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

FGA4000xpg
AS ANAL YZER



Fuel System Goals

Port Injection Direct Injection
® “Stoichiometry” (14.7:1) ® Focus on CAT functionality
®* Narrow band of operation ® Wide band of operation
® CAT can function ® WRAF and better strategies allow for it
® Harmful tailpipe emissions minimized ®* New inputs
* High CO2 output ® Rear fuel trim

® Can CAT function?




GDI Benefits

® Rail pressure reaching about 3000 psi (>200 bar)
* Directly in-cylinder
® Vaporized/atomized format

¢

[njector/spar]( timing optjmized
® Injection events per cycle
¢ Cata/)/st supportive strategies

Higher compression? NOx control

® Lean strategies/better control (WRAF)
® Increased cold-start volatility

Atkinson cyc]ing



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

OXYGEN

® 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

¢ [HCI’@&SC'G’ 1[1:16'1 economy

Lambda = >1.00
* Open throttle/reduced suction losses

® EGR eftect = carbon/soot
® High sulfur production/ 90-seconds storage

OXYGEN

FUEL




Homogenous-Stratified Mode

® Transition between modes

® Moderate to higher loads

® Maintains good driveability (happy driver) RICH

* Rich A/F surrounded by lean A/F LEAN
® Two injection pulses
® During intake (homogenous)

® Prior to z'njtzétmg 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
¢ Dun'ng 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
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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)
® [ntake 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 a’jsplaced with FVR open
Norma]/)/—Open / Norma/l)/—C']osea’




HPFP Exploded View

Pressure Relief Valve

: . i
Fuel volume regulator inlet valve I Il emand Control Valve
|

High Pressure Fitting 'r
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® Fuel volume regulator solenoid (FVR)

Pump chamber

) n | -
® Piston = (R
QOutlet Valve
® Qutlet check valve |
nlet Valve
® QOutlet ﬁtting Flange Cylinder
O-Ring
® Pressure relief valve Piston
Spring Spring Plate

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



End of Intake Stroke
Start of Compression Stroke

Pumping Chamber/Cylinder

Piston/Plunger




, 4mmmmmmmm  ow Pressure Inlet

Compression Stroke

High Pressure Outlet  mum—) O))))))D) % \— | #E

Piston/Plunger

Electromagnet Control Valve




., 4mssmmmm Low Pressure Inlet

Compression Stroke Ends
High Pressure Outlet — | 'ﬁ'

Electromagnet Control Valve

Piston/Plunger Pumping Chamber/Cylinder




-, 4umssmmm Low Pressure Inlet
Intake Stroke
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' ‘ — Pumping Chamber/Cylinder
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Piston/Plunger




End of Intake Stroke
Start of Compression Stroke

Pumping Chamber/Cylinder

Piston/Plunger










Rotary High Pressure Fuel Pump




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)
¢ On])/ when trap door shuts

® Function of FVR

® Normally-open/Normally closed?




HPFP Regulator Waveform
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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
® 2 wire device

® Pressure transducer



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

Fuel Injector Design

No /onger thectea’ in intake maniftold
Dz'recz‘]y into combustion chamber
EXposea' to harsh environment

Specz'a] service procedures




® Electricity excites piezo element stack

® Causes stack to expand
® Fuel lubricates/cools

* Hydraulic actuator

® Actuates in jector

* Very swift and precise control

* H )/drau]ic = Fuel or Sealed Fluid

Piezo Fuel Injector

Hvdraulic Coupler

IEZ

Cross
Sechon

Cross
Secnon

Piezoelectric actuator

Displacement
amplification unit

\\ Injector body

Piezo Stack

Hydraulic
Movement
Structure

Needle Back
Pressure

( Operation
Room




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

1RE181-2 1fcls1-4
® Capacitive power stage (peak-and-hold) % %

® Shared power supply

INJEC-
7. TOR #1
® Unfamiliar waveform proa’ucea’ P2s ]
2jfc18121
® Best evaluated via VO]tage and current 125
e
C100-A4A
PCM
P16 :
L o T e T v S
C/Fan Relay Control
> Tow — High
___________ 200" """ 36| |c100-AB
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Shared Power-Stage Supply...




Injector Primed for Opening

® ECU allows injector to saturate (piezo style)

®* Low voltage builds magnetic field
* v system

¢ ]njector remains closed

-II-“J%




Initial Opening (Peak)

® ECU driver discharges capacitor into injector

® Injector amperage increases significantly

® Ohm’s [aw

° [—ﬁgfz current/faster response

¢ Injector open rapid])/

~ 4 Opening amps high

s Injector Grounded

s

65 Volts

Sy
e
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Injector Open (Hold)

® ECU driver switches

* Low-voltage applied to circuit

® Ohm’s [aw

® Current reduces with VO]tage reduction

¢ [H/.GCILOI’ remains OPGH

: & injector still grounded \

- n ]

<———Current reduces

/14 volts

65v

-
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Injector Circuit Momentary Turn-oft

® Injector de-energized
® Injector ground control released

* Control-side referencing capacitor
¢ [H/.C'CtOI' magﬂel‘l'c 196’/0’ CO]]HPSE’S
® nduces inductive kick

° Cf)arges capacitor for Subseguent initiation

.E_,___...-Current reduced

=
N
<

e |_Ground removed

E
- Inductive kick charges capacitor /

I

65v

.

/Voltage removed




Current Limitation

® Injector grounded
® 12v supply is pulsed rapidly
® Occurs in microseconds (uS)

® Meters fuel de/ivelj/

[ -]

O/Current limited

‘Injector grounded

C/l&?us pulse

12v

ll‘

65v

0 “%




® Power supply released

®* Ground supply released
® Current vanishes
® Magnetic field co]]apses

® nductive kick occurs

Zero current

N

G side off
N

V side t:? Cap

=Tn

Injector oft

12v

||¢

65v
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Shared Power-Stage Supply...

——
& B & = g
Opan Save Print Werecka detads Full

Amperage

B e

Ground supply Open ground

'~ Power stage supp;ly
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Paired-Injector Operation




Shared Power-Stage Supply

Energized Injector De-energized Injector




Let’s Analyze Data!
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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

® [ailure stra tegy




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? -
\—
| — d




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 tuel de]ivezy skews intended A/F ratio
® Compensation takes place

® Default stra tegies may present




Corrective Factor

® Are adaptive strategies at play?
® Adaptives can mask driveability issues and offer clues

® Have the thresholds been crossed?

ShortTerm 4
* Pump fuel trim
® Short term tuel trim
® Long term fuel trim F O
- +25

® Rear fuel trim

Long Term

® Total fuel trim




Protection Strategies

® Protection against damage/pollution

® Can be cause of exhibited symptoms
® Can confuse technicians s E l U R I TY
* Low-power/ closed throttle

® Reduced throttle opening

S
=

'SECURITY

s Z%



Systematic Analytical Approach

® Gather data to make diagnostic decisions
® Road test flushes faults to surface
* Divide data into groups
® Analyze data PID groups like puzzle pieces
® Assemble puzzle pieces
® G test vs. P tests

® Data driven ana])/SiS

® [imited hands-on testing




Driveability Test Drive

WOoT

Mod. Accel

Lite Accel

Decel.

Idle

Less Than a Minute



Driveability Test Drive

o ENGINE-SPEED (1/min)
6002

46.60000 F
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Use Caution

® Limit PIDs captured
® Refresh rate

® Maintain sanity

® Save “files”

° Mampu]ate after capture

® Share, save to cloud

® Use scan tool buffer
® Action/reaction testing

¢ ]sttozy pro vided
®* DO NOT VIEW WHILST DRIVING



Parameter Identifiers Groups (PIDs)

® Smaller groups per section Breathjng Fue]jng

® Include PIDs reflecting operating conditions
® Answers questions we have about driveability
® Prevents confusion

® Organizes thought process

® Focus

Correction Failure Strategy



Airflow PIDs

® Calc_Load

®* ABS Load

® APP (actual/desired)
* TAC (actual/desired)
* IAT

® BARO

® Boost




Fuel PIDs

* HO2s /| WRAFs

® Low-pressure system fuel pressure

® Fuel rail pressure (FRP)

* Equivalence ratio (EQR) or Lambda

® Fuel system loop status

* Commanded EQR or Commanded Lambda

® Load PIDs
® Throttle PIDs



Adaptive PIDs

* STFT

ShortTerm 4

* LTFT s
* Rear Fuel Trim | | | !! m““

* EQR

* Loop Status F— 0 +29

° RPM

® Load PIDs I I I I I I I.I I I

® Throttle PIDs l on g Term



Protection PIDs

® Fuel system loop status
® MIL commanded “ON”

* “Reduced Power” message/symbol
® Throttle
® Desired position

® Actual position




Verity Sensor Accuracy

L

* Key-ON, Engine OFF = &/v,—,s——w—"j‘ ~.—fu

® After 8hr cold-soak
® Monitor PIDs statically

® Pressure
* 7 emperature
® Position

® Voltages

Be aware of how PIDs are referenced



Tech Support Case Studies...

® Fixed over the phone

® Acquired AFAD PIDs
® Performed Driveability Road Test
® Preliminary data led to the pinpointed testing

EFFICIENCY



2014 BMW X6

P0303 sets above 4000 rpm



Subject Vehicle Background

HPFP #1
® V8 engine
® Turbo charged
®* Twin independent GDI (pumps/rails/FRPs) COMMON.FEED J
®* 2 MAFs

* P0303, loaded above 4000 rpms
HPFP #2




How is the Vehicle Performing?

® Lean under heavy load

File View Tools Help
& Exit oHld! @Resﬂ r|1 F? E-{ md EB EG ES E 12 Ew ¥+ Scale 1, Sweep
i = ENGINE SPEED(1/mir

N
w

* Command near stoichiometry
® Lambda 1.36 (36% lean) L EEERERE R i
® Rear HO2 sensor @ .074 V (not visible) e —%

® Load is dropping?

Why is the engine under fueled?



Possible Causes of Under Fueling

® Faulty GDI high pressure pump(s)?

® Faulty low pressure fuel supply pump system?
® Restricted injectors?

® Air mass calculation?

® Faulty WRAF sensor?

® Faulty Rear HO2 sensor?




Is the Engine Breathing Correctly?

® Injection based upon airflow

File View Took Help
©exit Qride RReset 1 2 B Pe Be Be Be B2 Plle 3 scale [}/ Sweep
phe e e List ENGINE SPEEL 5

* Engine is not pumping adequately
® Can an engine breath efficiently with throttle closed?

Take notice of the throttle position



Why Command the Throttle Closed?

® Newer strategy

®* How to correct for a lean condition?
® /ncrease fuel a’e]ivezy to maintain A/F ratio

® Reduce airflow to maintain A/F ratio

Not the “cause,” but the “effect”



Is the Engine Being Fueled Correctly?

® Road test under load

View Tools Help
€ exit Qride RReset 1 2z Be Ps Be Be e 1z Blis 3 scale | 3/ Sweep
= Lint Cuntom List ENGINE SPEED(1/mr

® 39% lean of stoichiometry (Lambda 1.39)
® Increase in load, decrease in FRP

® Occurred on both banks

Why would FRP be dropping?



Potential Causes of Low FRP

® Poor high pressure pump operation?
® Advanced cam timing issue?
® Control solenoid issue/control issue?

® Poor low pressure supply issue?




Chicken or the Egg?

® Which dropped out first?
® Compare PIDs

File View Tools Help
©exit @Hide RReset 1 F2z Be P+ B e e Bz Blis | 3 scale | ;3 sweep

[—
rj‘:r Edit List
Name

® Use cursor to measure

® Breathability issue is the “effect” of fuel issue

FRP dropped first, must chase that root-cause fault



Where Do We Go From Here?

® Replace both high-pressure fuel pumps?
® Replace the GDI injectors?

® Replace the low-pressure supply pump (in-tank)?

® Gather more info about low pressure supply system?




2019 Honda Fit

P0172- Bank #1, Rich Condition



Subject Vehicle Background

® P0172-Bank #1, Rich condition

® 4-cylinder twin cam, naturally aspirated

* MAF strategy

® Vehicle was taken on a driveability road test




How is the Vehicle Performing?

* Commanded stoichiometry
® Lambda indicates 8% rich
®* HEGOs both indicate “Rich”

® PCM attempting to compensate (trim)

Why is the engine over fueled



Possible Causes of Over Fueling

® Rail pressure too high

* MAF over estimating

® Exhaust leak (air ingested)
® Faulty fuel injectors

® Contaminated oil

® Fuel contamination

® Skewed HEGOs?



How is the Engine Breathing?

® Idle speed of 741 rpm
® MAF value of 2.4 gps is accurate

® 32% fuel correction is present

Fault is not breathability related



Change the Running Conditions

® Eng speed elevated to 2600 rpm
® Load?
® Fuel demand?

® What does this test prove?
® No leaking purge valve
® No a’n’bb]zhg injectors

Only a few possibilities...still in the driver’s seat!




Remaining Possibilities

® Rail pressure too high?
® Exhaust leak (air ingested)?
® Contaminated oil?

® Fuel contamination/ composition?

* Faulty fuel injectors

Cylinder power balance

Fuel pressure regulator

Fuel trim enable

Fuel system

Depressurize fuel system

Fuel pump enable

Ignition on/start switch
circuit

VCE

Fuel rail pressure

B




Diagnosis and Repair

® Road test to confirm fault

® Alter conditions to reveal fault
® Eliminate the impossible

® Focus on the probable

® Easy tests first

Minimal time under the bonnet!




Preliminary Diagnostics Summary

® Proper interrogation

® Design you PID groups
® Breathability
® Fueling
® Corrective Factors

® Protection Strategz'es

® Carry out your Diagnostic Test Drive

® Analyze ALL GROUPS before diagnosis



2013 Audi A4 2.0L

High Rail Pressure



Towed From Another Workshop

® Shop states “High fuel rail pressure” S8 FAULTS

® Previous repair attempts: =N

(] HPFP feplacemeﬂt (XZ) I 5661 (P008800) Fuel RallSyscem Pressure - Too High

(Static Faule) - MIL ON

. 10425 (P053F00) Cold start fuel pressure performance
¢ FLIG’] I’c’ll]lDI'G'SSLII'é’ sensor f@P[&C@IHé’Hf ’ ! i '

(Sporadic Fault)

2837 (P008800) Fuel Rail/System Pressure - Too High

® Scan DTCs...P008800 “Pressure too high”  r==iatu

4201 (P125000) Fuel level. too low
(Sporadic Faulc)

WALIFFAFLXFIN00T7529




Fundamental Knowledge

* The HPFP produced more fuel pressure than desired
® PCM recognized the fault

Fundamental Knowledge
rocess likely eliminates:

¢ Log1ca1 P likely eliminat \

‘DIAGNOSTICIAN

¢ LOW—})I‘GSSUI’G’ [LIG’]PUIHP I%I'[Lll’é’

® Fuel pump control module failure

® HPFP failure (would lack pressure) Adequate Service

Proper Tools and
Information

® FRP sensor (replaced already, low on suspect list) ~ Their Limitations

Causes of Higher-than-desired rail pressure?



How Rail Pressure is Made

® HPFP is driven by exhaust camshaft (Configuration?)

® Four lobes stroke pump piston HPFP Cam Lobes

¢ Pumpea’ stroked 4x per cam rotation \

® Fuel must be trappea’ to proa’uce pressure

® Fuel volume regu]ator valve must close

® FRV solenoid attached to pump assembly (Configuration?)

High-Pressure Fuel Pump



FRV Functionality

® FRV acts like a trap door
® Piston action generates pressure against FRV

® Open valve allows fuel displacement
¢ Normally—Open

® Normally-Closed

Which design are we dealing with?



An Experiment

(3} FUEL PRESSURE

| J20400

L5

" : : 19780
(] Pressure increase with

® FRV unplugged

PAN PAN ZO0OM
LEFT RIGHT ouT




FRV Timing is Critical

® PCM energizes FRV to limit rail pressure
®* Could the FRV be malfunctioning?
® Could PCM be sending incorrect command?

® Could the engine be out of time?
® No DICs reflecting timing fault

® Engine performs well



Thinking This Through...

