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Changing “The Rules”
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» Fuel is injected under high pressure directly into the

combustion chamber.

- Allows the precise control of charge stratification vital
to ignite ultra-lean air / fuel mixtures.

» Direct injection has less need for a Throttle.

> Eliminates pumping loss associated with drawing air
around a conventional engine's butterfly valve.




GDI vs PFlI

> PFI

- 2875 Measurements for Calibration.
- Lambda Closed-Loop Control.
- TWC and Rich/Lean Cycle.

» GDI

12,000,000 Measurements. (Engine Mapping)

40% More Computer Functions.

High Pressure Pump, Injectors, Valves, and Fuel Rail.
High Pressure & Exhaust Temperature Sensors

NOx Storage Catalyst
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GDI Advantage & Disadvantage
» Advantages
> 25% Improvement in Fuel Economy

o 12- 15% Reduction in Emissions
- Higher Compression

» Disadvantages
> High Cost
- More Components
- NOx Storage Catalyst Required.
- Complex Strategies.
> Possibly Six Operating Modes.




» Higher Compression

» Turbo Charging

» Knock?
> Gas Injected Just Before Ignition.
Less Time for Knock.
Colder Fuel at Ignition.
Tighter Controls.
Higher Compression Ratios and Boost Pressures.
Better MPG and Higher HP.
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» Fuel Pressure = 500-2900 psi. (high side)

» Injector Opening Voltage = 50- 90V Capacitor Kick
» Injector ON time = As little as 400us. @ Idle

» Transfer Fuel Pressure = 50-60 psi.
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Terminology

» Stratified

> Fuel/Air Mixture is Rich around Spark Plug Only,
Remaining Mixture in Cylinder is Lean.

» Stratified Cold Start

- Retarded Ignition Timing, Increases Exhaust Temp,
Faster Catalyst Warm-up.

» Homogeneous
> Air and Fuel are Equally Mixed in Cylinder.




81/100 km fuel consumption 13% &g&cg\(e
S.1. engine in MVEG test cycle 10% power train
10%
Friction, additional
15% consumers
7% Pumping losses

Non-ideal combustion,
heath loss at chamber wall

0 Losses caused
45% By A uA

Losses of
ideal process
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Fuel Savings Comparision

Thermomanagement
Ideal stop
Homogeneous lean

Variable valve lift

Gasoline direct
injection

Compact car, MVEG test cycle

Exhaust gas recirculation -]

Saving in fuel consumption in % Theoretical
potential
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EGR
Reduction of NOx Pre-Catalyst

three way conversion

engine out emission HC oxidation at lean burn,

NOx-Catalyst
without oxygen
storage

Trim control
ata =1,
monitoring
. Temperature Sensor gl
Operation conditions of
NOy-adsorber, monitoring
of pre-catalyst
A -control,
control of catalyst regeneration,
torque monitoring
BOSCH Courtesy of Robert Bosch LLC. K3/P-BD 91573@:7
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94 %

90 %

NOx conv ersion

Regeneration
during 100 s
p| at650°C

8 h operation
with 150 ppm sulphur

f Rob h .
BOSCH Courtesy of Robert Bosch LLC K3/P-BD 9158&&:7
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Wall guided, Wall guided,
Swirl Tumble

Spray guided
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Port injection b
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File Edit Views Measurements Tools Automotive Help
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2006 VW Passat 2.0T

R

Example j : : 1
Waveform IF| | - A

Injector voltage Idle '

500 uSecs OOV L

MTS 5200 Engine Analyzer & Vetronix Bosch Group

Example
Waveform

Injector Amp idle

evel: 065V

I L Nrmil
Source: CH 1 Rising Edge

31 aug 2 MTS 5200 Engine Analyzer & Vetonix Bosch Group

30 Aug 2007 092944

Courtesy of Robert Bosch LLC.



