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«Computer controlled

*Closed Loop

*Adaptive Learn

*Drive By Cable

» Sequential multi port gas fuel injection for 4.3 Liter
*Single point gas fuel injected throttle body for 3.0 Liter
» LPG Fuel Options

*On Board Diagnostics '0' P s l
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MIL (Malfunction Indicator Lamp)

MIL Cco022

=

LT BLUE/BLK

Hot in Start and
Run

26

ECM

Notifies the driver of a problem with the emission

control system.
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MIL

Cco022

=

LT BLUE/BLK

Hot in Start and

Run

26

ECM

Most engine control system related problems that affect emissions or
driveability of the vehicle will set a (DTC) Diagnostic Trouble Code and
Illuminate the Malfunction Indicator Lamp.

The lamp should come on when the key isin the ON position and the engine is
not running (Bulb Check Function)

Oncethe engineisin start or run mode, the lamp should go off.
If the lamp illuminates while the engine is in the start or run mode, there is a

current Diagnostic Trouble Code.
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MIL Cco022

=

LT BLUE/BLK

Hot in Start and
Run

26

ECM

Power is supplied to the bulb through the ignition switch.

The ECM provides ground to illuminate the lamp.

It will also display DTC' sthat have been stored due to a system

malfunction. (Blink Code Function)
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Diagnostic Trouble Codes (DTC)

Diagnostic Trouble Codes are set when the Spectrum ECM (Electronic Control
Module) runs a diagnostic self-test and the test fails.

If the system continues to fail the test, the lamp will stay illuminated and the DTC
IS current (Active).

All DTC' s are stored as (Historical Faults) until they are cleared.

All DTC' s except the ECM related DTC’ s will automatically clear from memory
If the DTC does not reset within 100 consecutive engine run cycles.

While a Diagnostic Trouble Code is current for a sensor, the ECM may assign a
default “limp home” value and use that value in its control strategy.

PSSl
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Blink Code Function

Diagnostic Link
Connector

If you do not have access to a laptop computer, it is still possible to accessthe
Diagnostic Trouble Codes stored in the memory of the Spectrum system ECM using a
diagnostic jumper and the MIL. With the key off connect diagnostic pins A and D. Turn
the ignition on but do not start the vehicle. The Malfunction Indicator Lamp (MIL) will
begin to flash. The MIL displays three digit codes by flashing the first digit, pausing,
then flashing the second digit, pausing, and then flashing the third digit. The MIL will
first display a 166 three times. Code 166 indicates that the ECM based diagnostic
routines are functioning. Then, any Diagnostic Trouble Codes stored in memory will
display three times each. The MIL will then start over with the code 166.
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ECM (Electronic Control Module) 56 Pin Connector
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ECM Non Volatile Memory

Diagnostic Trouble Codes will be cleared from the syssem ECM memory by
moving the ignition key to the OFF position and removing the (F1) system
battery fuse for at least 15 seconds.

This will erase all of the Diagnostic codes stored in the
computer memory including the adaptive learn.

It will not erase the fuel calibration.
It will not erase the computer serial identification
It will not erase the internal hour meter

PSSl
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ECM Flash Memory

Flash programming helps minimize the risk of ESD damage

ECM fuel calibrations are downloaded to the ECM using the diagnostic link
connector

Software calibration updates are available for in field use without

A
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ECM Provides an external 5 volt reference to engine sensors

LT GRN/R

50

+5
Volts

EC

“BPSI
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ECM also provides an internal 5 volt reference

Sensor load creates a voltage drop at the internal resistor

Voltage drop is used by the ECM to determine sensor value

* Internal reference shown pin 32

*External reference shown pin 50

; BLK/LT GRN 49 | Sensor Ground
IAT Signal
~NAN 32
. NNNSBY
. LT GRN/RED 50 5 \Volts
4 LT GRN 33 MAP Signal
ECM
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Adaptive Learn

02 Voltage
Condition

Engine Training Program

No O2 Content
Rich (Exhaust)

Lean (Exhaust)

Integrator Block Learn
Command Command
Pulls out Fuel Pulls out Fuel

ECM Commands Enleanment

ECM Commancds Enrichmert

ECM Commands Enleanment

ECM Commands Enrichmertt

2% 02 Content

Adds Fuel

Temporary
Correction

Adds Fuel

Long-Term
Correction
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Hi KP4, Load
A

Low KPA, Load

Adaptive (Block) Learn
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140 140 140 139
130 35 128 140
128 130 130 135
1208 130 133 140
Low RPM = Hi RPM

MPSI
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ESD (Electrostatic Discharge)
Electronic components used in control systems are often designed to carry very low voltage,
and are very susceptible to damage caused by e ectrostatic discharge.

It possible for less than 100 volts of static electricity to cause damage to some electronic
components. By comparison, it takes as much as 4,000volts for a person to even feel the zap
of a static discharge.

There are several ways for a person to become statically charged. The most common methods
of charging are by friction and by induction.

An example of charging by friction is aperson sliding across a truck seat, in which a charge
of as much as 25,000 volts can build up.

Charging by induction occurs when a person with well insulated shoes stands near a highly
charged object and momentarily touches ground.

Static charges of either type can cause damage, therefore, it isimportant to use care when
handling and testing: el ectronic components.
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Using a Laptop Computer to Diagnose the Spectrum System

Minimum System Requirements

Pentium Il 450 Processor

Win98SE, 2000 and XP Operating Systems

64 MB Ram for Win98

128 MB Ram for Win2000

256 MB Ram for WinXP

Seria Port (RS232) or USB 1.1 or 2.0 connection
USB interface for Win2000 and XP only.

