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Electronic control of injection quantity,
injection timing and injection pressure
for optimal operational control

pressure injection in all usage ranges.

o Reduction of noise and emission by injection
rate control

o Improved performance by increased flexibility
of injection timing

® Independent control of injection pressure in response
to engine speed and load
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Requirements of new fuel injection systems

/ .

High, pressure injection Fuel injection | |Flexible
Pressure control rate control injection timing

Common Rail Pilot Injection Commen Rail

System ‘;' j System

Split Injection

\ /

Particulates
Fuel injection rate
Injection timing

Conventional Conventional|
pump puimp

— Pump speed —= Pump speed —=

Injection pressure

Injection
prassurs
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| System comparison )
Instantaneousty
Conventional high Pressure

Pump Timer

Govermor R Q

Common Rail
System

) ~Constant
high Pressure Injector
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Comparison with conventional pumps

In-line Type Common Rail System

ipe Common rail

TWv

[l Fluctuations
il high pressure

]
Constant high
_ pressure

1
W ' B Governor |

Timer  Pump Nozzle Su;ﬁpiy pump Injector

Injection

quantity Pump (governor) ECU, injector (TWV)
control

Injection
timing Pump (timer) ECU, injector (TWV)
control
iy Pump Supply pump
Distribution Pump Common rail
Injection

pressure
control

Correlative to engine speed &
injection quantity

Supply pump (PCV)

Souwlis (0CR i E9d > —

L 59390 30 CR s (IS (S 20 -
Examples of typical common rail system maximum fuel pressures:

* Bosch: Generation 1: up to 1350 Bar (19845 psi). Unijet
Generation 2: up to 1600 Bar (23520 psi) EDC 16
Generation 3: up to 2000 Bar + (29400 psi)

15t generation: up to 1450 Bar (21315 psi) ECD-U2P
2'd generation: 1800 Bar + (26460 psi) HP3/HP4

Multec: up to 2000 Bar
Direct acting diesel common rail system: up to 2000 Bar
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Injector

|Fue| System Fioe dmmiset

Common Rail

Foed Pump

[njector

Fuel System

Flow Damper

Common Rail
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Fue| System

Feed Pump

Fuel System

Feed Pump

Injector

Flow Dampar

Common Rail

Injector

Flow Damper

Common Rail
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Injector
Fuel System Eiow Damper

Commeon Rail

Pressure
i Limiter

Supply =

Feed Pump

[

| Control System |

Sensor ComEuter Actuator

Accel.Pedal Angle

fectin S ” st o [ |

Engine Speed _.' : - injection quantity control
: - injection timing control

NE.sensor
crank position : A
{ ’ sensar)f >

a = c | Supply Pum
Cylinder recognition y P PRY £

signal i iatin
: - > o injection pressure control
: Vaive - Lamp |

Other sensars ; B s o Relay.-.ete. |
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Pressure
Limiter

[~ Common Rail

Injection Pump

o
[System Construction| g p <a <&
-

_.—’
Acceleration é_
Sensor
Z

74

Signal from & Fuel Tomp = -
Switch System Sensor ¥ q

=~ Common Rail
Pressure Sensor

2

[Sistem Construction, g [ <

>
.*-ﬂ

Injector

(PCV)
Pressure Control

o Valve
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[ System Description and Oyzration | ieciion quantiy control
*Injection timing control
e

Other TWV Control Pulse Injection rate control

Information = .

temperawre, 31 @Y SR her P s

pressure)
Engine 1
Iogd
H,
B

NE.Sensor  G.Sensor 4
Supply Pump

| Systam Dascrintion antd Uyaration | FInjection quantity control
*Injection timing control

“Injection rate control

Other — TWV Control Pulse
Common rail Flow Damper
P sensor /

tempaare. > BEY
|
|

pressure) =]
Engine

load
L

Nozzle

NE.Sensor  G.Sensor
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| System Descrigtion and Ousration | Injoction quaniy contro
4njgction timing control
+Injection rate control

(ther TWV Control Pulse
information =] &

i AT
(temperalura, = Common rail Flow Damper
ressire) ] pregsiire sengor 7

Engine
Iogd
v
]

