
ABOUT OBD2

The second generation onboard diagnostic system (OBD2) system on late model vehicles is primarily a system for detecting
conditions that may cause a vehicle's emissions to increase.

The first OBD2 systems were introduced in 1994 on a limited number of vehicles. These include '94 Buick Regals with 3800
V6, '94 Corvette, '94 Lexus ES3000, '94 Toyota Camry (1MZ-FE 3.0L V6) and T100 pickup (3RZ-FE 2.7L four), '95
Chevy/GMC S, T-Series pickups, Blazer and Jimmy with 4.3L V6, '95 Ford Contour & Mercury Mystique 2.0L four & 2.6L V6,
'95 Chrysler Neon, Cirrus and Dodge Stratus, '95 Eagle Talon, and '95 Nissan Maxima and 240 SX. More applications were
added in model year 1995, and since 1996 OBD2 has been required on all domestic and import cars and light trucks sold in
this country.

OBD2 is different from earlier onboard self-diagnostic systems because it is designed to detect emission problems as they
develop. An OBD2 equipped vehicle will turn on the Check Engine warning light (also called the Malfunction Indicator Lamp or
"MIL") and log a diagnostic trouble code (DTC) if hydrocarbon (HC), carbon monoxide (CO), oxides of nitrogen (NOX) or even
evaporative emissions exceed 1.5 times the federal emissions limit.

In other words, the Check Engine light should come on anytime there is an emissions problem -- whether there is also a
drivability problem or not.

Detecting (and correcting) emission problems early on means less pollution, less reliance on smog checks to catch emission
violations, and less risk of minor problems causing additional harm. Ignition misfire, for example, passes unburned fuel into
the exhaust which can cause the catalytic converter to overheat and suffer damage.

HOW IT WORKS

OBD2 constantly monitors engine performance as well as other emission functions as the vehicle is being driven. Instead of
waiting for a hard fault to occur to set a Diagnostic Trouble Code (DTC) and illuminate the Check Engine lamp, the OBD2
system actively tests various components under different operating conditions to make sure everything is functioning within
accepted limits. This includes monitoring:

* The operating efficiency of the catalytic converter
* Ignition misfires
* Evaporative emissions from the fuel tank and canister purge
* Exhaust gas recirculation (EGR)
* Fuel calibration
* Plus all onboard sensors that affect the operation of the ignition and fuel delivery systems.

The OBD2 monitoring system checks out all monitored systems at least once each time the vehicle is driven for emission
faults. A "drive cycle" is defined as starting the engine and driving the vehicle until it goes into closed loop. A "warm-up" cycle
is when engine coolant temperature rises at least 40 degrees F and reaches at least 160 degrees F. A "trip" is when a
warm-up cycle and drive cycle occur, and the vehicle is driven long enough to enable the different diagnostic checks which
vary depending on the application and system being monitored.

An "emissions fault" is any problem that causes hydrocarbon (HC), carbon monoxide (CO) or oxides of nitrogen (NOX)
emissions to exceed federal limits by 50%, or the deterioration of any monitored system that could potentially lead to an
increase in emissions.

The Check Engine light may come on immediately with some faults, but may not come on with others unless a failure has
occurred on two or three consecutive trips. The light will generally remain on until there are three consecutive trips without the
fault reoccurring.

To monitor converter efficiency, a second oxygen sensor is located downstream of the converter. The second sensor's output
is compared to the first to tell if the converter is doing its job. If HC reduction efficiency drops below 60% (steady state) or if
HC levels increase 50% downstream of the converter on three consecutive trips, the MIL light will come on.

Monitoring engine performance for misfire is tricky because misfires can occur under a wide variety of circumstances and be
caused by ignition, fuel or compression problems. OBD2 watches for misfires by monitoring the speed of the crankshaft, and
classifies misfires based on severity.

