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OBJECTIVESI

Note:  The aim of this document i s to provide gene ric information concerni ng al | Delphi Common Rail
systems.

The Comm on Rail injection system has been developed to do the following:
€ Reduce noise.

€ Reduce polluting em issions.
€ Reduce fuel consum ption.
€ Increase perform ance.

11 REDUCINGIQSE

Combustio n noise is the result of the rapid pressure rise in the cylinder. The viole ntignition of the air/fuel m ixture in the
cylinder caus es this pressure rise.

Note: The noise from combustion is particu larly loud at idling speeds and under lig ht loading.

In a diesel engine, combustion does not start immediately after the fue | has been inje cted into the cylin der. This delay
is called the ignition delay. The increase in cylinder pressure at the tim e of fuel ignition causes more or less comb ustio n
noise depending on the am ount of fuel actuall y injected.

It is thus necessary to reduce ignit ion time to reduce combustion noise. Increasing cylinder temperature and pressure
will redu ce this time. There are several meth ods for doing this:
Reducing the amounts injected

Reheating
€ Reheating supercharged air
€ Multi-injection (Adding an injection befo re the main injection)

ah b

Note: Preheating and mu Iti-injection are the two mo st used procedures.

DDGX200(EN) - Issue 1 of 09/2007 1-1
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12

1.2.1

REDWING PQLUINGEMISSIONS

COBUSTION

In comparison with a petrol engine, the air/fuel
mixtur e in a diesel engine is farl ess homogeneous:
diesel injection takes place a little time before
mixtur e ignition. Diesel engines ope rate principally
using an excess of air. Ifthe airamountis too sm all,
polluting emissions increase.

Note: The air/fuel coeffi cient commonly denoted
by lambda ( ) is equal to 1 whe n the air/fuel
mixtur e is stoichiometric (14,7 /1).

<1 Air deficit, ric h mixture
>1 Air excess, poor mixture

Note: Some diesel engines are now fitte d with
lambda ( ) probing, mainly to correct any
flowm eter and injector drift during the lifetime of
the ve hicle.

\

| | | | |
06 08 1 12 14

CO (Carbon Monoxide)
s HC (Unburnt hydrocarbons)
s NOx (Nitrogen oxide)

Torque (N.m)
EEE Specific consumption (g/kWh)

1210

Influence of  on pollutants, torque and

con sum ption

1-2
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OBJECTIVESI

1.22 STANDAMS

Anti-po llution standards regulate the following pollutants:
€ Oxides of nitrogen (NOXx).

€ Particles. (PM)
€ Carbon monoxyde (CO).
€ Unburnt hyd rocarbons (HC).

Note: The standa rd thr eshold le vels are ex pressed in gram s per kil ometer (g/km). These have been in fo rce since
1992(EURO 1) and are updated every four years on average.

NOx g/km
T 0.97

Particles g/km_ O'OZESF _ HC g/km
0.14 0.3 0.97

0.50

[EURO I (1992) |

Direct injection
EURO Il (1996 . S
I ( ) I:] Indirect injection

[EURO 11l (2000) |

-+ 2.72
CO g/km

[EURO IV (2005) |

1200

Emissionsin  g/km

© Delphi

Standad Eurol Euro2 Euo3 Euro 4 Euro 5
levels (gkm)
Motorisdion Diesel IDI Desel DI Died! Deel Diesel Desel
HCNOX 097 0.7 0.9 0.56 03 0.23
Cco 272 1 0.64 05 05
PM 014 008 0.1 0.05 0.025 0.005
N& No standad Nostandrd 0.5 025 0.18

Note: When the Euro2 standards were adopted in 1996, restricti ons on HC emissions and particles had been less
severe for d irect injectio n engines (DI) compared to indirect injection engines (IDI). The Euro5 standar ds are due
to com e into force on 1 Septem ber 2009.

DDGX200(EN) - Issue 1 of 09/2007
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| OBJECTIVES

1.2.3 POWUTANTS

€

Oxides of nitrogen (NOX) .

NOx is produced from oxidation of the nitrogen in the air. This reaction only happens at very high
tempera tures when there is a great excess of air.

To limit oxides of nitrog en emissions, a device is used that sends part of th e exhaust gas back to the inlet
manifold to limit the amount of fresh air taken into the engine. This Exhaust Gas Recirculation (EGR) device
regulates the amount of exhaust gas dive rted b ack to the inlet. If this diverted amount is i nsufficient, the
efficiency of t he system has not been opti mised. In the opp osite situation - insufficient fr esh air - ther e is an
increa se in smoke and so ot along with un stable running o f the engine.

Using a DENOX catyliser to post-pro cess exhaust gases can also reduce oxides of nitrogen emissions. The
principle in this process is to reduce the amount of NOx molecules generated during combustion. The
process produces oxygen and nitrogem molecules separately. Diesel fuel can be used as a catalyst for
reducing NOx. Given this fact, a small amount of diesel is injected into the cylinder just before the cylin der
exhaust valve opens. This promotes NO x emi ssion red uctio n with in the DENOX cataly ser, and is known as
postinjection.

PM particl es

Smoke and soot can be produced in the following situations:

- The mixture is too rich. In this case there is insufficient air for complete com bustion. This causes
particles to form.

- Thereisincomp lete fu el vapo risatio nin the combustion chamber. The greater th e size of fuel drople ts,
the greater the time needed to comp lete the vaporisation process. If this time period is too | ong, the
central part of the droplet will not have time to vaporise. Given the very high combustion chamber
temperature, the non-vaporised fuel molecules go through a cracking process. This physical
phenom enon producesvery hard carbon components that form soot and the other characteristic diesel
engine partic ulates.

Unburnt hydrocarbons HC

Unburnt hydrocarbons HC are generated when there is a lack of local oxygen (inadequate fuel
distribution) or when fuel is injected into cold areas in the com bustion cham ber (typically where the fuel
touches the cylinder walls) .

A toroidal combustion chamber combined with new intake systems (swirl) and direct injection creates the

followin g:

- Very high turbulence that ensures good fuel distribution within the combustion chamber. This
eliminates the fuel-rich areas that cause unburnt elements to form.

- A com pact combusti on cham ber wh ere the walls are hot enoug h to p revent un burnt pa rticl es form ing.
Carbon monoxide CO.

Its presence in the exhaust gases causes incomplete oxidation of the carbon in the diesel fuel. This
incom plete oxidation is the consequence of general or local combust ionin arich mi xture. Ifthe diesel e ngine
is running wi th a significant exess of air, CO emissions are reduced.

It is possible to reduce the amount even more by eliminating rich zones in the combustion chamber. To do
this it is necessary to optimise the internal aero dynamics of the combustion cham ber to gen erate a very
high rate of turbulence.

1-4 DDGX200(EN) - Issue 1 of 09/2007
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1.3 REDJAONG FUECONSUMPTION

Consumption reduction is obtained by improving
combustion control. This is done by modifying the air
coeffi cient, injection flow, timin g advance and injection ONE INJECTION

pressure in relation to engine requirements across the OPC
wh ole operating range. In com parison wi th conventional -
time
| — time

injection systems, the common rail system provides a
flexibility of oper ation that enables injection flow, timin g
advance, rate of introduction and injection pressure to
be accurately adjusted to engine requirem ents for all DPC-N
operating con ditions.

L flow T flow

flow

EPIC
l:'| time
2
COMMON RAIL = [ \ !
time
PILOT POST

1300

Specifics of the various Delphisys tems

Type of injetion Timing Amaunt injeced Number dinjections
DPC Medanicalf st Mecharicaly s¢ 1
DFEC-N Electroicdly manged Mecharically s¢ 1
ERC Electroicdly manged Elecwnically maged 1
COMMONAR. Electroicdly manged Eleconically maged 5

Direct injection also helps improve engine output by
reducing the heat loss thro ugh cylin der walls .

1300

Indirect Injection / Direct Inject ion

DDGX200(EN) - Issue 1 of 09/2007 1-5
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14 INCREASNG PERFRMANCE

Increasing torque at low engine speeds means being able to inject a large amount of fuel at the lowest speeds. The
amount injected is pro portional to injection duration and pressure. Injection pressure has to be increased to increase
fuel flow, since the time availab le for in jecting fuel into the cylinder is lim ited.

Increasing performance

1-6 DDGX200(EN) - Issue 1 of 09/2007
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THE COMMON RAIL SYSTEM

SYSTEM MAKE-UP

21

DESCRIAON

The Comm on Rail injection system is made up of the followi ng parts:

€
€
€

Note:

One Transfer Pump  integrated in to th e High Pressure pump housing.
One High Pressure  Pump fed by fuel at transfer pr essure. It sends fuel to the rail unde r very high pressure.

One Low Pressure Actuator named IMV (Inlet Metering Valve). This control s the amount the fuel sent to the
high pressure pump depending on engine requirements.

One Rail . This forms a reserve of fuel under pressure.
Injectors. These spray the required quanti ty of fuel into the combus tion chamber at the desired moment.

One DCU (Diesel Control Unit, othe rwise known as the ECU: Electronic Control Unit) that controls injection (flow,
timing, multiple injection etc) and rail pressure as a function of engine operating conditions. The DCU also contro Is
associated functions such as the exhaust g as recirculation rate (EGR), pre-heating and air conditioning. Moreover
the ECU can com municate with the other DCUs in th e vehicle - to manage driveability, for example.

Options:
- One Hig h Pressure Actu ator also known as the HPV (High Pressure Valve). This is fitted to the rail and
monitors its prevailing pressure.

- One For ce-fe eding pump  used where the high pressure pum p does not have a transfer pump.

Sensors provide the needed information in real time so that the injection process can be contro lled:
- One rail pressure sensor.

- One fuel oil temperature sensor.

- One inlet air tem peratur e sensor.

- One inlet air pressu re sensor.

- One pedal sensor.

- One accelerometer sensor. (See 2 on certain applica tions)

- One engine flywhe el angular position sensor.

- One phase position sensor either on camshaft or on pump pinion (as for Renault).

Other sensors such as the flowm eter sensor, supercharging sensor, and exchanger exit tem perature sensor are

generally fitted. However these are not necessary for the Common Rail system to fu nction.

DDGX200(EN) - Issue 1 of 09/2007 2-7



THE COMMON RAIL SYSTEM

SYSTEMMAKE-UP

1 IMV 6 Ventur
2 Diesel temeraure sensor 7 HPV
K Hgh Ressur@umgType P3) 8 Rail
4 Ral pessue sensor 9 Desel filte
) Injector
7
Return to tank
) ’/::;:;:;:;:7///J"
1 Feed from tank

2100

Common Rail Sys  tem with HPV option

2-8 DDGX200(EN) - Issue 1 of 09/2007
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THE COMMON RAIL SYSTEM

SYSTEM MAKE-UP

2.2 OOMMON RA. HYRAULICCIRCUO

Transfer Low pressure Pressure limiter
pressure actuator (high pressure)
regulation /
| \\
D

High pressure pump

Transfer pump

Discharge
valve

Inlet valve

: a
Venturi ,§
U 2, Rail
RS
A W
\ High pressure
‘ sensor
u
e
Injector
holder
Cold diesel Hot diesel !
recirculation recirculation
KEY I Inlet pressure I Return pressure
I Transfer pressure Internal pressure
B |njection pressure Injector return vacuum
2200

© Delphi
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THE COMMON RAIL SYSTEM

HP PUNP

So it is better to de scribe the HP pum p operating principle, it is necessary to break down the explanation into several

parts:
€

a o o

Note:

Transfer pum p

High pressure pump DFP1
High pressure pump DFP3
MV

Ressure limiter

The "transfer pump"chapter is specific to the DFP1 pump in terms of diagrams: the operating principle remains

identical t o that for a DFP1 or DFP3 unit.