Comman Rail

.| Injection
DiESSurE
contral

NE.Sensor  G.Sensor |
Supply Pump Injector L

Quantity

Control
» Injection Timimg

Control
- Injection Pressure =
Control NE Sensori]

Engine - Vehicle
* AT Control
- Exhaust Break Acocsleration Sensor
Control
- Engine Shut-down Boosl Pressure Sensor
Control

- Water Temperature Sensor
- Fuel Temperalure Sensor
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[Supply Pump |

[Supply Pump }

Plunger

G sensor

Feed pump bz f ! Drive shaft

Le vy

| supp'y Pump l PCV (Pressure Control Valve)

Feed Pump G.Sensor Gear 3-Lobe Cam

[y
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PC Valve

Operation Suction process | Delivery process

Can‘Tn lft 2l \

Open valve

PCV operation

Close valve

To common rail

Delivery valve

PC Valve ! Force feed quantity

Operation Suction process | Delivery process |

~

Open valve

PCV operation I

Close valve

To common rail

=

Delivery valve




Operation

Suction process

]

Delivery process (g oy ..

Open valve

PCV operation

Close valve

To common rail

Delivery valve

l Force feed quantity

Operation

Suction process

1

Cam lift

Force feed quantity

Delivery process
1Y PIOCOSS. (Smat)

Open valve

PCV operation

Close valve

To common rail

=

Delivery valve

Operation

Suction process

7

Cam lift

Delives rocess
o ) G

| Force feed guantiy |

Open valve

PCV operation

Close valve

To common rail

=

Delivery valve
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I] PB®Y Pressure control valve[l

PCV KEY/SW 1
PCV relay € !

.= +B

ECU

PCV relay

IYYY
e,

ﬂ P@®Y Pressure control valve ||

KEY/SW [ .,
PCV relay € i

Y,
—0 (e B

PCV1 ECU
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To Fuel Filter

Pressure
chamber

Drive shaft

» From fuel tank
[ e

DENSO < yii CR. piasans 38 < g B3 5 (8 320

Common Rail Ass

Common rail pressure sensor

Common rail
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[ Flow damper operation |

Piston Spring

Injector

| Flow damper operation |

Common rail

Piston

Injector

| Flow damper operation |

At DamP“‘g

Common rail

Piston

Injector

iyd i Jguazme £ 95
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| Flow damper operation |

—_—
1 Apnorma
Adllat:harg"

Common rail Injector

Ball

* During Pressure Pulse Absorption - Fuel Cut-Off

Piston Ball

- During Pressure Pulse Absorption - Fuel Cut-Off

Piston
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| Pressure limiter |

Open valve o4 -

Close valve <

30 Mpa

Abnormally
hlﬂh pressure I

Common rail pressure

Open valve <4 -

Close valve

30Mpa Abnormall
P thh Erau{lrn I

Common rail pressure
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Injester Cuiline

Common rail
pressure sensor

Common rail il

Injection pressure ¥\
control

Injestor Cuilne

Common rail
pressure ensor

Common rail i

Injection pressure
control
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Qrifice 2
Orifice 1

Common rail C
Hydraulic piston —__|

Inner valve

¥ Open valve
Orifice 2

Orifice 1
\\..
Common rail =
Hydraulic piston

Retum
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Inner valve

Orifice 2 NI
Orifice 1 daa: = Return
\
Common rail mp
Hydraulic piston —_|

start
Signal
__sio

Injection

[nner valve

Orifice 2 0 . — Close valve
Orifice 1 Return
By :

Common rail
Hydraulic piston ~._|

Injgction ’
stop
| fmi“"
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Outer valve
Inner valve

Orifice 2

Orifice 1 Return

Common rail
Hydraulic piston

Injection

Signal .
. sI0
stop
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Nozzle Hydraulic piston Orifice

TWV - Solenoid

Nozzle Hydraulic piston Orifice

TWV - Solenoid

IS game g
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| Injector circuit chart |

cu

COMMON 2
COMMON 1
TWV#1 (1st cylinder)

[Constant current'

Constant [Constant current]

C|rcurt

circuit

Charging circuit

TWV#2 (4th cylinder}I

TWV#3 (2nd cylinder)
TWV#4 (6th cylinder)
TWVi#5 (3rd cylinder)