2006 VW Passat 2.0T

Injectur Vo

Example
Waveform

Itage WOT

500 pSecs .00V LI

MTS 5200 Engine Analyzer £ ‘Yetronix Bosch Group

LI I O O O L L L L L L L L L UL L
- Injector Amp WOT
Example
waveform ................... ...............................
A HH ::i::::::::i::::i::::i::::i::::
:
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0 4: 0
Level: 0.65V Nrml
Source:CH1 Rising Edge
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10 MPa
1450 PSI

tv=20ms

tv=20ms

4 MPa
580 PSI
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Chronological jetdevelopment of a spin valve

0

T

T

0 0,5 1.0 1.5 2,0 25 ms

let angle: 60 steady flow: 15cm®s  material: n-Heptan system pressure: 10 MPa
anvironment: standard atmosphere
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Canister ~ Carbon canister ~ Canister High

close valve purge valve pressure Camshaft SOI|en0Id .
pump phaser ) ~ Valve Air mass meter

\ .5 Lr?;‘l&”ep

Injector Y
valve . J Ignition coil/ %
spark plug Phase'l[jWaste ﬁ

Intercooler sensor || |Gate actuato

L)

Btoost pressure fi % Solenoid
emp. sensor L B j valve

Fuel rail|| £X |
‘ }: v g ‘ Turbo
HE i . V=72 SERE, fel 2 = charger
Pressu SN 5
Throttle Manifold Sensor

Electronic device pressure 2x Knock @ Temp. Waste
control unit 2 (ETC) 4 sensor sensor (] Censor Gate

[c_UsU\ LA T {EF
BOSCH © Oxygen

sensor
“w__-
I Speed

— Accelerator sensor

s o pedal modul Oxygen
CAN »— / sensor
- - %) Catalyst Py
Diagnosis X
lamp module
Diagnosis
interface |
Immobilizer ETC = Electronic Throttle Control I Bosch components

") intake and exhaust camshaft specifically for DI

2) ECU with integrated ambient pressure sensor

Courtesy of Robert Bosch LLC.

Source: Robert Bosch GmbH



» Audi

» Bosch GDI - Manifold Charge Valve
» Delphi

» Ford EcoBoost System - Turbo Charging
» General Motors

» Lexus - Hybrid Design (PFl & GDI)

» Mazda

» Mitsubishi
y 277?
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Operating
pressure 120 ba
to 200 bar.
(1740-2900 psi)

(¢
e

Single-piston
design.

Delphi Multec® Gasoline Direct Injection Fuel Rail with High
Pressure Sensor

200 bar w/No
Bounce

< .2 ms Between
Multiple Injections
Capability

Courtesy of Delphi Corp.

Delphi Multec® 20 GDi Fast Single Coil 25
Fuel Injector



» 500K Cars/Year Next Five Years

» 3.5L = 340 HP/ 340 Ib.-ft Torque
» 2 - 5 MPG over 4.6L
» 150 - 200 |b. Lighter
» Less Fuel Less CO2

e ’; .
———




Courtesy of Robert Bosch LLC.
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» High pressure pump is
driven off the camshaft
(2150 psi, 140 bar)

» Fuel pressure regulator
valve

» Rail-mounted fuel
pressure sensor

» Integral pressure relief
valve incorporated in
HDP5 HP Pump —

Courtesy of Robert Bosch LLC.



Exhaust Camshaft
(Bank 2)

Mechanical

One (1) Fuel
Cylinder Pressure
HIGH- T Sensor
Pressure Fuel \
Pump and

Fuel Pressure

Regulator

Solenoid (FPR)

w/Integral

Pressure
lief Valve Pressure Tap
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* 1 of 6 GM engines will be SIDI

* Features:
1. Polymer-coated piston skirts
2. 11.3-to-1 compression ratio.
3. Closed-coupled catalytic converters.
4. Fuel Pressure = Idle 35bar (508psi) to120bar (1740 psi)

1.5 Ohms

Courtesy of Rober I
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» FPR:

> Spring pressure opened

- ECM provides PWM B+ (high side driver) and
ground.

- Camshaft and crankshaft position sensor inputs
synchronize the FRP regulator with the position of
the eccentric on the camshaft.

> Fuel Pressure Regulation

- FPR is held open for a portion of each piston stroke
displacing fuel back into low pressure side.