31

3.11

3.12

TRANSFERUMP

DESCRIPTION

The first transfer pump stage draws diesel from the ve hicle tank through the filter and sends it to th e main pump
under tran sfer pressure (about 6 bar) The blade pump technology used (well known fro m our preceding pro ducts)
has the following parts:

€ A rotor driven from the HP pump shaft. Torque is transferred by splined shaft.

€ An eccentri ¢ liner fitted in the HP pump housing. Two off-set pins that locate the liner corr ectly and ensure
correct assembly.

€ One plate wit h two oblong holes: one inlet orifice and one discharge orif ice.
€ Four blades at 90 degrees to each other. Each blade is held against the liner by a coil sprin g.

OPERATINBRINCIPLE

Consider the space betwee n the rotor, th e liner and
two successive blades.

€ Whenthe chamberisin position 1, the volume
of the chamber is minimal. The volume
change related to rotor a ngular travel is
insignificant in this position.

€  Therotor makesaquarter-turnanti -clockwise.
The previous chamber is now in position 2.
The inlet orifice is uncover ed. The volume
contained in the cham ber quic kly rises. The
pressure in the chamber drops sharply . Fuel
is drawn into the chamber.

€ The rotor continues to rotate. It is now in
position 3. Inlet and outlet orifices are now
sealed off. Th e volume contained by therotor,
liner andthetwo bladesisnowat amaximum. Inlet
Any changes in volum e that depend on the pressure
rotor angle of rotati on are small.

Transmission
shaft

Transfer
pressure

3110

€ The roto r contin ues to rotate. Itis finally in position 4. The outlet orifice is uncovered. The volume contained
by th e rotor, liner and the blades diminishes rapidly. The pressure in this space increases sharply. The fuel
is discharged under pressu re.

DDGX200(EN) - Issue 1 of 09/2007 3-11



HP PUMP

3.1.3

THE COMMON RAIL SYSTEM

The vacuum generated by the transfer pump
rotati on is enough to draw in fuel throught he filter.
The transfer pumpis driven by the HP pump shaft.
Transfer pre ssure thu s rises with engine speed.

Aregulating va lve maintains transfer pressur e at a
quasi constant v alue (about 6 bar) througho ut the
engine operating range by sending part of the fuel
back to pump inlet.

TRAN&ERPUP CHARACTERISTICS

Regulating pressure
€ 6bar

Flow:
€ 90 I’/h at 300 rpm for pum p
€ 650 I/h at 2500 rpm for pum p

Swept volume
€  56cm3rev.

Intake capacity
€ 65 mBar at 100 rpm for pump

Transfer pressure regula tor mechanically controls
transfer pressure using a single pist on/spring
arrangem ent to cov er and uncove r the fuel flow
orifices.

As can be seen on the preceding diagram, the
output from the regulatoris  recycled to the transfe r
pumpinlet.

Pressure (bar)
onvhoob

0 500 1500 2000 2500
Pump speed (rpm) 3120
Transf er pressur e
Output
N
:D //I,/ U U -
- (e}
O/, O
7 \
L/ S
Inlet ! !
! 1
O\\ /l
\ /
\ /
Q 0

3130

Transf erpu mp with itspressu reregu lato r

CTNTT

//
1
J— — W\

Clo se-up on transfer pre  ssur e regulator section
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THE COMMON RAIL SYSTEM

HP PUNP

3.2

3.21

DFP1 COMMORAILPUMP

DESCRIPTION

This high pressure pump uses the cam and radial
piston co nceptalready proven on the DPC and EPIC
rotating pumps. Nonetheless the transmission
shaft and cam ring make up the one and same
assembly. Thisis driven by chain or belt, rotatin g in
the fixed hy draulic head. This design elim inates
dynamic sealing problems since the high pressure
is generated in the fixed part of the pump.

For engines needing substantial flow rates, the
pump is fitt ed with two chambers angularly off set
by 45 degree s. This offset reduces torque pe aks and
rail pre ssure v ariations.

The four-lobe cam is identical to that in
conventional rotating pum ps. However since the
pump no longer determines injection procedure, it
is possible to lengthen the pumping phase in order
significantly to redu ce drivin g torque, vib ration and
noise.

3210

DFP1 High Pressure Pump

1 Bl Roller
2 \ Hgh pesste pmp / Hydwulic hed 7 \ Trasfer pump
3 \ Aungerfistn 8 \ Dieselgmpeatue sesor
4 \ Drive tansmissioshaf 9 \ HghPessue Ext
5 ‘ Rotary cam ‘
7

&

NI

3 2 1
3211

DFP 1 High Pressure Pump section view
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3.2.2 OPERATION

A) PUMPFEED

The transfer pum p draws fuel through the filter. This delivers fuel to the HP pum p entry point ata quasi-constant
pressure known as the transfer pressure.

Afilling actuator is fitt ed upstream of the HP pump. This controls the amount of fuel sentto the pumping system
by adjusting the cross-section of the flow path . The ECU determin es the coil current to set the flow path cros s-
section required to achieve the requested pressure for the engine operating conditions. When the requested
pressure reduces the current increases, and vice-versa.

\ 1 \ Hydaulic heakog/ 3 \ Inlet valve
2\ Roller shoe 4 Dischage valve

3\\/1
4/////// S \\\\\\

3220
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B) PWMPINGPRNCPLE

During thefilling phase, two h elical springs - one on
each piston - keep the cam rollers in contact with
the cam. The transfer pressure is sufficient to open
the inle t valve and to move the plunger pistons
apart. In this way the dead space between the two
plunger pistons fills with fuel.

When the diametrically  opposite rollers
simultaneously move overthe camraise profile, the
pistons ar e pushed toge ther. Pressure rapidly
increases in th e space between the two plunger
pistons.

3221

Int ake p hase

When the pressure rises above transfer pressure
the inle t valve closes. When pressure goes above
rail pressure the discharge valve opens. The fluid
under pressure is then deliv ered to the rail.

3222

Dis charg e pha se
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C) NLETANDDISCHARBVALVES

In the inta ke phase, the transfer pressure closes the

valve . Fluid enters the body of the pum p element.
Under the effect of the transfer press ure, the
plunger pistons move apart. When the rollers
simu ltan eously meetth e cam raise profile, pressure
sudd enly increases in the pump element body. The
valve closeswhenthe pum pelementbody pressure
become s greater than the tra nsfer pressur e.

Inlet valve
3223
In the intake phase, the discharge valve ball comes
under rail pressure on its exter nal face and unde r
transfer pressure on its internal face. Th e ball thus
remain s in its seating thus ensuring pum p element
body sealing. When the two di ametrically opposite
rollers simu Itaneously meet th e cam raise profiles,
the plunger pistons move toward s each other and
the pum p element body pr essure rapidly increases.
When the pressur e in this ele ment be comes greater
than rail p ressure, the ball isin disequilibriuim and
consquently opens (the spring loading is negligible
in relation to the pressure loading) Fuel thus flows H E
into the rail under high pressure. : :
Discharge
valve
3224

D) PUMMP LUBRICATIKD ANDCOQING
The fuel in circulation keeps the pum p lubricated and cool ed. The mininim flow ne eded for pu mp operationis 50
litres/hour.
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E) PUMP PASING

Conventi onal injection pump s distrib ute fuel under pressu re to the various injectors. It is thus essential to phase

the pump so t hat injec tion takes place at the r equired point in the cycle. The Comm on Rail system HP pump no

longer dis tributes the fuel s o it is essential to phase the pump with the engine. Nonetheless phasing the pump

has two advantages:

€ Variations in torg ue from the camshaft and the pump can be synchronised to limit stress in the distribution
belt.

€ Pressure contro | can be improved by synchronising pum p-produced pressure peaks withthe fallsin pressure
generated by each injection. This phasing imp roves pressure stabilit y, which he Ips reduce the difference in
flow between cylin ders (lineto line).

Phasing the pump will be done using a pin inserted in the p ump drive shaft.

Note: However ph asing is obligatory on DFP1 pumps fitted on Renault applicatio ns for, unlike the pract ice with
other car builders, the phase sensor is not positioned on th e camshaft but on the pump pinion. It is therefore
essential to phase the pump on Renault applications to avoid any problem with engine synchronisation.

3.23 HARACTERSTICS

A) DFP1 MAX PRESSURE GRAPH

The time needed to achieve sufficient rail pres sure
to start depends on the injection system volume
(rail dimensions, tubing length, etc). The object is
to achieve a 200 bar pressure in 1.5 revs ((3rd
compres sion) .

Rail pressure

0 —_

0 1000 2000 3000 4000 5000 6000 7000

Engine speed (rpm)
3230
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B) CHARACTERISTICS

Applicatio Capacity No. of Rack Ratio Max Pump Max Rail pump Drives
ns (cmPirev) plungers Speed Speed
Renalt K9 0.6 2 1 1/2 300 r;m @ | 1000 2500pm@ Bt
1000ba 1600ba
PSA 0.67 3 1 213 30rm @ | 1170 3000pm@ Bt
DVATED 1200ba 1600ba
Fod Puma 1.2 4 2 1/2 300rm @ 1000 2500pm@ Chain
Trasit 1000ba 1600ba
Fad Lypx 0.9 4 2 1/2 300 r;m @ | 1000 2500pm@ Chain
Puma 1000ba 1600ba
Kia 0.9 4 2 1/2 200 r;m @ | 1250 2100pm@ Bt
1000ba 1400ba
Ssangdhg 0.9 4 2 5/8 300 pm 1000 2500pm@ Chain
@100ba 1400ba
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3.3

3.31

DFP3 COMMORAILPUMP

DESCRIPTION

The DFP3 high pressure pump marks a change from
the DFP1 concept. The transmission pin and cam
assembly for this pum p are replaced by a shaft with
an eccentri ¢ part connected to push rods.

This eccentri c is rotated by the pum p transmission
shaft. Its specific rounded form is designed to drive
the push rod movement and generate high
pressure.

For engines needing substantial flow rates, the
pump is fitted with three plungers angularly placed
at 120 degrees to each other. For engines needing
aless substantia | flowrate, a 2-plunger solu tion has
been adopted, with the plungers angularly placed
at 180 degrees.

Since the pump no longer sets the injection
procedure - in the same way as for the DFP1 - it is
possible to extend the pumping phase so as to
redu ce drive torque, vibratio n and noise.

