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Matematicni model za numericno simuliranje

procesa vbrizgavanja v visokotlacnem
vbrizgalnem sistemu ECD-U2

A Mathematical Model for Numerical Simulation of the Fuel
Injection Process in the ECD-U2 High Pressure Injection System

Breda Kegl

V prispevku je predstavljen matematicni model za numericno simuliranje procesa vbrizgavanja v
elektronsko krmiljenem visokotlacnem vbrizgalnem sistemu ECD-U2 za dizelske motorje tovornih vozil.
Matematicni model temelji na predpostavki, da je tlak vbrizgavanja na izbranem delovnem rezimu nespremenljiv.
Glede na to je pozornost posvecena predvsem procesom, ki potekajo v vbrizgalni Sobi. Obravnavane so razlicne
izvedbe vbrizgalne sobe. Tako se lahko v modelu izbira med dvema razlicnima tipoma solenoidnih ventilov
kakor tudi med uporabo dusilne ploscice ali hidravlicnega ventila. Vplivi razlicnih elementov na karakteristike
procesa vbrizgavanja so na podlagi numericnih rezultatov na kratko analizirani.
© 1999 Strojniski vestnik. Vse pravice pridrzane.

(Klju¢ne besede: motorji dieselski, vbrizgavanje goriva, simuliranje numeri¢no, karakteristike vbrizgavanja)

In this paper a mathematical model for numerical simulation of the fuel injection process in the
electronically controlled high pressure ECD-U?2 fuel injection system for a Diesel truck engine is presented.
The proposed mathematical model is based on the assumption that the injection pressure of a selected engine
operating regime is kept constant. Keeping this in mind, attention is focused on the processes in the injector.
Several configurations of the injector are considered. Consequently, it is possible to choose between two differ-
ent types of solenoid valves, as well as between the return and the boot valve. The influence of different param-

eters on the injection characteristics is discussed briefly using the obtained numerical results.
© 1999 Journal of Mechanical Engineering. All rights reserved.
(Keywords: Diesel engine, injection process, numerical simulations, injection characteristics)

0 UVOD

Zelja po hkratnem zmanj3anju $kodljive
emisije izpuSnih plinov, hrupa, specifi¢ne porabe
goriva in povecanju zmogljivosti dizelskega motorja
tovornih vozil terja poleg visokotlatnega vbrizgavanja
tudi boljse krmiljenje sistema za vbrizgavanje goriva.
Za uresniCitev omenjenih zahtev so dandanes razviti
Stevilni vbrizgalni sistemi za dizelske motorje tovornih
vozil. Eden izmed uspes$nejsih je visokotla¢ni
vbrizgalni sistem ECD-U2 proizvajalca Nippondenso,
ki se od leta 1995 vgrajuje v 8-litrske motorje Hino.
Krmiljenje sistema ECD-U2 lahko minimizira
spreminjanje koli¢ine goriva med posameznimi valji
ter zagotavlja manjsi hrup od osnovnega za 3,5 dBA
in manjSe vibracije kabine za 50 odstotkov [1].
Poudariti je treba, da je z majhnimi prilagoditvami v
konstrukciji okrova vbrizgalne Sobe ta sistem primeren
za vgradnjo v razli¢ne motorje [3] in da ima odli¢ne
karakteristike procesa vbrizgavanja. Za Se nadaljnje
izboljSanje teh karakteristik pa je potrebno dobro

0 INTRODUCTION

In order to simultaneously improve the
emission, noise, specific fuel consumption and Die-
sel engine performance characteristics, high pressure
fuel injection as well as full injection control are re-
quired for the injection system. To meet these require-
ments, several injection systems have been devel-
oped for medium-duty Diesel engines. One of the
most successful injection systems for truck Diesel
engines is the Nippondenso’s ECD-U2 system, which
has been bult into 8-liter Hino engines since 1995.
The ECD-U2 control system minimizes the differ-
ences in fuelling between several cylinders and in-
sures about 3.5 dBA lower noise level and 50 % less
vibration of the cabin [1]. It must be pointed out that
this system can also be readily adapted to various
engines since only a slight modification of the nozzle
holder design is necessary [3], and that this system
has excellent injection process characteristics. Fur-
ther improvement of these characteristics requires
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poznavanje procesa vbrizgavanja in vpliva razlicnih
elementov vbrizgalnega sistema na karakteristike
vbrizgavanja. V ta namen smo za sistem ECD-U2
razvili ustrezen matematicni model za numeri¢no
simuliranje procesov vbrizgavanja, ki je predstavljen
v tem prispevku.

