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Thermostat Heater Control

The thermostat heater control 
is used to improve fuel 
economy and thermal 
efficiency.  The system 
consists of  a high 
temperature (98°C/208°F) 
thermostat that has a resistive 
heater within the wax 
element.  The PCM uses RPM, 
TP, load, BARO, ACT, 
transmission oil temp., and 
ECT to control the heater.

2001-2002 my Rangers 2.3 4v
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Thermostat Heater Control
cont.

During low speed, low load, and low air charge temperature 
conditions, the thermostat heater is OFF and the engine is 
allowed to run at a higher temperature.

Should result in lower internal friction and higher thermal 
efficiency

Both leading to improved fuel economy.
During high speed, high load, and high air charge 
temperature conditions, the PCM energizes (with a duty 
cycle) the heater.

This heats the wax and forces the thermostat to rapidly open 
wider, allowing extra coolant to flow from the radiator.

The heater is only capable of supplying a SMALL amount of 
additional heat to the wax element.

It is not capable of opening the thermostat alone.
The thermostat is at 100% duty cycle for a short calibrated 
time then the duty cycle reduces to 70% ON and 30% OFF.

Thermostat Heater Control 
Cont. 

General Testing Procedures

Check for VPWR at the thermostat heater control harness 
connector.

Measure the resistance of the thermostat at the two pin terminal
connector.

Resistance should be between 14 and 16 ohms.
Check the thermostat heater control (THTRC) circuit for open in 
harness.

Disconnect PCM.
Measure the resistance of the THTRC circuit between the PCM harness 
connector pin 46 and the thermostat heater control harness connector.

Resistance should be less than 5 ohms (indicating continuity).
Check the THTRC circuit for short to VPWR in harness.

Measure the resistance between the THTRC circuit (pin 46) and VPWR, 
SIG RTN, and PWR GND circuits at the PCM.

Resistance should be greater than 10k Ohms (indicating no short 
circuit).

Be sure to refer to the PCED for complete diagnostic procedures 
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Catalytic Converter Diagnosis

Catalyst Efficiency Monitor
Uses an O2 sensor before and after the catalyst to infer the HC efficiency based on O2 
storage capacity of the catalyst.
Under normal closed loop conditions, high efficiency catalysts have significant O2 
storage capacity.  

This makes the switching frequency of the rear O2 sensor very slow and reduces the amplitude 
as compared to the front O2 sensor.

The catalyst’s ability to store O2 declines as its efficiency deteriorates.
Symptoms of a malfunctioning catalyst include poor performance (plugged) and the 
MIL ON.

Conventional 
Oxidation 

Catalyst (COC)

Three-Way 
Catalyst (TWC)

TWC + COC

Secondary air injection (A) provides the 
extra oxygen needed for proper conversion.

Catalytic Converter Diagnosis
Cont.

Check the rear HO2S wiring and PCM connections.

If the electrical connections of the rear HO2S are interchanged/crossed, the 
Catalyst Efficiency Monitor Test will fail.

Check the fuel pressure.

• Inspect the vacuum hose going to the fuel pressure regulator (return 
system) or the fuel rail pulse damper (mechanical returnless) for proper 
installation and cracks.

• On Electronic Returnless Fuel Systems (ERFS), fuel pressure can be 
monitored by the scan tool using the FRP PID.

Fuel pressures above specification can produce an abnormally rich air/fuel 
mixture. This can cause higher than normal catalyst operating temperatures.

Be sure to refer to the PCED for complete diagnostic procedures 
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Catalytic Converter Diagnosis
Cont

Inspect the exhaust system for leaks, cracks, loose connections, or 
punctures.

If a catalyst is in series with a leaking exhaust system, it can fail the Catalyst 
Efficiency Monitor Test.

Inspect the exhaust system for dents, areas of collapsed material, and 
unusual bending.

Check manifold vacuum for an indication of restriction.

Manifold vacuum should rise above 54 kPa (16 in. Hg) with the engine speed at 
2000 rpm.  The vacuum gauge reading may be normal when the engine is first 
started and idling.  However, excessive restriction in the exhaust system causes 
intake manifold vacuum  to decrease with the engine at a steady, constant 
above-idle speed.

