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Abstract

The objective of this research is to study the awareness of laws related to pile driving work in
the dual-track railway construction project between Lopburi and Pak Nam Pho. Using a quantitative

research methodology, data was collected through questionnaires. The study's target population is
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personnel involved in the project, divided into two groups as follows: Group 1: Construction
supervision engineers who manage the on-site construction of the contractor's company. Group 2:
Project engineers and project supervision engineers (specialists in pile driving work). The data
collected relates to the awareness of laws concerning pile driving work and the engineering methods
used for pile driving in the dual-track railway construction project. Additionally, opinions on variables
affecting the project's success, both independent and dependent, were surveyed to interpret the
research findings. The research findings revealed the following: 1) Awareness of Laws Related to Pile
Driving Work in the dual-track railway construction project between Lopburi and Pak Nam Pho had an
average score of 3.60, with a standard deviation of 0.94, indicating a high level of awareness overall.
2) Awareness of Pile Driving Construction Methods According to Engineering Principles, the same
project had an average score of 3.67 with a standard deviation of 0.92, also indicating a high level of

awareness overall.

Keywords: Awareness of the law, engineering methods, driven pile.
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ABSTRACT
Vision systems are an important part of modern manufacturing processes in the Industry 4.0
era, using images from cameras to inspect and sort workpieces. However, it was found that vision
systems have high costs in terms of both hardware and software, making it difficult for small and
medium-sized factories to access this technology. Therefore, this research presents a low-cost, open-
source embedded vision system that can communicate with industrial controllers. It is a combination
of a PIXY 2 camera module, a ready-made camera module that uses artificial intelligence to detect

colors and images, with an open-source embedded Arduino. Arduino will receive data from the PIXY 2
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camera module and convert it into a communication format according to the Modbus protocol. In the
experiment, the developed open embedded vision system will be connected to a PLC controller and
a touch screen display to test the efficiency of detecting and sorting workpieces with different colors
under different distances from the camera module and lighting conditions. From the experimental
results, it was found that the longest distance from the camera module to the workpiece that can
detect and sort the color of the workpiece correctly, both when the light on the camera module is off
and on, was 80 millimeters. As for the connection to a PLC controller and a touch screen display, it

was found that data can be transmitted and received correctly every time. It can also detect and sort

the color of the workpiece immediately without any delay time.

Keyword: Vision System, Open-Source Embedded, Industry 4.0.
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unAnga

AT IumsAnviisuifisuaussounedossudnfivauuy 4 fomsuedessudguiouaios
Tnsdidsgagn 8.5 kw ilsuy won.787-2551 wuunisviaudeid esagldisiud emndeiion 67 uas
vhifundedu SAE-30-40 winvawdonsesomanuuilenuarinuiunszuangu 1 gnguilidusiugugnans
N3EUANEU 92 mm s28¥dn 96 mm Usuasszesdnsan 638 cm’ §n1diun1sen 19.4: 1 uagszuuseuly
m’mﬁ"amwwﬂmf'l%ﬂﬁaﬁﬂ%mwmmawmiﬁwwdaLﬁu 2.09 m’ fwualiesessusviaudedonduiia 10 hrs.
musulunsin 125 Ke/cm?® Sailsumisaulefszoyinsvesiu 0.18 mm Wanougudneuu 16.51 degree
uarlandaAudnigans 35.38 degree waziumisalodessoyiieedy 0.15 mm WUanourudneai
50.71 degree uarUanasgudneuu 20.34 degree naaeuluan L ANFLUTSEINIABIMAGEY 760 mmHg
ANUFUUTIENNAVEMAGEU 760 mmHg dnzmnutuduimsyetennimilesunadeuiosay 64 vdwn
Hiunsnaaeusesas 78 Antuloidededliiiuiesar 30 veandeeinszuuuey (Bosch) gunaives
dhsuvdeaudosliiiu 120°C uwavseiuidssdodliin 100 db ndimsnedeunuinaiessusidniihumadeu
Tiidaumandugean 7.9 Kw usalingsan 313 Nom feamn$aseu 2400 rpm f8rsnsauudonisiudeinas

284 g/kWh Fvesnuleideiesay 7.2 fiszfuidesdagean 93.4 db.
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Abstract
This research aims to study and compare the performance of a small 4-stroke diesel engine
with a newly designed single-cylinder engine with a maximum power of 8.5 kW compared to the TIS.787-
2551 continuous operation type. The engine, utilizes B7 diesel fuel and SAE 30-40 lubricating oil. The

