu, og/lugas 2.54-
2.58

5.3 Bn3naves P, AenuFennnuilosninns

Ina

ANUFURUSSENINNAAIUTENDUAMILEIANY

Wuduslstfvesanudunnases () FU Re wans

795U7 8 WuIe f Auwudlduanasiianl Re windu

U

a

Fananrseassiuiud naund sunnnsdasd
wwldululufiam i oafu uenaind demuinén
fiansand Re asiila q Taenisladn owT aelusie
\n3eauaniUAsurudeudl Py = 1 51 f gagelunsdl
nagou eswnnslduiulniifisverfndfiadava
nszuanislvavesvedlva lwiiseiuanududou
meluienegeugs dwalviAinnuduanasou (AP)
Wisdusnnninnsadnidsvesindvine luvasdoaty
dlevinisiwSeudisusn f sewinadn DWT fudn P-
DWT 7 Re uag Py asiila q wuirdnuuu P-DWT g

WA f A1n31 Jnuuu DWT iflasannmsianzsiudn

S

P-DWT @1u150an AP laanindn DWT Faflwurled

o A

TUludantas ued orn uAvatuI e 1uu
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(anans919849 [25]) Tneauddelavinnisiseuiteu
ANAURUSTEINN F/F, AU Re nealldUn DWT fu

Un P-DWT nneluvioinsaeuaniUasuninusou wana

9 N

AITUN

U

9 wudn A f/f, Tuudldaiinge¥uniu Re #

' v '
a =

W uTu §ananisnaasannnsdiasdwuildululy
femaientiu uenaniliievmsdeudieuen 4,
s2ineUn DWT Audn P-DWT idn Re asit nudaen
f/f, vosUn P-DWT fasnninln DWT Tnedisvesiing
Pe = 1, 2 uag 3 wuindn P-DWT dein f/f, aglutaa
22.93-30.10, 21.10-27.60 Wag 18.80-24.20 mUa1AU
wagdn DWT a1 f/f, oglutie 24.95-31.50, 22.02 -
27.75 way 19.27-25.65 Auasu

e DWIP-18-02
)
6 F v POWLP-18-02
A PDWT,P<1,B=03
°
=}
€ 4}
3
z Q o R
o o
¢ o & 3 IS P ¢ ¢ e
v v v v v v v v
2+
0 L L L L
5000 10000 15000 20000 25000

Re

a

JUA 7 Bviswaves By sie Nu/Nu,

w6l e DWI,B=03P=1 ]
o
14 F v  DWT,B=03,P=3
12 | A PDWT,B=03P=1
wle m  PDWT,B=03P=2 T
’ é 2 * P-DWT, B,=03, P.=3
Y= 9 8 g Iy o PR TR 4
8|n ; = o 2 % . S S
o B 2 ] H g E s
6t <4
4
X Smooth tupe
2 F
00 Xy % X, 4% x F.3 X X, X, %
5000 10000 15000 20000 25000

Re

JUN 8 BvSwaves Py sia f

NIENTIFINTINAEARS WINeTBATUASUNTILTAI
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5.4 dnsuavey By nonsasnnIudesnInnIs
Ina
APUFURUTIENTN F U Re Uangaagui 10

wuen f Juwdlduanaailonn Re N JIaNS

a

naasfiukud nauva sunnn sz duualiululy
femaientu wenaniidesdfiansant Re aiila
wusanasldurudnitsaosnsd OWT & P-DWT)
meluvieipdeaaniudsunnnudend B, = 0.30 a1 f
gegalunsdinaaey esainnsldwiudnidann

A9UNILTAVINNTERANIT aveIvadlna danalian

Y

AruTuAnAson (AP) Wiindunnninns@dniian
anugetios TuvagifeniudevhmsuFeudioud f
5ewinetn DWT Audn P-DWT 7 Re uae B, Asfila 9
wudnuuu P-DWT 9slia f dnd1 Jnuuu DWT
Lﬂaqmﬂwammmﬁmxﬂuﬂﬂ P-DWT awnsaan AP
Tainaadn DWT i uif e uerud Sefiniuun
(lonan591994 [25] ) Tnsauddelavinisideuiiau
ANMUENRUSTEWING f/f, U Re mﬂgﬂﬁ 11 WU /£,
fuuldufiuduniuan Re nansdl uenaniiderh
Asilesuiiivuan /£, sxwinedn DWT Auln P- DWT
fifin Re aafi nudndn P-DWT aunsaandn f/f, 1
fn3Un DWT Taedn P-DWT 7 B, = 0.30 fian /1,
agluye 22.93-30.10 wag By = 0.20 dan f/f, oY
Tuta9 18.35-26.00 vauzidn DWT #i B, = 0.30 $iA
/f, aglurag 24.95-31.50 ua B, = 0.20 dien f/f, og
Tut23 20.18-26.10

5.5 nswavey P Uag Bs #19 TEF

ANUFUNUSTEUINAIRIUTENOUANTTAULLT
A4S au (Thermal Enhancement Factor, TEF) e
Rarsaniimaduiiertuveunasdie (Rnauuseiy

LY

49) fUA1 Re UaAAIRIFUN 12 Wudnen TEF Huwaldly
a & v PR 4 '
Wasuwlasdnosnun1siiud urea Re Tu
YuzlA e uuITed lavinisideuieuan
AUFURUS 5811119 TEF 711 Py 1o 9 s3ui19dn

DWT fudn P-DWT #ien Re Asit wuindn P-DWT g
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40
L]
30t . . s 2 2 a
L] A
. A 2 6 o S ] - .
. A o ° n 5 v
a o " n ! a b a} o
° g u o ]
:\: 20 I o DWT, B,=0.3, P,=1
DWT, BR:D.S, PRZZ
DwWT, BR:D.S, P":3
10 | P-DWT, B,=03, P,=1
P-DWT, B =0.3, P,=2
P-DWT, EREDJ‘ PR=3
0 . . . .
5000 10000 15000 20000 25000
Re
=i a a '
UM 9 BVsWavBs Py wio f/1,
18
6 DWT, P,=1,8,=0.2
’ DWT, P =1,8,203
w1 By
L4 P-DWT, P =1, B =0.2
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Abstract

This paper presents the design and construction of 3 speed levels electric wheelchair for
disabilities controlled with hand by using microcontroller. The speed can be controlled using 100, 80,
and 60 percent pulse width modulation with the use of soft speed. The construction consists of the
battery voltage level detection circuit, the charger circuit, the Arduino MEGA2560 microcontroller
circuit, the H-Bridge Driver SE-HB-80 motor driver circuit, 2 scooter motor gear and the manual lever
to allow the wheelchair to move and navigate to different areas depending on user commands.
When using the manual lever, the command will be sent to the microcontroller Arduino MEGA2560 in
which the system control program is written using C language. Based on the operation test of this
electric wheelchair, the microcontroller can take commands from the manual lever to process and
control all functions of the electric wheelchair such as forward, backward, stop, turn right, turn left
with the use of soft speed at 10% pulse width modulation for 150 ms. This electric wheelchair can
support a maximum weight of 120 ke. Thus, this wheelchair is very safe and can help minimize the
user’s effort as well as the need for assistance from other people, society and government. The
materials used to make this electric wheelchair can be purchased locally or domestically, therefore it

can save a lot of costs as well.

Keywords: Electric Wheelchair, Scooter Motor Gear, Pulse Width Modulation, Soft Speed,

Microcontroller.
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LupeAmANAIAGY 0 10 2971
Anuniravessaduliia w 0.65 m
Anuevessaiulih L 1.04 m

3.2.1 MISAININNILTIFIUNITIABOUT

3.2.1.1 Us9AINRINNITYYY

MWﬁWLLNéf’]uRﬂﬂﬂ’]iWﬁ;}u (Rr)

R = K

= 0.0158x100x9.81sin(10)
.69 N

= 2

N

\ile R = USIAIUMSIAGEUNA N

K, = fuUseavEusadinun1svuuese

N = ussUjisennnunseyiivdesa N

e N = mg Srsaduluitindeudluiusiu

N = me.sin drsadiulndiefoudiluiiubes

3.2.1.2 4s950ImA

1 v
AIATIANUDINA (R,)

PVCoA

2

2
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e R, = wssduerna (N)

P = anuvwuueIne (kg/m’), (P, = 1.2 kg/m)
C, = SuUszAvisusadnueine (Drag Coefficient)

V = ansivessaidulndia (km/hr)

A = uiivindavessaduludih (m?)

