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Abstract

Evaluation on injection rate of Hydrotreated Vegetable Oil (HVO) by using Zeuch’s
method with high pressure diesel fuel injector which-operate in common rail system.
The thermocouple is installed on the tank for measuring temperature and studying
the relation between injected fuel amount and pressure rise inside the chamber. The
pressure sensors are used for detecting small change of pressure. Bulk modulus of
elasticity can be used to find the right amount of fuel as correction factor. It is
expected that result of research will be able to use for investigating the influences of
HVO-fuel properties to combustion efficiency and emissions as well as improving the
fuel guality for new alternative fuel generation base diesel. The experimental results
show that the injection rate of Diesel are higher than HVO because of the fuel Bulk
modulus which Diesel have higher than HVO.

Keywords: Injection rate, Zeuch’s method for fuel injection rate, Hydrotreated
Vegetable Oil (HVO), Butk Modulus.
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gﬂﬁ 2.3 NSEUIUNSNANIASTY Hydrotreated Vegetable Oil (HVO)

2.4 Zeuch’s method
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wenoniunneideil dilddeasuinfmesistannsamedasmatalfognauiug,

910 Zeuch’s method fiSmsf A lugdanissafmuannisit (1) uaznns

ANNUMIRTINTERTRINAIINALNTA (2) MUTUR 2.4

Injection
nozzle

L

&\{:}.‘

4 L2 s % e
gﬂm 2.4 ¥annN159ane75 Zeuch [7]

mngﬂﬁl 2.4 WunisTadsuanisanvendawas lnemsIanusuidounas
meluiessians (AP) AillmnduGEasy (P) wariuans (V) pefl wdnisduanlaslde
Tugdan 58nia (K,) sesiniuindislunisdiuiuminmunisanuediomas (AV)
aunIsAmNFLRUSTY NI RN Usinasiiasuudas USinnsasiivesiessiaouaz

lugdansonivestowdy Mgnmgliaaiifiaad

(1)

Ao Wgienasanaive sawaa(MPa)
AP, Fe anudunUasuLUasvemedias(MpPa)

AV,  #p Ysunsidsunuasnamesinass (m)

v, Ao Ysunsesiiveioddiasi(m)

s w - J - v e
fHNNIBMNIINITDATINTING L‘U'é)LWE%LLﬁﬂﬂUE‘UﬁNﬂ"ﬁlWUU

dm_ Vo dp

gy



al dm - Qs =
e = B dnsnsivaldana (me/ms)
!
(g ' d? a 3
p AD A IUNUILUUTDUTOINAY (ke/m)
dlD & v oo e LS o PV L
AR Aruduisuuasvesiesinaesluguvesruduniiuiune

1781 (MPa/ms)

2.5 quantAveadomas
2.5.1 ANuBUILUY (Density)

e 1

ALY [8] Wunisiaulasanilavuleusuies f9atnndaunuinuuunn

9
L
a =

WnaseMmiEUiu NI BN viana1aladn ngiiia ey wivgelusriiviinesidey

nningiidaauauninuiuidisisufiinauiniy waedugUaunasladu
m
[of (3)
v

o a 1 & a 3
we p AD AITAVUILUUYBMTDNEY (ke/m’)

AD 1IATBTDLNEAY (ke)

3

Vv o Vunasvaadomas (m )
2.5.2 anuwila (Viscosity)

= Y IR 1 B 2 a el o § w
AN [9] Fesiuilananiinaumumunisivavesvesiva BalAwinaeyinlv

voalvadugiinrsmilnunnuansluguaumstaiu

(4)

=
I
DR

We v fa AAuUviinaal (cSt)
- ) Y & 2
Mo AR MIANUVUASNYIA (N-s/m)

p e muvuiwy (ke/m)

2.6 MstvuAAMANYYINNSEATBINA
PNNTMANUFIRUSTENI198R5IN1530 (Injection rate) Fulaal (Time) Wiamudiu
Tumsiaindu 30 MPa flvunavesgidaindu 115 wm [10] e nnsmdasinisie

ATNUBNANANYENTEATDNTRINAILA mugUR 2.4



=
o
e

=
(6]

oy
(=]
A

o
(%]
"

bt
o
'

Fuel injection mass rate (mg s ")

1 1
1 \
ool o5 10] 15 2 25 30
t (ms)

=)
o

& : e —
| Injection delay ’ [lnjection durationJ | Injection quantity l

o Qr s 1 (Y] = a  a
JU# 2.5 namiuansanadiniusseningninnisdamasiuia [10]

2.6.1 anuar1vesnsan (Injection delay)
paveImsda [11] Asaruartilumsvieuressunsaiddanalvviadaingg

uaianmsdwesaunsalarunn duneldangisiat 0 - 0.4 Tadiuni Agun 2.5

2.6.2 52mz198707580 (Injection duration)

W o= e - a -

SLEYLI8101580 [11] ADSreLaINIgaiin1s2ne398i8nalaeInNAIuAUR
= o = -

wWasuwlasnwluiessnaes dunalaaininaifivmaaviinnisanauialaita nanifegianan

0.4 - 2.0 fadundi Faguit 2.5
° = o ar o é’ a o
2.7 msAIaneIfugnsIn1sdaaiwaady

2.7.1 Y3nun132a (Injection quantity)
= - : ¥ L o s & 1 s = st 1]
USununisan [11] Ae Wuilans e udunusseninednsInisaanuian Tutig

= v v a
szevaINsdn Jalaangun 2.5

ar a & a =
2.7.2 ansnsaatyainwadnas (Real mass flow rate)
v F i a = - & A'Lv VI 4 | ar a
ARTINITAALTDIWAURAY [10] ABNITHINUNLANTIHNAUFUNUSTEWNI198NT NN

) 1 = A S - -t -
A1 M3 IEEEAINTAN (Injection duration) Belaangun 2.5



2.7.3 Discharge Coefficient

e =l o ] ' el < 4" - ﬂ‘ U @
Discharge Coefficient [12] ARdRAILIENINONTINTRAVDUTINAUAGUNVINTING
= dy o o dd" & o 1] e‘!’d - @ v e
davendiowmdndmguidadusudtinssaninmvesihiauanslugUaunsiaidu

= d
Cd = feasure (5)
Mtheory

e ¢y f® discharge coefficient

. = Y R a o

n AD BATINIAALTDINANLRAY (Mmg/ms)

measured
* 2
Mmtheory Ap SsanTsasidomandmaud] (meg/ms)

gnsmsRadoimaI v uiiandugannisiaiu

Miheory = n()riﬁ(:e.‘g 2APep (6)

P = o al =i
WO 7, A8 S1UAUGIRNRIIR

= o W o al 2
S Ao ﬁuwmmmwaagmam (m-)
=3 ' du E=) 3
P A9 AU UULBATOLWEY (kg/m)
AP

flo MULANATIRIALRLTRIaanuauduntsluresdaes
(MPa)

2.7.4 Reynolds number

Reynolds number [12] fi fuvsiimire@adusnsdiuseninsenuda (. =)
wazaumin (v ) 1aw Reynolds number Wuaziindiumuainands auansluglaunisle
[~

Wy

Re = YmeanDo ‘:’”D" (7)
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m

__ measured

Vmaan=—"——"—— (8)
"ort’ﬁ ce® Sep

£ A9 AISIMRENYRIEA (M/s)

mea.
D, fi ywmdulAugna1svewiadn (mm)

v fin Auntavay (cSt)
S AofiuARYeIiEn (m)

] ¥ - 3
p ADATINNUIMULTDUTDINES (kg/m )

2.7.5 Cavitation number

Cavitation number [12]} Aa sfhuyslsmizelalunisusvanisnsiiaaseinievawedlva

By =5
AN e 9)
Pinj P Pbarck

’ Ao @A ety

K¢
Phn fie LR uluNIsaRuIaY (MPa)

By Ao misiumsavarivilviindule (MPa)

AL

Da

2 Ao Anusunigluvadinans (MPa)

FalusnAToilgsnsmvusidmnisuvesariivibnandule (2) liina

s di (=1 = = a 1 = (=1 g @
Aun1sneasd LosnunisnaasdluszuuladeinlnludnasAaduleve sy

2.8 UMYV

I MALITeINUNISANYIABINTUERIINISAABINEI AL TaLUIRan oy 2

UssimeuseaviivialuruiddoineaiunisesnuuuiarassyauSunmnisaauuy Zeuch

ol aw o Y Y a
U‘i‘»’l.ﬂﬂﬂﬁﬂﬂlﬂﬂ\ﬂﬂ’l‘ﬂﬂLﬂEJ']ﬂUﬂ‘ﬁ“ﬂﬁ‘s‘lB‘Uu'lSJU HVO Tuip3eseus

= ar IJ ar s
2.8.1 4UALLNYINUNTANEIBAIINITAA
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Octavio Armas warany [13] levinsAnuiiswavesaiuaulunisdneaian
armdunisluiosianiidsasesnsnisdn Tnglitoaguimaiiveudiulusiesiiass
(Zeuch) talaifinasiasnsndn wimsinarusilunsdedudmaliiisy mmm‘:’ﬁmﬁqqﬁu
Julunaliisnsnsdaiunntu Sondeyaildtuhlinauiatmunsnvesisiils
TneUsnamanhituiidaiussduegivamumuniurenisuusiasein Sduiduiifan
vlmuﬁuﬁqqﬂfhwﬁﬂﬁﬁu‘%mtu'i‘um55&1‘ﬁgqm’wﬁ‘wﬁuﬁﬁmmwu'\uﬂuﬁm‘h

Dong Han warane [12] evinmsfnwniisnavasausiulunisidn syegiianisang
nszuallivhdnuazamantivinenmeeshiuiideadednsnisin dslédeasuims
WauszeznatlunsienseualWliidnmsdunsifuszeznansdauagdnsnsaalian
Fuidounvinmavherureshiedsuszesnainssenihivesevdmalimdayald
Liviudt weemsiiuanudulunisdsdfuondundliseznaimsdniigduwagdaioan
auddwesnsialdenaedadnaidonnnndlugdamssaiavenituerdmalfidues
S2TIAINTAN

v
(] =

AUBUTITUAY

£

v s o = o 2 oy . t o A @ @ @
wiaduiinsenfiivusastantasdsluuniundidtugdanisdndunge

b}

- Voo = v ¢ { a o - W
funnuayALaTIvesnnsEantoy Falledsyusian 1R iuInI NS

2.8.2 nuiTeREaIRUNMAgoULTY Hydrotreaded Vegetable Oil (HVO) Tu
LATa SR

Nestle Oil company (Fintand) [14] 18vn1sdnwidiowmd iy HVO viavs uay
Wemasmantifu HVO 30%, 70%lneudinasluiwaluiniossudiiganiniednvivdey
yafie wuiinstiusnsdrunautnsiy HYO ildiinsUsssnafvanasundendlianunse
asulsrhanuisoue s v usiinasion sudsee iy

Hannu Aatola wazatiy (14] Sadedifumslithiu Hvo wasthiufioa EN9S0
luneaauiueiasoudfien meslunnis 8.4 83 6 gu 4 Somsz Taninadossusiillunaaey
Aulaunlutivnes laeTadiloi@a(Emission) 1usin(Soot) « wiBaunIARTTUBU(Particulate
Matter) usgslall@finnsidniy Hvo - anldnuasssumistsudlutiagiu fawouteglu
TuneasaiteAnsmaiminyariasedsnldiduund mdssuneuwnud anasinniside
naaoutTuHVO - fulrSessudiiwanuitausoanuaieiiissannsduaunisluves
wiossudldaislag ity Hvo UlavBifleufuihduiwasautihiu HVO30% Famudail
Wodwudiianauilassmiii Mo T5zszainaswnvsifiurunindainliinnsiwn s
auysaind Fam579t 2.1

d - Gl' el dl L2 %’ ar
A3199 2.1 uaiefianannsduatuneluresmiessudvesingi HVO [11]

Emission Effect of HVO
Particulate mass (-28) - (-26)%
NO, (-7) - (-14)%

THC 0 - (-48)%
cO (-5) - (-78)%
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Somnuek Jaroonjitsathian wagAmg [15] aATeilelddsu GTL (Gas to liquid)
uaztiafu HVO Tuneaeufuirdossudwameslueisa 25 dns 4 qu defulauludines
Tanaannnsnageunud iy HVO duannsoaauafivss 9 Iy anslelasaiiven
(HOfeesuaumauenles (COfMemsuaulasanles Wusu uinnssiudwd NO, Tifia
Wisnnfuannniniiufieaund dudeannisiviiu Hvo duiiguantiluniswdlwii
auysnind villiiAngamainswnlmigadwihliian NOMfissnniumamnsait 2.2

= a % w al @ o w
A9790 2.2 yanwvasduRgaisun Uy HVO [4)

Diesel HVO 100
NO,(ppm) 836.3 886.8
CO(ppm) 260 200.9
HC(ppm) 107.84 86.01
CO4(%) 8.46 815




unil 3
¢ ao
UNIUUATITNITNAADY

TusmAdeiiuvsesniliu 2 dw Ao mIsenuuuganimaaesinUiuIunsdauuy
Zeuch uasfinwnudnyaensaveniiiu Neudulunsiadiomasdieiu

