
GDi Fueling System
A Logical Approach To Driveability Concerns



Objectives

•Discuss the functionality of the direct fuel injection system components

•Discuss how the components work as a system

•Describe the feedback loop we refer to as fuel trim

•Demonstrate how to leverage data PIDs from the scan tool

•Demonstrate the driveability road test

• Interactive case studies



Let’s Keep It “Simple”
• Comprehendible

• Meant to be applicable

• Aids in analysis

• Increases efficiency and Accuracy



The Load

Calculated Load

• CALC_LOAD or Engine Load

• Compared to breathing capability at WOT

• Reads 100% @ WOT 

• Disregards atmospheric pressure

Absolute Load

• ABS_LOAD

• Compared to swept-volume

• Can read well over 100%

• Better reflects volumetric efficiency



Introduction to Gasoline Direct Injection (2004)



Precision Delivery

• Match actual to desired fuel rail pressure (FRP)

• Better MPGs 

• Lower poisonous tailpipe emissions

• Reduction of Green House Gases (CO2)



More Stringent Tailpipe Emissions Standards

• Nox management: Lambda <1.00

• CO management: Lambda >1.00

• CO2 management: Increased output/decreased combustion chamber



Fuel System Goals

Port Injection

• “Stoichiometry” (14.7:1)
• Narrow band of operation

• CAT can function

• Harmful tailpipe emissions minimized

• High CO2 output

Direct Injection

• Focus on CAT functionality

• Wide band of operation

• WRAF and better strategies allow for it

• New inputs

• Rear fuel trim

• Can CAT function?



• Rail pressure reaching about 3000 psi (>200 bar)

• Directly in-cylinder

• Vaporized/atomized format

• Injector/spark timing optimized

• Injection events per cycle

• Catalyst supportive strategies

• Higher compression? NOx control

• Lean strategies/better control (WRAF)

• Increased cold-start volatility

• Atkinson cycling

GDI Benefits



GDI Disadvantages

• More complex fuel system

• Engine wear/HPFP drive

• New/unfamiliar strategies

• More data to analyze/digest

• Soot/carbon/Spray patterns

• NOx/Sulphur issues

• Maintenance more critical

• Engine pushed to limitations



GDI Modes of Operation…
• Homogeneous

• Stratified

• Homogeneous-stratified

• Homogeneous-lean

• Homogenous knock-protection

• Stratified catalyst-heating



Homogenous Mode

• A uniform composition of particles

• Similar to port injection

• Direct-injected with air charge

• Start-up

• High load

• Time is limited

• Lambda approximately = 1.00



Stratified Mode

• A/F charge, curtain of EGR

• Specially-designed pistons

• Direct-injected before spark occurs/centered

• Decreased thermal losses thru cylinder walls

• Light loads

• Increased fuel economy

• Lambda = >1.00

• Open throttle/reduced suction losses

• EGR effect = carbon/soot

• High sulfur production/ 90-seconds storage



Homogenous-Stratified Mode

• Transition between modes

• Moderate to higher loads

• Maintains good driveability (happy driver)

• Rich A/F surrounded by lean A/F

• Two injection pulses

• During intake (homogenous)

• Prior to initiating compression



Homogenous-Lean

• Smooths mode transitions

• Direct-injection during intake stroke

• Improved fuel economy (leaner/longer)

• Higher engine speeds

• When stratified mode can’t be used
• High-throttle/reduced suction losses

• Lambda = >1.00



Homogenous Knock-Protection

• Reduces “ping”
• Two injection pulses

• During intake stroke

• During compression stroke (Quenching)

• Second pulse reduces cylinder temperatures

• Lambda = variable with second pulse



Stratified Catalyst-Heating

• Heats/cleans NOx converter

• Two fuel injection pulses

• First prior to ignition (Stratified)

• Second after TDC-C

• 650 degC for desulfurization

• Combustion continuing in exhaust system

• Delayed injection

• Delayed ignition



Low Pressure Fuel Supply…



Low Pressure Pump Operation…



Low Pressure Pump Operation…



Low Pressure Pump Operation



Example of Common Configuration



Can’t Have “High” Without “Low”
• Takes low-pressure to make high-pressure

• Returnless system

• Brushed/brushless

• May offer pressure sensor input

• Supply is variable to match load

• Duty-cycled

• Hi/Low speeds

• Variable 



High Pressure Supply System…



High Pressure Fuel Pumps (HPFP)

• Fed fuel from low-pressure system

• Mechanically driven

• Traps/squeezes fuel (Crankcase can fill with fuel)

• Always moving with engine

• Single or multi-piston designs

• Generates pressure when commanded

• Proper engine oil (CRITICAL)

• Timed to engine (CRITICAL)

• Intake camshaft

• Exhaust camshaft 

• Timing chain directly



HPFP Operation…
• Driven mechanically (camshaft/chain/rotary)

• Pump strokes multiple times per engine cycle

• Pressurized fuel trapped between HPFP/injectors

• Coupled to Fuel Volume Regulator Valve (FVR)

• ECU actuates FVR

• FVR traps fuel in pump

• Pressure builds with shrinking chamber

• Fuel displaced with FVR open

• Normally-Open / Normally-Closed



• Fuel volume regulator inlet valve

• Fuel volume regulator solenoid (FVR)