TnefinunuTnsngusamuIMmlaaIngunis (3)

>
|

= 0.8(WxL) (3)
0.8(0.65x0.1.4)
0.54 m?

wla A = fHuinthdavaasadulndi (m?)
W = anunievessasduluidn (m)
L = anugnivessaduluin (m)

wazklalnuan

L pG (@)

2glAaun1svasIPUINARIENNTS (5)

R,= KAV (5)
0.18x0.54x5°

243N

3.2.1.2 USNOIDINNWNTY

] Y o
MWIATLLIIRTIUIINNINYY (Rg)

R, = Mg.sinO (6)
= (120x9.81)sin(10)
= 204.42 N

INUSIAIUNY 2 NA@1IUT9FUTUALN50NIN

ARSI mualaaunis (7)
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R. = RA+R.+R, (7
2.69+2.43+204.42

209.54 N

1o R, = WsaAuiavua (N)

3.2.2 NSAIIIIYUINYNUBIADS
MSITULAR B UVBIADINFNNITAITUINES

9] -
VUARDU

wiiflosanlunsdamdslnevluduldannsods
MaslugTudiudueg 16Fs 1000 Faifu 1519z
LnTzEnimdwewamasiideddlnonislden
Uszansamlunisdeidudiieldnisesnuuvazly

Ysgansamnisasindslaaunis (9)

9

WBwNuAIIAINSTuULARoUTRIdBLAR LS

@un1s (10)

FV
P= —— (10)
3,67

21nauN1s (10) iaunAndsbnfinvesuawmas

(P,) wiannaunsazasuaan FLulu R, Weunu

Abuaunsazle
RV
Pp = — (11)
3.61,
209.54x5
© 36x0.9

= 32336 W
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3.2.3 MIAIIUNINIIUNTITOU
Tunisindeuiivessaduliiidusnsniives
iaL%u%ﬁmmé’uﬁuﬁﬁumﬁmwL%’Ji@dﬂﬂ%ﬁ;@&i%
Sammanaiilesdsanunselinsginsnsisives
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d1 fg wushuAudnatalesdu = 65 mm
d2 fie lusuAugNaIalenI = 160 mm
nl e ALSIsoUNDUNAiDY = 2950 rpm

- [ v -y
N2 A8 AULIITOUNAINALNBS

dini = d2.n2 (12)
dixnl
n2 =
d2
65x2950
160

Fatiy ANILEITOUVAIMALINBYINAU1198.43

rpM WarMIAIUIUMSATIVA | AD BRTIMALHEY

nl dz
i o= = — (13)
n2 d1
2950
119843
= 2.46

2 5 = = & L4 &
faty Judenuamesifesananes vuin 24 V
330 RPM 250 W 31473% 2 fiv An1a9suduwintu

500 W 39918a1u91090a19 Tun1sTuLAaausasdy
T

3.2.4 n3AIIIUALADS
1. Tuawmas 250 Tnd 2 f7 windu 500 Jas
2. T4fu19a39u 20 Snd

FIVUNALUANDS AN MUA 520 TnH
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Aulaan

A = Amdsnusi/assulniiuunnes (14)
=520/12
= 43 A

%
v o

Fau onuummoIuuia 12 Taad 50 wewuus-
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3.2.5 fiinYesnestuLemes

v stunemeisulugaduneines H-Bridge
Driver SE-HB-80 i ufdunainosiies 1 61 1fu
lugatunenasiuy H-Bridge 12 1aad 2 ¥o9 91um
2 ¢ IneSudgaradunauiaintulasreulnsames

F1u3u 3 Un sulaun 91 30, 91 32 waz ¥1 2 neh
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21 30, U1 32 Yedsdgyey1u Low 3o High aanunaz
imhNauANAANIaN TN UYeILoInT d1uv 2

Fadedyruiadinsueglatusenuiazaluny

ANULEIVRIUBLNDT TaTlAn519N15YiNay Aail

A15199 2 N1SYINUISATTUNLRBS H-Bridge Driver

SE-HB-80

Inputs Function
2=H 30=H,32=L Forward
30=1,32=H Backward
30 =32 Motor Stop
2=1L 30=X%,32=X Motor Stop
L =Low H = High X = Don’t care
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3.3 993MIUAN
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2935lulasAauInsaLans Arduino MEGA2560 way
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o A a

o s o a
astuteawmes Amandluzun 4 wag 5 fail duin
1ITNTINTUSEAVUTIA LU DT TR TE AU
WUALABS AN 2 29358AUTEY 1519YINTEAUsEY

Winludud 1 uddluussduwunmasen
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2
2 ZE
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2 sl Iz
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3.4 WsunsuAIUANNITYNIU

TUsunsuaruumsvhauvessaufulih Guan
nsfuedaunaindulondefuiie udrdeioluss
lulasaoulnsatass Arduino MEGA2560 iagludh
safudusimuaudniivis dsldndlunsden
TUsunsumuANszUUTan Tnsanunsonandliifiu
1#asluguil 6 Fsesurenieviiuld @il edulen
TeuiialonludraviAaedalisadulainiumi
delondulonisduiioludremaa feeddlisadulii
noovds wandlelonAulentsduile lumaumniaeds
Tsauduluiindeavan dlelondulendeduilely
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saufulnideudidisnnuisigegasosas 60 e
natuuunansiivuUaedulondafuiie asidunsds
Tsadulwiliadoufidaoanuniadosar 100 ena
Uuuumsdegaitoguuiaredlonteiuile Aoy
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wazidlevnisudesdulentsduie Aoeidunsdl
saiulaiiAoe ananuiSiasiiazSesay 10 1Wu
A 150 mS nanaiaiidesnsaudsmnuniagud

ANUAPU

4. HANSNAFDY
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finns fawandlugud 7 16wl

- soduliiislsunseides 1 4w wie
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715199 3 Msnegeulduniurtnfsniu
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a I3 I3 = o
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AAEIA
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Tad flAdanain 10.10% wagi 100 wWosidud An
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szoemenafiliniiy 10 wms uituyuBious Toe
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4.6 MSNAFOUAININNSIGIFA AIIUTT Udy
AN

NMSNAAOUAIAIINLTIGIAN AIIULTI LAY
AMUNUIAIUUIATFIU ISO 7176-6:2001 [6] A9

LanlumIs1an 6

. L | e
J¥AU s AL y
L eS| v ady
ALY | o (lms/
no| Quw) | (lwns/
(%) UN) o A
IUN)
1 6.22 1.61
100 2 6.25 1.60 1.61
3 6.16 1.62
1 6.35 1.57
80 2 6.62 151 1.53
3 6.58 1.52
1 7.45 1.34
60 2 7.32 1.37 1.35
3 7.37 1.35

15N 6 NITNAFDUAIAINNSIGIGN AT kA

ANUNUIIANULIATFIY ISO 7176-6:2001

Maximum Forward 1.61
speed horizontal
(v_),m/s Forward downhill 3° 1.65
ramp
Forward downhill 6° 1.76
ramp
Forward uphill 3°ramp | 1.40
Forward uphill 6°ramp | 1.21
Rearward horizontal 1.61
Acceleration, | Overall, A 0.47
m/s’ Maximum, A 0.50
Deceleration, | Overall, r 0.35
m/s Maximum, R __ 0.40
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ABSTRACT

With the increasing number of rail lines being developed in Thailand for economic growth, it
is imperative that the service provided meet the expectations of its customers. To help public agencies
and rail transport operators improve the quality of service of the country’s rail transport system, the
present study aims to determine the service quality indicators used to effectively measure rail transport
passenger satisfaction; identify which aspects of service quality are the passengers most and least
satisfied with; and assess how different are the levels of satisfaction of the passengers across their socio-
demographic groups using Bangkok’s mass rapid transit system as a case study. The Principal
Component Analysis (PCA) and cross tabulation analysis with comparison statistical tests are adopted.
The PCA results in 7 components which are ticket sales, station facilities, station safety and security,
station staff, public relations, rolling stock, and ride comfort. Overall, the average level of satisfaction
for the transit system is high with value of 4.25 out of 5.00; but interestingly, passengers are least
satisfied with ticket sale factors. The differences in satisfaction of the respondents according to their
gender, age, income, and trip purpose are also observed. The results suggest that relatively low
satisfaction levels are found from females, young passengers, those earning less than 30,000
Baht/month, and travelers who use the train for shopping-related trips. Considering that these groups
represent a large proportion of the respondents, some recommendations are summarized as drawn
from the result interpretations such as further in-depth studies on the value of money of ticket prices
to be appropriate for travel distance and service quality as well as enhanced information dissemination

practices.

Keyword: Customer satisfaction, mass rapid transit system, principal component analysis, service

quality.
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1. Introduction
The rail transportation industry in Thailand
continues to grow in accordance with the

National Strategy 2018-2037 [1] and Thai
Transport Infrastructure Development Plan 2015
- 2022 [2]. In Bangkok, the mass rapid transit
system has been continuously developed from
the Bangkok Transport Study in 1972 to the
currently ongoing Second Mass Rapid Transit
Master Plan [3]. Currently, there are seven
operating urban lines while three more are
expected to be open for public use in the next
couple of years. To ensure this fast-paced growth
of the country’s rail transport system, it is
imperative to provide quality service to its users.
One important performance indicator which
level of

reflects demand feedback is the

satisfaction of customers [4].  Customer
satisfaction is not just one of the effective means
of measuring performance but also serves as an
avenue to identify the system’s areas of
improvement through the viewpoint of its
passengers.