1 SISTEM ZA VBRIZGAVANIJE GORIVA ECD-U2

Sistem ECD-U2 je sestavljen iz
visokotlacne tlacilke, visokotlacne komore,
vbrizgalne Sobe, elektronske krmilne enote (EKE
- ECU) inrazli¢nih zaznaval (sl. 1, [1] do [4]). Tlak
v visokotla¢ni komori se prek krmilnega ventila
tlacilke spreminja glede na tlaceno koli¢ino goriva
visokotlacne tlacilke. Nadzira se prek zaznavala
tlaka goriva in krmili glede na na¢rtovano vrednost
v odvisnosti od obremenitve in vrtilne frekvence
motorja (krmiljenje tlaka s povratno zvezo).
Gorivo je pod tem tlakom vodeno do vbrizgalne
Sobe kakor obi¢ajno, dodatno pa Se na zadnjo stran
Sobe.

Vbrizgana koli¢ina goriva in zacetek
vbrizgavanja se spreminjata v odvisnosti od
velikosti tlaka na zadnji strani Sobe z uporabo
elektromagnetnega (3/2 solenoidnega) ventila.
Zacetek vbrizgavanja je krmiljen z zaCetkom
impulza od ECU do ventila 3/2, vbrizgana
koli¢ina goriva pa z dolzino trajanja tega
impulza.

good knowledge of the injection process and of the
influence of different injection system elements on
the injection characteristics. For this purpose, a math-
ematical model for numerical simulation of the in-
jection process has been developed. This model is
discussed in the present paper.

1 THE ECD-U2 FUEL INJECTION SYSTEM

The ECD-U?2 injection system is comprised
of the electronically-controlled high pressure supply
pump, the common rail, the electronically-controlled
injectors, the electronic control unit (ECU) and vari-
ous sensors (Fig.1, [1] to [4]). The common rail pres-
sure is constantly maintained at the value required by
the engine by regulating the fuel delivery from the
high pressure supply pump with the pump control
valve (PCV). The common rail pressure is detected
by a sensor installed on the common rail. Pressure feed-
back control is used so that the detected common rail
pressure coincides with the optimum value set in ac-
cordance with engine speed and load. The common
rail pressure is applied to the pressure chamber of the
nozzle and to the command chamber on the hydraulic
piston interlocked with the nozzle needle.

Injection quantity and timing are controlled
by the nozzle needle which is opened or closed via the
hydraulic piston. The nozzle needle, in turn, is con-
trolled by the pressure in the command chamber which
is turned on and off by a three-way valve (TWV or 3/
2 valve). The start of the injection is controlled by the
start of TWV command pulse from ECU; meanwhile,
the fuelling is controlled by the duration of this pulse.

krmilni impulz 3/2 solenoidnega ventila

druge informacije __| EKE TWV command pulse . 3/2 solenoidni ventil
gddltlongl — ECU three way valve (TWV)
informations —td tladno zaznavalo -
Y WY 3 fuel pressure sensor 7 ‘-W
) H P m 4 povratni vod
obremenitev D ririritatuAn hatintedeieddes rd 7 return wa
E/G load krmilni impulz ftlacilke y
pump control pulse
rezervoar
I; Ao
e visokotlaéna -, m ‘._j fuel tank
komora «d._ dusilni ventil