3.1 AFPINUUULATETINYAIAUINIUNIAALUY Zeuch
ddeilifuaiddelmi Adeunisugunsainiimeass Ingtuneunisesniuy
anusauandlanaguit 3.1

@u’mqmj‘ nsiadiuiums@n Zeuch's metha

o y ey 2 o o
®  fvuATNIALATIYI ide N 1TTaiRITmBILSun TR
o v 3
*  fvualiaiasiosiaeavianu 40 cm
o vuamumi e vuiave wunseiildlunsdauiinun s

v

sanuuuyAiaiatansisuuy Zeuch Tasldlusunsa SolidWorks

Y

Uiudumisuazvnavasguninl
o § e 3
wasnnuBunsTildwaiy 40 cm

) ' o
ApTEiA A AL Twss AnszesmsUiyuuyas
thdparnulasanvasiosinans

WUuWUU Drawing (2D) vaapeda Az Tud w1 Wy
- - ° &
i8aAngunsafidriudie e iRy ludugy

v

& a € ¢
Usznauusuuazinnsgunsaifa 4
- 14
FadBununmsdanmun

&

o e <& t3
Qﬂaﬂ‘i’ln'ﬁﬂtlmqﬂn'sm

YES
G'u#unaum‘saanuuutgni’nu‘%u'\mﬁaa Zeuch's method>

A
s

= @ =
JU# 3.1 fumeunisesnuuuyainuiununsde
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NgUT 3.1 MnmstvunUiinesvesesdassdifviniu 40 cm’ [7) el
iwuwesanusansedumusuiiuasunvadluiossiaesldusiugntumsymdailddul
$rauvng shliRsmusudsuaiiiaanmsindemaadngesiaesiifosunds
ovhliisdyaasunmusasihmsnaass fafudedldusinasvesiesansiivunzan
fupuannselunisimiduresiiiia weanilymnisiiedygiusuniuualdtanis
nnaeafiiaIauug

3.2 WANN15PBNUUUKII188US1AsASH (Constant volume chamber)

vipadanaFunsaailugunsaifidWrydwiugadauSinumsiauuy Zeuch sy
doadminiudlusemudugs faiudeioseenuuudnuurresgunsaiiouiesionmsingm
WelAnamwiuglumsia Tagliusinasansluesdiaeawiiiv 40 gnuradisufiwns
yenMseRnLULBISanIUSImsasi 1uiteilivinsesntuuivduiigesldsiuiues
{1889

as o <
3.2.1 AUANUAY2IIEAYDINDITNAIUTNINTAIN

‘1. e at
M19719% 3.1 uamqmauummmszmwanaﬁi

LV TERRL AlSI 1045 Steel

lugdannstianeu (Elastic Modulus) | 205 GPa

AITLAUAATIA (Yield Strength) 530 MPa

3.2.2 MATIzAIAuntwss Ineldlusunsy SolidWorks Simulation

JUN 3.2 vipsdnapaUsunsAsi (Constant volume chamber)
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= - v a =
M9199 3.2 wanadeuluniseaniuuveinassUiuInsAn

audugegansulangluviesdnass | 12.0 MPa

fAuuansegs numuanusulaas

AaNURYDIDIT18DY G-n g
Jaamsiinaduuagnununisianseu

AruYannsiY 1INNTIMIVIAY 30
Anadesy +0.001 mm
wanMITIASITAIALTaLSe Linear dynamic

PUADUNTAATIZHALUVIUTIAZN ST FUVDITUIIY

1. Fixture fig 9AVIBUSINTBRUINLTIGNIVDALU Falulusunsugaiigniu
Bauvuiurzuanaduvinunignasdiles

JUN 3.3 wangangnIVEALULTIIMNAYEIVDIT 18T ASANT

= ar : 1 =% 1 L4 o =y P
JUN 3.4 uananmenlageiudauiuYevieddasusunsae
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i

2. External load fie yavseusiiniiusansgsyiiviueu dslulusunsuuiiuidl
uwsunnszviazuanalugnasdung

d s d‘ el i o o & o
JU# 3.6 uamanwdiniiusuiiusansyyiuiiesdnaes

v

3. Mesh A9 AUALIBEALUNISIATIVTUIIY Lanslanetl



-:5 -l a £ v o
'E‘UVI 3.7 uammnuaridualunisilasieiviesdnasy

4. Result
a € 1 1 2 ° P
1. Nﬁ’?]@\‘]ﬂ’li'ﬂﬂ‘i’lﬂﬂ’lﬂ'l’mLt‘UGLL‘SQ'UENMENE]']E\EN‘IESJ’]WWNW

N153LASIENANAINLT IWTIVDIVBITI8 DU RS ANt Ul lUswnsy SolidWorks

Simulation #28lunIs AT IEPA AT ILSIUD VDI EDY TelPnaRITl
1.1 Wan133AT 18RRI MLAY (Stress Analysis)

Model name:. CHAMBER
Study name: Study 3

Piot type: Linear Dynamics Nodal stress Stress{ won Mises (Nim"2)
Piot step 100 time 1 Seconds

Detormation scaie: 1 11,801 7130

l 10,900 962 0
e 98102110
. 89194600

. 7887095
687 9585
5947 2075

4 95 456 5
39657058

L 29749548

18842040

8934530

= Yield strength: 530,000,000 0

27@A

d - 1 / v o
E‘U‘V} 3.8 UARINATINNNSIATIZIAIAIMN LAUYBIVIBIINEDY

17
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N3UT 3.4 uanamaInnIsiiessimeduiRndufuiessiass wuiimudu
fiinggauaziimsanwiniu 11.8917 MPa was 0.0027 MPa suédiu annsamdedeaau
Uasndeiintuldanaunisamnaaensty (Factor of Safety) [16]

fadumeimiutaende

%y 530000

g o
max

FS.= =44.571

Wa  F.S.= aanulasnse (Factor of Safety)
o = ANUAUGIARMARTY (Maximum Stress)
max 1

o, =fuuAuAAIIN (Yield Strength)

sziuliinAANUaensiy (Factor of Safety) vinfiu 44,571 fawuiviosinass
- = o o a ' v q v o Ve
Ysinmsaaniinnulasndeiguuasiismenanisyaruauleeu Winannsesnwuulad
NSBNNTTULSANUIUNIE

1.2 wan1siasevinsdesy (Displacement)

Mode! nare CHAMEBER
Study name Study 3

P10l type: Linstr O o - ' URES (merl)
Pt stepr 100 time - 1 Seconds
Detormeiion scale 20

B 7 %3008

l s
1 000e-030
= a ¢ - @ o

JUM 3.9 uanmwamsliasigimsideguvesiosdiass

NNFUT 3.4 nudiimsidesUgeaeiiuinngs A (Unudung) wasdgaiiviiange B
(U3nadhiu) vewisssiaesdidiiu 0.4538 llasmsuas 0.1000 TulAsiuns maddy
amnsoAnesifunsidugugsaaiiviniu 0.00106% WesainvesdrassfioUSuinsaeil 4
wuhnsideguanmsiesgiannsoseusulduazannsoihlvaiaganismaasdld
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3.3 YANSNARBINITINUTUIUNITAAUUY Zeuch
N1399NLUUYANIINABBINTITIAUS NN TEAUENIINTBITIa0IUTHINT AT

Audfgsoyanisnaastuditudfigunsaiiidesesnuuuuargunsainfesdaniield
Tufurissdiass fedunisesnuuuganisvaasiliiiiudiuiisesuszneudniuiiesdnaes

PugUT 3.5

Top injection lock

Common rail injector

Standard Elbow 90———x

Static pressure senso

Cap pneumatic
Constant volume chamber

Pump plunger

Dynamic pressure senso
4 P Needle valve

Thermocouple Nipple

JU# 3.10 ViesdiaesUSunnsasnnieugunsain1Ineaes

NngUil 3.2 uenanvissdiassdiunsa Saligunsaiiildeanuuul el
TWAUYDII804 AD

1. Top injection lock Jududailvimiiigamaafiwanouuousadifures
feoaeldliiAndainamsedeufivasvinisvaas

2. Cap pneumatic Lﬂu%ué’mﬁﬁwﬁ’:ﬁﬂ‘ixﬂauﬁuqﬂ‘ﬁu (Pump plunger) &sdil
Lﬁuéaumﬁwmammﬁiﬂu@é’am'iﬁﬂéh

3. Copper gasket (Uzifiunaauns) vmiiitestunisveaisiusenainfesiiass
iesnnvesundilugdamsbavguiniu 110 GPa aiitfissweiinanteaiunisi uazdu

AusulaNINnIn 120 MPa
4. Needle valve N15iden1admMIugANISMAaeIRDINITIAINUSUSRsINSInale

wazanunsanuraAuiiulagIndt 120 MPa
5. Pump plunger (gntu) dwiifianisifouudasuiung (AVy ) daudenldgn

Jundeslitinnisiilvevesindusanainiaasiass
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\diseenuuuviBsTiaasliunsasiuargunsalldsiniuesdnaes augui 3.1 e
%umumumﬁtmwﬁﬁhm'\mvﬁamaLtazmi’iLﬂiwﬁmnﬁagﬂmﬂﬁuﬁﬁm’\ulﬂ%ugmms

a3nNgANMIMAaeY anansauandlagui 3.11

1.Injector cord

2.Injector

pressure vessel

3. Injector

5. Inlet valve 4. Discharge valve

7. Pump plunger
6. Dynamic

8. Static pressure sensor

pressure sensor

JU# 3.11 viesdhaesdiuesasimisuiugunsalmsinUsununisia

3.4 TUsunsuAIuAy
o o/ = A} a :.:5 = =

lun1mnasin1iinensINsanends Balusunsumvaulsulaslusunsuualia
(LabVIEW) \uldsunsumvauaamduluntsdaiamas Tnglddyainneaslia (Close-loop)
PMNPUWTAINAY FuTusugasaINTNABNNBLSE IeAIuANAILAUluNISEnYBIsTUY
ADLLDULTA 1ABENITAATMUAATISUAURTS 9 Yasnsnaaaslaun SEesaINTsandoinas

Wi : = R g

(Injection duration) wazmuaulunsBaEeInas (Injection pressure) wananuulusunsy
deansodansamuduneluiesiiens (Zeuch pressure)

'.'"I&

njection pressure(Bar)

J Zeuch pressure(Bar)

S e e ST
e - _‘""" PITETRAET ;45 { 450616

iRl@ ¥ aln » ATe w e

Eﬂﬁ 3.12 TsunsumuAunIsvaaes (LabVIEW)
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3.5 NMIMAEEUNTTT (Leak Test)

mameaaeun1ssdunisnegeusievevas (Hydrostatic test) [17] WonAIA
fuiianasuesgunsainaass Famsvedeunsivrldanusiugeanlunisnaasy 1.5 v 90
auuldauresgunsal Faviidu 7 MPa uimsvaaeulumsideildnismaaeu 2.4 wh da
winfu 11 MPa (esanidermuUaendy %GLLNW:NLLﬁﬂdﬂWiﬂﬂﬁ@Uﬂﬁ‘i%’Jm’lﬂJEUﬁ 315

Fumaun svagauNsIIvesgUnsnd

1. W¥dusie (Hand pump) é’mﬁvﬂuﬂﬁwmaawﬁ'wéﬁmmaaa

2. UnmduiemsUSinasuazauduly

3. dunaeimIufuiiviessiaes (Zeuch chamber) 91nTUsUATUAIUANAIIMAGDY
(LabVIEW) snugui 3.14

4. ihdeyaiilsuliarieyt emsninisiaveseunsal

NI-DAQ
board

|

Universal Injector | l
Isolate q

r— ! Non return valve
randucer

e,

A valve 1

Static pressure sensor Hand pump

Zeuch Chamber

. |l ez i | Pneumatic cylinder
Dynamic pressure sensor{ |

Valve 2 Dial gage

L

JUN 3.13 uRudan1maaaunissi

Zeuch pressure (Bar) 2
45.85 - g

45.55-1
3514361639.42

Time

JUT 3.14 MINBLARINANITNEDUNITT



o
3.6 waulun1sAnun

3.6.1 MImeaauAlugaEN1TaRMn
msansnudsulalagnisivusviinveudewmads mnudunielueidiasy sz

nswnaeunivesgniy Awieluil

A d = 1 s g s
A1590 3.3 Reulunsdnwinsnaas A lugaansonm

2

s anusiuneluiesdiaes | sveziedeuiivesgniy
\WoLnas
(MPa) (mm)
: 3.0
Ungiudiea
4.5 2.5 mm
y 6.0 walailviineuduadas
8.0 guresinauausule
9.0

3.6.2 N1INAARINTTIAUSNIINISRN
msfngpudeululeenisimuasiisventomas sllauasiduiugudnanvey
WHR AUAUTIUNISRAYS 0 NAUTBIIER ANUAUN18lUTIT88Y LAYSEULIIa1DY

n1san pesaluil

= - @ e =
M990 3.4 NE]‘Ul’iiﬂ']‘Jﬁﬂﬂqﬂqﬁqg’iu‘iu’]mﬂTiﬂﬂ

wialeziduniy | anusumely | syesiom ANUAuTelY

Band AUINa1909 RRERERE 1380 n13an
Waie (MPa) (Hiaduni) (MPa)