> GM Service Manual is telling that story.

p—
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Function

Integral Pressure
OW Limp home valve Rellef VaIve
damper U Y / HP-Sensor
tank Pl-——
< Filter |
7\ .
- Rail
NV
Filter ﬁ ﬁ ﬂ G
HDEVs
Fuel pump
Tank it Motronic |-~ -

Courtesy of Robert Bosch LLC.
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Pressure damper
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' Control Valve
0

Limp home valve

Outlet
Outlet Valve Inlet Valve
Piston Seal

Courtesy of Robert Bosch LLC. 23




Fuel Injector Assemblies
(For Port Injection)

Port Injectors O—

Mass Air Flow Meter
— ECM .
— — Throttle Position Sensor
*? H‘ Crankshaft Position Sensor
Fuel Injector Assemblies - I .
: S No.1 Injector No.2 Injector Engine Coolant Temp. Sensor
(For Direct Injection) Driver (EDTT) Diriver 1031 £ P
\\ I | | I Intake Air Temp. Sensor
, S |
| ;
|_ Delhvery Pipes (For Port Injection)
Direct Injectors " =yt
> 43 43 # 24

#5 5 £6 #6 [

#7 #7 =8 #3 8

Fuel Injector
Assemblies RH
= (For Direct Injection)

Fuel Pressure

Senser Spill Control
Valve Fuel Pressure Delivery
Delivery Pulsation Pipe RH
Pipe LE 7 | et
Ef}r I_)u-‘;CI P HAREIB TR0 ]
jjection i

Check Valve

Fuel Pump Assembly RH
(For High-pressure)

Pump Cam RH
(Intake Camshaft)

Fuel Pump Assembly LH JTet Pump

(For High-pressure)

Pump Cam LH
(Intake Camshaft)

Cup m - Low-pressure Fuel System

- - High-pressure Fuel System

Pressure

Fuel Pump Assembly Reaulator

(For Low-pressure) (EDIEGIISC



Pulsation Damper (Direct)

High-Pressure Fuel Pump

Pulsation
Damper (Port)

EDU

SFI D-4S Fuel Injection

* Combines direct injection and port injectior /

Operating
Modes\

Delivery Pipe (Direct)

Delivery Pipe (Port)

Fuel Pressure
Sensor

Injector (Port)

Injector (Direct)

Injection Operation Injector Operation N
Feed Pump Direct Direct D&I?'t Direct Ddrnol;l
High Pressure Fuel Injector i & 5 &
: Part Port ot Port

High Pressure Fuel Pump  |_Injection Only

i : Part Full
Dskvery Vig i Throttie  Throttle
Port Injector
EDU EXEE
ECM

Click for component
locations

u Service tip:

System checks are available to diagnose system operation.

Click each highlighted component for a
description.

B

In-cylinder Injectors:

Pulsed-Timed individually to
intake or compression stroke.

Port injectors:

Pulsed simultaneously, grouped,
or sequentially according to
operating conditions.

Fuel Systems

D-4S Fuel Injection Timing

Warm-up (Stratified Combustion) Few de grees
.y ¢ before TDC

0 & s
LN P

(Port Injection)

(Direct Injection)

Normal Operation (Homogeneous Combustion)

(6‘5 ‘

Con{psllo‘n

)\ B
N

e 94
G112

(Direct Injection)

(Port Injection)

i
036EGT 12%3




» Stratified:

- Area around spark plug is richer then rest of cylinder.

» Homogeneous:
> Fuel and Air are mixed through out cylinder.

36



>»Exhaust Stroke: Fuel Injected into Intake Port.
>Intake Stroke: Homogeneous Mix Enters Cylinder.

»Compression Stroke: Fuel Injected into Cylinder Just
Prior to TDC

»|gnition: Fuel is Directed by Piston Contour Around Spark

Plug. Rich Mix Easily Ignites to Burn Lean Mix in Rest of
Cylinder.
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» Exhaust Stroke:
> Fuel Injected in Intake Port.