® DTCs result from thresholds crossed

® Pump generates pressure with FVR closed
* Camshaft driven

® If cam is late, pump piston is late

® FRV timing same (relative to crank angle)
® FVR driven closed with more piston stroke

® More stroke, more pressure




Determining Cycle time

Voo |
5765 | | 1104
4372 0.647
2.979 8.254
1.586 6.861
0.193 | 5.468
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| |
2086 | | 1288
| |
K | - o . |
T, e ‘ s - ‘* -0.104
' -720 d '
67701 * egrees *} * “1AN
590.6 606.3 622.0 637.7 o 716.1 731.8 =ri7.5
mms.{)s o ' '



Known-Good Capture
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Suspect-Engine Capture
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Results

® Camshaft 5 degrees retarded (Stretched)
® Late camshaft = higher-than-desired FRP
®* Low volume HP fuel system

® Justified disassembly

* No Timing DTCs?
® 71 a’eg. threshold for DTC was not crossed

® PBrea t/zabz]ft)/ not drastfca]/)/ etfected



[0

2 Delayed Camshaft

Demonstration




Stepping-Stones from Preliminary Diagnostics

® Causes of misfires:

* Engine mechanical
® Compression

® PBrea z‘fzabﬂity

® Fuel Injectors
® (Control
® SPra 1y pattern

® Ignition system
e Pn’mazy
® Secondary

® (Carbon issues
* VE

® Densit)/—misﬁres




Ignition Waveform

® Combustion through the eyes of the scope

® Primary or secondary
* Efficiently obtained

° APPIies to virtua]ly all sPark-ignition ICEs e s
a L—-———— ‘l . t ‘ )\ | fr‘

® Become familiar with ‘:good 7

® Bad becomes easily visible

CAUTION: Use attenuation




Engine Mechanical Testing

® Pressure transducers can indicate flow characteristics

® Cranking-Intake waveforms
* WOT

® Delta sensors

® TWPS-delta mode

‘) Fle Edt Settings View Window Automotive Help =181 %

ED. X[50 msjdiv ¥ [x1 _] ] _] oc+|[x2 =] B[-327kv =|[oc |2 |
0=4 ms,x0=413.6ms Kv -
2.5 | T 2

e |

éEw’“wﬁ“WWM*’“’“?

2.0 | | 15
5 | | 3.0
0 50 100 150 200 250 300 350 400 450

| [_] Waiting tor aDC  Trigger [auwo <] [cn B =] [Rising =] 20 [Skv  [8 |3x




Misfire Detection @ Tailpipe

® Combustion = Pressure @ EVO
® Misfire = Vacuum @ EVO

® Exhaust gas has inertia

® Dollar-bill test

File Edt Views M

zpu(n%ope 6 AulmmTUVf'I COMBUSTION I

‘.‘Iools 2 Help

Tof 1 ’ A_/v“':llié-v R M & G

-| NO COMBUSTION |

‘

[ File Edt Views VMeasurm Jools Automotive Help l

ms +80s

5 @
6430 6584 [

________________

Jof4 » | @ |l « [x168 [ » R MRS €

3608 101805500351 107304 10694 1086

W 283.2 Hz, 16992 RPM v

| Trigger




Cranking Intake Waveform

® Comparison from one pull to the rest

* All pulls should be similar
* Look for the “odd-man-out” '*. —aiz =i Mol e

&)
1]
i
1}
i ]
[
E

® Zoom/filter appropriately
® Partition the waveform @
® Compare pulls s £ )
® Note pull for suspect cylinder = = | -
(<] [>]
L s - -




In-cylinder Pressure Testing

® Carbon creates restriction

* Hinders cylinder fill

I E| i

® Driving conditions dependent ©
® High flow reveals fault - N
=2

® Cylinder can’t inhale 7 i

® I )

® [nduction creates nega tive pressure 2 =

- -



Approaching Low-Pressure Systems

® Fuel pressure bi-directional controls
® Pump trim reset

®* Holding pressure

® Fuel pressure sensor accuracy

® Current ramping/Lab scope testing

® Action/Reaction testing




Scan Tool Testing Low-Pressure System...

® Scan DTCs
® Command vs actual

® Bi-directional controls
® Drive FPCM with scan tool
® Monitor command duty-cycle

® Monitor feedback duty-cycle

GM «» CED e g ﬁ' =
V7.20 | = R | = @ B (-] |
GM = Automatic selection = Control unit = Fuel pump control module = Active test 7B~ VCMS 15.0v

Fuel pump(Fuel pump control module)

Fuel pump command 70.0 %

Fuel pump command 69.8 %

Ignition 1 signal 14.3 \"

5V reference 1 4.99 A\

Desired fuel pressure 300 kPa r
Fuel pressure sensor 579 kPa

Fuel pressure sensor 3.82 \’\

Fuel pump command On / Z 8 T

Short term fuel pump trim 1.00

VIN: 1GT1PFSSCXC7270455
Info: GM/Chevrolet/Cruze

- A A EH © @=& Bd vew = P

o
Bty s Tabe &Sy




Fuel Pump Commands

® Varies per YEAR/MAKE/MODEL (Service info)
® Duty-cycle based
® Can compensate for issues (Fuel pump trim)

® Several example commands used

* [nvalid/off

® Normal operation
* FullON

® Valid/OFF




Fuel Pump Monitor

® Varies per YEAR/MAKE/MODEL (Service info)
® Duty-cycle based

® Several commands used
® nvalid data received
® Normal operation or SRS Event Invalid

® Problem with secondary circuit (Fuel Pum




Fuel Pump Trim Reset

® PCM can compensate for low-pressure system

* Communicate with FPCM
® Increased pump command

® Must be reset after repairs




Scope Testing Low-Pressure System...

® Action / Reaction testing

® FPDM easy access (Configuration)

®* Bypass testing

® Multi-channel lab scope
® Current = Pump circuit
* Voltage = Command FPCM-to-Pump
® Voltage = Request PCM-to-FPCM




Current = Work Performed

® Monitor Pump operation
® Pump speed
¢ }%qu)aVEﬁ%gec1u7€nt

'_Phnyozuqnahﬂ%?ﬁeaﬁﬁ

Brushes

Commentators




w-Pressure Pump Wiring Diagram
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We need the pump to run at 100%

m
b i

DO WE HAVE THE POWER
TOPULLITOFF .
STIE
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oM = S-S - SRR, NI - N - N

V7.20

GM = Autormatic selection = Control unit = Fuel pump control module = Active test r’a"\ Vs 15.0V

Fuel pump command %

Fuel pump command

Ignition 1 signal 14.3 Vv
S5V reference 1 4.99 A%
Desired fuel pressure 300 kPa
Fuel pressure sensor 579 kPa
Fuel pressure sensor 3.82 vV
Fuel pump command On

Short term fuel pump trim 1.00 BI-DIFECtIOHal - 70% Ma)(

VIN: 1G1PFSSCXCT7270455
Info: GMY/Chevrolet/Cruze

ncrease Decrease ESC
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Bypass Test: Jump the Supply
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Got It!
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Approaching the High-Pressure System Fault

® Rail pressure 4
® Effected by RPM :
® LHected b)/ Dat)/—cyc/e Y

* Effected by INJPW
® Process of elimination
® Proper signal to solenoid
* Accurate FRP signal
® No leaks
* Healthy mechanical drive
* HPEP replacement... ONLY after all has been proven




Hot-Soak FRP Monitoring

® Pressure should increase with heat
* Low-volume / High pressure

® If pressure decays over time

® Past in jector

® Past HPFP check valve (pump failure)
® Past HPFP (into crankcase)



HPFP Deadhead Test

* Configuration dependent
® Normally-open
® Normally-closed

* Highest stress on HPFP
® Low rpm (idle)
® Full stroke utilized

' [-[z(’gb est pressure/ z‘ougbest conditions

D EEE

20400

FUEL PRESSURE

|
| - . 19780
| \ Pressure increase with

FRV unplugged




esults: Dead-Head Testing
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b
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E
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-100.0

-2.562 -1.562 -0.562 0438 1438 2438 3438 4438 5438 6438 ?.438.
ms Pico Technology www.picoauto.com



A/F Ratio Imbalance DTCs (P219A or P219B)

® Rich or lean cylinder-to-cylinder imbalance

® HO2 sensor frequency and amplitude characteristics

® Closed loop
¢ Warmea’—up
® No EVAP enrichment

® Intake / Exhaust modifications, leaks
® Poor injector spray patterns

* HO2 or WRAF performance

® Fuel contamination

® Combustion quality (mechanical / ignition?)

Normal A/F
Band pass filter output

Filter output gain

Cycle

Failure A/F
Band pass filter output




GDI Injector Balance Testing...

® Relative flow characteristics

* Helps single out cause of misfire

* Right from the driver’s seat!

® Scan tool Bi-directional control
® Differs from port in 1jection

’ Ana]ysis of test results tedious




Unanticipated Test Sequence

® Obtain and record pressure drop for each injector
® Calculate total injector-drop (omit suspect injector)
* Find average pressure-drop

® Multiply by 0.20 (20% acceptasble variance)

® Can’t exceed acceptable variance




Delta-Lambda Demonstration

Scan Tool Bi-Directional Test

Disable Each Injector One at a Time
Monitor EQ Ratio / Lambda

Compare Lambda Change of Each Cylinder

Three Vehicle Demonstration
Port Injection with Wide-Band Sensor

GDI Injection with Narrow-Band Sensor
GDI Injection with Wide-Band Sensor




2019 Ford Flex 3.5L
Port Fuel Injector Balance
Wide Band Sensor




Cylinder #1 Disable

X Exit [E changelList custom [_] Disable Normal

02512 Sensor(V) : Short Term Fuel Trim 1(%) :
0.60 -~ 16 *
Min.0.01 Max 079 A= Min-45 Max227

Port Injection with Wide-Band Sensor

EQ__Ratio (Lambda) = 1.22

Equivalence Ratio (Air/Fuel Mixture) Desired - Bank 1 . Equivalence Ratio (Lambda) B1S1

Downstream Sensor = o01v) | - wii = ooss

154 1.220 Min:0.942 Max:1.220

Short Term Fuel Trim = 2204, ” —AJ_WWJ

219

2019 Ford Flex (FWD)

1217PM |
= e/30/2024




Cylinder #2 Disable

® Port Injection with Wide-Band Sensor

®* EQ_Ratio (Lambda) = 1.20

01(V)

® Downstream Sensor =

® Short Term Fuel Trim 24%

X Exit [‘;: Change List Custom D Disable

0.01

-~

02812 Sensor(V)

Normal

0.60 -

Min:0.01 Max078

Equivalence Ratio (Air/Fuel Mixture) Desired - Bank 1

14:1 ¢

Short Term Fuel Trim 1{%)

Min:-5.3 Max?d?

"4 2
20.0
10.0
0.0

Equivalence Ratio (Lambda) B181 .
0.999 *
Min:0.961 Max:1.204

218

2019 Ford Flex (FWD)

1219PM |
" 6/30/204




Cylinder #3 Disable

® Port Injection with Wide-Band Sensor
®* EQ_Ratio (Lambda) = 1.23
® Downstream Sensor =

01(V)

® Short Term Fuel Trim = 24%

Injector

X Exit E_-: Change List

Custom

[C] Dpisable

02812 Sensor{V)

Min0.01 Max078

Equivalence Ratio (Air/Fuel Mixture) Desired - Bank 1

Normal

. Short Term Fuel Trim 1(%) .
0.56 * 18 "
Min-53 Max:24 2

: Equivalence Ratio (Lambda) B1S1 .
14:1 - 0.998 -
Min:0.969 Max:1.237

2019 Ford Flex (FWD)

| 1208PM §
6302024




Cylinder #4 Disable

X Exit [E changeList custom [_] Disable Normal

02522 Sensor(V) : Short Term Fuel Trim 2 (%) .
060 * -06 *

Port Injection with Wide-Band Sensor 074 Mn001 Mexo74 o Mn 81 Mac2o7

EQ_Ratio (Lambda) = 1.27 -
D Ownstream S ensor = .OI(V) ; Equivalence Ratio (Air/Fuel Mixture) Desired - Bank 2 - = Equivalence Ratio (Lambda) B2S1 -

Min0.912 Max:1.270

Short Term Fuel Trim = 29%

2013 Ford Flex (FWD)

‘ 2d0PM |
S N /072024




® Port Injection with Wide-Band Sensor 075
®* EQ_Ratio (Lambda) =
® Downstream Sensor

® Short Term Fuel Trim =

Cylinder #5 Disable

X Exit g Change List Custom I:] Disable

Normal

02822 Sensor(V)

055 * o~
Min0.01 Max075
10.0

1.20

0.0 5 2

o Equivalence Ratio (Air/Fuel Mixture) Desired - Bank 2 . =,

= 01(V) e
[ ]

16:1 1.206
21% l

13

12:14 0.924

533

Short Term Fuel Trim 2 (%)

Min:-53 Max21.1

Equivalence Ratio (Lambda) B2S1 .
0.998 *
Min:0.924 Max:1.206

2019 Ford Flex (FWD)

1213PM
L 6/30/2004




Cylinder #6 Disable

X Exit [E change List custom [_] Disable Normal

02822 Sensor(V) . Short Term Fuel Trim 2 (%) :
052 - 168 ¥
Min:0.01 Max074 Min-61 Max234

Port Injection with Wide-Band Sensor s

EQ_Ratio (Lambda) = 1.18

0.01

Equivalence Ratio (Air/Fuel Mixture) Desired - Bank 2 . Equivalence Ratio (Lambda) B2S1 M
Downstream Sensor = 01(V) . wed = o
1.182

Min:0.956 Max:1.182

Short Term Fuel Trim = 23% i

12:14 0.956

528

2019 Ford Flex (FWD)

12:15PM
= ' 6/30/2024




2019 Chevy Malibu 1.5L
GDI Injector Balance with Narrow Band Sensor

GDI with Narrow-Band Sensor
No EQ_Ratio
Commanded EQ__Ratio Stays @ 1.00 in Closed Loop

Compare Upstream Sensor (V), STFT
& Rail Pressure (Preferably Voltage)




Cylinder #1 Disable

Cylinder 1 Injector

X Exit [ ChangeList custom [_] Disable Enable

Fuel Rail Pressure Sensor (psi) . HO2S 2 (V) .
594 % 0.09 -

® GDI with Narrow-Band Sensor WWWWWWWLMML‘M
* HO2S 1 (V) 01

Short Term Fuel Trim (%)

Min:-2 M 2 A

* HO2S 2 (V) .01

== Long Term Fuel Trim (%)

® Short Trim Fuel Trim = 24% SRR

088 *
Min0.01 Max:0.88

® Fuel Rail Pressure Sensor = 561 PSI J U m_ﬂ L ﬂ

301

2019 Chevrolet Malibu



Cylinder #2 Disable

Cylinder 2 Injector

X Exit E‘J Change List Custom EI Disable Enable

Fuel Rail Pressure Sensor (psi) . o Long Term Fuel Trim (%) :
594 - 1 -

¢ GDI With Na.rrOW'Band SenSOI' 554 Min:565 Max504 . . S
S N STy

Short Term Fuel Trim (%) .
-~ 2 2

-~

Min-4 Max:23

* HO2S 2 (V) 01 . = J '
® Short Trim Fuel Trim = 23% mﬁ:,qﬁw

083 *
Min'0.01 Max:0388

® Fuel Rail Pressure Sensor = 565 PSI i m lj 1/1 ( [

2019 Chevrolet Malibu



GDI with Narrow-Band Sensor
HO2S 1 (V)

HO2S 2 (V)

Short Trim Fuel Trim =

Fuel Rail Pressure Sensor =

Cylinder #3 Disable

Cylinder 3 Injector

[E change List custom [] Disable

Enable

X  Exit

.01

HO2S 1 (V)

ﬂﬂﬂﬂ

Short Term Fuel Trim (%)

Min:0.01 Max U

| w

Min:-6 Maz

1)

.01
23%
565 PSI

ol T S S

HO2S 2 (V) .
076 *
Min:001 Max:0.87

s Long Term Fuel Trim (%) :
1 -

Mini1  Max1

212

2019 Chevrolet Malibu



Cylinder #4 Disable

Cylinder 4 Injector

X Exit [E changeList custom [_] Disable Enable

o Fuel Rail Pressure Sensor (psi) . = HO2S 2 (V) .
580 * 0.74 *

GDI with NarrOW_Band Sensor 504 Min:565 Max 594 0.87 Min:0.01 Max0.87

Il
=)
o

HO2S 1 (V)

e Short Term Fuel Trim (%) .
1

Min-7 Max23

HO2S 2 (V)

Il
o
=

Long Term Fuel Trim (%) .
1 -

: Bl el \_\/_/’LJ' ’ Min:d  Max1
Short Trim Fuel Trim = 23% A

0.10 *
Min:0.01 Max 088

Fuel Rail Pressure Sensor = 565 PSI Www F \_f U
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2016 Kia Soul 1.6L
GDI Injector Balance
Wide Band Sensor




Cylinder #1-Disable

Injector Disable-Cylinder 1

X Exit [E Change List custom [[] VYES NO

Required Lambda(%) . Actual Lambda Value(%) .
1.00 - 0.993 -

Min:0.91 Max:1.39 = Min:0.913 Max:1.551

(¢4}
w0

o
(e}
o -
w y
- y
W -

* Required Lambda: 1.39?