PSSl
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Diagnostic Link

Diagnostic Link Connector

IMPCO 2004 Emissions Certified
Engine Training Program

RS 232

(OLC) \e1E))
Pin Wire Color Function
A * |Orange RS232 RX
B Dark Green RS232 TX
C Lt Green/Red 5 VoIt Ref
‘D * |Black/Lt Green | Ana Rtn

* Blink Code Mode

MPSI
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PC DST Screen 2
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* * Rawvolts EGOHM .ﬁm Link error - attermpting reconnect... |
Mot Connected Lot snd insirnemition :l
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Engire Speed Ijl rpm TPS1_raw 0000  wolts Fuel zelect voltage W wols
M anifold Pressure 000 psia TRSZ raw 0000 wolks Gowl zelect waoltage 0.0 wolts
Coolant Tempersture [ 0.0  degF MAP_ raw 0000 walts GovZ select voltage 0.0 wolts
Cylinder Head Temp [ 0.0 degF FPP_raw 0.000  wolts Oil pressure valtage [ 00 wols
Manifold Temperature liﬂﬂ deq F IWSAFPR2 raw 0000 wolts
Intake Air Temperature linu degF KME_raw 0.000 ol
EGO1_raw 0000 wols
ECT_raw 0000 wols
“hat [ oo wvols
IAT _rawe 0000 wols
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AlL_PDA_raw 0000 wols
Allx_PDZE_raw 0000  wols
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ITK-2 Pressure Test Kit

High Impedance DVOM
with Duty Cycle %

2345
1
1]

™

N

Fuel Injection Pressure Gauge

AF4-31105

12 Volt Test Lamp
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Using the DTC
- Signal
Schematic:
_ YEL/GRY -
Pin numbers, connector letters A
and wire colors
B BLKLTGRN | 40 Sensar Ground
ECM
Provides additional test criteria for  conditionsfor setimg the D1C
the DTC 8 Erzine Coolat Temnpershore
_ _ _ o ® Check Condition-Engine Fammirg
What function the DTC is designed to indicate ® Fault Condition- ECT sensor voltage less thn0.05
-mmm@m :ﬁmﬂuyiﬁ:rﬂsecmdsa.ﬂ.ﬂ'atmrefm
When the ECM runs the diagnostic sensor test ® Clomed Loop Bubled
MIL reaction to the DTC s g e
How the ECM will react duri ng the fault The ECT (Ehzive Coolant Tempershire) sepsor i 4 tetpershire sensitive Tesistor located i the

ehive coolant. B oiensed for the engine arfloar caloalation, gasolie cold svridhamed ad to
etyible other tepvperabae dependart fesbmes. The ECMyprovides 4 voltaze divdder ciroit o that
b the coolad is cool,the sigpalreads higher voltage  and Lovrer wher wranm
. . . . Ths fanlt wrill cet f the cigral voltage is lecs than 0.05 voks agtime the engine s nrning. The
Provides some general circuit operation ECMwill e & deoe vibue for the ECT sensor i the evere of this Sl
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Using the DTC chart:

The chart starts with the MIL check to validate
the MIL function.

The chart ends with the instruction to remove
any test equipment (except the DST) Diagnostic
Scan Tool. Additional specific instructions are
provided depending on the DTC to verify a
successful repair.

IMPCO 2004 Emissions Certified
Engine Training Program

OTC 122- ECTVOLTAGELOW
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v Spkn DaE Mo
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vy GOt skp Ol SEnf)
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y TPS1_raw [ 0000  wols

Coolart Temperature.  Ikake A Temperature TPS2 o [ 5om  vaks

EED_ EED_ FAFP_raw J—D.ITIEI“ wiolts

FFPP1_raw ij_ wolks

200- 200- %5 AFPP2_ravs 0.000  wolts

ACtua’I FME_raw IW seclks

15|:|_ 15['_ EGO1T_raws JW wiolbs

100~ 100- — ECT_raw [ 205  woits

AT _rawve J‘W wiolks

ED' ED_ A= FPD_raw ]ﬁ walts

Default Value 1- 0- &U_PDZ2 rawe | 0000  wols

Al _PD3 raw o.oao walts

5|:|_ . ED_ Sl PU_rawe o.oao wolts

s Al P2 raw [ 0000 sals
L degF 149  degF Al _PU3_raw | 0000 wvolts

The ECM provides default values for critical sensor inputs to protect the engine
system from possible damage.

If aDTC for asensor is current, the gauge screen display value for that sensor
may be adefault value. The voltage value in the “raw” voltage screen will be the
actual sensor voltage.

Always use the voltage value when performing diagnostics unless directed
otherwise by the diagnostic chart.
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ECM Protection Systems

Certain DTC codes that set will result in system power reduction,
or complete engine shutdown.

The ECM is programmed to do thisin the event afailureis
determined to cause possible risk to the operator, damage to the
engine or catalytic converter.

Some code groups will provide awarning to a possible shutdown
Example:

DTC 113-1AT Higher than expected 1
DTC 114-1AT Higher than expected 2
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DTC 113-IAT Higher Than Expected 1 (Bosch® TMAP)

Conditions for Setting the DTC

o | Intake Air Temperature

e | Check Condition-Engine Running

o | Fault Condition-Intake Air Temperature greater than 200 degrees F. and engine RPM
greater than 1000

e |MIL-On

e | Adaptive-Disabled during active fault

e | Power Derate (Level 1)

Circuit Description

The TMAP isacombined IAT (Intake Air Temperature) and M AP (M anifold Absolute Pressure)
sensor. A temperature sensitive resistor isused in the TM AP located in the intake manifold of the
engine. Itisused to monitor incoming air temperature, and the output in conjunction with other
sensors is used to determine the airflow to the engine. The ECM provides a voltage divider circuit
so that when the air is cool, the signal reads higher voltage, and lower when warm. The IAT isa
calculated value based mainly on the IAT sensor at high airflow, and influenced more by the ECT
(Engine Coolant Temperature) at low airflow. This fault will set if the Intake Air Temperature is
greater than 200 degrees F. with engine RPM greater than 1000. Power Derate 1 will be enforced
during this fault. M aximum throttle position is limited to 50% and the MIL lamp will be on.

