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Biodiesel Spray Characterization by Using High Speed Camera and Image Processing
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Abstract

The study on spray characteristics of biodiesel and commercial diesel in
terms of spray angle and spray penetration has been completed successfully. In this
work a high pressure injector equipped with common rail system and a constant
volume high pressure chamber has been chosen to fundamentally understand the
effects of injection duration, injection pressure, injector diameter and ambient
pressure on spray angle, diffusion of spray and penetration length. The high pressure
chamber consists quartz material to make it visible and Schlieren technique has
been used to capture spray inside the chamber. Furthermore we used MATLAB
software for image processing. From the result we found that higher the percentage
of biodiesel on commercial diesel will increase density, surface tension, bulk
modulus and viscosity which plays vital role to determine spray characteristics of any
fuel. However all parameter like injection pressure, injector diameter, ambient
pressure equally effects on spray characteristics of Compression ignition (Cl) engine
fuel. The collected data and result from this thesis work will be useful for engine
development in some extent.

Keywords: biodiesel fuels, spray penetration, high speed camera, image processing
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msAnwtiasAnvianizesmnsanailse (Spray angle) warAmEvasaneasdviniy
maﬂwmuﬂumamiamaamaaamamiﬂanmawawﬂal,wamummﬂ (Mixing formation) n13
whanatlunisandeiads (Injection delay) msvundafeanlnivesalsddataderomun
fiandnaseUszans nmue a3 aEy

o

2.2 ANANURYDIYALNES

2.2.1 \WomAsdlen

ihifufiwalfuansusznevlalasauauldannisiniduivanndunendiulune
nalagldudnnisduanuuansevesaiiiondainiuiiwaliyaiienogtrumgll 150-360
peraldsdLarausaulenliiu 2 Ussnnde

1. tisfufimanauis (Automotive Diesel oil) Tneviluldfuindosudfieanuiiaii
firnudaui 1,000 seusewiituly Wy sasudiedessusifioa soussynidn saussynlvg



saunsnines Seuseas Belavans wseaiudaliluSeduamaduiu uaznsiguialne
vusliisuframudia et 47

2. dhsufiwanyudh (Industrail Diesel oil) Husuilituedesusfeansuuiy
nanauazmyudlaealuasdindy 1,000 seusdeunit i nessudfirasualugildiu
SeUsvan Felavans uasiadessudiwatuaieafdalnivualugidudu wagsyunale
svuslviiAn@muetinai 45

2.2.2 Jawmadulefia

lulafwaidudandanaifindnlionluiudniwanisufivdudisunzndng
Wi uRLIuLAasn (Rape seed) aQﬁww?aﬁw;Tuﬁ%éwﬁuﬁ’m’Sﬁmuﬂﬁﬁwumﬁ'ﬂﬂa
Aaanunsauvalaidu 3 Uszianie

1. dfuitwdedfuanluiudnilaonssluledmaussaniiiemhiufivuie wy

1
L)

vhifunznd1a dasiulndy shifudatas thsfudaimaes wiethiuainlusiudnidsanunsa
vnanldfuinseseudwaldiaslaglifemauviadisasiaidug

2. l‘uiaﬁwaLL‘U’UQﬂNauLﬂuﬁﬁﬁ’uﬁwamwdwﬁﬂﬁuﬁm vidorsuannlasiudn i
ihifufine dsiufien wellulefvaildiaumiRlndifesiutiuufivanniiae

3. lulefwauuuoameslulemwaUsvinniduisuidowinunszuiunsmaadii
3801 Transesterification Aansuisiuaniiwvihuiiserfuseanesedlagldnsanses
Husdsfizewilildeamesinuaudiiviioutuiufwamniig

2.2.3 Tupdnvasussdusn

Lugdaveusstuda [12] vie Uaduenda (Bulk modulus) (K) Ais n1sidsuulases

= Qs a L3 as d 1 lﬂl ar ‘:‘ o s L2 dl

Uswmsdimivdeasingifiienisdeuulasnudu dudulumsiaanuiumuvesingi
fidan1stiudn agrsaniawe

)!‘J

U 2.2 Tugdavesussiudn [12]



Alugdavenssludavesvasivansoveuds Weusgluguaumsladu

ap
K=—V—
av
We P ADAIG
\% AaUsung
Vi
B =(P-—P .
e B Ao Aanuenda (MPa)
P - P, A9 NAFNUBIA LAY (MPa)
1 - 3
Vo —V A9 NARNYBIUININT (M)
= = a v B.
4 AR UsuImILIuaU (m’)

(2.1)

(2.2)

mnnanlaedasunds Yanueadaduvsnamaneslalaunding Snlulumsszyin
gungiiasuuvasegslslunisssymlugdaveaussiiuda nanide desimungumgiinad
(K7), eumalasil (ezifievidn) (Kg) widesuusdug ddululs lunmalfifndanny
wand19vzdaanunuredimdvufaiaudrdrundueedlugdavssusadudn

13871 compressibility UB4a13

2.2.4 AMURUILUY

AruvuUY  (Density) [13] dumsiauiadeniamiediung Bvingiianiy
MUULLNNTW WasievdaUSinnsngwnndy na1idntevila Aedngifianunuiuiugs e

HUsumstaunindingauru ks Ndiniawiniy viigvenunuILLLAe flaniude

anuIAfilng
- m
P=y
= = i 3
We  p AB ATHWULUY (kg/m’)
m  fe wa (ke)
a 3
v fin Usums (m”)

2.2.5 AUNLA

(2.3)

ArAuvila [14] AeArusdauautRninudiuniunisivalusivesiva Baildwin

wngAMUITRatulinurilnun Tnevulsvasmanuniinge Wudalasn (cSt)



U
V== (2.4)
p
We v fn ArAuntinal (cSt)
U A9 Armunilalaundn
- i 3
p A AWMLY (kg/m”)

2.2.6 WI999R7

o

W39F9R (Surface tension) [15] fia AaantRvesuRIvesvawmral Wudniliiae

1
=

unduvesiuiareamalgnisga Emdlified) dgiuiidu Wy Hufnveamadaud
(m3vafwsmeaimiensayseniiunstudugnnan) usaistogavinlfiAedusomsige
(M3fsgauattuanaiulianafimiiouty) deluanavuiuinvesweanailildfeuseuly
fheluanafimiieuiulunngfuud Tuanassiiussiemaiulanalndlfssuuiiuinnniu

Force of counteraction t

Surface tension ‘
4 #
)

Liquid sample i

Plate

Ok

SRS L [EA

e

31]1'?'1' 2.3 MyinAanuiuLuulagleas wilhelmy plate [14]

nsinAsIRsialngleis Wilhelmy plate Aonisitlnvesmalrduiaduwnulans
Wasnuwrulangliu %ﬁLLiaﬁaﬁfmssﬁwmmmansaugﬂ*‘uaumﬂaw LWASDIDLBTUALTINY
LAZATLIUNI AT IRIED

P =mg + Ly - cos 8 — shpg (2.5)

A9 wawnulane

AD AULTIRINUI UL

Ao g MsBUFUUNUlany

AD USRI

D YuFURATEINUHUTUYBAMAY
Ao Huivihsinudulans

Ao szesilunua

A9 AMUNUILUUVDUNE

‘Q;"VJQDﬁE"‘QQg



2.3 wAlANNTANEATNUUUYILTY

nsfinednvasalsdrendamaslulemwanazfvatunsusadiuldsenan
waznstufinamee3silveyldansafnndnvusnisussenineavaiuazloves
aLﬂiﬂﬁaéwﬁmauﬁaﬁu‘lumuﬁ%’aﬁﬁaLﬁaﬂl‘z’s"‘i‘ﬁ'msﬂ’uﬁnﬂ'\wqug‘?ﬁu (Schlieren) [4] @
T¥duasnnunastidauainssaeriunssanlasesldduaivuiududunseiuass
Womadlutor mdifiden stufinn e LLANA B ILN S IREUTEMIaA UL
yesalsdidonauasdveaiomaitlivinfuasilfuaninnmsvnmannmaunszanids
faitaesazsimiiiisiuuaaziluin  (Knife edge) vimthidanasuingalniawd,
Tufinnwsondedinleauisage

Pin hole

Light source ‘ =

Concave mirror 1

Sl oo B el YR I High speed
j = e [ 1 J M AT gy S video camera

Conecave mirror 2 Knife edge

gﬂﬁ 2.4 wailayaisu [5]

2.4 iﬁUUﬂTﬁﬁﬂL%ﬂLWﬁQLLUU'i'N'i"’J&!