Fuel Adaption(idie)-Bank 1(%) . Fuel Adaption(Part Load)-Bank 1

PY 06 * 1.119
Actual Lambda: 1.55 - Min04 Max08 P Min0.000 _Max:1119

C C
H C
o -

o
o
o ¢

® Cylinder #2 Injector On-Time: 1.6ms

Injection Time-inj. 1(mS) . Injection Time-Inj. 2(mS) .
- . - .
08 * 08 *

Min:00 Max16 - Min0.8 Max16
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ylinder #2-Disable

Injector Disable-Cylinder 2

X Exit [E changeList custom [ YES NO

Required Lambda(%) . Actual Lambda Value(%)

1.00 - 0.995
1 24 Min:0.92 Max:1.39 Sz Min:0.914 Max: 1.397

Requ]red Lambda. 1.3 ; [ ] 9
Fuel Adaption(ldle)-Bank 1(%) . Fuel Adaption(Part Load)-Bank 1

06 * 1119 *
® Actual Lambda: 1.39 Mn04 Max0s . DT
L ] [ ] o 21

¢ Cylinder #1 Injector On-Time: 1.6ms - | j ’

- Injection Time-Inj. 1(mS) Injection Time-Inj. 2(mS)
0.8 08 *
— Min0.8 Max16 Min:00 Max:16

4

207
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Cylinder #3-Disable

Injector Disable-Cylinder 3

X Exit [ ChangeList custom [_] YES NO

i Required Lambda(%) . 5 Actual Lambda Value(%) .
1.00 * 1.006 "
Min:0.92 Max:1.39 - Min:0.903 Max:1.577

®* Required Lambda: 1.39? 0s2

Fuel Adaption(idie)-Bank 1(%) N Fuel Adaption(Part Load)-Bank 1 "
P . - .
08 * 1.119 *

Min:06 Max:13 Min:1.119 Max:1.119

o
(9]

. Injection Time-Inj. 4(mS)
08 * 08 *
Min:0.8 Max:1.6 Min:0.8 Max:16

Injection Time-Inj. 1(mS)

® Actual Lambda: 1.57 M |
® Cylinder #1 Injector On-Time: 1.6ms . . |

o
o3}

o
03]
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Cylinder #4-Disable

Injector Disable-Cylinder 4

X Exit [E changelList custom [] YES NO

@ Actual Lambda Value(%) . . Required Lambda(%) .

0.996 - 1.00 -
| 430 Min:0.818 Max:1.430 | 39 Min:0.92 Max:1.39
0.818

i Required LMbda: 1-39? ' Fuel Adaption(Part Load)-Bank 1

1.119
Min:1.119 Max:1.119

Fuel Adaption(ldle)-Bank 1(%)
1.000 | -~ 15 -

® Actual Lambda: 1.43

Min06 Max23

. . . 0.119 | 2.3
® Cylinder #1 Injector On-Time: 1.6ms T ——_— 2o
o8 -
16 Min:00 Max16
0.0 0.6

2016 Kia Soul/Soul EV




Scope Testing High-Pressure Pump (FVR)...

® Action / Reaction testing
® Access varies between vehicles

® Multi-channel lab scope
® Current = Pump circuit

* Voltage = Command PCM-to-FVR
* Voltage = Ground PCM-to-FVR

CAUTION: Use attenuation




HPFP Wiring Diagram

_____________ POWERTRAIN
i ' | CONTROL
L ! | MODULE (PCM)
1 ) | 1812
i .
1 1
1 1
1 L B A N gres—— | S TG (R [
1
' o : CE226 YEVT
] =
! ' RE22¢
v FVRRTN
H | A
1 1
1 1
1 1
1 1
1 1
1 1
1 1
i : —T— BATTERY
i - 77~ | JUNCTION
H ' ' _|_ v | BOX (8JB)
; '], c13818 CE171_ YEVT 2
i CcoV #1 :-T)-I 25Y c1035¢
1 =
1 : :
1
: il TRANSMISSION
: - FLUID COOLER
- i COOLANT CONTROL
' Sl VALVE
| ' : K
1 1
\ Ci703 [[—="]| ciz03
! e CEI72__GN < | = | > CBKO3 GY
: | M g ey
1 1
! i TURBOCHARGER (TC)
! : WASTEGATE
| : REGULATING VALVE
i | SOLENOID
. ! 1518
H 1| CI381E VE824  YE-GN C1246 C1246 CBK0O3 GY
; TCWRVS € |-
1 1 : 16 X 2
q al; TURBOCHARGER
| t BYPASS
' 'l VALVE (TCBY)
i vl 1519
! ' VE836 VT-GN 1 [z 1], Cl650  CBKO3 GY
: TCBY : > E— ) P
1 | e 2, |BESEEIT .
i : EXTERNALLY
H H CONTROLLED
' i VARIABLE
. ! DISPLACEMENT
i : COMPRESSOR



B 2016 Kia Soul 1.6L |
High Fuel Pressure
Regulator Control |




HPFP FVR Control...

I PicoScope 7 Automotive 20240701-0001 psdata == o x

Scope -zl Wavetor B ® = - B B B pico
o T d 1 | W somsrdiv T3 hd Oper  Gudedtes et i S g o _
rend view H — a0 PO
£500 V )

® Multiple cycles on screen R e S S T | S TR O N

® Cyle-tocycle comparison

® Four waveforms tell the story ol h

® FVR Voltage feed control
® FVR Ground feed control

° pﬂ'm‘-uy [gnitz'on ( for reférence)



ZOOM 1

1% PicoScope 7 Automative 20240701 -0001.psdata

o ) I — 0. =00~ B+ peeo s+t n8a pico
Zoom in to one complete cycle . N . B o ==
® Better resolution \ "\ \ '« \
* C )/bhder—to—cyllhder comparison = y “
| |
® I'VR control A B | i
4 &8
Ly \
N
. 4 e
° [}
. |:| 260.0m: : 2600 300 = 20 = 360 = 1 4000 =



l y,o,,pe; ] . | AN e ® & 2 E B B pico
® Zoom in to one single event — ‘I & | AEFRE S 200 o =

® Better resolution
¢ Freguency of pu/ses

Ry T —

® Pintle bump \

iBES

M;s:

® Inductive kick - O

A Breaking news - A N I ™ N et e ST P



Scope Testing Direct Injectors...

® Action / Reaction testing
® Access varies between vehicles

® Multi-channel lab scope

® Current = Injector circuit
* Voltage = Command PCM-to-Injector
® Voltage = Ground PCM-to-Injector

CAUTION: Use attenuation




Direct Inj ectors Wiring Diagram

_____________ POWERTRAIN
i ! | CONTROL
! | | MODULE (PCM)
' | 1817
' | FUEL INJECTOR 1
' ' 151-6 151-7
: i ] CE205  GN-BU o CE205 GN-BU cusl | =
! INJ1 '—1& 4 == Y -~
v a4 1% 1 2
o ' of
: INJIRTN i3 RE205 YE-BU ¢ A RE205  YE-BU
7 g !
: ™ i FUEL INJECTOR 2
[ i ' . E
] " ]
CE206  GY-YE CE206 _ GY-YE cug | = |, cus2
: INJ2 <! =t =— =i(._rrn_h
' " '
: ina . RE206  BU-0G ¢ RE206__BU-0G
' 'l 88 12
: < 1 ) FUEL INJECTOR 3
] (B0 ] -
L} 1 h ) —_—
: N3 H CE207__VT-GY : CE207__VT-GY C1183 £1183
' " 32 '
' i RE207 _ GN-VT ' RE207
: INJ3RTN -+
' o 2 3!
L} " )
L} " h )
' " |
CE208  YE-0G CE208  YE-OG
: INJA 3= 6
' i 85 [
' 1
' INMRTN 3 RE208 _ BU ¢ RE208 _BU
1
‘ i 22 14
' " '
] " ]
' " ]
' h A ' 4
: ks2e il VEB02  BN-BU ¢ BN-BU
' h 52 ﬂ '
' h ' 0
: o VEB01  VT-0G ¢
' 1 65 kS
' " '
1 " 1
' Th '
1 " '
1 "h ]
] "h 1
i it ! KNOCK KNOCK
' N : s'fglsonl ?Kesns)onz
: il ! {3 | Bk
' h '
' 1 1 <
' " ' e
; il ; 1¥ci614 1 ¥cieis
1 h 1
: - RE323 WH-BN g2k RE323 WH-BN
. il ] [P C 2




cope Testing Direct Inj ectors...

B PicoScope 7 Automative Volswagen_Touareg_2008_ 3.6 Fuel Injector # 2 GDI Known Good New Genuine. psdata

- () X
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2 Wire Solenoid

Scope Leads On High & Low
Control Circuits

Check Voltage & Current
Drivers’ Ability To Turn On
Shorted Coil

Pintle Hump?

Comparative Analysis

GDI Injector

e PicoScope 7 Automative Volkswagen_Touareg_2008_ 3.6L Fuel Injector # 2 GDI Known Good New Genuine.psdata

“
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Testing Induction System For Leaks

® Visual inspection

Turbocharged GM Ecotec Engine with Intercooler

® Smoke testing

® Propane

SDT-2058
SMOKE LEAK DETECTOR

CAUTION: High Pressure



Post-Fix Verification

The Di tic A h
® Repeat failed-tests he Diagnostic Approac

® Reduces/eliminates comebacks
® OBD status
® Scan data PIDs

® Bi-directional control

Driveability road test Co imlinate The
Smoke testing DI !
Propane testing

Gas ana]yszls

Pinpointed
Testing



Maintenance Is Critical

® Maintain ECU software levels
® Use quality materials and fluids
® Use the CORRECT filters and fluids

® Follow service Spea’ﬁca tions
® Follow proper service intervals

® /nduction system maintenance?




Carbon Issues

* Direct-Injection
* Blow-by / PCV system

® Poor maintenance

* Temperatures

® Countermeasures:
® Pour-in treatments (oil/fuel)

* K og-in treatments

® Media b]asting




Chemical Treatments

® Best used as preventive maintenance (Service info!) |
® Not great as a “Fix” ' '

® Chemically dissolves carbon and limits production

® Not all are created equally
® Sticky rings
® Co]]apsed [itters

Stuck phasers
® Stuck OCVs

Nojsy tensioners

Cleans port and Direct in jectors



Pressurized Treatments

® Best used a preventive maintenance (Service info!)
® Can be used as a “Fix”

® Uses staged chemicals for different carbon types
® Three chemicals
® Strategized delivery
® Pulsed pneumatically




Media Blasting

Not recommended for preventive maintenance
Great for restoring proper engine operation
Labor intensive
Messy process

Instant return-on-investment
® Walnut shells

® Dry-ice / Nitrogen




Low-Speed Pre-Ignition

® GDI vaporizes oil

* Higher compression

® Turbo charging

* High load conditions

® Auto-ignition of oil droplets




Depressurizing Fuel System

* High-Pressure fuel system can reach 200 Bar

® Fuel can pierce skin and damage components
® Ouch/

® Poisoned

® Scan tool command

* Disable HPFP FVR and run engine




Follow Service Repair Information!

® Replace components as prescribed
® Pressurized / atomized fuel
®* Won’t see “drips”

® Best to test with HC detection




2006 MazdaSpeed6

%{ﬁv -

EXtended C]_’ank & NO Powe]_’ VIN #: JIM1GG12LX61103470

Diagnosed: 8-14-17



Fault Code Retrieved

* P0012 (Bank 1)

® Actual Cam Timing is 10° Retarded from Target
® 5 Seconds or More

* 0Oil Control Valve in Feed-back Range
* ECT Above 20°C (68°F)

P0012 | Intake Cam Postion Timing Over Retarded Bank 1 ﬂ} it p Camshaft Sensor Reluctor




Scan Data

Rail pressure set value = 725 PSI

Adaptation value of fuel delivery control &

Cylinder 1 fuel injection timing

Actual value of rail pressure = 47 PSI P ——,

Cylinder 3 fuel injection timing &

Cylinder 4 fuel injection timing &

Fuel pressure gauge verifies good low-pressure

No high pressure = Low Power

Determine cause of low rail pressure



Significance of Cam Timing

® Camshaft timing is critical
® ECM (DME) uses cam sensor signal for pressure control

Incorrect cam timing = M'ong pressure control timing

When timing is key

High-pressure
connection

Roller tappet

Four-lobe cams

o -‘
f4' ‘
‘ !

Exhaust camshaft




Checking Camshaft Timing...

® Don’t Disassemble

® Scope all the Things!

Oscilloscope Waveform

® Crankshaft Vs Camshaft Signal

Reference Known Good & Compare




Crankshaft vs. Camshaft Correlation

B ae———————_. —"

Known Good 07 CX-7

1
1
{
1

——— e A

{

x T8
MAIN RELAY e o [Oa0-3a1 MAIN RELAY
(SECTION 0140-3a) (SECTION 0140-3a)
p SENSO%C(;'RO ]
(SENSOR GROUND { LIND)
(SECTION 014(}3u)) (SECTION 0140-3k) /
SHIELD
WIRE
Y i
' ! 1
WAL (F) i G‘Fy : i BRI-:F) WL (F)
B 2 0 1
COBZissssssixz. == EEEESRITEEEERIE Our06 MaZdaSpeed
G| swmEL K i
WIRE ~f -~ ” |
BR (E) WL(E) N G(E) ! Bnﬂw v.in
%‘\::::::A:t.:::: Qﬂ: :__:-I._-_:::—_:..‘;-..‘-
CEENNCIE ~~ ©

CRANKSHAFT POSITION SENSOR CAMSHAFT POSITION SENSOR




Crankshaft vs. Camshaft Correlation

® No “MazdaSpeed 6” reference available

® 2007 CX-7 is identical

...................................................

® Never assume!

® Good enougfz for us to proceed

Our 06 Mazdaspeed



High Pressure Fuel Pump Control Circuits

Current Flow Increases or Decreases Pressure
Circuit Faults Could Cause Low Pressure
Scope Needed for Dynamic Test

®  Blue Trace = Ground Side Control

®  Red Trace = Voltage Control

Green Trance = Control Current

HIGH PRESSURE

R(F) L{F) FUEL PUMP
®
f:::::::T
:::::::+ C-07
LW(F} P/L{F)
e i e s e e e QQ QQL

T e UL

FCM




High Pressure Fuel Pump Control Circuits

(i HII ‘HW I




Justified Invasive Inspection...

GLOVES ON, MAN!
e
Physical Inspection Required ‘!"'

Lo

R
\“.') . l

Check Tappet Wear/Damage
Camshaft Lobe or Drive Wear/Damage

Pump Damage

Final Elimination Step




Fuel Pump

Tappet Missing
g




Broken Camshaft

3 -
.
) <
-

This Part of
the Camshaft

Is Not Attached
To This Part






2006 Mazdaspeed6

Low Power And Backfiring During Cruise & Acceleration

5N

VIN #:
TM1GG12LX61103470
Mileage: 122,066




Retrieved Fault Codes

mEx)

E Diagnostic Suite

* The POO].Z DTC iS nOt new mr;ﬁilﬁ\' Codes + SureTrack®

’(1 Back é Print

i The symptoms are new 3 SureTrack® > Results for P0300

’ Common Replaced Parts - Based on 164 Repairs

® Js the P0012 Related? Pending Codes

P0012 | Intake Cam Position Timing Over Retarded Bank 1

ey

o (3 H o >
B - : . 2006 Mazda MazdaSpeed6 T
Q JoE @ 202




LET'S RIDE!

Road Test MakeAGIF.com



Did We Duplicate The Symptom?

ENGINE SPEED(1/min)
Min: 2054  Max: 2858

0 ABSOLUTE THROTTLE POSITION(%) 0

Current; 2768 Min: 129 Max: 78  Current: 26.7
2858

2054

AIR FLOW RATE(a/s)
Current: CLOSED LOOP Min: 295 Maw: 56.04 Curent; 33.25

P T A

1 I 1 1 1 1 1 I
o L L S LS CaX
Iy} L Y o o

FUEL SYSTEM 1

OPEN LOOP DFIIVING 3

OPEN LOOP +

o

—

SHORT TERM FUEL TRIM BANK 1[4]
Min: -25.6  Max: 14.1

o LONG TERM FUEL TRIM BANK 1(%) o
Current: -24.1 Min:-3.8 Max 0.0 Curent: 0.0

—\ J_/_l'\ /_/_Lf\_f’\_;

T T T
o w o
-t =

S8R 4 :
025 CUPHENTBL«NHSEMJUP1[mﬂ] o
Min: -3.725 Max: 3496  Curent; -2.182

34%me /\\/\/’\/‘\

3.725

EQUIVALENCE RATIO B1-51 (1)
Min: 0.63  Max: 1933 Curent: 0.781

JV

T T T T T T T 1
e i JEl rea JEEA] Vi S e ISR ' D o (0
N N M s = W0 WD

.,_'_

COMMANDED EQUIVALENCE RATIO o
Min: 0925  Maw 1.03  Cument 1.027

[ = ‘\ﬂx\f‘\/ﬁr\

T o
Q w o
T = WD

1030 7,

(1325 1

1 I | | |
o o w o w o
- = N N M

INTAKE MAP (inHg]

0

Min: 4.7 Maw 413 Current 236

- }AJ\fﬁJ \/\_//\

T T
Q W
NN

{eenyilvamn
o w o Ww
- r mm-:r-:ru’)

-t
Iy}
(025 YOLTAGE BANK 1 - SENSOR 2V) 0

Min: 0025 Maw 1.015  Cument; 0955




What Does It Mean?