The current study aims to evaluate the level
of satisfaction of the passengers of Thailand’s rail
transport system through a case study covering
five lines (commuter, airport link transit, and
feeder lines) of the mass rapid transit system in
the Bangkok Metropolitan Region. Specifically, the
goals of this study are as follows:

1. To identify the service quality indicators
that can effectively measure rail transport

passenger satisfaction;
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2. To determine which of the service quality
indicators are the passengers most/least satisfied
with; and

3. To evaluate the differences among the
satisfaction of the passengers across their socio-
demographic groups.

This research contributes to the existing
knowledge through the identification of service
quality indicators of rail transport customer
satisfaction in the context of Thailand’s fast-
growing mass rapid transit system. Through the
analysis of the level of satisfaction of the
passengers, guidance to the areas of
improvement of the mass rapid transit system can
be provided to the public agencies and rail
transport operators. The indicators identified and

methods used in this study may also be applied

in other similar transport systems.

2. Review of Literature

2.1 Mass Rapid Transit in Bangkok

The government of Thailand has developed
numerous plans for the improvement of the rail
transport system in the Bangkok Metropolitan
Region. The goal of these plans is to promote the
use of public transportation through the mass rapid
transit system. The latest of these plans is the Mass
Rapid Transit Master Plan (M-Map) prepared by the
Office of Transport and Traffic Policy and Planning
(OTP) [2] which represents a 20-year development
plan for the rail transport system from 2010 to 2029.
It consists of 12 lines (two commuters, one airport
rail link, five transit lines, and five feeder lines) with
a total length of approximately 556 km [5]. Due to

the constantly changing conditions as well as
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challenges faced during the first ten years of
implementation of the M-Map, a second mass rapid
transit master plan (M-Map2) which has better
integration and connection with other modes of
public transportation has been started [5]. The
summary of the urban railway lines under these
plans which are currently operating and are under
construction is presented in Table 1. In the current
study, five currently operating heavy rail lines from
the mass rapid transit system were evaluated. These
are composed of transit lines, commuter lines,
airport rail link, and a feeder line.

2.2 Customer Satisfaction

Customer satisfaction has been found to be
one of the many effective performance indicators
of rail transportation. The Community of Metros,
the world’s metro benchmarking community,
conducts an annual customer satisfaction survey
on multiple aspects of service quality with the
goal of achieving a better understanding on how
the public transit’s services meet the
expectations of its customers as well as to
determine ways to improve the areas where
passengers are least satisfied with [6]. Another
standard, EN13816, which is the European
standard for measuring the service quality of
also focuses on

public transport services,

customer-centered  indicators  which  are
composed of eight main criteria (availability,
accessibility, information, time, customer care,
comfort, safety, and environmental impact) [7]. It
defines customer satisfaction to be the measure
of how congruent the service quality received by
the customer is to the customer’s expectations.
The International

Transport  Forum, an
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intergovernmental organization that organizes

global dialogue regarding developments on

transport  policies, also emphasizes the
importance of customer satisfaction in evaluating
the performance of rail transport systems [8].
Domestically, the OTP reiterates the need to
measure the level of satisfaction of customers as
an indicator of the system’s service quality [4].

2.3 Service Quality Indicators of Customer
Satisfaction

The service quality indicators, factors that
significantly affect the level of satisfaction of
studied by

customers, have been widely

researchers. The general factors include those
related to on-board experience, service delivery,
waiting conditions, customer service, and
passenger costs. Table 2 presents the summary
of indicators found significant or highly affects the
level of satisfaction of public transport
commuters.

2.4 Principal Component Analysis

Principal component analysis (PCA) is a non-
parametric statistic and dimension reduction
process used to examine the interrelationships
among a set of variables for the purpose of
identifying the underlying structure of those
variables [9]. The PCA provides a set of simplified
variables, called

explainable principal

components, which facilitates interpretation
without losing too much information from the
original data.

In producing such simple structure, rotation
is most often than not, necessary. Rotation is the
process of performing arithmetic in analyzing

further the initial results of the PCA by rotating
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the factors so that a simpler structure is obtained
[21]. Depending on the nature of the factors in
the analysis, rotation methods can be orthogonal
or oblique. Orthogonal methods assume that the
factors are uncorrelated while oblique assumes

the opposite [22].
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In this study, PCA was used to group the
identified service quality indicators into simpler
groups of components. In the data analysis, the

indicators were analyzed by these components

for clearer and easier interpretation of results.

TABLE |

Current and under construction rail lines in Bangkok

Line System Section Opening Year Distance (km)
Initial Section 1999 6.5
Dark Green Heavy Rail South Extension 1 2009
7.5
South Extension 2 2013
Initial Section 1999 17
East Extension 1 2011 53
Light Green Heavy Rail East Extension 2 2018 13
North Extension 1 2019
19
North Extension 2 2020
Initial Section 20
2004
Blue Heavy Rail
Extension to Tao Poon 2017 1.2
Hua Lamphong to Lak Song 2019 159
Tao Poon to Tha Phra 2020 11
East Section 2010 28.5
Heavy Rail
Airport Rail Link Phase I 171.9
(commuter) 2024-2025
Phase Il 7.8
North Section 2016 23
Purple Heavy Rail
South Section (2027) 23.6
Dark Red Heavy Rail North Section 2021 26
Light Red Heavy Rail West Section 1 2021 15
Pink Monorail Full Line (2023) 34.5
Yellow Monorail Full Line (2023) 30.4
Orange Heavy Rail East Section (2025) 21.2
3. Methodology expert validation, and survey questionnaire. The

The methodological framework is presented
in Figure 1. A triangulation research strategy was

used in this study consisting of literature review,

list of service quality indicators was verified for its
suitability to the case study through expert

consensus. A series of physical and online



MIANTIAINTTUANENT W INeNFATUATUNTI LS 87

Uil 18 atiufl 1 ou nanAu e 2565 - funau w.A. 2566

meetings with various experts from both the  that has been deemed appropriate for the study
public and private sections in Bangkok were  area, together with the indicators’ corresponding
made. Discussions over the list of important  detailed descriptions are presented in Appendix
indicators were held. The list was edited and 1.

refined until a consensus was reached. This list

TABLE Il

Service quality indicators from literature

References
Service Quality Indicators [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20]
On-board Cleanliness X X X X X X X X
experience  Comfort X X X X X X
Seating capacity X X X
Accessibility (physical) X X X X X
On-board information X X X X X
Crowding X X X
Quality of vehicle X X X
Safety X X X X X X X X
Temperature X X X
Service Reliability X X X X
delivery Punctuality X X X X X X X X X
Frequency X X X X X X X
Travel time X X X
Network coverage X X X X X
Stop location X X X X
Station parking X X X X
Waiting time X X X X X
Waiting Waiting conditions X X X X X X
conditions Information at stops X X X X X
Safety at stops X X X X X X
Cleanliness at stops X X X X X
Customer Staff behavior and attitude X X X X X X X X
service Personnel skills X X X X X
Complaint handling X X X X X
Costs Value X X X X
Types of tickets and passes X X
Ticket selling network X X X X

Source: Authors
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Fig. 1 Methodological framework

The survey questionnaire distributed was
composed of two sections. The first section asked
about the respondents

personal and trip

information. In  the second section, the
respondents were asked to rate their level of
satisfaction on the service quality indicators using
a 5-point Likert scale with 1 being very dissatisfied
and 5 being very satisfied. The survey
questionnaires were handed out to passengers of
the mass rapid transit system in Bangkok. A total
of 1905 usable responses were collected. The
socio-demographic  characteristics  of  the

respondents are shown in Figure 2.

[t can be seen that majority of the responses
came from young to middle-aged working-class
individuals. This can be caused by the restrictions
amid the COVID-19 pandemic during the data
collection of this study. The age distribution
shows that very young people (< 20 years old)
and older generations (> 50 years old) use the rail
transit systems less, as they are recommended to
avoid traveling to public areas for their safety. The
small percentages of shopping and study-related
trips are also attributed to the pandemic given
that schools were operating online and leisure

travels were discouraged.
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44.36%
55.64%

= Female = Male
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|

8.35%

= < 15,000 Baht
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= 30,001-50,000 Baht
= 50,001-70,000 Baht
= > 70,000 Baht

() Responses according to monthly income

89

] @

m <20 years old 20 - 30 years old
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m > 50 years old

(b) Responses according to age.

(D) Responses according to | 7-30%

Trip Purpose
4.78%

= Shopping = Study = WorkOrBusiness

(d) Responses according to trip purpose

Fig. 2 Responses by socio-demographic groups

3.1 Principal Component Analysis

PCA was conducted on the 38 questions in
the survey questionnaire using IBM SPSS Statistics
26. Variable collinearity was first checked to
determine how strongly a single variable is
correlated with other variables. To check the

sampling adequacy of the data, the Kaiser-Meyer-

Olkin (KMO) measure of sampling adequacy was
used for the overall data set. In addition,
Bartlett’s test of sphericity was used to assure
that the data has adequate correlations among
the variables for data reduction. The results of

these tests are shown in Table 3.
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TABLE Il
Results of KMO and Bartlett’s test

Kaiser-Meyer-Olkin -~ Measure  of .955

Sampling Adequacy.