40

vinsfufiiea AdnroLLBULTA 60

6.3 TUN 45 25 80

i HVO 170 lulasiuns 100
120

140

160
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3.7 NMINARIMIANIURAHNTINA7

nsmaassazgnauliguuniivedoindsnsiinaonnisnaass §easdaunmiiv
gaumgivazvhnsveassldainteuaninagaugll (Temperature indicator) #sn1smaasam
Alupdanissasiiduneudsioluil

1. Guenmslituiie (Hand pump) Sahiiuililumsmassadgiesdrasslay
AvusliarusuGusiluemaasaviniu 3.0, 4.5, 6.0, 8.0 waz 9.0 MPa

2. Yolugdanisdashvenintu Tasldledusednd nuqumsindeutinszuenax
(Pneumatic cylinder) Tﬁé’ﬂﬁﬂ%u (Pump plungen) Faflinatnsveznisiadouivesnssuen
au Faiimsmunuliliszozdnegi 2.5 Tadwns

3, \desulasdnysyins (Charge Amplifier) azdsdygnilaanouwesinaudiu
TUfuadesiudyno (Oscilloscope) antutiufinua mugﬂﬁ 3.15 %ﬁgﬂ%aaﬁmmwmﬁlﬁ
mnmswmaamammugﬂﬁ 3.9

4. VikeMMeRRsTituindrmiy dluA AR s maNnsi (1)

Temperature
Indicator

Computer Injector I I
Thermocoupte
T [: Non return valve Qg pump
NI-DAQ X

Static pressure sensor
T Ve Vi 1
Charge - | Oynamic pressure seasor | 7. b chamber — T S-glc;o;d \{;IVE}
Amgiintied r_ Pneurnatic cylinder t
@ H
+ -+ Valve 2 Dial gage B -;
{ Nitrogen tank
Osilloscope Lil | )

JUN 3.15 Lmuﬁamswmammﬂ'ﬂu@é’amﬁé’mﬁ’s

Tigger siemal Evolution dynamic pressure signal 0

LS [ENNVANR VIO \&
ods

wiE

Curd —

| @ P i S F
WD ey OOs LM Tiee W BNTE e

Start of Compress |

= v ' a
3U# 3.16 wivouananan1aaIAIlug A
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3.8 NIINAABINITIAYTNINNTIAN

sUgANARBILArgUNTRinITAABIIMLALARRNUT 3.18 Tan1smaasinsgn
muligumgiivendomdiniiinaannisvaass Ssezdunaiugamgiivassinimaaesld
NVBUARIHAGRR (Temperature indicator) AuuaufansIaUGINaMsEamagUil 3.17
Fansveseamsinnunsiniituneuswieluil

1. Gunmslstuiie (Hand pump) Saisfuiililunismaaeaingiesdraeslned
msmuauausuluvisssiasausilivinty 4.5 MPa

2. ouiamesandushdsmunugunsainsmaansdeariiueda (NI-DAQ board) 1
czhmJa»:é’:uzy'wmlﬂé’nwéamuqnﬂ%mmﬁﬁﬂu %a%ﬁwﬁnﬁmmuﬂ%mm‘uaaﬁwﬁumﬂﬁ’q
mﬁmﬁﬂgﬁuﬁ‘ﬂu (Supply Pump) Fetmisiussvimih ity Whludseaeuuouisa

o

yiliiinaueiug Favgldiaanuiusns 40, 60, 80, 100,120 uax 140 MPa wazddeyayadly
Fasmuaudygadidnnseiingd (EDV)

3, dlEavha Teevinsandhsudnlvluiossiaes

4. w¥wnuadosdadnyyied (Charge Amplifier) vzdsdgndldiouweiin
A (Dynamic pressure sensor) @udiuarmuduitléainnisin Iﬂaqmsaasuammm
(Oscilloscope) aﬂmﬂsgmwmﬂﬁammﬂmnwaaﬂlﬂgnmlﬂmiaﬁuammmma mnuu‘uuwn

He

o¢

5. Yinaminaaeeiild Fadudygiuauiuilianmstaludmunnsninisin
Womdminann13f (2) numnANdnYMEN SEILaANIMALINUIRTINITEALDINGS
WALIUEITEN 2.6 Uay 2.7 ATNAGIY

sl Fuel tank
r B s SO =] Suction control vatve(SCV) l
Supply pump
_I Ll Temperature Rail
Indicator a3
Universal ry Bjesick ﬂiectlon pressure sensor ]
Isolate o lJ
Tranducer ] Non return valve Hand pump

Static pressure sensor
Valve 1

Charge ynamic pressure senso | Zeuch Chamber

Injection Ampliflier

demand &,
E Valve 2 Dial gage
Nitrogen tank

Osilloscope

Injection pressure signal

“ o o - 4‘ -
E'UTI 3.17 WHURINITINUSUIUNTARLTDLNGY
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JUM 3.18 YAn17InUSINaNIs@RlUY Zeuch #3LQUNTRIN1IRAGa
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unii 4
NANISVINADY

nnmavaeetluunit 3 ansauwiwanisaasteeniduansdiufie wasnnsAne
MIBONLUUYANINAABITIIEiNan1IMAGBUN1ST? warKanSANIAMEN WL SRUAT
Snsnisisvenisiudeszneusisramvaasimalugda uazkansiauTnunsdaves
Woinas

4.1 namnmﬁﬁnmmsaanuuu'qﬂmwﬂaaa
4.1.1 Nﬁﬂ"l‘i‘lﬂﬂﬂﬂﬂﬂ’ﬁ%’)

Pressure (MPa)
=
MY
([ 38
1

fey
=
&
K

1

10.88 T T 1
oQ 20000 4000.0 60000

Time (ms)

A y ¢ ud e/ = o
JU 4.1 wavesnivaaeuivesgunInineglusuresemaduiisuiuiom

VANANTNAFBUNTTFITRIILAY 11.02 MPa Beiiaudiu 24 wihwesauduildly
NSMAaRY WUIERIINTAAGIYBIAUALTIAIINY-0.0000168 MPa/ms wavilasidunis
anasveImNIugIanilAYiniu 0.0827% Fesreiianisdndomasliiu ¢ Daatundl vh
Tienusunelusiessassanaslaiiiu 0.0000672 MPa fenisvaaes 1 Ass Fududasins
anawaziedidunisanasiiiinatorunn Juihliwnaveassiannsahllivaaesls
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4.2 HANISANYIAMENYALNITAALALINTINTTAA YD
4.2.1. WANINARBIMANUYAANITINAD

40 - -
e y = 12.328x + 898.33 ¢ Diesel
o B 4
g ! R2 = 0.977 o B HO
& -
= %
§ 960 o *
3 ¢ p_
£ 920 LA
S g0 A 7
. y= 10.984x+ 834.19
R? = 0.974
840 T o | .. T 1

0.0 20 4.0 6.0 8.0 100
Back Pressure (MPa)

=1 ' @ [V Y
U 4.2 wan1svAae IR lugaaNITens,

mnwam';rvmaaamﬁ'ﬂu@ﬁamsﬁﬂﬁwaqt%amﬁqwui’uﬁ'ﬂuqé’amsé’ﬂﬁqﬁm,ﬁumn
Tulneiunliududuoudududioduruiiluiessiaes Taealugdanssndves
ihifufeaiiafiutunmueaudulufesdiaeit 4.5, 6.0, 8.0 uar 9.0 MPa ftUesidudua
anuuansndleiiisuiuailugsanissnafl 3.0 MPa Ly 1.49%, 2.69%, 6.27% uay
7.76% mudhiu wavAlugdanissamoningiu HVO Deuiutunmemduluriesdiassi
4.5, 6.0, 8.0 udz 9.0 MPa fiiesiduinamimiunnaruilefisuiuadlugdanissniai 3.0
MPa Winfiu 2.59%; 3.24%, 6.15% wav8.09% aud1su uazfiadimuluiossiasaviafu
30 MPa filugdanisdadavesiniufieafidnnnniailugdanissafiveniniy HVO
winiu 7.76% finuduluieedaasavindy 4.5 MPa Alugdanissnfvasnisiufivaiien
unniFlugdanisdaiaveniitu HVO Wiy 6.76% fianusuluiessiasaviniu 6.0
MPa ﬂ‘ﬂu@é’am‘sé’ﬂﬁwadﬁfﬂﬁuﬁmaﬁmmnﬂﬁﬂ'ﬂu@ﬁﬂﬂ'ﬁé’ﬂﬁwaq&ﬁﬁu HVO iy
7.27% fienuluisadasawiniu 8.0 MPa Alugdanisdadvanisufigaiiauinndnen
Tugdantsdasvestiniu HVO winfu 7.86% way fimwdulusiasdrassivinty 9.0 MPa #n
Tugdanmssadweniniufwaiiduinnitalugdanisdnsussniuiu HVO iy 7.48% 3
Wurananaumuitusesihtudwaiiunniiiiu HVO auaunisi (1)
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25000 -

s

a 20000 - *

= s =

3 & *

'-é 15000 - a

g &

= 10000 o i

2 # :
5000 - & # Diesel

| HV/O
0 | | 1§ L ] 1 I 1

0 30 60 90 120 150 180

Injection Pressure (MPa)

< d v o a v i
U 4.3 elugdaiienmiilunisdeiilinanauniseingui 4.2

N3V 4.3 As wasanmsthaun midunsainangui 4.2 veselugdanssns
vonhifufigauasiniu HVO wduuitemdugaitemarsiurilugdanisSadafiaauiy
Tun1s@a ImEJm‘[u@ﬁamié‘nﬁwmﬁﬂﬁuﬁmaﬁﬁ%ﬁuiumummﬁu‘lumsﬁﬂﬁ 60, 80, 100,
120, 140 War160 MPa osiusnaruunndnaiieiioufualugdanissasaiil 40 MPa
Winu 42.21%, 84.42%, 126.63%, 168.84%, 211.05%uay 253.26% MIUa16U Lazan
TugdansSasvaniiu WO Sandisdunuensilunisiail 60, 80, 100, 120, 140 wa
160 MPa fitesidudnanimuuandrailowiouiuailugdanisdadaf 40 MPa wiafy
42.20%, 84.40%, 126.60%, 168.80%, 211.00% uay 253.20% aua1iy uaviinnnusuly
msammnu 40" MPa m’hmaamsaﬂmmawmuﬂwaummnnmﬂﬂumaamiaﬂmmae
vsfu HVO Wiy 8.03% finusulunisdmwiniu 60 MPa ﬂﬂuﬂaamﬁammmmmuum‘aa
ummnnmﬂﬂuaaamiammﬁumumu HVO. 1%1111U-8.04% mmmmu’Lumsammnu 80
MPa Alugdanissadmaniiufwadiawnnialugdanisdnduenisiu HVO wirfy
8.04% fiausulunisdaviaAu 100 MPa fi*ﬂuﬂé’am'ié’mﬁwaqﬁﬂﬁuﬁtﬁaﬁdﬂuwnndﬁﬁw
Iumaam‘sammmaamuu HVO ¥infiu 8.04% mm’mmu‘lumsammmu 120 MPa ﬂ'ﬂmaa
miammwawmummaummnmwm‘lumaamsaﬂmmaamuu HVO winffu 8.05% #imanudu
°Iumiaﬂm'mu 140 MPa ﬂ'ﬂuﬂaamsaﬂmwmmuumwanmmnnﬂﬂﬂuﬂaamsammmaa
Wiy HVO Wiy 8.05% waritaudulun1sd@avindu 160 MPa Alugaan1sdndaves
umumwanmmnnmmﬂugaamsé’mﬁ’waafnﬁu HVO wirfiu 8.05% laanlugdanisensa
fausulunisdaaininsiinadnenisle-Uavesfuvesiidndinasonidnsinisia

[

WOLNAY A1ANUAITITINITEN LAYILULLIANNITANBNAIY

o

D
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o =) & a % “
4.2.29n51n152aawnad(injection rate)

70.0
60.0
? s —Diesel 160 MPa
? 40.0 ~—HVO 160 MPa
8§ 300 ——Diesel 100 MPa
$ 200 —HVO 100 MPa
E —Diesel 40 MPa
£ 100
—HVO 40 MPa
0.0
i P 1.0 2.0 30 4.0
= Time (ms)

= [ o & a & s a
;J‘U‘w 4.4 i‘]9\3’]ﬂ"ﬁﬂﬂL‘UE]LW@QVIF‘TT]NWHIUF\T‘EQW 40, 100, 160 MPa