% ShopStream™ Scanner Data Viewer - 2010-07-19 20.07 37 pids =/ JES
Fle vew Tools Help

. E Exit @)show EResert [1 2 6 e [EEe 12 16 i Scale
. Commanded EQ-Ratlo: 1-027 ENGINE ED(1/min) : } POSITION(% o‘m- JDED EQUIN l-A'li»—:_.:lm

* EQ-Ratio: 781
® O2S Bank 1-Sensor 1 Current: -2.182 mA

4 FUEL TRIM

Min 256

® O2S Bank 1-Sensor 2 (V) 955V

® Short Term Fuel Trim: -24.1%

M [ Disgnostic Suite @ Google - Mozilla Frre... | (L) Scanner Data Foider | 3 ShopStream™ Scan..




We Did Duplicate The Concern? Yes/

® Ran well for a minute then ran rough.
® The symptoms became more severe.

® The symptoms were present at idle, when we returned to the shop.



Let’s Work Through This!

® Commanded Equivalence Ratio = approx. 1.00 (Requesting stoichiometry)
* Equivalence Ratio = < 1.00 (Rich condition)

® The Upstream WRAF = -2.18 mA (Rich condition)

® The Downstream HO2S = >950 mv (Rich condition)

® STFT = -25% (Compensating for a rich condition)



New Data Set How About Now?

K] ShopStream™ Scannar Data Viewer - 2018-07-19 20.07.37 pids

— B Tk
CExit @ Show EReset 1 B2 B4 e B Bl FEs 12 16 i Scae

° ° .. o ENGIN D1/ o UTE THROTTLE POSITIO ) o COM EOLIVA ,

®* FRP = ZERO, during running condition I W R pr—

Current: 2768

¢ 1700 psi...

OPEN LOOP DRIVIN

OPEN LOOF

® Then O PSL...

® Then back to 1700 psi in 5 frames?

SURE (psi)
Min: 0.0

ra—

vy Diagnostic Suite ‘ Goagle - Mazilla Fire..,.
e

(J Scanner Data Foider | B ShopStream™ Scan..

e neem

Rich condition... with no fuel rail pressure?
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Pinpoint Test:

Measuring the Circuit vs. Processed Scan Data...

ERMEED

GERMBLE

BLERED

REDMWHT

WHT/BLK

BRM

BLUMNWYHT

YEL

BLUIBLK
= o=
= ==
=1
: g
= T
= =
= i
= [
m <L

HIGH PRESSURE
FUEL FUMF FREZ=SURE
(RIGHT SIDE SEMSOR
2F EMGINE) (LEFT FRONT

OF EMGINE)

D YELELE

RED!

ERELYEL
E

MAMIFOLD
ABSOLUTE
PRESSURE
SENSOR
(LEFT REAR
OF EMGIME)

LT GRME LK

BRM

HT!R By
FWRED

EN-GINE
COOLANT
TEMPERATURE
SENESOR
[(RIGHT SIDE
OF ENGIME)

L IrCUET HIgNIGNTER | 1]

The Two Other Wires Will Be Shared o @& 1
5 Volt Reference & Sensor Ground

GRS
1t

BLK

G13
(LEFT REAR
DOOR SILLY

HT. WHTIRED

Ul
, (8

BLE

YELBLE

REDMRN
| WHTIRED

BLK/RED

WHTBLK
BRANYEL

[ ]

Look For The Wire/Circuit That Doesn't
Splice. That Shogld Be Your Signal Circuit

O

EVRP SYSTEM LEAK
DETECTION PUMP

Fuel Rail Pressure Sensor

[

Signal Wire (White With Green Tracer)

ORG

—
z e
E = =l
=iE sl
OIL COMTROL VARIASLE
VALVE SWIRL SCLENCID
(RIGHT WALWE
FROMNT OF [TSF‘ FRONT
ENGINE) OF EMNGINE)

{(UNDER. REAR OF WEHICLE.

MEAR FUEL FUMF)



Pinpoint Test:

Measuring the Circuit vs. Processed Scan Data...

—

PCM
FUEL PRESSURE SENSOR
3 6 T
Reference Voltage - O 2R
Signal 5 3 4 6 |~ _I-
'gna ) G €1V -
Sensor Ground v @lt'*} ' «-@—l

Why measure all three circuits?

Credit: Motologic



Pinpoint Test:

Measuring the Circuit vs. Processed Scan Data...

< | '-‘ 3 " N‘ 2 N . —' " ,. 3 ‘7.. 3 : ‘ V » ‘ Q\.~l \\

%

_

-

— l .
W es a
‘ AR AN ‘xn";‘x.xl‘.\.\j\.‘,‘}:‘." o s “
N - — ' 4 \
} ".) 3 \
: =3 L)



Does This Agree With Our Processed Data?

E i’icoScope 6 Automotive - [Mazd
|_ Eile Edit VMiews Measurements Tools  Automotive Help

|&”5} {3}”4 2 s/div - >]|[4 40 kS >] 4 10of1 @ ||| 4 %1 _r]l@l{“rpi.g@i(g i ‘(.2& Ijicc)
ALl ¢ |20V ~ | »]|oc v-| B[ ¢ [=0v - b]-DC - | ACNEL v [ »][oc v-|C-‘ ¢ | off - | »]' . ez
m 10.0m 10.0 10.0
v The Green Trace Is The Fuel Rail Pressure Signal That Is Dropping — T B
80 8.0 QOut. The Vehicle Runs Rough When The Signal Voltage Drops Out. = = o rr;c; ? Ft;ef s ressure‘ 5.0
Note That The 5 Volt Reference & Sensor Ground Looked Good. cnsor o Selerence
6.0 6.0 6.0
| | | | | | e 1 L Ll Ll |
4.0 4.0 4.0
DU DI:II. | | l "B I. 1 | s I | L J | 4 L - IR | Ll E— L J L L L D{J
20 -20 Red Trace Is Fuel Rail -2.0
Pressure Sensor Ground
-4.0 -4.0 -4.0
-6.0 -6.0 -6.0
h biliti ?
What possibplilities are present:
-10.0 -10.03 @10.0
10.0 12.0 14.0 16.0 18.0 20.0

0.0 2.0 4.0 6.0
T

8.0
..u__ — 0 P & a — ) Ly — l1:+:__



Pin Drag Test

® Drag test “passes”
® Process of elimination

® Sensor requires replacement
q

® Needs fuel rail assembly
® Includes FRP sensor

® Follow service pz'ocedures




Scan Data After Fuel Rail Replacement

’E ShopStream™ Scanner Data Viewer - 2006 Mazda MazdaSpeed6 Enhanced Data (_Timing Pids).PIDS E'ETJ
File View Tools Help

. . CExit Qshow BReset 1 B2 B¢ Pl Be Be Bs B
® The Vehicle Is Fixed!

Min: 0 Max 8 ent: 10. Minc 0 Max:

Min: O

®* No Apples-To-Apples Comparison

Min: 0.00  Max: 14275  Cunent Max: 1815.4

® No Fuel Rail Pressure Dropout

m B Diagnastic Suite 9) wireless Network C... @ Inbox (2,056) - brin... ¥ shopStream™ Scan.,..




s

We still have a variable cam timing fault, but the client declined to

investigate. We were disappointed to say the least!



Rough Running & Low Power After Transmission Replacement [*

VIN: 3GCUKRECXEG469764
Mileage: 134,261
Diagnosed 6/27/22




Back Story

®* Runs rough two days after transmission repair

® Two different dealerships “couldn’t figure it out”

® Our client (shop owner) found oxygen sensor unplugged & melted

® Replaced sensor with aftermarket part but no change



GM «» CED =z )
V7.20 = | £ _ a | = | @ | B | =
GM > Automatic selection > Auto scan r’a‘\ VCMS 122V
Topology List DTCs: 10 G 100% (¥
it scanned R Fass  F It Hl No response
_eon B oo

- MOST Bus —_— LS_CAN — Object_CAM —_— HS_CAN — PE_CANM —_— C_CAN
VIN: 3GCUKRECXEGA69764 -
Info: GM/Chevrolet/Silverado Remote  Intelligent Quick Fault Enter

diSGaeet Report | ESC
Expert B cs erase scan system | | |

J &

A B © ©=& Bd vor = &




Engine misfire

Retrieve

0O2S Bank 2 — Sensor 1+2 DTCs

Performance or circuit DTCs?

Fuel trim DTC

® Mistire cause or effect?

d Fault Codes

o = Ha S~ B

GM > Automatic selection > Auto scan

B =

BN Vs

2014 GM Vehicle Diagnostic Report

DTC details

1. Engine control module( 4 DTCs )

P0300:00 Engine misfire detected
; Heated oxygen sensor circuit high voltage bank 2
FUI6200 sensor 1
P0157:00 Heated oxygen sensor circuit low voltage bank 2
sensor 2
P0175:00 Fuel trim system rich bank 2

WIN: 3GCUKRECXEG469764
Info: GM/Chevrobet/Silverado

DTC history status : Not history
Since DTC clear : Passed and failed
Last test : Failed current DTC

This ignition cycle : Not run

MIL status : Not requested

DTC history status : Not history
Since DTC clear : Passed and failed
Last test : Failed current DTC

This ignition cycle : Not run

MIL status : Not requested

DTC history status : History

Since DTC clear : Passed and failed
Last test : Failed current DTC

This ignition cycle : Not run

MIL status : Requested

DTC history status : Not history
Since DTC clear : Passed and failed
Last test : Failed current DTC

This ignition cycle : Not run

MIL status : Not requested

12.2V




Misfire Data

Name # 0 items selected Value Range Units
Is there a trend (YES!) ‘ :
Engine speed & 550 [0...8000] RPM
Let th.e da.ta E ”-[de you Cyl. 1 current misfire counter & 0 [0...255] Counts
Cyl. 2 current misfire counter & 14 [0...255] Counts
LOW—hanging ﬁ.’llit Cyl. 3 current misfire counter & 0 [0...255] Counts
Cyl. 4 current misfire counter & 25 [0...255] Counts
Wha't 1S cOommon to nnSﬁrlng CY].InderS Cyl. 5 current misfire counter & 0 [0...255] Counts

L T]]e)/)fe A]] OH Ban]( 2/ Cyl. 6 current misfire counter & 14 [0...255] Counts

Cyl. 7 current misfire counter & 0 [0...255] Counts
Cyl. 8 current misfire counter & 25 [0...255] Counts
Vehicle speed sensor & 0 [0...255] km/h
LI 1T - bl oo VT 5SS — - — v-.:
i= EH ¢ 8 @ © = O €N
Cancel All Show Graph Merge  To Top Setting Clear Data Freeze Record Review Back

Selected

vems =




Engine Data Comparison

Name * 9 items selected Value Range Units
¢ SymPtomS Present? Short term fuel trim bank 1 @ -4 [-100...100] %

Long term fuel trim bank 1 & 1 [-100...100] %

Short term fuel trim bank 2 & [-100...100] g
° . Long term fuel trim bank 2 & [-100...100] %

Data Agree Wlt}l COdeS? Fuel control loop status & Closed

HO2S bank 1 sensor1 & 0.74 [0...1] \"

HO2S bank 1 sensor2 & 0.7 [0...1] \"
® Misfires: Cause Or Affect? HO2S bank 2 sensor 1 © [0..1] v

HO2S bank 2 sensor2 & [0...1] v

= = E 4+ 2 @ © = 0O €

Cancel All Showall Graph Merge  To Top Setting Clear Data Freeze Record Review Back

« A A B 6 @B O4 vem =




Be There With Me!

®* Runs Rough In Closed Loop

® Clears Up In Open Loop




® General experience

® Bank 2 Sensorl is highly suspect

® Models specific experience

* R eplacem ent HO?2 sensor heater relearn?




HO2 Sensor Heater Resistance Learn

* ECM pulse width modulates HO2S heater

HEATED OXYGEN SENSOR RESISTANCE LEARN RESET CAUTION (DANGERS, WARNINGS, AND CAUTIONS)

® Resistance increases over time Heated Oxygen Sensor Resistance Learn Reset Caution

. [
Performance degrades over time Caution:When replacing the HO2S perform the following:

* LCM compensates » A code clear with a scan tool, regardless of whether or not a DTC is set

. | )
® Polearn needed with new sensor o« HO2S heater resistance learn reset with a scan tool, where avallable

Perform the above in order to reset the HO2S resistance learned value and avoid possible HORS failure,
© 2014 General Motors. Al rights reserved,



Special Function: HO2S Heater Learn Walk-Through

\?xu =i et 2 a' = (2) B =

GM > Automatic selection > Auto scan > Engine control module > Special function e\ VCMb [=3 128V

Special function

* Go To Special Functions

Brake pedal position sensor Crankshaft position variation

Engine oil life reset
learn learn 9

e Click HO2S Heater
Resistance Learned Value
Reset

Fuel trim reset HO2S heater learn

HO2S heater resistance learned
values reset

Remote vehicle start disable

HO2S learned values reset Idle learn history reset

VIN: 3GCUKRECXEG469764
Info: GM/Chevrolet/Silverado

Q@ = = 50% w928




Special Function: HO2S Heater Learn-Walk Through

o £ = B = 0 B o=

GM > Automatic selection > Auto scan > Engine control module > Special function o\ Ve 12,6V

HO2S heater resistance learned values reset(Heated oxygen sensor)

HOZ2S heater resistance learned values reset Reset

HO2S heater bank 1 sensor 1 0.00 mA

Fuel control loop status Open .

HO2S bank 1 sensor 1 1.89 v CIICk RESEt
HO2S bank 1 sensor 2 1.90 v

HO2S bank 2 sensor 1 1.89 Vv

HO2S bank 2 sensor 2 1.84 Y

HO2S heater command bank 1 sensor 1 0 %

HO2S heater command bank 1 sensor 1 Off

VIN: 3GCUKRECXEG469764
Info: GM/Chevrolet/Silverado



Special Function: HO2S Heater Learn Walk-Through

GM £ D = o
V7.20 = 2 ﬁ' '%" {;__«%
GM > Automatic selection > Auto scan > Engine control module > Special function
Special function
Brake pedal position sensor Crankshaft position variation

learn learn

HO2S heater learn

* Go To Special Functions

Fuel trim reset

e Click HO2S Heater Learn

HO2S learned values reset Idle learn

VIN: 3GCUKRECXEG469764
Info: GM/Chevrolet/Silverado

B =

o\ VCME  [=3] 128V

Engine oil life reset

HO2S heater resistance learned
values reset

Remote vehicle start disable
history reset




Special Function: HO2S Heater Learn-Walk Through

o S 2 8 8 @ B =

GM > Automatic selection > Auto scan > Engine control module > Special function 7o\ VCME  [£3] 126V

HO2S heater learn(Heated oxygen sensor)

HO2S heater learn Learn “

HO2S bank 1 sensor 1 1.89 Vv CI ° k L

HO2S bank 1 sensor 2 1.90 \' I C e a r n
HO2S bank 2 sensor 1 1.89 \'

HO2S bank 2 sensor 2 1.86 V

HO2S heater command bank 1 sensor 1 0 %

HO2S heater command bank 1 sensor 1 off

HO2S heater command bank 1 sensor 2 0

VIN: 3I6CUKRECXEGA65764
Info: GM/Chevrolet/Silverado




Special Function: Fuel Trim Reset Walk-Through

o S = O = 0 B @
GM > Automatic selection > Auto scan > Engine control module > Special function e\ VCMb [=3 128V
Special function
o . Brake pedal position sensor Crankshaft position variation . i
¢ G (0] TO S p ecCla I F un Ct I0NS learn learn Engine oil life reset
HO2S heater learm HO2S heater resistance learned

 Click Fuel Trim Reset

values reset

Fuel trim reset

HO2S learned values reset Idle learn Remote vehicle start disable

history reset

VIN: 3GCUKRECXEG469764
Info: GM/Chevrolet/Silverado




Special Function: Fuel Trim Reset Walk-Through

V7.20 Q; i % @ B g
GM = Automatic selection > Auto scan > Engine control module > Special function B\ VCMS 151V

Fuel trim reset(Fuel trim)

Fuel trim reset Reset =

Short term fuel trim bank 1 0 %

Long term fuel trim bank 1 0 %

Short term fuel trim bank 2 0 %

Long term fuel trim bank 2 0 % c I iC k Re S et
Fuel trim learn Disabled

Fuel trim memory cell 14

Fuel trim system test state Running

Short term fuel trim test average bank 1 0

VIN: 3IGCUKRECXEGA469764
Info: GM/Chevrolet/Silverado




Data After Relearn

Name * 9 items selected Value

NOt GraPhed But... Short term fuel trim bank 1 & [-100...100] %
k4 Longterm fuel trim bank 1 & [-100...100] %

Both UPst]_‘eam OZS Switching Short term fuel trim bank 2 u [-100...100] %
k4 Long term fuel trim bank 2 & [-100...100] %
Fuel control loop status & Closed

Both Downstream O2S Agree HO2S bank 1 sensor 1 @ 0.09 [0...1] v
HO2S bank 1 sensor2 @ 0.7 [0...1] v

Ba_nk 1 Total Fuel Trim: _1% ﬂ_ HO2S bank 2 sensor 1 u 0.35 [0..1] Vv
k4 HO2Sbank 2 sensor2 & 0.61 [0...1] "

Bank 2 Total Fuel Trim: -4% = E @B+ O 6 © m 0 =

Cancel All Show all  Graph Merge To Top Setting Clear Data Freeze Record Review Back




Data After Relearn

Name * 0 items selected Value

Engine speed & 556 [0...8000] RPM
Cyl. 1 current misfire counter & 0 [0...255] Counts
I o d Cyl. 2 current misfire counter & 0 [0...255] Counts
NO Cy er Cyl. 3 current misfire counter & 0 [0...255] Counts
Cyl. 4 current misfire counter & 0 [0...255] Counts
Cyl. 5 current misfire counter & 0 [0...255] Counts

[ [

MlSﬁres Present ' Cyl. 6 current misfire counter & 0 [0...255] Counts
° Cyl. 7 current misfire counter & 0 [0...255] Counts
Cyl. 8 current misfire counter & 0 [0...255] Counts

Vehicle speed sensor & 0 [0...255] km/h
BEOE HE O+ 8% o © 2w «
Cancel All STOW - GraphMerge o Top Setting  Clear Data Freeze Record Review Back

Selected




Runs Great But...