Diagnostic Aids
* This fault will set when inlet air is much hotter than normal. The most common cause of
high inlet air temperature is a problem with the inlet air system. Ensure that the air inlet is not

obstructed, modified or damaged.

* |nspect the air inlet system for cracks or breaks that may allow unwanted under hood air in to
the air inlet system
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DTC 114- IAT Higher Than Expected 2 (Bosch® TMAP)

Conditions for Setting the DTC

e Intake Air Temperature
e Check Condition-Engine Running

e Fault Condition-Intake Ailr Temperature greater than 210 degrees F
engine RPM greater thanl000

e MIL-On for active fault and for 15 seconds after active fault
e Adaptive-Disabled during active fault
e Engine Shut Down

Circuit Description

The TMAP 1s acombined I1AT (Intake Air Temperature) and MAP (Manifold
Absolute Pressure) sensor. A temperature sensitive resistor 1s used iIn
the TMAP located in the intake manifold of the engine. It Is used to
monitor Incoming air temperature, and the output in conjunction with
other sensors i1s used to determine the airflow to the engine. The ECM
provides a voltage divider circuit so that when the air i1s cool, the
signal reads higher voltage, and lower when warm.

The IAT i1s a calculated value based mainly on the IAT sensor at high
airflow, and influenced more by the ECT (Engine Coolant Temperature) at
low airflow. This fault will set 1f the Intake Air Temperature 1s
greater than 210 degrees F and engine RPM is greater than 1000. The MIL
lamp will be on during this active fault and the engine will shut down
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Intermittent problems

Intermittent problems may be the most difficult to resolve.

Before starting the diagnostic procedures for intermittent DTC follow these
preliminary checks:

*ECM ground connections must be clean, tight, and in their proper location.

*VVacuum hoses for splits, kinks and proper connections

*Air leaks at the throttle body, throttle control unit and intake manifold sealing surfaces
eIgnition wires for cracking, hardness, proper routing and carbon tracking

*\Wiring for proper connections, pinches, cuts.

*Sensor connectors for damage, corrosion and contamination
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Intermittent Problems

— (O x|

Graphing the Voltage Values

The system diagnostic monitoring software includes graphing and data logging capability.
These features greatly enhance the ability to diagnose and repair intermittent problems
with the system. The graphing feature allows sensor inputs and select control output
variables to be plotted in real-time while the engine is running.
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P P - [EEControls, inc. s =1 _Tesderage F3
| Connected Contrel ad —| _Toogle Test Csll-Fi0
FawtAccess| @F MIL Sysiem Sres DFH Vanabies . Injectar  Injector-on  Injector-off
) Coil Murber  Spark Coil Mumber low-side lowy-zide
Engine Speed [ 1401 em Fun Mode [ Rurming TPS command 0.0 ffiing crder)  dwell ms (firing order]  woltage woltage
Manifold Fressure psia (Furzl Toe [ Gasoine TFS posiion [T 01 =% 1 [ 424 1 [ oz [ 140
Coolant Temperature [ 1850 degF Fuel Control Mode [ L active FFF command [ 0o = z [ aza 2 [ o1 [ 148
Culinder Head Temp 1950 degF Gowemor switch state [T Gows FPF position 00 = 3 0.00 3 [ o [ 145
Manifald Temperature [ 1075 deaF Active governor type [ Min TPS1 voltage [ D484 wols 4 [ oz [ 1as
Intake Air Temperature [ J06.7  degF Active governor made [ Droop TPS2wvoltage [ 4477 wolis 5 [ oo [ oo
What [ i35 volts Bl s (] [ open FPFP1 voltage [ 0442 wolts [ [ oo [ oo
Ww [ 137 vols Dil pressure state 0K FPP2voltage [ 0000 woks
Hour mster [ 2843 hous IS woltage [ Eoon wols
Curnulative starks 13  starts
Closed-Loop Conrsof, LGt pput Voages LMagrnosic Wodes
EGO1 0.592  valts Fuel select voltage 10.4  wolts Spark kil Marmal
Closed-loop 1 [ 1z = Fuel pump voltage [ 138 wois Injectar kil Mormal
Adaptive 1 [ oo = Gowl waltage [ 208 wvolts DEW test modsi O -
EGD2 IW volts Govz voltage m wolts ;
. Owerspeed valtage [ 50 woks Flight Data SnapShot SnapShot
Closed-loop 2 [ oo = il | EBase ase Custom
Adaptive 2 [ oo % W preesle selizes 5.0 wols D efinitions D efinitions D efinitions
[rom [fusl_stats [EMPTY
[raap [run_tmi_sec [EMPTY
Historic Faults Active Faults [FPP_pct [rem [EMPTY
Diouble click fault for information... Deuble click fault far information. . [TPS_pct [ha2F [EMPTY
_ CL_E1 \ECT EMPTY
| MaP voltage lov | EECT woltage high ICL—BMZ I”AT IEMPTY
J 14T woltage high [-Bat [cL_emi [EMPTY
| ECT voltage high [Fros_avg [cL_Bmz [EmPT
[_EN1 [2_Er1
[&_Brz [&_Br2
'\ bat
Flight D ata FRP_pet
Custom TPS_pot
Difinitions [EGO1 wols
EMPTY EGD2_wolts
EMPTY Fod_avg
[TRM_DC
HM_hours