air filter type is wet and the engine has one piston with a bore of 92 mm, a stroke of 96 mm, and a
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total displacement volume of 638 cm’. The compression ratio is 19.4:1, and the cooling system is a
honeycomb water jacket with a cooling water capacity of 2.09 m>. The engine is designed to operate
continuously for 10 hours with an injection pressure of 125 kg/cm®. The intake valve clearance is set at
0.18 mm before top dead center (BTDC) on the opening side and 16.51 degrees BTDC on the closing
side. The exhaust valve clearance is set at 0.15 mm before BTDC on the opening side and 50.71 degrees
BTDC on the closing side. The testing is conducted under atmospheric pressure conditions starting at
760 mmHg, with a humidity level of 64% at the beginning and 78% after the test. The exhaust smoke
color must not exceed 30% according to the Bosch exhaust gas measuring system. The lubricating oil
temperature must not exceed 120°C, and the noise level must not exceed 100 dB. After testing, it was
found that the tested small engine produced a maximum output power of 7.9 kW, a maximum torque
of 31.3 N.m at 2400 rpm, with a fuel consumption rate of 284 g/kWh and exhaust smoke color of 7.2%,

reaching a maximum noise level of 93.4 dB.

Keywords: Engine power, torque engine, specific fuel consumption.
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ATLIEITBU 1500rpm ~ 3 kW Ineifinmsstundiay
a0Watt WinAedinmunniigadestuiaiessusten
[1] Tnguia3 esous A wan Aluundaudaay
13 pseudufaleduainnisgnszilnuosns osoud
fwaiisneinia  Tidanufunazguugiigudide
dhfufiwadiluiAaniswlng  Wasuundude
amAraNiedInmlidauiuLa g iiguas
andalnenisdathiufiwaunugassdadae i
\isunagiingunsal (Ventur mixer gas) fus1nia
vearnsiueaniesud Fuaiossusdiililunis
NAABU Ju DI-700 YA 353 cc YUAMAT 7 Hp Ll
T emassauiufadanin iadessudiisnsdu
18959 18:1 nan1avndeuishduveniiufien
sefedinind 30:70 1utisiimanzandian sz
szvumdnas ossudlydornisdonAntu

'
s a

UseAnSnnunans aseudgaand 18.49% lnannng

AD!
941 3,000 Watt $0510158 W0 aLd o1nE sty
9810 cc/min uazdsnsnisdudentamaing
F01m 24 liter/min lasaulanaioseudmaaidu
wSessusuAaledunsoswusiisndumasaanas
wide 10:1 Widomdsemsmetinndis wwerasien

1aUsEaNS NNV LATDILURAIEAT 6.95% Trannid

LURRE]

v v

1 500 Watt i9ns1n158 uUA 0T aLnd 9 1%
FanIW 17 U/min [2] wazA1Used@nsain An
UszAnSnnweaseudiiwaruindnssuieany
Soushuth flazvesumsaiiuayu Wdaanusenda
naulsEANSAINgedaellAUsEANSA NG9
luiAunsoindua1sednsaand szyld 3]
Tnswawglulefeaiilénnnszuiums niudiedawe
Sladuaniiufivuaslusudns [4-5] vhnnsnagou

AUTTAULLAS DIVUA LUUNITELAUT TOULAS DI8UA
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WaBuuUas [6] 1A3 pepudlAnAlsaguiA Basz e
aufoudaed Aldflunianuaslulssnalned
Sruunnuasiiodunisandunudududomas 3
Ifvhnmmnaussaurmsvhnuveseiesudiéniiea
guiAtazUsziiunanisvaaeulunisdndulaluns
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2. neufuazisnsaniiun1idy
2.1 Lﬂﬁé‘ladﬂaéngﬂniﬂj (Tool and equipment)
swazdonrdosoudfivaguuauddome ssue
Au¥oudaengu TFL15SWL-PR2 wag s1eaziden

Taunlufimediu ONO SOKKI-50Kg-m 514 1-2

= = = (&
A99N 1 i']ﬂazl.aﬁlﬂLﬂiaﬂﬂu@ﬂL%afﬂUuau

juedesud | vy | TF115WL-PR2
WUU - \3RsEuATa
guueu 4 Jamy
RTINS ARIRY Y - NI ONARIRY oY
%8
uUgU - 1
nsyuenguxsresdn | mm 92x96
USums cm’ 638
fdagean/i kKW/r | 7.2/2400
ANHLSITOU pm
P RICER g/min 38.3
Fonas
MI1EIUNITON - 19.4:1
23FAINTAN - 20
UIIAUNITAN Kg/c 125
mZ
dainsiu - Single-hold
Huzerisi - Bosh
syuUndeay - vidoausedy
SPUUAMUTOU - et
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M5197 2 SeeziBenlauluiines ONO SOKKK-

50Kg-m

Measurement

Accuracy

+0.2 % F.S (when
combined with the TS-
2800/3200A (N-0

correction))

Temperature Effect

+0.03 % F.S./ °C

Bull Wy [en4

Applicable Revolution

detector

MP-981 (option)

| BAEA 100D

Operating

Temperature Range

0 to +40°C

Storage temperature

range

-20 °C to +60 °C

Humidity Range

85 % or less

Vibration Resistance

50 m/s” or less

Applicable Connector

TRC116-12A10-7M10.5

Gear Teeth for

Rotation Detector

Standard accessory (60
P/R)

