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Unit Injector (Ulj and Unit Pump [UP): Functional principle

ot

[ TEX
L -

Operating states: Coil current

Suction stroke a Ia
Initiad stroke,
Prestroke,
Residual stroke.

[+]
=

=T v O = o )

Iy —=

Actuating cam,
Pusnp plumnger,
Foliower spring,
High-pressure chamber, Solenoid-valve nesdle stroke
Sofencid-valve nesdis,
Solenoid-valve chamber,
Fead passage,

Fuel-retum passage, iy
Caoil,
10 Sobenoid-vaive seat,

11 Nozzle assembly

L= =LA o B

Iy Coil current, Injection pressune
ity Solenoid-vaive needle stroke
F. Injection pressune,

iy, Mozzle-needle stroke.

Nozzle-needle stroke

T/ \

o7 = TDC Crankshaft angle —»

LI M0
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Solenoid

Poppet Valve

= Qil Inlet

Pressure Chamber

Fuel Annulus

Ol ol b i 9 5955 51 Jo! o
Solenoid

Poppet Valve Seat ‘ _ ;_. ) Oil Discharge Port

Poppet Valve

Oil Inlet
Amplifier Piston

Fuel Pressure Chamber

S b o —

Nozzle

e e LYV I
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HEUI

Injector Poppet
Valve Closed

HEUI

Injector Poppet
Valve Open

Upper Poppet Seal

Upper Poppet Seat
# Closed

pen

Poppet
Spring

Lower Poppet Seat

Closed Lower Poppet Seat

Open

e 4z ) ol (nlogh (o )l (a2 (6551 adgils Mol 4 b gy o 2 &5 (Lo
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VALVE
SEAT
AREA
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ENERGIZED

High pressure oil inlet
450 -3,300 psi

AMPLIFIER
PISTON

AMPLIFIER

Fuel Pressure 30-80 psi

ATMOSPHERIC PRESSURE
[ES] OIL PRESSURE

E2%] FUEL SUPPLY PRESSURE
) FUEL INJECTION PRESSURE

CSgw 9 (€9 S92,

Injector%

High-Pressure Oil
Supply

Injector O-R
Low-Pressure Fuel

Supply

oS oy slyze b joddew ju leo 5 j9ee
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EAVEL B

Poppet Valve Seat

Amplifier Piston

Pumping Plunger

O (0005 Cu gili) kol g S0 azny 40
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Top — Acted upon by oil

¥~ Bottom — Acting on fuel

5l o Vi) Yaame 55853l (555LsS sl Joo (e plindal o
D2 o daws |y g5l LEd YY e o0 PSI g, Lad YV o PSI L e85 S
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Oil vent

Injector Poppet
Valve Closed

Upper Poppet Seat
Open

Lower Pappot Soat
Closed

Amplifier piston
s oo 3k YL a0 g atis alr e b S Pl 4 g e A S8l ala8 L
29l o0 T eSS Hl 69, 2 @2 Yb ales 5l e,
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1

The amplifier piston has
an annular groove and is
connected to holes in the
bottom of the injector

Groove cross-drilled to
holes in bottom

Holes drilled in bottom
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Pilot — Split Shot Injection

I HIGH PRESSURE DIL
= ATMOSPHERIC PRESSURE
E=1 FUEL SUPFPLY PRESSURE

Pilot, also called split shot injection takes place 8 -10
degrees before the main injection

), 0
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INTERNAL UPPER O-RING

IS NOT REMOVAELE

"O” rings seal fuel and oil pressure to the injector

Fill Cycle Fill Cycle

= When the spool valve is
closed, oil above the
amplifier/intensifier piston is

SP?:E;;E%VE " INTENSIFIER vented to the atmosphere.
PISTON AT REST
= No current is applied to either
coil
= No injection takes place
FUEL INLET

Qil Prossure

. g Pressese O1

B emospneres Pressure

Fusl Pressure

PINTLE CLOSED B s Supoly Presse

. Less Than 3100 2%
R Acove 3100 PS

Fps v "
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Main Injection Step 1 Main Injection Step 1

A triggering force of 20-amps @ 48-
volts of current is applied to the coils /'
for only 800 microseconds.

SPOOL VALVE OPEN

The spool valve rapidly moves a
maximum of .017" to admit
pressurized oil into the cavity above
the amplifier piston.

INTENSIFIER PISTON
MOVING DOWN

Ol Pressure
EE Hoh Pressure OF
Bl Armospaerac Pressars

-
SN

Fuel Pressure

N Fuel Supply Pressure
EE Less Then 3100 P81
. Avove N0 PS

PINTLE CLOSED

" _-_A“\\“ y
N
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Main Injection Step 2 Main Injection Step 2

Current to the coil stops.

Residual magnetism initiates spool
valve movement but hydraulic forces
continue to open the valve.

SPOOL VALVE OPEN

INTENSIFIER PISTON
MOVING DOWN

The amplifier/intensifier piston is
forced downwards with oil pressure
up to 3,100-psi

Injection occurs. An intensifier surface
area of ratio of 7.1:1 creates 22,000-
psi injection pressure.

PINTLE OPEN

Ol Prassure
W Hgh Pesmure OV
TR cemozhereiz Pressure

-y

Fuel Preasure

B Fue Supcly Pressure
R 155 Then 3100 PSE
W Anove 3100 PSI

N RN
e

¢
|
)

End of Injection

Current pulsed to the spool

SPOOL VALVE ol o
valve initiates valve closure.

CLOSED %

INTENSIFIER

Hydraulic forces close the valve
PISTON AT REST

Oil above the amplifier piston
vents to the atmosphere
beneath the valve cover.

Injection ends

N Preseurs A mechanical relief valve will
. -gh Pressure Of

e essre | OPEN @t 4,000-psi of oil pressure
Fuet Pressure (maximum theoretical injection

N Fuel Supply Pressale

mm s sops Pressure of 28,000 psi)

B Above 3100 PSI

PINTLE CLOSED
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Common Rail Diesel Fuel Systems

Fuel injectors Fuel leak back (return)

Solenoid actuator

_ Electrical
connection

Injector valve

Valve piston

High pressure fuel inlet

Nozzle spring (from common rail)

Thrust piece

Valve needle

plod Cusguw L g oulid 0,lg 5o 5l (] 5o (p€9) &5 Wbl (oo Lr (0] 5o s Bl 90 (e gl&s
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Common Rail Diesel Fuel Systems

Piezo injector

Fuel supply —

Leak back —_ '

Piezo stack—___ ||

Injector piston

Injector valve —____ &%

Injector needle

Primary advantage:

' Quicker response time (up to four times
( faster than solenoid controlled injector).

e

Features

Piezo stack has several hundred wafer
thin slices of Piezo crystal material.

When voltage is applied, the piezo
stack expands and opens the injector
valve.

Mechanical principle of operation is
similar to the solenoid injector.

Fuel Inlet
(High-Pressure Electrical Connection
Connection) \ /
Rod Filter
/
Fuel Return/

Coupling Piston

iyl
1
G

Piezo Actuator \

4
B Valve Piston

Seal

Nozzle Pin
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