The System Fault screen is used to view and clear DTC’s



SPECTR UM IMPCO 2004 Emissions Certified

Engine Training Program
by IMPCO

EDIS ECI Seri

: — =] x|
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Link errar - attermpting recannect. —=1 Toggle Page - F3
Fauff.s Ecmm Inc. Connected at 19200 bps
|~ comnectea Comtmi. —{ _Toogle Test Cell-F10
FauirAccess| @F MIL System Siies] DEW Varables Injector  Injectoron  Injector-off
Cail Number  Spark Coil Mumber  lowsids  loweside
Engine Speed 1401 mpm Fiun Mode ’—Hunnmg TPS command 00 % (fiing order]  duwell ms (firing order]  voltage woltage
Manifold Pressure psia Rl Tusre [ Gasine TPS positon [ 071 % 1 [ 4zt 1 oz [ 1a0
Coolant Temperaturs 1950 degF Fuel Contral Mode [ CLActve FFF command 0o % 2 [ 4z 5 o7 [ 145
Cylinder Head Temp 1950 d=aF Governor switch state Gov3 FPP position 00 % 3 0.00 3 0.1 145
Marifold Temperature 076 degF Active gavernortype [ Min TPS1 woltage 0484 wvolts 4 [ oz [ 1as
Intake At Temperature 067 deaF active govener mode [ Drosp TPS2 voltage 4477 volks I i —
Vbat [ 138 voks B [ FFP1 voltage 0442 volts & [ oo oo
Ve 137 wvolts Oil pressure state ok FPP2 voltage 0.000 wvolts
Hour meter 2843 hours IVS voltage 5000 vols
Cumulative starts 13 starts
Closed-Loop Corntof DXgiat input Volage s Diagnosic Wodes,
EGO1 0.592 wolts Fuel selzct voltages 104 volts Spark kill Momal W
Closed-loop 1 12 % Fuel pump voltage 138 volts Iniector kil Mormal v
Adaptive 1 [ oo = Govl voltage 206 wolts DB test mode! a3 -
Gov2 volt.
E5O2 TA52  wolts ove voltage 206 wolts
- Overspeed voltage [ 50 vols Flight Data SnapShot ShapShat
Closed-loop 2 0o % Base Base Custom
Adaptive 2 o5 = (O s sliEms 50 volts Definitions Diefiinitions Definitions
[rprn [Fuel_state EMPTY
[itaar [run_tmi_sec EMPTY
Historic Faults Active Faults FFP_pct ipm EMPTY
Double click tault for information... Diouble click fault for information... TPS_pct (AP EMPTY
) CL_BHM1 (ECT EMPTY
MAP voltage low ECT valtage high =
[ g [ e hig CL_EBMz AT EMPTY
| 1AT voltage high Wbt CL_BH1 EMPTY
|| ECT voltage high Fu/_ava CL_BMZ EMPTY
[_BM1 [_BM1
[ _BzZ [_Etz
Wbt
Flight Data FPF_pot
Custom TFS_pot
Definitions [EGoi_vois
EMPTY EGDZ_volis
EMPTY [Forag
TRIM_DC
H_hours

Checking Diagnostic Trouble Codes

The System Fault screen contains alisting of all of the historic and Active DTC set
within the system. If aDTC is stored in memory, the screen will display that fault in
the history column. If the fault is active it will also show up in that column.
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Cunnected

— =] x|

Link error - attermpting reconnect =

Toggle Page - F9
Connected at 19200 bps

= _Toogis TestCsll-Fi0

FawtAccess| G ML System Siaites| DIV Vanables Injector  Injector-on  Injector-off
Cail Mumber  Spark Coil Humber  low-side  low-side
Engine Speed 1400  pm Fun Mode Running TPS command 00 = [firing order)  dwell ms [firing order)  voltage: woltage:
i anifold Pressure psia (o T o | TPS position [ 01 % 1 [ a2z 1 [ oz [ a0
Coolant Temperature 1950 degF Fuel Control Mode | CLActve FPF command 00 % z a2 2 [ o1 [ a5
Cylinder Haad Temp 1950 degF Govemor switch state [ Gava FPP position [T 2 0.00 3 [ o1 [ 1as
Manitold Termperature 1075 degF Active governor tvpe Min TPS1 valtage 0.484 wvolts 4 0.2 135
Intake &ir Temperature [ 1087 deg F Active govemor mods [ Droop TPS2 voltage 4477 wolts 5 [ oo oo
bat [ 138 vols Brake input level [ open FPP1 voltage 0442 volts & [ oo oo
Vsw [ a7 wvolts 0l pressure state e — FPP2 voltage 0000 volts
Hour meter 2843 hours IVS volkage 5.000 wvolts
Cumulative starts 13 starts
Chosed-toop Convo| Digizat iped VoiBges, Diagnosic Modes|
EGO1 0592  wvalts Fuel select voltage 104 wolts Spark kill Mormal |
Closed-loop 1 12 % Fuel pump voltage 138 wvalts Injectar kil MNormal |
Adaptive 1 0o X Govl valtage 206 volts aff -
Gov2 voltage It
EGO2 045z vols 2 208 | voits
- Overspeed volkage 50 volts Flight D ata SnapShot SnapShot
Clased-loop 2 oo % Base Base (EveLenm
Adaptive 2 oo % O Eresmne valime 5.0 vols Definitions Definitions Definitions
pm fuel_state EMPTY
AP rur_tmr_sec EMPTY
Histaric Faults Active Faults FPF_pct rpm EMPTY
Double click faulk far infarmation. Drouble click fault for infarmation. TPS_pot AP EMPTY
CL_BM1 ECT EMPTY
MEP voltage | ECT valtage high =
[ velaas o = veteas ng TL_EMZ AT EMPTY
L2l 14T voltage high [vbat CL_BM1 EMPTY
| ECT voltage high Fri_ava CL_BM2 EMPTY
[A_BMT [A_BM1
[a_BM2 [e_BMz
[bat
Flight Data IFPP_pct
TPS_pet
Definitions [EGol wots
EMPTY EGOZ_volts
EMPTY AT —
TRAIM_DC
HM_hours

Clearing Diagnostic Trouble Codes

To clear aDTC from memory use the arrow keys or mouse to move then Press the
Enter key to clear the fault from memory. NOTE: Record faults before erasing
them for reference during diagnostics.
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Link error - attermpting reconnect... —1 Toggle Page - F9
Zonnected at 19200 bps