Bartlett's Test Approx. Chi-Square  58679.550
of Sphericity Df 703
Sig. 0.000

The KMO value of 0.955 indicates that there
is enough variance in the data, considering that
values between 0.8 and 1.0 indicate sampling
adequacy and those between 0.9 to 1.0 are
considered marvelous. The Bartlett’s test of
sphericity sig. value of 0.000 suggests that the
items have good correlation. Such results show
that the data of the study can be partitioned
using PCA.

The number of principal components to be
extracted was determined using Kaiser’s stopping
rule which states that the number of factors to
be considered in the analysis are only those with
eigenvalues greater than 1.00 [23]. Using this
criterion, a total of 7 components were extracted
from the 38 questions in the survey. The scree
plot in Figure 3 shows the graphic representation
of the determination of the number of principal
components analyzed.

Upon checking the correlation values among
the factors, enough variance was observed to
warrant oblique rotation [21]. The direct oblimin
oblique rotation method was then used in the
analysis. Out of the 38 questions analyzed, one
question (Q33) was found to be a complex factor,

i.e., it loads heavily in two components. It was
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then excluded and the final results of the reran

model produced a simple structure.

Eigenvalue
[oe]

1 4 7 1013161922 2528 31 34 37

Component Number

Fig. 3 Scree plot

The rotated factor loadings are shown in
Table 4. Loading values that are less than 0.32
[24] are excluded for a simpler demonstration of
how the questions load highly on only one
component.

Analyzing the nature of the questions that
fall on each component, the 7 service indicators
are concluded and summarized in Table 5. The
reliability of the data was also checked by
calculating the Cronbach’s alpha of each
component to estimate of the data’s internal
consistency. It is important to note that the
Cronbach’s alpha coefficient values of 0.6-0.7 are
accepted, values of 0.8 or greater are considered
very good, and those greater than 0.95 are not
necessarily good due to the probable indication
of redundancy [25]. The Cronbach’s alpha
coefficients of the service quality indicators were
found to have values between 0.6 and 0.95,

indicating acceptable levels of reliability.
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Rotated factor loadings from PCA

TABLE IV
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Indicator

Component

q

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Q8

Q9

Q10
Q11
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25
Q26
Q27
Q28
Q29
Q30
Q31
Q32
Q34
Q35
Q36
Q37
Q38

% variance

0.691
0.721
0.421
0.363
0.548
0.735

42.823

0.488
0.583
0.653
0.695
0.773
0.833
0.788
0.801
0.739
0.615

5.842

-0.600
-0.679
-0.672
-0.655

5.243

0.873
0.905
0.898

4.892

-0.884
-0.919
-0.974
-0.973

4.487

-0.655
-0.632
-0.578
-0.591
-0.551

3.284

-0.566
-0.656
-0.706
-0.751
-0.736
2.905




92 MIEFIMNTINAENS U INeSeSuasunsiln
Uil 18 atiufl 1 ¥ou nanAu e 2565 - funau w.a. 2566
TABLE V
Service quality indicators from PCA
Service Quality Cronbach’s
Component Description
Indicator alpha
1 TS Ticket Sales TS indicates the satisfaction on the method of sales of 0.680
tickets as well as the value of money of the ticket prices.
2 SF Station SF indicates the satisfaction on the accessibility of the 0.926
Facilities station, quality and availability of facilities, information
available for users, and inclusivity to people with
disabilities.
3 SSS  Station Safety  SSS pertains to the satisfaction on how safe and secured 0.908
and Security passengers feel when using the rail transport services.
4 SS Station Staff SS relates to the satisfaction of respondents regarding the 0.945
personality, politeness, and service offered by staffs at
the station.
5 PR Public PR indicates the satisfaction with information 0.946
Relations dissemination, unusual events notification, and
complaints handling.
6 RS Rolling Stock RS pertains to the satisfaction with the operations of the 0.915
rail transport system and readiness and cleanliness of the
trains.
7 RC Ride Comfort RC relates to the inclusivity of train facilities, ambiance, 0.902
and safety and security inside the trains.
32 Cross Tabulation with Comparison  comparison statistical tests were also conducted.

Statistical Tests

The level of satisfaction differs among socio-
demographic characteristic groups of passengers
[9]. Cross tabulation analysis (CTA) is one method
to quantitatively analyze how the variables are
related to each other and how they differ across
groups of respondents. In this study, CTA was
used to examine the relationship of customer
satisfaction on the service indicators identified
through PCA and the socio-demographic
characteristics of the respondents. The results are
divided into gender, age group, monthly income,

and trip purpose. Since CTA is empirical in nature,

Upon checking if the data meets the assumptions
of parametric and non-parametric tests, it was
determined that the comparison tests of t-test
and Kruskal-Wallis (KW) tests with pairwise
comparisons were to be used to determine if the
differences among the groups are statistically

significant.

4. Results and Discussion

The respondents are found to be relatively
satisfied with the service quality of the mass rapid
transit lines with majority of the mean values of

level of satisfaction being greater than 4 (Figure
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4). It is noteworthy, however, to find that
passengers are significantly least satisfied with
ticket sales (TS) with a mean of 3.719. This
indicates that the method of sales and value of
money passengers receive in purchasing the train
tickets need improvement. This result is similar to
the findings of Petrovic et al. [26] where the
authors found that ticket price is amongst the
service quality elements that passengers were
most dissatisfied with. It is then recommended
that the method of sales such as ticket booths,
ticket vending machines, applications, and
internet banking be maintained well and also
enhanced to accommodate the increasing
demand. Ibrahim et al. [27] also recommended
the improvement of the value of the trip in order
to produce higher levels of passenger satisfaction.

Public relations (PR) was found to be the
indicator with the second lowest mean level of
satisfaction (4.128). This result suggests that
improvements be made to the dissemination of
information methods, notification of unusual
events, and handling of complaints. This can
include proper planning in cases of potential
schedule disruptions, real-time decisions leading
to advanced and updated announcements,
enhanced information dissemination quality and
delivery methods, and more efficient complaint
management [28, 29].

The indicator with the highest level of
satisfaction is found to be station staff (SS) with a
mean value of 4.540 which indicates that the
personality, politeness, and services offered by

staffs at the station are commendable.
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Overall, the average satisfaction considering
equal weights to the service quality indicators was
found to be 4.250 out of 5.000. This indicates high
level of satisfaction from customers of the

Bangkok Mass Rapid Transit System.

5.00
4.50
4.250
4.00
3.50
3.00
2.50
2.00
1.50

1.00

Level of Satisfaction

BTS BSF ESSS WSS
EPR HRS HERC

Fig. 4 Overall level of satisfaction on service

quality indicators

4.1 Gender

The level of satisfaction was found to be
different across gender groups of male and
female as shown in Appendix 2A. Independent t-
tests showed that there is significant difference
among the groups in all service quality indicators
except station staff (SS) and public relations (PR).
In general, it can be seen that females have lower
level of satisfaction. From the results of the
indicators SSS and RC, it can be deduced that
females are less satisfied with the safety and
security of both the trains and train stations. The
result suggests that females are less satisfied with
their feeling of being safe relating to presence of

security guards, safety zones at platforms, and
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baggage inspections. For security, this pertains to
crime and theft of valuables especially at dimly
lit areas and blind spots. This complements the
findings in other countries where females were
found to feel less safe and more at risk at metro
stations and trains compared to males [9].
lbrahim, et al. [27] recommended the following
to enhance the satisfaction of females in terms of
safety and security: installation of more security
cameras for monitoring, ease of reporting of
suspicious activities, increased number of security
staff, and designated exclusive coaches for
females.

4.2 Age

The results of the CTA with KW tests showed
that in all service indicators, the null hypothesis
that the level of satisfaction is the same across
the categories of age is rejected. As shown in
Appendix 2B, the consequent pairwise
comparisons reveal that except for ticket sales
(TS) and public relations (PR), younger age groups
(respondents younger than 30 years old) are
significantly less satisfied with the service quality
compared to the older generations. Similar to the
results of the study of [9], a trend can be found
where lower satisfaction levels are observed in
the younger age groups.

Considering that the younger generation are
a majority of the passengers, that they were
found to be the respondents least satisfied with
the service quality, and that they are considered
the most technologically literate, it is highly
recommended that their levels of satisfaction be
increased by taking advantage of technological

techniques such as provisions of real-time transit
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information online, mobile application discounts,
and social media promotions [30].

4.3 Income

Appendix 2C shows the CTA results across
the monthly income of respondents. In majority
of the service quality indicators, it can be
observed that the respondents who earn 30,001
- 50,000 Baht per month are significantly the
most satisfied especially when compared to
lesser earning groups. To increase the level of
satisfaction of the lesser eaming groups, it is
recommended that promotions be provided such
as cheaper weekly and monthly ticket price
bundles [28].

4.4 Trip Purpose

Except for station safety (SS) indicator, the
level of satisfaction across trip purpose showed
that there is no significant difference among the
groups (Appendix 2D). This suggests that
regardless of the trip purpose, the respondents
have the same level of satisfaction for the ticket
sales, station facilities, station safety and security,
public relations, rolling stock, and ride comfort.