Be sure to refer to the PCED for complete diagnostic procedures 

Mode 1 Data

Contains the government-mandated generic PIDs.

• Used for diagnosing OBD II engine performance concerns throughout all 
vehicle manufacturers.

• WDS may be configured to access these generic PIDs on “most” non-Ford 
vehicles.

NOTE: All data found in Mode 1 is also available in DataLogger, while 
configured to a Ford Motor Company vehicle.

You should never use Mode 1 data to diagnose Ford vehicles.

• DataLogger is much faster.

• The more PIDs you view, the longer the it takes to refresh the data.
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Modes
Mode 2

Freeze Frame
Mode 3

Stored DTC’s
Mode 4

Reset DTC (clear codes)
Mode 5

O2 monitoring 
Mode 7

Pending DTC’s
Mode 8

Bidirectional controls
Mode 9

Vin request

Mode 6
WDS displays:
A description of 
the tests that are 
performed.
Test and 
component 
identifiers.
The acceptable 
limits for the 
tests performed.
The actual value 
of the test since 
last time the 
monitor ran.
The entire line in 
red if the test has 
not completed.
The value box in 
red if value is out 
of limits.
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EVAP System

The EVAP system 
collects fuel vapors, 
stores them, and 
disposes of them by 
sending them to the 
combustion chamber. 

A malfunctioning EVAP 
system may cause a 
fuel odor and/or the 
MIL ON.

EVAP System
Liquid gasoline has a low 
flash point. This means that it 
can vaporize at low 
temperatures. 
So conditions that exceed the 
flash point allow the liquid 
gasoline to vaporize and 
escape to the atmosphere.
The EVAP system is designed 
to prevent the escape to the 
atmosphere. It captures the 
vapors and stores them then 
can release them to be burnt 
in the engine.
The EVAP system can affect: 
engine performance, fuel 
economy, MIL status, and 
odors.

1. Purge valve
2. PCM 
3. Intake 
4. Charcoal Canister
5. Fuel Tank Non-Enhanced
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Purge Valve
Early EVAP systems 
employed a Purge valve 
to control vapor flow. 
The purge valve is 
electronically controlled 
by the PCM. During 
conditions where engine 
emissions are least 
affected, the valve opens 
and allows fuel vapors to 
be drawn into the intake 
manifold. (cruise,accel)
Normally Closed

Non-Enhanced

Charcoal Canister
The charcoal canister 
is designed to capture 
the fuel vapors only. 
The action of the liquid 
fuel vaporizing forces 
the vapors into the 
canister.
When the purge valve 
is opened the intake 
manifold vacuum pulls 
the stored vapors out 
of the carbon directs 
them into the intake 
manifold
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Rollover/Vent Valve
The fuel vapors going to 
the canister must be able 
to flow smoothly. 
The rollover/vent valve 
allows low pressure flow 
towards the canister. 
The valve is designed to 
prevent two problems:

Liquid fuel in canister.
Liquid fuel leaking out 
of tank during roll over. 1. Orifice

2. to canister
3. Float
4. Spring 

Fuel Cap
The fuel cap seals the 
filler neck and 
prevents foreign 
particles from entering 
the fuel system. 
It also maintains 
pressure and vacuum 
to calibrated limits.
Pressure 

14kPa (@2 psi)
Vacuum

3.8kPa
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System Types
Non-Enhanced:

the early style systems only monitored for the 
presence of flow. They could not test for a leak in the 
system. 
They employed;

VMV only. This system does not have a direct input that 
relates to actual flow of vapors. The system monitors 
the idle speed correction required and that indicates 
flow.

or
Purge valve and purge flow sensor 

Enhanced:
The Enhanced EVAP systems are a leak monitoring 
system, and are able to test for leaks of .040” and 
.020” in diameter.