* * I Faults Ef%m Inc. N

Connected —] _Toagle TestCell-F10
Lt ACCess MIL Sysier Sens E VY VaEnabies . ¥ Injgctar  Injsctor-on Injector-off
Engine Speed [ 1027 mem Fun Mode Funnin TPS command [ 38 = ﬁ:?ilLNur‘éhE{ Sdpvi'a'ﬁ nc—gll [r'Numhsr ] Il:W\Ipt-SIle IDV\IJI-SIdE
a 4 g order iring order]  voltage voltage
M anifold Pressurs [ a=g psis Fusl Type [ Gasdlne TPS positon [T 27 % 1 [ 425 1 [ o1 [ 144
Coolant Temperature [ §7.6  degF Fuel Control Mode [T CLactve FPP command [ o0 = 2 [ azs 2 [ [ iz
Cylinder Head Termp ,W deg F Gaowernor switch state ,W FPF positian I—EIEI = 3 IW <] [ oz | 1471
Manifold Temperatue [ 789 degF Active govemar twpe [ Min TPS1 woltage [ 0635 wolts 4 [ o4 [ 141
Intake Air Temperature [ 7oy degF Active governor made [ Droop TPS2Zwoltage [ 4.267 wals 5 [ oo [ oo
What 136  walts Brake input level [ opemn FPF1 voltage 0.434  wolts & 0.0 0.0
Wt 13.7 wolts Dil pressure state — ok FPP2 voltage 0.000  wvolts
Hour meter [ 12628 hours VS voltage 5000 wolts
Cumulative starts [ 325 starts
HoSed-Loop Consod SXgieal i Vo ges Magrosic Wodes
EGO1 0.882 wolt=s Fuel zelect volkage 10.4  wolts Mormal ™
Clozed-loop 1 [ oo = Fuel pump voltage 136 wols Injectar kil « Mormal
Adaptive 1 oo % Gowl woltage 206 wolts DEW test mode Cieill U ((FDH)
Gow2 voltage [ 208 wolts (Et) 2((AD)
EGOZ [ 0452 wolits Coil 2 [FO)
Closed-loop 2 Tal = Owverspeed woltage 5.0 wolts Cail 4 [FO) D1 aks Snéaggehnl SEEDShOt
. = ustom
Adoptive 2 ,—UEI . Oil preszure wolkage 50 wolts Coil 5 [FO) jons Definitions Definitions
EeillSlHED) [Fael_state [EMPTY
|rMAF‘ |run_tmr_sec |EMF'TY
Historic Faults Active Faults [FPP_pct [rprm [EMPTY
[TPS_pot [rtdar [EMPTY
[cL_EM1 [fECT [EMPTY
o emz [naT [EMPTY
bar [cL_Em1 [EMPTY
[Fr_ava [EL_BM2 [EMPTY
J&_EM [&_ERT
[&_BMZ [&_BMZ
b at
Flight Data FRP_pot
Cuistorn TFS_pct
Definitions [EGOT_wals
EMPTY EGOZ_wolts
EMPTYT e
TRIM_DC
Hr_hours

Ignition System Test
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The Spark Kill diagnostic mode allows the technician to disable the ignition on individual cylinders. If the
Spark Kill diagnostic mode is selected with the engine running below 1000 RPM, the minimum throttle
command will lock into the position it was in when the test mode was entered (similar to IAC disabled in
automotive systems. If the Spark System Test mode is selected with the engine running above 1000 RPM, the
throttle will continue to operate normally.
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Disabling Ignition Outputs

To disable the ignition system for an individual cylinder, use the mouse to highlight the * Spark Kill”
button and select the desired coil. The spark output can be re-enabled by using the mouse to highlight the
“Spark Kill” button and selecting “Normal”. If the engine is running below 1000 RPM, the spark output

will stay disabled for 15 seconds and then re-set. If the engine is running above 1000 RPM, the spark
output will stay disabled for 5 seconds and then re-set. Thistest mode has atimeout of 10 minutes.
Record the rpm drop related to each spark output disabled.

The Spark outputs are arranged in the order which the engine fires, not by cylinder number.
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Fll= Page Flash Comm Port  Plobflog  Help
o = —y = ey T | e
Connected —| _Toogle TestCell-F10
FRUrACCess MIL Sysmom Smes DBV Varabies, i Inisctor  Injector-on  Inisctor-off
Coil Mumber  Spark Coil low-side low-gide
Engine Speed 1000 e Run Mode [ Ruanning TFS eommand 33 = [fiing order]  dwell ms [fiing order]  woltage woltage
Manifold Pressure [ 335 psia Fuel Tume [ oo | TPS position [ 35 = 1 [ 425 1 [ o3 [ 14z
Coolant Tempeiature 1073 degF Fuel Contral Mode [ CLactive FPP command [EXT z [ a4z 2 [ oa [ 1471
Cylinder Head Temp 107.3 deaF Governor switch state [ Gowa FPP position o0 = E [ ooo ] [ oa [ 140
Manifold Temperature 796 deaF Active governor wpe [ Min TPS1 voltage 0685  volts a oz [ 14a
Intake &ir Temperature [ 73z degF Active governar made [ Droon TPSZ2 voltage [ 4275 wolts 5 [ oo [ oo
Vbat 138 volts Brake input level T — FPF1 volage [ 0448 wvolts e — o5 7o
e [ i35 wols (Bl Ersss St ok FPP2 voltage [ 0000 wolts
Heaur mater [ 1264z hours VS waltage 5000 wolts
Cumulative starts 29 starts
Closed-Looy Conol Digital input Vofiages, Dimgriosvc Modes|
EGO1 0503 wols Pt eefizet eelliege 0.2 walts Spark kil Mormal
Closed-loop 1 45 = Fusl pump valtage 137 wvolis i i Normal |
Adaptive 1 [ oo = Govl voltage [ 206 wolts DB test mode Mormal
. ] e Gov2 voltage Z0.6 wols ::: 12 :Eg:
- Owerspeed voltage [ 50 wels Data SnapS hot SnapShot
Closed-loop 2 [ oo = ) Ini 3 (FO) ey st
Adaptive 2 &5 = @ Er=ssun= el 5.0 wvols Ini 4 (FO) itions D efinitions D efinitions
Inj 5 (FO) I Fuel_state EMPTY
Inj 6 (FO) [ o tr_seo EMPTY
Historic Faults Active Faults [FFF_pct rpm EMPTT
TPS_pct (MAF EMPTT
CL_Br1 ECT EMPTT
CL_BMZ [ EMPTY
[\ rbat CL_Bhi1 EMPTY
F_ava CL_BMZ EMPTT
£_BM1 [&_BM1
£ _BM2 & _BM2
" bat
Flight D ata FEP_pot
TP5_pot
D efinitions EGO1_wolts
EMPTY [EGOZ_wols
EMFTY — [Purows
TRIM_DC
HR_hours