The mos t significant differe nces from the DF Plare:
€ The eccentri ¢

The transmissi on shaft shape.

The number of pl ungers.

Roller bearings replaced by plain bearings.
Greater pumping capa city per re volution.
Higher rotation s peed.

Reduced pum p overall dim ensions.

Transfer pump as an option.

a o dh dh dh db b

3-piston DFP3 pump
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3.3.2 OPERATION

A)PUMP FEED WITH @RTHOUTRANSFER PUMP

A transfer pum p draws diesel through th e filter, or a feeder pump in the fuel tank puts the fuel under pressure. In
the first case, the pumping principle employs the DFP1 transfer pump concept.See Paragraph: DFP1 Transfer
pump

Operation and chara cteristics are alm ost the sam e as for the DFP1. The only major differ ence is in it being place d
on the front and no longer directly inside the pum p housing itself.

A feed pressure regulator internal to the pump is needed when using a tr ansfer pump.

\ 1 \ Trasfer pump by 4 \ Rotor
2 \ Blades (x4) ) \ Hghpress@pump bdy
\ 3 \ Distribtion plate 6 \ Liner

1

2"’\
\\

4 3320

Section view of  optional tra nsfer pump for DFP3
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B) PWMPINGPRNCPLE

The pumpisdrivenby either beltor chain, or by Oldham drive as shownin diagram b elow (12) . The transmission
torque is sent via drive shaft (13) to the eccentric, or cam (7). In the diagram the cam (7) is in rest posi tion with
its flat faces touching the push rods (6) . The cam is considered to be in aworkin g position when one of the curved
faces is acting on on e of the push rods. This push rod drives plunger piston (3) and compres ses spring (4) . The
amount of fue | compressed at piston travel is represented by figure 2 on the hydraulic head dia gram.

Cylindehed Pump laty
Distage véve Inld valve
HungerRsta Cylindr hed gaket
Pstonsping Icentifcaton pete
Sping rediningcup Oldlam drive
Pwshrod Dive shaf

Cam

2

9\..1_.\\ =

\:” /4

10

\a
12\\ %e

11

3321

Section viewoft he 3-plunger version of the DFP3
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C) HYDRAUCHEAD

Diesel at transfer pressure goes to the hydraulic
head via orifice (5) and then passes through the 1 2 3
inlet valve . This am ount of fuelis th en compressed
in chamber (2) at each piston rise. Thisamountthen
moves at high pressure throug hthe dischargevalve
before being sent through ori fice (6). This orifice is
itself linked to the other HP hydraulic head exits so
as to centralise all high pressure fuel.

— ——

SN

3322

Sectionvie w ofa hydraulic head

D) INLET AND DISCHARGALVES

The opening and closing of the v alves depend on

the movements of the plunger pistons, as fol lows:

€ In the expansion phase, the descending
piston ge nerates a vacuum that causes the
inlet valve to open thus filling the
compre ssion chamber. On the return, the
discharge valve remains in its seating since
the actual pressure behind it is e qual to the
rail pre ssure.

€ In the compression phase, the inlet valve
closes as the rising piston puts the fuel in the
chamber under pressure and thus pushes the 2523
valve into its seating. The discharge v alve
opens when the chamber pressur e become s
greater than the rail pressure.

Inlet valve Discharge valve

Close-up of hydraulic head valves

Note: The inlet and dischar ge valve spring s are only there to help their movement. The loading of the se springs
is light and d oes not co nstitute an obstacle in term s of the pressures operating in the h ydraulic head.
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3.33 SPECIEATIONS

© Delphi

1 DRP3.1 K DFP3.3
2 DRP3.2 4 DFP3.4
1 2 3

3330
Specifications DRP31 DRP3.2 DRP33 DFP34
Numbe o plurges 3 3 2 2
Capacity (ctinev) 0.75 tal.05 1to 105 08061 05007
Max pressuraaf) 160002000 16000 2®M0 16@ to2000 16@ b 2000
Drive Belt/Chain/Qdham| Belt/®@ain/@lhan Belt/@ain/Gdhan BeltChainOldiam
Speedatio in elatin to 1/2t04/3 1/2 to4/3 12t01 1/2t01
engine syl
Max speed (pup rpm) 5000 4000 4000 5000
Transfe pump Intgrabd aan | Inegatedasanopon | Inegatedas aropion Integgragd asn option

ogtion
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DFP3.1 max pressure graph

3.4 MV

3.4.1 OPERATION
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The low pre ssure actuator also calle d the Inlet

Metering Valve controls rail pre ssure by regulating

the amount of fuel sent to the pumping comp onents

of the HP pump. This actuator has a double role as

follows:

€ Firstiti mprovesinjectio n system o utput since
the HP pump only compresses t he amount of
fuel needed to mainta in the rail pressure
required by the system.

€ Secondly it reduces th e temperature in the
fuel tank. In fact when excess fuel is sentto
the return circui t, the expansion of the fluid
(from rail pre ssure to atmosphe ric pressure)
involves a large amount of he at. This
generates an increase in tem perature of the
fuel sent back to the tank. To avoid generating
too high a temperature, it is necessary to do
the following:
- Cool the diese | in the exchanger (a
costly, cumbers ome and not very
efficient solution) .

- Limit the amount of he at generated by
fuel expansion by re ducing the r ate of
discharge. To reduce the rate of
discharge, it is enough to adapt the HP
pump output to engine needs withi n the
who le operating range. This is what the
IMV does.

3.42 DESCRIPTION

THE COMMON RAIL SYSTEM

HP PUNP

Specific consumption (g/kWh)

IMV EFFECT 3500 rpm - without EGR

310
300 4
ETIEES e T ——
BE qrmmmmmmmmmmmmmm -
270 F-m ey
260 -
250

77 80 83
Torque (N.m)

Rail Pressure = 800 bar 211

RETURN CIRCUIT DIESEL TEMPERATURE

Fuel Temperature (°C)

—=— vithou!
—¥— with

Torque (N.m)

3412

The IMV is fitted to the pump hydraulic head. The transfer pump feeds fuel to it via two r adial drill holes. A
cylindrical filter is fitted to the IMV feed orifices. This not only protects the low pre ssure actu ator but also protects
all the injectio n system com ponents downstream of the IMV. It is made up of the followi ng element s:
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Flange

Conical Body

<ping /
/

Nose
\ T~ Adjustable

Plug

/ Moving
Armature

Filter Coil

Cylindrical
Spring

Push rod Beafings

3420

3.4.3 OPERATION

The low pre ssure actuator is used to measure out the amount of fue | sent to the HP pump pum ping elementsin
such a way that the pressur e measured by the HP sensor is equal to the pressure level dem anded by the DCU.

Each operating point should have the following condition: Amount introduced into the HP pump = amounted
injected + injector discharge amount + injector control amount.

The IMV is normally open when it is not bein g fed:
it is made up of two sprin gs of different stiffnesses A
and loadings. The hydraulic head conical spring Q (/)
being strong er than the coil cylin drical spring keeps Qmax
the piston item 1 on the IMV section diagram in the
fully open position.

It cannot thus be used as a safety device to cut the
engine if needed. The IMV is current -controlled. The
flow/ current curve is shown in the graph op posite.

Imax I(mA)

3430
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The DCU determ ines the value of the current to be sent to the IM V as a function of:

Engine speed.

Row demanded

Rail pressure demanded.
Measured rail pressure.
Fuel temperature
Combustion mo de

a dh dh dh db b

3.44 SPECIEATIONS

Specifications DRP3
Pstontravel 1.4mm
Diamegr oforifices 3.5mm
Coilinductance 7.5mH
Coilresistare 5.4 at25C
Supply voltag 10.5td6V
| maxium 1A
Weight 270g
eatingtemperdures minus 40°0 +25°C
e
Max fow 1D |h
RO oortrd 300 t®000H

A new generation of IMVs have been developed to be fitted to the following:

€ the latest DFP1s
€ all DFP3s

Note: However whilst the DFP1 & DFP3 IMVs look like each other they are not interchangeable because of

hydraulic upgrade reasons.

The main changes be tween the old and new generat ion IMVs are as follows:

€ Orifices reduced from 3.5to 3.0 mm di a.

€ Orifices shifted.

€ Maxim um curre ntincre ased from 1.3to 1.6 A.
€ Springs chan ged.

Despite these changes the IMV flow char acteristics re main the same: the orif ice size change is compensated for

by increasing the ra nge of control current settin gs.
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3.5  Pressue limiter

This PLV - Pressure Limiter Valve - ¢ omponent
mech anically lim its the pressure (between 18 50 and 2250
bar) in the high pressure pump.

It discharges the pressure on an ad hoc basis if IMV
regulation is no longer active or if discharge via the
injectors is no t bein g facilitated .

The fuel i s recycled to the pump inlet.

NS
This component does not require any network \
intervention. \ )
Note: This pressure limiter is not fitted to pumps that ’
have a rail-fitted discha rge actuator since this actuat or @ ~

performs a limiter function.

3500

3.6 Venturi

The Venturi chapter has been put to geth er separately because the Venturi is not properly a pump element: See chapter
on 7. Venturi
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INJECTOR DFI 1.X

41 OPERATION

The Common Rail system injector has been designed to com ply with the new depollution standards. It has to do the
following to do this:
Enable multiple injections.(Up to 5 inj ections per cycle)

Enable smaller and sm aller qu antities to be injected (0.5mg/cp)
Enable injection at hi gher and higher pressures (1800bar)
Accomm odate low-level hydraulic interaction bet ween two s uccessive injections

a o b dh

Hom ogeneously distribute the amount injected

The  following developments m ade these
recom mendatio ns possible;
€ Improvements in the hydraulic system

- Injector seal diameter modified.

- Crosspiece orifices modified.
€ Modificatio ns made to the injector as follows:

- Number of holes increased.

- Conical holes.

€ The development of new valves, in particular \3
developments in the materials wused for
manufactur e and in their he at treatment. 1 / —_—

4100

Injector needle - 1: Conicalin jectio nhole/ 2
Optim ised psac volume/3: Injector needle  geome try

42 THEHNOLIOG/

Depending on the generation of the injector, maximum
injector pressures are of the order of 1800 bar. This
means that the forces needed to lift the injector needle
are very large. Because of this it is im possible to use an
electomagnetic actuator directly to ope rate the injector
needle wit hout using very high currents - and the growth
time for es tablishing such currents would be
incompatib le wit h the required reaction tim es needed for
multiple injections. Furthermore using such high
currents wouldrequire such a lotof electronic power tha t
itwould engender substantial heatingin the actuator a nd
DCU.

So a valve sited above the needle manages the contro |
chamber pressure ri se/discharge by in directly operatin g
the injector needle in the followi ng way: _
€ When the needle has to lift (at injection Inject or nose
beginning), the valve opens to discharge the
contro | cham ber into the return circuit.
€ When the needle hasto close (atinjection end), the

valve closesinsucha way thatthe controlcham ber
pressure re sets.