Uil 4.4 wundlaiumwsulunsdadmalidasmsinadomaniudiumnniy
Tnefinnnudulunisdadl 100uas 160 MPafiA1lsiniu 94.80% waz 164.74% wiawfiaudu
Sasnnsaavesausulunisded 40 MPa se s iuRwanasinnufilunsind 100uay
160 MPailm iy 97.43% uay 174.74%m a2 Wiowisuiusasinisdnueananiamiy
fuvasnsasii 40 MPa vauhsiu HVO Ssdunaldarnasvidloduanudilunisdaunniy
mwﬁwaan'i'wdfa:ﬁmm%‘umn%uLﬂuwauﬁmﬂﬁﬂuqﬁ’aﬂqié’mﬁwaqL%amﬁmaxﬂ';'m
vrmLmuv‘h’[.ﬁmisjﬂﬁ’waaﬁﬁﬁﬁaﬂiﬁhuawnﬁalﬁqﬁaﬁ'ﬂﬁé’mﬂﬂﬂiﬁﬂﬁuaaﬁﬂﬁuﬁLﬁnaﬁﬂ"]
wnnSRTINIsERveIsu HVO WU 6.26%, 4.84% way 2.39% Aenusulunisie
WinAu 40, 100 waz 160 MPa muﬁwﬁuLﬁam”mﬂﬂ’;'mmmﬁul,mwiﬂugé’aﬂﬁé’ﬂﬁwaa
ﬁ;ﬂﬁuﬁwaﬁmmﬂﬂiwmmwmLLﬁuLLawh"LuQé’amsé’aﬁwmﬁwﬁu HVO

sledansanteadomdiiiniuiegansiiluwrazarudulunisdnsdaneliing
Ausulunisiawingu 40 MPa nsmasdanusuidausnniiinnudulunsdamiaiu 100
uaz 160 MPatluiws g Reynold number ?J@ﬁmﬂﬂﬂ’aﬁuﬁulﬂuﬂ’lﬂwaLLUU Turbulent ué
#i 40 MPa fifinReynoldnumber fitfeenitA1Reynold number firus 100 uay 160
MPa Femnearuinfinisivaianuuusuauiitdesnianisivadl 100 uay 160 MPa Favinle
niwespnudulunsiad 40 MPa finnusiuBeuiinninfieusulunisded 100 uay
160 MPa

9N3UT 4.4 wudemiuat1vesnisdsvesninudunisdnd 40 MPa fiAmnnt,
AruasInisEafiausilunisaayitu 100 was 160 MPa LaEsTEELIAINTaRTIAIY
suluns@awindu 40 MPa asfissazinantosninssesinanisdafiainusulunisdaiafy
100 MPa ufiagilszazianunnninseeznansaafinnuilunisdaiafu 160 MPa was
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USnmunisiaveadiomasfienusulunisdamindu 40 MPa fAtiosninusinanisanves
\Womdsiinrusulunisdawiiu 100 uay 160 MPa SsruaziBeangAnssuvesammandn
¥93M5an, srozamsaawarUiinalunisdeldesusliluided 4.2.3, 4.2.4 uay 4.2.5
MUY

4.2.3 anuart1vansan(injection delay)

060 -
B
% 056 *
E .
2 &
2 052 - -
2 ™
S 048 * -
E NS5 * Diesel
= 0.40-- "
R HVO
0.a0 T T T o |
0 50 100 150 200

Pressure difference (MPa)

JUN 4.5 Anua1tueIn sRRRURAANIAINAIYBINIAN

ynAsmnuTdlofsnamnufuYesnsaaiiutuesdwalanangaidivesnis
SaveninTudivaanasiinameninadiuresnisdawinfu 55.5, 75.5,95.5, 1155, 135.5 uaz
155.5 MPa wieiisuiuaaud diinassmnuiueeinisaaviany 35,5 MPa fidusinis
AAAIYBIAINEMIVOINITAMNINY 5.62%, 13.79%, 17.97%, 19.55%, 20.23% uay
21.42% AU uasdanaliriaLaduensanve sty HVO anasiinasiapnudiu
Y09n158AIAY 55.5, 75.5,95.5, 1155, 1355 way 155.5 MPa awisufiumaruaitai
HARNIAINAUYRINITEAWINAY 35.5 MPa Jilesiusinnsanaiuesnuaid1vesn1saaminiy
5.78%, 11.15%, 14.70%, 17.99%, 20.16% uaz 21.86% ALAGU %"QL'T‘JuNammnﬁﬂmé’a
nssasvsadamaiiniuiuiioy :Jmuaamqm‘[uﬂaamsaﬂmwamaLwammmmum ol
dawalviile Control plunger ElﬂCﬂ’J‘U‘u‘BuLﬂﬂNﬂM’N‘lI’ENﬁ'J’]EJﬂHIﬁ‘ﬁBQ']’NWLﬂﬂ‘tl‘ULLﬁ"i.ﬂﬂl.LWVl
ansovnldduvesihdnuniiu mmm‘luqaaﬂ”ﬁamm‘naaLﬁuaLwaaumqwaawa'lw,ﬂmsq
fannsasnifuvehdatuldlinilugdanissamvondomdsiifidioondt uazarmadn
saansaavenhiufisaiiitosnimathvesnsanveniniy HVO finasmsrufunes
n158ainfu 35.5 MPa ifiu3.38% finasineausuueanisaawiaiu 55.5 MPa iy
3,220 INaRN9AAFUYDINITAAYIITY 75.5 MPa Winfiu 6.25% finasnem usiuueanisan
Winffu 95.5 MPa iy 7.08% finasinenanusuuen1sdnwiaiu 115.5 MPa winfiu 5.22%
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=l

TNARANALYDINITAAWINAY 135.5 MPa 11U 3.46% WasfiNan19AINAuYeIN1TRN

1 L2 dl‘ 1 s a L2 'OJ s E}d 1 v
Windu 155.5 MPa iU 2.84% mL‘fluwammnﬂﬂu@aﬁmsaﬂm%mmuu HVO ffiantoe
niflugdansdasvesiduiiwanunalugui 4.3

4.2 4522701352 (Injection duration)

270 A
]
= - 380 ¢ -
£ " .
5 -
'g 350 * 2
3 i
- O = i}
_g 3.40 2
k1 "
< 330 - ‘ # Diesel
| HVO
320 T T T o
0 S0 100 150 200

Pressure difference (MPa)

JUN 4.6 sravia1n158nAUNan19AINAUTEINTTAR

NNNSNNUIIBNRARIIANLAUYDINISAANLTU SEULIAINISAALLRLTUIUDS
Ei 1 s =l 1 al ‘3‘ d c%l I @t
PNAAINANUALYBINTIRAYITNUY 75.5 MPa karIsisuanadlalNuNaR19ANNALY8InN5an
DN FadlaWisunNUsLeenaINSaANNARIIANNALYBINISAAWINAY 75.5 MPasyesIaInis
rvoauniuflTavvanad 4.35%, 1.09%, 2.52%, 4.97%, 7.24% uay 9.70% ANas19ANNAY
YBINSAAWINAY 35.5, 55.5, 95.5, 115.5, 135.5 way 155.5 MPa m1ua s wazidatiigunu
= d‘ 1 @/ =} 1 al = g @
SEYLLIAINITRANNAANAIUAUYBINITANNINY 75.5 MPasyeriIa1n15anuaatisu HVO
LANAY 5.86%, 1.43%, 2.83%, 4.79%, 7.27% way 9.42% NNAANAUAUYBINITRAYVINNY
35.5, 55.5, 95.5, 115.5, 135.5 Way 155.5 MPa suaifiu f958883a1n15aniNaf19a3 U6y
YBINISTAAMNAU 35.5, 55.5 wae 75.5 MPailsregrianiuduilosunainaiasivesaussmdy
o/ = A ot v s =Y /s v v 1 L¥ Qs Q) A -4 =

vashidnamnsanziuliiuvesidaladaddtasuasamlugdanisonmdslidmatinis

e B P | ' @ = ) o & a = a o <&
Undunnaufisiinasiaanuduresnisdaminiu 75.5 MPa duillugaiiA1asivesauseiidy
YasdnlifinasanisUnfvswduimdaudiuazilanas1aanudutasnisaniaiu 955,
§ 1 L2 r L2 ‘J =f
115.5, 135.5 uay 155.5 MPa s¥pzliaintandvanaiileanandilugdanisdasiigaida

b7 Qi - o @ a a W [} ¥ @ a a Y] dy d‘ 1
annsnaiusviulabidegnluvesiidalindiauasyilvilluve swihdsasilaldudion

s Q) ot J { 1 @l ] = 1 s =

lugdanisdadiatiulasfnaseanudursanisdawiniy 355 MPa s282198IN158AT09
UUAALINNINSEEEIaINT5EAYE HVO WU 2.39% AHaR19ALSLYBINITanYInAU
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55.5 MPa s8ginaIn1sanvenindufieauiuninssesiiain1ssnves HVO winfu1.12% i
NAFN9ALALYBINTEAYINAY 75.5 MPa sreznainsanvenidufigauiuniissesiaan
M3EAYEY HVO Winffu0.77% finasannusiuueIn1sdnniafiu 95.5 MPa s88E1AIN15a0
YostnsfuflwauiuniisreriaIn1sanTes HVO Wirfu 1.09% finafieaufuyeInisdn
Wiy 1155 MPa seesiiansanvesiniufisauiuninssesiainisdaves HVO wirfu
0.58% FinasnIFUTBINISEAINAY 135.5 MPa svaransaaveniniufiwauuniy
SEUEAINTENYDY HVO Winfu 0.81% wasiinasisanudureinisaaminfiu 355 MPa
sypvinansanveituauunitsEEaIMsanras HVO winfu 0.49% Fudunasn
indlugdamssaivonitu HVO fideuniidlugdanssnfvenhiufiwashomugui
4.6

o e
4.2.5U3010UN152A VDL YDLNEGY

190.00 -
B
£ 16000 4 s I
2 ¢ =
= | al
S 130.00 ~
5 &
| o
2 10000 A <
Rk 5
-
T o 70000 A s * Diesel
o /O
40.00 - ; , :
0 50 100 150 200

Pressure difference (MPa)

= =i g = ow " . =
:‘a'U'VI 4.7 USan1saianaesnuUKan 1A uAuYIN13an

MnnsmnUILilonaninufuren1saniAiutusrdsmaliasuiunisie
Fomddafiuunniu Faiinaunsiademdwonitiuiiwassivefdudiuiuiodov
fuUsuInIsanfinas19aufueInIs8aWinAy 35.5 MPa winfu 48.43%, 77.29%,
98.52%, 120.21%, 137.71% waz 149.93% fnasaudurasnsiawiiu 55.5, 75.5,
95.5, 115.5, 135.5 uav 155.5 MPa Aud iy wazUSinaimsanidoma e iy HVO vxdl
% utuliioisufuUSIIuNSaRTNaRNIANRUYDIN1SEAYINRY 35.5 MPa iy
49.61%, 83.60%, 103.79%, 124.69%, 142.23% uay 164.28% finanamufugeinisin
Winfu 55.5, 75.5, 95.5, 115.5, 135.5 way 155.5 MPa anuad1diu @ausuianisaaiiiuiu
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Li‘JuNammﬂé'm'i"mmsﬁmmt.%aLwﬁaﬁt.ﬁnqﬁumumma‘mumiarﬂimaﬁwa@mmmﬁumaa
AN53ALYINY 35.5 MPa JUSun15Rave s uAwall AuInn 31U U NISEATD UL U
HVO wiNfUB.79% NHaR19ANNAUYBINISaMNINY 55.5 MPa fUSunmun1sanuasidudiya
alo 1 = - gn’ LY 1 @ :i' 1 o = 1 o
1AUINNIYUTUIUNITAAYDIUINY HVO 1M1AU 8.26% MKHARNINAIINAUTDINITRANINY
75.5 MPa fUSununi1s@avasdniuiwailanuinniiuSununisaavesuniu HVO windu

d [ ot = i s 1= g a 1] [
5.05% MNARNAIINANYBINISAAVINAY 95.5 MPa dUSunaun1sanvesindumwailaiuinnii
USHaun153avaeungiu HVO winfu 5.98% ARaAI9ANUAUIDINISRAYINAY 115.5 MPa i

= = ’o} o/ = = 1 = - g @l 1 s 4 1

USUIN1520veu U aiAIuINNIUSLINN152RY89UNEU HVO WInnU 6.62% ANafs
ANMUAUTDINITRAWNNU 135.5 MPa JUsuiunisdavesdduiwallaiuinnitusuiunisin
99U HVO AU 6.76% WazfNan19nuauY9InIsasiiny 165.5 MPa fUSu1munng
anvanhdudwaifiuinnarUSuranisanvosingdu HVO Wity 2.89%Fadunannaingn
AUAU UL UAG AT ATNINNTIATANL LU YTty HYVO Duldsiuannis
DRSNS ALt aunan It

m = pVA

P o a -
AD ORIINTIARLTINAEA (M /s)
= 1 3
ADAUNUMUY (ke/m’)
Sl v i 4

A9 funuThda (m?)

x> o Eu



34

4.2.6Discharge coefficient

0.80 -
0.75 "

0.70 ‘ ]