The Injector Kill mode is used to disable individual fuel injectors. If the Injector Kill mode is selected
with the engine running below 1000 RPM, the minimum throttle command will lock into the
position it was in when the test mode was entered (similar to IAC disable in automotive systems) If

the Injector Kill mode is selected with the engine running above 1000 RPM, the throttle will continue to
operate normally.
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Disabling Injectors

To disable an injector, use the mouse to select the desired. The word “Normal” will change to
the Injector you have selected. The injector driver can be re-enabled by selecting again. If the
engineisrunning below 1000 RPM, the injector driver will stay disabled for 15 seconds and
then re-set. If the engine is running above 1000 RPM, the injector driver will stay disabled for
5 seconds and then re-set. Record the drop in rpm.
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Toggle Page - F3
Connected at 19200 bps

—] _Toogle TestCel - F10

FawitAccess| @ MIL Sysmem Seaes DBV Varnables, § ; Inisctar  Injector-on  Injsctar-off
) Coil Humber  Spark Coil Mumber lowe-side lowy-gide
Engire 5 peead [ o mwm Fun Made [ Stopped TPS command [ 00O = [fiing order]  dwell ms [firing order]  voltags voltage
M anifold Pressure [ 1438 psia (=l Tome [ Gascline TFS posiion [T 01 % 1 [ 225 1 [ oz [ 134
Coolant Temperature 113.3 degF Fuel Contral Mode ,W FPF command oo % 2 4.25 2 I—D1 ,W
Culinder Head Temp 113.3 degF Governor switch state [T Gows FPF position 0o X 3 0.00 3 = E
Marifold Temperature [~ 1133 degF Active governar tupe [ Mim TPS1 voltage [ 0489 wolts Fl [ o1 [ 134
Intake Air Temperature [ B1.6  deg F Active governar mode [ Droop TPS2 valtage [ 4.472  wolts 5 [ oo [ oo
What 128 volts Braks input level [ Open PP welleEs 0.451  wolts 3 0.0 0.0
e [ 1z5 wolts il pressure state [ - ermered)| FFFPZ voltage 0.000 walts
Hour meter [ 12858 hours V5 wolkage [ Enoon wols
Cumulative starts [ 25 stats
Closed-Loop Consns LG pur Vo ges) LMagnosic Aiodes)
EGO1 0.000  walts Fuel select voltage 104  waltz Spark kill Mommal
Closed-loop 1 [ oo = Fuel pump voltage [ oo vaks Injectar kil Momnal
Adaptive 1 [ oo = Govl valkage 206 wolts DEW test mode!  Enabled W]
o [ a5z wols Gov2 voltage [ 208 wvolts » off
. Overspeed voltage [ 50 wols Enabled t Data SnapShot ShapShot
Closed-oop 2 [ oo = ) ase Base Custom
Adaptive 2 o0 = Oil pressure voltage 00 wols Definitions Definitions Definitions
[rern [fusl_state [EmMPTY
[rraarF [run_tmr_sec [EMPTY
Historic Faults Active Faults [FPP_pct [remm [EMPTY
[TPS_pet [raapP [EmMPTY
| [T [fECT [EMPTY
[cL_emz [naT [ErPTY
["Bat [cr_emi [EMPTY
[P _avg oL _Bmz [EMPTY
[2_Br1 [2_Er1
[4_Briz [ _Brz2
[bat
Flight D ata FRP_pet
Custam TPS_pct
D efinitions [EGON_wolls
EMPTY EGOZ_wols
A [ S
[TRiIM_DE
HM_hours
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EECOTTS 1 e

Syswem Smes| DBV Varabies]

=
9= 0483 wolts
T2 volts

e [ 051 vols
[ G080 woits
[ Eom wois

Diagnostc Modes|
valts Spark kill Noimal

\\\\\\\\\\\\\\\\\\

0000 valts
%

nnnnnnnnnnnnnnnnnnnnnnnnnn

To select this test mode the engine must be off but the key must be in the ON position.

The DBW (Drive By Wire) test mode allows the technician to control the throttle directly with the foot pedal or

throttle input and is used during some diagnostic routines specified to the FPP and TPS sensors. Drive by cable
(DBC)systems may also call for the use of this function for diagnostics.

FPP position displays the current position of the foot pedal as a percentage. FPP volts display the voltage which the
ECM isreading from the FPP sensor.