It is noteworthy to find that in regard to the
station staff (SS) indicator, passengers who travel
for shopping purposes are significantly the least
satisfied. One explanation can be attributed to
how these customers communicate with the staff
more often considering that those who use the
train for study and work trips most likely do so on
a regular basis, and thus the latter need not ask
for further assistance. This finding is also
important especially for tourists who avail of the
service  for

shopping-related  trips. It s
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recommended that the SS indicator be better
improved to cater the needs of shopper travelers.

In summary, across the socio-demographic
characteristics of the respondents, it was found
that the relatively lowest satisfaction levels were
found in females, passengers younger than 30
years old, those who eamn less than 30,000
Baht/month, and people who travel for shopping
purposes. Considering that these groups
represent a majority of the responses, it is highly
recommended that the service quality of the
mass rapid transit system be improved to raise

their levels of satisfaction.

5. Conclusion and Recommendations

The rail transport system in Thailand was
evaluated based on a case study on the customer
satisfaction of passengers of the mass rapid transit
system in the capital. Principal component
analysis followed by cross tabulation analysis
with comparison statistical tests were conducted
to assess the level of satisfaction of the
respondents. The results showed that the service
quality indicators of satisfaction are ticket sales,
station facilities, station safety and security,
station staff, public relations, rolling stock, and
ride comfort. Among these indicators, passengers
are significantly least satisfied with the method of
ticket sales and ticket prices followed by the
public relations. On the contrary, they are
generally most satisfied with the service received
from the station staff. The results also suggest
that there are significant differences among the
socio-demographic

groups of respondents.

Relatively low satisfaction levels were found from
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females, young passengers (< 30 years old), those
earning less than 30,000 Baht/month, and
travelers who avail of the train services for
shopping-related trips. Considering that these
groups represent a large number of passengers
who wuse the mass rapid transit system,
improvements must be made to meet their
expected service quality, consequently increasing
their levels of satisfaction.

The limitations of this study include the
following: transfer between and across other lines
and modes were not considered; the importance
of each service quality indication was assumed to
be of equal weights; more disaggregate levels of
income across respondents can be used; and
level of educational attainment could have also
been asked. It is recommended that further
studies incorporate these changes for more in-
depth analysis of the customer satisfaction in rail
transport.

In summary, the following recommendations
to public agencies and rail transport operators are
summarized upon assessing the survey results:

+ With regard to ticket sales, it is
recommended that the method of sales such as
ticket  booths, ticket vending machines,
applications, and internet banking be maintained
well and also improved to accommodate the
increasing demand. It is also recommended that
further in-depth studies be conducted focusing
on the value of money of the ticket prices and
their appropriateness to passengers’ traveling
distance and service quality received.

« Considering public relations, it is suggested

that improvements be made to the dissemination
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of information methods, notification of unusual
events, and handling of complaints. This includes
proper delay planning, real-time updates on trip

schedules, enhanced information dissemination

quality and delivery, and more efficient
complaint management.
« Complementary to previous research

recommendations, it is suggested that safety and

security for females be enhanced and
encouraging strategies such as online or mobile
application promotions, regular rider discounts,
and shopping rebates be made to increase the
level of satisfaction of the socio-demographic
groups found to be relatively least satisfied with

the rail transport services.
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Appendix 1

Initial list of service quality indicators

Category No. Indicator Description
Ticket Price and Q1 Sales equipment  Ticket booths and automatic ticket vending machines are properly
Sales serviced and ready to use.
Q2 Method of sales The method of selling and paying for ticket is convenient and fast.
Q3 Top-up options There are various methods and very convenient for topping-up
tickets, such as ticket booths, automatic ticket vending machines,
application, and internet banking.
Q4 Cost/distance Ticket price is appropriate for traveling distance.
Q5 Value of comfort  Ticket price is appropriate for comfortable and convenience.
Q6 Passenger rights Protection of passengers’ rights is fair and appropriate, such as ticket
cancellation and ticket refunding.
Facilities at the Q7 Accessibility Easy and convenient to access a station.
Station Q8 Parking There is a proper Park-and-Ride facilities which are ready to use.
Q9 Walkways There is a proper walkway which are available and ready to use.
Q10  Pick-up/drop-off ~ There is a convenient and safe passenger pick-up point.
Q11  Directional There is a clear direction sign and map showing the route inside
information station.
Q12  Travel There is an information display/audio announcing about travel
information information and necessary travel advices such as the next station,
route, warnings and precautions.
Q13 Ticket gates There is an automatic ticket gate in service and ready for use.
Q14  Waiting area There is sufficient and suitable space for waiting trains on the
platform.
Q15  Vertical transport ~ There is an escalator/elevator, and wheelchair ramps for
handicapped which are available and ready to use.
Q16  Other facilities Other facilities are adequate and appropriate, such as ATMs, shops
and convenience stores.
Security and Q17  Station The station and the area surrounding the station are clean.
Safety at the cleanliness
Station Q18  Air quality There is a ventilation system/air conditioning system that is efficient,
such as does not produce unpleasant odors, and do have the right
temperature.
Q19  Station safety It is safe to use the service, such as having a security guard, there is
a yellow line indicating a safety zone around the platform, and
passenger baggage inspection.
Q20  Station security Safe from crime and theft. especially in dimly lit areas and blind

spots.
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Category No. Indicator Description
Staff at the Q21  Staff personality Staffs have nice personality and dress neatly.
Station Q22 Staff attitude Provide polite and enthusiastic service/assistance.
Q23  Staff competence  Provide accurate information when asking/can help solve immediate
problems quickly.
Public Relations, Q24  Information Accessibility to information/news on services is convenient and has
Information availability various of channels.
Provision, and Q25  Notifications Notification of delays/disruptions/unusual events is clear and up-to-
Complaint date.
Handling Q26  Complaint Complaints are convenient and there are various channels for
channels complaints.
Q27  Complaint Able to resolve complaints with speed and efficiency.
management
Rolling Stock Q28  Punctuality The service is punctual
Q29  Frequency The operating frequency is appropriate both during peak hour and
off-peak hour
Q30  Delay Management during delay/disruption/unusual incident is appropriate
management
Q31  Train cleanliness  Vehicles are clean inside and out
Q32 Seating Sufficient seating/handrails are available with clean and ready to use
Q33 On-board There is an information display/audio announcing about travel
information information and necessary travel advices such as the next station,
route, warnings and precautions
Q34  Service There is an application that provides sufficient and complete service
application information and up to date
Q35  Universal design Other facilities are adequate and appropriate, such as seats for the
disabled, the elderly and pregnant women, and a lock for a
wheelchair for the handicapped
Q36  On-board air There is an efficient ventilation/air conditioning system, such as. no
quality unpleasant odors, and have the right temperature
Q37  On-board safety There is safety in using the service, such as having a security guard on
the train, and inspection of suspicious or foreign objects
Q38  On-board security  Be safe from crime and theft problems such as preventing the loss

of valuables, and preventing unrest on convoys
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Appendix 2A

Level of satisfaction across gender

Level of Satisfaction

TS SF SSS SS

OFemale BMale

* b < 0.05,* p < 0.01

Appendix 2B

Level of satisfaction across age

4.00

Level of Satisfaction

3.50

A B

3.00 ! o
TS SF SSS

B< 20 years old 20 - 30 years old @31 - 40 years old
@41 - 50 years old B> 50 years old

*p < 0.05,* p <001
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Appendix 2C

Level of satisfaction across income

5.00
4.50

4.00

Level of Satisfaction
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E< 15,000 Baht B15,001-30,000 Baht @30,001-50,000 Baht
E50,001-70,000 Baht &> 70,000 Baht

* b < 0.05,* p < 0.01

Appendix 2D

Level of satisfaction across trip purpose
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g

175}

S 4.00 i

o -

% 3.50 -

— £
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*p < 0.05,* p <001
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ABSTRACT

The objectives of this article was to determine the procedure design in the airspace by using
Standard Instrument Departure: SID and Standard Instrument Arrival: STAR for aircraft inbound and
outbound within Terminal Control Area between the current Chiang Mai Airport and the second Chiang
Mai Airport, the researcher studied the geographical basis. Obstacles around the airport and restrictions
on the air space will affect the aircraft's flight inbound and outbound of the airport.

This includes air traffic service models as well as air traffic service statistics that can handle the
maximum aircraft volume. Within the framework of the concept and principles used to determine the
method of flight operations. The results of the research can determine the operation of aircraft flying

inbound and outbound between the current Chiang Mai Airport (VTCC) and the second Chiang Mai
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Airport, Banthi District, Lamphun Province (VTCB) with 2 runways, including 4 directions used for the
flight of aircraft inbound and outbound, linking to the reporting point/transfer point designated between
air traffic service units (VISES, LAMUN, ADLUS, MONLO, KABMU, ASAVI, PANTA, ENBAT, MARNI, GOGOP
and PUMAM), a total of 11 reporting points which can be divided into 2 main parts

1. The Standard Instrument Departure (SID) has established 6 main paths to control the flight of
the aircraft outbound (Path Descriptor/Waypoint Path): BANTI, DOILO, WEERA, FRANG, PHRAO and
YONOK. There are 9 charts that define climb Gradient 1 NM/300 ft or 0.049 / 4.94% and vertical
separation between aircraft with a flight altitude above 1,000 ft or more.