• Pump chamber

• Piston

• Outlet check valve

• Outlet fitting

• Pressure relief valve

HPFP Exploded View

Source: Dr. Norman Nall and Bill Peek: Dead On Diagnostics



Low Pressure Inlet 

High Pressure Outlet 

Pumping Chamber/Cylinder Piston/Plunger 

Electromagnet Control Valve 

End of Intake Stroke

Start of Compression Stroke



Low Pressure Inlet 

High Pressure Outlet 

Pumping Chamber/Cylinder Piston/Plunger 

Electromagnet Control Valve 

Compression Stroke



Low Pressure Inlet 

High Pressure Outlet 

Pumping Chamber/Cylinder Piston/Plunger 

Electromagnet Control Valve 

Compression Stroke Ends



Low Pressure Inlet 

High Pressure Outlet 

Pumping Chamber/Cylinder Piston/Plunger 

Electromagnet Control Valve 

Intake Stroke



Low Pressure Inlet 

High Pressure Outlet 

Pumping Chamber/Cylinder Piston/Plunger 

Electromagnet Control Valve 

End of Intake Stroke

Start of Compression Stroke







Rotary High Pressure Fuel Pump

Credit & Source: M.Ovidiu



Rotary High Pressure Fuel Pump



Utilized Pump Strokes

• Multiple lobes stroke pump

• Same strokes every cycle

• Load/RPM based

• Matches FRP to desired pressure

• Not all strokes utilized (Configuration)

• Only when trap door shuts

• Function of FVR

• Normally-open/Normally closed?



HPFP Regulator Waveform

• 2 wire solenoid

• Scope leads on high & low 

• Control circuits

• Check voltage & current

• Driver’s ability to control current
• Shorted Coil



Injector Rail and FRP Sensor

• Positive seal between HPFP outlet fitting/Injectors

• One-time use typically

• Metal-to-metal seal

• Lubricate with engine oil only

• Torque is critical

• Sensor provides feedback to ECU

• 3-wire device

• Pressure transducer



Fuel Injector Design

• Precision delivery required (Atomization)

• Similar control to diesel injectors

• Higher voltage and amperage (CAUTION)

• Limited time to deliver fuel

• Multiple injection events per cycle possible

• Cylinder compression opposes injection

• No longer injected in intake manifold

• Directly into combustion chamber

• Exposed to harsh environment

• Special service procedures



Piezo Fuel Injector

• Electricity excites piezo element stack

• Causes stack to expand

• Fuel lubricates/cools

• Hydraulic actuator

• Actuates injector

• Very swift and precise control

• Hydraulic = Fuel or Sealed Fluid



Saturated Coil Injector

• Similar to conventional port injectors

• Operates at approximately 90 volts and 15 amps

• Long nozzle to reach combustion chamber

• Specially designed seals to trap combustion

• Single-use

• Special replacement procedure



Fuel Injector Control

• Controlled on voltage-side and ground-side

• Capacitive power stage (peak-and-hold)

• Shared power supply

• Unfamiliar waveform produced

• Best evaluated via voltage and current 



Shared Power-Stage Supply…



Injector Primed for Opening

• ECU allows injector to saturate (piezo style)

• Low voltage builds magnetic field

• 12v system

• Injector remains closed



Initial Opening (Peak)

• ECU driver discharges capacitor into injector

• Injector amperage increases significantly

• Ohm’s law
• High current/faster response

• Injector open rapidly



Injector Open (Hold)

• ECU driver switches

• Low-voltage applied to circuit

• Ohm’s law
• Current reduces with voltage reduction

• Injector remains open



Injector Circuit Momentary Turn-off

• Injector de-energized

• Injector ground control released

• Control-side referencing capacitor

• Injector magnetic field collapses

• Induces inductive kick

• Charges capacitor for subsequent initiation



Current Limitation

• Injector grounded 

• 12v supply is pulsed rapidly

• Occurs in microseconds (uS)

• Meters fuel delivery



Injector off

• Power supply released

• Ground supply released

• Current vanishes

• Magnetic field collapses

• Inductive kick occurs



Shared Power-Stage Supply…



Paired-Injector Operation



Shared Power-Stage Supply

Energized Injector De-energized Injector



Let’s Analyze Data!



GDI, From the Driver’s Seat
• Let the PIDs tell the story

• Divide and concur

• G-tests lead to P-tests

• Game plan 

• Breathability

• Fueling

• Corrective factor

• Failure strategy



Breathability

• Is there enough air moving through the engine at the time?

• Fuel comes from air measured

• If “air” isn’t correct, performance suffers
• Unmetered air, fuel miscalculation

• Poor pumping abilities

• How will ECU respond?



Fueling

• Is there enough fuel delivered for the air pumped?

• Low-pressure sensor/ FRP sensor inputs

• PCM to FPCM command/low-Pump performance

• FVR and HPFP performance 

• Injector performance

• If “fuel” isn’t correct, performance suffers
• Poor fuel delivery skews intended A/F ratio

• Compensation takes place

• Default strategies may present



Corrective Factor

• Are adaptive strategies at play?

• Adaptives can mask driveability issues and offer clues

• Have the thresholds been crossed?

• Pump fuel trim

• Short term fuel trim

• Long term fuel trim

• Rear fuel trim

• Total fuel trim



Protection Strategies

• Protection against damage/pollution

• Can be cause of exhibited symptoms

• Can confuse technicians

• Low-power/closed throttle

• Reduced throttle opening

• Poor performance
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