common-rail one-way orifice

delovna komora
activity chamber

krmilni ventil tlacilfe
pump control valv

uravnalna komora
command
chamber

SRR

hidravliéni bat
hydraulic piston

14

vrtilna hitrost
motorja ¢
engine speed

tipalo v valju
cylinder detecto Soba
nozzle

I_.J visokotlacna tlacilka

high pressure supply pump
vbrizgalna Soba
injector

Sl. 1. Shema sistema ECD-U2
Fig. 1. Schematic of the system ECD-U2
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Solenoidni ventil 3/2 je aktiviran, ko dobi
ustrezni krmilni impulz iz ECU. Takrat spusti
gorivo iz prostora nad hidravli¢nim batom v
povratni vod. V tem trenutku se tlak pod
solenoidnim ventilom v uravnalni komori hitro
zniza od tlaka v visokotlacni komori do
atmosferskega tlaka, medtem ko se tlak v delovni
komori pod dusilnim ventilom znizuje postopoma
zaradi duSenja skozi majhno izvrtino dusilnega
ventila. Zaradi tega postopno narasca dvig igle, kar
je ugodno za proces zgorevanja. Tako dobimo t.im.
delta tip karakteristike vbrizgavanja.

Pri sistemu ECD-U2 je namesto
solenoidnega ventila 3/2 mogoca tudi uporaba
izvedbe 2/2 [6] (sl. 2). Pri solenoidnem ventilu 2/2
je dejanski pretocni prerez skozi izvrtino, ki povezuje
visokotla¢no z uravnalno komoro, nespremenljiv.
Temu ustrezne so razlike pri poteku karakteristike
vbrizgavanja.

3/2 solenoidni ventil
3/2 solenoid valve

tlak v visokotla¢ni komori
common rail pressure

povratni vod
return way

The TWV is energized when it receives the
command pulse from the ECU, and the fuel that had filled
the command chamber of the hydraulic piston of the in-
jector is returned to the fuel tank. At this moment, the
pressure below the TWV (in the command chamber) is
quickly reduced from the common rail pressure to atmo-
spheric pressure, but the pressure in the activity chamber
downstream of the return valve (one way orifice), is de-
creased only gradually in accordance with the orifice di-
ameter. Due to the effects of the orifice, the nozzle needle,
interlocked with the hydraulic piston, rises gradually, and
the so-called delta shape injection rate is obtained.

The ECD-U2 system can be equipped with
the 2/2 instead of the 3/2 solenoid valve [6], (Fig. 2).
The difference between the valves is the effective
flow area through the hole, which connects the rail
with the command chamber. The effective flow area
of the 2/2 solenoid valve is constant. This results in
the different shapes of the delta injection rates.

2/2 solenoidni ventil
2/2 solenoid valve

povratni vod
return way

tlak v visokotla¢ni komori
common rail pressure

Sl1. 2. Shema 3/2 in 2/2 solenoidnih ventilov
Fig. 2. Schematic of the 3/2and 2/2 solenoid valves

Za dosego stopniCastega tipa
karakteristike vbrizgavanja se namesto dusilnega
ventila uporablja hidravli¢ni ventil, (sl. 3) [5]. V
tem primeru je reza med hidravlicnim batom in
ventilom preddvig igle.

solenoidni ventil

solenoid valve

uravnalna komora
command chamber

delovna komora
activity chamber

hidravli¢ni bat

hydraulic piston

Soba
injector

A boot shape injection rate is obtained using the
boot (hydraulic) valve, placing the return valve in an ordi-
nary injector. This boot valve is installed below the sole-
noid valve (Fig. 3) [5]. The gap between the boot valve
and the the hydraulic piston is the adjustable pre-lift.

povratni vod
return way

Soba hidravli¢nega ventila
boot valve orifice

hidravli¢ni ventil
" boot valve

=~ preddvig igle
needle pre-lift

Sl. 3. Shema vbrizgalne Sobe s hidraviicnim ventilom
Fig. 3. Schematic of the injector nozzle the with hydraulic valve
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- A Mathematical Model

B. Kegl: Matematicni model

Pri zagonu solenoidnega ventila je
ustvarjena povezava med hidravli¢énim batom in
povratnim vodom. Tlak v komandni komori zato
hitro pade in omogoc¢i dvig igle do velikosti
preddviga. Tedaj je hidravli¢ni ventil v dotiku s
hidravli¢nim ventilom. Igla ostane na ravni
preddviga, dokler ni premagana sila vzmeti. Takrat
zacne tlak v delovni komori upadati zaradi iztekanja
goriva skozi izvrtino v hidravlicnem ventilu.
Rezultat tega iztekanja je nadaljnji dvig igle
vbrizgalne Sobe. Ko se nato solenoidni ventil
izklopi, se tlak v uravnalni komori hitro zvisa in
deluje neposredno na hidravli¢ni bat. Igla se naglo
spusti na sedez.