Power Supply

o

Accessory

100 VAC 50/60 Hz,
55-002 to 200:35 VA,
SS-500 to 202:50 VA

Power cable (2.4 m),
Torque signal cable (5
m), Shaft-end key(Only
for SS-100 to 202)

2.2 gunsalnsnadevanssousinTosgus(Engine

performance testing equipment)

\A304INgUNYTUUY Thermocouple Ju TSK-
03 w1 @ 8mm Fagugilaliiiiu 800°C Laesin

AIUL5TDU JU HM-640 Tasauldlaiiiiu 5000 rpm
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\w3psinANLAUEDTY Ju COR-15 Snthmilnls
Taitiu 15000 g waziadosinatusi su RTT 100 1u
sruuinaufivkasiuulvaniuuiedu (Partial
Flow Opacity) A1ai3U#i 1 1 ulaezunsuyanaasy

ausTouzIAS e UATUIALANATagULRE) [9]

Thermos couple and Diesel smoke

%

haust Manifold

aqn) ssejo
uepy
e

@

Load by Speed Control

suy jon

Fuel Pump

0 Couple Engine Speed Sensor

JUT 1 lnogunsuynvnaauaussousinIoseus

2.3 N15VATOUFNTTOUZLAT 098U (Engine
performance testing)

m'i‘mamsmuxLﬂ?@aawﬂﬁmmuqmﬁmmmm
AMUIRINANNTST 1-6 ilemAduUsunsafila
annsanaaeuldaINnIsMAaDILAST 3-4

2.3.1 ¥In157as aiaTeagus (nstallation of
engine)

Ineilgunaiin13ve9eg 5¥ning 30.8-37.0 °C

amgiivesniuledoegsening 545-559 °C gaungll

ot *

v
o =

dfud endeey 5v1nine 36-42°C uaggungil
vifunaed uoy svning 77-116°C Tnginug
\A3 BaBuiA U7 SoU 800 rpm Useaas 20 min
ntuisssouia oseusdulufl 1500 rpm iHunan
20 min udTaAuseulaIossudlgaduisedl 2400
rpm Wunarsieideaduian 10 hrs inisnsaans
vurenadsssuduariuiind) udanduiins
gAY nuLASseus vmsanasduthsesui

faalimnIdIuuUYeINaaANILAUYT SEUU
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rtunaod urnisnsiasysutnunaed wile
\A33UFMILATY 100 hrs Tagfnuansvina
youndossusieilonduia 10 hrs wdmyarinidy
na 4 hrs sefuihifundedudadiandinindngan
goatudifundedu ssuvihdudemamsinaey
sedutfudamaaiiondsssudviauseieady
1281 10 hrs syAuiTudomasdesldamniiszau
A1AAYDINABAYTEAY Lavynd 8y 18U vl
i3 ossusviuisuasiiaue Tneu§usanmui§iseu
youa3 eseudlildausaseuiidmunmunay
liasianoveen1sny uresdorouss Tnolden
uAneesEIIn NS e UgIERTUANILS e UANan
Tugai3a1 5 min zdedlsiiAin 1/100rpm ve930Ui
AUUA

2.3.2 msvienduuliiingse (Non load)

s ues essuduuun oll esilgung i
nsziUguiedl 29.5 °C gaumgiinsidmiTen 29.6 °C
AL uduimgSosay 74 mnuduUIIEINIA 760
mmHg wazynsAruniidesnngumgiuaz
AUAY 760 mmHg YeAsireeuliiananaly
WA +10rpm warldanlunstaanududesnisiu
Fomaadunat min (6]

2.3.3 msAmadsuiaienIa(Air volume
calculation) [8]
SuuomatinszuenguiAdsudiEniiea

l@anaunis 1

n, xN

g SaLLi (1)
200060

1ng
V. fle Usinaemaiidnnssuengu,m’/s
N fo anuL51we9AI098Us, rpm

n,fe Usgdnsamdgaveuaistgudduaiy

Aeludlan 80-90%
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2.3.4 Y3uraunnuieasmsiieinas (Volume of
fuel demand)
YSunaudomdaaniassudimwaruindnmle

NAUNT 2

f. = sf. x power (2)

lng
£, Ao UTuiuAudeani1sid olnde, m’s

sf, e anuAuUdeadoindsdmg, m’/skw

2.3.5 mselusl (Combustion engine)

Lﬂumﬁﬁwaﬁ%miwiwL%@Lwaaﬁ’ummmaz
ganufeusenulneiluidemasussnoudesn
lelnsiuuaranivau (HO) smaiidios iy
aan%wuﬂw‘hﬂaﬁ%mmqmﬁﬂmmﬂwfﬂ GROIGE
Asusulasenlas (CO,) [7] mldanaunis 3uazd

WaruudveanTuladenisnan 4

C+0,+3.764N, — CO, +3.746N, (3)