STUUTIWBMA UUT I IMEosTUUABLLausaLlus UL etsuR e sy
Hagtussuulssnoudetiusitugdunissmirudigsesaa (Common Rail) ilese
Fonrmsandemaiineds InnsUsTInanavemenuaudiannseiind (Electronic
control Unit, ECU) dle ECU Uszinanaesnningisdmemsinidamasduidaazeniu
sheussrsanuamaledusssiildsunszualii dduaTeseuijumszuudadomaaduly
WomdwuuunSewseauieliitnsenduiadoussiulufiniy sz 120 -
250 v1d) iileusesuninsiuanunsaenvususinavesaUseiivhdals [Wuanazendaliiiy
Inaruls FFdeghiaunsnuaudonenmsiademadidanguldutssuunaunouisa
annsamuaunsaaitamdsliiangunnuannemehauiinzanld Tas ECU ve9
Lﬁ%‘l@dEJ‘ufﬁﬁ’lﬁJ’]'iﬂ‘%J‘U‘:i:aﬂﬂsﬂﬁﬁﬂmuﬁladLﬂ%iadUuﬁﬂﬁﬁﬂﬂ Sensor Lgulsasulusesau
fuwmisdussgamaiidneuinasendialuledevieduqilagiiu ECU annsaniunulifil
nsdademadlduuunatsnds (Multiple-njection) a@wnsatasanuSunamaivlussnesn
lafuaztisannisienvenaiaseusle



@

Hogtuannsandn ECU Wauaunisingeanldta 5 asilneiifugudilfonisiands

1 (Pilot Injection) Wudwahelhdamasdinusnaauiuonalaney ndwintusdnads
2 (Pre-Injection) AmuniiteifisvSinamesdamadumsisunisunlwiduusn nsaands
3 unsdadendadn  (Main-njection) Hunsdaimueuaniiznisvnues
\ndossudnudiuige nsdandsil 4 (After-injection)  1Hunsdaiiiairniutimisaynia
Asuau (PM) dangavhneiielidnisinniauysailanuaznisdedl 5 (Post-injection) 1
nsanuaugugiileded mitlulseinealney dnilvglasfunsindomanuy 2 adaie
Pilot waz Main-njection usmaduneluladnisdauvy 5 adesdandeluiiiosann

YJofmunveinsUanlaosuaiuniiuaInuInIy

=b. =b. Sb

Pressure
Fuel rail limiter

] ﬁ]

W“_,Fiow dampers 1

an

—— Pressure sensor

One Way Vaive

LB L !
Fuet Fr{:eri

B

Fuel tank

= ] =S
Y Various sensors
&- K\_ v/ (accelerator position sensor, coolant lemperalure,
Camshaft  Crankshaft mass,air flaw, els,)
posilion position

sensor sensor

i g = 1
5UN 2.5 53UUNUBINAIUUUT193 [6]

szuUABLMBITALUUT 2.5 Usznause

i‘jummum (Supply pump) {]wuaunia{]uumu“lwmmmulﬂaqm 1,800 U1$
%38 180MPa ‘U‘LJBEJﬂ‘ULﬂ‘i'eNEJuﬂLmao‘iuLL‘NﬂuWa@u%ﬂWU’]ﬂJULLC‘Iﬂm’JLﬂUﬁ“‘ﬁjﬂﬂlﬁﬂﬂ’J’lﬂ“ﬁ
T#vhdauuuiinanaviefi3endn Fuel Atomisation

37977 (Fuel rail) ﬁé’ﬂwmmﬂuﬁmﬁmmqqﬁi’lm'\wmmmﬁawuﬁiaLmﬁugaiw
siagdnwmusulinsiiuastsliaressindiuiidieluguieanlvinniessidnuas
wiilouriu

3880 (ECM, Engine Control Module) ¥wihitmrugumsvienmesiaseuuli
wangaufun1siiud

sidnlauseiivdnnisvinendagui 2.6 Taeiigu A fovhdafiiuiemdsselinds
Uaneaialnsfiauuuudulafudemad imneusasovdousauivantnih gu B Wounds
wgnaniuiiiledussfinihiduuuuduossndilasamuauunademdsiidnnunan
wazduiidaasndudngiuminfudagy C



Operation of Fuel Injector

i A

4-£ e !
5 | [EE (o
B/ =\_/!
/l_ 11
T

pa—
1" o
& s i 12

A

JUN 2.6 msviuvesiddaledusen [6]

2.5 InIAea

Fndnsdliga [10] veuATelgunynszidniian13da  (Compression Ignition

Return Port

Solenoid

Tow Way Vaive (TWV)
Outlet Orifice

Control Chamber

Inlet Orifice

Command Piston
Nozzle

High Pressure Fuel

10. Driving Current

11 Pressure in Control Chamber
12. Injection Rate

13. No Injection State

14. Injection State

15. Injection End State

©C®ND O R WL~

@)

i3eseud Ol dagminausasusnliaegne fwa (Rudotph Diesel) Tul) a.g. 1980 33n13g0
sziaveunieseuifwasinAazgnsnaunssisiigumaiinilegamgiifalnveaidemauas
e lmisAntudodemagniadlvlueneseulunieseusfivaiiiiesormmyiniy
figndnlutsinydndnlunszumsindomadifeilueioseuifeaszduiignguidi
’Lﬂé’m"nLmﬂqqﬂguémauuuazﬁmﬁmiaLﬁaﬂu'ﬁ'aatLﬁﬂmaﬁqmsdaﬁﬂﬁqﬁqﬁumsmumitm
IndflusdossuivssaniFaiatuluiasnatuuniuasmafatuluiaaaduiuniidh
Tinszuaumaeniniluinsnsfeagauaiidunssuiunssuniudeulneaudun

P A

Ou

Adiabatic
reversible

JUN 2.7 Idnshiea
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nszuaums 11U 2 Wunszuiunmsdadiuuvesiisuuin (Adiabatic process) laely
AN5aEMANTIUDDNINTEUL

nszvaums 2 1 3 WunssuaunisiuaudeunielininuiunsivazUSuinsues
DINAVYIYAINUBRTIEIURAR (Cut-off ratio) r.