4200
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4.2.1

4.2.2

Valve

The followi ng design feature s ensure an acceptable
response time along with minimum energy
consum ption:

€  Thevalveisaslightin weight as possible.

€ The travel of the valve is as small as possible .

€ The force required to move the valve is a
minimum. This means that valve has to bein
hydrauli ¢ balance in the closed position. This
balance is obtained through using identical
geometry in the valve pressure chamber
sections, aswell as ensuring that the pressure
to each part of the valve is identical. This
means only a lightly-load ed spring is needed
to hold the valve in its seating. This is then
enough to energise the coil to compress the
spring and lift the valve.

Volume under Sealing face (seating) Volume in
high pressure vacuum

\/A\ )

Discharge Valve Depressurisation
orifice grooves

4210

Val ve

The sensitivity o f the valve to po lluted fuels has led to developm ents in h eat treatment and in the materials used

for valve design.

The new gen eration of DLC (Diamond Like Carbon) valve s is the result of these design developm ents. Applying
a DLC lining (in red in diagram above) prevents any valve seating defo rmation or erosion and yet has no

operational effect.

Crosspiece

The crosspiece is sited below the valve support
bracket. It links the control chambe r with the three
calibrated orifices used during injector operation.
These orifices are as follows:

€ Injector feed NozZe Path Orifice: NPO).

€ Injector dis charge from control chamber Spill
Orifice: SPO).
€ Fill from control chamber Inlet Orifice: INO).

SPO Discharge

INO Filling orifice o
orifice

/A

/

NPO Injector feed Control chamber

orifice

4220
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4.23 Specifications

Specifications DR 12 DR 1.3 DH 1.3_800 DFI1.4
peatingpesste (bg 1400 1600 1800 1800
Number of Injexts 2 3 3105 3to5
Number ofedrichanicyck 200 800 1200 1200
validations (millions ofes)c

\ehicleKm 250000 250 000 400 000 4@ 000

Note: The kilometrage mentioned in the above table is to be considered in relation to the mode of rail pressure
discharge. In fact if the injectors are used to discharge rail pressure, the valves will be more stressed t han in a
system fitted with an HPV. In the case shown, the valves are only used for injectio n.

DFI 1.4 injectors have been developed to do the

followin g:

€ Reduce sensitiv ity to variatio ns in discharge
return circuit vacuum levels.

€ Reduce drift by using new surfa ce treatm ents.
See DLC note on preceding page

€ Operate at hi gher pressure.

The technical developments made in response to

these criteria were as follows:

€ To incr ease valve retur n spring stiffnes s. (1)

€ To modify valve internal return circuit. (2)

€ To change DLC valve surface treatment. (2)
See DLC note on preceding page 2

€ To modify feed co nduit and injector gallery. 1 /

®)

420
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The drawing opposite shows the overview of the
DFI 1.4 injector development (to right of centre line) Old generation DFI  New generation DFI
in comparison with the old DFI 1. generation of 1.1->DFI 1.3 1.4
injectors (to left of centre line)

The main changescan be seenas follows:
€ At the feed conduit

€ At the fuel gallery

New feeder
conduit

New fuel gallery

4232
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43 DESCRIAON

The Commo n Rail system injector ho lder is mad e up of

the followi ng parts:
€ One injector nozzZle and needle.

€ Oneinjector holderbody fitted with feed and return
orifices.

One coil integrated into injector holder body.
One connector fitted to injector holder top.
One filter shank fitted to fuel feed orifice.

One crosspiece with control chamber and
calibrated jets for operating the needle .

€ One valve and support b racket.

€ One nut.

Eccentric pegs are used to ensure corre ct angular
positioning wh en assembling injector, crosspiece, valve
support bra cket and injector holder.

Adjusting valve spring pre-loading is done by inserting
a loading slug between coil and spring.

a o dh

Filter shank\
Return nozzle \ / C2l tag

Connector \

Coil

Calibration pin . — Valve
Valve spring —_— /
Nut

Adaptor plate /
Nozzle spring
Gallery -

Injector

4300

44  OPERATING PRINCIP

4.41 Pressurgropagation

Propagating the pressure in the injector breaks down into severa | stages, as follows:
€ Fuel under high pressure fir st passes through the injector h older body before feeding the cro sspiece by

trav ersing the se jets in the followin g order:
- INO: Feed to control chamber.

- NPO: Feed to injector fuel gallery.
- SPO: Feed to valve chamber.

€ Fuel under high pressure progressively fil Is valve cham ber, crosspi ece contro | chamber and needle helical

groo ves.
Pressures are balanced across all injectors at this stage.
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4.4.2

4.4.3

4.4.4

4.4.5

Injector at rest

Pressures balan ced keeping injector clo sed, or at rest. See diagram: Injection fig. 1

Identical geometry of sections in bold on drawing op posite allows valve to remain closed. Valve is held in
equilibrium because the pressures in these two sections are equal.

Coitontrol

When the D CU activates the coil, valve opens whe n the coil for ce is greater than the spri ng force. Opening the
valve creates fuel dischar ge to injector retu rn and engenders a pressure fall in the followin g:

€ The valve chamber

€ The SPO

€ ThelNO

Needle remains in seating despite this fall in pressure because the fall has not ye t reached the control chamber,
so thereisnoinje ction. See diagram: Injection fig. 2

Injectiorstart

Injection start happen when the pressure fall has spread throughout the crosspiece control chamber. In fact the
pressure differ ence across th e two ends of the needle creates its imbalance. This transla tes into the needle rising
as the needle nose pressure becomes greater than the cros spiece contro | chamber pressure.

Fuel goes through NPO to feed injector. See diagram: Injection fig. 3

Note: Fuel passing through injector feed orifice (NPO) creates a load loss related to th e rail pressure. When rail
pressure is at a maximum (1600 bar), this load loss ex ceeds 100 bar. The pressur e at the needle cone (injector
pressure) is th us less than rail pressure.

Injectiorend

When the DCU cuts current to the coil, the valve reclo ses since the coil fo rce becomes less than the spring  force.

Following valve closure the circuitregains pressure. Howev er the needle remains out of i ts seating. See diagram:
Injection fig. 4. The only way to recloseitisto apply a pressure differ entfromtha t at each of its ends. This pressur e
difference that wil | cause the injector to close is created by the load loss across the NPO filling jet, which resis ts
the control chamber pre ssure that is roughly equal to the rail pressure .
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When the control chambe r pre ssure becomes higher than the pressure at needle nose, injection stops.  See

diagram: Injection fig. 5
) 1| ) l f 1 h
\jﬂ I}L
3 4

Injecti on - Red: High pressur e (Rail pressure )/ Green: Low Pre ssure/ Orange: Injectio n pre ssure ( Ralil
pressure- NPOlo adlo ss)

4450

Key:
Injector N° Valve Needle Injection
1 Cb=d Cb=d No injection
2 Qpening Cbsd No injection
3 Qpen Qpening Injection start
4 Closing Qpen Injection end
5 Cb=d Cbzd No injection
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45 INJECOR BGERAION

The coil command current takes the form shown in the 1 Pilot Injection Im \ Maintain corent
Injector pulse graph. 2 Main Injecton R  SartCuert duaton
A staccato-style curre nt reduces loss because of the la Stat curert m Maintain Cuent duwation
effect of the electrica | energy changes on the DCU and S
injector.
The start current (la) is gre ater than the maint ain current A
(Im) since, during the maintain phase: I(A)
€ With the air-gap betwe en coil and valve reduced

(oy valve travel amount, about 30 pm) the la

electrom agnetic for ce to be applied to the valve can
thus be reduced.

€ Itisno longer necessary to ove rcome valve inertia. Im

T(s)

—

T0 T1

4500

Injec tion pu Ise

4.6 DISCHABE TROUGHNJEAORS

Note: This chapter do es not concern HPV-fitted sys tems.

Then rail pressure demand falls sharply (if foot is lifted or a fault causes rapid rail discharge for example), IMV closure
prevents any new DCU-initia ted pressure requirem ent to be reached sufficiently q uickly. The system thus uses the
injectors to discharge the rail. This operating mode depends on being able to con trol the injector re sponse tim es. In fact,
in order to discharge th e HP circuit without risking  fuel getting into the cylinders, the coil has to receive pulses that are
long enoug h to lift the valve and put the rail directly into comm unication with the injector retur n circuit, and yet sho rt
enough to avoid the inj ector needle lif ting and causing fuel to enter the combus tion chamb er unexpectedly.

This way o f operatin g is only possible if the injector response time - thatis to say the time between the start of solenoid
excitation and the instant when the injector needle lifts - is calibrated perfectly . This time period is obviously differe nt
foreachinjector asit depends on theinitial characteristic s of the injec tor (C2l)and also on its level o f wear (apprenticeship
periods) . Itis therefore essential to know th e initial characteristics and drift of each injector exactly.
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4.7

Note:

4.71

4.72

C2I:INJECTORIDVIDUA CORRECTI®

The C2l abbreviation come s from Correction Individuell e Injecteur wit h the figure 2 symb olising the two Is

Desciption

The amountinjected is proportional to th e injection time (pulse) and rail pressure. The flow g raphs in relati on to
pulse tim e and rail pre ssure are called the injector characteristics.

Comm on Rail system injectors are very high pr ecision par ts. They ar e capable of i njecting amounts var ying from
0.5t0 100 mg/cp under pressur es from 15 0 to 1800 bar. The precision needed re quir es very small manufacturing
tolerances (some um) on jet diam eters, and on the operating play betwe en the different moving parts.
Nonetheless, machining variatio ns, load losses, any rubbing betwe en moving parts and magnetic forces cause
variances betwe en one injector and another. Because of this, flow v ariations can reach 5 mg/cp. In other word s,
that m eans that the same pulse applied to two injectors could produce a differe nce of 5 mg/cp.

Itis impossible to contro | an engine effectiv ely with such a variance betwe en injectors. So it is necessary to apply
a correction so that the required amount of diesel is injected whateve r may be the initial characteristics of the
injector. For this to happen, itis necessary to know the injector characteristic and correct th e pulse applied to the
injector as a function of the difference between this characteristic and that used in the DCU.

The characteristic recorded in the DCU is called th e target. It is the mean characteristic of flows measured from a
representative batch of injectors. This target is used to convert the flow demand Q in pulse time T. However this
pulse cannot be applied directly to th e injector since the characteristics of this lat ter are different from the target.

It is therefore necessary to correct the pulse time T using the pa rticu lar inj ector ch aracteristi c. This characteri stic
is determ ined by m easuring the fl ows for different pressure values. The C2lis a modelling procedure for these
characteristics.

Procedure

The inje ctors are e lectric bank tested at the end of the manufacturing line . The measurem ents are processed to
work out correction coefficients. These c oefficients ar e writte n on the injector in two forms, as follows: in a data
matrix code and in alphanum eric char acters.

So as to correct the flow differences betwe en
injectors and the target, each injector is mark ed with
the flow difference betwee n the actual pulse tim e
and the target pulse time as a func tion of flow, for
a give n pressure.