Enhanced EVAP

Components:
b) VMV
c) Service Port
d) Canister Vent 

Solenoid
e) FTP

The 
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VMV
The VMV is an electronically 
controlled valve that is either 
vacuum assisted or electronic. 
VMV’s provide a finer control of 
the vapor flow from the 
canister as compared to the 
purge valve of on and off. 
Enhanced systems utilize a 
VMV and Canister vent to put 
the system in a vacuum during 
monitors. 

1. Vacuum to operate valve
2. To canister
3. Vacuum source

Canister Vent Solenoid
The Canister Vent solenoid 
is a direct electronic 
output of the PCM. 
Normally Open
The CV opens when there 
is flow commanded by the 
PCM for Vapor purging. 
This prevents the system 
from being placed in a 
vacuum.
During the EVAP Monitor 
the CV closes to allow a 
vacuum to be produced.
On-board refueling vapor 
recovery. In its normally 
open state the CV allows 
displaced air to travel 
through the canister 
during refueling.   
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Fuel Tank Pressure Sensor

The PCM uses the 
FTP during the 
EVAP monitor to 
test for vapor 
generation and 
vacuum. 
Its primary use is 
to test for system 
leaks. 

EVAP Test Port

Green Cap 
Large threaded 
fitting
Schrader valve 
Provided for 
diagnosis of the 
Evaporative 
Emission System. 
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EVAP System

Evaporative Emissions (EVAP) Leak Check Monitor

On-board strategy designed to detect leaks equal to or greater than 1.016 mm 
(0.040 in.) in the enhanced EVAP system. 
• If system passes, the monitor checks for leaks 0.508 mm (0.020 in.) or greater.
• The monitor also checks individual components for proper function.

The entire EVAP system has vacuum applied and is sealed from the outside 
atmosphere.
• Fuel tank pressure is monitored to determine the total vacuum lost for a calibrated 

period of time.

Input from the ECT or CHT, IAT, MAF, vehicle speed, fuel level input, and fuel tank 
pressure sensor is required to enable the EVAP Leak Check Monitor.

The EVAP Leak Check Monitor does not run if the key is turned OFF after a PCM 
reset or a MAF sensor failure is indicated.

The EVAP Leak Check Monitor does not initiate until the HO2S Monitor has 
completed.

- Continued -

EVAP System
- Continued -

Be sure to refer to the PC/ED for the complete diagnostic procedure.

General testing procedures

Check all associated wiring for opens, shorts, and proper voltage.

Check the resistance of the EVAP canister purge valve.
• The resistance reading must be taken with the engine cooled down.

Resistance should be between 30 and 38 ohms (between 2.5 and 6 ohms for 
electronic EVAP canister purge valve).

Check for causes of excessive fuel tank vacuum.
• Check for kinks or bends in the fuel vapor hoses/tubes (canister purge outlet 

tube and canister tube).
• Visually inspect the canister inlet port, CV solenoid vent filter, and canister 

vent hose assembly for blockage, contamination, or debris.
Check for FTP sensor connector contamination.
• Check for a completely submerged FTP sensor (tank-mounted type only).

Check the resistance of the EVAP canister vent solenoid.

Resistance should be between 48 and 65 ohms.
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Output State Control (OSC)

Allows you to energize and 
de-energize most of the 
output actuators on 
command. 

For example, you can:

• Turn the fuel pump ON or 
OFF.

• Change the speed of the 
fuel pump to change fuel 
pressure (electronic 
returnless only)

• Activate the IAC valve 

• Activate the charcoal 
canister vent solenoid

EVAP System
- Continued -

NOTE: As a safety precaution, OSC defaults to 
the OFF state after 10 minutes.  The fuel 
pump defaults to OFF after approximately 
10 seconds.

EVAP System

EVAP Diagnostics

- Continued -

Retrieve DTCs.  Use the EVAP test function to determine if a leak exists.  If a leak 
is detected, use either the Gas EVAP tester or the Smoke EVAP tester in 
conjunction with the scan tool to locate the leak.

Command the canister vent solenoid closed, using the OSC or active command.
Use the Gas EVAP tester or Smoke EVAP tester to locate the leak.

Gas EVAP 
Tester

Smoke 
EVAP Tester

NGS WDS

Scan Tools