2 NUMERICNO SIMULIRANJE PROCESOV V
VBRIZGALNI SOBI

V matemati¢cnem modelu je predpostavljen
nespremenljiv tlak v visokotla¢ni komori, ki je enak
tlaku vbrizgavanja p_ [6]. V nadaljevanju so
predstavljene samo osnovne enacbe za simuliranje
procesov v vbrizgalni Sobi sistema ECD-U2 z
uporabo dusilnega ventila in potrebne korekcije v
primeru uporabe hidravli¢nega ventila.

2.1 Vbrizgalna Soba z uporabo dusilnege ventila

Kontinuitetna enac¢ba za uravnalno komoro
je predstavljena z naslednjim izrazom:

deL _cc

sv SV )rv

kjer so p - tlak, V- prostornina, £ - modul elastlcnostl,
t - ¢as, A - dejanski pretocni prerez, 4 - prerez, v -
hitrost, p - gostota. Indeks pa oznacuje element ali
prostor, na katerega se posamezna koli¢ina nanasa:
cc - uravnalna komora, sv - solenoidni ventil, i - vstop,
cr - visokotla¢na komora, o - izstop, am - okolica in
rv - dusilni ventil.

Kontinuitetno enac¢bo za delovno komoro
lahko zapisemo:

dpac Tac _
dt E - (luA)rv

kjer se indeks ap nanasa na hidravli¢ni bat, n pa na
iglo vbrizgalne Sobe.
V enacbah gibanja dusSilnega ventila:

dh 0
v 20

dt
v

vo
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gDy = Por)—

pam pcr

Pu Pac

2
7pcc_pac
P

, F, 20
=40, F, <0
v drugih primerih / otherwise

When the solenoid valve is energized, the com-
mand chamber is connected with the fuel tank. The pres-
sure in the command chamber is quickly reduced and the
nozzle needle rises to the height of the needle pre-lift. At
this moment, the boot valve comes into contact with the
hydraulic piston. The nozzle needle is temporarily stopped
at a small pre-lift point as long as the spring force holds.
By that time, the pressure in the activity chamber starts to
reduce because of the fuel flowing through the boot ori-
fice. This results in further rising of nozzle needle. When
the solenoid valve is de-energized, the pressure in the com-
mand chamber quickly increases, directly influencing the
hydraulic piston. The nozzle needle is closed quickly, and
a sharp termination of the injection is obtained.

2 THE NUMERICAL SIMULATION OF THE
PROCESSES IN THE INJECTOR

In the mathematical model, the common rail pres-
sure is assumed to be constant and equal to the injection
pressure, p_ [6]. In the following section, the basic equa-
tions for simulation of the processes in the injector of the
ECD-U2 system are presented. The first set of equations
assumes the use of the return valve, while the necessary
corrections for the boot valve are given in the second set.

2.1 Injector using the return valve

The equation of continuity for the command
chamber is written as follows:

Sgn pcl’ pCC

(M,

Sgn pcc pac rv rV

where the symbol p denotes the pressure, V' - the vol-
ume, £ - the modulus of elasticity, ¢ - time, x4 - the
effective flow area, 4 - the area, v - the velocity and p
- the density. The indices denote the element or a cor-
responding chamber as follows: cc - command cham-
ber, sv - solenoid valve, i - inlet, cr - “common rail”, o
- outlet, am - ambient and rv - return valve.

Equation of continuity for the activity cham-
ber is written as

Sgn(pcc - pac )+ Al’Vv]’V + Aapvn (2),

where the indices ap and n are related to the hydrau-
lic piston and to the nozzle needle, respectively.