€ The corresponding corrections be then

Flow (mm3 /stroke)
al
o

determi ned for pilot and princip al flows from w0
the graph, for four pressures (200, 800, 1200 30
and 1600 bar). That produces eight ig
coeffic ients. 0
€ From this we get a (Pressure, Flow and 0 200 400 600 800 1000 1200 1400 1600 18002000
Correction) card that gives us the cor rection
to apply to the ta rget pulse to obtain the Pulse duration (usec)

required flow.

4720
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4.7.3

Label encr yption is a co mple x operation, since we have to em ploy the leve | of r esolution t hat is strictly necessary
to optimise this method (and limit label size). Each coeffici ent has been coded into a number of bi ts that is unique

to that coefficient.

Injector holder Drélpiesel refeerce
Chonologal séalnunber

Date anl placef manudctue
Injectohdderday bmanufature
Delphi logo

Lael

Code aa mé#ix (Faoty rading)
Corection fetors (2l)

Vehicle lider reference
Builder appvainumber

1
4 )
=1 | CKAABBCCDDEEGGHH
4 — 3 XXXXXXXXXX ] ,
M XXXXXXXXXX
5 EJBR00101Z
1%345*M£\{IF*A:F T 10

° \_ y,

4721

C2llab el

Note: Code Data Matrix Informati on:
€ Correction factor s

€ Inje ctor holder De Iphi re ference

€ Injector hol der vehicle builder reference
€ Date

€ Ste code

Development3l

To reduce the v ery small deviations that remain still after C2l correction and to get as close as possible to the
target, a new type of injector correction procedure has appeared, and this is known as C3l.

C3lcomes from the name in English, Correction Improved Individ ual Injector.

C3lhas been introdu ced to increase the accuracy of the C2I corr ection pr ocedure. In fact, if we take the following
diagr am as an example, we can see the si gnificant gai n brought abo ut by usi ng C3l.
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A Without correction With C2I With C3I
M
X
o
@
>
£
=
[e]
[
Pulse time (us)

Flow curve stud yfo r 1600 bar r ail pressure; Red: Target; Black: Injecto rs measured: Blue: Typical
diffe rence betweentarget  and measured injectors: Encircle d: C2lina ccuracy zone

The two m ajor differences betwe en C3l and C2l are the following:
€ A three-part lin ear correcti on is possible with C3I whilst C2I only all ows a sin gle linear correctio n.

€ A different encoding method as follows:
- C2I: 16 Hexadecima | characters.
- C3lI: 20 Alphanum erical char acters.
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4.7.4 Read/Write

Matrix data is read and stored on an intermediary medium in the engine factory . This intermediary medium
contains C2I (or C3I) data and th e cylinder number on which the particu lar injector has been fitted . The C2I (or
C3l) data on the four injectors is read b efore th e injectors are fitted on the engine so as to facilitate using a laser
reader on the matrix code data. Through this process the client can thus guarantee th at there is no risk of any
reversal of the order of reading codes and the order of the cylinders on whi ch the injectors are going to be fitted.
In the vehicle factory, the contents of the interm ediary medium are read than dowl oaded to the injectio n system
DCU.

In after-sales, if one or more injectors ne ed replacement, it is necessary to load their C2I data into the DCU. This
operation autom atically re-intialises the back data linked to the ol d injectors.

When re placing the DCU, it is necessary to | oad the C2I (or C3l) data and vehicle settin gs into the new DCU.

Note: Other stages such as programming the DCU and saving the b ack data from the old DCU into the new DCU
have to be done following any C2l downl oading, but the method is often sp ecific to each builder and cannot thus
be described in a generic worksh op manual.

A Chaacterisabn F Temporary sagi
B Encoding ] Enge/Véicle asemly
ol Dclivery H DAUNehicle assembly
D Fiting toengne I Loadin@?l irto vehicle
E Read Cfr ezhinjector
——) M
>
0 200 400 600 800 10001200 1400 1600 18002000 B ‘ C
< <=
‘ F E D
>
G

C21/C31lo ading meth od
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51 RAL
The rail is a pressure reservoir down stream of the high pressure pump. It form s areserve of diesel under high pressure

ready to be used by the injector s.

The rail assemb ly is m ade up of the followin g:

€ Body

€ Rail pressure sensor

€  Thefollowing end pieces: 1 pump inlet and X in jector exits
€ HPV as an option

4741

Fitted rail assembly:
€ HPV to left.

€ At bottom : Four injector exit end-pieces.
€ To the rig ht: Rail pressure sensor
€ Second end-piece coming from the right: high pressure entry end-piece

© Delphi
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5.1.1 GENERAL

The diagram below shows the developm ent stages of th e rail in relation to the pollution stand ards EURQOS3, 4 &

5.
EURO3 EURO4 EURO5
Rail 2000bar
| Rail with integrated HPV - 1800 bar __——
| Rail with integrated HPV - 1600 bar ___—
| Rail with jet system - 1600 bar —
|  Compact Tubular Rail - 1600 bar —— —=
| Tubular Rail - 1600 bar i
|  Spherical Rail - 1600 bar ~—__—
i ! i ! ! ! ! i ! i i
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
5110
Gererations Types Apgications Volumes (cr)
DR 1 Sheicd rall Fod Lynx, Renla K9 18
DR 1D Spherical rail with ggtem Renaltt K9Euo4 18
DR 21 Tubularing ail Fod Rma, Ssa@Yog 187
DFR 2.1D Tullar ringail + jet / /
DR 2 Tubularal Kia, Ssafvgpng 195
DFR 2.2D Tulilar rd +jet / /
DR 3 Tubularail with RV Cummins 195
DR 3D Tublar raiithHPV and jet system Daimler Chrysler 265
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5.12

5.13

RAILCHOICE

Choosi ng rail type:

The spherical rail represents an advantage because ofits low b ulk, butcan only be used onrelatively small engines
since its use m eans having to use rail/injector tubes that are longer than those used with a tubular rail. Using
these longer tube s provokes greater load loss. Howeve r the sperical rail offers a significantadvantage in hydraulic
terms since all paths to the injectors have the same length. The tubular rail has the advantage of having ide ntical
rail/i njector tubes.

Rails Spterical ralil Tubularrail
Hydauic pah + -
Possibility of havidgntical rail/injector - +
tubes

Impatof tie leagthin erms bloalloss - +
Weight + -

Cat + -

Volume choi  ce:

The smaller the rail internal volume , the easier itis to fill and empty and thus to increase and d ecrease pressure.
These advanta ges are gained at the ex pense of the stability of pressure contro | stability and th e rate of i ntrod uction
at injection end. The choice of rail volume thus involves a comprom ise between th e duration of any transitory
phases, the size of any pressure fall during injection, and the degree of stability of control.

JET

Fitting jet piecesto the inje ctor exit sis meantto limit
rail pressure osci llations caused by the injection
process and any pum p pressure variations. This
system alll ows mo re precise injection control.

1. Rail
2. Jet

5130

Install ing jet
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5.2  RAIL PRESRESENSOR

5.2.1 OPERATION

The pressure sensor is essentially made up of a

metallic membrane that deforms under pressure.
The membrane has a fitted pie zo-resista nt elem ent
whose resistanc e varies in relation to membrane
deformation. This defor mation thus represents the
amount of pr essure in the rail.

1.  Diesel under high pressure
2. Membrane

5210

5.2.2 INSTAIATION

Rail pressure se nsor

The sensor is screwe d to the r ail. A soft ste el washer ensures sealing at high pressure. Using a pre-defined torque
and angle that makes the best use of the axial fo rce ensures complet e sealing.

The latest ver sions do not use a sealing washer. The sensor/rail con tact is direct, as for the HPV.

5.2.3 SPEQFATIONS

There are several ver sions of this sensor tha t allow me asurements up to 1600, 1800 and 2000 bar.

1800bar sensor Specifications

Accurag +/- 1%beween 0 an@i000barfordiesetempeatues bevean 20C ad 10°C
+/-1.6% hbisveen 100@nd 1800arfordiegl empeatues beveer 20C ad 10°C

Max pessue withat significant 2200 bar

degraddion

Max pessue that couldead b > 25004d.

sigiificant égadaion

Body Machined ity Mecharically wddedbody

Conaction sysin Type SMEA 2 Type K&TA
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HPV

THE COMMON RAIL SYSTEM

RAIL ASSEMBLY

OPERATION

This High Pressure Valve (HPV) actuator is fitted to  the rail and is designed to contro | rail pressure.

Note:

An HPV-fitted Comm on Rail system no longer programm es injector di scharges. The HPV actuator in the
system takes over t his funct ion.

The HPV does the fol lowing:

5310

HPV overall view

The HPV should also maintain suffici ent pressure to start and turn ov er wh en a circuit is op en electrically

€ Reduces high pressure circuit pressure when
discharging diesel.

€ Accurately co ntrols rail pressure oscillation
peaks.

€ Limits pressure in case of system
overpressure. The HPV thus protects the
Common Rail system, in particularthera iland
injectors.

€ Control s rail pressure when:
- The IMV is no longer electrica lly

controlled.

- There is a pre ssure sensor fault.
- The system is not fitted wit h an IMV.

Note:

(HPV disconnected).
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5.3.2 DESCRIPTION

The HPV is fitted to the rail. It is made up of th e following elements:

€ One piston held in full closed position by a spring.
€ One electrical connector
€ One current- controlled coil.
€ One piston-linked pin for opening and closing the HPV via a ball fol lower.
€ One body with axial feed orifice and two discharge orifices.
€ One cylindrical filter f itted to feed orifice.

1 Electric comator ) Coil

2 Flter 6 Pin

3 Ball fdbwer 7 Piston

4 Rail end-piece 8 Spring

5320
HPV section view

A.  Diesel under high pressure coming to rail.
B. Diesel discharged from rail.
C. Diesel fed to discharge return.
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5.33 OPERATION

The HPV is normally closed when not powered. It
can be used as a safety device to cut engine if
needed. The IMV is current-control led. The flow /
current curve is shown in the graph opp osite. A P(bar)
The DCU determ ines the va lue of the curr ent to be Pn
sent to the IMV as a function of:

€ Engine speed.

€ Rail pressure demanded.
€ Measured rail pressure.
€ Fuel tem perature.
€ Combustion mo de.
Pr
I(A)
0 >
In  Imax
Pn: Nominal Pressure Pr:
Residual Pressure
5330
Relation betweenra il pressure andcurre nt
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6.1

DESCRIAON

The filter pro tects the Com mon Rail system by:
€ Separating out and storing diesel impurities so as to avoid any pollution of the Common Rail system .

€ Separating and storing any water na turally presentin the diesel fuel.

€ Evacuatin

g any air inthe fuel circuit.

The filter should be able to adapt to all configurations by operating both under pressure and in a vacuum.

Syecifications Vacuum Pressue

Vehicle cearption 12/10km 12/100km

Mean flow 1301/h 180 Ih

Max flow 1601/h 2 1h

Critical Conidits Max vawm: 700 mb Max prssue at flter enty: 400 mb

Note:

pressure regulation problems appear.