nsgvaums 5 1 4 Junssuiunisveneiuuvesifsuuin (Adiabatic process)
JuNsEIINASIUSIRSWITUdAIBSusY

nszuauns 4 W 1 @umsaemannuiounieldusunsae

TumsAnvdnvarvesasduesnuiteildsiassnusurenssuiuniswaleg
Tiaqmﬂ'mwfa]mmmL‘lJuﬂ'ile'mn'm‘lJm']:u'ﬁ’nﬂ,msjmqamumwmmvmumi 214 5 &sluy
A5y mumiuwaﬂgammmaa@uﬂmm‘uuﬂzjuwmaﬂ‘uaamiaqaummmsaﬂL‘U@L‘waqmawm
wrlniRsldiden@nundnuasasslunszuiunisimeluteanlundians

2.6 NBIAIUAUEN

Aegunsniiignasrsiuiednudnuarvssawsdneluvsunviitaynisnlvsives
Warlwilinduanniseesadaveniniuiioa Tulefwaniedamasdagfauiianusagnye
'ixLﬁmléfﬁasjmmﬁ%'au%"'aLﬂuﬂsamumsé’mﬁﬂﬁumnmsé’mé‘hmaﬁgﬂqu%’qlﬁﬁﬂﬁﬁwm
gunsaifitmeiiannsauosimdrluiunszvaumsnindnelulduazannsadiasiteuls
A aaeun1 il Wy aruduuazgamgiinisluieunilviguasaldenaidlaun
\A3DseuRd S UTIUISELULNBTun1swAlwilld (Optical Research Engine) 1A3898A137
(Rapid  Compression  Machine) wagoannlvdiusuinsaed (Constant  Volume
Combustion Chamber)

Turuideilisnlfdenldesisanlniviunsasiduieanlndifiatunsadaung
Snvarastvendomds Tnefinssanmendiiutraelifunednvasansfreadomas
meluasinmsiasadugesinmuiu wavidneeuteusa Faflsvuudauialiinauiu
Susiluiessnlvd Tumiseiialivounindiusunsaed Fos NNIDANUUUTBIAIUAUE
dusunadeutihfudomaiiwanuuianss Aldsuniseenuuulilulinisinw 2554 Tag
tindnufimnsseiena aotumaluladnszasundidnammsainnszds Jeildnvazes
AN

)\ Yeiien

U 2.8 FeawnlugiuFuasasii [8]
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2.7 UALNNIT09
MATeNeTeatunsAnwasddemasanuisauteenlalliy 2 Usziande
Ussinnivdladunuideinefuanssougyussans mmuas Yymilunsldintululefwadu

& & i & P = &l
Weawdsdunisseudiwalssinnigeaduaniddaiefudnvusyesaussluniosudea

2.7.1 mBieatumsididiululefiwalunioseudiea

ffwvansviafiannsotunmdaitulfiguurduuswinaydiddudunanan
Pnismaiisaunaneansafiazunanh el daunuitudomadmeadalad
mu%fﬁ’aLLaxmaﬁﬂwﬁﬂmumnﬁL?’imﬁ’umﬂsﬁ'ﬁﬁﬁumﬂﬁﬂum‘%'aqau@?ﬁma [9] ‘Lé’ﬁwm‘s
vaaasliiunswinraufuthsiufiea (Coco-Diesel) Tagldthsiunendn 5% uasthiiud
\wa 95% lul 1981 UivmﬁwaﬂﬂuamwawaWuaauuw'mmmumﬂm’hﬁiﬁmwwi'rmﬂm
wmmalmmmimqm'; Cocu-Diesel programme teliTumsni mawmuiduiien T
T 1976 fimsnaeuluiniessuddeannsauiusasidrunssald nmsnaasddituugnin
fufuidamdanuiniiiduaioseus 5.09 kw Tuszdnsnmdannuieugeda 33.3% ile
Weuiuisufaimdanioseus 5.10 kw lﬁuwﬁw‘%mw@ﬂmm%'au 32.4% nsANUse
‘UEN‘UHﬂ’JUﬂ’]EﬂULﬂiENEJuﬂL‘U‘uaﬂﬁ‘u Wugnau LUF1 n3rUBNgU ’iguuassiide sziinisdn
‘m’nEJ"I:ummmmaamnlﬁlumauﬂumaml 1982 vdsanneassld 2 ountsmnassldingiu
UENITIAU 5% waumuum«aa"lmvsmuwvﬂmmm‘sammwaaﬂsaaumuwaLwaa‘uaa'zaﬂium
N9 EmmnaLﬂmmnﬂmmﬂmamuwL'sama‘lummuumaLwaa dsanusnuaziiniiesauiaiu
nsalhluhiugwinasduomsveuafidouasuuaiidamadasiulauaslugadud
nspuhsudiemas

= o

2.7.2 AdeMifenfudneazass
ms’L?’fﬁqﬁm%oﬁmmﬂumaﬂmmEJmatwaawﬂﬂuﬁwwﬂwﬁ [9] Wdndvanevin

‘fuagj TUANNVINANTDITE UL B LM Ll
gﬂ'maLﬂiawamawaanmnmammLﬂ%wuﬁﬁwawﬁjugﬂﬂmaaﬂLf‘?‘;amﬁa

oonuuaveteinds (Droplets) ﬁﬁmuwmLﬁﬂm"lmum‘uaagﬁ";ﬁﬂgumimmé @) wld

INFAUNTT
tan— = —4 ( ) (——) (2.6)

= < ' 2] 3
1o Pg P8 AUMNULYBINY (kg/m’)
& i 3
pr  AB AMUVUILUUYBIYRIWAD (kg/m’)
A Fa Apsfivesian
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AU vesasfidemdsuazainuiiausdneluiennndifinasgnebasie
navUALMsHaNTamaITUea Tuledsssusunsiinfoanviilgumaiuagemanuau
a9 fasiinseonuuulinisdaamasiinanssnuuniafounludusluedossudfiearialy
nseenuuulvasddomasdauenuniiuluasiniidemasdnibureamaisly
nssnuslsuTnaiiigamgisuarhifornmasunuilimaandemdstueinidlifdsa
TimswnliliauysaiwagniseonuuulianuenasdiivuaduAuluasyilidomamay
fuanmelglimduiugaiuimssenuuudnvasnsinassidemadsinuddgronisen
Twiflueeseuddioa

aunsdeiauilag Dent [16] temanuduiusuesnmenase (S) Miuiladdy
Aunan (t) mueauns (2.2)

1\ 025 —
= 3.07 (~) (td,)05 (22402 27)
Pg Ty

o Ap  fe ANUAUIERINNRER (Pa)
t A9 1AMAINIAN (5)
dy  fo duiugudnansgiia (m)

QINHANISVIAABITEY Hiroyasu [3] wuina ugiasdiluilsaduiunanlugisusn
asdiosnunanduitaddudaduiunal (rnusansdai) anueneausoduilsiduiu
t flaaunng (2.8), (2.9) uag (2.10) uazuanisszun 2.9

24P\ 05
= u. E—< 2.8
S =039 (m) t (29)
0.25
s Xo%3 (A—”) (td,)°5 29
Pg
29pidn

tbreak = m

dle Ap e mnuduszwineiade (Pa)
p; e Aruvuiwiuvesveaa) (kg/m’)
pg A MuMUILUUYRIinY (ke/m’)
d, #o wWuagudnangiiia (m)
t A9 AMaINTan (s)
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00— T
Pa=2.0 MPa
£100}- B P;j=150MPa
E 701~ o P=100MPa
»n 50— & Pi=70MPa
'é A
@ )
10
I munry 4
.5 AN Pi=150MPa Calculated -]
= 3 _ Pi=100MPa Calculated _|
o ) P;=70 MPa Calculated
o
2 ]
LN |
7
5
3
03 0507 1 o 3 5710