TWV#6 (5th cylinder)

W=
=
=
[ -
Bon
[

[Injector circuit chart |

Ccu

COMON 2
COMMON 1
TWV#1 (1st cylinder)

Conslant current
mrcmt

Ccnslanr current

 Charging circuit [ Charging ciroutt]

circuit

TWV#2 (4th cylinder)I

TWV#3 (2nd cylinder)
TWV#4 (6th cylinder)
TWV#5 (3rd cylinder)
TWV#6 (5th cylinder)

_>|_
[+
B
[+
[+
B

| Injector circuit chart |

COMMON 2
COMMON 1

TWV#1 (1st cylinder)

Charging circuit

TWVi#2 (4th cyrinder)I

TWV#3 (2nd cylinder)
TWV#4 (6th cylinder)
TWV#5 (3rd cylinder)

TWV#6 (5th cylinder)
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NE sensor , G sensor

NE sensor

Perrrrrf
V \V

A A A
A RIOUS]
p £CQ39N3

NE sensor sensor

Cylinder
recognition

)

Amp circuit

—| Amp circuit

IS game g
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NE sensor sensor

| Revelwtion Senser Pulss Timing Chart |
No.6 cylinder No.1 cylinder
G reference pulse No.1 cylinder G reference pulse
recognition pulse

R 360CR 480°CR

#1T0C  #4TDC - #2T0C  #6TDC  #3TOC  #510C  #1TDC

A\

Gpulse

TICR 79CR 79CR

NE pulse

D2460101240246010124024661012. 0246801240 24681012M024681012 0246

No.1 cylinder No.6 cylinder
NE reference pulse NE reference pulse

| Revelrtion Sanser Pulsa Timing @ﬂmﬁl |

No.6 cylinder No.1 cylinder
G reference pulse No.1 cylinder = G reference pulse
recognition pulse

120°CR 240°CR 360CR 460°CR HOQ'CR T20°CR

0'CR
(IR LA LA RN R R R R NN R AR NN AR AN RN |

I I
# 11I'DE F4rDC F#2TI #6TDC #3TDC TRC #17DC

T T T4

.1 or No.6 cylinder can be recognized
hen G sensor pulse and 0.1 cylinder
sensor pulse received simultaneously. \ recognition pulsg

G pulse

NE pulse

Aspecial
02468101214024681012M02 46 81012| 0246 B10124 0 24EBIJ|2|4024631012
| | [ 1

No.1 cylinder 'L No.6 cylinder
NE reference pulse NE reference pulse

Delay | o me""wt ]Amance
[ B D]
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Accelerator sensor I

AVCC, sv vaccPiz ’&-

VACCP1 v

A-VCC
j— - 5

vaCCP2

Output voltage

Magnet E;’;‘,‘mn A-GND

| I
50 100
Actual accelerator
opening angle (%) acce
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Gomnon rall prassurs sans0r |

ECU

Output voltage (V)

| I I
50 100 150
Pressure PC (Mpa)

Common rail prassurs sansor]

ECU

=
<
@
=]
©
=
o
>
&
=1
o
&
=
o

1 1 1
50 100 150

Pressure PC (Mpa)

Common il 9res3urs ssnsor |

Output voltage (V)

|
50

Pressure PC (Mpa)
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Water temperature sensor

ECU
+5V
VTHW

|

|

w |
|

|

i

A-GND !
|

|

1

|

|

T 1

Qutput voltage (V)

Water temperature ('C )

Fail Safe: Regarding as 80 C in abnormal case

THW

| Water temperature sensor I

-40
Water temperature ('C)

n abnormal case

120
THW

w

LX)
1

-
1

Water temperature ('C )

Fail Safe: Regarding as 80 C in abnormal case

THW

IS game g
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| Fuel temperature sensor '

ECU
+5V

Output voltage (V)

|
:

| AR A AR AT IO A AR W
0 120

Fuel temperature ('C)  THF

II Fail safe: Takes the value of the water temperature sensor in case of abn :-r'nal::'-,-.ll
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| Boost Sanser

Electronic
 Silicon Chip

=
T, —

Output voltage »=-

Chamber
/ Boost pressure
I

Filter 30 300
; 10
1Intﬂke Air Pressure Boost pressure {Kpa)
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!