In the table abov e, “criti cal conditions" are the ma ximu m acceptable conditions for the system befor e any rail

6.2 TEHNOILOG!
Non-filtered T Filtered diesel
diesel —— |
Dlesel be|ng \ By-paSS VaIVe for

—

filtered

management |
system /k

Filter element

Water

1 —— Watertrap

fuel reheating

\ Support

bracket

6200
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The filte r element coul d hav e two types of structure as follows:

€ Polled
€ Qinkled

Rolled-type filters are made up of fl at elements arranged in a roll. Diesel passes through the tube wall and penetrates
the porous fibre , and any particle s are held in stored on the tube surface. This technology is no longer used because of
the limited element life for this type of filter. The sensitivity of common rail systems has led to a new desi gn of filter

element in the form of a crinkled struct ure.

Crinkled structure filters are arranged in spirals to
improve filt ration capacity. Diesel is fil tered as it passes
through the filter from one part to an other. The filter
element is made up of a combination of cellulose and
artificial fibr es.

The photo opposite shows a blown up view of a crin kled
filter element. The fibre atthe topis made of Polymer. It
filter s out large particles and stops any wa ter in the fue .
The second fibr e at the bott om of the photo is made of
cellulose and filters out small p articles.

6201
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The designation for 2 & 5um filters is a comm ercial categori sation. Standard Filter means "5 um" and High

Efficiency Filt er means "2 um".
Two measuring procedures can determine the 2 um or 5 um categorisation.

€ The Beta ratio (B) pr ocedure measures the ratio of particles stopped by th e filter betwee n th e clean part and

the dirty part, fora given size.

€ The Differe ntial (Diff) procedure measures the percentage of particles stopped by the filter for two given

sizes.
Flters 2um 5um
Bda R (41m)>% B (4p)93%
B (4um)>%Ph R (14m)>9%%
3 (Bpm) ot maurbe asit is toclo®
to 10%
Diffeertial Diff (3-5m & 56um}95% Diff (35um &6-6m)>90%6

6.2.2 SEPARATING OUT TWETER

Water is filtered through the polymer in the filter element See Filter Element Photo above. The water is unable to
pass thro ugh the element because of its polymer-repelling properties and spore dimen sions.

Depending on the quality of fuel b eing used, Delphi recomm ends using a filter in the following ways:

€ For good quality fuels, use a collector to separate out the water;

€ For average quality fuels, us e a collector and water sensor

to separate out the water;

€ For low qu ality fuels, use an independent water separator wi th collector and water se nsor to separate out

the water.
Flters 2 um 5 um
Hficiency 9%% ofwaterstoppedor al30 I/hflow | 86 ofwatersbppe fora 80 I/h flow wit2%
with 2% wadr in tie fuel. waterinthe fel.
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6.2.3 AIRMANAGEMENT

The filter should be able to handle any air in the fuel
circuit. The purpose is to protect the HP pump by
limiting the airin the circuit. Thisis don e using filter
storage and conver ting the residual airinto bubb les
small enough (<3mm) for the comm on rail system
to handle.

6.2.4 REHEATERPTION)

Its purpose is to raise the temperature of the fuel in
the system. It is used mainly for cold start
conditions. It can be fitted directly in to the filter or
placed in the fue | line (asis the case for Kia with an
electric reheate r outside the filter).

In this case we are intere sted in syst ems integra ted

into the filter, as follows:

€ Hydraul ic/the rmal with bime tal stri p and
recir culat ion (Renault K9). In this particu lar
case, the fueltem perature is m easured by two
metallic strips. Below the low temperature
threshold, a quantity of fuel from the return
circuit is reheate d then re-routed to the intake
circuit afterfiltering. Above thisthreshold, the
valve progre ssively closes as a consequence
of the amount of reheated fuel diminishing -
as this tabl e shows:

Diesel
+ Air

) \ Calibrated
Air leaves __— orifice

Calibrated
____— orifice causes
air to leave
filter in small
bubbles

solution -
Air is
collected at
Tut_Je depth the top of the
impedes clean part
passage of
large quantities
of air
6230
Tank Tank Engine

6240

€ Ther mal sw it ch (Peugeot DV4). This type of re heater is directly clipped to th e filter. The thermal switc h
ensures reheating for fuel temperature s between 0 and 5+/- 5°C. This type of thermal s witch has a negati ve
temperature cooeffic ient (reistance diminishes as tem peratur e rises).

Fuel Temperature (°C) T°<0 0<T°<50 T°>50
Rehatedfuel flowlitres/har) 45-55 Rogessive lwering <5
6-52 DDGX200(EN) - Issue 1 of 09/2007
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7.1 DESCRIRON

The purpose of the venturi is to create a vacuum in the
injector retu rn circu it to avoid injector contro| cham ber
pressure fluctuations as far as possible. This has the end
purpose of avoiding any injection contro | distur bance.

Whilst the venturi is commonly placed on the pump, it
can also be placed independently of the pump.
((Example: PSA DVATED4 & DA IMLER OM646)

7.2 OPERATION

The Venturi principle is wh ere areduction in fuel pressure is indu ced at points wh ere the speed of fu el flow i s increased.
Passing thr ough th e narrow p art th e fuel speed of fl ow i ncreases at the expense of pre ssure. The internal arch itecture
of the venturi defines its prevailing pressures and flows in the venturi.

In the case of the common rail low pressure circuit, the pr essure at venturi entry is greater than atmospheric pressure
(Pe), the suction value at the discharge r eturn point (Pi) results in a Pe-Pi>O vacuum .
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7.3 SPECIFISTIONS

This isan example of Entry/Exéharacteristics for a venturfitted in aDelphi common raisystem

Abbreviation Descriptions Specifications Diagrams
S
Qe Entyflow of Giel caning fom pump 70<@<1Pl/h
Pe Entry presue of Liel caning fompump 200<Pe58ni T
Te Erry tenpeatue of fel cominffom pum -40<Te<96 SRR
Qi Int&keflow ofuel comingaiminjectoretrn 0<@25l/h | l
Pi Inke presue of fiel caning fom injecto Pk-10mb L\I
return Qe; Pe; Te Os Ps Ts
Ti Intakegmpeatue offuel cominfom -0TK140C — —
injector return /
Qs How of fuel exiting tank 70<Qs<40l/h
Ps Pessue of fuel extingto tank 40<B<®nb 7300
Ts Tempratureof fuéexitingo ank -409's<30°C

Note: In the case of a force-feed pump, a by-pass system in parallel with the HP pump ensures continuing hydraulic
operation. A vacuum is thus pr esent fr om the time of ignition switch-on befo re starting engine.
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81 OPERATION

The DCU can have several descrip tions, as follows:
€ ECU as in Electronic Contro| Unit,

€ Diesel Control Unit (DCU)
€ DCM as in Diesel Control Module.

This unit is the heart of the injection control system. It
ensures the injection system functions correctly and can
also ensure satisfactory management of the engine,
indee d the ve hicle.

The DCU manages the fol lowing:
€ Connection with sen sors (Example, rail pressure
sensor) and actuators

€ Connection with actuator s (Examp le, Fans)
€ Contro | of actuato rs (Example, EGR valve)

8100

€ Processing of sensor and actuator signals DCUD elphi DELCO 3.4 PSA
(Examples: A ccelerom eter sensor signal a nd Tur bo
position)

€ Strategy control.
€ Dialogue with other DCUs.

8.2 SPECIFICATIONS

DCU 4.1 Piezo

DCU 3.5 32 bits

DCU 3.4 32 bits

DCU 3.2 32 bits

DCU 2.1 & DCU 3.1 32 bits

DCU 1.2 16 bits

DCU 1.1 16 bits

\

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 8200

Dev elopi ng DCUs as a fun ction of depollution st and ards
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Generati Numter of paths Types Standads Applications

ons Numbe of connectors

1.1 112 gths / 3connefors TRW 1its EWRO3 Reault K3ia/Fod Lynx

1.2 112 gths / 3connetors TRW 1its EWRO4 Reaultk9

21 112 pths / 3connetors TRW 3its EWRO3 PR DATD4

3.1 121 gths / 1connetors Ddco 2bits Advareed EROZANCERG ForéSsangdhg
progammes

3.2 154 gths / 2connetors Ddco 2bits EWRO4 Daimler ChitgsOM646

3.3 124 gths / 2connetors Ddco 2bits TIER JB

3.4 128 gths / 3connetors Ddco 2bits ERA &5 PSA DV1OB Renait K9 5

35 154 pths / 3connetors Dédco 2bits EWRGS P& DNV10OC baimlerChysler

OMs51 Siénoide
4.1 154 gths / 2connetors Ddco 2bits EWRS Piezimjector DaimlerChryslelOM65L Pieo
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RAIL PRESSURE CONTROL

Pressure control uses two main modules as follows:
€ The first determines rail pressure demand as a functi on of th e engine op erating conditi ons.
€ The second guides the IMV so that the rail pressur e reaches the r equired va lue.

Note: Anotherregulation unit has been developed for HPV contro | on new applications. See chapter on HPV

91 PRESSURREQUEST

The request for pressure is determined as a function of engine speed and loading. The objective is to adapt injection

pressure to engine needs, as follows:

€ When speed and loading are high, turbulence is very high and fuel can be injected under very high pressure to
ensure opti mum com busti on.

€ Under low lo ading and low speeds, filling rate s and turbulence ar e low.

Pressure demand is corrected as a function of air tem perature, water temperature and atmo spheric pressure so as to
take into accou nt the increase in burn time provoked by particular conditions such as cold starting or high altitu de
running.

A specific pressure demand is needed to b e able to obtain the surcharge flow required for starting. This demand is
determ ined as a function of th e amou nt injected and the external conditions (mainly the fluid temperatures)

The pressure demand is limited as a function of th e fuel temp erature. In fact not all the diesel compressed by the HP
pump is injected into the engine. The retur n circuit sends a part of the co mpressed diesel liquid to the fuel tank. The
diesel dischar ge from rail pressure to atmospheric pressure provokes a subsantial release of he at into the fuel ta nk.

9.2 PRESSURCONTROL

9.21 WITH IMV ALONE

Rail pressure control is done by clo sed loop regulation of the filling actuator. A cart ograph (called op en loop)

determines the currentthat should be sentto the actuator to obtain the flow requested by the DCU. A closed loop

is in a posit ion to correct the curr ent value as a function of the distan ce betwee n the value r equested and the

pressure value as follows:

€ When the pressure is less than th at requ ested, the current is reduced s o that th e amount s ent to the HP
pump is increased.

€ When the pressur e is gre ater than that re quested, the currentis increase d so that the amount sentto the HP
pump is redu ced.
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Request Open Loop Open loop IMV current
Board

Motor Info
Applied IMV

current
Request

>+< Error
) Closed loop IMV current

Sensor return

Theprincip le of rai | pressu rere gulati on using an IMV

9.2.2 WITHPV
The principle of rail pressure regulation using an HPV is the same as that for u sing an IMV. The current ap plied
to the HPV is calculated by adding the open loop current to the closed loop current. (PID)
When the com mon rail system is fitted with an HPV , several types of rail pressur e regulation ar e possible, as

follows:
€ HPV alone: IMV fully open: the HPV exclusively controls rail pressure.