Time t ms
U 2.9 AnnuduiussEnIneANEREIUsERUAN

1AN15ANWIBY  Andre L. Boehman [11]  #AnwAeafudidaduenda
(bulkmodulus) @staduenda (bulk modulus) (K islugdaveusedudafenisidsy
wawesimasdiivdvesingiitsonisulasuntannusugeddulunsinanudunu
yosingiiiinenstusneguainanarlugdavesusiiudnveedlvanisveudaioueyly
sUaun1s (2.1) uaz (2.2) lngarnuansvageuyed Andre L. Boehman wuin alariuenda
voudomasneqdusail

2200

2000

1800

1600

1400

Bulk Modulus (MPa)

1200

1000 L i SR i
0 5 10 15 20 25 30
Pressure (MPa)

U7 2.10 uaneAdaduendavendamas [11] e O Aelulafiwa (B100), ™ Aa Alwa
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wiuldndtatuendatinisudsununmsdsuuawesmudu udeedlsfing
lulefwaasiimiaduendamnnnifwaiaue Swandiiiuin luledwaiinissamlatosnia
Fatiuies

Mngeflassadinasdvesvesnardamildliwazdndilaveas Hiroyasu [3] wui
lassairavesvauvargadilauasdadmililaiinnmuunnsneiuianin

Incomplele Spray Tt
—————— -
T WA e N - =P
ommmT IR G \® L
Slo]l— — Tk T e e s i il
" = AR ===
r / it Pt et PN A 3 el
y i — g i
! e c L <
Lo —= Lb RS
Cal

Complete 5Spray
Cavitation

Do

UM 2.11 Tassadsalsdvasvaamaignnalduasveanadnalaild [3]

anamazishildansdraseanardadilildesilianaivasdioinive avan
sasldluihesfefureuvaiidasilitesnin (Aaduendaninnda) axillasiasn
awsdienanirdnlusuemninansdviessmalsdaviuldinasdveseaardad
aeillassadrsesmasdinaniveavandndalale

mniinanmdredusziuldiniinuisemaefuiidnundnvarsesausdidemaly
Todwalussuumdnfivsanuvinesmuusnuidemaniuliansaiudnvasvease
dowmddlddaauidasnnamieanssilfidunmarennymaiswasidaildiduuuunng
%Lﬁué’ﬂwmaamﬁsﬂuquLé'ﬂﬁalﬁl,ﬁﬂLLu'Jﬁm%'mﬁ'mu"E%’a5%14@@%1915%%&115&14:{@
Wudnwnassldtanuiuuasdontdfidauuugivaielildnwassidnauiy



unii 3
gUnsaluasIzn1smaaas

TunsAnnUSggrinusdlauiemveasseandu 2 diu laun nsvaassnm
AuauUivesiudamdiasmiaassfinunadnvasasdvaniiudewmas laens
NABDIWIMUALTUAUIIN N TNANUTULTINGS

3.1 nMswaNudaIn A

diudemaildlunmsmeasuduiioa (PTT) nausululediwat duieamadain
Uihifufivun uusdumsdadauiidesnts waduiwanaululedeaiosaz20 (820
S 100 afuldanaswasiulafien 20 nSuenthadimiafuiialdthimiings 100
n3u) Sawazd0 (B40 $1uau 100 niuldannsuanluloniva 40 nfuarntudutsiuiieals
fianingau 100 n3) Seaz60 (B60 Sauaw 100 n3uldeinnisuanlulefiva 60 nduanti
dunhdfuiealdthimdnsn 100 n%) was $eeavs0 (880 suau 100 nduldannisuasly
Tofwa 80 nfuandudniduiiwaldivimingy 100 nfu) Inedmdnuaslulediva
(B100)

3.2 gUnsaifildtiufinApmantiveniniuidamnds
3.2.1 MIVARBINIATIAANUILLLYBILSUADINAS
naeasaAuuktuvasiiudeins B0 820 BA0 B60 BSO way B100 &4
grwaslngina dnituidamaslunaaeudeindosie e umuiuiuuuuiineatve
Anton Paar 3u DMA 4500 auu1nsg1u ASTM D4052
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JUN 3.2 1AT99InAMUNLILUNLUUATADAENE Anton Paar §u DMA 4500

JUN 3.3 MINADUARINATDILATININAUNLIMLULUUAINDS

3.2.2 MInAaBwINANLSIAsRnvanTudamEs

yhmstarussisinveniviudomadagldiaiosdie KYOWA fu DyneMaster
DY-300 143815 ¥auvuainiia TnefisnwaziBenveainiomaans dsil dravesdona o-
100mN/m, AuLILEY 0.2 mN/m, Auazden 0.01 mN/m, AUSIEaue 0.1-1 mm/s
MIUUNTFIY ASTM D1331
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Y )
fl

sU#l 3.4 1n3eaTauseAsRiaEie KYOWA ju DyneMaster DY-300
3.2.3 MavaaesIAIANAminative Ul
FnsTammmmilnatueuihiutemadasldiries CANNON mini av viscosity
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3.2.4 n1sNARBIMANNBAANTTEAR Y s suLTaINAS
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wWasullihindummenlugdanissamselumuaunsi 2.2
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& Dynamic
pressure sensor

Dewetron
5000

" . T = parted at 28/201 16:17:19.526.50
o N *“"u jor= ) o) q:zmm::m‘.‘;mf. et

=

Dynamic Pressure
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17082 1201 [T 13141 2
= ¥

; )
U 3.7 nthasudaswaarnasasiudindaya Dewetron 5000
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a Bou X ;
3.3.3 s2UUNTRAMINTUTIWEIUUTI9IY
uszuuildaeieiduiiemasiadesdmiuyngu (Commonrail)  wagdaingi

=

doundsarudugsludaihdaudninisdadedyyiunnyamunuiaisseud (ECU) hiail
NAELUULANFIUY ei'sulwnujﬁﬁmuiﬂﬂffﬁ'tﬁuﬁ'}ﬂuL%aLwaﬁaﬁwé'aanﬁ’aﬁﬂImﬂﬁﬁyumm
Fulafaniiudemddimeusausoseusudumdninih Maaanudush detiueudy
gu%%gﬂﬁulﬁﬂﬂLLﬂ%UéﬂH&WﬁUL%@LWﬁG ﬁwﬁ’uL‘?;amﬁwzgnﬁﬂﬁuﬁﬁisﬁﬁuaaﬁlw%ﬁﬁu
wuuLneEvad T,ﬂssmuﬂuﬁmmf']ﬁm%mwﬁaﬁaﬂmmm
ﬂ']‘ﬁVlﬂaEN‘lﬁ‘g‘izUUﬂﬁ‘iaﬂﬁﬁﬁméfaLWﬁx‘]LLUUi’Ni"JNﬂTmﬁuQ\‘I (51939904 1SUZU)

Feduserawasiniivuig 5 usah muaumesuneme’