2H,+0,+3.764N, —2H,0+3.746N, (4

nswbndauysaliminzan Ae §ns1dwenIe
AULd aLNE 99 LuuTzaNLs 8n 1 Stoichiometric

chemically correct wlaainaunis 5
cH, +[a+§)(@ 37T, —aCl), +52’ f120+3.773[a+§j1v2 (%)

lng
Ao Fruluanavesnivenluomas

a
b Ao Inuluanavedlalasiauludeinds

2.3.6 1auUIAYeNATENEUs (Brake power)

MFausN U unIdaauAs oI usilaaInn1sa

SUINNANT DU E9UDAT DIBUS  AIULSITU
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13 ossudtug tagldlaunludinesinatusednf

v

WARTULS1E@INTOAUINAALUSALAINNANNNT 6

Pb _ 27TN (6)
60

Tng
T @9 wsedm, N.m

N #o Anusi50utA3seud rom

3. wan1TIdsuazaiuIng

NAN1IAMTUNITNAFDUAINTDNRUARIN BN,
787-2551 n.2.2 993.2.1 n13vieuegesenilaa
(Running Continuously) 1l oAU LS 29I
soud pspud fuussdaiisudumdanuiusaves
w3 essuduaranuduiussyninsseunsoseudiv
Shrnmauddenudomasimaileutudng
NINTFIUEAAINNTIY (WON.787-2551) WU
13 0seudldni umaaeuliidanaidugsan
7.9Kw use90gega 31.3 Nm find75959U 2400
rpm Avualias sssusvhause saduian 10
hrs. SuANS197 3

Tudaudns1n1sd wudesndud eund sves
idessudiwaruiaidn 1 qu wuddanaudes
L%@L‘wénaﬁwawé’nmumimaaumﬂ 304 g/kKWh
dvosntuleidugsgaionar 159 fisziuideisgean
95.3 db.fvunliia3sseudveudeionduian
10 hrs. muen397 4 @easufuAiniumnsgu
AAUNIIN (WON.787-2551) NAMSYIAGOULATBSLUA
faidn 1 aukuugnauuey 180 degree Aana1da
agluAIMIUNIATZINEAAMNTTN (1BN.787-2551)
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A157199 3 NANISNAFDULSIUANITINIULUUABLIBS

(Running Continuously)

fdaimardu | anudiseu (pm) | wsedaiN.m)

(kw)

7.9 2400 31.3
7.7 2387 30.8
7.6 2400 30.4
7.5 2403 29.8
7.6 2403 30.6
7.5 2395 30.0
7.6 2396 30.3
7.5 2394 30.1
7.6 2401 30.3
7.6 2401 30.1
7.7 2403 30.6

715199 4 HANSNAABUERSIORT 1AW UR T BINES

FUzNsVuLUUAeLdes Non load)

dvesau | swiudes | Shsdwddeadound
Towds (%) (db.) JNMe(g/kWh)

1.8 95.3 301

2.9 94.3 303

4.4 94.1 300

3.4 94.1 300

7.0 94.0 298

8.2 93.4 294

3.4 933 290

1.2 93.4 284

8.1 93.8 295

15.9 93.7 304

2.5 93.4 299
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M5 5 AINIATZIUAN UBN.787-2551 finua

MEW | auda | sa dues | szdu
wandu| seudt | dwddes | efule | e
kW) | (rpm) Fomds | 1He0%) | (db)
TN
(g/kWh)
7.35- 1500- 285 30 100
<14.7 | <2500

4. §5UNaN13IY
MNMIANBIIENTIOUEAFUAT s uuAL
Sasnsaudentemdsimizvenniowusiia
YUIALEN 1 guuuIueY 180 degree tngldunsgu
N15NAAdUATYL JIS B 8017 LavAIRIUNIATTIU
9Aa1MNIIU(Wan.787-2551) unduuuanienis
nagoutiu wuinasesuiEniithumaaeulinds
wadugean 7.9 Kw usedagean 31.3 Nm 7
AILEI50U 2400 rpm fvualiag essusivieu
soifenduiian 10 hrs.AmnsgIuaIY won.787-
2551 ﬁmumL%@Lwaqﬁwwamé’qmumimaauqqqm
285 g¢/kWh dvesaiuleidesesay 30 aneiiTals
fewar 7.2 seAuidedladiAn 100 dB 2nAT Tald
93.4 db.uaydmns1d wdeud oinddng 285
o/kWh 9nenit faleshsnduldend omassume
284 o/kWh Tnesauudrdnsnmsauddessunizues
\A3 eaflwavLIALEn 1 guuey 180 degree fif1ds
e Sasn1sauddeninfudemas dvesniule
duarsea utdeandluiiuein Amiuuinegiu
9 AAINNTTN (UBN.787-2551) UDINTENTI
oA MNTINATUALHARSUIAT Dst U LAYLIALEN
W 09a1nm1a W aia3 paoud A wadn1swaun
walulaBvomanfusinntuieliussatagusyasd
arunslanasueg 19l Uszdns andmiunin