€ IMV alo ne: HPV closed: the IMV exclusively contro s rail pressure.
€ HPV+IMV: Both actuators simultaneously control rail p ressure.
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This strat egy in the first in stance mana ges injection demand, secondly contro Is injectors by translating driver requests
into comm and signals to the injectors, and finally corrects any inj ector drif t.

Its main functi ons are the following:

€ Managing injector phasing

€ Managing flow

€ Converting these two above pointsinto injection pulses.

€ Acceleromet er correction

101 PHASING THENJECTIQS

10.1.1PILOTNJECTIONS

These injections reduce comb ustion noise, effectiv ely by burning a small quantity of diesel be fore the main
injectio n takes pl ace. This procedure makes the combustio n pressures less harsh. See chapter on Reducing Noise

Note: In the new common rail systems, it is no w possi ble to have two p ilot injections and a pre-injection very
close to the main injectio n.

Pilotinjection timing is determined as a fun ction of engine speed and tota | fue | flow. During the starti ng procedure
this can be calculated in relation to engine speed and water tem perature.

Pilotinjections are also subject to correction factors - simi lar to the main injectio n procedure.
€ The first correction is made as a function of a ir and water temperatures. This correction modifies pilot
injection timing in relati on to the engine operating te  mpera ture.

€ The second correction is determ ined as a function of the atmospheric pressure. Th is correction is used to
modify pilot injection tim ing in relation to atmo spheric pressure.

10.1.2MAININJECTION

The main injection timing request is determined as a function of engine speed and amount injected (which
represents engine loading).

Injection timing advance should be reduced at start up so as to place com busti on beginning near PMH (top dead

centre), that is to say the point whe re temperatures are highest in the abse nce of comb ustion. For this to happen,

a specific starter phase cartograph determin es injection timing as a function of engine speed and water

tem perature. Once the engine has started, the system should reuse the cartographs and corrections described

below:

€ The first cor rection is m ade as a function of airand engine water  temperatures . This corr ection adapts
phasing to the engine operating temperature. When the engine is hot, timing can be retarded to reduce
combustion temperature and thus polluting emissions (mainly NOx) . When the engine is cold, timing
advan ce should be sufficiently large to ensure combustion s tarts correctly.

€ The second correction is determ ined as a function of at mospher ic pressur e.

€ The third correction is made as a function of water temp erature and time lapsed from starting . This
correction can increase injection timing advance d uring the engine heatin g phase, that is to say during the
30 seconds following st arting. This correctionis designedto red uce the combusionrate and any instabilities
that might appear just after a cold start.

€ The fourth correction is determined as a function of any rail pressure error . This correction is used to
reduce injection tim ing ad vance when the rail pressure is greater than the pressure demanded. In this case
combustion can becom e noisy. It is possible to compensate for thi s by slightly reducing the timing advance.

€ A fifth correction is det ermin ed as a function of the exh aust gas recircul  ati onrate (EGR). This is used
to corr ect injection tim ing advance as a function of the exhaust gas recirculation rate. When the EGR
increases, injection timing advance should be increased to compensate for the temperature drop in the
cylin der.
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10.1.3POST MAIN INJECTION

The injections that fol low the main injection are designed to heat up the exhaustline.
€ These can be used more rapidly to start the catalyser.

€ On those vehic les equipped wit h a particle filt er, post injections ar e used rapidly to raise filter temp erature
to the regeneration temper ature and to stabilise it. (>650°C)

These injections also are subject to corrections but in these case the biggest corrective fa ctors are as follows:
€ The pre-tu rbo temperature.

€ Catalyser temperature.
€ Particle filter temperature.

102 TORQE STHCTWRE

All driver dem ands are translate d into a torque deman d as follows:

€ Push on accelerator pedal

€ Manipulate spee d lim iter

€ Manipulate cruise contr ol

These drive r actions are first conv erted into torque so as to be able to be considered by the various torque users as
follows:

Putting this into schematic fo rm, the torq ue struct ure can be sum marised as follows:

TORQUE
STRUCTURE

Driver request

Max

Vehicle Request:

DCU torque limiter » Min

DCU additional torque > @_» Applied torque

-

10200
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Each of the se gments above is made up a sub-module as follows:
€ Driver Request
- Accelerator pedal

- Speed lim iter
- Cruise control
€ Idling
€ Vehicle Request :
- ESP
- ABS

€ DCU torque li mite r:
- Anti- fume Strategy

- Reduced flow mode
- ESM
€ Add itional DCU torque
- Anti-Oscillation Strategy
- Additional torg ue for high acceleration

The idling contro ller co mp ares the driver request with the idling spee d flow va lue.
€ When the driver pu shes on the accelerator pedal, the system notes the request and determines the amount to be
injected.

€ When the driver releases the pe dal, the idling control ler takes over at around 1 200 rpm to determin e the minimum
fuel flow n eeded to be injected to keep the engine running in a stable condition.

Thus the sytem retains the gr eater of the se two v alues.

The maximum torque required is then noted by other torque users such as the ABS and ESP systems, and any other
user op erating outside the DCU-managed strategi es.

This torqu e under consi deration can then be limited using DCU strate gies:
€ Ant i-fu me Stra teg y: Thisis simiply a limit on torq ue as a function of air flow an d engine speed. It is particularly
used at high altitu de to reduce the injected amount when the atmospheric pressure is low.

€ Reduced flow  mode : This mode becomes active when a fault arises that co uld damage mechanisms.

€ ESM: This complex strate gy is an i nverse torque structure. On receiving a n actual pulse this stra tegy recalculates
a requested torg ue and then compares it with the driver request. If th e diffe rence is outs ide the limit, the DCU
allows only a reduced flow. In wor se cases the DCU can shut down injection completely.

The DCU can apply to rque inversely using the following:
€ AOS : This anti oscillation strategy com pensates for engi ne speed fluctuatio ns during tra nsitory p hases.

€ Add itional To rque : This strategy allows the ap plication of a g reater-th an-norm al-maximum tor que peak during
difficult trans itory phases .

At completion of this torq ue cascade, th e final torq ue is calculated so as to determine the fuel am ountto be injected.

103 INJECTION AMOUNTS

The torque calculated using the torque structure is thus translated into fuel amounts then into pulses.

The amountto be injected is shared among several injections. The main amo unt represen ts the amount of fuel injected
into the cylin der during the main injection sequ ence. The total amount injected in one cycle is thus the sum of the main
injection amount and the oth erinjections (pilot, pre, post).

These amounts are calculated as a function of engine speed and indi cated torque. As for injectio n phasing, correcti on
factors are applied to the main demands.
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Concerning pilot fuel amou nts:

€ The first correction is made as a functi on of air and water tem peratures. This cor rection adapts t he pilot amounts
to th e engine operating tem perature. When the engine is hot, the burn time diminishes since the temp erature at
the end of com pression increases. The pilot fuel flow can thus be re duced since the com bustio n noise is naturally
less wh en the engine is hot.

€ The second correction is determined as a functi on of th e atmo spheric pressure. This correction is used to adapt
pilot fuel flow as a function of atmospheric pressure.

104 PULSE DEERMINATION

The system knows at this point when in jectio ns should begin (timing) and it also knows the amounts of fue | that have
to beinjectedin to the cylin ders foreachin jection (fuel flow) . It remainsforthe system to determ ine the num ber of pu Ises,
their duration and their position in the engine cycle.

A ‘ Emine flywheésersor signal K ‘ Réderence angle
B \ Cambisdt seragna 4 \ Tof
c \ Injectiorcommandpulse 5 \ Ton
D \ Measurd injectiorcurent 6 \ Qpenig period
1 \ Puse sta 7 \ Rderance todt
2 Injection start 8 T Dad Ceme(PMM
7 8
B : : 5
c i
D <eeeennmaes b S o ‘ oo
ST SRS LI
3 2
: : 4 i 6.1 ¢ :
: ] * : : 1040

Injection pulse command
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€ There fere nce toot h helps synchronise engine flywheel signals and phase senso r to determi ne engine condition
and to start inj ection in the appropriate cylinde r.

€ The re fere nce ang le is the angle betwe en the engine flywheel gap and top dead centre.

€ T off is the time lapse between reference tooth and p ulse start. This time helps calculations on pulse start
particularly the processing of the angular data from the engine fly wheel signal.

€ Ton symbolises pulse duration. Its value is determined as a functi on of fuel demand and rail pressure. The result
of this calculation is then correc ted by the following:
- C2I to take injector initial characterist ics into account.

- BRC drategy See Electric Effect s Correction chapter
- Strategy of balancing post-to-post fuel injec tion amounts

€ The Open T ime depends on the characteristi cs of the specif ic injector (C2I), injector drift (MDP resetting by
accelerome ter) and rail pressure.

Note: Other phenom ena such as batte ry volt age and harness resistance can distur binjector opentime. The BRC strategy
can correct any ill-effects bro ught on by these two pa rameters. The open tim e can also be disturbed by HP tube and rail
pressure wa ves prov oked by the precedin ginjections. The PMC strate gy seeks to qu antify these disturbances and correct
the open time. This strateg y had the initial purpose of compensating for the hydraulic effects of the pilot on the main
injection process. Now the strategy is u sed on all injections in th e same cycle.

105 CYLINDER BALANCING STRATEGY

10.5.1POST TO POSUEL FLOVBALANCING

This strateg y is also known as Cylinder Balancing and balances fuel flows po st to po st. The pulse of each injector
is corrected as afunction of the di fference ininstanta neous speed as measured between two successive injections
as follows:

€ First the instantaneous speeds are calculated on two successive in jections.

€ Then the differe nce betwe en these two instantaneous speed readings is calculated .

€ Finally the time amount to be added to the main injection pulse for each of th e injectors is determined. This
time amount is calculated as a function of the C2I for each injector and the diffe rences in the insta ntane ous
speeds.

10.52 CLOSEDBLO® INJECTORDETETDON

The cylinder balancing stra tegy also facilitates detecting a closed block injector. The difference in instantaneous
speed between two successive in jections then crosses a pred efined threshold. In such a case the system detects
a fault.

106 ACEEROMETER HNEGY
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10.6.1 RE-SETTIRGOTINJECTION

The accelerom eter is used to reset pilotinjectio n flow in closed loop for each inject or. This auto-adaptive meth od
can correct any inject or drift over time.

The principle for using the accelerom eter lies in detecting com bustion noise. The sensor is placed on the engine
block where itis best placed to re ceive a good signal from all cylinders. In order to get the same response from
acylinde rnear to as from one far from the accelerome ter, the no ise signals from the latte rare processed to ob tain
a variable that quantifies combustion intensity. This variable, called the ratio, is the ratio betwe en background
noise and com busti on noi se. Using a ratio that takes background noise into account deals with the differencesin
noise intensity resul ting from the central location of th e accelerometer.