1

1

|

I

T
s oo A {Dear =

|
|
I
I
I
1
3 Dvmme fotation angie (09013 L
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|
|
|
|
l
T
s D\rol.me mtation angle [Deo]3 2l

ECU

+5\V

0
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KEY/SW

BATT E :
b :

-

‘ Main Relay

I

Main relay goss OFF 2 second
atter the key switch is turned off.

Main Relay

KEY/SW/

BATT,

‘ Main Relay

7

Main relay goes OFF
after the key swilch is tuned off,

2second

IS game g
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Contrel System

Input Signal Computer Controlled Qutput

G l I3
[C'fl. Rocog [tion SNW]

Common Rail q
|] gggggrg §§ﬂ§£§ﬂ
Other Sensor
or Switch ‘

Ceonfrel System

Input Signal Computer Controlled Qutput

Acceleration Sensor,

NE Sensor

(Crank Position Sensor}

G Sensor

Common Rail ;
Pressure Sensor| 4
Other Sensor
or Switch

Main injection Same as conventional

’ tuel injection
Pilot injection \

Pilot injection

Injection of small quantity
fuel prior to main injection

Splitinjection

At engine start-ug, when the
engine temperature is low,
a small quantity of fuel

is irjected several imes
prior to main injection.
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[Fuel injection rate control ]

A N\
rae

Small Pre-mixture
Large Pre-misture comoustion

combustion
(NOx, noise) /

Heat,
generation
rate
e R

| | 1 1 | |
-20 TDC 20 40 -20 TDC 20 40
Crank angle (deg) — = Crank angle (deg) —=

o

A .4

Startof ) jon &

Fuel Injection Quantity Control

[Engine sp ‘”edl- [Basiclinjection) Basic Maximum
Accelerator [Quantity} Injection Quantity
Angle -

Driving Condition

& ':‘rator Angle'

Enaine sneed --u-)- Engine speed —»

Turbo
charging area

Injection Quantity

Basic Injection Quantity

Basic Maximum
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Engine starting mode

Starter signal ‘ON’

Less than'N1’rpm

Accelerator angle
is more than 50%

Cranking injection guantity

Engine speed —» N1

Engine starting mode could not start at the low temperature
condition, without acceleator pedal depressed more than 50%

' Fuel injection 'tir_ﬁi"ng-‘#b'nirql,|

el

i ; \Baslcm
Pilot interval ‘L'J injection timing

Basic injection timing
Pilot interval

Engine speed —= Engine speed —»
l Fuel injection pressure control l

High Pressure
pressure control
*Higher Pressure
+ Optimized
Common
rail system

Injection pressure

Conventional

£ pump
Pump speed —

Low
pressure

Common rail pressure — =

Engine speed —»
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F CCB (Fuel Control Cylinder Balance)

Angular velocity

e #1Cylinder_"|x #4Cyiinder | #2 Cylinder | #BCyinderTLc
Crank angle (deg) ———»
Corrected

Engine speed 4 |injection
detection quantity

0 A

' et

n - Speed N\
* E digfe:mnce \\c

Correction of { L]
injection quantity e i

angular velocity difference and
corrected injection quantity

FCCR (Fuel Control Cylinder Balance)

Average angular velocity

J

o HCyinder | 44 Cyinder. | #2Cylndor | #5Cyindor |
Crank angle (deg) —>
Corrected
Engine speed + [inection
detection quantity
[]
- Wi +
(] (]
* B Speed i
difference
B N\

of Na1 eylinder
Correction of | l\#/ decreases
injection quantity e ET
Relationshio betweeen

anqular velocity difference and

1
1 i
1 |
1 I
1 !
L

Angular velocity

Y, - Become stable
hen injection guantity

corrected injection quantity
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Idle Speed Control |
(Auto Control)

PTO mode S/W =0FF

Tamet Engine Speed

|dle button =Aute

Water temp.=
more than 107°C

Water Temp. ('C) e

Idle Speed Control |
{Manual Control)

PTO mode SW
=OFF

Idle volume button
=Manual

Water temp.

=Less than 107°C

400rpm

Target Engine Speed

Button Rotation Angle s
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