MsNuRsUsTNAlng
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mApilldumsdnwidSeuiisuaussouginTessudianfwauuy 4 Sanziluinissgudfigavuindniuugnay
WMDY 180 degree MAIEIEA 8.5 KW ilguiu wen.787-2551 nsvinuvagliidsgeanuazinisaiunu
Anusaseu lagldundunaedu SAE-30-40 silnveamdonsesonianuuilenuasS1urunszuanguii efivdur1u
AUGNATINTEUBNAY 92 mm s¥Ezdn 96 mm Usuasszesdnsan 638 cm’ 8031dUN58n 19.4: 1 uagIzUUsYUY

v v ¥ A a H & 3 o v ¢ o oA & o
ﬂﬂﬁﬁ@uLL“U‘U‘MJJé)‘LﬂlJ‘tJilﬂﬂJﬂ’NﬁJﬁ;U?Ma@LEI‘LJ 2.09 m® AMvualvinsessunvinausneidewduan1o hrs. anusulunis
3m 125 kg/cm’® Falidhunisaulefsvezrievosiu 0.18 mm Waneududneuy 16.51 degree uazlnndigudnigai
35.38 degree wazsumivaulodossugyinewesiu 0.15 mm Waneugudneans 50.71 degree warlandsaudnieuy
20.34 degree nAaaUlUANIILANUAUUIIEIMNMASUAUNAZOU 761 mmHg AUAUUIIEINANSINAGIU 760 mmHg
anmgANNTUdUTWSvese N AllasunadeuSaray 51 asnnumIageusSeras 78 dntulederesliiiuioeas
30 Y04A3B¢INTEUVUDY (Bosch) aaumgivessiundedudedlsiiiu 120°C uarszAudessiasliiiiu 100 dBs nasn1s
nadoy wuinAsessudianTiihumeaaeulidunaidugean 7.6 kw nnusiseu 2,405 rpm wiedingddn 33.8 N.m
firnusaseu 1,812 rpm snsinisauUiesiifuewnds 304 ¢/kWh fianuiiseu 2,405 rpm dvesaiuleidesonay

5.9 IAMNEI5U 2,450 rpm Nisziuidesdisgean 93.6 dBs 7in1a5730U 2,405 rpm
AdAsy aniumas usale dnsduldondomds aussouzvadesaseus

Abstract
This research aims to study and compare the performance of a small 4-stroke diesel engine with a small
single-cylinder horizontal 180-degree crankshaft diesel engine with a maximum power of 8.5 kW compared to

TIS 787-2551, operating at maximum power and speed control using SAE 30-40 lubricating oil, wet air filter
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type, with a single piston with a bore diameter of 92 mm, stroke length of 96 mm, total displacement volume
of 638 cm”’, compression ratio of 19.4:1, and a water-cooling system with a coolant capacity of 2.09 m?, designed
for continuous operation for 10 hrs. Injection pressure of 125 kg/cm?, with a pre-top dead center (TDC) opening
position of 16.51 degrees and post-bottom dead center (BDC) closing position of 35.38 degrees for the intake
valve, and a pre-BDC opening position of 50.71 degrees and post-TDC closing position of 20.34 degrees for the
exhaust valve. Tested under initial atmospheric pressure of 761 mmHg, post-test atmospheric pressure of 760
mmHeg, relative humidity at the start of testing at 51%, increasing to 78% after testing. Smoke emissions must
not exceed 30% of the Bosch smoke meter, lubricating oil temperature must not exceed 120°C, and noise
levels must not exceed 100 dBs after testing. It was found that the tested small engine produced a maximum
output power of 7.6 kW at 2,405 rpm, maximum torque of 33.8 N.m at 1,812 rpm, fuel consumption rate of
304 ¢/kWh at 2,405 rpm, smoke emissions of 5.9% at 2,450 rpm, and a maximum noise level of 93.6 dBs at
2,405 rpm.

Keywords: Over load, Engine Torque, Specific Fuel Consumption, Engine Performance.
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2.9ufuarIsn1saiiuniive
2.1 Lﬂ?@dﬁauaz@‘dnmf (Tool and Equipment )

1A3 BIBUALE NALYAZ ULA 5LV UIUIUB LA Samae
syuteATufeufethIuTF115WL-PR2 n1un91efl 1

AN31971 1 Swaziduninsessusianfivaguuiuey

TuLAdossudian Wiy TF115WL-PR2
KUY - Lﬂ%wuﬁﬁma@u
UDU 4 TN
syuUiDa vl - syuuviBa vl
%78
UG - 1
NITUBNGUXITEY mm 92x96
n
U3nng cm’ 638
M ”ﬂLLiqﬁwgqqm/ﬁ KW/rpm 7.2/2400
AMLSITRU
mudwUAes g/min 38.3
\Foinas
R91dUNITON - 19.4:1
29AIN3AN - 20
LIIAUNITAN kg/cm’ 125
hamigiu - Single-hold
Hudaistu - Bosh
SEUUNADAY - viaoausey
SEUUANSOU - wileth3ails