High Pressure Pump + SCV

Feed Pump

JUT 3.10 STUUAATRINAILUUT93U

3.3.4 gunsaliuiinaw

‘Lumu%’mﬁ%‘%‘ﬁ'mii’uﬁnmwLmug‘%ﬁu (Schlieren) [4] $aufundesiilannuiag
Faldauasnumasiiiauansraeriunszantdsliduasivuuiududunssiuansd
Briuld amAasiideanistufinaTmn ANLANAINYeIRASIREUTENI AT LML BsaLUSE
dfudamasazdinsudamadilidwinty vhlfAsnsinmvesasiliAanim nszan
Tashilaesimihfisuuadludafigalntaaniutuiinamdiendasiieguanusigede
Photron  3u SA730K-M2  Adu§alumstuiinam 10000 jusieduriiauidanes
1/70000 St aunnIw 512x512 finkea desnsviauiednauaiuau Digital out 910
nsamuAN NI-6229
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- | l o o High speed
P e S— video camera

Concave mirror 2 Knife edge
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Light
Source

Concave Mirror 1

Concave Mirror 2 High Pressure Chamber

SUH 3.12 SUUA1I8AWIUUYTLIY
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E‘Uﬁ 3.15 fauuAIue12 Wi FE%e KENKO teleconverter 5;14 teleplus 1.4
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nnsdauialulasiaudgainudiues

{3 Control Pressure_PID_prathanwil

L% 1166.06 -
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JUN 3.16 TUSLATUATUANAINAUI
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Control of Commonrail Injector Spray research

y Design by Prafhan Srichai
4 Programed by Naren Chaithanee
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Common Rail System

Injection Control Module

Injection Control

Program (Labview)

o > e
3UN 3.18 YngunsalaruaunTaaaIngs

Energy Poticy
i @i) Edr::"";';““\,ml'-';" ENERGY
: . INISTF F E G
C-Ien. Trigger Sianal(Camera) ﬂ “m—_ - #
Channel Parameters i @mm Injection Duration
ot o, I
Dev3/ct3 = (Injector)
e State o ——mremE
e — — ( e \ I Ty
| Injection duration wide(sec) et Triger pluse wide (sec) ot e
+Jo.003000 Lﬂa.oomoo
Injection duration_OFF(sec) ot Time_OFF(sec)
10.500000 k _/ 40500000
: ]
Th'ulngh-mun SR
Number of Injection Pulses Eoean T ’
fi'n pegetalslt ST Injection Duration
Pluse delay after start Injection (Sec) gl 6 ] Value
{10000 i
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High speed video Camera Schlieren

U7l 3.19 YagunsnigunsniiuiinnnuasisaauRugs

Regulator
Computer 2
Concave mirror 1

]{ Lightsource _
P bt
. P
Card control N Toictt [ ¥ -
P
(DAQ- NI-6229 ) Tank B i
- -
N g 4
”
Pressure gauge i
| Driver injector
High speed video camera

nona  §smepead ]

Rail pressure sensor

N
Yo Rail Concave mirror 2 Knife edge
3»{ Driver SCV
I—)' SCV
3ph
> i > M High pressure pump
Inverter

IJ_K——— Thermocouple
A
Feed pump

v

Fuel inter cooler

Trigger High speed video camera

Ul 3.20 waudensnaasslaesinvasmsAnuanuyuzvesaUsigaimas
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Ausuluesrnaiuge Asaluil
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3.4.2 TumBUN1TANEN
1. WaszuugUunInivaaed
2. ldlusunsupauiiwaiamuauaINnuIevesssuvdaniudeinds (400 800
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3. fmunszegatlunsanTudomEs (0.5 1 e 1.5 fadiui)

q. Lﬂﬂ’na‘aﬁqlﬂmmua%']qmwﬁuL"‘a"mﬁummluﬁmﬁmmﬁugﬂmaﬁwummmﬁu
Susudu 10 19 uas 45 U3

5 5@&113’14@6Lwﬁaﬁamwmaaadw‘]
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dynaINNIIAAIUAN NI-6229

7. Wasuwhiuhiudemayshamishnisuiamas (140 waz 200 lulaswns)

8. ldlusunsu PRV Lé‘amhwmmwﬁﬁmiaLﬂiéﬁwaumwaaﬁaamméfuqmas
Suarunvasn et lUAes EsideTUsunTY Matlab ldnadwiidulrdnm ndandu
ﬁﬁmﬁamuﬁmJfﬁJﬂfmmﬂﬁmmmﬁuqqﬁmmma 80 ﬁaﬁmmuaxﬁwn'mﬁaﬂgﬂﬁaﬁlu
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+00:00:00.0047 —
Vv e . 001

FASTCAM SA7 type 30K-M2 Totaibume 7 bamen.
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‘i"l.hﬂ 3.24 awallsan ﬂﬂﬂ‘lm"lﬂmﬁ'ﬂ 200x500 Winwa A8lusunsy PFV

UM 3.25 WUIA1IN15YIN9UYBIIUSINSY Matlab
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3.4.3 wHURIN1sINUYedlusunsy Matlab
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Suunwivae sl
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wlasgunanliidu s On
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2L5UALNTIVABUI
> 10 visaly
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AnuRINgIEsE
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Guiindayanavan

A
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unil 4

NaN1INNa DY

PInMsnaastdsaLUwan1Ieasstuwlsesniiudesdiufie AuatRves

\WaindlarAudnyarvosaUsERaInGs

ey, g =
4.1 HaN1INAADIVBIAEANUALTBLNEY

1 1 Ey _y
4.1.1 {aANITNAATINRTIATATTUNUILLUUYBILYDLWE

870
865 | 862.79
860 | 7
855 4

. ~ 85637
s - 846.14 /
sas | 3.
840 F

Density (kg/m’)
Y

835 | ~7 8375
830 823779’./

825
820

815 i A . A o

0 20 40 60 80 100
diesel biodiesel
% Blend biodiesel

sUil 4.1 nsluansaimunturaadfamds nagaulagldinnsgiu ASTM D4052

IInMIMnasmMANIMIAL TN L iBmA a1 rudt Budaimdaidasdau
saslulofwaniniuasyilidrammiudndy [eeeinludomadluledigaditmin
Tutanawnniidiea TaesapazalnuunnanevesAAunuIliusEninte B0 Au B20 #Ae
0.64%, S¥1i19 B20 iU BAO Ao 1.05%, 5¥1319 BAO AU B60 Ao 1.03%, 8131 B6O fiu
B8O Aa 1.21%, S¥1374 B8O fiu B100 Ao 0.75% wazszwing BO fiu B100 A 4.77%
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4.1.2 NANITVIAABINALTIARITDUTDINAS
29 r
285 |
28 P
275

27

Surface tension (mN/m)

265 |

b

26
0 20 40 60 80 100
diesel % blend biodiesel biodiesel

= = a g a £74
JUN 4.2 nTImuseReEvautanas nagaulaglduinsgiu ASTM D1331

QINNTTNAABIMIAISINRIVBUTOINE Wilad U1 Budamasisnsdiuvesly
TofwaunTussvirliaussisfaiuty (esnludemalulefiwaiiussserisiuana
1INNALEEA L83 DEAYAIULANGINTDIATLTIAIRITENIN BO iU B20 Ao 3.62%, T31I19
B20 iU B40 #AB 0.77%, 581319 BAO Av B60 Ao 1.1%, S8wia B60 Au B8O Ae 2.75%,
381114 B8O AU B100 Aa 0.88% Wagsswine BO AU B100 A 9.42%

4.1.3 NANISNAABINIAIAIUNLNIAUY DI DLWAY

Viscosity (CST)