2 (1001000 %

5 (100..100]

7 [100.100] %

-6 (-100...100] !

% Long term fuel trim bank 2 ©

K( | Fuel control loop status o Closed
l| ‘;H—OZS bank 1 sensor 1 & 0.73 [0..1]
:ﬂ' HO2S bank 1 sensor2 @ 0.71 0.1] B
fHOZS;ank 2sensor1 © , 1.05 [0..1] N
- 0.69 0.1} Vi

ﬂ HO2S bank 2 sensor2 @

)

The Bank 2 upstream sensor still climbs over 1 volt



Update: GM HO2 Sensor Installed

®*  Genuine HO2 Sensor Installed
*  Cleared Up Afier Installing A Genuine Sensor
®  Yes, They Relearned The New Sensor
° Runs Well & Never Returned




2017 Kia Soul 1.6L
ough Idle & Stall

VIN: KNDJN2A2XH7880354
Mileage: 98,438




Runs Rough, No Power &
Stalling

® Shop replaced HO2S (No change)

® Shop requests ECM reprogramming
® TSB available to correct concern

* Will a software update fix it?

® The client is “The Boss”




Checking The VIN#

® The VIN in the module Matches the vehicle

®* Not an unprogrammed used module

Vehicle |ldentification

ECU ID : SE8

VIN : KNDJN2A2XH7880354
ECUID : $E9

VIN : KNDJN2A2XH7880354




Getting the Calibration Number

® Is there an update available?
® Sometimes a comparison is needed
® Current calibration vs latest calibration Calibration Identification

® Some programming app]icatjons auto-compare ECU ID - SE8

Calib ID01 : GGPS-GNUEGPS00C02
ECU ID : SE9

® Vehicle manufacturer & programming application dependent Calib IDO1 - TPSOG16NSB




Checking For Update Hyundai / Kia GDS

® There are no updates for our module? —— o

Internet - Off ==

SOUL(PS)/2017/G 1.6 GDI GAMMA SRSl = ngine/Engine Control 5]

® Old application could be a factor voniciswanagemr R CEEIRRR

ECU Upgrade _».

(~  EventList

® Former factory scan tool

& Information

® KDS is current féctozy scan tool
® KDS is tablet based

There is no related event.

® Hyundai vs Kia, separate interface

Audio Update
ID Register

Option Treatment

Data Treatment 273 TF 2 4GDI DTC P0171 LOGIC IMPROVEMENT

272 XMA 2. 4GDI DTC P0O171 LOGIC IMPROVEMENT

ECU f'a'[EF"Jiﬂg"."El'iﬁf.‘aﬁﬁni AFANC 2 ACDI DT, DOATA L O RADDOVEMMEMT

Inspection / Test

Actuation Fault Code
FeedBack Manual TSB DTC Current Data Test Flight Record | e-Report Searching

ECU



Retrieved DTCs

* Finding the root-cause problem
* P0030 “Heater control fault” DTC
® Wide-band application
® Heater’s more critical than with narrow-band

® Could be massive clue

DTC « G 2.0 NU GDI * Engine > Engine Control * P0030 HO2S Heater Control Circuit
(Bank 1/ Sensor 1) * DTC Information

DTC Description

The PCM monitors the Heated Oxygen Sensor (HO2S) heater circuit. If the PCM detects an open in the heater
control circuit, the PCM sets DTC P0030.

DTC Detecting Condition

Item

Detecting Condition

Possible Cause

DTC Strategy

= Electrical check.

Enable Conditions

» Ignition ON.

Threshold Value

» Open circuit

Diagnostic Time

Mil On Condition

» Continuous.

» 2 driving cycles.

1. Poor connection
2. Open circuit

3. HO2S (S1)




Data recorded when DTC sets

Always document

Freeze Frame Data

Start Communication

X Exit

Understanding conditions is helpful

Especially helpful for “intermittents”

® Data may offer clues

ID:$

ENGINE SPEED(1/min)

ABSOLUTE THROTTLE POSITION B(%)

COMMANDED THROTTLE ACT.CONTROL(%)

ACCELERATOR PEDAL POSITION E(%)

COMMANDED EQUIVALENCE RATIO

FUEL SYSTEM 2

INTAKE AIR TEMPERATURE (°F)

INTAKE MAP (inHg)

IGNITION TIMING ADVANCE (°)

LONG TERM FUEL TRIM BANK 1(%)

COMMANDED EVAPORATIVE PURGE

VEHICLE SPEED (mph)

ABSOLUTE LOAD VALUE(%)

E8

73

17.3

10.2

75

1.999

NOTUSED

89

26.5

9.0

0.0

0.0

63.5

P0030 HO2S Heater Control Circuit Bank 1 Sensor 1

ABSOLUTE THROTTLE POSITION(%)

RELATIVE THROTTLE POSITION(%)

ACCELERATOR PEDAL POSITION D(%)

TIME SINCE ENGINE START(s)

FUEL SYSTEM 1

AMBIENT AIR TEMPERATURE (°F)

ENGINE COOLANT TEMPERATURE (°F)

BAROMETRIC PRESSURE (inHg)

SHORT TERM FUEL TRIM BANK 1(%)

FUEL LEVEL INPUT

FUEL RAIL PRESSURE (psi)

CALCULATED LOAD VALUE(%)

CONTROL MODULE VOLTAGE(V)

No Active Vehicle

17.3

7.8

14.5

OPEN LOOP

68

134

295

0.0

733

1064.3

82.0

12.316



How's It Running?




Misfire Data

Misfire Data

X Exit Y custom M Aarmms ¥ Properties

Battery Voltage (V)

i 13.15
- Misfire Current Cylinder #1 (Counts) ”
= Misfire Current Cylinder #3 (Counts) 5
= Total Counter of Emission Relevant Misfiring of Cy... @ (Counts(;
= Total Counter of Emission Relevant Misfiring of Cy... O(Counts&
- Total Counter of Catalyst Damaging Misfiring of Cy... O(Countsg
S Total Counter of Catalyst Damaging Misfiring of Cy... @ (Counts‘:
e Total Counter of Emission Relevant Misfiring of All... O(Countsg

& Print I scale I Sweep Next Data Group

55

2017 Kia Soul

Misfire Cycle Delay Reason

NO_DELAY

Misfire Current Cylinder #2 (Counts)
0

Misfire Current Cylinder #4 (Counts)
0
Total Counter of Emission Relevant Misfiring of Cy... @ (Counts)
0
Total Counter of Emission Relevant Misfiring of Cy... @ (Counts)
0
Total Counter of Catalyst Damaging Misfiring of Cy... @ (Counts)
0
Total Counter of Catalyst Damaging Misfiring of Cy... @ (Counts)
0
Total Counter of Catalyst Damaging Misfiring of All... @ (Counts)
0

9:56 AM
6/14/2024

ZERO Misfires?



Global Data

Start Communication

® Is the fault present? (Did we duplicate the concern?)
® Yes! Difficult to keep running

®* How can we tell?
¢ Engz'ne RPM

® Load

® Manifold pressure
® Throttle position
® Fuel rail pressure
o

Loop status
® EQ-ratio & HO2S current, etc.

® Does this data offer us direction?

® Yes!/ remember the fault code?

X Ext

% custom M Awarms $F Properties

ID:$

ABSOLUTE THROTTLE POSITION(%)

RELATIVE THROTTLE POSITION(%)

ACCELERATOR PEDAL POSITION D{%)

TIME SINCE ENGINE START(s)

FUEL SYSTEM 1

AMBIENT AIR TEMPERATURE (°F)

ENGINE COOLANT TEMPERATURE (°F)

BAROMETRIC PRESSURE (inHg)

SHORT TERM FUEL TRIM BANK 1(%)

02S VOLTAGE BANK 1 - SENSOR 2(V)

EQUIVALENCE RATIO B1-81 (:1)

COMMANDED EVAPORATIVE PURGE

VEHICLE SPEED (mph)

ABSOLUTE LOAD VALUE(%)

MIL STATUS

DISTANCE SINCE DTCs CLEARED (mi)

EVAP SYSTEM VAPOR PRESSURE (Pa)

FUEL TYPE

ID:$(2)

ABSOLUTE THROTTLE POSITION(%) (ES)

ENGINE COOLANT TEMPERATURE (°F) (E9)

CALCULATED LOAD VALUE(%) (E9)

MIL STATUS (E9)

DISTANCE SINCE DTCs CLEARED (mi) (E9)

541

47

E8

145 *

16

OPEN LOOP FAULT *

68 *

84 -

114,00 *

GAS (PETROL)

E9

87 *

836 *

OFF *

S pPont 34 Scale I Sweep

ENGINE SPEED(1/min)

ABSOLUTE THROTTLE POSITION B(%)

COMMANDED THROTTLE ACT.CONTROL(%)

ACCELERATOR PEDAL POSITION E(%)

COMMANDED EQUIVALENCE RATIO

FUEL SYSTEM 2

INTAKE AIR TEMPERATURE (°F)

INTAKE MAP (inHg)

IGNITION TIMING ADVANCE (°)

LONG TERM FUEL TRIM BANK 1(%)

SHORT TERM FUEL TRIM B1-82(%

028 CURRENT BANK 1-SENSOR 1(mA)

IL PRESSURE (psi)

314 :

541
59.6 :

75

0.999
NOTUSED
0 ¢

25

6.0

00 *

0.000 *

CALCULATED LOAD VALUE(%)

NR OF WARM-UPS SINCE DTCs CLEARED

DISTANCE WHILE MIL ACTIVE (mi)

CONTROL MODULE VOLTAGE(V)

0OBD REQUIREMENTS

SECONDARY LONG TERM FUEL TRIM B1(%)

ENGINE SPEED(1/min) (E9)

TIME SINCE ENGINE START(s) (E9)

VEHICLE SPEED (mph) (E9)

NR OF WARM-UPS SINCE DTCs CLEARED (E9)

DISTANCE WHILE MIL ACTIVE (mi) (E9)

CONTROL MODULE VOLTAGE(V) (E9)

14427 *
808

ot

b

12128 °
OBD-Il (CARB)
00

638 -



Visual Inspection Is Key

The upstream sensor was unplugged!



Throttle Held OPEN to Prevent Stall...

INTAKE MAP (kg :
a8

®* Intake MAP = Barometric Pressure o BAROMETRICPRESSURE (i) :

*  Engine Stalling o ENGNE SPEED(i - :

) Very OPen Throttle ABSOLUTE TMROTTLE POSITION B(%) - '

®* Commanded Open £ M

° No Driver Request v COMMANDED THROTTLE ACTCONTROLI) " E
o ACCELERATOR PEDAL POSIION (¥

2

We disconnected throttle, engine now runs. We can gather & analyze data



Global Data After Connecting HO2S

Is it fixed? Are we finished?
®* No/

Is it in fuel control?
® No/

How can we tell?

Start Communication

X Exit

Y Custom ! Alarms
ID:$
ABSOLUTE THROTTLE POSITION(%)
RELATIVE THROTTLE POSITION(%)
ACCELERATOR PEDAL POSITION D(%)
TIME SINCE ENGINE START(s)
FUEL SYSTEM 1
AMBIENT AIR TEMPERATURE (°F)
ENGINE COOLANT TEMPERATURE (°F)

BAROMETRIC PRESSURE (inHg)

3} Properties

@ Save

E8
19.2
10.2
145 *

32 -

CLOSED LOOP *
P
o 2

® Commanded EQ-ratio = 1.0 whilst EQ-ratio > 1.00

Is the ECM trying?

SHORT TERM FUEL TRIM BANK 1(%)

028 VOLTAGE BANK 1 - SENSOR 2(V)

EQUIVALENCE RATIO B1-81 (:1)

H v

234

0.450 *

1831 °
——

® Yes, closed loop & positive fuel trims

—
CATALYST TEMPERATURE B1-81 (°F)

-~ l

17

& print 34 scale

3, Sweep
ENGINE SPEED(1/min)

ABSOLUTE THROTTLE POSITION B(%)

COMMANDED THROTTLE ACT.CONTROL(%)

ACCELERATOR PEDAL POSITION E(%

923 *
196 -

137 *

COMMANDED EQUIVALENCE RATIO

75 *

0999 -

INTAKE AIR TEMPERATURE (°F)

INTAKE MAP (inHg)

IGNITION TIMING ADVANCE (°)

LONG TERM FUEL TRIM BANK 1(%)

SHORT TERM FUEL TRIM B1-82(%)

028 CURRENT BANK 1-SENSOR 1(mA)

FUEL LEVEL INPUT

No Active Vehicle

NOTUSED -
80
24
10
00 °
Not Used :

1682 *




Intake & Exhaust Data

]

Alarms =

X Exit Y Custom %} Properties save & Prnt 34 Scale Sweep

Battery Voltage (V) 02 Sensor Binary Type Bank 1 Downstream (Option) (V)

0.024

02 Sensor Linear Type Bank 1 Upstream (Option) (V)

o v
294 *
- Altitude Adaption Value : - Barometric Pressure (inHg)
0.984 *
= Current Calculated Load Value (%) . - TPS Set Point (%)
384
*C ded Lambda vs Actual bda
Omman e LaIIl VS Lam - LeaIl - ETC Motor Duty Cycle and Direction (%) . N Adapted Throttle Angle for Idle (S1) (V)
13.807 *
o Adapted Throttle Angle for Idle (S2) (V) : = Throttle Position Sensor-1 (%)
° U 1 . d f _ 452 *
Ps.tream sensor vo tage mStea 0 mA - Lean = Throttle Position Sensor-2 (%) . = Throttle Position Sensor Angle 1-Voitage (V)
10.229 *
Throttle Position Sensor Angle 2-Voltage (V) . Lambda Sensor Correction Value-Bank 1 (%)
® HO2S bi d = > — =
HO2S binary downstream = Lean
Required Lambda . Actual Lambda Value (%)
v . v
1.00 *
[ J El t d ﬁl I ail —_— L C ti Injection Time-Inj. 1 (ms) . Injection Time-Inj. 2 (ms) §
evate el rail pressure = Lean Compensation - i ll > -
Injection Time-Inj. 3 (ms) . Injection Time-Inj. 4 (ms)
s 246 * ¥ ke B
® Elevated GDI inj ime = Lean C i ontar i -
Elevated GDI injector on-time = Lean Compensation v o Adhon (o Bark %) "l Pl —
o Fuel Adaption (Part Load)-Bank 1 . - Lowpass Filtered Fuel Tank Pressure (psi) .
1.000 * 00 -
= Fuel Tank Pressure Voltage (Option) (V) . v The Number of MSV on the Engine :
2534 * >
i Filtered Rail Pressure Real Value (Absolute Pressure) (psi) . - Fuel Rail Pressure Sensor Voltage (V) .
12166 * 5
Angle to Close FPR (Fuel Pressure Regulator) (°) . Angle to Open FPR (Fuel Pressure Regulator) (°) .
— - w 40 *
= Fuel Rail Pressure Set Point (psi) . = Status of Noise Reduction Stage .
12181 * 1
— - _ » = Ignition Output Value-Cyl. 1 (°) .
b 0299 * - 0.00
x Ignition Output Value-Cyl. 2 (°) . S Ignition Output Value-Cyl. 3 (°) .
0.00 0.00 *
- Ignition Output Value-Cyl. 4 (°) .