» Intake Stroke:

- Homogeneous Mix Enters Plus Fuel is Directly Injected
as Homogeneous Mix Enter Cylinder for Mix
Correction.

o Utilizes Heat Evaporation of Cooler Fuel = Higher
Efficiency /Power.

» Compression Stroke:
> Mixture is Compressed.
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High Pressure Fuel Pump and ECH™
Electronic Pressure Regulator ‘
3.5 to 4.5 MPa
(508 to 653 psi)
S:L‘.:‘i?"\
. —
Fuel Pump Spill Control Valve \ Fuel Pressure
(For Low Pressure) Sensor
N

Fuel pump Mass Air Flow

(For High | Throttle Position Sensor

) Pressure) | Crankshaft Position Sensor

Engine Coolant Temp. Sensor
Cam to Drive Fuel Pump

P
ressure Regulator (Exhaust Camshaft) Intake Air Temp. Sensor




Electric In-Tank
Transfer Pump

(@

Fuel Sender Fuel Suction Plate

Gauge Assembly NE
3 O-RIng

7

Fuel Filter Assembly
Fuel Pressure Regulator and
ﬁg Fuel Return Jet Tube Assembly

S ORing

9/ Rubber Cushion
&/NO.ZFMI Suction Support

Mechanical High Pressure Pump

Pulsation Damper

2 0
d\l{ ) Or— = LA

=

LHJ Mli

Solenoid Spill Valve

Wiring to Electronic
Driver Unit (EDU)

S

Computer Controls Spill Valve Open

Duration.

Longer open Time =

More gas Pushed Back into Intake Line =

Less Pressure

Plunger ﬁ

-

DO@

Check Valve
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[Suction] [Inactive]

[Pressure Rise]

Plunger Lift
Solenoid (Valve (Valve Open) Valve
Spill Valve Closed) Closed)
e e e e
Valve Closing Valve Closing
Timing Control Timing Control

Spill Control Valve |

/ Check Valve -
i (60kPa)
=2 Return

sELa

[Suction]

—

To
Delivery
Pipe

[Pressure Increase]
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196 to 588 kPa
(28 to 85 psi)

FPC

Fuel
ECM

ECU

Pumpc

EFl Main Relay

e

FO o0~

FPC Signal  |greeq”
AT
oy

=T -

J 1 L Lal| ™
5V

LI o ow
5V

Stop
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» Smart Idle Stop System (SISS)

o Restart in 0.35 seconds (1/2 time of electric
motor)

- 10% fuel savings.
- No Electric Motor.
- Uses Direct Injection + Spark

p—
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» Two-Stage Combustion

- Late combustion fuel injection for catalytic warm-up
- Exhaust gas temperature 700°C (1300°F).
» Stratified Slight Lean Combustion
- Started few seconds after Two-Stage.
- Immediate CO oxidation reaction.
> Prevents CO poisoning.
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GM SIDI Fuel Pressure Relief

» W/O Scan Tool: WAIT at LEAST 2 hours after the engine
has been run, before removing the high pressure fuel line.

» Use Scan Tool:

- Command the low pressure fuel pump relay
OFF.

- Start the vehicle and allow the engine to idle
until the engine stops. (20-30 seconds)

- Using the scan tool, verify that there is little
to no fuel pressure.
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» Six Operating Modes

1.
. Homogeneous Lean
. Stratified

S Ul N

Homogeneous

Homogeneous Stratified
Homogeneous Knock Protection

. Stratified Catalysts Heating

p—
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PFI

\ Operating Mode Exhaust open  Intake open

Manifold injection a————

Homogeneous £ :
6 _ Homogeneous lean = ;
Operating ;
Modes Stratified m
Homogeneous :
stratified - - :
Homogeneous :
knock protection - u

Stratified :

catalyst heating - =

| exhaust | suction | compress | combust | 5
180 0 180  “KWv.Z0T

Possible injection range M Injection

hY m
Courtesy of Robert Bosch LL!
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Website:
http:/ /www.siucautomotive.com/autoindex.html

Pictures, lllustrations and Animations
Courtesy of Ford, Mazda, Mitsubishi, Toyota,

I GM, and Robert Bosch LLC.

56