In the equations of motion of the return valve:

_ hrv

‘maks

in h,=0 3,

in h,
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d 0 H Ev = 0 in h h::*lvaks
%: 0, F,<0 in h,=0 (4)
t
F_ /m, v drugih primerih / otherwise
pomeni simbol of the return valve, the symbol
FW = AI’V (pCC pac) (h + h ) Silo na Fl'\’ = Al'V (pCC - pac)_ Forv - Crv (hl'V + hn) denOtes the
dusilni ventil, /4 - dV1g, m - maso gibajocih se delov, force on the return valve, where /4 is the lift, m is the
F- silo prednapetja vzmeti in C - togost vzmeti. mass of the moving parts, I, is the pre-loading force
Enacbi gibanja igle vbrizgalne Sobe sta and C is the spring stiffness.
zapisani z naslednjima izrazoma: The equations of motion, related to the
nozzle needle, are given by the following expressions:
0, F,20 in h,=h),.
dh, .
? = 0, Fn < 0 m hn = 0 (5),
v,, vdrugih primerih / otherwise
q 0, F. 20 in h, =h,.
v
n =10, F <0 in h =0 6),
& (6)

F,/m,.,,, vdrugih primerih / otherwise

kjer je sila na iglo:
where represents the force acting on the needle:

F, = po(4n = a2+ pooA’ = pod, — Fp —Cohy = FY = C, (b, +h,)

kz :LIA in
psac_ (pcr_pam) pam ’k:(( )1?1
indeks in oznacuje vbrizgalno Sobo, st ste]Blo in se HA s
sedez igle. the index in denotes the injector, st the needle steam
Karakteristiko vbrizgavanja ¢ dolo¢imo z and se the needle seat.
izrazom: The injection rate ¢ is determined as follows:
/ 2
- :uA)in p (pcr pam) (’7)
2.2 Vbrizgalna Soba z uporabo hidravli¢nega ventila 2.2 Injector using the boot valve
V primeru uporabe hidravlicnega ventila In the case of using the boot valve (index
(indeks hv) enacbo (1) zapiSemo v odvisnosti od lege hv), the equation (1) is written with dependence upon
igle glede na preddvig igle £ _: the nozzle needle pre-lift 7 | as:
deC CC
hn <hn1 : d = pcr pCL Sgn pcr pcc
pam pCl’ Sgn(pam pCl’ (8)’
sv W_ )hv pcc pac Sgnpcc paL +A V
oziroma:
dp
h >2h, : —= Voo _ sgn
n nl dt E pcr pcc g pcr pcc
).
,{ 2 P = Pulsen(pon — 1)~
sv sv - )hv pcc pac Sgn pcc pac Ahv th
Kontinuitetna enacba (2) ima sedaj nekoliko spre- The equation of continuity (2) has a new adapted
menjeno obliko: form:
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dp.. 7V,

Enacbi gibanja hidravlicnega ventila zapiSemo
podobno kakor pri dusilnem ventilu (enacbi (3) in
(4)). Silo na hidravli¢ni ventil /|, pa dolo¢imo v
odvisnosti od lege igle glede na preddvig:

se

V enacbah (5) in (6), ki opisujejo gibanje igle
vbrizgalne Sobe, silo na iglo vbrizgalne Sobe prav
tako dolocamo glede na preddvig, in sicer:

h<h, :

3 REZULTATI

Obravnavane so razli¢ne izvedbe sistema
ECD-U2. Izracuni so izvedeni za premera izvrtine
dusilne Sobe d = 0,3 mmind_ = 0,2 mm z uporabo
solenoidnih ventilov 3/2 in 2/2, za premera izvrtine
hidravli¢nega ventilad, =0,2mmind, =0,3 mms
preddvigom igle vbrizgalne Sobe /= 0,07 mm in
h = 0,14 mm. Preostali vhodni podatki so v vseh
primerih enaki [2]. V vseh primerih znasa vbrizgana
koli¢ina goriva 177 mm®/krozni proces pri vrtilni
hitrosti 1000 min™ in tlaku vbrizgavanja 100 MPa.
V nadaljevanju so prikazani poteki tlaka v uravnalni
P, in v delovni p_ komori ter karakteristike vbriz-
gavanja ¢ .

Na sliki 4 so prikazane osnovne
karakteristike sistema z uporabo dusilnega ventila s
premerom izvrtine ¢ = 0,3 mm ter z uporabo
solenoidnega ventila 3/2 pri enostopenjskem vbrizgu.