16

2017 Kia Soul

10:00 AM
6/14/2024



Understanding High-Pressure System & Verifying Inputs

® Some Default To high Pressure
® Most Default To Low Pressure

® Disconnect HPFP R egu]a tor & Monitor Rail Pressure

® Compare To Low Pressure (74 psi)

® Low pressure PID alone not conclusive

Fuel Delivery System

Start Communication

& Back 1 scale

[::I Save

FUEL RAIL PRESSURE (psi)

O29VOLTAGE BANK 1 - SENSOR 2(V)
739

1111

QUIVALENCE RATIO B1-81 (:1)

i

COMMANDED EQUIVALENCE RATIO ENGINE SPEED(1/min)

TS

79

FUEL SYSTEM 1
0.450

=N

INTAKE MAP (inHg)
1.017

N

OPEN LOOP

13.2

No Active Vehicle

Items Specification
Fuel Tank Capacity 54 lit. (14.3 U.S.gal., 57.1 U.S.qt.. 47.5 Imp.qt.)
ﬂ SESS i N

Low Pressure Fuel Line

480 ~ 520 kPa (4.89 ~ 5.30 kgficm?, 69.6 ~ 75.4 psi)

l Fuel Pressure

High Pressure Fuel Line

2.0~ 15.0 MPa (20.4 ~ 153.0 kgficm?, 290.1 ~ 2175.6 psi)

Fuel Pump ‘ P 2
Driven by Electric motor
Type Mechanical type

High Pressure Fuel Pump

Driven by

Camshaft




RC Test For Mechanical Integrity

A% PicoScope 7 Automotive = = X
® Quick mechanical integrity test -~ ZIi~ BJirj8 i m B 8 s 8  pico
s/div 25Mms/s Noce o2 s st o . sl s derme e ke

i A " ;\ Hw'e’ EX) 2300

- s psi A

Y o o f ° ° L £500V
Ignition sync for ID & timing S |- |
£500A  Faves i) ‘

® Include intake pressure = Powerful combination Besps |

307.03.165 ‘ 153.5

128.0

® Even starter amperage peaks . .

® Sufficient pea](—to—var]]e)/ delta essrens v

Z 8 \/\/ i
® Even intake pul]s 2T . /\/\/\/\/\m

520 444 260

® Ignition timing = Good

1.0-4.695 H - 0.5
[y
@ OH ©

50,0 49 - - : =
‘I 540° 0 180 360 540 720 )
200.0ms +20s 300,0 4000 5000 600.0 700.0 800.0




Ignition Analysis (Cylinder #1)

® Cylinder 1 primary ignition voltage
¢ Primary ignition current
® No ignition misfire present

® Other potential clues present

-3.0ms

mmmmm

<

= a X

jfc-p® s &8 8 &8 pico
Gudedtests  Autosetsp  Open Save Pt Vebidecstals Rl Terhislogs

€0
A




Ignition Analysis (Cylinder #2)

® Cylinder 2 primary ignition voltage
¢ Primary ignition current
® No ignition misfire present

® Other potential clues present

8 7 - o X
Samples Ti ar , = 1 J
R . o I @ Tisger weer Il @ 4 @ B OB E B pPl1coO
annir Sam 2z
q . 3?_'.:'::;: wmy T edge 2 G A S Do Sovt Pt Vehicko details Rl I;“a-"'
A X1 pral — (EOU .
A0 o BN Channel overran
I ol " %
o 100.0
B ok v
=
$S0A P
x
=C ﬂ 78.0
Off
D b
“E3 %8
f

0
off
see \
2
More.. Ruders
NN
Meaturements Views
AB
cD

Illﬂllum,‘ N

| O search 1 =~ a s @5 A @® 8aF Patysumy ~ B @ @ o0 1z00em B



Ignition Analysis (Cylinder #3)

® Cylinder 3 primary ignition voltage 5 8 B pico
® Primary ignition current * t
® No ignition misfire present
® Other potential clues present
\ AT~ ]

| P search 1'1 CI B -E £ ® 84F Partlysumny A~ @ @ om0 zorem B



Ignition Analysis (Cylinder #4)

* Cylinder 4 primary ignition voltage I EiC Qirparme e eico
= s
® Primary ignition current a8 4

= o
® No ignition misfire present gﬁ“ ? N

e+
tS0A Pl

® Other potential clues present =

WW

| 0 search ol - N A @ 82 Partysunny A~ @ & & O m ewm @



Other Characteristics

i ANYIHING

Will idle with throttle disconnected
Not in fuel control but trying
Lean condition

® Adequate rail pressure

® Engine mechanically sound

N / gnition oka 1y




Propane Enrichment...

Monitor feedback sensors for accuracy & determine if driveability improves



Smooth As Silk!




Watching The Improvements...

10 items selected v 10 items selected : Value Range

$7E8 Fuel system A status & CL $7E8 Fuel system A status @ CL

K4 $7E8 Short term fuel trim (bank 1) © 2344 -100..99.22 % &4 $7E8 Short term fuel trim (bank 1) © 312 -100..99.22 %

$7E8 Long term fuel trim (bank 1) © 0 -100..99.22 % $7E8 Long term fuel trim (bank 1) © 0 -100..99.22 %

$7E8 Intake manifold absolute pressure & 35 0..255 kPa $7E8 Intake manifold absolute pressure & 58 0.00..36.98 psi

$7E8 Enginerpm © 1054 0..8000 rpm $7E8 Enginerpm © 1010 0..8000 rm

$7E8 Oxygen sensor output voltage (bank 1 sensor 2) & 0.45 0..1.275 v $7E8 Oxygen sensor output voltage (bank 1 sensor 2) & 0.45 0..1.275 Vv

S7E8 Fuel rail pressure & 849.92 0'00"'965050'4 psi STE8 Fuel rail pressure & 675.88 0'00"‘965050‘4 psi

$7E8 Equivalence ratio (lambda) (bank 1 sensor 1) © 1168 0..1.999 $7E8 Equivalence ratio (lambda) (bank 1 sensor 1) © 0.999 0..1.999

$7E8 Fuel/air commanded equivalence ratio 0.999 0..1.999 $TE8 Fuel/air commanded equivalence ratio 0.999 0..1.999

$7E8 Relative throttle position © 91 0..100 % $7E8 Relative throttle position © 91 0..100 %
= EE 4+ oD O MO § i EE ¢+ % DO MO &
Cancel Al Showall "jl':rg: ToTop  Seting ClearData Freeze  Record  Review back Cancel Al Showall a’e’rz'; Toop  Seting ClearData Freeze  Record  Revew bk

«aAtl OO Mva = m PRI «a Al 60O Hva = m TEETS



Injector On-Time

- Injection Time-Inj. 1 (ms) . - Injection Time-Inj. 2 (ms) . 0 items selected
246 246 °
» Injection Time-Inj. 3 (ms) : - Injection Time-Inj. 4 (ms) : Injection time - Injector 1 & 0.82 Il
.. -l Injection time - Injector 2 & 0.82 ms
i - :
o Fuel Adaption (idle)-Bank 1 (%) : L Battery Voltage (V) : ! :
0.000 * 1342 ° Injection time - Injector 3 © 0.82 ms
- Fuel Adaption (Part Load)-Bank 1 : - Lowpass Filtered Fuel Tank Pressure (psi) :
1.000 * 00 * Injection time - Injector 4 © 0.82 ms
- Fuel Tank Pressure Voltage (Option) (V) . - The Number of MSV on the Engine :
2534 * ) Emission GasTemperature Sensor Value & -459.58 °F
Filtered Rail Pressure Real Value (Absolute Pressure) (psi) . Fuel Rail Pressure Sensor Voltage (V) .
W 12166 * ¥ 17 * Differential Pressure Valve Position Sensor Value & 0 \
- Angle to Close FPR (Fuel Pressure Regulator) (°) ) - Angle to Open FPR (Fuel Pressure Regulator) (°) i Ditferential Pressure Valve Positioni Valie © 0 %
- Fuel Rail Pressure Set Point (psi) i - Status of Noise Reduction Stage ; Differential Pressure Sensor(DPS) Value(SENT) & 0
- Reduced Current Parameter: Adaptation of T1 Ready (ms) - - Ignition Output Value-Cyl. 1 (°) : Differential Pressure & 0 psi
-0.299 * 0.00 *
w lonition Output Value-Cyl.2 (° ‘ « lgnition Output Value-Cyl. 3 () . Altitude adaptation value & 0.984
0.00 * 0.00 * >
lgnition Output Value Cyl 4 (0) Raramatrin nraccura L2 — = 14 K74 nei
-Cyvl. . o= o=
¥ non * 0= L= E ' ;’I m @ i‘ ® «
Cancel All S:IZS:\. & m ToTop Setting  ClearData  Freeze Record Review Back
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2014 Ford Fusion 2.0L. EcoBoost

VIN # 3FA6POK97ER373325

Mileage: 51,649




Scan DTCs + Visual Inspection

; rz‘ﬁﬁ'g' ¥ Codes + SureTrack®

’('— Back é Print

No Codes Present

2014 Ford Fusion Titanium (FWD)



Actual vs. Commanded Throttle?

2  Accelerator-Pedal-Position-Sensor-1- (V) : 2.38

Accefé*ator-Pedal Increases In Both Boxes

0.533
0 5 10 15 20 25 30 35

|
=

=Y
ey
on
n on

g  Commanded-Throttle-Actuator-Control- (%) : 8

PCM Npt Commanding A Throttle Increase

——--\_M

] 10 15 20 25 30 35

=
=N
n

2 Engine-Speed (RPM) : 1533
2673

5627 F
0 o 10 15 20 25 30 35

%  Throttle-Position-Sensor-2- (V) : 0.78

Throttle-Position Is Not/increasing

0.43% |
0 5 10 15 20 25 30 35
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e
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2 Vehicle-Speed- (mph) : 48
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Consider the Clues + Narrow Our Focus

® PCM sees throttle request (APP)

* PCM ignores request
® Rules out APP circuit faults

Is this a default strategy?



PCM Default Strategy?

®* Why no DTCs?
® Why's the PCM ignoring the APP?

® Desired vs actual low side fuel pressure?
® Desired vs actual fuel rail (high side) pressure?
® Desired vs actual cam timing?

® Desired vs actual boost/map pressures?
® Desired vs actual EQ ratio (Air/Fuel ratio’s)




Another Look at Scan Data

% | Accelerator-Pedal-Position-Sensor-1- (V) : 2.38

342

0 9 10 15 20 25 30 35 40 45 20 25 60 65

#  Commanded-Throttle-Actuator-Control- (%) : 8

a7
0 5 10 15 20 25 30 35 40 45 50 55 60 65
z | Engine-Speed (RPM) : 1533
2678 /\_ l
0 5 10 15 20 25 30 35 40 45 50 95 60 65

#  Throttle-Position-Sensor-2- (V) : 0.78

.22
0439 | :
15 20 25 30 39 40 45 S0 ) 60 65

0 5 10

&  Vehicle-Speed- (mph) : 48
52

Foot Brake Staying On

Foot-Brake---Foot-Brake-State-Used-By-Strategy : On

on

“Used By Strategy”

a0 55 60 55|



A Potential Clue

® Okay, we're not Sherlock Holmes
® Is this the brake pedal switch button?
® [fso, that explains the brake switch PID



Testing Our Theory

Removed Brake Switch Button Missing Temporarily Closed Switch



Success

2  Accelerator-Pedal-Position-Sensor-1- (V)

22
i W—WW

0 3 10 135 20 25 30 35 AD 45 50 55 60 65 70

&  Commanded-Throttle-Actuator-Control- (%)
M
0 W_W/V\N\M\/M
0 ] 10 15 20 25 30 35 40 45 S0 55 60 65 70
%  Engine-Speed (RPM)

e AAS I

0 3 10 13 20 25 30 39 AD 45 50 55 60 65 70

2  Vehicle-Speed- (mph)
50




A Missed Clue: Check Codes In All Modules

M;’f ™ Code Scan + SureTrack®

@- Back % Print ‘[‘:l Refresh

B SureTrack® = Results for C0040-64

’ Verified parts replacement data not available.

Code Scan Results : Systems detected : 25

Side Obstacle Detection Control Module - Right - Codes : 0
Steering Column Control Module - Codes : 0
Seat Module - Driver - Codes : 0

Antilock Brakes:

Brake Pedal Switch "A" - Signal Plausibility Failure - Current DTC - Warning Lamp | 3> Fix It! }
On.

C0040-64 |

Power Steering Control Module:

Invalid Data Received From Anti-Lock Brake System (ABS) Control Module - Not At} Fixitt D

00 |
U100 Current DTC.

2014 Ford Fusion Titanium (FWD)




'VIN# 2HKRW5H34KH420089
Mlleage 60 04

STR S




Codes Retrieved

Honda > Automatic selection > Auto scan @& vows 12.8V
2019 Honda Vehicle Diagnostic Report
DTC details

P0300 Random cylinder misfire L PCA N e

Codes Description Status

P0302 Cy]-inder 2 misfire P0300 Random Misfire Confirmed DTCs
. . P0302 No2 Cylinder Misfire Confirmed DTCs

P0303 Cylinder 3 misfire o orme
P0303 No3 Cylinder Misfire Confirmed DTCs

DTCS match symptoms 2. ABS/VSA(1DTC)
® Probably Related

Codes Description Status
u0401-68 (ECM Failure) Confirmed DTCs
3. Multiplex Integrated Control Unit( 1 DTC)

Codes Description Status

U128D Relay control module lost communication with gauge control module(VSP/NE

frame) Confirmed DTCs

4. EPS(1DTC)

Codes Description Status

U0416-68 (VSA system malfunction) Confirmed DTCs



Cold Start Misfire Data

Name * 3 items selected

CyI3 Total Misfire @ 8

Cyl4 Total Misfire & 0

Runs rough at start-up Cyl Misfire © 0
Misfires correlate with DTCs Sytisie = :
Cyl3 Misfire © 8

Common causes of cold start misfire: Cyl4 Misfire © 0
®  Leaking Fuel Injector Mistire Gyele u 281
Cyl1 Misfire B @ 0

®  Head Gasket Leaks S —— 4
) C& I‘b on Cyl3 MisfireB @ 8

Cyl4 Misfire B &

0
B= = EH ¢ & @ © =< «
Cancel All Show Graph

Selected Merge To Top Setting Clear Data Freeze Record Review Back

« A A B S =& Bd vem == &=

Cylinders 2 & 3 are misfiring



Monitoring For Leaking Injectors...

® Very Little Fuel Rail Volume Name * 2 items selected

i4 Enginerpm (rpm) ©

® Normal Pressure Release = Injectors Only

 Engine Of= Ao Injection Event e M :

sety 5584 , &x ,Qy =

° EngHe Oﬁ[: NO PI’@SSLII’G’ DI‘OP 4 Fuel rail pressure (psi) &

® Piston Pump Should Hold Pressure For Extended Period ‘ | - | . i s et x

558 psi @ 11:44 AM

® Under Hood Heat Will Cause Short Term Increase

3= = " — ¥ .
B2 i B + 8 O © = «
32‘:; To Top Setting  Clear Data  Freeze Record Review Back

Cancel All  Show all




Monitoring For Leaking Injectors...

Name ¥ 2 items selected Value
Enginerpm (rpm) & SetY 0 |l | =
‘ kA
"}
X
k4 Fuel rail pressure (psi) & sety 54534 ,, Qx , Qv =
1505046 ‘ : 57
X

03244

12.66 PSI-drop After 3 Minutes

B2 EE HE ¢+ & @§ © W 0O €

Cancel Al Show all a‘:’;: To Top Setting ClearData  Freeze Record Review Back




Monitoring For Leaking Injectors...

Name ¥ 2 items selected Value
Enginerpm (rpm) © SetY 0 |ufiXaleallYy (=
' : K2
) — 2
Fuel rail pressure (psi) & SetY | 27412 4 QX 4 Qv =
KA
P
2

284 PSI-drop After 8 Minutes

= = B +# 8 @O O W O €

Cancel All  Show all To Top Setting  ClearData  Freeze Record Review Back




Monitoring For Leaking Injectors...

Name ¥ 2 items selected Value

Engine rpm (rpm) & SetY 0 a X 4 Ay

1312 1313 1314 1315 1316 1317 1318 1319 1320 12N

sety 14214 ,, @x , Qv =

416 PSI-drop After 12 Minutes

b= i " — 7 o) «
= = E ¢ & o © .
Cancel All  Show all ﬁ;argg To Top Setting  ClearData  Freeze Record Review Back




Momtormg For Leakmg In]ectors. ..

Name ¥ 2 items selected
&4 Enginerpm © 0 0...8000 rpm
Fuel rail pressure (psi) & Sty 3191 X B¥y |=|

a5 p g ClearData Fre
« A O 0 O @ O v = ¢m

What are some possibilities?



Another Justified Arrow In the Target
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All For One & One For All!