2

0 20 40 80 80 100
diesel % blend bio diesel biodiesel

P> ) = L3 g a a 1 17
E‘IJ‘VI 4.3 NS ILEAIAIAUNUA AUV Y DLNAITUARAS ﬂﬂﬁﬂﬂiﬁﬂlﬂﬂlﬂﬂiﬁ"\u
ASTM D 445
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TnnsnaassmAmumiinsadvesemasiadgnuit Sutemadisnsidu
voshulefwamntuagylimarumdafisdu iesmnludemasdulefwaiiminluana
UINATAWE TR850UATAILLANAIIBIAIANLNLIATENINY BO AU B20 Aa 2.95%, 581314
B20 AU B40 A8 9.04%, 58119 B4O AU B60 A 6.62%, 5¥131¢ BEO iU B8O Mo 8.98%,
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4.1.4 HANINAABINIAILBNAANTINFIVDUYBINES
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s 14200
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g L ELEr
E L 51 35
2 000
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Jlar g
b | Lk o 0 196
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= ' ) v w & =R
EUVI 4.4 ﬂ‘i"]wLLﬁﬂﬂﬂ'n.lﬂ@ﬁﬁﬂ"liaﬂﬂ??]a\ﬂlﬂalawaﬁ%u{ﬂﬂ"ﬁ‘]

PN TeRIMAINBgaINITIRF T B W dasn U BudelnddiEnadau
wodlulefeauintuasitliruegdanisdadauiuiu iesnludomaduladiwaiiao
WUWUUNIANTPLTE LLﬂSLﬁBLﬁMﬂ?’]ﬂJﬁuﬁmEJQETﬁﬂﬁﬁﬁﬂﬁ’l‘ﬂQGL‘?}I@LWE&ﬁQgLﬁ'N%ﬁﬁQH
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fienudu 45 11§ FevazauuanisrasiuagdanisSadveadomassenine BO
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fiaud 57.5 11§ fasazmnuuandnstasALegdanIsindreuoindsEuing Bo
iU B20 Aa 8.29%, 5¥1319 B20 AU BAO Ad 4.07%, S¥wins B4O fiu B60 Aa 0.98%, 581319
B60 fiu B8O A 0.09%, s¢%319 B8O iU B100 Am 3.34% warsening BO Au B100 fo

17.96%
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0.1 ms
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Specifications

Measuring range

Accuracy

Repeatability s.d.

Measuring temperature

Pressure range

Minimum amount of sample

Materials in contact
with the sample

Typical measuring time

per sample

Sample throughput

Dimensions (L x W x H)

Weight

Power supply.

Power consumption

Interfaces

Standards

Permanently stored tables

Oto 3 g/lem?

Density: =0.00005 g/cm?,
Temperature: 0.03 °C

Density: 0.00001 g/cn,
Temperature: 0.01 °C

0°Cto +80 °C (32 10 184 °F)

0.to 10 bars (0 to 150 psi}

approx. 1m!

PTFE, borosilicate glass

approx. 30 seconds

10 ta 30/hour

440 x 315 x 220 mm

{(17.5 x 12.5 X B inches}

approx. 21 kg (44 ics)

AC 8510 260 V; 48 to 62 Hz

50 VA

2 x RS 232 for printer/PC/IBM-
compaticle keycoard/par code
reader

Fortraceable density standarcs,
please contact your loca! Anton Paar
distributor

Alcohol (v/v, w/w), extract/sugar
tables, API functions, acid/base
tables, 19 tables/equaticns for your
own concentration conversions

50



51

a o

YoyaiadesTaussisiingve KYOWA ju DyneMaster DY-300

og IKYOWR

® Leading to answers

Evaluation of Paints, Inks, Additives for the coating processes

DyneMaster DY-300

Automatic Surface Tensiometer

New model of multi-talent and user friendly operation with dialog guidance, which is
developed with Kyowa's experiences and know-how acquired by the 50 years’
manufacturing surface tensiometers.

f

Features

& Fully autematic cperation by swgle command bufien
& For QC uss, repatiton of measurementcan te ore-set
& Forsuffactant sclut ons graph of vanatiang cver tme ca” 8 dictted
# ForRA&D uss. functicns of graph cvenwriting a~d data convertng ta
spreacsheet are preparec
# Measuremanis of laTella length. ane iqu< density are ava atle
n adctan to surfacainterfacial tens.on

Screens:
_";'. * ‘. e s

B L2
S M v
TR P s o T L O It el
SrfaBe tension (Statie modé) Suface tension Striace taasion Brolla lengtl
{Dynamic vanations aver tima) [Higk viscous materialy
Typical applications: T

# Surface tension eva'uat~g datargency of detergents, wettab: ty of coating agants
# [nterfacial tension evaluatng amu'sfication oroperty of watera|

# Lamella fength evaiuatng foami~g staziity of coaung agents

# Liquid density: messur~3 density cf liquids

DY-300 o,

o sedy sp0nrg TR ¥

Specifications:

Measuremant methcd Wirslmy Plate mathod. cu Noty Ring methed
Maasurament range =100 mN/m *Ba'ance cagacty & dspaying range: C~100CmN/m
Maasurement accuracy 02mivm *s:3~da caviaton of repeatabilty
Rasoluticn .01 mN/m
Stage sopsec 0.1=1 mm/s
Jaasuramant temparaturs Ambo frf_*.'.-TEC"C (Heater type stage s}-s%g' ] _
10=70°C (Jac«et tyos stage 58t with Hot'cold water circu'ator 4VT)
Software Standarc: Surface/inte~aca! tenson, Lameila length. Ligusd censdy
i S:andarg: Platinum oate
Datacting pasta Ogton Platinum ring. Pycnemater for cansity. Accesscry for sed mentation
Exigal dmansions 2550 ) x 307(D) x 368{H)mm
Weight About 12 Skg
Electnc _power AC100-240~50.80H2 35W 75VA

The specficatons are subjact to change witmout notce

Kyowa Interface Science Co., Ltd.  htpuivavw face-kyowa.com
5-4-41 Nobitome, Niiza-city, Saitama 352-0011, Japan
Tel: =81-48-483-2829 Fax: +81-48-483-2702
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miniAV?® Autpmatic Viscometer Specifications

CANNON® miniAV® Automatic Viscometer
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CANNON 3u mini av viscosity meter

NNOVATIONS IN VISCOSITY MEASUREMENT

Operation
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mresyoosrans
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e

Taed eI placTY
Features
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=3z #35 reogercbov es o

eztrg = ™
Required Accessorics

wzres e e W
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~amzanien

ol teme O
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miniAVE Order Information
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ayaitastuiindiayadive Dewetron ju DEWE 5000
Main System

DEWE-5000 PC instrument series

Pertable cata accusition system
Up to 256 channa's with external

expansicn racks or PAD modules

AD convertar spacs ses appendx A

16 internal slots for DEWE-DAQ/PAD modules

System specifications

loewe-scoo

o 300 WL e 220 V= ATX power suply FSPIOOBIPFNPLN

Pongr 000y
2, 400 T0 e 240V, ATX plner supsly FSPARCBIPENGPLN

W5 18 Vag ATX pawsr 4.pp y DX 320HEW
= 300 1810 35 Vog ATX power Supsiy APT-DYI00H
ror dElald See nex! 2anes

neraling tempersture =5 " (o §07°C (atancard)
Siarage lemperai.e, =22 °C22 +70 °C
ramis ly (oo ersting) 10 % 10.80 %, non condaraing
15 % 1095 %, rel_rurigly
ViBralen MILSTDBICF 1L G procedurs |

Seeraling leat ctocesurs
reg.ancyranse. 510 200 0 S HE S X 12 m A dach direction
Sdpacemars amplisce =3.5 mm (516 84S H2)
acce'emalon ampit.de 19 (645 1092 H2)