L 4
5 5

0.65 - -

0.60

¢ Diesel

Discharge coefficient
e

0.55
| HVO

0 50 100 150 200

0.50
Pressure difference (MPa)

= . & as | as =
3Un 4.8 Discharge coefficient NUNAANAIUAUYBINITAN

LInnImnuIndediunanisnudurasni sangeduardanaliel  Discharge
coefficient fAufiudumuluiae ad1 Discharge coefficient venisfufiwaiivofifus
nudieflouiud Discharge coefficient fina19RMFNIBINISEAWINAY 355 MPa
WU 16.79%, 16.28%, 18.77%, 22.88%, 25.06% Uay 26.49% AiHaf A LALY0IN15an
Winfiu 555, < 75.5, 95.5, 115.5, 1355 uay 155.5 MPa @ ud19u WazA1 Discharge
coefficient watinglu HVO il % iindudlofeuiua Discharge coefficient finas1aan
AUVDINITAMNNAY 355 MPa lvinnU13.94%, 18.52%, 20.37%, 23.17%, 25.88% uay
31.27% finasIanuiueeInsdamiafu 555, 75.5, 955, 1155, 135.5 ua¥ 155.5MPa
Audsu Tnefinan1anuRITeINSa3ainiy 355 MPa @7 Discharge coefficient v8s
dhiuiiwaiidruinninen Discharge coefficient Y3 HVOWINTY 3.229% fikas1eAay
fuvean1sdawinfiu 555 MPa fin Discharge coefficient vastindiuiigaiiArunnitad
Discharge coefficient vaathsiu HVO winfiu 3.99% finasiananuiusesnisdnamiafu 75.5
MPa ¢ Discharge coefficient vaathsiufiwaiiAnunnnindn Discharge coefficient vatingiu
HVO Winfiu 1.27% #inasnaauduresn1sdawinfiu 95.5 MPa A1 Discharge coefficient
youifufiaiidunnin Discharge coefficient vaeindfu HVO Wiy 1.84% fuasing
AUFLTBINTSEAWIATY 115.5 MPa #n Discharge coefficient vastnsiufigaiiAuinninen
Discharge coefficient 209113 HVO Winifu 2.98% waviinasieanufuyeenisanviniu
1355 MPa fin Discharge coefficient voasfudigaiidnunnninen Discharee coefficient
ganitiu HVO Wiy 2.88% usiikasinanuduyasnisaauiafy 155.5 MPa fn Discharge
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coefficient woeigiu HVO 9iifunndn 0.54% wesAn Discharge coefficient vostiniiu
figadaduranannuiunamsiavondemduarAanumuudailefunasiianauiy
vasmsEaniuiinunsinenitageuuazdamaliien Discharge coefficient SiAngetiuau
wilndqnasanvesen Discharge coefficient vestihsfunintiulnuqngeanuasen Discharge
coefficient woethiiu HVO azilArgandnn Discharge coefficient wasvinsiufiwa (Hunaun
MnARMENLIRLYTEY HVO fdrtesnitAanunuiniuresifufiwadwinlfiie
Cavitation ﬁmmﬁuqandﬂﬁwﬁuﬁwa%‘aé’ammlﬁmﬂniwwuaswam'mmam’hﬁmwmitﬁuﬁu
931 Discharge coefficient vaati1fy HVO fAnannnidnsnisiiutiuvasen Discharge
coefficient vostiufiauazen Discharge coefficient vaafufiwaudlndyngean
wazduiuanusulunisaatusnezillemaiuwuiliunisanaswesdn Discharee coefficient
Afunauanmsiia Cavitation Wusvnagvaasultimusannasslidosnnigagegaues
quﬁ‘u'lumii‘im%mwﬁwaa@'ﬁwmsmmaavmumﬁqm'svamaaulﬁ

4.2.7 Discharge coefficient Nu Reynolds number

sassause 40 MPa
. ) 60 MPa
| 80 MP
- rangnns a
8. n : '_: . ’-.-...l'lll..
,E_' ‘ & --.-...... wlsenage 100 MPa
& —0.74 P ooy
3 ety v 120 MPa
e L R
v ﬂ.hE J n srnsanus 140 MPa
') §
& espsenss MP
3 ‘060 _1 160 MPa
5, | ..
S (\55 23 ® Diesel
8]
0507+ : T - : :
6000 .~ 12000 18000 24000 30000+ 36000

F\C VYILoas num hor

E‘Uﬁ 4.9 Discharge coefficient iU Reynolds number

nnnsmwuIndediuauiulunisdnsydalien Discharge coefficient waven
Reynold number \fislsnndudsdn Reynold number vestinsfufiwaiiasidumiinduile
\Wigufiua Reynold number vasausulunisdndl 40 MPa winfu 43.53%, 69.58%,
94.80%, 121.65%, 145.11% wae 164.74% fieudulunisdawiaiu 60, 80, 100, 120, 140
WAy 160 MPa mud1iu wazA1 Reynold number asdsiu HVO fiesidudiiuduile
WiguruAT Reynold number vasAudulun1s@afi 40 MPa winfiu 42.46%, 72.84%,
97.43%, 122.17%, 145.92% uay 174.74% fiarusulun1sdaiiafiu 60, 80, 100, 120, 140

o w o i a o & - -
war 160 MPa mIuda16iu ¥3A1 Reynold number MinTutdunantanysuimunisdnues
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Woundsfiiistuiionuiulunsingeatu wagiinaudulunisdamindu 40 MPa 1
Reynold number washsfu HVO fAunnd1dn Reynold number yauhsfuiiwainiu
22.53% finwsulunisdawiniu 40 MPa f Reynold number ety HVO Sansunnnia
A1 Reynold number satisiufigawify 21.62% fiausulunisiawintu 40 MPa #n
Reynold number ga91su HVO ldwnnnindn Reynold number yesisiuRainiy
24.89% Firudulun1sdawiiu 40 MPa f1 Reynold number vaniiiu HVO fidunnnd
#1 Reynold number vasinfufiwawintu 24.19% Aierusulunisiawinfu 40 MPa #1
Reynold number waetiify HVO fidnnndndn Reynold number vasthdudigaminiu
22.82% finusulunsaawiniu 40 MPa A Reynold number sasthsiu HVO fidnunnnin
A1 Reynold number yeunsiufwawiiy 22.94% wariirusiulunisdawinfiu 40 MPa A
Reynold number wasiasiu HYO flduanni1A1 Reynold number yaahuiwawinfu
27.16% FadunamnanAarumnuivsenhsuiwaiiiidunnadadiaumnuiuee sy
HVO dsnaliiaruisvesiviufinasonainidavenisiufiaildtesnitanuiives
Pfuitlnasenaindavesiisihu HVO

4.2.8 Reynolds number fusanflaeses Cavitation number

33000 - 1k
W Diese
£ 28000 - & 5O
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2 . 23000 N a
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© 18000 1 -
n ™
as
13000 - .
&
8000 ; ; - -
1.00 1.02 1.04 1.06 1.08

Cavitalon number KA1/2

;ﬂlﬁ 4.10 Reynolds numberfiusInfiaaauaa Cavitation number

Pnnsmnuiiausulunisisvesiiae wlmiduwinfuardsmaliiasniians
983 Cavitation number vassasswiaisiuwiniu Tnsfirusulunisdawiiiu 40 MPa 9y
fifnsnfiaesves Cavitation number Wity 1.061 finudulunsdawiniu 60 MPa auiian
FIN#idesved Cavitation number WU 1.040 fimmusuluntsaawiiu 80 MPa axildnsan
fiaasve Cavitation number Wiy 1.029 finrusulunsdawiniu 100 MPa 9xild1snd
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@914 Cavitation number Wiy 1.023 firnusulunisdawinfu 120 MPa edidrsanidl
@3994 Cavitation number Wiy 1.019 finnusulun1sdawiniu 140 MPa asiiA1snd
@094 Cavitation number WU 1.016 wazfinumilunisaawinbu 160 MPa vziiAsn
flaeswos Cavitation number wiitu 1.014 Fsdunaldirdiuauiulunisinliastuas
ddmaiﬁfiﬂiﬁnﬁaaaﬁad Cavitation number ammuasﬁﬁ’liwnﬁﬂmﬁm Cavitation number
Wity 1.061 A1 Reynold number vaeinsfu HVO fAmnn31A1 Reynold number ves
dfufwawiniu 22.53%7A15nTiaeues Cavitation number Wiy 1.040 A1Reynold
number 983187 HVO diAunAndne Reynold number vesthsiufiwawihiu 21.62% fien

il
il

5In#iaeves Cavitation number Wiy 1.029 A1 Reynold number ya9tsiu HVO e
11AN71A1 Reynold number vpsihsfufwawiiiu 22.94% AA1snfideses Cavitation
number ¥11iu 1.023 A1 Reynold  number yoe ity HVO fldau1nniada Reynold
number venhuRgawiy 24.89% A3 nTiapeves Cavitation number Wiy 1.019
#1 Reynold number vouiniy HVO fiauinnnd1ad Reynold number sastisiufiwaiviaiy
24,19% Tifsnfiassuss Cavitation number Whitu 1.016 fin Reynold number 831i1afy
HVO fiFaanni1en Reynold number vevifudwaivindy -22.82% fie1sniidesves
Cavitation number t¥1fu 1.014 @1 Reynold number go9usTy  HVO fidnannndad
Reynold number wastnsufiwaiiiy 22.94% %dmﬂ%’m‘gaﬁlﬁndﬂﬁﬁ‘summiﬂuaﬂ‘lv'{'i']
5lae Reynold number gituardwaliAr9anilasiues Cavitation number aRALAY 3L
wlnden Cavitaion critical point Yesusiagthiuudiilesanniseseddruslunisaal
genadlavinliifiuge Cavitation  critical point (nsienisgmaasuliansanaasdld
Lﬁaamnﬁaqﬂqaqmmmmﬁ'u'[umsﬁ'ﬂL%ﬂmﬁﬂﬂﬁﬁﬂmsmaaummsﬂﬁ'}miwmaaalﬁ'i
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- o 253
4.2.9 Discharge coefficient nNusINVdasva9Cavitation number.

" # Diesel
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g‘lJ‘FIl 4.11 Discharge coefficient fusinilaeses Cavitation number

al i 1 [ J " 4 1 i
910U 4.10 wudnidiedsnnfiaesves Cavitaion number anasnzaIna Lo
. i = & i ’ ’ a a o % % | ’
Discharge coefficient iWuuLar AN Discharge coefficient aui5uAINEawlng Cavitation
. . [T = a g w & o o 9w o N 8 i
critical point WazaidausulunsaniunTudnayyiTldaaa1saiu Cavitation critical
point #vilviliiuAT Discharge coefficient anasusiilosandnaaeuliarnsayinsnaaey
o & J‘ - o o 8
ws1ziagagaanvesanualunsdaiiomdw i measuannsavinismaassls
N3N 4.10 WUINLDAITINTNABIUDY Cavitaion  number . anasazdsnalien
- 2 o & - L = N ) w i
Discharge coefficient 1YY WazilipA9INTId8suDe Cavitaion number 1SUNg 1 A1
. ’ ¥ o oo a o = ol = N
Discharge coefficient ¥83UMUAYIRILIUAINTINUIEAIIUIIAIUDITINNA@DIVDY Cavitaion
number WU LNE Cavitation critical point u&7usA1 Discharge coefficient 184173TY
HVO Safiudiuagmneauiial Cavitation criticalpeint 98uiu HVO 9zdlAagnina
Cavitation critical point ¥eshiufiwa umilossnnisnaasedliannsaiuiia Cavitation
24 8 5 - :l’ ar v J 1 o
critical number vaisapsvdnusiuldilioningnaaeuliaunsevinisneasuinsizils
@ = J = ¥ o o L
ogegavesanusulunsiaidemdesfinmmagsuannsavnisaassld
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4.3 Energy input

10000 - :
Energy input = Mpye Qnyv

T 8000 A
3
b |
= 6000
2
s
& 4000 -
g
5

2000 A B Diesel

B H\O

355 55.5 55 95.5 1155w, M55 1555
Perssure difference (MPa)

= % s | s =
3UN 4.12 Energy input NUHAATIAINUTDINITRA

4 1 al - 1 s 1 s v - g L |
mnnﬁwwwamemmwummmsamm'mu wmﬂwaanuﬁlmmm‘mﬂmuum‘éaqa
NIINAIUNLARINNITANUNNY HVO (iU 5.892%, 5.426%, 2.544%, 3.396%, 3.976%,
af i oF P i
4.105% uay 0.489% NNARIIAIUAUVBINITAANINY 35.5, 55.5; 75.5, 95.5, 115.5, 135.5
3 s H =Y a g s -l dd = 1
way 155.5MPa m1ianau %aLﬁuuammﬂU‘smmmiﬂmmmuumwawummmu'mrm
Usurnn1sanuedunaty HVO
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5.1 asuwanisfnen
INNINARBETINTaLUman  maaetesnilu 2 dwfe nan1sAnyiniseeniuuyngunsal
NARBIUATHANTANWI AN WL NIRALALTNTINTERYBIUTY HVO

51.1 WanIsAN¥INITRaNLUUYAgUNsalnaass

9inmsAny Iy nsesnuuugUnsaiyemaasiuililusunsu SolidWorks Simulation Tu
msoenuuuld Faanmsaigunsalansuuumuiilsinnses nuwuy Blulusunsumuingunsed
annsalFanléage esmntininismageunisia kasannsonuseuswuiidlunisnnasdld dsan
nsthgunsallulflunsmasesilemamdnyuenisimiuaunsomifuay natoyavigndasmi