2.2 agUnmfmsmﬂavammuwm“'aww’(Engme
Performance Testing Equipment)
Lﬂ%‘laﬁmqmuqﬁmu Thermocouple 5u TSK-03
vu1n @ 8mm  Tagugdilalsitiu 800°C wdesinnuia
50U Ju HM-640 TaseuldlaiiAiu 5,000 rpm LA o4
ArwAnAesiiiu Ju COR-15 TathwidnlalsiAu 15 ke
waziadesinafusi fu RTT 100 Wuszuuinanudivuas
wuulvar1uu9d9u (Partial Flow Opacity) anugufil
Hulaezunsugemaaouaussauziadossusvundniioa

quiien [11]
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Thermos couple and Diesel smoke

ouy Wy 04

Load by Speed Control
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2.3 mMINnaauaNTInuziAIeseus (Engine
Performance Testing)

2.3.1 115908 uA5aveueian (Installation of
Engine)
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2.3.2 M5V uyYaiedingse (Over Load)

a

wuusalesamuninsvilisuwis 37.5°C gaunqdl

U

19

nszilrzdon 32.9°C ANududuinssesay 46 ANUAY
UITUINA 760.5 mmHg wazvinn1suAusuaiiesann

uunduazAUAY 7,600 mmHg 929ausfiseul

gl U

a

Aanaraluiiu £10 rpm wagldaalunisiananu

v
a

fudonhiudemandunant min [6]

2.3.3 m3AII8USII48I77A (Air Volume
Calculation) [10]
f&’maummmL‘Hﬂﬂss‘uaﬂgum%wuﬁﬁﬂﬁwamﬁ

INFUNTT 1

V.xN

V=i
2000x 60

Tneil
= = o v 3
v, e Ysunaeinaninszuengu,m/s
N #s mnu51veaAI0seud,om

v, fie UseAnsnngaveanieseudduniy angluil
A1 80-90%

2.3.4 USsnainuaaimsidainas (Volume of
Fuel Demand)
Usnnauiieimndsmeaniosudidniaagnguiden

LU UM IGaINENNT 2

f. =sf.x power 2

Tned
£, ARUINIUANUABINTITRINGS, m™/s

sf. 8 AuAuURLdeINEITINE,M /s kW

2.3.5 msialusd (Combustion Engine)

& o |aaa & a o >

Wunshuiserseniradomasiveiniauagle
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szyUgAsermiaadnaterd uu (H,0) uasg
arsuaulneenlan (CO,) [7-12] FIAIUIUIINENNT3
uay 4

C+0,+3.764N, - CO, +3.746N, (3)

2H,+0,+3.764N, - 2H,0 +3.746N, (4)
N3 ndauy salvimagaufesnsdiueiniaiu
L oL Lnunzanliuna1 Stoichiometric Chemically

Correct Ml@anauns 5

CH, a%)(@+3.7731\§)—>a(Q4€P§0+3.773(a4§)A§ )

Tngil
a fio Iwuluanavesnsveuluemas

b Ao Swauluanavedlalasiaulufoinds

2.3.6 MIduUTAYUATENEUFIEN (Brake Power)

Mausnduidmenniseudidniildainnisia
NUIINIMAIT DI BevaAd peuMEn 1 AuEIseu
wisseuiianiug Tneldlaunluiwesnrusidniiinty

LSIENUTARIUIUABRUINANNFNNIT 6

P= 27TN
60

Tna?
T #o usela,N.m

N #o aAnut5150ULAT0I8URA, rpm

3. NaN15IVYUAZBAUTY
NaNIALIUNTNAFDUANTDNAUARY NBN.787-

2551 1.2.2 983.2.1 n1syinuvaziluaniiunigs (Over

Load) il ovanuduiusseninesouins eseudidniu
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AN UT TE W 1950ULAT DaBUALE NAUS RTINS
dufeshiudemassnsfisutudmunnsgiu
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AIUATSIT 4 AU
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Futw)| seudl | dwddes | afule | des
(rpm) Femds | o0 | (db)
Uy
(g/kWh)
7.35- 1500- 285 30 100
<14.7 <2500




36

4. #3UNaN133Y

PNNITANYINNTOANUA 3.2.3 MUUANITHINIY
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ABSTRACT

This paper presents the verifying measurement method by evaluating measurement
uncertainty for simulate calibration laboratory that specify laboratory conditions to have environmental
conditions and other factors that are as close to a standard calibration room as possible. The reliable
calibration of electrical measuring instruments is significant for agencies that lack the budget to send
the electrical instruments to calibrate with external standards calibration laboratories (refer to ISO/IEC
17025: 2017). This research will validate the measuring instruments under calibration concerning the
standard calibration process and evaluate the uncertainty according to the requirements to determine
the maximum acceptable tolerance after calibration. This research can confirm the reliability of the
measurement and provide evidence that the measuring instrument is working correctly and precisely
according to the specified criteria without wasting a budget In sending standard equipment to be
compared with outside agencies. In addition, obtaining information for teaching the measurement
subject, making decisions about measuring precautions, customizing or refraining from using the

measuring device, and budget planning for metrology work for use in other laboratories.