100 Py
MPa ¢,
60
P Pec g4

20

Prikazani rezultati na sliki 4, dobljeni z
matemati¢nim modelom, potrjujejo, da dusilni ventil
omogoca delta tip karakteristike vbrizgavanja. Na
obliko te karaktersitike v veliki meri vpliva premer
izvrtine duSilnega ventila. Rezultati pri
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h<hn1: Fhv:pccAljv_pacAl:j_FOhv_h
h 2 hnl : Fhv = pcr(A:: _A“ )+ psacAsne +pccA;v _pacAI:: _hhvchv _hncn _F'Ohv _}:'()n

h> hnl : Fn :pcr(Asr; _As'::)-’_psacAsne _pCCAhv _pacAhv

ac _ 2
d[ ? - (Iu‘A)hv ; pcc _pac sgn(pcc _pac)+Ahvvhv (10)

The equations of motion for the boot valve are written
similarly as for the return valve ((3) and (4)). The force
on the boot valve £ is determined with dependence
upon the needle position with respect to needle pre-lift:

C1hv

In equations (5) and (6), which determine the move-
ment of the needle nozzle, the force on the needle
can be determined as follows:

Fn = pcr(As‘: _A;)+ psacA;:: _pccAap _Fon _hnCn

ok

=y, Cy =0, C, = F" — F]
3 RESULTS

Several different configurations of the ECD-
U2 system are considered. The calculations are per-
formed for two different one-way orifice diameters
(d,=0.3 mmand d_ = 0.2 mm) used with both types
of the solenoid valve 3/2 and 2/2, and for boot orifice
diameters (4 =0.2 mmand d, = 0.3 mm) withnozzle
needle pre-lifts 2, = 0.07 mm and 4 = 0,14 mm. All
other input data remain the same [2]. In all cases, the
fuelling is 177 mm?/cycle at the pump speed of 1000
min" and injection pressure of 100 MPa. The follow-
ing diagrams show the pressure in the command cham-
ber p_ and the pressure in the activity chamber p,_ as
well as the shape of the injection rate history ¢ .

In Fig. 4, the basic characteristics of the in-
jection system are shown by using the return valve
with one-way orifice diameter of ¢ = 0.3 mm and
the 3/2 solenoid valve by one-stage injection.

5, 100
mm?’/ms 20
_ 60

9 40

20

SI. 4. Karakteristike procesa vbrizgavanja (d_ = 0,3 mm, 3/2 sv)
Fig. 4. Characteristics of the injection process (d, = 0.3 mm, 3/2 sv)

The results presented in Fig. 4, obtained by the proposed
mathematical model, confirm the fact that the return valve
enables the delta type of the injection rate history. The
shape of this delta injection rate history mainly depends
upon the diameter of the one-way orifice. The obtained
results of one-stage injection are presented in Fig. 5.
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100 -
MPa
80 A
d(,(d =0,3 mm)
D 60 A
ac? Fee 40 - dL(d =0,2 mm)
20 A '

t ms

,, 100 7
mm?/ms
01 1 4,=03mm
g 60 -
40 d, =02mm
20 A /

0'|7| T T T T 1

0 I 2 3 4 5 6
t

S1. 5. Vpliv razlicnega premera izvrtine dusilnega ventila (3/2 sv)
Fig. 5. The influence of the different one-way orifice diameters (3/2 sv)

Na sliki 6 je prikazan vpliv razli¢nih tipov
solenoidnih ventilov. Kakor je razvidno, solenoidni
ventil 3/2 omogoca nekoliko bolj strm zacetek in
konec karakteristike vbrizgavanja od ventila 2/2. To
je posledica hitrejSega dviga in spusta igle vbrizgalne
Sobe oziroma poteka tlaka v uravnalni in delovni
komori.

100
MPa '

80 1 pcc(2/2 sv) paC(3/2 sv)

60 - ‘
pacz pcc o ! \pac(Z/Z sV)

404 4k

} |l I p
20 1 g ) cc(3/2 sv)
0 :‘ ’I‘% T T 1

Fig. 6 it is shows the influence of different
types of solenoid valves. It is evident that the 3/2
solenoid valve enables somewhat faster start and end
of the injection rate history than the 2/2 valve. This
is the consequence of the needle opening and clos-
ing faster as well as the distribution of pressures in
the command and the activity chamber.