L)

5.1.2 wansAnwaudnemusmsiauarnsnisiavesiniiu
PnAsAnv N autimenetesihshuareusulunsisveswhaniudanade
AN NSInaT
5.1.2.1 gudEivnamenwvesingiu
HAINATUVLANL LB WY
TnmsveaemUitm ualkurs s Ry HVO 8 sdenaliens
n198n YSuianisan wag Discharge coefficient vetnsiuieatirnannuanAdithiu HVO &
Tupdanisdnduasintu wuirhuhsuisainnninide Hvo

NN UAAANTINEN

MnNsnnaRINUPHaresltigdantsSasvositufiraiiisnaniiiiu HVo
danasion1svinauvewide laeluadanisdasidmalinuaivesmsdatassseziainisdnves
difufiwadiinnniniitu HVO

5.1.2.2 anuaulunsdavesingn
PINMInaassnuIiauaudulunsinvesidnlvuinduaraninseanaualin
194NT158A LazauITanNEnsINTan Usunans@a way Discharge coefficient Thunniula
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5.2 UDLEAUDNUY

NNNMSANIERSINSEANUIRaRTassINs e damaniulinaiiewnan
AuaTRmINen mesaendeinds ddluthiu Hvo duiiruederdsiuihdiufieaun
llinagfurnumila aramuiuiy Tugdanisdada Taeiisiu HVO dusedidiidesndy
hifuilwadnes ddluauantBimardiudiudmaiednsinsiadu udiofansunly
Foavsandanuudslutiiu HVO ﬁuﬁﬁwwé’emumm'§auﬁqqﬂ’jw1f’1ﬁuﬁwa Fafuiile
fosandmdnnisiluldluedsssudasaiune nanasfinrsandesnsinisaaudafafes
forsandmdsnudnde fauummdumaidemasdluvsuldiuldun
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ansvaTIAINRVALBawhin nsasidsssannavesnnuduiuiinadeuSunalunisie
vuTDNE
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anusoilvldluedeseud

4. imess Needle lift sensor iedunisindsufivoaduidnuayssoynisontes
msdnaseiivhdn
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B dIMIUNI5IATIZRAIAIULT I 9989UTUNTY SolidWorks

Simulation

Maximum von Mises Stress Criterion

The maximum von Mises stress criterion is based on the von Mises-
Hencky theory, also known as the Shear-energy theory or the Maximum
distortion energy theory.

In terms of the principal stresses ¢, @,, 05, the von Mises stress is

expressed as:
OvonMises™ {l(0,-0; )2 +(05-0, )2 +(0,-04 ) 1/ 2}1!2

The theory states that a ductile material starts to yield at a location when
the von Mises stress becomes equal to the stress limit. In most cases,
the yield strength is used as the stress limit. However, the software
allows you to use the ultimate tensile or set your own stress limit.

Ovonmises = Ofimit

Yield strength is a temperature-dependent property. This specified value
of the yield strength should consider the temperature of the component.
The factor of safety at a location is calculated from:

Factor of Safety (FOS) = Olimit / O\ oniviises
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U9Ya Specification pressure sensor

1. Static pressure sensor 31 PXT-2000

PXT Series Pressure Transmitters

Installation Instructions

Please read the following infor mation before installing.

20-02-0475
Favgod 0805
Section 05

MURPHY )

A visam| inspoction of this prodiict for damisge duning shipping & recommendad before mountng.

y & & 4 4 4

WARNING S 1

This Burphy insirument i s usc eni i e to damags when md to

siatic electrical charges. To wvond demage, observe the
« Gmond namiser body pedore neking electicsl camertions
v When discomnecting. ranove ground conne con jael.
o Cisconnec! o elscirical powe © the machine
¢ ke sure the machine oennct cpents dauring instal lon.
¢ Foli ow o] safety wamings of e machine maufackuner
v Read and lofliow aff instalietion mstuctions.

Description

The PET Serws pxmﬂ?mw‘lmwawol—uﬂ s reny provading £ o
X mA pages. They feagare 2 pred sn vicro-mechind &l digp: F wali
fully weklal sinless e prssar pon for gear accaay, Sy 2ad 2 wak
rage of compaigify. All weried pars e 3L sustoless swe] on Hatdow CI76

Specifications
Accuracy {Full Seale, Best Stralght Liss it 40 24% o bdin ¢ -wvimvy
fyiercas and repeassdiey. Long wrm g0 ility e s 0.2% PS over
rwehve {1 25 moathe,
Zevo Sedting: +0.5% of fall scdle 0 25% rypicall,
Span Segiing: ) 54 of fall ke BSLRSS),
lbm?mun‘had Prassure: S0 for ap o 50 ps (345 WPy
(38 Har. M0RG for hughar ranges.
Buordt Presune
Ramgea 0-1000 pa s G00% of full seake or 4000 i wincheve & lowe
Ranges 3NN pal 1379 MP) [137 Basi= 20000 i (775 MPa) 1775 Bar]
Respomse Tt Prequesidy resposne pster ‘wu kHe
Starage Tomperature; 65 #0 200°F (254 0 90
Operating Temperature: -4 o [AF | 4!4_\..!.:1 )
Conpensaied Tamperatur: &0 g | 60 -0 7%
Tata! Tharmal Fifects Over { ampensated Kange: 12'4- TS TER.
Phrysicd:
Enclmare: Weat s Reaoan:
Rody: 316 smainless sieel. Meas RACE MRGISTS,
Weaed Parw: 3761 wainless poel e HASTRILAY CI7,
Process Conmecton” 54 APT fawale
Ekcircal €ahle: Inwegral 66 o (V14 nom),
12 in. NPT male condi T Conmetiion
Envirennwntal Fffect
Hamidgy: ¥o effecr,
Moumang Pasinononiegaim has nop e gfect,
Reverse polarty protecied
Shack: 1000g 1 ms Hall snc Puke i cach of 3 mamlly perpendicad e aus
will ot affect performance
Vitwation: Effect on ouwpes reaponse & Jess Sun 0 5% Fidg a 3 Pesd
J0Hz g0 20z, Baised by 0015 in doable smphiade, (MIL STD 3 0C
Proc., 5142-2Z curve L).
PXT Power Requirenwents: Typically 24
Resimance Gmph, 930 VIX.
PXT Series Transmitter Output &3 mA, Zowee,
Tnsubation: Greancer fun 10 Motes @ 500 VDC,

led.

A VDC s required , asing the Laag

ALY

Ustnd tor Class |,
Div. 2, Groups A, B, C,
and Div. |, Grps. A, B, C, D with a Barrier

K¥] Protection: Fythe Fartpean sundends of BS EN 3082-2 1991 w
scoordance weh TEC 80 pare | © 6 for saspectibiley o EMT and ©
BS BN S0051-1992 lor eiissions.

Valtuge SirgeSpie: Protoaad aping 4800 V aplie 1o IBC 802, Revese
ol ity poiaod.

Seaded: Scaled & one ammosphere @ aea levd for ranges > 100 pal (639
MPaj (68 Baj

Vented: Veard by ranpes < = 1000 pw 539 MPa) 68 Barl.

Lataralary ol ULEUL Chaas L, Div, 1, Guoege A B, C.D. Class 1L,
Divimon 1, Ctvas B F, G, wiea instal ked wih sgproved herres par draw-
g 05-0%0054 VLA Class 1, Div. 2 Gops AR, €, D, Class [I
Gmas B F 6. noneimeendi ve perdrawing (508054,

Ranges Available’

Pressure Range:

Spedp  Por this range

INNC 0D w3 BT e W) o Thon #Y) - TS B
kR A g W pags Moo g m 200AN) 207 0a)
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2. Dynamic pressure sensor 3u 6053CC60

Pressure

Miniature Measuring Probe

KISTLER

for Non-Cooled Cylinder Pressure Measurement, M5 Thread

The miniature measuring probe with very small dimensions
and M5x0.5 mounting thread is particul arly suitable for direct
installation in small-capacity combustion engines with more
than two vales per cylinder The messuring element & identi-
cal to the standard sensor Type 6052C

* Good temperature stability of the sensitivity

o Acceleration-compensated

* Needs only € mm mourting bore

» Low thermal shock enorand long life thanis to the front
sed

* Very high sensitivity

Description

Type 6053CC.. uses a new type of PigoStar® aystal which
achieves high sendtivity in conjunction with an exremey
small sensor structure, The sensitivity deifts by a maximum of
20,5 % over the temperature ran ge of 200 50 °C. The pas-
sive acceleration compensaticn patented by Kistler keeps the
influence of en gine vibeations. to a minimum.

The front seal allows very good beat dissipation and . thus
briefly a maximum opemting temperature of 460 *C. The dia-
phragm, oplimized by finite dement caleulabon, produces
good measwing reailts and ensures a long service life.

The shape of the probe allows mounting with 3 very small
access bore. O4ings also permit mounting throo gh coclant
passages. The probe can be manu factured in custom len gths
betwem 30 and 120 mm.

Appikation
The sensor Type 6053CC. . Is an exoslient all-raunder. 1ts rug-
ged condruetion makes it suitable for meassrements at the
knock limit as well as for thermodynarmic invedigations. This
sensor s used mainky on mul i-walve engines, moter cyde and
other small engines and for combustion anaysis.

This sensor should be used when there is insu fiden t mounting
space avallablefor the Type 6052C ... .

At high speeds (vibrationg), prefemence should be given to
Type 6052C. ., since Wis primacil the bong vesions of Type
B053CC. ., which can assume sympathetic vibrations. For ap-
plications mainly in the knocking range or at very high peak
pressures, use of Type 8052C. . L20 with reinforced diaphvagm
theavy duty version) is recommended,

measure. analyze, innovate,
Type 6053CC...
T KRGS E
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The probe & supplied withaut a cably. Ses Accessories for
the vanous cables aailible for different applications. If the
sensor connedor is exposed direcly to engine oil, ¢ g when
installed through the vilve cover, the oil proof cable (IP67)
Type 19RIAC .. is recommended.

Technical Data
Mg udng range bar 0 .. 250
Calibrate d suls-ranges bar Q4= 950 0, 10,
0. 15
Owe foar) bar 300
Senativity /it ~=20
Heat Ural frequency, nomingl kM =160
Linewrity In all rarges
(2t 23°0Q /PO 404
Accale@bon senstraty
i bat/g 00002
radial bar/g 00005
Operaling lemper ature range b * -0 .. 1850
Temperature min /ha ¢ =% . 40
Connector s ™ 200
Pagn 14

This informuticn cormspoods to the curmat date of knowledge. Kitles maenes
herighto make ednica dhanges. Linkslity for corvequeral damage rending
frovm the: e of Kintler peodonts is 0w bded

2008 Kstler Group, Eutachste 22, S406 Winterth ur Swit e dad
T W1 B2 I 1Y, Fax <4152 T 1414, ird isflor oo, weess J il corn
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Miniaure Measemig Frobe - for Mon-Cooled Cinder Presum Measurement. A5 Thmad.
Wpe GOACL.,

measure, analyze, innovate,
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Fig Z Oienersiors of the mountingboos
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A
=l 9
. *Matrial dependent
wl = = N alloy 4mm
'l B 3 C-]!?:ﬂ ~Gray st ron 4mm
é -~ Steed 2% mm
Fig X Bore for cersir
Page 34
This information cormespoads 1o the oirent sate of knowlsdge. Kitler maeves 008, Kistler Croup, Eulachstc 22, B408 Vhnterthur. Switaedand
Hieright o mabke Bohnicd danges. Lisbiity for comegperial damage readl Tl ol B2 T2 11, B 4152 224 1414, infolldster aom , wee b kil oo

from the e of Kistier produc s s ¢ ided.



Electronics & Software

Charge Amplifier

%’aga Charge Amplifier Kistler TYPE 5011

KISTLER

measure, analyze. innovate.

Type 50118...

Single-channel multi-range laboratory charge amplifier

The: mains-operated , micioprocesor controlkd single-channel
charge amplifier Type 5011B... converls the electrical charge
produced by piezodectic sensors inte a proportional voltage
signal.

* Large measuring range

* Wide frequency range

* Automatic zerg comrection

« Adjustable low-pass filter and time constant

« Various o plions and versions provide optimum adaptation to
the measuring problem

» Confarming to C€

Description

The main features of the instrument are its continuous meas-
uring range adjustment mnge from +10 .. £999 000 pCand
convenient adjustment of the parameters with a two-ling LC
display. The values entered are refained in the event of an
interruption in the power supply.

A built-in 1EEE- 488 paralld interface or a serial RS-232C in-
terface & available & an option, This enables all set values to
be entered or queried. Transmission of data measured i not
posdble.

The wersion .Y 50 additionally has a dift compensation and is
used in engine measuring technolo gy with uncooled sensors

Application
This amplifier serves mainly to measure mechanical quantities,
€.g pressure, forte or anceleration.

The instrument dimensions are DIN standardized and 1t can be
supplied in a desktop or rack mount case.