Keyword: Verify, evaluation of uncertainty, simulation calibration room, standard calibration room,

maximum permissible error.
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3.4 pamsaeuligueuTanseualwilnszuans
(AC Current Measurement)
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A15197 1 sausziiumandldwduougrunsiauseulniinsswanseitlususeensaauiieu

Range(V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts + (V)
400 mV 360.000 mV 360.024 mV 0.024 mV +0.00448 mV

4.00 vV 3.600 V 3.624 V 0.024 v + 0.00761 V
40.000 V 36.000 V 36.220 V 0.220 vV +0.043 V
400.000 V 360.000 V 362.600 V 2.600 V + 0.568 V

1000 V 900.000 V 904.000 V 4.000 V + 1.497 V

A519% 2 Han1sUseliuaanullilusugunInussulninseuanseluiilususeanisasuiieu

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts + (V)
400 mV 360.000 mV 360.034 mV 0.034 mV + 0.00488 mV
4.00 vV 3.600 V 3.634 V 0.034 Vv +0.091V
40.000 V 36.000 V 36.300 V 0.300 V +0.122V
400.000 V 360.000 V 362.200 V 2.200V + 1415V
1000 V 900.000 V 903.800 V 3.800 V +1.827V
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A5199 3 Hansuseliuatanuliitueug s InussuliinssuasauntlususeInansaauLiey

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts + (V)
400.000 mV 360.000 mV 360.026 mV 0.026 mV 0.00025 mV
4.000 vV 3.600 V 3.630 V 0.030 vV 0.0317V
40.000 V 36.000 V 36.200 V 0.200 vV 0.317V
400.000 V 360.000 V 361.200 V 1.200 V 3.365V
1000.000 V 900.000 V 904.40 V 4.400 vV 9.60 V

A9799 4 HansuseiiuaaNyldwiuaugunsInnssnulninseuaadunluilususeswanisaauiieu

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts + (V)
400.000 mV 360.000 mV 360.0212mV 0.012 mV 0.0098 mV
4.000 vV 3.600 V 3.606 V 0.06 vV 0.0381 Vv
40.000 V 36.000 V 36.122V 0.122V 0.425Vv
400.000 V 360.000 V 361.200 V 1.200 vV 3313V
1000.000 V 900.000 V 904.200 V 4.200 vV 9.526 V

1200.0
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BO0.0

600.0
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100

B Aanalduiueuresnised 3

B Aanuliuiueuvesnsned 4
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A519% 5 wan1sUseliuaanulisiusugunsianseualiinswansaitlususeananisaauieu

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts + (V)
4.000 mA 27.000 mA 27.022 mA 0.022 mA +0.00462 mA
40.000 mA 390.000 mA 391.400 mA 1.400 mA 0.774 mA

A1519% 6 Han1sUsEliuAaNullllusugunsInnseualniinsruanssiliilususemanisaauiay

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts * (V)
4.000 mA 27.000 mA 27.024 mA 0.024 mA 0.00533 mA
40.000 mA 390.000 mA 391.600 mA 1.600 mA 0.848 mA

A157199 7 manisuseiiuaanuliwiuaugunsinnseualuiinsswaadundlususewanisaauiisu

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts % (V)
0.400 mA 0.100 mA 1.000 mA 0.000 mA 0.00000898 mA
0.440 mA 0.390 mA 391.400 mA 1.400 mA 0.488 mA

A1519% 8 Han1sUsEliuAaNuliklusugunsIanseualninss waadunliiluSusesmanisaauiieu

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts + (V)
0.100 mA 0.100 mA 1.000 mA 0.000 mA 0.00000576 mA
0.440 mA 0.390 mA 391.800 mA 1.8 mA 0.4 mA

A1519% 9 Han1sUsEiuAANLldLuaug AT IRANEA U AT TuS USRI SRR UL

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts + (V)
400.000 Q 360.000 Q 363.600 Q 3.600 Q 0.026 Q

4.000 kQ 3.600 kQ 3.630 kQ 0.030 kQ 9.537 kQ

40.000 kQ 36.000 kQ 36.300 kQ 0.300 kQ 108.48 kQ

400.00 kQ 360.00kQ 362.94 kQ 2.94 kQ 1170.59 kQ

A157991 10 NansusiiumauldkiuaugunsIaanusunuilidlususesnisaauiieu

Range (V) Applied Input (V) UUC Reading (V) Difference Calibration Uncarts * (V)
400.000 Q 360.000 Q 363.340 Q 3.340 Q 1.4 Q