=@ acamant aipltuge 52 1o 118 HZ 20.028 mm
atcalecatonampiioce 150 (19318200 mx)

WIL-STD 81CF '518.5 procecure |

ne A cperaing lest procedure

Y 8408 11 m48 10 g, 3 snocks positve, 3 ahoces ragsive
Dimangiong (W x 5 x0) S=2r0x 853 % 200X 351 e {15 T8 2 13 8w

o, T7.xp (374 DBE). cepsnging snfonfguraian

St

LA ) At
o @iQhll
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Yoyandnsauguaaui3agedie Photron ju fastcam SA7 Model30K-M2

Utllizing iInnovative new CMOS Benefits
sensor technologies the FASTCAM
SA7 defines new standards in high
spead camera image guality and FASTCAM SAT Type 15K:

operntlonal ﬂoxu’“w * 2,000 f25 ¢t 128021024 pixel resolutien

* 2,500 fos et 894x896 pixal raselution
* 3,500 fps ¢t 7042704 plee! rasalution
* 5,000 ips et §402584 plxal resalution

Froma Reote Parformancs exomples:

The campect size of the FASTCAN SA7 concecls powerful high speed
moging pardormence. A choica of two performance options provida frame
retas of aither 2,000 fps ot 3,500 fps ot 1280x1024 pixa! imega tesoluticn FASTCAM SA7 Type 3CK:

with Incraasec bome roves ef reduced image tesalutien * 3,500 a5 c1 128Cx1024 plasl resciution
* 5,000 fps ot 87ExBT& pixel resclction

* 7,500 fps et 7042704 pixsl reselution

Ianaverive CMOS imaga sanser techaclogy provides o feval of high quality
bis from * 10,000 fps ot 6304584 pixe! raselution

38 Imeges net praviously evaiichia t gh 3peRC comBre systems
es? imeging ta perfectly raplicore

Trua 12bit ADC produces sherp, high en an
B B A A i b ” ’:'t et i ettty gt 540 Sansitivitiy - 150 12232 Sset sienderd
: ;‘ -':a ailow ‘:e $ystem 10 o4 @mployed n: * &8 S emaons
s T : * 150 2,500 zoio
s,
s ch € mount,
+ -;n: g -','-.-\:-

reehon cllewing Dsaln Fash envicenmen’s
conteminetan. Theccme'es wigper 'ond s glonel shurtensalaciol s ncepancent of ome e
¢ body siz@ TOMEA )L 102 MG T I5(7.7)

v spaca limited locati8Rs ong Infegretian with other eaters enc high perfermanze G geBi

* Altemutive sclespresting » Fldic dyhpnes
* Engiraering Ressc:ch * Deforsaone 2ercsootd reset ch
oW Q¥ericis Sciense

Photron

www. photron.com
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%’agauamaé 3 wd 8%e Mitsubishi 5,"14! super line induction motor 5 hp

frame 112m

— : o 1 = .
& T o 3}
L: a '_'P: F
g el
Fig. 6 Fig. 7
Dimansiors (mm)
d Frame Output HP W) %otor Termina Box
Moge Freme
b 2Poe 8N\0\ 0\ | /8 [l P LI
gt A0 736630730 15040 .27 1263 . PF12 130 162
it 12{0.4} 4002 830 71476 56 45 032 TH4B - . PF12 140 181
ac 1{0.75) R[04 B8 BO 1618 62580 321654 BF34 145
" % 205). 3R(AA5) AQI5) M7 90 1834 7O 625 4 1863 . PFY4 158 .
FJR
1000 . 228 215 131 100 207 BO 70 4.5 2035 230 4C 45 PE34 170 -
11124 /3.7 537) 302 138 112 /228 65 70 4 226 253 20 45 PE34 182 |
1328 7555, 10(7,5)1555)7 BaM 155,132 264 10e 85 265288 40 4B PEY 210
132 10015 750 174 132 266108 B9 &5 265 288 40 45 PF1 210
* The parpendiular v2"280n 0f o
** This dmensions for mple iigy KPS oy
i FIOME Shafl End Baaring Me. Approximate Weign (<g) Agoroximate Pagking Paciing Welght (kg)
W R & ok Bas|| DnwEnd  Oposste  2Poie | APole - aFola nsions {LiixH) iPge  &-Pde
43y 28 - 0T _aihd) . 20122 820122 &5 66 Ex221 %753 &
M D25 120 "WNEH'S 620217 222 g0 92 g6 15 x 255 %780 72 8 a
B0 407040 188 8 520422 420322 105 n 1 NS x 20x 206 1.7 115
- GOL B0 4001885 M7 620522 w472 17.X5 20 275 368 % 280 x 226 20 195
SF.JR
1000600 45Y 398 T 620627 820522 - 24 3 A85 2300 bl 27
I n2v %0 45 200 285 7 620722 820627 33 36 37 477 % 399 2 315 L2 [ |
1325 B0 B3 219 38k 5 630822 L0772 41%S @8 L 438% 387 56 ]
1320 B0 63,258, 38ké 5 630822  s20722 e &1 1352 347 & &9
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Yayan1inAuANEva National Instruments §u NI PC-6229

Technical Sales

v NAT'ONAL ) Thaland
’ INSTRUMENTS +800-345 555

asean@ni com

NI PCI-6229
16-Bit, 250 kS/s, 32 Analog Inputs

National instruments recommends using the PCle-6323 X-Sanies device for all
new applicatons
Four 18-bit analog outputs (833 kSis)
48 digital /O: 32-0:t counters: d Gital triggering

+  Correlated DIO (32 clocked fines, 1 MHz}

+  NIST-traceable calibrateon certficate and.more than 70 signal condtioning
optons

+  Seecthigh-speed M Senes for 5X faster sampling rates or ngh-accuracy M
Sarias for 4X resolution
Ni-DACMX driver software-and NI LaoVIEVW SignalExpress interactive
data-logging software




57

Ydaua Compact general purpose three-phase and neutral line EMC filter

U

Compact general purpose
3-phase + neutral EMC filter

IHIISCHaFFNer

safety for electronic systems

Technical specifications

= Three-phase + neutral line filter for
general purpose four-wire filtering

» Compact space-saving design

= Choice of connection style

« Low operating leakage current

ROHS

2002/95/EC
B

Approvals

NG &

By December 2005

Typical electrical schematic

Maximum continuous operating voltage: 3x 480VAC (FN 256) L
: 3x 520VAC, (FN 256 -H) RS —i

Operating frequency: dc to 60HzZ O

Rated currents: 810 160A 8 50°C 2 e

High potential test voltage: P —> E 2650VDC far 2 sec (FN 256) 3 o 3
P —> P 2100VDC for 2 sec (FN 256) o i s ol O le o []
P => E 3000VDC for 2 sec (FN 256 -H) " GJ{’L-M”L E Q_
P —> P 2250VDC for 2 sec (FN 256 -H) cy= R1

Protection category: P20 E o i T
1POC {filters with connectors -28) @ =

Overload capability: 4x rated current at switch on, Line

1.5x rated current for 1 minute, once per hour

Temperature range (operation and storage).