* A constant misfire is classified as a "Type A" misfire, and is the worst kind because it causes the greatest increase in
emissions. This type of misfire is also more likely to overheat and damage the converter. A steady misfire should cause the
Check Engine lamp to come on as it is occurring. At the same time, the OBD2 system will set a code and capture "snapshot"
or "freeze frame" data on other engine operating conditions (such as rpm, throttle position, load, temperature, etc.) to assist in
diagnosing the problem.
* Intermittent misfires are classified as "Type B" or Type C" depending on their frequency. This type of misfire must exceed a
certain limit at least once on two consecutive trips before the Check Engine lamp will come on. If an intermittent misfire fault
occurs during one trip but does not repeat during the next, the code won't "mature" and the light will remain off. But if the

Page 1



misfire repeats, the Check Engine lamp will come on and a code and snapshot data will be stored.

UNDERSTANDING CODES

Diagnosis requires a scan tool or code reader than can access OBD2 codes through the vehicle's onboard computer. To
access the codes, the tool is plugged into the standardized Data Link Connector (DLC), which is usually located under the
instrument panel near the steering column.

All OBD2 codes are a 5-character alphanumeric code. The first letter identified the general type of code: "P" is for powertrain
codes (which include all the emission, sensor and electronic codes as well as transmission codes), "B" is for body codes, and
"C" is for chassis codes.

The second number in each code will be either a "0" indicating it is a "generic" code (common to all makes of vehicles), or a
"1" indicating it is vehicle specific code unique to the vehicle manufacturer. Both types are covered in the vehicle code
sections.

The third character in the code tell you the system where the fault occurred. Numbers 1 and 2 are for fuel or air metering
problems, number 3 is for ignition problems or engine misfire, number 4 is for auxiliary emission controls, number 5 relates to
idle speed control problems, number 6 is for computer or output circuit faults, and numbers 7 and 8 relate to transmission
problems.

Codes are also prioritized according to how they effect emissions and engine performance. Type A diagnostic trouble codes
are the most serious and will trigger the Check Engine lamp with only one occurrence. When a Type A code is set, the OBD2
system also stores a history code, failure record and freeze frame data to help you diagnose the problem.

Type B codes are less serious emission problems and must occur at least once on two consecutive trips before the Check
Engine lamp will come on. If a fault occurs on one trip but doesn't happen again on the next trip, the code won't "mature" and
the light will remain off. When the conditions are met to turn on the warning lamp, a history code, failure record and freeze
frame data are stored the same as with Type A codes.

A drive cycle or trip, by the way, is not just an ignition cycle, but a warm-up cycle. It is defined as starting the engine and
driving the vehicle long enough to raise the coolant temperature at least 40 degrees F (if the startup temperature is less than
160 degrees F).

Once a Type A or B code has been set, the Check Engine will come on and remain on until the component that failed passes
a self-test on three consecutive trips. And if the fault involved something like a P0300 random misfire or a fuel balance
problem, the light won't go out until the system passes a self-test under similar operating conditions (within 375 rpm and 10%
of load) that originally caused it to fail. That's why the Check Engine lamp won't go out until the emissions problem has been
repaired. Clearing the codes with a scan tool or disconnecting the powertrain control module's power supply won't prevent the
lamp from coming back on if the problem hasn't been fixed. It may take one or more driving cycles to reset the code, but
sooner or later the warning lamp will go back on if the problem is still there.

Likewise, the Check Engine won't necessarily go on if you intentionally disconnect a sensor. It depends on the priority ranking
of the sensor (how it affects emissions), and how many driving cycles it takes for the OBD2 diagnostics to pick up the fault
and set a code.

As for Type C and D codes, these are non-emissions related. Type C codes can cause the MIL lamp to come on (or illuminate
another warning lamp), but Type D codes do not cause the MIL lamp to come on.

Once you've pulled an OBD2 trouble code with your scan tool, the repair procedure is essentially same as with earlier
onboard diagnostic systems. You refer to the appropriate diagnostic chart in a service manual and follow the step-by-step test
procedures using a digital volt ohm meter and breakout box (if needed) to isolate the fault. Then you replace the faulty
component, and verify that the problem has been eliminated.