4.000 kQ 3.600 kQ 3.626 kQ 0.026 kQ 9.5 kQ

40.000 kQ 36.000 kQ 36.260 kQ 0.260 kQ 95.8 kQ

400.00 kQ 360.00 kQ 360.16 kQ 0.16 k@ 959 kQ
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10.00000
R.00000
600000
1.00000
200000
Q00000
100mYy 1y 10V 100V 1300V
JUT 11 nsmllSeudisumanuliuiveuvesgunsalanglinisaeuiioy
A15797 11 grunsTaussiulniinnszuanss fillususes
Rang Applied Input | UUC Reading Error Uncertainty | UUC+Ur+Unc | UUC-Ur-Unc | MPE (v) | Results
400 mv 360 mv 360 mV 0.24mV | +0.448 mV 360.024 360.023 0.8V Pass
a4V 3.6V 3.624 V 0.024V | +£0.00761V 3.6316 3.61639 0.4V Pass
a0 v 36 V 36.22 V 0220V | +0.043V 36.263 36.177 0.4V Pass
400 vV 360 V 362.6 V 2.600 V +0.568 V 363.168 362.032 ayv Pass
1000 V 900 V 904.0 V 4.000 V +1.149V 905.149 902.851 0V Pass
A15797 12 grumsiaussiulniiinseuanss Nlafilususes
Rang Applied Input | UUC Reading Error Uncertainty | UUC+Ur+Unc | UUC-Ur-Unc | MPE (v) | Results
400 mV 360 mV 360 mV 0.3dmV +0.488 mV 360.034 360.335 0.8V Pass
av 3.6V 3.634V 0.034V | +0.091V 3.6349 3.63309 0.4V Pass
40V 36V 36.30 V 0.300 V +0.122V 36.422 36.178 0.4V Pass
400 vV 360 V 362.2V 2200V +1.415V 363.615 360.785 qvV Pass
1000 V 900 V 903.8 V 3800V | +1.827V 905.627 901.973 10V Pass
fn5199 13 grunsinussulnihnssuaadu A8lususes
Rang Applied Input | UUC Reading Error Uncertainty | UUC+Ur+Unc | UUC-Ur-Unc | MPE (v) | Results
400 mv 360 mV 360 mV 0.26mV | +0.025 mV 360.026 360.025 0.8V Pass
av 3.6V 3.630 V 0030V | +0.030V 3.6617 3.5983 0.1V Pass
a0 v 36V 36.20 V 0.200 V +0.200 V 36.517 35.883 35V Pass
400 v 360 V 361.2V 1200V | +1.200V 364.565 357.835 10V Pass
1000 V 900 V 904.4V 4.400 V +4.400 V 914.000 894.80 26V Pass
A15199 14 grunsinwssulnihnssuaasu Alafilususes
Rang Applied Input | UUC Reading Error Uncertainty | UUC+Ur+Unc | UUC-Ur-Unc | MPE (v) | Results
400 mvV 360 mV 360 mV 0.1mv +0.9 mV 360.298 360.011 0.18V Pass
avVv 3.6V 3.606 V 0.06 V +0.381V 3.6441 3.5676 0.15V Pass
ao v 36V 36.12V 0.122V +0.42 V 36.506 35.697 3.05V Pass
400 V 360 V 361.2V 1.200 V +331V 364.513 357.887 108V Pass
1000 V 900 V 904.2 V 4.200 V +9.52V 913.726 894.674 263V Pass
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5. LaNa1591994 [12] Fluke 5500A  Multi-product Calibrator
[1] Thai Industrial Standards Institute (TISI), TISI Operation  Manual,Rev10, 4/03 Fluke
17025-2017 Corporation, 2005

[2] National Institute of Metrology (Thailand),
ISO/ICE 17025 : 2017

[3] ISO/IEC 17025 : 2017 denial requirements for
the competence of testing and calibration
laboratories  (Third  edition)  2017-11
(English/version)

[4] Thai Industrial Standards Institute (TISI), TISI
GLA-23-00 (15/03/2562)

[5] 1SO Guide to Expression of Uncertainty in
measurement (M 3003) United Kingdom
Accreditation  Service UKAS Edition 3
November 2012

[6] National Institute of Metrology (Thailand)
Ministry of Higher Education, Science,
Research and Innovation (NIMT) Thailand
website, http:// www.nimt.or.th

[7]1 1SO Guide to the Expression of Uncertainty
in measurement (GUM) Edition 5 September
2022

[8] 1SO international vocabulary of Metrology-
Basic and General Concepts and Associated
Terms (VIM) GLA-26-00 (11/04/2564)

[9] European Federation of national
Associations of Measurement testing and
Analytical Laborite Technical Report No.
1/2007 March 2007

[10] ISO Guide to the International Laboratory
Accreditation Cooperation (ILAC-G8) Edition
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[11] ICO 10012 Measurement management
systems-requirement  for  measurement

processes and measuring equipment
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