2. Standard Instrument Arrival (STAR) has established 8 main paths to control the flight of the
aircraft inbound (Path Descriptor/Waypoint Path) — PARNU, PASAK, SAKET, SUTEP, PINUM, SAIAU, TAPAE
and WORAI to the final approach fix (FAF). There are 11 charts that define descent gradient according
to the performance of the aircraft, but the final approach segment is set at 0.052 / 5.2% and the vertical
separation between aircraft with a flight altitude above 1,000 ft or more and the speed of the aircraft
does not exceed 250 knots.

The test results have determined the conditions of flisht inbound and outbound according to the
profile specified in the flisht operation method. Under the air traffic control environment, it found that
the air traffic volume at both airports was 40 flights per hour, an increase of 16 flights per hour, or 66.67
per cent.

The amount of air traffic can increase depending on key factors, including the air traffic conditions
at that time. Communication between air traffic controllers and pilots Pilot interaction, aircraft
performance flight direction of the aircraft determining the distance between aircraft and the
capabilities of air traffic controllers to manage the air traffic volume at that time, including coordination

between air traffic control agencies, etc.
Keyword: Approach control service, standard instrument departure, standard instrument arrival.
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nsasasligegnlaifosndn 24 edw/anlus meld
nsfAuguaTeTnmyi N TAIUANDTIITNNS
GRORG

2.3.5 a3UHA UaEII8UNAN1TITY §3783AN
seuagUNansite wazeAusiena Teyadildain
n13AnEIs wieuvuanmssaurimanisidely
WusegennyIdesely

o

2.4 YpULYpYevnITIVE

v
o A

nsfAnuIdeluassid deiAnwiAe anmgdl
Useinelaeseu uaziiseiniavesauntudeding
Ja0u waraunfudoslvduvisiiass i orun
Anua3sujualuiasenaseninsawiudu taun
Sﬁazgagﬁﬂixmﬂimasauﬁuﬁaumﬁu (Topographic
Map) sefuATgeasiuiigivssmanianenin i
9191 811589 ¥38ATAYIN Obstacles Mnansyny
fon1suUuRn1siu Yoy aidunisdu (ATS Route)
vosaunudsdlvidag Tunagauuduusiiaes
TngTasafainanidiag esyroidusiniea VHF
Omnidirectional Radio Range (VOR) aanly 200
lud s¥uuLas 0e¥rBLdueInIA (Navigation Aids

System), 03 ANITUT LA BUNITLA UBINA
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(Navigation Warning) Tusia481n1@ (Airspace) Lau
Msimuefiuisunse (Danger Area), Nuitmaeri
(Prohibited Area), Auiisie (Restricted Area) way
dussnurvedan1AeIuy (Aircraft Performance), nNg

WILANEAINYBISEUUNSANEINALUR LA UN190Y

a

waziiuilidn-oenaumudu nsuuaisufoidmsy
WHUNTUINTFIUNITAIUANDINIALIUDONIIN
aurudusioias 8970 (Standard Instrument
Departure; SID) haghHUATUIATFIUNITAIUAY
91n1A T auuusieiai eadn (Standard
Instrument Arrival; STAR) el eule Standard,
Safety, Efficiency and Quality

3. Wan1sIveLaTanUsY

1%

INHANITNAABUNITNINUATTUJUR 1My

o

91MAg W-een serivawindudednidagdy
wazauududedmiuvsiiaosnegunsaliasiouats
s e gULUULAEUSIaenAeulviE A
MaINNA1Y UAZADAAR DINUANINNITITIVING
omAvesiuiifiAny (levaaouunugdl (Chart) s
fmundy J1diauaansnsesduTinunTT19s
n1aonaldiad slunidsi 2 Tueduruminla oo
Profile 7 1#ivualluisUua SID/STAR aneld
ANTNWINGBUNITATUANNITITIAINIDINA (Air
Traffic Control Environment) s’ﬁﬂ@’%ﬁ'&lmm%fﬂi’] A
nsmnuaIs U UAn1sTufananazaunsnsessu
Y3urunsasiasmuemalauinnitadduiunm
N15395193198 N 1AvasAudAUANNITTW Ty
JaqUu Aamnsasesiuldlunsdaninnissas
wuY (Peak Hour) Tngiade 24 1igrdu/dalus
FawanmisveaeuUTinamsasasmeenaneld

{ va o Y v o

A aA Yo P ] o a
Reulangidelanmuedsinantsudmiunisiu
Y . a My o sy y X
Win-een sewinawmdulinadnsiwoluil
e~ a & 1% 1Y &
sUBUUT 1 e1nmagududunsoudy vvaes
aundu Eundudedunidagdu VICC uazauudu

Fedln uvaiiaes unetngs Jamiadmu VICB)

109

H3dulasvydoulvluaninuindeunisaivay
N1595193N198101AR F8TZUULTAT (ATC

Surveillance System Environment) Tiiduluany

[

NINIFINVOY ICAO Tiddgysasialuil

1% %
= v

1. 9INAYIUTUTUNS
& VTCB)

BUAUNY 2 gunuduy (VTCC

2. §5HEUNTENINDINALIY (Separation) BE9
198 5 NM

3. A1NuL5 B98N AETY (Aircraft Speed)ﬁ
5382 Final Segment (up to 4 NM) 91n9A3uFuTes
V119349 (Threshold of Runway) A213457 (IAS) 180
knot or 180 NM/hr fiszsfuaanugalsitiu 11,000 ft
Tagenimeuansatuldsyerninads (180
NM)/(60 min)=3 NM/min

4. 91989 Longitudinal separation minima
based on time @1%$ U aircraft maintaining at the
same level and same track Tui1a1 3 W1¥ AU
THermAguannsadutuld 1 é1 faduiansan 2
aumdu (VTCC & VTCB) Fsanunsalieiniaetudu
Flg 2 &1 Fandeulasnarilildnanisaden

i

e

NANNINAADY : 1A 1 $2lua nud1eInIAeIL
anunsaistundouiuis 2 aurudu (VICe & VTce)
LeuSnauade 20 Wedwauudu vie 40 1ierdu
/ 2 auiu

Wisuifleuituiadin 24 Weadu/anlue Tnens
AmundSUURTH anunsasessuuiinaniiend
1ade 40 1igrtu/dTus Faunndndagtu 16
Wi Du/dalu

UL 2 omasuduameniu 2 aumdu
(@wmtwdednidagdu VICC wagauududedlni
wisiiaes unothus Smindyu VIcs)

idelaszytoulalunisauguuiinunisesas
oAb ulunuunsgiuves ICAO Tnedu
Goulufefuiuiilsszylilunmageunuguuuui

1 Faanndsulesananvililananisnegeunal
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HaNISVAdEU : a1 1 Falue wudernaenu
annsaduamdenfui 2 auudu (VICC & VTCB)
IFU3mauads 20 Werdw/auwudunde 40 Wieadu /
2 awntu

Wisuiteuiusitin 24 iiendwdalus Tnenis
AmunISUFURT amnsasesiudunaniedu
lde 40 Woadu/dlus §auinnindaqg iy 16
iendu/Anlu

sULUUT 3 81nmeudu 1n-0en sEMne 2
aumdundeudy (auuduedwildagdu vice
wavauuudednyl wisiiaes snnedius Smda
amyu VTCB )

{39uleszyifeulaves Profile augUnuuds
UFURN5DU SID/STAR charts Taeidudoulufeaiu
fuiildseyliluntsvaaeunug U udl 1 sauds
Soulvmsfimsanidenmasidulifresioninie
gfitudnannewihnsuamnsiedosdsrasving
91n5aN193 9 (Threshold of runway) lalifean3a 5
NM Fsandeulasananavilildnansnageusisil

NANIINAFDU: 1381 1 Faluanu3ne1neey
anunsaduiu-as wieudusts 2 aurudu (VICC &
VTCB) Wiusinanads 20 wWigadw/awudu wie 40
iendu / 2 aunudu

Wasuileufusitte: 24 Wieadwdilus Tnems
AmuadsUfURlv arunsasesiuuunaniientu
lade 40 Woadu/dlus Fauinnindaq iy 16
Wigafu/dalus waannisAnuidelundadlideld
mMuuadsugUalusiaserniadinsy Standard
Instrument Departure (SID) & & ¥  Standard
Instrument Arrival (STAR) seninsauutude v
7’93 U1 Chiang Mai International Airport (VTCC)
wavaundud oalvy wii el ae Ban Thi Airport
(vTCB) Tngyinisitmuaisuuanisdusanain
auudugednaidagdu VICC_RWY 18/36 dnuiu 2

1979 wazaurntudesluiunedl 2 VICB_RWY

MIFANTIAINTTUAENS LTINS BATUASUNTILSAl

U7l 18 aduil 1 fou nanax w.a. 2565 — Tunas .. 2566

18/36 1 2 M93s Fedueldimueisufifves
2nAsLiY IWkazeansznIsauIndu VICC wag
VTCB 521 4 fievng filddmiunistuduazen lne
finstmundsuRTRle feielul

naud 1 n1smmuaiufuanistusenain
au1NU Y (Standard Instrument Departure SID)
Usenaunae SID RWY 18/36 §1u7u 1 Chart, SID
RWY 18 973U 1 Chart, SID RWY 36 37u3u 1 Chart
wazanInInivuakNUgin1siuYIeenveteINALIY
lﬁﬁlﬂﬁl BANTI, DOILO, WEERA, FRANG, PHRAO Lag
YONOK $1uau 6 wrugil saun1seenuuulungud 1
U 9 UHUQT Tneiivanddayildlunstundd