TPS Command displays the commanded throttle position expressed as a percentage, which is being sent to the
throttle. TPS Position is the actual percent of throttle opening
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EDIS ECI Serial Communications M= e
File Page Flash CommPort Flot/Log  Help
Fauits Link error - attempting reconnect.. =] Toggls Pags - F9 1=
Connected at 19200 bps
Connected =

FEutAcoess | @ vL

Blesiem Siaies

o

Engine Speed I—D rpm Run bode [ Stopped TPS command 30.0 %
Manifold Pressure I_El psia Fuel Type Propane TP= position [ za7 =%
Coolant Tempersture [ 2000 ceg P Fuel Control Mode [ ©pen Loop FPP command 00 %
Cylinder Head Temp zonn  degF Governor switch state [ Nons FPPpostion [ oo %
Manifold Temperature 2000 degF Active governor type Min TPS1 woltace W wolts
Intake Air Tempersture 782 degF ) G ; et TPSZ2 valtage W wolts
what 125 volts Ol pressure state lm FPP1 voltage 0010 volts
Wy 126 volts FPP2 vottege | 4085 wotts
Hour meter [ oosa hous VS voltage | 4425 wolts
Cumulative starts I—E; starts

Ll inmw? Valsges

Lhagrasic Mades

Liosead oo i

EGO1 [ oasz wvois
Closed-loop 1 T
Adaptive 1 -5

EGO2 [ oooo wots
Closed-loop 2 —DD T
Aoaptive 2 0o %

I 00 %

z—

e i | Sta[ll“ ij e

|J|f PSI Display

Fuel =elect voltage 0o wolts Spark kil Mormal W Pritmary trim walve (FT%)
Govl select voltage 00 wvolts Injector kil Mormal Secondary trim valve (PTWV] o0 %
Gov2 select voltage 00  wvolts DEW test mode Off bl
Oil pressure voltage .0 walts 3 L Lean
Flight Data SnapShot SnapShot
Baze Baze Custom
Defintions Definttions Defintions
pm fuel_state EMPTY
AP TUR_tmi_sec EMPTY
Historic Faults Active Faults FPP_pct rpm EMPTY
Double click fault for informatiorn. . TP5_pct AP EMPTY
CL_BH1 ECT
Bl DTCE12: FPP1 voltage low = . EHE
CL_BM2 flaT EMPTY
Bl ©TC121: ECT voltage high bat L BMT EMPTY
Fi_avg CL_EM2 EMPTY
A_Bki1 &_BEb1
&_BM2 & BMZ
"/hat
Flight Data EEE—DC[L

=]

| (2] 40P

The total fuel correction is calculated by adding the Closed Loop 1 and Adaptive 1 values. In the
example above we have a closed loop 1 value of (5) and an adaptive 1 value of (-5). In this case the total
fuel correction would be zero.
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EDIS ECI 5erial Communications M=
File Page Flash CommPort Flot/Log Help
Faillts Link errar - attempting reconnect | Toggle Fage - F3 =
« * Connected at 19200 bps
Connected =1
FatAoress | @ ML Bz Shetes LN mrinies {msent oo ey
Endine Speed 600 rpm Fun hMode Running TPS command 651 % EGO1 0453 wolts
Manifold Pressure I 1469 psia Fuel Type Propane TPS position 235 % Closedd-loop 1 on %
Coslart Temperature 2000 degF Fugl Control Mode: Open Loop FPF comimanc 00 % Addaptive 1 oo
Cylinder Head Temp 2000 dedF Governor switch state Iv FPP position 0o % ESO2 [ oooo  wolts
Manifold Temperature 1861 degF Active governor type Min TP voltage 3495 wolts Closed-loop 2 oo %
Intake Air Temperature 753 degF [m——— TP=2 voltage 0005  votts Adaptive 2 [ oo =
What 123 vots Oil pressure state ILDW - lgnored FPP1 voltage 0.010  wolts
NS 125 wolts FPP2 voltage 4094 wolts =
MM e I— = e VS voltage T aaz| wets LRSI A RS LS | Rj
Cumulative starts I 7 starts Farce CL inactive Mol VI
el L e Lhmgrasis Modss £
Fuel select voltags 00 wvolts Spark kill Mormal W Fritnary trim walve (FT) I 49.7 %
Zowl select voltage 0.0 wvolts Injector kil Mormal W Secondary trim valve (PTY) 350 %
Gov2 select voltage 00  wvolts - =
Qil pressure voltage 5.0 wolts g Lean
Flight Data SnapZ=hot SnapsShot
Base Base Custom
Definitions Drefinitions Definitions:
pm fuel_state EMPTY
hd &P un_tmi_zec EMPTY
Higtoric Faults Active Faults FPF_pct P EMPTY
Double click fault for informatiorn. . Double click fault for informatiorn. . TPS_pct AP EMPTY
CL_BEM1 ECT
- DTC 121: ECT woltage high - DTC 121: ECT woltage high = E T
CL_BM2Z2 laT EMPTY
Bl DTCE1Z FPPT voltage low Bl DTCE1Z FPPT voltage low oot L EMT EMPTY
- DTC 143: CRANE input invalid during start s _avg CL_BM2 EMPTY
4,_Bhi1 4Bk
B2 &_BM2
"bat
. FPP_pct
Flight Diata = _vl

b ] Stall"J @ a

|I[ & psi Display

| 8] 307 PM

In the event of a multiple code set, always start the DTC diagnostic with the lowest

numerical code first. The DTC strategy is set up to provide a logical diagnostic path
to the most efficient repair. As shown in the example above, repairing DTC 121 may
also correct DTC 612
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Diagnostic Communication Error

The ECM 5 volt reference circuit powers the Spectrum diagnostic link cable. In the event
that the 5 volt reference signal is open or shorted to ground, you will not be able to
connect to the system. If you are unable to connect, follow the quick checks listed below:

Be sure you are using the correct password and latest software for the system you are
connecting to.

Check the ECM system power and ground circuits. Refer to DTC 261 for the power
schematic. Also check for +12 switched power at ECM pin 21 with the ignition key on.

Check for power at the DL C connector for +5 volts between pins C (LT GRN/RED) and
pin D (BLK) with the ignition key in the on position.