€ Thefirstwi ndow serv esto fix the accelerometer signalbackgroun d noise level fore ach cylinder. This wi ndow

should thus be set up at a tim e whe n there cannot be any com bustion.

€ The second window measu res the intensity of pilot combustion. Its position is such that only com bustion
noise from p ilot injections is measured. It is thus placed just before the main injectio n.

Here we are considering the m inimum drive pulse

(MDP), the minimum fro m which combustion can
be produced. Any pulse that is less than the MDP
causes no combustion since the coil ex citation tim e
is too short to lift the need le. To find this MDP, the

strategy is incrementally to increase the pilot T 1S .
injection pulse bit by bit (in steps of some s) from ———H——ﬂﬂ——— Sl )

0 s until the pulse provokes combustion from the -ﬁm—ﬂfﬂk‘“ b

pilot injection. Once this pulse value is foun d, it is

Nominal cylindrical
pressure

deducted from the C2I physical va lue and saved in |M'N'MUM PULSE A +203 ps |
the D_CU. This strategy is called application s-relate_d Ton = 200 ps "UWL No pilot combustion
resettin g. There could be between two and six S o —
resetting values per injector. They are applied as a e — T *‘W
fu nction of the prevailing rail pressure. These ettt © Crankshaft
correction value s are then added to the pulse - .
request so as to com pensate for system drift. — — — Accelerometer viewing window

——————- Injection pulse 10610

The principle of pilotinjection resetti ng th us consi sts of determining the MDP. It is periodically carried out under
certain operating conditions. Following any resetting procedur e, the new minimum pulse value r eplaces the value
obtained from the preceding resetting. The C2l procedure provides the first MDP value. The strategy that
determines the new MD P provides each fol lowing value and applies it by ad ding the differ ence between the pulse
measured and the (C2I-obtained) nominal pulse. Each resetting then allows M DP closed-loop updating as a
functio n of injector drift. This upd ate is saved in the NVM.

On the other hand the accelerom eter d oes not allow evaluation of the amount in jected. It only allows access to
the exact pulse value from whi chever injector i s beginning to inject.
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90 180 202,5 225 247,5 270 292,5 315 337,5 360
° Crankshaft

10611

Acc eleromet erresponset o the pilotqua ntit y inj ected. Red: Cylinde r pressure; Orange: Inje ction
pulse; Green: Acce lero metricr esponse (Ratio)

The graph 5 noise-measuring windows are configured i n such a way that the first window m easures background
noise and the secon d win dow measures pilot injection com busti on noise.

Case N°1: The cylinder pressureinred comes from natu ral compression since thereis no injection. Consequently
we see no change in ratio.

Case N°2: There is no main injection. Main i njection combustion is not visible with in the degree interval on the
noise-measurin g win dow. It occurs ju st after that.

Case N°3: The pilot quantity inj ected is low, so the ratio is low.
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Case N°4: The pilot quantity in jected is high, so the ratio is ver vy high.

Note: Using two accelerom etersis going to be standard for future Euro5 applications. On a four-cylinder engine,
one accelerometer wil | be dedicated to two po sts. The idea is to more accurately detect com bustion noise and
avoid disturb ance from other posts, in order to make any corrections as accurate as possible.

10.6.2DETECTING CYLINDER LEAKS

The accelerom eter is also used to detect an open blocked injector. The detection principle is to monitor the ratio.
If there is a leak in a cylinder, the accumulated fuel automatically burns when the temperature and pressure
conditions are right (at high speed, heavy load and slight leaking). This combustion starts approx imately 20
degrees before TDC. This is well in advance of any main injection combustion. The ratio thus substantially
increases in the detectio n win dow. This increase thus shows up any leaks. The threshold for de tecting a fault is
set at a percentage of the maximu m value that the ratio can take.

Because of th e severity of reco very at engine shut-dow n, detection should be extremely robust. Now there are
several causes that could provoke a ratio increa se, as follows:

€ Pilot injection too big.

€ Main com bustion shifted to detection wind ow (too far advanced or window s hifted).

€ Fuel leak into cylinder because of bad injector sealing.

When the ratio becomes too big, in the first instance the strategy lim its pilot injection flow and delays th e main
injection. If the ratio remain s high despite these actions, it indicates that t here is a real leak, a fault is registered
and the engine is shut down.

10.6.3DE'TECTING AN ACCELEROMERABLT

This strategy can detect a fault in the sensor or harness linking the sensor to the DCU. It relies on detecting
combustion. Atidling speed the detection window is settoo low in the combusti on caused by the main injection.
If the r atio incr eases it me ans the a ccelerom eter is operating correctly. If notafault code indicates a faulty sensor.
The recovery modes associate d with this fault are to inhibi t pilot injection and injector discharge.

107 ELECTRICAFFECT CORRECTION

This strategy called BRC (Battery Resistanc e Compensation) comp ensates when battery voltage and harne ss resistance
diminish.

10.7.1SENSITIVITY TBATTERY VOLTAGE

When ba ttery volta ge goes down, the speed at which the currentrises in the injector coil diminishes to the same

degree.

The lower th e voltage, the later injectio n begins. This means injection time is less. The prin ciple behind correcting
this phenomenon is simple. The strategy notes the battery voltage and corrects the pulse by tim e-shifting it and/
orincreasing it if needed. The amount of correction is calcu lated using a referen ce voltage (14 volts) .
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10.7.2SENSITIVITY TOHARNESS RESISTANCE

Harness resistance tends to in crease with age. Consequently the contro | current - as also the amountinjected - is
lower.

The principle behind correcti ng this phenomenon is simple. Electric curre nt and battery voltage are measured at
an exact mome nt, providing the me ans to calculate the total resistance. This figure is then used to calculate the
corrections to be applied both to puls e start time and to p ulse duration.

108 VLC STRTEGY

The combination of param eters such as fuel tem perature, in ternal part wear, filter condition, etc., m eans that the injection
system may reach its limit during op eration. In this case, system under-capacity pre vents sustaining the dem anded rail
pressure, so the DCU generates a fault. The diagnosis of such a system then becomes very di fficult. It may lead to
components being replaced without good reason.

The changes in most of t he parameters mentioned abov e are not known, and the DCU has difficulty in evaluatin g them.
In order to avoid a fault being generated, the DCU will reduce the fuel amount requested to a value that can maintain
and contro | rail pressure. In other words it will dynamically regulate injection system demands - with in certain limits -
in relatio n to the operating readi ngs (fuel tem perature, engine speed, etc) at the particular point.

This strategy is k nown as VLC (Variable Limit Capa city).

In practice, this strategy translates into calcula ting two offsets

The VLC offsets can be read using the di agnostic tool.
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AOS Anti Oscillation S ystem

LP Low pre ssure

BRC Battery Resist ance Compensation

c2l Individual Injector Correctio n

c3l Improved Individual Injector Correction

Cco Carbon Monoxide

Che ck-Sum C2l validation

Data Matr ix C2l coding tag

DCU Diesel Control Unit

EGR Exhaust Gas Recirculation

Hexade cimal 16-character digital base from Oto F

ECU Diesel Control Unit (DCU)

ESM Electronic System Mo nitoring (Pulse monitoring)
EURO 1/2/3/4/ etc European pollution standards desig nations

HC Hydrocarbon

HP High pressure

HPV High Pressure Valve (Rail discha rge actuator )

Imax Maximum current

MV Inlet Meterin g Valve (Filling actu ator)

INO Inlet Orifice (Injector cro sspiece filling orifice)

I’h litres per hour

Main Main injection

Ma x Maxim um

MD P Minimum Drive Pulse (minimum pulse required fo r inj ection).
mg /rev milligramme s per strok e (mg/st r: milligramme/stroke)
Min Minimum

N° Numb er

Nozzl e Injector

NPO NozZe Path Orifice (Injector F eed Orifice )

NOx Nitrogen dioxide

NVM Non Volatile Memory (Mémoire non volatile)

PM Particle

PID PID regulator

PLV Pressure Limiter Valve (Limiteur de pre ssion)

PMC Pilot Main Compensation (Compensating for the effect of pilotinjection on main injectio n)
PMH Point Mo rt Haut (Top Dead Centre - TDC - in English)
Pos't Injection following main injection

Prail Rail pressure

Puls e Electrical imp ulse to control injectors

Q Flow:

Qm ax Max flow

RCO Rapport Cycliqu e d'Ouverture (%) (Open Cycle Ratio % - OCR - in English)
RPM Revolutions per minute (= rpm)

SAV Service Aprés Vente (After Sales Service in English)
SPO Spill Orifice (Discharge orif ice)

TorT° Temperature
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Tem p. Temperature
VCO Valve Cover Orifice
VLC Variable Limit Capacity
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Todos los Derechos Reservados
No se permite copiar, almacenar en sistema recuperable ni transmitir esta publicaci—nde ninguna forma o medio electr—nico,mec#nico, de fotocopia,
grabaci—no cualquier otro, sin autorizaci—n previa de Delphi Diesel Systems Ltd.

Bei der Zusammenstellung der in dieser Versffentlichung enthaltenen Informationen wurde mit gr§§tmsglicher Sorgfalt vorgegangen. Delphi Diesel Systems
Ltd. kann jedoch rechtlich nicht fYr etwaige Ungenauigkeiten zur \lerantwortung gezogen werden. Delphi Diesel Systems Ltd. fYhrt ein forlaufendes Design
und Entwicklungsprogramm durch, weshalb es msglich ist, da§ sich Produkdaten Sndern. Delphi Diesel Systems Ltd. behSlt sich das Recht vor, ohne
VorankYndigung Spezifikationen jederzeit zu Sndern, um die optimale Leistung seiner Produkte sicherzustellen.
Alle Rechte vorbehalten.

Kein Teil dieser Versffentlichung darf ohne vorherige Genehmigung durch Delphi Diesel Systems Ltd. abgedruckt, in einem Datenverarbeitungssystem
gespeichert oder auf irgendeine Art und Weise, sei es auf elektronischem oder mechanischem Wege, durch Fotokopiren, Aufzeichnen oder auf sonstige Art,
Ybertragen werden.

Ainda que se tenha lido o m$ximo cuidado na compilas<o da informas<o contida nesta publicas«o, a Delphi Diesel Systems Ltd., n<o pode aceitar qualquer
responsabilidade legal por inexactid>es. A Delphi Diesel Systems Ltd. tem um programa intensivo de projecto e desenvolvimento que pode porventura
alterar as especificas>es do produto. A Delphi Diesel Systems Ltd. reserva o direito de alterar especificas>es sem aviso e sempre que seja necessari o
para assegurar um desempeho —ptimo da sua linha de produtos.

Todos os direitos reservados.

Nenhuma parte desda publicas<o pode se reproduzida, armazenada num sistema de onde possa ser recuperada ou transmitida de alguma forma, ou por
quaisquer meios, electr—aico, mec%onico, de fotoepia, gravas<o ou outros, sem autorizaso antecipada de Delphi Diesel Systems Ltd.