»& ProDemand Automotive Repair x z Home | Assured Auto Works X t Greg Alayon | RO #9164 | Assure X +

(7 c & www1.prodemand.com/Main/Index 19|Honda|CR-V|2.4 Eng|LX|Gas|Eng )0K24W9JAI tility]FWD|Not%20A; 1ble%20T%2FCa Al * » 0O 0 s

X SEARCH FIXES (:‘W AVl OnDemand - Tr... WORLDPAC - spee... @ Manufacturers | Oe.. @ Ross-Tech Wiki t Home | Assured Au... Trade Offers and Pr... B Other bookmarks

4 Remove & Replace s Print

& Fuel Injector
NOTE:

ons systems Service Precautions before disconnecting the fuel line.
uel may cause flammable gas leaks and may result in fire. Keep sparks, flame and cigarettes away.
* When replacing the injector, you must replace all injectors on the fuel rail as a set and the fuel joint pipe.Failure to do so will cause poor engine performance and fuel
leaks.

We recommended & Replaced All 4 Injectors



Post Repair Data & Codes

-
< Value Graph - < Value Graph
=
HONDA V47.71 > 16PIN DLC > Sy...> PGM-Fl/Diesel(Engine System) EOBD v23.01 > Data Stream
Fuel Pressure Direct Injection ... FU“.:"I... Bgi!ul?{g"slslure
SATS0 PST ) 1255 2l P=l)

- EeRE ST ) e :
128 12507 ———
1000} \ 1000}
750] \ 750

- Read Fault Code (Mode &03/&07/&0A)
i 20 a0 @ L 100 120 140 160 10 A ‘B G o - g g o ol No Fau It Code
el Lyl . dtua
5 Feedback
OL-Or,
< 107 > < /8 >
Record J Combine J Saved data J Record | Combine J Saved data ‘
g @) O = Q @) O =}

Rail Pressure After Shut Off 10 Minutes Later Runs Well & No Codes






VIN# 2HKRW5H34KH420089
Mileage: 60,804
- Diagnosed: April 2023







Duplicate & Retrieve Codes

< Diagnostic Trouble Code

HONDA v47.71 > 16 PIN DLC > Health Report

PGM-Fl/
Diesel(Engine DTE(2) WV m
Systgm\
P0O303 Misfire
No.3 Cylinder

Current|PGM-FI

PO303 Misfire Temporary|PGM-

No.3 Cylinder FI

ABS(AnNnti-Lock

Braking System) DTC(1)

uo401-68 ECM

E Current|ABS
Failure

EPS(Electric Power

Steering) DTC (1) s

uU0416-68
VSA System Current|EPS
Malfunction

AT (Automatic

g 00

o Normal
Transmission)
Search Report Help
Continue Clear DTCs Rescanning

Cylinder 3 Again!






Coolant Leaking in Cylinder #3

Removed cylinder #3 spark plug
® Verified fluid in cylinder #3
® Initially assumed fluid was fuel

®  Determined Huid was anti-freeze

Video scope confirmed leaking head gasket




Where Did We Go Wrong?

® Initially, misfired at cold start-up
® Fuel decay was determined to be injector leak down

® Fuel decay gone with injector replacement

® Vehicle returns with same symptom
® Fuel pressure decay returns...leak is confirmed to be head gasket (?)



A\, 2010 Buick Lacrosse 3.6L
‘Runs Rough & Fuel Odor

s e S

VIN: 1G4GE5EVXAF325394
Mileage: 91,31
Diagnosed: Jan 2019




Stored DTCs

DTC Display | Bl Create Report W Add Bookmark

Status Cantrol Module Name | Cantrol Module Status | DTC Count | DLCPin

|
A | Engine Contral Module | DTCs Stored | 5 |5,14

Contral Medule Sym ptorn Byte Description Sl,-mptom Deseription Status

Engine Control Module | Cylinder 5 Misfire Detected w_urrcn
Engine Control Module - | Englne Caontrols ]gnld..n %ela)r Feedba.. - F'assed and Failed
Engine Control Module | | Engine Misfire Detected - Passed and Failed

Engine Contral Module | Cylinder 5 Misfire Detected | Passed and Failed

j e Rough running & cy]jnder misfire

\l| Since DTC Clear
| DTC History Status
|

i Probably Related

ﬂ' > J Clear DTCs
b Back | m Cantact Us ‘

GDS 2v.20.3.05100 @ GM Global v2019.1.2 @ VIN: 1GAGESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnastics,Engine Control Module Diagnostic Trouble Codes ([DTC) CarlDAG-M & 136V 2 9\ o\_

5:35PM

i a0 1/29/2019




® Idle speed
® Cylinders 1 or 2

® No mistires

B

Data Display

Diagnostic Data Display | Graphical Data Display | Line Graph

urrent Misfire Data...

4 Create Report |

i L] BEIE |

Default Sorting Order e
Figh: 8000 Engine Speed Engine Control Module ﬁ
8,000
6,000
800 4,000
2,000
0
Low: 0 RPM 20 -19 -18 16 -15 4 -13 2 1 0o -9 -8 7 6 5 A : 2 1 0
5 Cylinder 1 Current Misfire Counter Engine Control Module
Figh: 255 4 =
255
1
0
Low: 0 Counts| -20 -19 18 16 13 14 i3 -12 -11 -10 -9 -8 7 5 S 4 -3 2 1
h: 255 Cylinder 2 Current Misfire Counter Engine Control Module
255
= | Il &2
B 8o B Contact Us )

GDS 2v.20.3.05100 @ GM Global v2019.1.2 @ VIN: 1G4GESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics,Engine Control Module

CDAQM 5 MV E @ 0\




Current Misfire Data...

Data Display L 8 Create Report & Add Bookmark

Diagnostic Data Display | Graphical Data Display = Line Graph

Default Sorting Order > nl & ki O i O |g

® Idle seed

High: 255 Cylinder 3 Current Misfire Counter Engine Control Module |
® Cylinders 3 or 4
ylinders 3 o ;
’ ¢
[ ) : I(‘
No mistires L
r.ow: 0 Counts 20 19 18 17 16 -15 14 13 12 11 10 9 3 7 6 5 4 3 1
High: 255 Cylinder 4 Current Misfire Counter Engine Control Module |
0

[ o I | B contact Us 3

GDS 220305100 @ GM Global v2019.1.2 @ VIN: 1G4GESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics Engine Control Module CaDAQM 5 145V EH L ©




urrent Misfire Data

Data Display & Create Report

Diagnostic Data Display | Graphical Data Display | Line Graph

Default Sorting Order -

* Idle Speed

® Cylinders 5 or 6
® Jots of C )/]1'170’61‘ 5 Mistires
® Smoke at tailpipe
® No Cylinder 6 Mistires pin: 2 o : ————

Cylinder 5 Current Misfire Counter Engine Contrel Module

Low: 0 Counts|

igh: 65535 Cylinder 1 History Misfire Counter Engine Control Module
65,535 1

“ Back n Contact Us

GDS 2w20.3.05100 @ GM Global v2019,1.2 @ VIN: 1G4GESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics,Engine Control Module CarDAGQ-M ;’ 4av & g\ o\

A ol o




History Cylinder Misfires...

i:@v

Data Display

&) Create Report | B Add Bookmark

Diagnostic Data Display | Graphical Data Display | Line Graph

v S
Default Serting Order - [ | 0 ‘ ‘ O ‘ 5 ‘
x nj @ - || ‘ |
0 | |3
: 0 Counts| 20 -9 18 17 16 15 -4 13 12 -1 0 9 -8 7 € : 4 -3 2 1
High: 65535 Cylinder 1 History Misfire Counter Engine Control Module
65535
4915125
22 32,7675
1638375
5 4
fLow: 0 Counts -20 -19 -18 -17 -16 -15 -14 -13 -12 -11 -10 -9 -8 7 6 ] -4 3 2 1
High: 65535 Engine Control Module
0
0
Low: 0 Counts, 20 19 18 17 -16 14 13 2 1 10 9 8 7 6 5 + 3 2 1
2] |
e 5o B Contact Us i) &

GDS 2+203.05100 @ GM Global v2019.1.2 @ VIN: 1GAGESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics, Engine Control Module

22 = Historic cylinder 1

misfires

0 = Historic cylinder 2 misfires



History Cylinder Misfires...

I os2

Data Display _ 4 Create Report

Dsagnostic Data Display = Graphical Data Display | Line Graph
Default Serting Order - n | E | 8] 0 0 . \5)
rting e L
; =
Low: 0 Counts| 20 -19 18 17 -6 -15 14 13 <12 11 .10 -8 -8 -7 -6 -5 -4 -3 -2 -1 0
High: 63535 Cylinder 3 History Misfire Counter Engine Contral Module |:|
0 |
i 4
Low: 0 Counts| -20 -18 18 1 16 15 14 -13 12 11 10 9 & 7 6 5 3 3 2 1 0
wigh: 63535 Cylinder 4 History Misfire Counter Engine Control Module
65535
4315125 I
19 32,7675 |
16,383.75 |
Low: 0 Counts| -20 9 18 17 16 15 14 13 12 1 10 9 g 7 & 5 4 3 =2 7 8
1 &=
e | B ot s %
GDS 2 v20.3.05100 @ GM Global v2019.1.2 @ VIN: 1GIGESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics, Engine Contrel Madule CarDAQM » M7V B4 9\ °\

0 = Historic cylinder 3 misfires

19 = Historic cylinder 4 misfires



History Cylinder Misfires

Data Display

Diagnostic Data Display

Default Sorting Order

Graphical Data Display | Line Graph

A Create Report

@ Add Bookmark

"lt&ah-‘la\o\

O

4700 = Historic cylinder

Low: 0 Counts| -20 19 18 16 15 -4 13 12 -1 -10 -9 8 7 6 5 B 2 -1 ‘ A
High: 65535 Cylinder 5 History Misfire Counter Engine Control Module
4726
Low: 0 Counts 20 -9 18 16 15 14 13 12 0o 9 8 7 € 5 4 2 1 0 4
igh: 65535 Cylinder 6 History Misfire Counter Engine Control Module
65535
0
: 0 Counts| 20 1 18 16 15 14 13 12 11 10 9 8 7 6 3 2 1 o
s I Cycles of Misfire Data
B s B Contact Us o N
J
GDS 2v.20.3.05100 @ GM Global v2019.1.2 @ VIN: 1GAGESEVXAF325394 @ 2010Buick LaCrosse Module Diagnostics Engine Control Module

5 misfires

0 = Historic cylinder 6 misfires



This Seat Is Comfortable... I Think I'll Stay For a While

e, 4444444/ TTZTTBETBTETETETEES

Data Display & Create Report ® Add Bookmark

Diagnostic Data Display = Graphical Data Display * Line Graph
Default Sorting Order - y | 0 O ’ ‘ d
g L | ] ‘

No

o Start pinpoint test or analyze?

Cylinder S Injector Disabled - Misfire Detected Engine Control Module

o Strategy or a legitimate

®  Very helpful data parameter

Cylinder 6 Injector Disabled - Misfire Detected Engine Control Module
No
No
Yes
2] [
B o B Contact Us } L Y
GDS 2v203.05100 @ GM Global v2019.1.2 @ VIN: 1G4GESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics Engine Control Module CarDAQM 5 146V & 9\ °\

S EREM 300000 imtae gmT



® Idle speed
® Fuel rail pressure 4.5 MPa = 652 PSI

® 5.38 gram/second
®* CEQ _ratio = 1.00

Engine Data...

Data Display

Diagnostic Data Display | Graphical Data Display | Line Graph

W Create Report

Fuel System Data

08 ] e ]

Parameter Name
Fuel Rail Pressure Regulator Command

Fuel Pump Enable Command

| Control Module
1 Engine Control Module
Engine Control Module

Fuel Rail Pressure Sensor

Engine Control Module

Engine Speed

Engine Control Module

ECT Sensor

Engine Control Module

[AT Sensor

28 Engine Control Module

MAF Sensor

538 Engine Control Module

Engine Load

361 | % Engine Control Module

Accelerator Pedal Position

0)% Engine Contrel Module

Throttle Position

10 | % Engine Control Module

BARO

1010 Engine Control Module

Air/Fuel Equivalence Ratio Command

100 Engine Control Module

Fuel Volatility

Low Engine Control Module

Power Enrichment

Inactive Engine Control Module

Deceleration Fuel Cut-Off

[nactive Engine Control Module

|| Fijal Tank Dracaiirs Sancar

N17 lin HO Frnina Cantral Madils

h Back ” Contact Us

E\

GDS 2v.20.3.05100 @ GM Global v2019.1.2 @ VIN: 1G4GESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics, Engine Control Module CaDAQ-M 5 147V 4 °\ 0\
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Engine Data...

il Create Report

Diagnostic Data Display ‘ Graphical Data Display ' Line Graph

Fuel Trim Data

FYEIE2rY

Control Module

Bank 1 STFT: -25

Bank 1 LTFT: -43%

Total Bank 1 fuel trim: -68%
Bank 2 STFT: -7

Bank 2 LTFT: -15%

Total Bank 2 fuel trim: -22%

® Massive correction

® Generally, tuel-side failure

Short Term Fuel Trim Bank 1
Short Term Fuel Trim Bank 2

Lcng >Term FueIan:\ éagkAl

Engine Control Module
Engine Control Module
Engine Control Module

Long Term Fuel Trim Bank 2

Long Term Fuel Trim Idle/Deceleration Bank 1
LONG 1811 FUS! 1NM 10K/ UV ECEISTauon Dank £

Fuel Trim Leam

Disabled

Engine Control Module

Engine Control N;)dule
Engine Control Module
Engine Control Module

Fuel Pump Enable Command

On |

Engine Control Module

Fuel Pump Enable Circuit Low Voltage Test Status

oK |

Engine Control Module

Fuel Pump Enable Circuit Open Test Status

Not Run

Engine Control Module

Fuel Pump Enable Circuit High Voltage Test Status
Average Total Fuel Trim Bank 1

Average Total Fuel Trim Bank 2

Not Run
-58
21

Engine Control Module

Engine Control Module

Engine Control Module

Fuel Control Loop Status Bank 1 Sensor 1

Open

Engine Control Module

Fuel Control Loop Status Bank 1 Sensor 2

Open

Engine Control Module

Fuel Control Loop Status Bank 2 Sensor 1

Closed

Engine Control Module

Fuel Control Loop Status Bank 2 Sensor 2

Open

Engine Control Module

HO IS Rank 1 Sancar 1

naa | v

Franina Cantral Madiils

S B

CaDAQM 5 W5V ® 0\

-

% @ . 0

5:40 PM
1/29/2019




at Does The Data Show Us?

Data Display . i) Create Report | B Add Bookmark 1

[Omgno’,h( Data Display | Graphical Data Display ' Line Graph

Fuel Trim Data

* HO2S = “Rich” njgjlaje]e]o]

Parameter Name | Vaiue | Unit Control Module |
HO2S Bank 1Sensor 1 068 |V Engine Control Module i

. B l 1 (] ° I [ 0 S HO2S Bank 1 Se: Engine Control Module

ln]eCtors on— e = .53 m HOS Bank iSeﬂ'.:r 1 Engine Control Module

s —— . Engine Control Module
Cylinder 1 Inyector Command 054 [ ms
. B 2 ° ° * — 0 6 S Cylinder 2 Injector Command [ 0% I ms

ank 1nj ectors on-time = 0.96 m e R e T 02 [me ==

Cylinder 5 Injector Command 052 | ms Engine

¢ Regu][ OI[ Hegg[jve ﬁlé’] trim Cyinder 6 Injector Command ' 096 [ms Engioe Cortrol Vi

Engine Control Module

Co
Cylinder 4 Injector Command 093 | ms Engine Co
Co
Co
p

Power Enrichment Inactive Engine Control Module

® Cylinder-to-Cylinder differences e | =05 o

| Engine Speed : [ Engine Control Modue
® Transient or A/F-imbalance compensation |- | ] R T v

S sac B Contact Us

GDS 2v.20.3.05100 @ GM Global v2019.1.2 @ VIN: 1GAGESEVXAF325394 @ 2010 Buick LaCrosse, Module Diagnostics, Engine Control Module CarDAQM 5 144V & 9\ o\
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Dribbling Injectors?