Y ou may still be able to retrieve a code using the blink code function if none of the above
recommendations prove useful. In the event of a5 volt reference signal malfunction,
DTC 531 or 532 should set. If you find one of these codes using the blink code function,
follow the DTC diagnostic chart recommendations in the DTC section of this manual.
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TMAP SENSOR

The TMAPIisacombined IAT (Intake Air Temperature) and
MAP (Manifold Absolute Pressure) sensor. A temperature
sensitive resistor is used in the TMAP located in the intake
manifold of the engine. It is used to monitor incoming air
temperature, and the output in conjunction with other sensorsis
used to determine the airflow to the engine.

Manifold Absolute Pressure (MAP) Sensor

The Manifold Absolute Pressure Sensor monitors the changes in intake manifold
vacuum which result from engine load variations. These pressure changes are
relayed to the electronic control unit in the form of electrical signals.

The sensor also indicates the changes in atmospheric pressure due to changes in
altitude.

The manifold air pressure sensor is mounted to the intake manifold.
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TMAP SENSOR

Air Inlet Temperature

The Air Temperature Sensor is variable temperature sensitive
resistor. The IAT sensor monitors the manifold air temperature
which isafactor in air density measurement. The engine air/fuel
ratio is maintained constant even though the engine air density
varies.
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TPS (Throttle Position Sensor)

The Throttle Position Sensor is connected to the throttle shaft. Movement of the
shaft causes the throttle shaft to rotate (opening or closing the throttle blades).
The sensor tracks the shaft movement and position (closed throttle, wide open
throttle, or any position in between), and transmits an electrical signal to the
electronic control module. The electronic control module monitors the (throttle
position) to aid in determining the fuel requirement for the particular situation
(idle, acceleration, etc.)
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Heated Oxygen
Sensor (HO2S)

The HO2S sensor is used to determine if the fuel flow to the engineis
correct by measuring the oxygen content in the exhaust gas. The
sensor generates voltage in the absence of oxygen, when the sensor
reaches an operating temperature of above 600 degrees F.

The output voltage is zero to approximately one volt. The ECM uses
this voltage information to correct the air fuel fuel mixture.

The Spectrum system uses a4 wire sensor that includes a built in 12
volt heating element. This allows the sensor to operate independently
of the exhaust gas temperature.
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ECT (Engine Coolant Temperature)

The ECT (Engine Coolant Temperature) sensor is atemperature
sensitive resistor located in the engine coolant. It isused for the engine
airflow calculation, gasoline cold enrichment, spark advance and to
enable other temperature dependent features.
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FPP (Foot Pedal Position)

The Foot Pedal Position sensor uses a variable resistor to determine
signal voltage based on pedal position. The sensor isvery ssimilar to the
TPS.
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4.3 Camshaft Position Sensor
(CMP)

The CMP (Camshaft Position Sensor) is
used to synchronize the fuel and ignition
timing systems.

IMPCO 2004 Emissions Certified
Engine Training Program
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4.3 Crankshaft Position Sensor
(CKP)

The CKP (Crankshaft Position Sensor)
IS a magnetic transducer mounted on
the engine block adjacent to a pulse
wheel located on the crankshaft. It
determines crankshaft position by
monitoring the pulse wheel. The
Crankshaft position sensor is used to
measure engine RPM and itssignal is
used to synchronize the ignition
system.
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3.0 Crankshaft Position Sensor
(CKP)

The CKP (Crankshaft
Position Sensor) isa
magnetic transducer is
bracket mounted on the
front of the engine block.
Thetiming wheel is
connected to the crankshaft T
pulley. The CK P'measures Crankshaft sensor  Grankshaft Sensor

RPM and # 1 cylinder Mounting Bolts Mounting Bracket
position by counting the

missing teeth in the timing

wheel
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CONTROL

ECM TARGET
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CALIBRATION
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FUEL AND
» EMISSION

AIR TEMP

0-2
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CONTROL
CAL

INPUT FOR
IGNITION

A

TIMING
CONTROL

ECM OUTPUT
CORRECTION
VALUES
BASED ON
CALIBRATION

OPTIMUM VALUES FOR
PERFORMANCE AND EMISSION
CONTROL BASED ON ENGINE

TESTING

VALUE USAGE DEVICE
CHANGE OF AFFECTED
CONTROL AND
DEVICE REACTION
GOV MOTOR
OUTPUT = Repositions
FOR ENGINE blade
» SPEED AND
GOV Eclectic lock
CONTROL off or fuel
pump =
Turns device
on or off
OUTPUT
FOR PTV =
CONTROL Change pulse
OF LPG - rate = <>
FUEL vacuum at
SYSTEM LPR
FTV =
Change pulse
OuUTPUT | rate = < > fuel
FOR bypass at
CONTROL mixer
> OF —
GASOLINE INJECTOR =
FUEL Change pulse
SYSTEM —» rate = < > fuel
bypass at
mixer
OUTPUT
GFORO DISTRIBUTOR
IGNITION = Change
TIMING Timing = <>
CONTROL spark plug fire

FPP = Eoot Pedal Position = Actual position of the operators desired RPM
TPS 1 = Throttle Position Sensor 1 = Actual position of the Throttle Blade
MAP = Manifold Absolute Pressure = Barometric Pressure at start up, and engine load when running used to determine fuel control, timing
Air Temp = Air temperature at the air inlet to the engine used to determine the air/fuel charge
ECT = Engine Coolant Temperature = Temperature values used to determine the air/fuel charge
RPM = Revolution Per Minute = Revolutions of the engine used to determine ETC control, fuel control, timing

EGO-2 = Exhaust Gas Oxygen Sensor = Determines the amount of oxygen present in the exhaust stream used for emission control
CKP = Crankshaft Position Sensor = Determines which piston is at TDC used to determine fuel control, timing

CMP = Camshaft Position Sensor = Determines the position of the valve train to the crankshaft used to determine fuel control, timing
PTV = Pressure Trim Valve = Control vacuum to the atmospheric side of the LPR to increase or decrease fuel flow to the mixer

FTV = Euel Trim Valve = Allows fuel to by mixer to richen the fuel mixture
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