100 -
mm?’/ms )
801 ¢ | _32sv
. 60 4
1 40 - 2/2 sv
20 A
0 n 4 T T T
o 1 2 3 4 5 6
ms

t

SL. 6. Vpliv razlicnih tipov solenoidnih ventilov (d_ = 0,3 mm)
Fig. 6. The influence of the different types of the solenoid valves (d_, = 0.3 mm)

Na stopnicasto karakteristiko vbrizgavanja
v primeru uporabe hidravli¢nega ventila zelo vplivata
premer izvrtine ventila in preddvig igle vbrizgalne
Sobe. To dejstvo potrjujejo tudi rezultati
matemati¢nega modela, prikazani na slikah 7 in 8 za
enostopenjski vbrizg.

100 T pcc(d,“ =03mm) g
| il

MP
* 80 1
pac(a"“ =0,3 mm)
por.® ] p
ac” 40 - ac(d,, = 0,2 mm)
20 1 ljcc(afm =0,2 mm)
0 T 1

The boot type of injection rate, obtained by
using the boot valve, is influenced to a great extent by
the boot orifice diameter and by the nozzle needle pre-
lift. This fact is confirmed by the numerical results of
the proposed mathematical model, which are presented
in Fig.7 and Fig. 8 for the one-stage injection.

100 - d =0,3 mm
mm?/ms
8 -
. 60 J
q
w04 ! d_=02mm
20 - f
0_
0

ms
t

SL.77. Vpliv premera izvrtine hidravlicnega ventila (h , = 0,07 mm, 3/2 sv)
Fig. 7. The influence of the nozzle of the hydraulic valve diameters (h, = 0.07 mm, 3/2 sv)
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) Pecin, = 0,14 mm) - h,=0,14 mm
Mpaloo F mm*/m$?° n
80 A :, :' Pcih, = 0,14 mm) 801
pac’ PC?O | ; pac(hm:o,m mm) 1 60 1 hnl = 0’07 mm
40 ) 40 A
1y
20 A ; Pecin, = 0,07 mm) 20791
O g ‘-\.\1 _ . I T ] 0 al L 1 i i
o 1 2 3 4 5 6 o 1 2 3 4 5
t . , ms

Sistem ECD-U2 omogoca, v katerikoli
zgoraj opisani razli¢ici, tudi vecéstopenjsko
vbrizgavanje. V primeru uporabe dusilnega ventila
so prikazani rezultati za tristopenjski vbrizg (sl. 9), v
primeru uporabe hidravliénega ventila pa za
dvostopenjski vbrizg (sl. 10).

100 - Pac
a
80 -
pac’pcc 60 1
40 1
207 : :
0 L T T I T T I. T 1

MP

SI. 8. Vpliv preddviga igle vbrizgalne Sobe (d, = 0,02 mm, 3/2 sv)
Fig. 8. The influence of the needle prelift (d, = 0.02 mm, 3/2 sv)

The ECD-U2 system also enables in all of
the above-mentioned configurations a multi-stage
injection. In the case of using the return valve, the
results for three-stage injection are shown in Fig. 9.
In the case of using the boot valve, the results for
two-stage injection are given in Fig. 10.

mm’/ms 100 7

S1. 9. Karakteristike vbrizgavanja pri trostopenjskem vbrizgu (d_ = 0,3 mm, 3/2 sv)
Fig. 9. The injection characteristics using the three-stage injection (d = 0.3 mm, 3/2 sv)

100
MPa 20
60
P Pec gy |
20 ¢
0 4+

3456 789
t ms

100 ~
80 A
g 60
40
20 A
0 T T T T T T

mm?/ms

SI. 10. Karakteristike vbrizgavanja pri dvostopenjskem vbrizgu (d, = 0,2 mm, 3/2 sv, h , = 0,07 mm)
Fig. 10. The injection characteristics using the two-stage injection (d, = 0,2 mm, 3/2 sv, h , = 0,07 mm)
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: Grobo oceno procesa vbrizgavanja lahko
| podamo na podlagi prikazanih diagramov, slike 4 do
: 10 in vrednosti, zbranih v preglednici 1.