N1SANMUAANTIOULVDIDINIABIU (Aircraft
Performance) lngiad sfilddmsuniseanuuu fe
oA 1uldszezn1e 1 NM aunsadulaszauanu
23 (Step Climb) Mﬁzﬁummgmﬁa 300 ft

nsniautulunistulsniszezg Climb
Gradient Tago divannsfiugiures Trigonometric
Function umsmanuduiusseninemnueniuay
Y833 Uaua suyuan i 1999 fuanu Alide
Theta (8) %’ﬁmﬁ’aﬂqﬁﬁuwﬁamﬂmé’ﬂmiﬁugm
#14na17 e Tangent Function = Opposite/Adjacent
Fauandluguil 1 - 2

911N19A1%UA Climb Gradient Tud 196 uve s
amrlasdsfisteenie 1 NM awnsaldsedu
AMNEIR 300 ft Taau15afIMUANITFULUUNIS
Auamanugiludduialuvesniseanuuuis

UFURIAFgURA 3 - a

oS 1
Opposite a2 3
Tanf = ——— -
Adjacent -
Adjacent
. . Height
Therefore; Climb Gradient = —
Distance

o

JUN 1 Tangent Function for climb gradient
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Height
Distance
91.44m
2

INM 1NM
_ 3001t 91.44m
~ 60767t °" 1852m

Climb Gradient =
300/t
; INM = 6076ft,1852m

= 0.049375

=0.049375 X100 = 4.9375%

Radan
cmmmm}mumm 914d0qm | = 0.049075

RWY18/36] 18520000 m-

gﬂ‘ﬁ 2 Fundamental Model of Climb gradient

1INM = 300 ft
Vertical Distance or Height = Distance (NM) X 300 (ft)

Therefore; Vertical Distance or Height = Xx 300 (ft); = Distance (NM)

Py LI, 1440 por 6

o

g‘U‘ﬁ 3 Model Application of climb gradient

in profile view

vTec_c1

S8
vICB_C2

Y

— ALt s00
2700 ’ A
w 7 T Y

LUMPY
C2_ALT 1500

)

C1_ALT 3000
CZ_ALT 2000

WEE
C1_ALT 4000
C2_ALT 5009

5Ufi 4 Model Application of climb gradient

U

in both plan and profile views

mﬁﬂ"wumwzqﬂuuum”q (Vertical
Separation) T¥#131199171AYIUVIDONANAUINTY

A283¥EEge 1,000 ft 138UINNT1 AIUNIATFIUNNT

111

IN159519IM90INA MFIERTINSIASEAUNSTU
(Rate of Climb) lnglgwnan Trigonometric functions
WUszneunsiansan auglliuanuiiveseinia
#1U (Aircraft Speed) Faun1siasnsnslem

EEREAN (f [rmin o sec) AU

Ground speed (GS) = Indicated Airspeed

(IAS) or speed without wind component

If a unit of Rate of Climb in feet per minute

NM
ft/min = Tan(angle) X GS or IAS ; 1 kt or ™ ;and 1NM = 6076 ft

Distance(NM)

ft/ min = Tan(angle) X 6076 x Time(hr)

Distance(NM)

ft/ min = Tan(angle) X 6076 x 60 (min)

Tan(angle) x 6076 X Distance(NM) ft
60 min

ft/min =

Where GS is ground speed in kt
If a unit of Rate of Climb in metres per
second
NM
m/s = Tan(angle) X GS or IAS ; 1 kt or W;and 1NM = 1852m

Distance(NM) x 1852(m)
1000m
Time(hr)

m/s = Tan(angle) x

_ Distance(km)

m/s = Time(hr) ;GS or IAS = km/hr

Distance(km)

m/s = Tan(angle) x 1000 X 60 x 60 (5)

_ Tan(angle) xX) 1000 x Distance(km) m
mfs = 3600 s

Where GS is ground speed in km/h

n5dnszzsisesoInimeulunis (Vertical
Separation) A1UN1ATIIUTENT19401IN1AY U
FYHEWNE 300 NS %30 (1,000 W) fszdudusnia
29000 W» uazsEE¥Ying 600 M3 (2,000 ) gy
Tugandn 29000 W

ngudl 2 msfmunIsuguanistudiauatu

(Standard Instrument Arrival; STAR) Usgnaun 18
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STAR RWY 18/36 91u7u 1 LLN‘uQﬁ, STAR RWY 18
U 1 WUy, STAR RWY 36 917U 1 wWugil
wazasamruakkuinsiui1veseINIAeIY
Ta'satl PARNU, PASAK, SAKET, SUTEP, PINUM,
SAIAU, TAPAE wag WORAI 97U7U 8 UNuil 591n1s
oonuuulungud 2 $1um 11 uugd

daifu {AdvannsafmusisdRvesormagu
Ju vih-een sendnsawududesnidagdu vice
wavaundudednl wisiiass sunetius Swmda
amyu VICB s wnusiedu 20 WNUA

A19AIRUALLITOUNI1I0U (Descent Gradient)
WardnIIN1sansyAun150U (Rate of Descent) 1ot
MYUALLINIINITORNWUULAEAIUANNITANTEAY
wiseulasendendnni1siug iy Descent Gradient
MIULBNA159 1989 (Doc 8168 OPS/611 Aircraft

Operations Vol. | Flight Procedures, Section 4
Chapter 1, 1.9 Descent Gradient, 1.9.2 and 1.9.3)
FansRasanmanein Optimum Descent Gradient
5.2 percent/3.0° (52 m/km (318 ft/NM)) a@1115011

#ANNISN P UINSIFdUAT Descent Gradient taga
Un 5

o
b

. Height

Descent Gradient = ———

Distance
Find descent gradient 52m/km; = S = S2M
ind from descent gradient 52m/km; = om = 1000m

Descent Gradient = 0.052 =5.2%

1l

=
e
RWY18/36 Gradientof 0052 o 524 520000m =R0.:?2"

L !

gﬂﬁ 5 Fundamental Model of Descent

gradient

Waiasanannisanisanwalutnany d9le

2111547 Tangent Function 11%1A'1 Descent

MIFANTIAINTTUAENS LTINS BATUASUNTILSAl
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Gradient 91N8M5INSAATEAUT S28EN19 1 km @8
AUEa 52 m 1R 0.052 Aavdu 5.2 % Tagwinia
A1 Gradient = 0.052 wunulugiundures Tangent

Function v3e Arctan aglafdazun 6

Tan(angle) = Gragient

Angle = Gradient
i .

Angle = Tan™'orarctan (gradient)

1
tan(gradient)

= atctan(0.052)
= 2.977°

Therefor: Angle in Degrees = or tan™! or arctan (gradient)

or = 3°

.

RWY18/36 238" or Gradhend of 0.0 of

lGS 1000.0000 m-

=

3U% 6 Conversion of descent gradient to degree

Tnof nsfmunszozgelunuads (Vertical
Separation) §¥#17199101AE U NT1EUINTU F2Y
Jrgygs 1,000 ft 1¥3011NNT1 MULIATZIUNITIANTT
2919590INA NINBNTINTaNTTAUNITTU (Rate
of Descent) lagltudn Trigonometric functions 111
Usznounisfiansan avgliuanusiveseinia
81U (Aircraft Speed) Fafunisiuiasasinisan

o

s20rge (JY o ™/sec) Al

Ground speed (GS) = Indicated Airspeed (IAS) or
speed without wind component
If a unit of rate of descent in feet per minute

NM
ft/ min = Tan(angle) x GS or IAS ; 1 kt or s ;and INM = 6076 ft
Distance(NM)

ft/ min = Tan(angle) x 6076 x Time (hr)

Distance(NM)

in= X X
ft/min = Tan(angle) x 6076 50 (min)

. Tan(angle) X 6076 x Distance(NM) ft
ft/min = o0 -

min

Where GS is ground speed in kt

If a unit of Rate of Climb in metres per second
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NM
m/s = Tan(angle) x GS or IAS ;1 kt or W and INM
=1852m

Distance(NM) x 1852(m)
1000m
Time(hr)

m/s = Tan(angle) x

_ Distance(km)

= ;GS or [AS = km/h
m/s Time(hr) or m/hr

Distance(km)

m/s = Tan(angle) X 1000 x 50 X 60 (5)

_ Tan(angle) x) 1000 X Distance(km) m
m/s = 3600 s

Where GS is ground speed in km/h

n15a$14 Holding Pattern (3Ut 7) lunsdliidl
N15951959 UMY Y 91n1ds Ul @iusatuldn
auuduls Feansdinsivualiennideiuduiuse
4N MN399195 (Holding) Tuamiiimuaifievdnides
115951957 nuwdvlud uil auudy Tage 378l
wu9lun150OnNLUY (Holding Pattern) G’Twiavl,ﬂﬁ