-25°C to +100°C (25/100/21)

Flammabhility corresponding te:

UL94V-2 or Detter

Design corresponding to:

UL1283, CSA22.2 No. 8 1986, EN133'200

MTBF @ 50°C/400V (Mil-HB-217F):

600,000 hours

Features and benefits

I\ 2356 filters are designed specifically for

applications involving asymmetric loads,

w LUsed as a mains input filter, FN 256 [ilters

also inerease conducted imnmmity and

Typical applications

s General purpose 4-wire [iltering

s Iigh power office equipment

ranging from industrial controls to medical thus eontribute o overall system » Power supplies
electronics systems. These Lypically reliability. s LPS
involve insulficiently filtered converters u Choice of connection style as well as filter  » Medical applications
and switch-mode power supplies on dif- ralings in line with commmon fuse values a Llectrical cabinels
ferent phases, causing current imbalance support a fast and easy application-specilic & Control panels
and significant interference problems. filter selection and deployment.

u Employing single-stage filter circuits for s A lightweight aluminium housing with a

eich phase and the neutral line, FN 236 fil-
ters provide high attenuation of both sym-

metrical and asvmmetrical interference.

small footprint ensures that the filters can
be easily accommodated on control panels

and in tight power cabinels.

L

L3



Yoy ya inverter three-phase 380 VAC model ND1-4-5A5

LED monitor

Up/Down keys

LA A

The menitor display the speed maonitar P
(swch as output frequency. set frequercy.
cutput currant, output voltage, DC-bus voitge.
Motor speed, Lines speec)

Alarm mode: The moritor shows the cause of
Trip with a fault code. |

Data key

Used 1:: change ha
and to store the 'u'a:::m coda
and cata

D monitor

Program key

Used to set cata

Run key

"m*a tha moter s st

Used to start the operation

This keyisirvald if the funclion code F201=1
(operat on by external sigrals).

i
oot e+ -

Fig.2 "

VM, vl S,

Curing oparation : Usec to increase cr
decraase the frequency or motor speed
This key valid # tha function code F301=0
Ir data satting - Used ‘o indicate the functicn
code Number or to change data set valua

Unit display

The unit cf the displayed at the
LED monitor is indicated

Use the cata kay to swich the
Cisplayed dats

Potentiometer

Used to set tha frequancy
anc issue the PID process
commands.

Stop key
Lsad to stop H"e cperaton.
This key invalid f the
f-.mchor code FaQ1=1
(cperation by extarnal signals)
Alarm moda - Ressts a trip oervention mode

D

a3 3

H
4
1
-
siend outPut]  WxMHxD Cooling | :
sweply | Model HP Al {omim Braking Unit Satiet lﬂg
Siege. | ND1:2045 | 05 | 33 , So=cooling |
phats | ND1.2001 . 53 | 126x147x 145 | Notinclude
220VAC 1 {
ND1.2:002 2 &0 | ! | .
- P RS, | e e |
e : 35 | s2extar 155? '
Three« o HEHEE | {
phase NOT-S-002 2 poe } Forced air«coaled
3WVAC | ND1-4-003 3 82 | ! {
! Buikt-in
ND1-4-8A8 | 55 ) !m o i 5
Thes. | ND1.2003 | 3 | 11 | oo ; ;
Phase | :
zcvac | NDI-2SAS | 85 | 478 | 1 _ i » i

58
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agaiﬁﬁu’muwamawmm‘smﬂuﬁ Isuzu 4JJ1-TC

4JJ1-TC Engine-45

59

FUEL RAIL (COMMON RAIL)

Along with the employment of a common rail type
electronic control fuel injection system. the fuel rail is
provided to store high pressure fuel between supply
pump and injectors. A pressure senscr and a pressure
Iimiter are installed on the fuel rail. The pressure sensor
detects the fuel pressure inside the fue! rail and sends
its signal to the ECM. Based on this signal, the ECM
controls the fuel pressure inside the fuel ral via the
sucton control valve of the supply pump. The pressure
Imiter cpens the valve mechanically o relieve the
pressure when the fuel pressure inside the fue! ral
increases extremely.

. Fusl Rai!
Fusl Ra Pressure Sensor
Fressure Limiter Valve
Fiow Damper
Bracest

n W R

L)
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Y T o & a i
Payavuundudamasvaniaseus Isuzu 4JJ1-TC

ISU2uU

4JJ1-TC Engine-38

FUEL SUPPLY PUMP

Along with the employment of the commen rail type
electronic control fuel injection system, the injection
pump was disused and a plunger type supply pump is
provided to supply high pressure fuel to the fuel rail. The
supply pump is installed at the positon where
conventionally the injecticn pump was installed, anc it s
driven 1:1 to the engine. The feed pump (trochoid type)
is built in the supply cump to feed fuel from the fuel tank
to the piunger chamber. Also, the supply pump s
ttached with a suction control vaive (SCV) to control
high pressure fuel supply to the fuel rail and a fuel
temperature (FT) sensor to detect fuel temperature.

Fusl Temceraturs (FT) Senscr
Suetisn Centre! Valve (SCV)
Fue! Sapply Pump

. Bracust

W Ry s

Notice! In order to make the fuel supply sump
characteristc learn mnto-the ECM, ‘et the engine
idle wntl warmeup- after ECM or supply pump
reglacement. I the fue! system DTC'S stored in
the meantime. once clear DTC and warmm-up the
engine again.

4JI1STC Ergine-38

Fusi Tank
Fuel Filter

uetioh
Fusl inist
Fgsd Pump
. \Regulatung \fave
Sucton Centrol Valve (SCV)
Returs8pnrg
. Fiunger
10. Suction Vaive
11, Dslivery Valve
12. Fusi Overflow
13. Return
14. Fus/ Rad
15, inpector
16. Dnveshafht
17. Suction Pressure

R Y

© @,

fi
'

18. Feed Pressurs
18 High Pressure
2C. Return Pressurs

The fuel is fed under cressure to the plunger chamboer
by the feed pump built in the suppiy pump, and further it
is fed under high pressure to the fuel ral by two
plungers driven by the camshaf theren. Operating the
3CV based on the signals from the engine control
module (ECM) controls the quantty and tming of fuel
supply to the fue! rail. Since this tyce of pump adjusts
the fuel amount at low pressure side, and it can deliver
reqguired high pressure and is efficient,



¥ W & o :
Paya11drnruaNUsInaniuaInas (Suction Control Valve, SCV) 484

\AS098Us Isuzu 4JJ1-TC

A linear soenod type valve has oeen adopted. Tne
ECM controls the 250Hz cuty rato (the length of tme
that the curren! s appled t0 the SCV) :n order to
control the quantity of fuel that is supplied to the high-
prassure plunger. Because only the quantty of fuel that
1$ récuirec for achieving the target rail prassure 1§ drawn
in, the drive loac of the supply pumps decreases

Whaen current flows to the SCV, varable electromotive
force s createc n accordance with the duty rato
maoving the armature to the left sde. The armature
moves the cylinder to the 'eft side. changing the
openng of the fuel passags anc thus regulating the fual
guanity. With the SCV OFF. the return spring contracts
completely opening the fuel passage anc supplying fue!
to the plungers (Full guantity intake and fuil quartity
cischarga) When the SCV is ON. the ferce of the return
spring maves the cylnder 10 the nght, casing the fuel
passage (rormally opened)

SCV contro! current can oe founc-on the Tech 2 data
cisplay by unit *mA”. SCV On-duty ratio-aiso can be

found on the Tach 2 data display by *%".

Vaie

P

et

Small Dty Rsto (Larga Suction Quantity)
Large Duty Ratc (Sma" Suchon Quantity)

X A o=

Operation of Suction Control Valve (SCV)
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