Justified Fuel Injector Balance Test

Fuel Injector Balance @ Add Bookmark

Diagnostic Data Display = Graphical Data Display = Line Graph

Fuel Injector Data -

® Cranking test Ny

|

Parameter Name | Control Module
Fuel Pressure Drop - Cylinder 1Injector [ Engine Control Module
o T t in m 1 t Fuel Pressure Drop - Cylinder 2 Injector | Engine Control Module
es co P e e Fuel Pressure Drop - Cylinder 3 Injector Engine Control Module
Fuel Pressure Drop - Cylinder 4 Injector | Engine Control Module
. I l I i ° ail Fuel Pressure Drop - Cylinder 5 Injector | Engine Control Module
ns Clent r Pressure Fuel Pressure Drop - Cylinder 6Injector Engine Control Module

Fuel Pump Enable Command ‘ Engine Control Module

Fuel Rail Pressure Sensor X ; Engine Control Module

Fuel Rail Pressure Sensor 3 E Engine Control Module
ECT Sensor ;

Device Limits Exceeded

Maximum Crank Time Exceeded. Fuel System Operating Pressure Cannot be Achieved.

b Back | | 3 Contact Us

GDS 2v.20.3.05100 @ GM Global v2019.1.2 @ VIN: 1GAGESEVXAF325394 @ 2010 Buick LaCrosse Module Diagnostics,Engine Control Module Control Functions, Fuel System CarDAQ-M } 131v 4 9\ °\
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Ready to Make a Call

Active cylinder 5 misfire

No ECM-disabled injector
Fuel odor present

Substantial negative fuel trims
Can’t run injector balance

Can'’t build rail pressure

Rail pressure dives with Engine ‘oft”






Verification of Repair

® Injector Replacement

® Engine Runs Good

® Fuel Trims Good

® Engine Light Re-Illuminated




Post-Fix Scan

E Diagnostic Suite

3 SureTrack® » Results for P0420
’ Network Unavailable...
Please check the wireless connection.

* P0420

DTC Display .

*S alyst d from leaking inj ca ' Frem ¥
yst System Low Efficiency Bank 1 (Symptom 00) - Current DTC, Test Not Passed
uSPeCt Ca't YSt amage Om e g m]eCtor P0420 | Since DTC Cleared, Test Failed Since DTC Clear, History DTC, Test Not Passed Since x- Fixitt p

Power Up, Current DTC Since Power Up, Warning Indicator Requested.

® Client was warned before injector rep]acement

® Declined additional testing

(@ Unable to connect to preferred wireless network

‘Windows coud not connect to any of your preferred wireless
networks, Windows vill keep trying to connect, To see a list of all
networks, incuding others you can connect to, dick this message

2010 Buick




2009 Mini Cooper
1.6L Turbo

Cranks / No Start

VIN: WMWMF73519TW87529
Mileage: 89,514
Diagnosed: March 2022




Back Story

WHATAMILOOKING AT

Injectors replaced recently

Not recent enough to assume faulty
Ran well for months

® Shop replaced dead battery

®  Shop replaced spark plugs (no change)

® Shop determined no in jector con trol



DTCs Retrieved

e ST B O B 0 B B
MINI = Automatic selection > Auto scan o VCMb 13.3v
®* MAF DTCs 2009_07 MINI Vehicle Diagnostic Report
IHKS (Integrated Heating Or A/C Control) 0 Pass
® APPea.r s intermittent (not current) RAD2-BO (Radio2-User Interface) 0 Pass
. RAD2-GW (Radio2-Gateway) 0 Pass
®*  Could be selt-induced
SZL (Airbag-Steering Column Switch Cluster) 0 Pass
® NO Ob VI'O lUS C{J&gﬂ OStI.C C{I'I'eCtI'Oﬂ JBE (Junction Box Electronics) 0 Pass
DTC details
o

Remember, battery was replaced

1. DME (Engine-Motor Electronics)(2 DTCs )

OCE
002B51 Digital Motor Electronics (DME), Mass Air Flow (MAF) sensor signal Absent

002B5F Digital Motor Electronics (DME), Mass Air Flow (MAF) sensor, correction signal Absent

VIN: WMWMF73519TWBT7529
Info: MINI/MINI/Cooper S_N14/R56/USA_LL

ESC




Start-Attempt Data...

Name # 0 items selected - Value Units
Engine idle & Active
Actual value of engine speed & 195 r/min
Idle speed specified value & 1190 r/min

* Engine Speed visible
® Crank Szgnal Lzl/(e/)/ Recognizea’

R OE H O+ # g © s O €«

Cancel All Show

Selected Graph Merge To Top Setting Clear Data Freeze Record Review Back

« A A 0 O @ B4 v = ¢m



Start Attempt ( Cranking) Data...

MAEF: 9.6kg/h = 2.5 grams/second
Seems close enough to start
Barometric = 1005 mbar (29.67 inHg)

Intake pressure after throttle = 988 kPa = 29.17 inHg

Name #  0items selected = Value Units
Mass air flow & 9.6 kg/h
Ambient pressure & 1005.7 mbar
Intake pipe vacuum after throttle valve (only n54/n55) & 088.52 hPa
Stop, throttle adaptation & Not adapted
Throttle valve angle, actual value & 8.62 %
Throttle valve angle, setpoint value & 8.68 %

R OE HEH ¢ # o O = 0O €

Cancel All Sg)l';(c]‘tl: d Graph Merge  To Top Setting Clear Data Freeze Record Review Back

A B O @ B vam = =



Start Attempt ( Cranking) Data

® Requested rail pressure = 725 psi
® Actual rail pressure = 47 psi
* Injector on-time 22mS

® Service info discrepancies
® A [ittle low

® Can we trust rail pressure values that low?

¢ Maybe its 72 psi & reporting 47 psi

13 31 Fuel Pump with Drive and Pipe N14

with ignition "ON” and fuel pump running |bar |5.0 VS

Name * 0items selected

Adaptation value of fuel delivery control &

Cylinder 1 fuel injection timing &
Cylinder 2 fuel injection timing &
Cylinder 3 fuel injection timing &

o

Cylinder 4 fuel injection timin

Actual value of rail pressure &

ail pressure setpoint value &

0.98

22.37 ms
22.3 ms
22.14 ms

22.3 ms

Duty factor of fuel quantity control valve 62.89 %
Fuel Pressure
|Pressure 1 (PSI) Pressure 2 {PSI)
Range MNote Mote
20.0 Y331 ¥332

[Y332: Fuel pump pressure.

Y331: System pressure with engine idling.

Copyright @ 2012 by Motor Information Systems, a division of Hearst Business Publishing, Inc. All rights reserved.



Code Scan: Hoping For Clues

o o= = B B8 =
BN VCMS [£3] 132V

V8.30
MINI > Automatic selection > Auto scan > DME (Engine-Motor Electronics) > Trouble codes

Trouble codes

r{@j
D

® Low rail pressure issues?

* Hoping for a circuit fault
® No DTCs detected

Trouble codes are not detected.

VIN: WMWMF73519TWE7529 F E R d
Intelligent reeze rase ea
- Search ESC
- codes  codes

Info: MINI/MINI/Cooper S_N14/R56/
UsALL . .
diagnostics frame




Experiment: HPFP Open Circuit/Pressure Change

=

Name 2 items selected

Adaptation value of fuel delivery control & 0.98
. Cylinder 1 fuel injection timing & 21.5 ms
Default to high- or low pressure?
Cylinder 2 fuel injection timing & 21.62 ms
. Cylinder 3 fuel injection timing & 21.43 ms
Quick test |
Cylinder 4 fuel injection timing & 21.58 ms

Actual value of rail pressure & 50.76 psi

Results could flush out fault

B (4 Rail pressure setpoint value & 0 psi

Duty factor of fuel quantity control valve & 0 %

Results might be inconclusive

No change exhibited = = m s O 6 © m O ¢

Show :
Cancel All Salsatad Graph Merge  To Top Setting Clear Data Freeze Record Review Bac



Pinpoint Test: Measuring HPFP Control Circuits

High pressure system diagnostics
Process of elimination
No HPFP regulator circuit codes

®  Circuit & control verification still critical




Test Lead Placement

0T "} A6000
| | DME contral mod-
| 87 87 e 13 | ule
i L) I
| I
| I
29 § Xe0231 22 | x60232
X620
>
U_DSK
0.75
| or
3 | X261
Ya3681 B2261
Volurme control |E| Rail pressure sen-
valve S0r
(R 2 | %2261
A_DSK R_DSK
0,75 0,75
1| GE ) ws
24 20 | xX60232

b e

)} DME control mod-

| ule



The Waveform — The Result

%% PicoScope 7 Automotive Mini_Cooper S_2009_ Fuel Regulator &:& Injector (Cranks No Start).psdata =]

I — 8- =R R BE E 2 >
® Blue trace: HPFP regulator voltage control e - v

+100 V
B

+100 V

® Red trace: HPFP regulator ground control :

v
+100 V 80.0 [ 100.0

e P— - - 3
O | || Eaka st AR b i

® [nitial control activity stops e

® Green trace: #4 injector high-side control

>
THIS

#4 injector low-side control

i

AN
Or
om

™M

G | 665 68 70 72 74 76 78
. by ? Channel Labels %
TO buj]dpeak PreSSUFe' A Fued pressure regulator pressure waveform ¥ |Orange Wire @ High Pressure Regulato Bac m
B elorm ¥ igh Pressure Regulator e [
® Control & circuits appear okay : o



Significance of Cam Timing

® Camshaft timing is critical
® ECM (DME) uses cam sensor signal for pressure control

Incorrect cam timing = I'Vrong pressure control timing

When timing is key

High-pressure
connection

Roller tappet

Four-lobe cams

o -‘
f4' ‘
‘ !

Exhaust camshaft




Checking Camshaft Timing

(i
No DTCs = = B e
nnnnnnnnnn o 381
Oscilloscope waveform T
- | | zn::: “ i3 s
Crankshaft signal vs camshaft signal [ T
BEESETaTE R m e s 1 AB000 o
: IDI'«"IE control module e
T e W S
Compare to known-good reference :__L ______ e : L -
Y 7o xe0231 13 Yxe0232

® Initially Not Available 05 03 o5

Y °
Moving On For Now | -
Crankshaft sensar
EE,




Relative Compression with Sync...

* Using starter current to compare

® General engine mechanical test

® [ncorrect Cam ﬂmzhg = Incorrect [gnitz'on szmg.?

\ u i Al'(' \ e :\.'."bﬁl ' Mo ‘w Lldbd { "?,.‘,"x.‘ooo
 [— I’A J‘J‘k?‘ﬂ e{ ‘ ,&w’ Wl;"ii‘{kkﬂ“d‘f##" ‘{ !; J;J?'%ﬂr[h# ’q{'fm "kl.ﬁ‘. :d’ N ﬂ' “o;-

; . Timebase —— a Trigger X Waveform a ’ E a 6 E @ ‘) i CO
o J e = § 2 Guaced testy Open Soe bree s F S

500 ms/div >cie 04
37 -
4 B o
« / )
| / / \ / /
/ y / //
/ \ / / /
00.0 / / /
/
, / , y /
» W / \ A / /
\ / / /
o /8 o \/0o |/
4 '\ /‘/ \ % \/' \
\of' ’

" '1' i ! i \Ah'
SRR i Jf‘fffﬁl\“{m\ 'ﬁth %‘ ) ) N {M | j q‘w ."'/."m
iy \ ' Zoon = B >

-
1 - Y 4
oo | ([ | 180 0 s 720 "
3000ms +40s 4000 5000 600.0 7000 800.0 900.0 1000.0
N ‘ pe = 1037 9M
M © Type here to search O B = ' M 2 G AEBAEY oo !_,



Relative Compression with Sync

-

N P |- P
Inline engine, camshaft timing will affect all S = S ' | 4

Cylinder 3 starter current low o B@CN ST /I

Indicates weak cylinder 3 mechanical contribution by WA M :
r A " | e | hi, l'\ "’ W l"‘,"
;% ‘ . """"".r'.:,a'.l‘x 3 "rfs‘,,i,‘,‘.'i‘,‘ﬁ"h4"'.*;,'«.%,';‘;1*"{;"?}'.‘{*‘:’\ ! »" N 1;,}»’ ’ i
Followed by weak intake pull due to slowed crankshaft = - | | \Il
\ ‘
Ignition timing close to TDC, indicates sufficient timing w4 1

3000ms +40s 4000 $00.0 600.0 700.0 800.0 900.0 1000.0
10:37 PM

B O Type here to search O H = - Q 2 . G rj ATz 3/17/2022 ®




Relative Compression with Sync...

ijSoope Automotive E l'ykcessM:m ‘ooper S_2009_R wm\syn(&& take pressure.psdata

imebase el wM«o (=] |
Gundec testy Open
A
20 @
+1
Start a coptur

®* Now cylinder #4!
® Weak intake pull
® Due to slowed crankshaft speed

830
. LIRS O ')
n o Y o0 260 Y 50 720 S 0
S 8000ms +20s 900. 1000.0 200.0 1300.0 1400.0 1500.0
W O Type heretosearch o » B 0 0L @EE  rswmaerm




Relative Compression with Sync...

® Cylinder pressure added
® Cylinder #3, again!

® Could be added volume from compression hose

® Weak intake pull due to slowed crankshaft speed
s -

10:51 PM

& O Type here to search NEWAEW !Q



Relative Compression with Sync...

Now Cylinder #2!

a

Timebase
Stopped z
1s/div
A oc

“PED
v
+100V

308

8
]
ocll
i
P

231

81.62

66.22

20.02 -30.8

5082 154
3542 231

Waveoform [
1 52
None ofd =3

=t

- L Type here to search

9.0s
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Open Save Pt Verucle detads Full e
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Relative Compression with Sync...

Very Erratic
Cylinder #1 is good

Then not good

fﬁ{"‘,~ pe 7 Automotive E ! per S_2009_RC with sync.Intake pressure && Cyl Compre n.psdata [
Timebase Samples Trigger Waveform $ = 1 ‘
o ] 2 en D @ 2 @ B S B B pPl1co
1s/div ool - s Guided tests  Auto sty Open Save VS I Paecie cutalle: S 1A Tecknologs
A {400
psi

oC
I < T
+100V

7162 -50

57.02 -12.3
Channel labeks ?
4242 -19.6 r

27.82 269 \ 102287.2
[Nrv—

1822 302 LN\ " L 60 726

-1.38 -43: 22.2298.

T38 1 1F540_ w55 7D Kaan
145 16 18 2.0 22 24

B O Type here to search o B - ~ ) ‘ 6 E’ﬁ D A Gz TR 5)’

T 3/17/2022




Relative Compression with Sync...

Erratic Cylinder Integrity?

* Cylinder #3 not good

Then good, within 720 degrees

"fﬁ: e utomotive Eary Acct
Timebase Sanphis Irigge Waveform =, - 3
_ =B 2 en D @ 2 @B & 2 B Plco
1s/di o Nome of3 Guded tests " Open Sa Prnt Veisce details Fal eyl
A <l Y G
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100V Zoom _ — WX
3 - e + 11

)/ 5 \ // Y
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4362 -19.0 ! 27.75 94
R X \ \
Waveform \ \
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\
il \ 4 i
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[t e\
o O ©
- ]3 e 360 S st

&) 36 38 ki
o H =~ B = 2 0 @ & nemaw SN
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Justified Checking Camshaft Timing...

No DTCs

Oscilloscope waveform
Crankshaft Vs Camshaft Signal
Reference Known Good & Compare

®  Now Available

——

————————

35 7
U_KWG
0.5
C|eE .
| 2

il
B5214a f"""‘
= I ot | v
|
I j
""""""""""" X621 a1 Y xe0231
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0.5
mm| ok
2 X627S
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l e = q-. o
£ | I
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Crankshaft sensor

vvvvv
VANOS solenoid



Subject-Vehicle

ML AT

' ~ ﬁKno Good

....Match Or Not?



An Assumption Was Made Early On.
What Was It?

yressure low

Supply pressure seemed close enough (scan data)

Erratic cylinder contribution — Not the cause
Camshaft timing appears good



Checking Supply Pressure

A costly assumption
We thought understood the limitations

“50 psI is close enoug]) 7

®  “It’s not accurate”

“I bet it’s actua]])/ closer to 70 psi 7

50 psi scan data = 0 psi actual pressure




Supply Pump Circuit Test

Alternate-load test

High current test light did not illuminate light

Missing voltage supply or ground

Testing each independently

®  Revealed no Voltage present




Supply Pump Schematic & Component Location
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Circuit Has Been Bypassed!

EKPM EKPM
.5 L5

| wsmL 0| rriws
2 %891 2 R xeg1

1 --‘1
1 ]
i ot
bl -
1 1
i)
gé
&
1
o
M
1 1
s )
rE
&
2

Junction Box Relay & Fuse Bypassed External Inline Fuse & Relay Installed No Voltage Upstream of Inline Fuse
Corroded & Crusty



Supply Pump Circuit Tests

It’s Alive, Building Pressure
& Moving Fuel

Jump Voltage To Under Dash Circuit Voltage Now Present @ Pump



It’s Alive!

> B:' 1 :!Cl mils P
89514 mis A000.0




What Abeut ‘n\e

Erratic Relative Comp resston?

Cranking cadence smoothed out SO WHAT?! |

May still have intermittent mechanical issue
Not tuel-washed

Possible valvetrain h )/dra ulics
Not the cause of our concern

Our client was advised




It’s Science ...Not Magic

® Appears to be wizardry
® Understand the science of Computerized Fuel Injection
® Strategy to achieve a goal

® Tools/Limitations, Fundamental knowledge, Information




Training Must Always Continue

® Standards will change

® Strategies will change

® Systems and components will change

® Need for intelligent analysis will never change

® Master that which applies to everything

® Most important tool is a Technician's mind

A U T O W 0O R K S
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