The prindple meagsrement without caleulation:

* Set sensor sensitivity

* Select display scale

* Sensor sensilivity and scale are digplayed

* St the signal output of the data acquisition unit (recarder,
oscilloscope..). for example to 1 Vunit (1 Veny

* The display appears directly in mechanical units according to
the display scale seleched

56
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Charge Ampifies - Single chana multi vane aboriary charge enplifier, Type S0118..

i

KISTLEH

re. analyze. innovate.

Technical Data

Basic unit Version ...Y50, Drift compensation; at [TC) setting *Drea’

Measuring range for 10V 15 pC 10 ... £999 000 Time constant (TC] (High-pass filen

Sersor sensitivity (1] pomal. 001 .. #5990 Long s =1 000 .. 100 000
ML = Mechanical units) Dico - Or iffcompensation

Scale 5] MUN 000 .. 990000 Short(T=R-C) 5 oM .. 100

O tput voltage W 10 Dinficomgen sation;

Cutput current mA # at [T1C] setting *Drco®
{short- circuit protected) Range for s10V FS pC 2100 ... 595 000

Output impedance 1 10 Zeto point error my <20

Frequency range (-3dB, Fller “OFF) kHz =0 .. 200 Max. Enor in sigmal repetition % <1

Lo -pass filter kMz (%) 001 ., 30 (2160 trequency range
upper cutoff tregue ncy -3db Slgnal mpetition frequency ange Hr 5 .. in dependence of the
Bulterworth, 2 pin selected low-pass filter
8 stages (1.3.10.)

Time constant [TC] tigh pass filter) Option: Pa did Interface IEEE 488 Type 5605A
Long 5 >1 000, 100 000 Standardized interdface with [0 625-1 eledrnically compatible for re-
Medium (T = B-C) E s 1., W 060 mate contratand checking of all parameters. Measured data are not
Short (1 = R C) 5 0,01 ... 100 tansmitted.

Enor Standand wed Type IEEE-488-1978
<2100 pC 5 {ma . /typ) % “23i<yd Max distance between 2 kstiuments m 3
=2 100 pl FSmax /typ.) o <21/<£0,5 Max, Mt‘h m 20

Lincatity HFS <2005 Max number of instruments - 15

Tois MV, w515 an the bus
999 pOV (1pCA) W <4 («8) Address range - 30

Loss due to cable pCadpF <3 10" Functions - Listenes, Talker
_capaatance

Driftat 25 *C s <x0.07 Option: Serial Interface RS-232C Type 56114

Standardized intefacs for remeote cont ol and chec ling of all param-

Cereml Data etem. Measumd data nat tramsmitted.

Operatin g temperature rnge - 0. 50 Standard usd Type  RS232C resp WM

Connections Max cible length mipF) 20 (2 5000
Measiring inputignal cutput - BNC negative Bawd vates Baud 50, 110 250, 300, 600,
kemaote control - Connedor € pin 1,300, 2 400, 4 8OO
{Operaty Ovedoad. ) DIN 45322 Humber of data bit it 7org
Pow er plug - IEC 320.€ 14 Number of ap bit Bit l1or2

Confisrmity 1o EC Dwective Paiity - without, even or odd
Safety = ENG1010-1 Software protocol XON/XOFF ot allowead
ERAC Imte e e e Bmssion = ENSD081-17EN S0081-2
EMC Inhltm Iminwnity - !N!mﬂl*lm&)

Fower, switchable VAC (%) 2307115 (-22/415)

(Protec ion dass b Ha (VA) a8 ... 62 (20

Voltage between protedion Vi <50
and measuring ground

Dime s ions
with desktop case Tepe 74741 mm X 141x195
for rack mounting mm 71,125 128, 7x169
Front panel according o HE {mm) Inen
DIN 41494 (Part5) TE {mm) WAy

Waght kg »2
{incl. IEEE-488 or RS-232C)

Page 276

This informmiion cresponds to the airmnl state of knowledge. KsBer reserves
the right to mike techcal dhanges, Liahility for conssquential damage msuting
fom e use of Kistler products is excluded .

€200, Kigtler lnstrumente AG, PO Box, Eulachel 22, OH-B40E Winterthur
Tel +A152224 1111, Fax +4152 224 W 14, info@kistlen com, wwwki e com



U9ya Specification ¥4 Pneumatic cylinder

Thraad loBrance JIS dass 2
i D Por size g NPT, G) RerE DA e 1A Aegeris] R e T RerT e e 2)
Double acing : Basic, Foot, Front Range, FAear flangs,
Single clevia, Double clews, Center runnion
i Non-mlaling scouracy 850, 083 .5
Made to Order ool .3
(Refer mmaﬂbr made jo onder 42 025 =50 G019
PRGSO ervico MBYD m“ iy iaree 240 08 2100 093
[symbo|  specificaensesciprons ' 0%0. b3 a6l - =
[=XA53| Change of rod end shaps N 1] Ao able Kot gy by Gt A i e foal B b acihg 4ngs od.
o = ooitpenking ;::'.ml m.mm#wm.wumm-uuwmmm
| —XO8 | Patonrod md rod end nutmade of dailess ed Accessories
Tie rod. cushion vaive, Be rod nut L BF X ) >
“TCT | ot made of staiitioms sted G ﬁ Center
—XCB | Ajustibl strkecy|ime Adussbis men 1ok ¢ 5 b
[0 | Adjntitm siwde ofie B quadi vars aic . L
[ 10 Cu sl o¥ cke cyhnd euDouble 100 hd »e
[p_.-gu Change of trunsion brckel mounting posiion . .
 xisg| Do !® clevis pin and dowble
..uw Kknuside pin - . . 1 L [ ]
Doubie knuckle joirt with sprin g pin . L

Non-rotating Rod Series MBK

Specifications
Bore sze jmm) 32 | s | 50 | o3 | ® | 100
Action Dauble ading single rod
Flaicd A
Prool pressure 1.5M%a
HMax operaling pressure 1.0Ma
Min. oparmting pressure 0.05MPa

Withou! sut switeh: —1010 70°C (No freeang

Ambient and fuld lemp e

With auto swiich: -10 D &I'C (No freeng)

Lubncaton

Nd raquired (Non-lube)

Operating piston spaed

5010 1000mm's

Allowable stroke tolerance

up 10 250;°1 % 251 10 1000:°1 %, 100110 1500:° 1 *

Cushion "

Baoth ends (Al oushion

250, 30, 350, 400, 450, SO0, 600

(kg

7 fea2 | A8 88 60 | 1@ |
050 | odm | 12y [ 15 | 288 | 278
oy FDU! 062} o.® 141 1.75 3.23 436
5 Flangs 079 | 108 | 184 | 230 | 4003 | 7.04
T g Vo R4 — Sirgle clevis 0.75 | 0. | 155 | 214 | 269 | 680
. ; Diouble dews L6 | 098 | 1584 250 | 398 742
» iﬁwﬁ&mﬁﬁ‘;&ﬂ;‘? 200, Trumnion o7 | vt [ 18 [ 2 [ 48] ra0
4 h d v d Addipn weight pet 50 stoke | All mounting bracket | 011 015 | 028 | 027 | 040 | 0O.52
%0 25, 50, 75, 100, 1285, lﬁi.:ns. 200, Single knuckle 016 | 028 | 026 | 026 | 0.80 | .83
250. 300, 350, 400, 450, 500, 600 i Doutie inucHe i )| 0,22 | 097 | 043 | OA3 | 087 | 127

25, 50, 75, 100, 125, 150, 175, 200, [ S |m\ﬁwbnm¥cwp§‘[ 003 [ 003 [ oos Joor o[ o]

Adgitional weight per S0 stroke

Jot6 [ 021 o Jow [0 | o= |

265, 80, 76,100, 126, 160, 175, 200, 260,
A0, 390, 400, 480, B00, 606, 700, B0

Celculabion example: MBKBX2-100 (Basic, 032, 100s8

5,50, 75,100, 125, 150, 175,200, 250,

108 | a6, a0, 400, 426, 500, 600, 700, 800
SHckes e
Nospacer is used:

® Basic waght -~ G50 (Basie a38)
. A weight - G11/50 siroke
® Cylinger stroke - 100 siroke

0.5040. 11X 100500 72g

GsSvC
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?ﬁ'aga Hand pump (Diesel Injector Nozzle Tester / Pop Pressure

Tester - Dual Scale Bar / PSI Gauge)

Injector Pop Tester with 0-600 Bar / PS| Gauge

Model: NTD 600

Injector Pop Tester with 0-600 Bar / PS! Gauge comprise precision
designed and constructed range of nozzle testers that are made
available with alurminum cast injection pumps operated through use of
hand lever

Coming with semi transparent fuel container with 5 micron genuine
Bosch filter, these are three way shut off valves featuring heavy duty
Brass Bourdon tube Pressure gauge with dial of 150 mm, thread of
3/8 " BSP and working range from 0 - 600 Bar & 0 - 8500 PSI These
also come fitted with genuine Bosch piunger as well as option of
delivery valve and filter so as lo provide for optimum functional
supporl

The nozzle tester consists of
Aluminum Cast Injection pump operated by a hand lever
Semi Transparent fuel container with a 5 micron genuine Bosch
iter
Three way shut off valve

Heavy duty Brass Bourdon tube Pressure gauge - 150 mm Diai, 3/8 " BSF thread Dual Scale Gauge

= Ranges. 0 - 600 Bar & 0 - 8500 PSI
Fitted with genuine Bosch plunger, delivery valve and filter




%aada Specification 424 Solenoid Valve 5-Way 3-Position

sruariduaaidavauaan:

L] ] L] L] L] L L] . o L 3 L] . - L . L] L] ]

Product Name: Pneumatic Solenoid Valve

Model:  4V230C-08

Working Medium: 40 Micron Filtered Air

Motion Pattern: Inner Guide Type

Type: 3 Position 5 Way

Material:  Resin, Plastic

Working Voltage/Current/Power:  DC12V, 120mA, 3.0W
Temperature: Rise 35°C

Operating Pressure: 1.5 ~ 8kgf/cm2

Effective Area: 12mm?

Port Connection: Air Inlet =Air Outlet=PT 1/4, Exaust =PT 1/8

AirInlet Diameter: 1.15cm/ 0.45"

Air Exhaust Diameter: 0.85¢m/0.335

Black Pull Into Diameter: 1.1cm/ 0.43"
Wiring Form: Direct Lead Wire or Connector

60

Total Size (Approx.): 199 x 6.5x 2.2cm / 7.5" x 26" x 0.9" (L*W *T)

Color: White, Black
Weight: 321g
Package Content: 1 x Pneumatic Solenoid Valve



{oya 1n3pstiuiinnansneasa Digital Oscilloscope DS1052E

“nu!‘ ”?_‘%?E.. ¥ : o O ———— 7 s TR

Features | Specifications ~ Documents Software ' -Accessories
Model DAghdiEsl W < R % |
' Bandwidth 50 MHz
| Analog Channels 2
 Vertical Sensitivity 2 mV/jdiv - 10V/div
Real-time Sample Rate |1.GSa/s {each channel) . 500 MSa/s (dual channels) |
jE:}uivalent Sample Rate 10 GS5a/s
Mode capture rate cnminon lorg memory \
LGRS 1 GSa/s 16 kpts N/A 1
' Memory Depth 500 MSa/s . | 16 kpts 1Mpts |
1 ~ G /
| dual channels ggg mngi g igttz Sg'ibts
or less
Standard Interface | USB Host & Device,RS-232, P/F Out
|Vertical Resolution Srbits
|Math +, -, %, FFT
[ Max Input Voltage All inputs 1MQI15pF 300 V RMS CATI
Cursor Measurements Manual, Track and Auto Measure modes

DS1000D/E Specs
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1. AuvULUY (Density)

[PV‘ Designation: D4052 - 11

Standard Test Method for

62

yAUNAIUYRIASFIUNIVIAFBURNANTATBNTBINAS

Density, Relative Density, and APl Gravity of Liquids by

Digital Density Meter’

This sundand i iwoed mder the fixed designation IROS2 ¢ numba immed ately following te desigoaton indicakes 1he year of
origmal adogmion cr, in the case of neviion, the year of kst revision, A nember io pasen beses mdioaes the war of lag reapproval, A
supercTipt epsion (2) indicstes an edilorisl chungs smoe fhe Ind oviskon or eapproval

This standard has been approved for e Iy agencies of the Deparmerd of Definse

1. Scope*

L1 This test method covers the dete rmination of the density,
relative density, and APL Gravity of peoolean distllates and
viscous cils that can be handled in a nemmal fashion as liquids
at the temperat ure of tedt, ulilizing either manual or sutcmated
sample injection eguipment. s applicaion iv resticed ©
liquids with tofal vapor pressures (see Test Mathod DS 191)
typically below 100 kPa and viscosities (see Test Method 445
or D7042) ypically below about 15 000mny' /8 at the wem pers-
tare of test, The total vaper pressure limtation however con be
extended 1o > 100 kPa provided that i is first uscenained that no
bubbles form n the Uishaped, oscillaing whe, which can
affect the density detenminati on. Some examples of products
that may be tested by this pocedore include: pasoling and
gasoline-oxygenate blends, diesel, jet, basestocks, waxes, and
lubricating oils.