| NajucinkovitejSo delta karakteristiko
: vbrizgavanja lahko dobimo z izbiro ustreznega
| premera izvrtine dusilnega ventila in ob uporabi
: solenoidnega ventila 3/2, primer 2 v preglednici 1.
.V primeru stopni¢aste enostopenjske karakteristike
: vbrizgavanja pa daje najugodnejse rezultate izvedba
, sistema ECD-U2, opisana v primeru 6. Optimalna
|

|
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A rough estimation of the injection process
can be made by using the diagrams presented in Fig.
4 to 10, and the characteristics values assembled in
Table 1.

The very efficient delta shape of the injec-
tion rate history can be obtained with the choice of
an appropriate one-way orifice diameter using the 3/
2 solenoid valve (case 2 in Table 1). For the boot
shape of the injection rate history for one-stage in-
jection, the configuration of ECD-U2 system, given



oblika stopnicaste karakteristike se doseze z
optimalno izbiro velikosti preddviga igle vbrizgalne
Sobe in premera izvrtine v hidravlicnem ventilu. V
primerih 7 in 8 pa so potrjene splosno znane prednosti
vecstopenjskega vbrizgavanja. V preglednici 1 je
podan tudi ¢as odprtja solenoidnega ventila ¢, , ki je

potreben, da se v vseh primerih zagotovi enaka
koli¢ina vbrizganega goriva.

in case 0, offers the best results. The optimal shape
of the boot type of injection rate history can be ob-
tained by using appropriate values of the nozzle
needle pre-lift and the boot orifice diameter. Cases 7
and 8 confirm the well-known advantages of multi-
stage injection. In Table 1, the solenoid valve open-
ing time (7, ), necessary to assure the same fuelling
in all discussed cases, is also given.

Preglednica 1. Cas vbrizgavanja t,;vmsin srednja hitrost vbrizgavanja q v mm’/ms
Table 1. Injection time ,,; inms and mean injection rate g in mm’/ms

PRIMER 1 2 3 4 5 6 7 8
EXAMPLE
d., mm 0.3 0.2 0.3 - - - 0.3 -
w
_ B - 0,2 0,3 0,2 - 0,2
d,, mm
- - - 0,07 0,07 0,14 - 0,07
h,, mm
tip/type sv 32 32 2/2 32 32 32 32 32
2 ms 2,00 2,23 2,15 2,23 2,03 2,00 1,65 2,16
t 3,11 3,05 3,15 3,20 3,05 3,02 2,64 2,93
inj
q 57,1 58,2 56,4 55,4 58,2 58,8 67,0 60,0
4 SKLEP 4 CONCLUSION

Na temelju numeri¢nih rezultatov, ki so bili
preverjeni tudi v podjetju Bosch [2], lahko
povzamemo:

— Uporaba dusilnega ventila omogoca razli¢ne delta
tipe karakteristike vbrizgavanja v odvisnosti od
premera izvrtine dusilnega ventila, medtem ko
uporaba hidravli¢nega ventila zagotavlja razli¢ne
tipe stopniCaste karakteristike vbrizgavanja v
odvisnosti od premera izvrtine hidravli¢énega
ventila in preddviga igle vbrizgalne Sobe.

— Solenoidni ventil 3/2 daje ugodnejse karakteristike
procesa vbrizgavanja kakor ventil 2/2, saj omogoca
hitrejsi konec vbrizgavanja in s tem manjSo emisijo
saj.
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On the basis of the numerically obtained
results, which were confirmed by the company Bosch
[2], it can be concluded:

— The use of the return valve enables different shapes
of the delta injection rate history depending upon
the one-way orifice diameter, while the use of the
boot valve assures several shapes of boot injection
rate histories depending upon the boot orifice di-
ameter and the nozzle needle pre-lift.

— The 3/2 solenoid valve gives more suitable injec-
tion characteristics than the 2/2 solenoid valve be-
cause of faster termination of injection and conse-
quently smaller soot emission.
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