(1) wUasA1A213L52910 Indicated Airspeed
(1AS) lUduTrue Airspeed (TAS) 1ag ISA

TAS = IAS X Conversion Factor (CF); CF refer to Conversion Table
TAS =210 x 1.0728 ; at ISA + 15 at altitude 3000,CF = 1.0728

TAS = 225.288 or 225 kt

(2) ¥1A1 TAS @9 225 kt LW 8@5 19 Holding
Pattern (U718 - 9) Tamasaludl
WIaABINISINSLELENINIS UL WS 82188

ngafinmualiduiuse Wulunan 1 -

TAS(kt) = TAS A Y
N hr

TAS(NM) )
= ——— 1hr = 60min
60(min)

TAS = 225 kt or 225 NM/hr

25 NM

W;lhr=60mm

Therefore, 1 min =

1min =3.75 NM or 6945 m; 1 NM = 1852 m
Wedpansmsainisiieivesemaeiull 8msa

A5L8Y7 AD 3 BaFN AB U

113

WMNABINIMERTINMTEEIIYL 360°agldan
360 120 )
— =120 sec or = — = 2 min
3 60 y
1NNTAUIUTAY @1nsamsadnsaedle
fail

Circumference = 2rr = 360° = 2 min (Distance)

m = 3.1416

_ Circumference 2min (Distance)
r= 2m or 2m ’
Replace the result of (1) to the formula:

" . 2x375(NM) _ 75
erefore; == 31416 ~ 628

Radius = 1.194268 NM or 2211.784336 m

Holding Pattern

—6945.0000 m——— 945.0000

)

———6945.0000 m———

3‘0‘171 7 Construction on Holding Pattern

LAMUN
we

VISES
960

vics ca

35U 8 Holding Pattern of STAR in Plan View

e s()*
LANNA

2% €2_ALT 4000
i OMKOI
A4 C2_ALT 3000
MAXAS 180 KT

RWY 1836
(vTCe)

3‘1.]‘171 9 Holding Pattern of STAR in Profile

View
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4. unagd

wadi ldannnismnuaisujuanisulneld
(SID/STAR) il U fUAn 5T uduazeen senin
anmdueslmidagdu (vTCO) uagauutudedll
Wi @ee (VICB) dmsuidunisdudi i eusiaain
\A5 03 18LAUBINA (CMA DVOR) vesautudu
Wealndluda Reporting point %30 Transition point
§unutedy 11 90 iledwaunthiinisudnismun
93195MEINAsEWI M uB s Az LT Tng
Mevdsivinsinuaisujuanistunds 1adnns
NAaUAElAANINUIAGBNNITAIUALITIIINIG
81N1AA I8TEUULIA1T (Air Traffic Control
Environment) Iaeg ATC Simulator mm‘ﬁ'ixqiuﬁaﬁ‘
Uuan s Tudleimunly (Profile) AugUuuvanm
N1395195M199171¢ 970U 3 JUBUY Ap M3dudn
yosemAgunSanfue 2 auwdy, msdueenves
anmAgundonu 2 iy uavnsiu Wh-oon
yese Mg undanfu 2 dumdy wuiilunan 1
F7l098111505093 VU3 HIN595 1IN 98N Al
WAy 40 1Wierdusadalus TaswinniuSunw
n3asasneeIniafisesduldlutagduiade 24
WigrSusetalus S1uau 16 Wieadu winaiildain
nsnedevvesuiseluaded (Hufssnisnaaey
meldiTouladifuualilu Profile 10935 TRy
wudl (Charts) Sainduazdesniunuernasuls
Juluanuisuiumeginnsendn uilunisujifau
s3edadifadeduiiinaseUsinanisiutuwazanas
293TAALAINTAIUNITIAUTNITAIUANITIAINNG
omia auusnglulssduiansanidauddy
Faseluil

1. fofvuaiiseyluisuiua
SID/STAR charts)

n150u (Profile of

2. @NINA1599135uLe g aaantuv gy
(Current Traffic)

MIATIFMINTTUAEAS UNTINYIAYASUASUNTILT

Uil 18 Uil 1 fiou nanAy w.A. 2565 - A n.e. 2566

3. m’s%amﬁwdwﬁmuﬂms'mmammml,az

4. nslemauvestindy (Pilot Reaction) Newed
nlasunseuan (ATC Clearance) Tun1sAuAy
o eeunsUfTinstuluudazituil

5. duTT0UsVRIRINIAYIUY (Aircraft
Performance) ¥4 JULUUYR8IN1AEIU (Type of
Aircraft), A5 (Speed), 8ns1n15lAsEAuA15TU
(Rate of climb) kas8 n31n1155 8Uad (Rate of
descend)

6. fieamna (Direction) TaseMIAELTIvhNIS0U

7. NINIRUATEYEN 1ITENI 19910 1FEIY
(Separation)

8. AINEANNITAVBIEAIUANNITITIANITNNOINA
(ATC Competency) Tun1suiuisaanisusune
MITTIVINNENMNA 8 VBT

9. NMUTEAUNUTENINMNBNUAIVANITIAT
meomaluusiaziiud (Aerodrome Control Tower-
Approach Control Unit ag Approach Control
Unit-Area Control Center)

naann1seAUTeludsiuninianaszily
WadFeudisud ednwuunlduanud eulosves
aounsalansaneivsenmsuiiindul
aieadaiflgsanelui

1. ¥aanuaiunsadaquy 91nnsAnwinudn
aundudedmllaliusmsenireunasndiad Tne
NAINNITA152980 MN15IIAUINI595195M90NA
Tnvgudniuaunsdudednl wudtlh 1 Y awnsa
seafuiienduld §1uau 210,240 Wity Taed
Wigaduleds 24 rusetalus Inegunuuds
Ufvansduiduazesnanauiududednd
anduniseglagiu deanunsasesfumsliuimsle
wilumaufUa ftladedufidmasronuadesdialu

o w

A19MIUSN1535195M981NE Usenaunledadeudifgy

o
v

Aama Ul
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1.1 TainvaaiuAliuin13AIuANLTIITN

a ]

21me guassandwmasianisduin-senauiudures

v A v

amAeuiiddyie Tesiiansldiuiivasennia
(Airspace Restriction) luidssnssimunlufiufiiiou
A8eN19971n7# Air Navigation Warmning Usgnounay
Restricted Area Wag Danger Area %adﬁyu‘ﬁluiam
Tngsouauwdu Fufinduainguassaiifiogirumy
anmgfimansuesituil Adlgundeuseu

1.2 Jasededriavesi uil nelugurndu
Usznausedasidaludiu madu (Taxiway) #ui
A1U30A (Apron) kATIIUIUNANIBAVBIDINALIU
(Aircraft Stand) fianunsasesfutsunaeinieud
agluree1nA J9019dmavilviseiinisAIuANns
Fulsiernimeuduusestluonelunsdiidanm
MM39T195MUIRLY Fee1afin1sdudwetenide
A

13 mmvimLLu'uﬂuaaﬁuﬁﬁu%u‘[mmauﬂumﬁu
fifuguassalunisvensdavesi ud v annade
(Runway) 189U (Taxiway) a1129a (Apron) Lay
wauen (Aircraft Stand) L olau15as0ssuns
wereivess ittty Swafiintuniuandenis
Lﬁﬂmam’;wmﬁmﬁiumuﬁuﬁﬁﬂmﬁamawmu
Tnasou waztgynin15asnasintauinulassou
auwdu Suduguassadensienlosmsvenedves
1395195M1901M ANBEAILAN T LT ueUSunm
flasansiiasiintuluouian

2. INNANITNAFDUUTUIUNITITIVINIDINA
fugUuUUIBUF AT vundy Ao SID/STAR dwisy
auntu VICC & VTCB WUl @1905095uuTunu
amaeuliade 40 Wisadudedalus Tnsanunse
soe3UldUSINA 350,400 LienDusel WadLNLRY
fisessulaiade 24 Wigadudedalus wie 210,240
lendusied sausiuuennagududi-seniiiudu
141,160 WigrSused Andu 66.67%

3. wualdunissessunisvenealluauiAnen

afifdeyaniiniuaindannuaiunsanisliuinig
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Y2304 wagnaannIsAIansaisednsainnis
Trusnrsasasmeenmidlusuinanasdin1sineasia
auududeoddndunad doe azvilarunsasesdu
USunanisesnasiiuduiduegafes sauau 40
Wieadusedalus wazazaunsaiuusunaniiondu
PNy 16 Wi dwalus wiedndudesay 66.67
PnMsEnIUINURR e aunuduedinl
Jaqu (vTCO T anunsnvensi uiivesauiudu
dandnld desnnanmituiilaeseuiiyumuedvey
wudy warfigideuseu Juduguassasents
e Haneis (Runway) n97U (Taxiway) au
390 (Apron) wagnauven (Aircraft Stand) nnelu
aundu wiwniinisneassauududedlnduied
a3 awlainisAnwiuazdisiavesqudidouas
USN1STIINITATUAISVUUA IN1981AA
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