111 Waxes and highly viscous samples were aot ing luded
in the 1999 inedaboratory stdy (LS) sample et that was
used 10 determine the currenl predsion saements of the
method, since all samples evaluated it the time were analyzed
ata st emperature of 15°C. Wax and highly viscous samples
require a tempersure cell opeaed @ devated temperaures
necessary (o ensure @ liquid test specimen is introduced for
analysis, Consult instruraent manufacturer instructions for
approjriale guidance and precifions  when alteinpling 1o
amalyze wax or highly viscous samples. Refer 1o the Precision
and Bias section of the method and Note B for more detailed
inforrmati on about the 1999 ILS that was conducted,

1.2 Incases of dispure, the refere method is the one where
samples are introduced mannally as in 6.7 or 6.4, a5 appropei-
ate for sample type

1.3 This test method should not be applied to samples so
dark in color that the absence of @r babldes in the sample cell

"This st mabod & onder (he jurisdicion of ARTWML Commites DO2 on

cannot be established with certainty, For the determination of
density in crude oil samples use Test Method D3602,

1.4 The values stated in 51 units are regarded as the
standard, mless stated otherwd s, such as the “tarr™ units of
pressure in o | The accepied units of measure for densit y are
grawis per millilitre (g/ml) or kilograms per cubic mere
Ryt

15 This sandard does.aon purport jo address all of the
safery concerne-df amy, associated with W ase. It is the
responsibility of the user-of thy standard 0 establish appro-
prisie safery and healih praciicPsand determine the applica-
bility of regulawry limiwsions prier @ we, For spedfic
warning salements, se¢ 7.4, 7.5 and 10.3.

2. Referenced Docunents

2.1 ASTM Standanis:*

87 Test Method for APT Gravity of Crude Paroleum and
FPayoleum Poducts (Hydrometer Method)

445 Test Method for Kinematic Viseosity of Transparent
and Opaque Liquids (md Cal culation of Dynaric Mscos-
ity)

D195 Specification for Reagent Water

D1250 Guide for Use of the Petrd e Meamurerment Tables

D29% Tes Method for Density, Reldive Density ( Specific
Cravity), or APL Gaavity of Crude Petroleum and Liquid
Parglearn Products by Hydrometer Method

M0S7 Practice for Manual Samipling of Paroleum and
Petroleum Products

14177 Practice for Autonatic Samplisg of Petrolevm and
Pairaleam Products

D377 Test Method for Water in Grode Oils by Potentiomet-
ric Karl Fscher Titrati on

25002 Test ‘Method for Depsity and Relative Density of
Crude Oils by Digital Pensity Analyzer

D5 191 Test Method for Vipor Pressure of Petrolenn Prod-
ucts {Mini Method)

Prtrobens Produoty and Lubricants wd s the disect regeonsd by of Silcommitee
D02.04 613 ety Phiysi cal snd Chenical Metbids

Cwrrent adiion approved Oct. 15, 2011, Publikhed December 201 1. Originally
approved @ 1981, Lad previons ediim approved in 2009 as IMOS2-00. DOL:
HOLISAVD4A2-11

A S

* For referenced ASTM standwrds, visii the ASTM welnile, wwwassnong, o
comact ASTM Cusomer Service i verviceftadm org. For Ammead Mok af ASTM
Stamdards wilsme inlormat kv, reder o Uhe dard s 1) § Y ge on
the ASTM website

atl the end of s standard

¥ of Chang,

wotlon app

Copynghi © ASTM Imemationel. 100 arr Hamar Drive, FO Box G700, West Conshohocken, FA 182050, L iind Staie

Cogright by ASTM et (all rights reservedy, Fri Sep 6 005734 EDT 2013



2. aAuniia

Designation: D445 - 12

Designation: 71/1/97
Standard Test Method for

Briten, Starvaaed 2000: Part 711980

Kinematic Viscosity of Transparent and Opaque Liquids
(and Calculation of Dynamic Viscosity)'

This sandand is bsued under the fired designation D44S; @e number bmedimely following the desipmation indicates the yorr of
vrigind adoption i, in the case of revision, the year of last revision. A mamber in porersboses ind cans the yoar of last reapprowal, A
superwript epsiion (e indicates an editorial charge since e st reision or reapproval

This gandard hux been approved for use v ageacies of the Deperimers of Defmse,

1. Scope*

1.1 This test method specifies a procedure for the determi-
nation of the kinepsalic viscosity. v, of lquid petrolemm
products, both transparent and opague, by measuring the Ume
for a volume of liquid © flow under gravity thwough a
calibrated glass capillary viscometer. The dynamic siscosty, 4.
can be obtaiped by mukiplying the kinematic viscosity. v. by
the density, p, of the Heuid.

Nore | —For the me asure ment of the kine maric viscosiry and visco sty
of bitumens, sec also Tost Methods D2 )70 and D271,

Nare 24503104 comesponds 16 Test Method 1445,

1.2 The resull obtained fem this s method is depe ndent
upon the be avior of the sample and is intended for a pplication
10 liquids for which primarily the shear swess and shear rakes
are proportional (Newimian flow behaviar), 11, however the
viscosty varies significantly with the rate of shear, different
results may be obtained from viscomete s of different capillary
diameters, The procedure and predsion values for residual foe
oils, which under some conditions exhibit non-Newtonkan
behavior, have been included.

1.3 The range of kinematic viscossties covered by (his test
method is from 0.2 © 300000 mms Gee Table &1.1) atal]
temperatures (see 6.3 and 64) The predsion has only been
determined for those malerials, kinematic viscosity mnges und
tempen res as shown in the foctnotes 1© the precision sec bon.

1.4 The values gated in ST units are 1o be reganded as
standard. The SI unit used in this test methad for kine matic
viscosity is o8 and the ST unit used in this testmethod for
dynamic viscosity s mPass, Fof vser reference, 1 mm s = 10
ms = 1 cStand | mPas =1 ¢P = 0.00] Pass

‘This st method & wder the jursdicticon of ASTM Committes D02 on
Perreleun roduce ard Lubricants and in the direey respood Wiy of Suboomeniiwe
DOZAR on Flow Propemies,

Cureni olition sppoval April 15, 2012, Published Muy 2012 Originally
approved i 1997, Laxt previow edidon approved in 2000 e D S-11a TOL
15,1520 S 12,

In the IF this test mathod & woder the jurisdiction of te Stasderdimiion

1.5 WARNING ~Mercury has been desgnated by many
regularory agencies as a harardous material that can cause
central mervous system, kidney and liver damage. Mercury, or
s vapor,_mat be hazardous o health and corrosive 1o
matetials, Castion should be taken when handling mercury and
mercury comaining produces. See the applicable product Ma-
taial Safay Do Sheet (MSDS) for details and EPA's
website—hitp:/fw ww.e pa govimercury/fag. Mm—for addi-
tional information. Elsers should be aware that selling mercury
and/or mercury contaning products into your ate or country
may be prohibited by law.,

L6 This standard does nor purport 1o address all of the
safery concerrs, i any. associcted with @is wse. It is the
resprnsibiliy of the weer of this-gandard 1o establish appro-
priute safery and heolth prictice s and determine the applica-
bility of regul aiory Mmiliadions priee o use.

2. Referenced Documents

2.1 ASTM Siandardss®

DH40 Specifications and Operating Insbuctions for Glass
Capillary Kinematic Mscometers

INA93 Specification for Reagen Waer

1217 Test Method for Density and Relative Density (Spe-
afie Gravity) of Ligoids by Bingham Pycnometer

131 450 Test Method for Density and Re lative Density (Spe-
cific Gravityj of Viscous Matenals by Bingham Pycnom-
e

48] Tesr Method for Density and Relative Density (5pe-
cilic Cravity).of Viscous Materials by Lipkin Bicapillary
Pycniomet er

D2162Practice for Basic Calibration of Master Viscometers
and Viscosity Onl Siandands

D2170 Tes Method for Kipematic Viscosity of Asphalts
(Bituinens)

7 Fos peferenced ASTM sandards, vish the ASTM website, www.astmorg, o
eomad ASTM Cunumer Service il sarvice@aam.ong. Far Amual Book af ASTM

Commitioe.

Stundandy volume ik g, relor 10 the sundard's Documen Semmary uge on
the ASTM aelnite.

A Summigy of Changes section appesrs st the end of this standard
Gopwight © AS 1M Intemational, 100 Barr Harbor Drive, PO Box (700, Wost Conahohockan, Fi 194282063, U mted Siates

Copyright by ASTM It (alf rights reserved), Fin Sep 6 01 0455 DT 2043

63



64

v e S IR | a =
YouaUnuniuyanaIveIATeEud 4)J1-TC

ISuUZuU

43J1-TC Engine-38

FUEL SUPPLY PUMP

FSP merupakan jantung dari tipe penginjeksian bahan
bakar elektronik sistem common rail, injection pump tidak
dipakai lagi dan supply pump type plunger dibuat untuk
men-supply bahan bakar bertekan tinggi ke fuel rail.

Supply pump dipasangkan pada posisi yang sama seperti
injection pump konvensional, dan digerakkan 1.1 terhadap
mesin. Feed pump (trwndtype)dmasangdbmm
supply pump uniuk menyedot bahan bakar dani fuel tank ke
plunger chamber. Juga, pada supply pump dilengkapi oleh
suction control valve (SCV) untuk mengontrol supplay bahan
bakar bertekanan tinggi ke fuel rail dan sebuah fuel tempera
ture (FT) sensor untuk mendeteksi temperatur bahan bakar.

1. Fuel Temperature (FT) Sensor
2. Suction Controf Vake (SCV)
3. Fuel Supply Pump

4. Bracke!

Catatan! Untuk membuat karateristik fue! supply
pump sesual dengan kerja ECM, biarkan mesin
idle selama pemanasan setelah ECM atau supplay
pump diganti. Jika DTC's fuel system tersimpan pa-
da waktu yang ditentuken, Sekali menghapus DTC
lalu panaskan mesin lagt.

4JJ1-TC Engine-38

Fuel Tank

Fuel Filter
Suction

Fuel iniet

Feed Pump
Regulating Vake
Suction Cantrol Vaive (SCV)
Refurn Spring
Plunger

m Saction Valve
11. Dedivery Vaive
12 Fuei Overflow
13. Return

14. Fuel Rail

15. infector

16 Driveshant

17. Suction Pressure
18. Feed Pressure
19. High Pressure
20. Return Pressure

R TR T N

Bahan bakar dihisap masuk kedalam plunger chamber
oleh teed pump yang ada didalam supply pump, dan se-
lanjutnya ditekan dengan tekanan tinggl ke fuel rail oleh
dua plungers yang digerakkanoteh camshatt disitu. Kerja
SCV berdasarkan signals dari engine confrol module
(ECM) yang mengonirol kuantiti dan timing bahan bakar
untuk disupply ke fuei rail. Type pump ini dapat mense-
suaikan jumiah bahan bakar di tekanan rendah dan pe-
ngiriman tekanan tinggi bila diperiukan sehingga efisien.
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FUEL RAIL (COMMON RAIL)

Dengan dipergunakannya tipe sistem elektronik peng-
injeksian bahan bakar, fuel rail dihubungkan ke saluran
tekanan tinggi bahan bakar antara supply pump dan in-
jectors. Sensor tekanan dan pressure limiter (pembatas
tekanan dipasangkan pada fuel rail. Pressure sensor
mendeteksi tekanan bahan bakar didalam fuel rail

dan mengirimkan signalnya ke ECM. Berdasarkan signal
ini ECM mengontrol tekanan bahan bakar didalam fuel
rail memalui Suction Control Valve di supply pump.
Pressure limiter membuka valve secara mekanikal untuk
menjaga tekanan saal tekanan bahan bakar didalam fuel
rail sangat berlebihan.

1. Fuel Rad

2. Fue! Rail Pressure Sensor
3__Pressure Limiter Valve

4. Fiow Damper

8. Bracket
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Operation of Suction Control Valve (SCV)

Sblenoid valve type linear telah diadopsi. ECM me-
Engontral 250Hz duly ratio (lamanya wakiu arus yang
bekena di SCV), yang bertugas mengontrol jumiah
bahan bakar yang dikinm ke plinger tekanan tinggi.
pressure plunger. Beban berputar supply pump berku-
rang hanya saat jJumiah bahan bakar yang diterima rail
pressure sudah sesuai target

Saat arus mengalir ke SCV, tekanan electromotive va
riable dihasilkan sesual dengan duty ratio, mengge-
rakan armature ke sisi kir. Armature menggerakan
cylinder ke sisi kn, mengubah fuel passage terbu
ka dan dengan demikian mengatur jumiah bahan bakar
Saat SCV OFF, spring pengembali akan mendorong
membuka penuh fuel passage dan bahan bakar menga
lir ke plungers (Full quantity intake dan full quantity
discharge) Saat SCV ON, tekanan dari retumn spring ber
gerak mendorong cylinder ke kanan, menutup saluran
bahan bakar (normally open)

Pengontrolan arus SCV dapat dilihat di data display
Tech-2 dengan unit “mA”". SCV On duty ratio juga da
pat ditemukan di data display Tech 2 dengan "%

1. Valve

2 Coft

A Small Duty Ratio (Large Suclion Quantity)
B Large Duty Ratio (Small Suction Quaniity)