OBD2 also provides "snap shot" or "freeze frame" data, which can help you identify and diagnose intermittent problems.
When a fault occurs, the OBD2 system logs a DTC and records all related sensor values at that moment. This data can be
later retrieved and compared to the "real time" data to help identify the nature of the problem. Some systems also allow you to
capture snapshot data via a scan tool while test driving a vehicle for later analysis.

OBD2 PROBLEMS

As sophisticated as OBD2 is, it isn't foolproof. The Check Engine light on some vehicles may come on if the gas cap isn't
properly tightened after refueling. On some OBD2 applications, the system applies vacuum to the evaporative emissions
control system (EVAP) to check for air leakage. If the engine is idling or the key is on while refueling, or the gas cap isn't
screwed on tight afterwards, the OBD2 system detects what it thinks is an air leak in the EVAP system and sets a false P0440
code causing the Check Engine light to come on.

Bad gas can also trigger a false Check Engine lamp. When the vehicle is diagnosed, a P0300 "random misfire" code is
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usually found. OBD2 tracks misfires by individual cylinder, and considers up to a 2% misfire rate normal. But water in the gas
or even variations in the additive package in some reformulated gasolines (the use of oxygenates such as alcohol or methyl
tertiary butyl ether (MTBE) or ethyl tertiary butyl ether (ETBE), for example) may increase the misfire rate to the point where it
exceeds 2% and triggers a code. The cure here is to clear the code, drain and/or clean the fuel tank if necessary, and switch
brands of gasoline (if possible).

Intermittent faults on most import OBD2 applications can be harder to detect than those on domestic OBD2 applications
because most import systems have a slower data update rate. The OBD2 regulations allow vehicle manufacturers to conform
to either the J-1815 or ISO 9141 data protocol link standards. Both have the same 10,400 baud rate, but the ISO 9141
standard which most Japanese and European manufacturers use allows more "intermessage" delays between data updates
(up to 100 milliseconds between data packets). Consequently, the typical ISO 9141 OBD2 system on an import vehicle
supplies data updates to a scan tool at a rate of about once per second compared to nearly 10 times a second for J-1815
domestic systems.

VERIFYING REPAIRS

To verify that the repair you made did indeed fix the problem on an OBD2 equipped vehicle, you should perform a "drive
cycle" to exercise the OBD2 diagnostics. The drive cycle should be performed after you've erased any trouble codes from the
computer's memory. Running through the drive cycle sets all the system status "flags" so that subsequent faults can be
detected.

TYPICAL OBD2 DRIVE CYCLE

The OBD2 drive cycle begins with a cold start (coolant temperature below 122 degrees F and the coolant and air temperature
sensors within 11 degrees of one another).

NOTE: The ignition key must not be on prior to the cold start otherwise the heated oxygen sensor diagnostic may not run.

1. As soon as the engine starts, idle the engine in drive for two and a half minutes with the A/C and rear defrost on. OBD2
checks oxygen sensor heater circuits, air pump and EVAP purge.

2. Turn the A/C and rear defrost off, and accelerate to 55 mph at half throttle. OBD2 checks for ignition misfire, fuel trim and
canister purge.

3. Hold at a steady state speed of 55 mph for three minutes. OBD2 monitors EGR, air pump, O2 sensors and canister purge.

4. Decelerate (coast down) to 20 mph without braking or depressing the clutch. OBD2 checks EGR and purge functions.

5. Accelerate back to 55 to 60 mph at 3/4 throttle. OBD2 checks misfire, fuel trim and purge again.

6. Hold at a steady speed of 55 to 60 mph for five minutes. OBD2 monitors catalytic converter efficiency, misfire, EGR, fuel
trim, oxygen sensors and purge functions.

7. Decelerate (coast down) to a stop without braking. OBD2 makes a final check of EGR and canister purge.

If everything passes the test, the Check Engine light will remain out and no further codes will be set.

SEE ALSO the Ford and GM OBD2 drive cycle procedures (click on the buttons below:)

Copyright 2000 Carley Automotive Software

Page 3


